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oka3aHo, yTo ['PIT siBnsieTcst HAauboee

3(pPEKTUBHBIM U PACHIPOCTPAHEHHBIM

METOJIOM MOBBIIEHUS ITPOU3BOJUTEIBHOCTU
CKB2>XUH 3ana/iHOM CUOUPU, BCKPBIBAIOIINX
ECYAHBIE TVIACTBI C HU3KOW NPOHMUIIAEMOCTHIO.
OnHaKO 3(PPEKTUBHOCTD BCEI'O IPOIIECCA B IIEJIOM
3aBUCHT HE TOJIBKO OT IIPUMEHAEMON TEXHOJIOI'N
T'PI1, HO TaKX€ BO MHOT'OM M OT OIEPAIIHH ITO
OYMCTKE CKBAKMHBI 1T0c1e I'PTT. BaXKHO yAaIuTh
BECH [IPOMNMNAHT, OCTABIINHICA B CTBOJIE CKBAKHUHBI,
U 06€CTIIEYNUTh OOPATHBIN IPUTOK HECBSI3AHHBIX
TBEP/IBIX YACTUL] B MEXKTPYOHOM IIPOCTPAHCTBE.
Vicmonb30BaHME KOJITIOOMHTIA JIJIsI STUX LIEJICH
YYy4IIAeT IPOU3BOSUTEIBHOCTDb CKBAKHUHBL, ITIOBBIIIAS
NPOBOAUMOCTD TPEMIHUHBI ¥, B KOHEYHOM CYETE,
YMEHBIIAA KOTUYIECTBO OINEPAUH IO KAITUTAIBHOMY
PEMOHTY BHYTPHUCKBAXKUHHOI'O OOOPYAOBAHUS,
KOTOPBIE IIPUXOAUTCS BBIIOJHATD U3-34 OTKA34 3TOTO
060pyAOBAHMS, OOYCIOBICHHOT'O HAJTMYUEM TBEP/IBIX
qacTull,. 114 IPOBEAEHUA OIEPAITNUH ITO OUYHCTKE
MOKHO UCIIOJIb30BATH IIPOKAYKY 10 3AMKHYTON
CXEME Yepe3 COETMHEHHYIO C YCTAaHOBKOM 111 KPC
TpyOy. OZHAKO U3-32 TOT'O, YTO IIPU UCIIOIb30BAHUN
JAHHOW METOJVKU HET BO3MOXHOCTH CO3/JATh B CTBOJIE
CKBA’KMHBI IOHWUKEHHOE T'MIPOCTATUYECKOE JJABJIEHUE
(T'1), HENMB34 TAPAHTUPOBATD OJTHOE YAAJIEHUE BCEX
TBEPABIX YACTHUIL, 4 TAKXKE OCTABIINXCA ) KUJKOCTEN JIJIA
I'PIT u3 TpemyHeL Bosee Toro, B TaKUX O6€HEHHBIX
IJIACTAX IIPOBEJEHUE OYNCTKU C TABJIEHUEM B CTBOJIE
CKBAKHUHBI OOIBIINM, YEM JABJIEHHE B ILJIACTE, OOBIYHO
NPUBOAUT K CUJIBHOMY IOIVIOIIEHUIO JKUJIKOCTHU JJIA
KPC nmacToMm, 4TO YMEHBIIAET TPOU3BOJUTEIBHOCTD
CKBA)KUHBL. [IJ151 ONTUMaJIBHOI'O CHUKCHU S JJABJICHUS
HA IUIACT OBbLI PA3pa00TaH TPEXCTYIEHYATBIA
METO/, OYUCTKU. LIeJIbI0 METO/1A SIBJISIETCS yOPATh
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ydraulic fracturing has proved to be the most

efficient and common completion method

to increase well productivity in low-pressure
tight sandstone formations in Western Siberia.
However, the efficiency of the overall completion
process is influenced not only by the applied fracturing
technology but also, to a large degree, by the post-
fracturing well cleanout operation. It is important
to remove all the proppant left in the wellbore and
to ensure the flowback of loose solids behind the
casing. Using coiled tubing for this purpose improves
well productivity, boosting fracture conductivity
and ultimately decreasing the number of workover
operations associated with downhole equipment
failure caused by solids production. A workover rig
circulating through jointed pipe may be used for
the cleanout operation. However, because of the
inability to create an underbalanced state in the
wellbore using this technique, it is not possible to
ensure removal of all loose solids as well as all residual
fracturing fluids from the fracture. Furthermore,
applying overbalanced cleanout in these depleted
formations normally results in high workover fluid
losses which reduces the productivity of the well. A
three-stage well cleanout method has been developed
to produce optimal drawdown on the formation.
Aiming to have the maximum amount of solids flow
back before the installation of an electric submersible
pump (ESP), the method includes the prediction of
well inflow to enhance the cleanout process. Also, the
accelerated flowback of fracturing fluids ensures a
clean fracture with maximum conductivity, increasing
well productivity by 18-20%. The method has been
successfully utilized in Western Siberia and is an
accepted industry benchmark in the area. This paper



MAaKCHUMAJIbBHOE KOJIMYECTBO TBEPAbIX YACTHULL 10O
YCTAHOBKH 3JIEKTPHYECKOTO LIEHTPOOEKHOTO

Hacoca (OLIH). B atoMm MeToz€E /17151 TOBBIIIEHU A
Ka4eCTBa IIPOLIECCA OYUCTKU HUCIIOIb3YETCS

OLICHKA IIPUTOKA B CKBAXKUHY. YBEJIMUYCHHAS
CKOPOCTB OOPATHOT'O MPUTOKA )KUJIKOCTH JIJIS

I'PII Taxske rapaHTUPYET YUCTOTY TPEIIUHBI U €€
MAaKCHUMAJIBHYIO IIPOBOAMMOCTD, IIOBBIIIAS TEM
CAMBIM IIPOU3BOAUTENBHOCTD CKBAKUHBI HA 18—20%.
MeToaurKa 6bl1a yCIIEITHO NPUMEHEHA B 3a1aJHOM
Cubupu U SIBISIETCS B 3TOH OOIACTU OOIIETIPUHSATON
3TAJIOHHOW oniepanyeil. B ganHoi pabore
OIIUCBIBAIOTCA AETAIU TPEXCTYIIEHYATOIO METOAA
OUYMCTKH CKBAKUHBL TaKX€E B CTATBIO BKJIIOUEH OO30pD
PE3YJIBTATOB IPUMEHEHUA ITIOXOXKHNX TEXHOJIOI UM 114
JPYI'UX CJ1y4a€eB.

BBEAEHUE

BOMBIION OTTOK TBEP/BIX YACTULL U3 IIACTA
OOBIYHO ABJIAETCSA IPUYNHON YMEHBIIIEHU A
OPOU3BOAUTENIBHOCTH CKBA’KUHBL, 4 TAKXKE OTKA32
HA3E€MHOT'O ¥ BHYTPHUCKBAXKUHHOT'O OO0PYIOBAHUS.
DTO OCOHBEHHO BAXKHO /11 CKBAXKUH, TOABEPTIIUXCSA
I'PTIL. Ecin mpo61eEMy HE PEIIUTD HA PAHHEN
CTaJINU, KOMITAHUA-PA3PA6OTUHK MOXKET ITIOHECTH
3HAYUTEJIBHBIE PACXO/BI HA TEKYIIHUU PEMOHT
CKBaKMHBL

W3BECTHO, YTO HE(PTAHBIE MECTOPOXKACHUSA B
3anagHoit CH6MPH B OCHOBHOM JIEKAT HA IIECYAHBIX
IUIACTAX C HU3KOU IIPOHUIIAEMOCTBIO, IO3TOMY
B KA4ECTBE HAUOOJIEE ONITUMAIBHOT'O METO/A
Pa3pabOTKU MECTOPOXKAECHUA HEOOXOJUMO
ucnonb3osars I'PIT ¢ nponmanTom. M3-3a TOrO,
4TO U151 KOJUIEKTOPOB JAHHOT'O THIIA XAPAKTEPHO
HU3KOE JJaBJIE€HNE, HE(PTh U3 OOJIBITNHCTBA CKBAXKUH
JIOOBIBAETCS MEXAHU3UPOBAHHBIM METOJOM. B
MOCJIEJHUE TOJBI IPU 3AKAHYMBAHUU CKBA’KHH BCE
YaIe NCnob3yoT S H.

HecMmoTps Ha OYEBU/IHBIE IPEUMYIIIECTBA
BBIIIEYIIOMSAHYTOI'O METO[A 3aKAHYHUBAHUSA, [IPU ETO
MNPUMEHEHUH y HE(PTEJOOBIBAIOMUX (PUPM BOZHUKAIOT
pasnu4YHbBIE 32TPygHEHNA. OCHOBHBIM (DAKTOPOM,
BJIMAIOIINM HA IIPOU3BOJIUTEIBHOCTD CKBAKHUHBI,
ABJIAETCA yMeHbIeHne a(pdekTuBHOCTH I'PIT 1 cpoka
cnyx0b1 O11H m3-3a nposeaenns KPC u onepanuii no
3aKaHYHMBAHUIO, 4 TAKXKE U3-32 OOPATHOI'O IPUTOKA
TBEP/BIX YACTUL] IJIACTA.

B Poccun HerenoosBaroniue (pUpMbl PEIIAIOT
POOIEMBI, CBS3AHHBIE C OOPATHBIM IIPUTOKOM
TBEPBIX YACTUL], HECKOJIBKUMU METOAAMHU, BKJIIOYA
OTKAYMBAHHUE [TOPITHEM, PA3MEMEHUE <KEPTBEHHOI'O>
OIH, NCKyCCTBEHHBIH I'a3iu@T U OUHUCTKY CKBA’KHUHBI
C TIOMOIIIBIO KOJTIOOMHT'A. KOJITIOOMHIOBASI
TEXHOJIOT'HA UMEET PsAZl 3HAYUTEIBbHBIX IIPEUMYIIECTB
MO CPABHEHHIO C IPYTUMHU METOAAMM: IIPOITYCKHOI
CIIOCOOHOCTH XBATAET, YTOOBI ITOJ/ICPKUBATH
TMIOCTOSTHHOE NOHMKeHHOoe [']I B 3a60¢€ J1/1s1 CO371aHUS }

technologies

describes the details of the three-stage well cleanout
method and includes a review of the results from
typical case histories.

INTRODUCTION

The high formation solids flowback is usually the
cause of well performance decrease, the downhole and
surface equipment failures. It is especially critical for
the hydraulically fractured wells. If the problem is left
unattended at the early stage the operating company
may suffer significant expenses for the well production
maintenance.

The oilfields in Western Siberia are known as low
permeability sandstone formations and hydraulic
fracturing with proppant is required as the most
optimum method for field development. Due to the
nature of the low reservoir pressure the majority of the
wells require production by artificial lift methods. In
recent years there has been a growing tendency to use
electric submersible pumps as the main completion
approach.

Despite the obvious advantages the above-
mentioned completion techniques bring along various
difficulties to the operators. The major factors affecting
the well performance are related to the workover and
completion operations and formation solids flowback
reducing the efficiency of fracturing and ESP lifetime.

The operators in Russia solve the problem associated
with the solids flowback by several different
methods including the swabbing, deployment of
“sacrificial” electric submersible pumps, artificial
gas lift, and wellbore cleanout with coiled tubing.

The coiled tubing technology has several significant
advantages in comparison with the other methods:
the capacity to create continuous underbalanced
state with low bottomhole pressure for the flowback
of unconsolidated formation solids, a variety of
downhole operations performed in one (0r more)
run (s), decreased treatment time. As a result, the
implementation of coiled tubing has allowed
increasing the productive period of the well and
deploying the downhole equipment fit for the
productivity potential of the well.

The implication of coiled tubing for hydraulically
fractured wells preventing the solids flowback problem
has grown widely among Russian operators over the
last 8 years.

Today all major operators use the coiled tubing
for post-fracturing well operations. The number of
coiled tubing units has increased more than 3 times
for the last 8 years. The paper presents the theoretical
work and the well performance effect for the most
applicable well cleaning methods in Western Siberia.

THE STANDARD METHOD

Cleaning out the wellbore fill, such as formation-
produced solids and/or proppant left over from }
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O6PATHOI'O NPUTOKA TBEPABIX YACTHUI] IVIACT; ECTh
BO3MOKHOCTB IIPOBE/ICHUS BHYTPHUCKBAKMHHBIX
paboT 332 OHY (1 6OJIEE) CITYCKO-TIOABEMHYIO
ONEPALIHNIO; COKPAIIAETCS BpEMS O6padOTKHU. B
PE3YABTATE BHEAPEHUE KONTIOOMHTIA TIO3BOJISAET
YBEJIMYUTD NPOAYKTHUBHBIN IEPHUOJ] CKBAXKUHBI U
YCTAHOBUTD BHYTPUCKBA)KUHHOE OOOPYIOBAHUE,
KOTOPOE COOTBETCTBYET €€ NOTEHIUAIBHOM
POU3BOAUTENBHOCTH.

3a ocIeJHHUE BOCEMB JIET IIPHUBJICYEHNE
KOJTIOOMHTOBBIX TEXHOJIOTUH JIJISI PEMIEHU S
npOo6IEMBI OOPATHOT'O MPUTOKA TBEPBIX YACTHIL],

B CKBAXXMHAX, Hoaseprmuxcs I'PIT, cTano mupoko
PaCIpOCTPAHEHHBIM SIBJIEHUEM CPEJIU POCCUMCKHUX
HedTEAOOBIBAIONUX KOMITAHUI.

CeroiHs Bce KpynHennue HepTego0bIBaI0N e
(PHUPMBI HCTIONB3YIOT KOJITIOOWHT JJIs1 TPOBECHUS
BHYTPUCKBAKMHHBIX onepanuii nocse I'PIT. Yucso
KOJTIOOMHT'OBBIX YCTAHOBOK YBEJIMYUIIOCH 60see
4€eM B TPH Pa3a 33 IOCJIEJHUE BOCEMB JIET. B cTaThe
MPEICTABIEHBI TEOPETUYECKUE PACUETHL, 4 TAKKE

OMMUCAHO BJIUAHHNEC HA ITPOU3BOAUTCIBHOCTD CKBAKWHBL

METOAOB OYHCTKH, HANOO0JIEE MOAXOISITHX JIJI5I
MECTOPOXJECHU B 3an1agHo CHOHPHL.

CTAHOAPTHbLINI METO/,

OuuIIEeHNE CTBOJIA CKBAKUHBI OT I'PA3U, TAKOH
KaK TBEPJBIE YACTULLBI I1JTACTA U/WUJINU HPOIIIAHT,
OCTABIINICS IOCIE TpoBeieHMs ['PIT, 6610 OJHUM 13
MHEPBBIX IPUMEHEHUI KOITIOOUMHIOBBIX TEXHOJIOIUH.
JanHHas onepaius Obla TAKXKE OJJHOU U3 HAUHOJIee
PAaCIIPOCTPAHEHHBIX, HA €€ JJOJIIO IIPUXOAUIOCH
50% OT OBOIIETO KOJIUYECTBA KOITIOOMHI'OBBIX
OIepa Uy B OTpaACHn. 1 TPpaJUITUMOHHOTO METOIA
OYUCTKU CKBA’KUHBI XAPAKTEPHO NIPUMEHEHHUE
HECKOJIBKUX ITUKJIOB «OUYHUCTKA-TIOAbEM». OUNCTKA
CTBOJIA CKBAXKUHBI 1OCJ1€ I'PIT BBITTIOTHSIETCS, YTOOBI
TAPAHTHUPOBATD YAJIEHHUE I'PA3U U3 UHTEPBAIOB
nep@opaiu U BEPTIIOKHOTO Kooaa. Ha
CEAYIOMIEM ITAIE UCTIONb3YETCS T'a3AUPT A30TOM
JUI CO3/JAHU A IOHUKEHHOT'O JJABJIEHUA B CTBOJIE
CKBAKMHBI, YTO NO3BOJIAET YIAJIUTh BCE HECBA3AHHDBIE
TBEPABIC YACTUIIBI U3 MEKTPYOHOI'O IPOCTPAHCTBA
U KaHAJIOB IepdOpani. 3aT€M IIPOBEPSICTCS
3P HEKTUBHOCTD NIEPBOT'O IIUKJIA U, ECJIU B CTBOJIE BCE
€IIIE OCTAETCS I'PSI3b BJIOJIb UHTEPBAJIOB Iepopariuu
(3TO MOXKET OBITh BBI3BAHO IIPOIITAHTOM, KOTOPBIH
TIPOHUK B BEPTIIOKHBIA KOJIOJELL U ITIEPEKPBLIT
nep@OpaMOHHbBIC KAaHAJIBL), TUKJ «O4UCTKA-TIO’bEM»
MHOBTOPAETCA. B cpeiHEM TPEGYETCA BBIIIOIHUTD 2—3

ITUKJIA, OJJHAKO U3BECTHBI CIIyUaH, KOT/IA [TOHAJOOHIIOCH

5 TOJOOHBIX IIUKJIOB. DTOT METO/] IO CBOEH CyTH
MOXOXK HA YCTAHOBKY HECKOJIBKMX <KEPTBEHHDBIX>
OILIH. OCHOBHBIM IPEUMYIIECTBOM JJAHHOT'O METO/A
SIBJISIETCS €TI0 IIPOCTOTA U JIETKOCTD B IIJIAHUPOBAHUU.
OIHAKO €CTb U HECKOJIBKO HEJIOCTATKOB: BPEM S BCEI
OIlEPAIIUU YBEIUYNBACTCS U3-34 IOTEHIUAJIBHO
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fracturing operations, was one of the first applications
of CT services. It has also been the most common

CT application, comprising 50% of all CT operations
industry-wide. The typical conventional method
consists of a number of “cleaning-lifting” cycles.

After the hydraulic fracturing the cleaning of the
wellbore is performed to ensure the removal of fill
from the perforations interval and the rathole. At the
next stage the well lift with nitrogen is employed to
create the underbalanced state aiming to remove

free unconsolidated solids from behind the casing
and perforation channels. The efficiency of the first
cycle is checked and if the wellbore still contains

the fill across the perforations (which can be caused
by the proppant falling to the rathole and bridging
the perforations) then the “cleaning-lifting” cycle is
repeated. On average it is required to perform

2-3 cycles but the 5 cycle cases are known as well.
The method imitates the deployment of several
“sacrificial” ESPs. The main advantage of this method
includes the simplicity of calculation and planning,.
However, it has a number of disadvantages: the process
duration extended by potentially long cycles and high
probability of coiled tubing stuck by the proppant
flowback during the well cleaning.

JOB DESIGN METHODOLOGY

Initially, the well cleaning process has been based on
the balance pressure or slightly underbalanced state.
After a certain period the underbalanced condition
has been increased to 15—60 atm. This increase has
been required to intensify the process of removing
the proppant and solids from behind casing at the
cleaning stage and for prevention of well cleanout fluid
losses to formation and, thus, the risk of coiled tubing
stuck in the hole. The commonly recommended
underbalanced pressure for this method is 15-30 atm.
This pressure allows to increase 1.5 times (or even to
double) the volume of the proppant removed and to
reduce the risk of fluid losses to formation.

The design of well cleanout should be the integral
part of an efficient hydraulic fracturing operation
performed on the well and be based on the data
received from the efficiency estimation. It is important
to get the estimated well productivity, including the
productivity index, fracture geometry and data for
proppant and fracturing fluids.

The underbalanced well cleanout is achieved by the
application of nitrified fluid. This causes difficulties in
calculation due to the complexity of hydrodynamics
of multiphase flow involving different models and
methods, which requires the selective approach to
choose the most applicable one. The industry software
packages allow the design of cleanout in multiphase
flow regime. However, the typical model does not
predict the uncontrolled flowback of proppant
from the formation and, as a result, the volume of



JJIMHHBIX ITUKJIOB, BBICOKA BEPOATHOCTD IIPUXBATA
ru6Ko Tpy6e! (I'T) B IpOLIECCE OUUCTKU HU3-32
O6PATHOIO MPUTOKA NPOMNIAHTA.

METOAONOIMMA NIAHUPOBAHUA PABOT

INepBOHAYAIBHO MPOLIECC OYUCTKU CKBA>KUHBI
IPOBOJMJICS IIPH PABHBIX JJABJIEHUSAX B CTBOJIE
CKBA’KUHBI U TIACTE JIMOO HA HEOOJIBIION ICTIPECCUU.
CycTs HEKOTOPOE BPEMs PA3HOCTD JABJICHUN B
CHCTEME «CKBYKHHA-TUTACT> YBEJIMIHIIHN 110 1,52—6,08 MITa.
DTO YBETMYEHUE OBIIO HEOOXOAUMO JIJI TOBBIIIECHUS
MHTEHCUBHOCTH POLECCA YAAIEHUS IPOMIIAHTA
Y TBEPABIX YACTUILL U3 IPOCTPAHCTBA 34 OOCATHON
KOJIOHHOU HA CTAUHM OYUCTKH U IS IPEJOTBPAIEHUA
nornomeHus JkuakocTu 111 KPC rmiactom. Bee aTo
3HAYUTEIBHO CHUXXAJIO pUCK puxsara I'T B cTBONE
CKBAKMHBI. PEKOMEHTOBAHHA PA3HOCTD JABJICHUH
B CUCTEME «CKBAKMHA-TIJIACT> JJI JTAHHOI'O METOA
cocrasngeT 1,52—3,04 MIla. DTO J1aBjIEeHUE TO3BOJISICT
YBEIUYUTH OOBEM OTOUPAEMOTO IIPOIMIAHTA B IIOJITOPA
pa3a (MHOIZA AAKE B 2 pa33) U YMEHBIINTD PUCK
HOIVIOMIEHHU S XKUJIKOCTH TVIACTOM.

ITy1aH OYMCTKU CKBA’KHUHBI JJOJKEH ObITh
HEOTbEMJIEMOM 4aCThIO camoro npouecca I'PIT,
MPOBOJANMOTO B CKBAXKUHE, U IIPU 3TOM OCHOBBIBATBCA
H4 IAHHBIX, OLICHUBAIOINX 3(PPEKTUBHOCTD 3TOU
onepanun. BaXKHO OLIEHUTD NPOU3BOAUTEIBHOCTD
CKBa’KMHBI, BKJIIOY9asd KO(PPULTUEHT IPOAYKTUBHOCTH,
T€OMETPHIO TPEIWHBI U JAHHBIE O TPOMNITAHTE U
KuarocTax g [PIL

O4YHCTKA CKBAKUHBI HA IENPECCUN JJOCTUTAETCS
C IOMOIIBIO MPUMEHEHHUS A9PUPOBAHHOTO 430TOM
donaa. DTO 3aTPYSHAET MPOLLECC PACYETOB U3-34
CJIOKHOU I'MJIPOAMHAMUKH MHOT'O(DA3HOT'O IIOTOKA,
KOTOPAas OIMCBIBAETCA PA3ITMYHBIMUA MOJEISAMHA U
METOAAMH, TPEOYIOINMHU CEJIEKTUBHOTIO ITOJXOAA
IIpU BBIOOPE HANOO0JIEE NOAXOAAIErO. OTPAC/IEBbIE
MAKETBI IPOTPAMM ITO3BOJIAIOT IPOEKTUPOBATH
OUYHCTKY B pEKHUME MHOI'O(PA3HOI'O TOTOKA. TUIIOBAs
MOJIEJIb, OTHAKO, HE YYHUTHIBAET HEKOHTPOJIUPYEMBIH
O6PATHBIN IIPUTOK MPOMITAHTA U3 TIJIACTA U, KAK
pe3ynbTaT, 06bEM B3BEIIEHHBIX TBEPABIX YACTHI] B
CTBOJIE CKBAXKUHBIL. TAKUM 06Pa30M, YTOOBI U30€KATh
BO3MOKHOT'O IIOITIOMEHUA KUJKOCTH IUIACTOM
U pucka nnpuxsara I'T, HeO6X0IMMO IPUMEHSATD
TAK HA3bIBAEMBIN KO3(PPUIUEHT 6€30I1ACHOCTH,
KOTOPBIH ObI OIIPEIEIISII OIITUMAJIBHYIO O€30ITACHYIO
CKOPOCTB CITyCKa I'T B CKBAXKUHY ¥ CKOPOCTb OYUCTKH.
ONBITHBIE JAHHBIE 1AI0T OCHOBAHUE YTBEPKATD, YTO
3HAYCHUE KOP(PULIUEHTA JOJIKHO OBITh OKOJIO 1,52 B
3aBUCUMOCTHU OT JAHHBIX 110 O1ieHKe ['PIT.

PexoMeHJOBAHHBIN METO/T BKJIIOYAET B CEHS
9TAaIbI C LIHpKyIIHL[H@ﬁ HpOMC)KyTO‘-IHbIX BO/I.
ITpOIOKUTENBHOCTD 3TAIA MOXET BAPbUPOBATHCS
ot 15 10 40 MUHYT B 3aBUCUMOCTHU OT O6'beMA
B3BEMICHHBIX TBEP/BIX YACTUIL B IPOCTPAHCTBE
mexay I'T u creHKaMu CKBaKUHBL 1151 6071€€ TOYHOI'O }

technologies

suspended solids in the wellbore. Therefore, to avoid
the potential losses and risk of coiled tubing stuck it

is necessary to apply the “safety index” that may allow
the optimal safe speed for run in hole and cleanout.
Basing on the experience, it is reasonable to say that
the index should be in the range of 1.5-2 depending
on the data from hydraulic fracturing estimation.

The recommended method involves the stages with
intermediate circulation. The stage period varies from
15 to 40 min in accordance with the volume of solids
suspension in the coiled tubing annulus. For more
accurate cleanout design it is important to estimate the
formation pressure (P, ) in the well immediately after
the hydraulic fracturing as it can be 15-20% higher
than before.

Also, it is vital to estimate the formation productivity
index after fracturing — it can differ significantly
from the predicted monthly production of the well
(by 50% or more). The desirable estimation should
consist not only of estimated numbers but also contain
experimental and statistical data. Such estimation is
even more important for the wells fractured in several
Zones.

Depending on the goals, fracturing operations
in this case are performed one by one or with
intermediate cleanout/lifting. In the first case, the
speed of cleanout should be minimal for all zones/
intervals because of high probability of proppant
flowback. The prolonged period of circulation may
be recommended below each zone for the flow
stabilization. The recommendation is based on the
fact that in case of the fast cleanout speed along one
zone and the next zone the volume of the proppant
in the hole increases drastically. It can lead to the
loss of circulation due to the increased hydrostatic
pressure and to pipe stuck. In the second case, the
scenario includes cleanout after the fracturing of each
zone. The speed can be varied and increased because
the large part of proppant has been removed at the
corresponding stage.

EXECUTION SCENARIOS

The execution can be varied in different cases
depending on the selected criteria.

In the case when the job criteria are based on
maximum underbalanced pressure and limited volume
of nitrogen the lifting should be performed from the
safest depth level in order to spend all the nitrogen for
creating the maximum possible underbalanced state. It
is important, however, to predict the optimal spending
of nitrogen in accordance with the coiled tubing depth.
Typically, the depth right below the tubing packer
is considered as the maximum depth. It is worth
mentioning that the running of coiled tubing below
the packer during the lifting can be risky because the
proppant annular velocities are slower in the casing
wellbore and falling solids can “bury” the coiled tubing. }
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NPOEKTUPOBAHUS OYUCTKH BAXKHO OLICHUTD IJIACTOBOE
nmasnenue (P, ) B CKBaXKUHe mocse nposeaeHus I'PI,
TAaK KAK OHO MOKET ObITh HA 15—20% 6osIblIie, YeM /10
06pPabOTKU.

Takske HECOOXOUMO OLIEHUTD KOA(MPUITUECHT
MNPOAYKTUBHOCTH IJIACTA IIOCJIE TUAPABINYECKOT'O
Pa3pbIBA, TAK KAK OH MOXKET 3HAYUTENBHO OTIMYATBCS
OT NPENCKA3AHHON MECAYHOU NPOU3BOAUTETBHOCTH
CKBaKMHBI (Ha 50% 1 60siee). KenarenbHo, YTOOB
OLIEHKHU COCTOSIJIU HE TOJIBKO U3 «T'OJIBIX» ITU(P, HO
TAKIKE BKJIIOYAJIU B CEOS SKCIEPUMEHTAIBHBIE U
CTATUCTHUYECKUE JAHHBIE. TaK1e OLIEHKU OCOOEHHO
BA’KHBI IS CKBAXKUH, B KOTOPBIX I'PIT npoBoaniIcs B
HECKOJIBKUX MHTEPBAIAX.

B 32BHCHMOCTH OT ITIOCTABJIEHHBIX LIEJIEM, OTIEPALTUNA
110 I'PIT B TaKOM CJ1y4ae IPOBOIAATCA OfHA 34 JPYyrOUd
WJIU C IPOMEXKYTOYHBIM ITUKJIOM «OYUCTKA-TIOBEM>.
B nepBoM ci1y4dae CKOPOCTb OYUCTKU JOIKHA ObITh
MUHUMAJIbHOU [1J151 BCEX 30H/UHTEPBAJIOB B CBA3U C
OOJIBIIONA BEPOSTHOCTBIO BOBHUKHOBEHUS OOPATHOTO
MPUTOKA IPONIAHTA. [IJ11 CTAOUIN3ALIH TIOTOKA
PEKOMEHAYETCS YBEJITUYUTD BPEMS IIPOMBIBKH 1O/
KAXK/I0M 30HOM. DTHU PEKOMEHIAITUY OCHOBAHBI HA
TOM (PAKTE, 4TO IPU IIPOBEJEHUH OYHUCTKH C BBICOKOH
CKOPOCTBIO B IBYX 30HAX MTOAPAJ O6BEM ITPOIIAHTA
B CTBOJIE CKBAKUHBI CYIIECTBEHHO YBEJITMUYHBAETC.
DTO MOKET MPUBECTH K HAPYIIEHUIO IIUPKYJIALITAN
u13-32 Bo3pocmiero I'/l 1 K npuxsary TpyosL. Bo BTOpom
CJIy4ae IIPOLECC OYUCTKH CKBAKUHBI TOBTOPAETCA
noce nnposeaenns I'PIT B kaxaon n3 30H. CKOPOCTD
OYMCTKH B 9TOM CJIYIa€ MOXKHO YBEJTUYUTD, TAK KAK
OOJIBIIAS YACTD IIPONIIAHTA YK€ ObLIA y/IaJI€HA HA
OpeABIAYIIEM 3TAIle OOPAOOTKU.

CLUEHAPUU BbINONHEHNA PABOT

ClieHapHUI BBITIOJTHEHHUS PAOOT MOXKET
BAPBUPOBATHCS B 3aBUCUMOCTHU OT BBIOPAHHBIX
KPUTEPHEB.

B TOM cityuae, Koryia KpUTEPUNU OCHOBBIBAIOTCS
Ha BIOOPE MAKCUMAJIBHO HU3KOTO [/l B CKBAXKUHE
U OTPAHUYCHHOTO OO6'bEMA A30T4, TIOJIbEM
clenyeT NpOU3BOJUTh C HAUOO0IEE OE30ITACHON
[JTyOUHBL, YTOOBI BECh A30T YIIIEI HA CO3[JAHUE
OTPHUILATEIBHOIO JUPHEPEHITUATBHOIO JABICHUS
B CUCTEME «CKBA’KHMHA-TIACT». Ba’KHO, OTHAKO,
TAKKE PEICKA3ATh OITUMAJIBHBIN PACXOJ] A30TA B
COOTBETCTBHH C NMTYOUHON pacnoyoxeHus ['T. O6br9HO
INIYOMHA HUKE PACTIONOXKEHUS TTAKEPA TU(PTOBOM
KOJIOHHBI CYUTAETCA MAKCUMAJIBHO IOIYCTUMOU
IIyOUHON. CTOUT YyIIOMSIHYTD, 4YTO CITyCK I'T HUke 3TOMN
OTMETKHU BO BPEMS NOABEMA TBEPABIX YACTHUI] MOXKET
OBITb OYEHD OITACEH H3-32 TOT'O, YTO CKOPOCTH IMTOTOKA
NPONIAHTA
B MEKTPYOHOM NPOCTPAHCTBE MEHDIIIE U OMAIAI0MUE
TBEP/BIE YACTUIIBI MOT'YT «IIOXOPOHUTD» I'T.

Ecnu e B Ka4eCTBE KPUTEPUS BEIOUPAIOTCA (PAKTOPHI

MAaKCHUMAJBbHOTI'O O6p2THOI‘O IIPUTOKA JKUJAKOCTH JIJIs1
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In the case when the maximum workover fluids
flowback from the formation and limited volume of
nitrogen factors are selected as the job criteria, the
lifting should be performed with the value of

Qinf low
Oy,
In this case it is not the lifting depth which plays the
significant role, but the probing of well inflow fluids
and volume of flowback fluids.
In any case the three conditions should be observed
to reduce the risk of coiled tubing stuck:
1. The wellhead pressure is not to be below the
minimum value defined as.
2. The steady state of coiled tubing should be avoided.
3. The maximum coiled tubing depth is not to be
below the tubing packer.
The first two conditions prevent the erosion of coiled
tubing pipe and allow the pipe weight control. The
third condition reduces the risk of stuck.

=max.

WELL LIFT DESIGN - THE PRACTICAL
EXPERIENCE

The well lift design development was started with
the selection of the most applicable model. For this
purpose a number of research studies was done with
downhole gauges. The studies performed proved
the well performance model used in Nodal analysis
software to provide the most accurate result. The
research showed that the well inflow is very unstable
during the first hours of lifting. This tendency can be
explained by the varying fluids blend in the well where
the viscous pills of unbroken polymer from fracturing
fluids are observed. Also, the decrease of

inf low
Ov,
value was observed when fine-dispersed clays
deposited on the tubulars and created additional
friction. The same can be stated in respect of emulsions
in the inflow.

Admittedly, the clay particles and emulsions are
resulting from the inadequate volume of potentially
damaging fluids lost to the formation at the well
fracturing preparation stage. The problem is solved by
the application of clay and mud dispersing agents and
de-emulsifiers during the lifting stage.

When the flow is stabilized, its average value
decreases, while the increase of Q,, decreases the

Zinflow value.

Ov,

The flowback of free proppant from the formation
is rarely stable, in most cases it flows back by slugs.
The difference between the instability of inflow and
proppant flowback has been observed. Based on this
fact the method of “pulsing” lift has been developed
with nitrogen pumped at different rates every
60-120 min. In most of the cases this method allowed
faster removing of free solids from behind the casing.



KPC 13 1y1acTa ¥ OrpaHUYEHHOIO O6'bEMA A30TA, TO
TIOABEM NOJIKCH OCYIICCTBIIATHCA IIPU 3HAYCHU

inf low

=max.

N2
B 3TOM ciIy4yae 3HAUHTEIBHYIO POJIb OY/IET UTPATh HE

INIYOMHA HA44J1a ObEMA, 4 UCCIIENOBAHUE XKUJIKOCTEMN,
MNOCTYHNAIOIINX B CKBAXKUHY, U OIIPEIC/IEHUE OObEMA
JKMJIKOCTH, KOTOPAsI HOIJIOMIAETCS IIIACTOM.

B m1060M City4ae st CHYDKEHH S pyucKa npuxsara ['T
HEOOXOAUMO CJIEIUTD 32 BBITTOJIHEHHUEM TPEX YCIOBHUI:
1. JaBineHHE HA YCThE CKBAXKUHBI HE JJOIKHO
OITYCKATbCS HUKE MUHUMAIBHOT'O 3HAYECHUS,
OIIPEJEIIEMOrO Kak Pwh 2 min 2 1,52 MMa.
Heo6xoaumo n3deratb OCTaHOBOK I'T.

3. MakcuMmanbHad ImybuHa cnycka I'T He fo/kHa
MPEBBIATH [NIYOUHY PACTIOTIOXKEHUS ITAKEPA
JIU(PTOBOU KOJIOHHBL

IlepBrIe ABA YCJIOBUA IPEAOTBPAILAIOT SPO3HUIO
I'T 1 TO3BOJIAIOT PETYIHMPOBATE HATPY3Ky HA I'T.
BBINTOJTHEHYE TPETHETO YCIOBUS YMEHBIITAET
BEPOATHOCTDb IPUXBATA.

N

NIAHNPOBAHUE NMPOLIECCA NOABEMA
B CKBAXWHE - NMPAKTUYECKIWNI OIbIT

Pa3paboTKa I1aHa O OPraHu3aIuu NorbeMa
TBEP/BIX YACTHUIL B CKBAXKWUHE HAYAIACh C BEIOOPA
Hanob0JIee IOAXOAIIICH MOACTN. 111 STUX HEeAeH
OBbLIa BBITIOJIHEHA CEPUS HAYYHBIX MCCJIETOBAHNUH
C IPUMEHEHHUEM CKBA)KUHHBIX U3MEPUTEIBHBIX
npubopoB. Miccie0BaHUS TOKA3a/IU, YTO HAnboiee
TOYHBIN PE3YIBbTAT IACT MOJICJIb IPOU3BOANUTEIBHOCTHU
CKBA’KUHBI, UCIOJIb3YEMASI B AHATTUTUYECKOM
nporpaMmMHoM obecrieueHuu Nodal. Taxoke B
PE3YIBTATE UCCIEAOBAHNI OBLIIO YCTAHOBIJIEHO,
4TO B TEYEHUE [IEPBBIX YACOB O’bEMA IIPUTOK B
CKBAKUHY OYEHb HECTAOMIIEH. TAKOE NOBEJICHUE MOXKET
OOBICHATBHCS CMENIUBAHUEM PA3IUYHBIX JKHU/IKOCTEN
B CKBAKHHE, I7IE HAOTIOAAETCS HAJTMYUE BAZKUX
TPaHyJI HOJTUMEPOB, COACPKAMUXCS B XKUJKOCTHU
1A I'PIT, KOTOpBIE HE TTIOABEPIVINCE pacnany. Korga
TOHKOAHCIIEPCHAS TTIMHA OCAXK/AJIACh HA TPY6AX U
CO3/1aBas1a JONOJHUTEIBHOE TPEHUE, HAOIIO]AJI0Ch
YMEHBIIIEHUE 3HAYEHUS Zintiow . TO K€ caMmoe

Oy,
OTHOCHTCS U K AMYJIbCUAM, COJECPKAIHUMCS B IOTOKE
donaa U3 naacTa.

BeposTHO, 4aCTULIBI IVIMHBL U AMYJIBCUU
06PA3YIOTCS B PE3YJIBTATE UPE3MEPHOTO MTOITIONMICHUSI
TMOTEHIIUAJIBHO OMACHBIX KUJKOCTEN I1JIACTOM BO
BPEMA CTAJUU ITOATOTOBKU CKBAXXUHBI K 'PIT. B
KA4ECTBE PENIEHUS JAHHOM IPOOJIEMBI IPUMEHSIIOTCS
JUCHIEPTIUPYIOIINE AT€HTHI /IS IJIMHBI U IIIJ1aM4, 4
TAKXKE ACIMYJIBI'ATOPH], KOTOPbIE 3AKAUYUBAIOTCS B
CKBA’KHUHY B IIPOLIECCE TObEMA.

Korzia noTok CTabuIn3upyeTcs, Ero CpejHeE
3HAYCHME YMEHBIIAETCSH, 4 C YBEJIMUYCHUEM 3HAYCHUSI
Q,» YMEHBIACTCS 3HAYCHUE

technologies

JOB DURATION CRITERIA

The well cleanout methodology depends on the

operator’s goals and may differ in operational time,
the nitrogen volumes pumped and the underbalanced
pressure created. As a rule, each cycle of cleanout is
followed by an operational standby period for rathole
checking and cleanout and lifting performance
appraisal. The duration of well lifting may vary

from 40 min to dozens of hours when the well is

filled with nitrogen and the flow is stabilized. It is
limited by the concentration of flowback solids and
qualitative and quantitative changes of the flow. The
field index for solids flowback appraisal and the
hydrocarbons content are determined in the field lab.
The appropriate frequency period for probing is 15-30
min. The following criteria influence the well lifting
duration:

if the flow does not change for a certain period of
lifting and solids flowback index has decreased

and does not raise during the time required to lift

the solids from the bottom, then the lifting can be
stopped;

If during the lifting the flow and solids flowback
index decrease at the same time then it is necessary
to stop the lifting, wait for a certain period and check
the hole and, if required, to repeat the “cleaning-
lifting” cycle.

THE ADVANCED METHOD

The advanced method or self-cleaning method

to optimize the “cleaning — lifting” cycle has been
developed for further enhancement of the cleanout
efficiency and is based on the principle of utilization
of well flow potential not only during lifting stage

but also for cleanout. Its application is limited for the
wells with deviation less than 45 deg below the tubing
packer.

1.

The concept involves the following cases:

Under certain conditions the wellbore cleaning can
be performed without running coiled tubing end
below the tubing packer, i.e. by pumping nitrogen it
is possible to create the underbalanced state when
the inflow is enough to suspend and lift the solids
in the larger wellbore. As a result, the well is being
cleaned by its own flow.

2.During the cleanout in underbalanced state in

1.

multizone wells it is possible to utilize the potential

of each zone for varying the cleanout speed.

Obviously, the minimum speed will be in the rathole

and the maximum — above the most productive

zone or above all zones.

This method has several main advantages:
Increasing the safety of the process, decreasing the
risk of stuck
Decreasing the job time due to fewer cycles.

This is explained by the fact that during the
underbalanced cleanout part of the free proppant

Ne 4-5 (033) Centsi6ps / September 2010 29



TEXHOJIOT'NH
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OO6paTHBIN IPUTOK CBOOOJHOIO IIPONMNAHTA 13
IJIACTA HUKOTI/]A HE OBIBAET YCTOMYHBBIM, YAIIlE BCETO
BBIOPOCHI MTPOUCXOAAT NOpUUAMU. Habmoganicey
TAKKE PAZITUYUA MEXAY HECTAOMIBHOCTBIO MPUTOKA
B CKBAKMHY U HECTAOUJIBHOCTBIO OOPATHOT'O IIPUTOKA
nponnaHTa. Ha OCHOBE JaHHOI'O HAGIIOACHU S ObLI
pa3paboTaH METOJ, «ITYIbCUPYIOMIETO» NTObEMA, ITPU
KOTOPOM CKOPOCTB 3aKAYKHU 430TA MEHAETCS KAXK/IbIE
60—120 MuHY'T. B GOIBIIMHCTBE CYYACB 3TA MCTOIUKA
MO3BOJSAET OBICTPEE YAAIUTH CBOOOJHBIE TBEPABIE
YACTULLBI U3 MEXKTPYOHOI'O IPOCTPAHCTBA.

KPUTEPUU MPOOOIIXUTENIbBHOCTU PABOT
MeTOROIOTUS IPOLIECCA OUUCTKU CKBAKUHBI
3aBHCUT OT LIEJIEH, KOTOPBIE CTABUT IEPE]
Cco601 He(PTEAOOBIBAIONTASI KOMITAHU S, 1 MOXKET
Pa3IMYaThCS IO BDEMEHU IIPOBEJICHUS PAOOT,
OOBEMY 3aKAYUBAEMOTO 430Td U 3HAYEHHUIO
JIUPHEPEHITUATBHOTO IABJIECHUS B CUCTEME
«CKBa’KMHA-TIJIACT». KaK MPaBUJIO, 32 KAXK/IBIM IIUKJIOM
OUYMCTKH CJIEAYET NEPUOT, O’KUTAHU S, B TEUEHUE
KOTOPOTI'O NPOBOJUTCS MPOBEPKA BEPTIIOKHOT'O
KOJIOJII]A U OLIEHKA BBITTOJTHEHHOM OYUCTKH U TIOZ’bEMA.
ITpOAOIKUTENBHOCTD IIPOLIECCA NOABEMA B CKBAXKUHE
MOJKET BAPBUPOBATHCA OT 40 MUHYT JJO HECKOJIBKUX
JIECATKOB 4ACOB, B TECUEHUE KOTOPBIX CKBA’KHHA
34M0JHEHA 430TOM H IOTOK CTA0MJIEH. Bpems mogbeMa
OTPAHHUYHBAETCS KOHLIEHTPAIIUEN TBEPABIX YACTHL],
B OOPATHOM IIPUTOKE, 4 TAKIKE KAYECTBEHHBIMU U
KOJTUYECTBEHHBIMU U3MEHEHUAMU B IOTOKE. SHAYEHUE
KO3((PHUITHNEHTA, OLICHUBAIONIETO COJCPKAHUE
TBEP/BIX YACTUL] B OOPATHOM IPUTOKE U IIPOLIEHT,
NPUXOAAIUICS HA YITIEBOJOPO/IBL, ONIPEAEIACTCA B
o€eBOM 1abopaTopuu. Liesecoobpa3Hee BCEro 6parh
npo6bI Kakable 15-30 MuHYT. Ha TPpOJO/IKUTENBHOCTD
MPOLECCA MOLbEMA BIUAIOT CJIEYIOINE KPUTEPHUH:
* €CJIM B TEYEHHUE OIPEJEIEHHOIO IIEPHOAA
BPEMEHHU MTOTOK HE U3MEHUIICH, A KOI(PPHUIIUEHT,
XAPAKTEPUSYIOINH COAEPKAHUE TBEPBIX
4ACTUL, B OOPATHOM IIPUTOKE, YMEHDBIITHJICA U HE
YBEJIIMYNBACTCS B TCUCHHUE IEPHOZA BPDEMCHU,
TPeOyeMOTo JIJIst HOJHATHS TBEPBIX YACTUILL CO
JIHAa CKBAKMHBI, TO IIPOIIECC MO'BEMA MOKHO
IIPEKPAIIATH;
€CJIU B IPOLIECCE MObEMA IOTOK M KOI(P(PUIIHUEHT,
OIPEACIISIONINI COJICPKAHNE TBEP/ABIX YACTHUIL B
OBGPaTHOM IPUTOKE, OTHOBPEMEHHO YMEHBIIIAIOTCS,
HEOOXOMMO OCTAHOBUTBD IPOLIECAYPY NObEMA,
MOJIOK/1aTh HEKOTOPOE BPEMS], TIPOBEPUTH CKBAKHUHY
U, €CJIN TPEOYETCs, IOBTOPUTD IIUKJI «OYHUCTKA-
MO'bEM>.

YCOBEPLIEHCTBOBAHHbIV METO[,

Bpl1 pa3zpaboTaH YCOBEPUIEHCTBOBAHHBIN METO]
OYUCTKU CKBAXKUH, WU TAK HA3bIBAEMbBIA METOJ,
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flows back from the well and the next cleanout
and lifting with coiled tubing is accelerated and
simplified.

3. Hard fill removal. If during the cleanout the hard
fill/proppant plug is observed then it is removed by
chemical and/or mechanical methods. It can take
a significant time period. It is found out that during
the self-cleaning cleanout the fluid and solids flow
erosion is efficient in removing the hard fill plugs.

Disadvantages of the method involve the complexity
of design and necessity of on-balance circulation stage
with bottomhole check-up that can take 2—2.5 hours.

DESIGNING OF WELL SELF-CLEANING

Before designing self-cleaning operations with the
use of the advanced method, it is necessary to evaluate
the possibility of its application. The following steps
should be made.

DETERMINATION OF SELF-CLEANING WELL POTENTIAL

Firstly, the well lifting is modeled using the Nodal
analysis. It is important to account for the difference of
Pfor and PI as described above.

Then, the particles suspension layer and self-
cleaning potential are analyzed cumulatively for each
zone, i.e. after estimation of flow potential to suspend
the particles for the first zone, it is required to perform
the estimation for the second zone with regard to the
pervious one. If the suspended particles layer becomes
larger than the distance to the tubing end than it
is necessary to analyze the degree of self-cleaning.

The approximate estimation can be done using the
following algorithm:

:Re”xpﬂ _ dfx(Ps*Pﬂ)Xg
=g xp e o
T, x| 14004522 SXP”X(pj Pa)xg
. Ky
Gy
AB,SandFill =AF g = 4 =

:(ps —pﬂ)xgx(l—wgo)xh[,o ~
N am N

~| — | = m=——————-»9,
m? m?*x9,81x10*

where:
w,, — critical flow velocity to suspend the particles,
my/sec;
d — average particle diameter, 72;
K, — dynamic fluid viscosity, N .x cex ;
m;

4P, . — pressure drop through i- sand layer for its
pseudo-suspension;
Pgand P, —solids and fluids densities, accordingly;
g, — porosity of initial/non-suspended solids layer;
h,,— height of initial/non-suspended solids layer.

Based on 4P, ;. the flow velocity above the i zone
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CaMOOYUIIEHUS. [JAHHBIN METO/L ONTHMU3HUPYET
LJUKJI «OUUCTKA-TIOABEM», UTO IIO3BOJISET EIIE
OOJIBIIE YBENUYUTD 3(P(PEKTUBHOCTb NPOLIEAYPHI
OYHCTKU CKBAKUHBL OH OCHOBAH HA IPUHITUIIE
MCHONB30BAHUS TOTEHIIUAJIA TIOTOKA BHYTPU
CKBa>KUHBI HE TOJIBKO JIJISI CTAAUH TOA’bEMA, HO
TAKXKE U JUIS CTAAUN OYUCTKU. [IpUMEHATD JAHHBIN
METO/ MOXXHO TOJIBKO B CKBAXKMHAX, I7I€ OTKJIOHEHHE
OT BEPTUKAJIN HUXKE YPOBHSA MTAKEPa IN(PTOBOMH
KOJIOHHBI COCTABJIIET MEHEE 45 IPATYCOB.
MeTon MOXET pa0OTATh B CJIECAVIOMUX CIYYadX:
1. TIpu onpejeeHHBIX YCIOBUSAX OYUCTKA CTBOJIA
CKBaKHMHBI MOXET IIPOU3BOJUTBCS O€3 CITYCKa
koHIa I'T Huke ypOBHA Makepa TUPTOBON
KOJIOHHBI, T.€. C TOMOMIIBIO 3aKA4KH 430Ta MOXHO
CO3/1aTh NOHUKEHHOE /] B CTBOJIE CKBAKWHBI,
€CJIY IIPUTOK B CKBAXKUHY JJOCTATOYHO MOIIHBIA
JUISL yIEP2KAHUSA BO B3BEMIEHHOM COCTOSTHUU U
MHOAHATHS TBEPABIX YACTUL] B OOJIBIIEM CTBOJIE
CKBAKHHBL B pe3ynprare CKBa)KMHA OYUIIAETCS
CBOUM COOCTBEHHBIM ITOTOKOM.
2. Bo BpeMs OYMCTKM C IPUMEHEHHEM

is determined. The height of suspended layer is
estimated as:
1-—
h = —( i ) xh

i_(l_g)) i,0

It is important to mention that the above estimation
is approximate and does not include the friction
and acceleration losses due to the absence of
adequate model. The underbalanced flow velocities
are determined by volumetric average of flow
components with respect to their molecular masses.
Also, the multiphase flow regime is not included into
the estimation. However, the flow regime factor can be
significant due to the presence of surfactants affecting
the actual blend viscosity as compared to the averaged
one. Moreover, it does not define the possibility of
self-cleaning. In practice, it is recommended to take
as the minimum control time period the value of
1.5-2.0"Twh, where Twh is the time of solids lift from
the bottomhole to the wellhead.

SOLID SUSPENSION VELOCITY DEFINITION
At the third stage, it is required to estimate the

TMOHMXEHHOTO '/ B CKBA)KMHAX C HECKOJIBKHUMH
NPOAYKTUBHBIMU NHTEPBAJIAMH MOXHO
MCIIOIb30BATH NOTEHINAJ KAXKJOTO UHTEPBAIA

capability to create the flow velocity greater than the
suspension velocity. The suspension velocity should
be calculated cumulatively for each zone from the

bottom. In this case the calculation should be done
only for the zone with good potential for particles
suspension. Using the pressure losses in layers defined
earlier, the volumetric velocity of the flow should

be corrected. Thus, upon getting the linear casing
flow velocities profile, the possibility of self-cleaning
may be predicted. The approximate estimation of
suspension velocity can be done using the following
equation:

JUISL UBMEHEHU A CKOPOCTHU OUYUCTKN. O4EBUHO,
4TO MUHHUMAJIbHAA CKOPOCTD GYIET B
BEPTIIIOKHOM KOJIOAIIE, 4 MAKCUMAJIbHAS — BBIIIIC
CaMOTr0 IIPOIYKTUBHOI'O MHTEPBAJIA INOO BHIIIE
BCEX MHTEPBAJIOB.

DTOT METO/L UMEET HECKOJIBKO OCHOBHBIX
IIPEUMYVIIECTB:

1. VYBesmyeHue 6€30IMACHOCTHU IIPOLLECCA OUUCTKHU
Y YMCHBIIICHUE PHUCKA ITPUXBATA.

2. YMEHBIIIEHHE BPEMEHHU ITPOBE/ICHUS OYHUCTKU Re,xM, A2x(ps—p )xg
M3-32 COKPAIICHU S YHCIA IIUKJIOB «O4HUCTKA- Omin =7 P, [ xp o x(Ps Py g}
MIO/TbEM», HEOOXOVMBIX JIJISI 3ABEPIICHUS By % 18+0,61X\/ B ,
IIPOLIECCA. DTO OOBSICHAECTCA TEM (PAKTOM, UTO BO 7
BPEMSA OYUCTKH HA IETIPECCUN YACTh CBOOOAHOIO where:
MIPONITAHTA YXOAUT U3 CKBA’KUHBIL, UTO YIIPOIIAET w . —minimum required velocity to suspend one
U YCKOPSET HNOCIEAYIOUYIO OYUCTKY U IIOBEM C particle, m/sec — determined only in casing;
nomoIbio I'T. d — average particle diameter, 722.

3. YpaneHue npoOOK U3 TBEPABIX YacTULl,. Ecin K, — dynamic fluid viscosity, NV x sec.
BO BPEMS OUUCTKU HAOIIOAAETCSI OOPA30BAHUE m
NPOOOK U3 TBEP/bIX YACTUILL MU IIPOIITAHTA,
nux yCTpaHCHI/IC l'[pOI/ISBO/II/ITCH XUMHUYCCKNMHU
WUJIM MEXAHUYECKUMH crioco6amu. Ha 310 MOXeT
MOHA/JOOUTHCS 3HAYUTEIBHOE KOJITMYECTBO
BPEMEHU. BbIJI0 OOHAPYKEHO, YTO BO BPEMS
CAMOOYHUIIECHU S 3PO3UsL, CO371ABAEMAsI TIOTOKOM
durona U TBEPABIX 4aCTHULL, 3PPEKTUBHO
YAAJISAET IPOOKU U3 TBEPABIX YACTHILL.

K 4mciy HeJJOCTaTKOB METO/IA MOKHO OTHECTHU
CJIOKHOCTBD B IIPOEKTUPOBAHUH, A TAKXKE
HEOH6XOJUMOCTD OCYIIIECTBJICHHUS ATAMA ITUPKYIAIIUU
IpY HOPpMaabHOM I'/I B CTBOJIE C 0643aTENBHON
IIPOBEPKON 32604. DTOT 3TAN 3aHUMAET 2—2,5 Jaca. }

For the planning of self-cleaning the velocities ratio
is to be 0.35-0.5.

ANNULAR SUSPENDED PARTICLES LOAD

At the next step it is required to predict the possible
annulus load with particles and approximate
time for self-cleaning. As soon as the flow velocity
becomes sufficient for solids lifting, the solids load
the annulus and the underbalance decreases due
to the hydrostatics. If the underbalanced pressure
decrease causes the flow velocity to fall to w,, , then
the particles will stop moving upwards. The maximum
particles load should allow the underbalanced pressure
to stay above w . and the suspended solids layer to rise
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NMPOEKTUPOBAHWE PABOT NO
CAMOOHNLWEHNKO CKBAXXWHDbI

[epes TeM KaK EPEUTHU K IIJIAHUPOBAHHUIO PA6OT 110
OYHCTKE C IOMOIIBIO YCOBEPIIEHCTBOBAHHOI'O METO/IA,
HEOBXOIMMO OIIEHUTH BOZMOXKHOCTb €I'0 TPUMEHEHHUSL.
L1t TOro HEO6XOIUMO IPOJIENATH CIIETYIOIIHE AT H.

above the zone. The approximate estimation can be
done based on comparison of AP, ,for lifting particles

oad
in the casing and AP, required to create the flow
with velocity 2 2xw . . If the condition AP, 2 AP,

is fulfilled, then the cleaning time can be estimated.
Otherwise, the planning of self-cleaning will not prove

itself.

OMPEAENEHNE MOTEHLMAJIA Ap. - Lo *K @y, x4
CKBAXXWHbI K CAMOOYULEHNIO " Pl PI
Bo-11epBbIX, MOAEIUPOBAHUE ITIOJHUMAIOIECH where:
CIIOCOOHOCTHU CKBAKUHBI IPOBOAUTCS C TOMOIIBIO QO,,,, — minimum required volumetric flow velocity,
AHAJIUTUYECKOTI'O IpOrpaMMHoro ooecneyeHust Nodal. m’/min ;

BaXHO yyeCTh U3BMEHEHU A TVIACTOBOTO JaBIeHUA P

for

u

Koa(dg punmeHTa npous3BoguTeabHOCTU Pl nocse T'PIT,

KaK 9TO YKE ObLJIO OTTHCAHO BBIIIIE.

3areM I KaKJOU 30HBI COBOKYITHO aHAJIU3UPYIOTCA

MOTEHIINAJI K CAMOOYHUIINCHUIO U CJIOM B3BEIICHHBIX
TBEPABIX YACTUIL TO €CTh IOCJIE IPOBEACHUS
OIIEHKH CIIOCOOHOCTH ITOTOKA VICPKUBATH BO
B3BCIICHHOM COCTOSIHHUU YACTHILbI B IEPBOM
UHTEPBAJIC HECOOXOUMO IMPOBECTU AHAJIOTUYHBIHN
AHAJIN3 JIJI51 BTOPOT'O UHTEPBAJIA, IPUHUMAS BO
BHUMAHME NIPEABIAYIUNA. ECITN CITON B3BEMEHHBIX
YACTUIL CTAHOBUTCS OOJIBIIIE, YEM PACCTOSHHUE 10
koH1A I'T, HEOOXOANMO NTPOAHATIUZUPOBATD CTEIIEHD
caMoouuineHus. [IpubIn3uTeIbHbIE OLIEHKU MOKHO
BBITIOJIHUTB IPU HOMOIIIY CJIEIYIOMIETO A ITOPHUTMA:

K — constant, K= 2x60x24 = 2880 ;
PI — productivity index, KIL, B 72’ ;

dayxatm

A — cross-sectional area, m?;

For the purpose of simplicity of calculations within
the model used in the existing software packages,
the concept of “equivalent hydrostatic pressure” can
be engaged. In imaginary well circulation system, the
bottombhole pressure is the function of hydrostatics
only. Thus, the equivalent hydrostatics
P, ,=BHP=p, .*gx TVD, isderived. Then, the
re-calculation of equivalent pressure should be
done taking into account the solids load. This needs
one operation only. The result has the 0-5% error in
comparison with method 2.

, -
= Re"X uﬂ = dsx(psfpﬂ)xg peqv,ﬂ ><I/well +A><HSF X pS xe
“dgxp, dixp,x(Ps—P,)xg AP, =F — XgXTVDW:/’
W, | 1400 +5,22 [SSZEAT s T Vet
' W where:

AP AP = Gy P _— formation pressure;
nSandfill T TELSE T 0 Pogu — €quivalent average fluid density in the well,
V. . — Well volume from the wellhead to the zone of

=(Ps—P)xgx(—gy)xh,~

~ M= — N
m? m*x9,81x10*

Irac w, — KpUTHUYCCKAA CKOPOCTDb IIOTOKA, HeoO6XoaMast

JULS YAEPAKAHUS YACTULL BO B3BEIIEHHOM COCTOSIHUU,
M/Cex;
d. — CPEeHUM TUAMETP YACTULIBL, M ;
K, — AMHAMHYECKAs BA3KOCTD JKU/IKOCTH, Nx cer ;
: M

4P, . — IOTEPSI 1ABJICHUS Ha IICEBAOY/ACPXKAHHE i-TO
MNECYAHOI'O CJIOSI BO B3BEIIEHHOM COCTOSIHUM,

P, u sz_ IJIOTHOCTHU TBEPJBIX YACTULL U JKUJKOCTEN
COOTBETCTBEHHO;

g, — IMOPUCTOCTDb HAYAIbHOI'O/HEB3BEIIEHHOI'O CJI0sI
TBEP/bIX YACTULL;

b, , — BBICOTA HAYAJIbHOI'O/HEB3BEIICHHOT'O CJIOS
TBEPABIX YACTILI,

Ha ocHoBe BetuuHbL AP, . ONPECISIETCS CKOPOCTh

IIOTOKA BBIIIIE i-I'O UHTEPBAJIA. BBICOTY B3BELIEHHOI'O
CJI051 MOXXHO OLIEHUTD KaK

_(l—eo)>< .
" (1-e) o

Baxuno OTMETHUTD, YTO IIPCACTABICHHBIC BBIIIC
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well

interest;
H,, — measured solids layer height above the zone;
VD, — true vertical depth to the zone.
JOB TIMING ESTIMATION

While determining the time period for self-
cleaning the flowback of unconsolidated free solids
should be taken into account. For this purpose the
average statistical index for hydraulic fracturing
operations performed in the certain field is selected.
The self-cleaning should be stopped when the solids
concentration in the flowback decreases to the
minimum and does not increase within the time
period 15-2 times longer than the period required
to lift the solids from the bottom to the surface.
Determination of this moment is critical for job time
planning and nitrogen costs. The complexity of such
determination is interconnected with the necessity
to discontinue the self-cleaning during the solids
flowback. For this purpose, the well is circulated with
the fluid allowing on-balance state during the period
required to lift the solids to the surface. Then, it is
possible to run in and check the well bottom.



OIICHKH SBJISIIOTCS IPUOIN3UTEIbHBIMU U HE
YUYUTBIBAIOT IOTEPHU, CBA3AHHBIE C TDEHUEM U
YCKOPEHHUEM, U3-34 OTCYTCTBUA AJJEKBATHON MOJIE/IN.
OmnpeieieHuE CKOPOCTU NOTOKA ITPU MOHMUKEHHOM
I 1pOBOAUTCA ITyTEM IPOCTPAHCTBEHHOTO
YCPEAHEHUS KOMIIOHEHTOB IMTOTOKA IO UX
MOJIEKYJISIDHBIM MaCCaM.

Tak>Ke B OIICHKY HE BKJIIOUCH PEKHUM MHOT'O(A3HOT'O
NOTOKA. OTHAKO PAKTOP HOJLOOHOIO pozAa
MOXET OBITh BECbMA 3HAYMUTEJICH U3-34 HAJTUYUS
IIOBEPXHOCTHO-AKTUBHBIX BeleCTB (ITAB),
BJIMSIIONINX HA (DAKTUYECKYIO BI3KOCTb CMECH,
KOTOPAsI OTJIMYAETCS OT YCPEAHEHHOI'O 3HAYCHUS.
JaHHAs OIICHKA TAKXKE HE 1A€T BO3MOXKHOCTU
OIIPEJIEINUTD CIIOCOOHOCTD CKBAKUHBI K
CaAMOOUMIICHUIO. Ha MPAKTUKE B KAYECTBE
MUHHUMaJIbHOI'O IPOMEXKYTKA BDEMEHHU [IJIs1 KOHTPOJIS
pexkomenayercs 6pare suadenue 1,5-2,0°T  roe T, —
BPEMSI, HEOOXOAUMOE JIJI1 TOTO, YTOOBI TBEP/IbIC
YACTULIBI TOAHAIUCH C YPOBHS 320041 10 YPOBHS
YCTbsI CKBAKHHBL

OIPEAEJIEHVE CKOPOCTU, HEOEXOANMOMU
AJ15 YAEPXKAHUSA TBEPAbIX YACTUL
BO B3BELIEHHOM COCTOSIHUU

Ha TpeTbeM aTare HeOH6XOIMMO OLICHUTD
BO3MOKHOCTB CO3/IaHUSI CKOPOCTHU IMTOTOKA, KOTOPAs
ObLJ1a 6B OOJIBIIIE CKOPOCTH, HEOOXOAUMOH [IJIsT
VACPKAHUS TBEPABIX YACTHUIL BO B3BCIIICHHOM
COCTOSTHHH. DT CKOPOCTbD JIOJI>KHA BBIYUCIISITBCS
COBOKYITHO JIJI5I KA3K/I0T'O MHTEPBAJIA, HAYUHAS C
326051. B 3TOM Ci1y4yae BBIYMCIEHUS HYKHO IIPOBOAUTD
TOJIBKO JIJISI UHTEPBAJIA C XOPOUIUM ITIOTEHITUAJIOM
K YAEPKAHUIO YACTHI] BO B3BEIIEHHOM COCTOSTHUH.
3HaueHUE OO'BEMHOM CKOPOCTH ITOTOKA CIEYET
OTKOPPEKTHUPOBATH C YIETOM ONPEAECICHHbBIX DAHEE
3HAYCHUH HOTEPU JABICHUS B CJIOSIX. TAKMM 06pa30M,
KOTJJa IOJIYY€EH IPOMUIIb JMHEUHBIX CKOPOCTEN
HOTOKA B 00CAJJHOU KOJIOHHE, MOXKHO IPEACKA3ATh
CHOCOOHOCTD CKBAKMHBI K CAMOOYUIIIECHUIO.
[Tpu6IM3UTENIBHBIE OLIEHKHA CKOPOCTH, HEOOXOIUMOL
JUISL yIEPKAHM S YACTHIL] BO B3BEIIEHHOM COCTOSTHUH,
MO>KHO IIPOBECTH, UCIIOJIb3YSI CJIEIYIONTYIO (POPMYIY:

© _ RexB,; dgx(pAs_pﬂ)Xg
‘min - - 3
AP n X[18+0,61><\/dS P X(p‘ip”)xg] ’
ﬂ u =
7
e . — MAHMMAJIbHOE 3HAYEHUE CKOPOCTH,

HEOOXOAUMOE I YACPAKAHUS OJJHOHM YACTHIILI BO
B3BCIICHHOM COCTOSIHUH, M/CEeK — ONPEICISACTCS
TOJBKO JIJI1 06CAJHOM KOJIOHHBI,
d — CPETHUM TUAMETP YACTHUIIB, M.
Ky~ MHAMHAYECKAS BASKOCTD KUIKOCTH, N X C2€7C .

M
[ IIaHUPOBAHUS IIPOIIECCA CAMOOYUITICHHU S
OTHOIIIEHUE CKOPOCTEMN JOMKHO ObITh 0,35-0,5. }

technologies

FIELD IMPLEMENTATION
Both methods have been implemented and up to
date more than 500 wells have been cleaned after
the hydraulic fracturing. It has been found out during
the cleaning that most of the hydraulically fractured
intervals has the potential for self-cleaning. Such
potential is adequately determined by the advanced/
self-cleaning method and gives the predictable result.
Certainly, not every well is a candidate for self-cleaning
and in practice most of the wells cleaned with this
method had several zones. Also, the equations contain
a good safety margin, thus decreasing the actual well
potential. Therefore, 100% of the designed cleanouts
have been implemented in the field. The methods
showing the obvious advantage of the self-cleaning
method are compared.
The average coiled tubing cleanout job parameters
are as follows:
« the job duration is 2—5 days including the time for
nitrogen well lifting for 12—16 hours;
+ the volume of sand removed from the wellbore is
about 3 m® which equals 150 m in 7 inch casing;
« the volume of sand flowback from the perforations is
about 4 m® which equals 200 m in 7 inch casing.

IMPACT ON WELL LIFE AND PRODUCTIVITY

The implementation of the coiled tubing technology
has allowed to decrease the duration of the well
completion process and the failure rate of ESPs caused
by solids flowback from formation. The efficiency
of coiled tubing cleanout methods has reached 98%
which involves reduction of costs for replacement and
maintenance of failed ESPs and also additional oil gain
due to the fewer workover cycles. The average ESP
runlife equals 80—-90 days for the wells cleaned with
coiled tubing, while it is as low as 24—-30 days for the
wells cleaned conventionally. Totally, it can be stated
that the time advantage of coiled tubing is estimated as
54 days of additional oil production.

The other factor is ESP performance index. During
the cleanout operations the downhole gauges are
deployed to determine the optimal ESP size and
capacity. The received data make it possible to choose
the right equipment optimized for maximum well
performance in the first run thus avoiding the losses
caused by conventional optimization that includes
the deployment of “sacrificial ESPs”. Thus, in the wells
cleaned by conventional methods the “sacrificial”
ESPs are run at 75% of their capacity until the solids
flowback ratio is decreased to the average field value,
while after the coiled tubing underbalanced cleanout
it is possible to have the ESP working at full capacity
in the very first run. So, the additional production gain
equals 25% under this criterion plus the gain due to the
optimal production rate chosen.

During the field studies performed for comparison
of overbalanced and underbalanced cleanouts the

Ne 4-5 (033) Centsi6ps / September 2010 33



TEXHOJIOT'NH

3ATPY3KA MEXXTPYBHOIO NMPOCTPAHCTBA
B3BELWEHHbIMW TBEPABIMW YACTULLAMU

Ha ciepyromem aTane HeO6XOAUMO ITPEACKA3ATh
BO3MOXKHYIO 3aTPY3KY MEKTPYGHOT'O IPOCTPAHCTBA
YACTUIAMH U OLICHUTD TPUOITHU3UTEIBHOE BPEMS,

HEOH6XOAUMOE [T CAMOOUHITIeHU . KaK TOIBKO CKOPOCTH
MOTOKA CTAHOBUTCS JOCTATOYHOI JJT TTOAHITHUS TBEPABIX

YACTHULL, OHU 3ATIOJIHAIOT MEXTPYOHOE IPOCTPAHCTBO
U pa3Hua Mexay I/l B CTBOJIE U IIACTE YMEHBIIACTCH.
IIpy1 HEZOCTATOYHO HU3KOM [/l B CTBOJIE CKOPOCTD
MMOTOKA HAJACT JO YPOBHA W ., YACTULIBI IEPECTAIOT

min?

JIBUT'aTbCsI BBEPX. MAaKCHMaJIbHAS 3aTPy3Ka MEXTPYOHOTO
OPOCTPAHCTBA YACTUIIAMU JIOJKHA OBbITh TAKOBOM, UTOOBI

I'l B CTBOJIE CKBAXKUHBI COXPAHAJIO CKOPOCTH ITIOTOKA
Ha YPOBHE, OOJIBIIEM, UEM ®, ., ¥ CJIO B3BEIICHHBIX

TBCPABIX YACTUL] IOJHHUMAJICA BBIIIC JAHHOT'O UHTCPBAJIA.

[Tpu6IM3UTENIbHBIE OLICHKU MOI'YT OBITB ITIOJIYYE€HBI HA
OCHOBE CPABHEHUA BEIMYMHBIAP, ,, HEOOXOAUMOI'O
JULS IONHATHS 9aCTULL B MEXKTPYOHOM IPOCTPAHCTBE, U
BEJIMYUHBI AP,
CKOPOCTHIO 2 2xw, . . Ecmu ycnosue AP, 2 AP,
BBIIIOJIHAETCS, TO MOKHO IIPOBOAUTD OLIEHKY BPEMEHHU,
KOTOPO€E NOHATOOUTCA HA CAMOOYHIIEHHE. B MHOM
CJIy4ae IJIAHUPOBAHUE CAMOOUYMIIEHUS CEOS HE

OIIPAB/IAET.

Qmin xK :("‘)‘min XA

AP L= )
m PI PI
rae Q . — MUHUMAJIbHAA OOBEMHAA CKOPOCTb ITOTOKA,
min
M MUH

K — koHcTanTa, K = 2x60x24 = 2880,
PI — x03(p(pULIMEHT TPOUSBOAUTENBHOCTH, _M?

JICHbXaT™

A — Ioma1b HONEPEYHOI0O CEUEHUS, M-,

JJ1 IPOCTOTHI PACYETOB B PAMKAX JJAHHOMU MOJE/IN
IIPU IIOMOIIY CYHIECTBYIOMMNX IIPOrPAMMHBIX
MIAKETOB MOKHO IIPUBJIEYb [IPUHIUII SKBUBAJIEHTHOI'O
TUJPOCTATUYECKOTO JABJICHUS. B BOOOpakaeMou
CUCTEME LIUPKYJIALINY B CKBAKMHE JJABJICHUE B 3260€

3aBUCUT TOJIBKO OT I'/]. TAKMM 06Pa30M, S3KBHUBAJICHTHOE

[Jlonpepensercakak P, =BHP=p, . *xg*xTVD,.
3aTeM CIIEAYET IEPECUYUTATD SKBUBAJIEHTHOE '/l €
YUETOM 3aIPY3KU TBEP/IBIMU YACTHUI[AMH MEKTPYOHOT'O

IIPOCTPAHCTBA. DTO MOXKHO C/IENIATH 32 OFHY OIEPAITHIO.

PesynbraT mMeeT IOrpentHOCTb NopsaaKa 0—5% no
CPaBHEHUIO C IPE/BIAYIITIM METO/IOM.

XV g+ AxXHg xpgxe

ABUad _ Pr _ p eqv, fl well 7 x g x TVDperf ,

well

rjie P, — T1aCTOBOE IABJICHUC;
Pogoyy — PKBUBAJICHTHASA CPEHASA IIOTHOCTD dmoua B
CKBa’KUHE;

V  — OO6'bEM CKBAKHHBI OT YCThS JIO HHTEPECYIONIETO HAC

well
UHTEPBAA,
H, — U3MEPEHHAsI BBICOTA CJIOA TBEPABIX YACTHL] BBIIIC
UHTEPBAA,
TVD,,,.— baKkruyeckas Iy6rHa [0 BEPTHKAIH 10
WHTEPBAJIA.
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HEOOXOAUMOM 11 CO3AAHUS IOTOKA CO

significant impact on the final PI has been observed.
Typically, the Pl is 18—20% higher for the wells cleaned
underbalanced with coiled tubing. This difference can
be explained by the fact that during the underbalanced
cleanout the workover and fracturing fluids flow back
right after the hydraulic fracturing operation. These
fluids typically contain polymers and additives that are
potentially damaging to formation and their instant
removal prevents the associated problems. Thus,

the final fracture conductivity after underbalanced
cleanout is close to the initial parameters achieved
during the fracturing. With the conventional methods
these 18-20% of production gain are lost which
corresponds to 55 tons of oil per day per well.

Another problem related to workover activities is
scaling due to the mixture of workover fluids and
formation water. The quality of water for workover
fluids is hard to control due to the fact that the water
is taken from shallow Senoman formation and salts
distribution is not even in each batch. Reduction
of workover cycles decreases the risk of scale
precipitation in the formation and in ESPs in the course
of flowback during the production.

CONCLUSIONS

Application of coiled tubing for cleanouts after
fracturing has shown the following principal
advantages:

1. Avoidance of deployment of “sacrificial” ESPs,
which decreases the number of workovers and
associated well killing operations.

2. Extended life of ESPs deployed for production —
decreased failure rate caused by flowback solids.

3. Fewer workover fluids to be pumped which
decreases the rate of scale precipitation in the
formation and later in ESPs.

4. Increased PI for the wells cleaned underbalanced
due to the removal of damaging workover fluids
and faster fracture cleanup.

5. Enhanced effect from stimulation activities and the
increased NPV from the spent budget.

6. Workover time and budget savings when self-
cleaning is implemented.

Unit Conversion Factors
bbIx 1.59 E + 02 = liter
ftx3.048E-01=m
galx3.785E + 00 = liter
gal/bblx 2.38 E + 01 =liter/m?
inx2.54E-02=m

ksix 6.895 E + 06 =Pa
Ibx4.53E-01=kg
Ib/bbl x 2.853 E + 00 =kg/m?
psix6.895E + 03 =Pa
(°F-32)x5/9E+00="C



OLEHKA BPEMEHW PABOT

IIpu onpefeIeHUU IPOMEKYTKA BDEMEHH,
HEOOXOMMOTO JJIs CAMOOYHUIIEHHU S, HEOOXOAUMO
YYUTBIBATb OOPATHBIIN NPUTOK HECBA3AHHBIX TBEP/BIX
4acTuL,. YTOOBI IPUHATD ITOT (PAKT BO BHUMAHHUE,
JULSL KA2KJOT'O MECTOPOXKIAEHUS BEIOMPAETCS CPEIHUN
CTATUCTUYECKUN KOI(P(PUITUEHT, COOTBETCTBYIOIINH
onepanyu 110 I'PIT. ITporecc caMOO4YUIIEHU CIIEAYET
MNPEKPAIATD, KOTJA KOHLIIEHTPAIUS TBEPABIX YACTHIL
B OOPATHOM IIPUTOKE yINaaa JO MUHUMyMd U HE
YBEJIMYUBACTCA B TEYEHUE [IEPUOAA BpEMEHU, B 1,52
pa3a IPEBBIIIAIONIETO BPEMS, KOTOPOE TPEOYETC S
JUISL IO'bEMA TBEPABIX YACTUL] € 326051 CKBAXKUHBI HA
MOBEPXHOCTb. ONPEAEIEHUE 3TOTO MOMEHTA OYEHD
BA’KHO JUISI IJIAHUPOBAHM S BDEMEHU NTPOBEJECHUSA
onepanuy U CTOMMOCTH a30Ta. CJIOXKHOCTb
TAKOI'O ONIPEJEJIEHUA CBA3aHA C HEOOXOAUMOCTBIO
NPUOCTAHOBKH CAMOOYHIIEHHU BO BpEMSA OOPATHOI'O
NPUTOKA TBEPABIX YACTHIL. /I 3THUX 1IEJIEU CKBAXKHUHA
MPOMBIBAETCSA (PIIOUIOM, YTO MTO3BONAET YCTAHOBUTD
HOpMaJipHOE '/l B TEUEHNE NEPHUOAA, HEOOXOJUMOI'O
JUIS IOAHATHS TBEPABIX YACTHI] HA IOBEPXHOCTb.
3aTeM MOXXHO OCYIIECTBUTD CITyCK I'T
B CKBAKMHY U IIPOBEPUTD 3A001.

PEAJIN3ALNA B [TOJIEBBIX YC/IOBUAX
0O6€e METOAUKU ObLIN PEATIU30BAHBL, U HA TAHHBIA
MOMEHT 60J1e€ 500 CKBAKUH ITPOLIIA OYUCTKY
nocie nposegenua B Hux I'PIN. B iponiecce ouncTkn
OBLJIO 3AMEYEHO, YTO OONBIIHMHCTBO UHTEPBAJIOB,
noaseprmuxca ['PI1, uMeroT noTeHnuan K
CaMOOYHUIIEHUIO. TAKOM NOTEHIINAT AJJCKBATHO
OIIPEAESIETCS C IOMOIIBIO YCOBEPIICHCTBOBAHHOI'O
METO/A/ METOLA CAMOOYMINEHUA U JAET
IpEJCKA3yeMbIE pE3YyAbTaThl. KOHEUHO, HE BCSIKAs
CKBAKMHA SIBJISIETCS KAH/IU/IATOM HA IIPUMEHECHHUE
JaHHOro MeToAa. Ha npakTrke 60IbIIMHCTBO
CKBAKHH, OUNIICHHBIX C UCIIOJIb30BAHUEM NOJOOHOTO
METOZA, UMEJIN HECKOJIBKO NHTEPBAJIOB. KpoMe Toro,
B IIPEACTABICHHBIX YPABHEHUSX IPEYCMOTPEH
JIOCTATOYHBIIN KO3 PUIIMEHT 6E€30IIACHOCTH, YTO
YMEHBIIAET PEAIbHBIN IOTECHIINAJ CKBAXKUHBIL.
IToaTomy BCe 100% CIIPOEKTHPOBAHHBIX OIIEPAIIUH
10 OYUCTKE OBLIIU IIPUMEHEHBI B IIOJIEBBIX YCIIOBUSX.
CpaBHEHHUE METO/IOB [IOKA3bIBAET OYEBU/ITHBIE
NPEUMYIIECTBA METO/A CAMOOYUIICHUSI.
CpelHUE 3HAYCHUS ITAPAMETPOB OIIEPALIUHU 11O
OYHCTKE C IPUMEHECHUEM KOJITIOOMHIA:
* BpEMS OIIEPAIIUU COCTABISAET 2—5 AHE, BKIIIOYAs
BpEMSI Ha 3aKAYKY 430Ta B CKBAXUHY (12—16 9acoB);
* 0OO'bEM HU3BJICYCHHOI'O U3 CTBOJIA CKBAXKUHBI IIECKA
COCTABJISIET OKOJIO 3M?, YTO COOTBETCTBYET BBICOTE
150 M 1151 06CATHOM KOJIOHHBI IMaMETPOoM 177,8 MM;
* 06'bEM OOPATHOI'O IMIPUTOKA IIECKA U3 UHTEPBAJIOB
nep@opanun COCTABAIET OKOJIO 4M?, 4TO
COOTBETCTBYET BBICOTE B 200 M 711 0OCaJHON
KOJIOHHBI AUaMeTpom 177,8 mm.

MNPUNOXEHUE
ATTACHMENT

BDIH 1
ESP1

DIIH 2
E3P 2

DIIH 3
ESP3

.K armﬁoiz &Mé’HFtblu anomansisil 06pansiti npuntpr
$2z P A by D 1

- Short-duration abnormal solzds ﬂawbacle

] Cpeanee nomecmopoata)eumo 3Haenue 00PAMHO20 PUMOKA MBEEPObIX HACIMUY
Average field value of the solids flowback

Bpewms / Time

Pucynox 1- dgpghexm, oxa3vieaemoiii OUUCmKo1L

c npumenenuem I'T na memn omoopa meeposix
uacmuy, 6 CPAGHEHUU CMEIMOOOM YCINAHOBKU
«ocepmeennozo» SLIH

Figure 1 - The effect of CT cleanout on solids flowback

rate in comparison with “sacrificial” ESP’s deployment

Ob6pammulii npumorx meepoux wacmuy, me/n / Solids flow back volume, mgr/I

6e3 omxa308 / no failures

OMIKA3 NO CHUICCHUIO NPOU3B00UMEbHOCMU / low performance
omxa3s anexmpoobopyoosanus /R-0

npuxeam nacoca / pump stuck

. meepovie wacmuyol nocae I'T / solids after CT

Pucynox 2 - Qucno u munvt omxa3o6 o60pyo0oeanus
6 CKBANCUHAX, OUUULEHHBLX C NOMOULBIO
KONMIOOUHZOBBLX EXHONO02UTL

Figure 2 — The number and type of failures
inthe wells cleaned with CT }
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TEXHOJIOT'NH

BINVAHUE HA OAJIBHENLLYIO
SKCMNNYATAUUNKO CKBAXWHDbI
W EE NPON3BOAUTEJIBHOCTb

Buepenune KoITIOOUHTOBBIX TEXHOIOT U
IO3BOJIUJIO CHU3UTD BPEMS HA IIPOBEACHUE
3aKAHYUBAHUS CKBAXKUHBI M YMEHBIIUTD YACTOTY
0TKa30B DIIH n3-32 06paTHOrO NPUTOKA TBEPABIX
YACTUL] U3 TI1ACTA. DPPEKTUBHOCTS OUHUCTOK C
npumMeHeHueM I'T JOCTUTTIO YPOBHS B 98%, 4TO
COOTBETCTBYET YMEHBIICHUIO 3aTPAT HA 3AMEHY U
TEXHUYECKOE OOCTYyKMBAHUE OTKA3aBIUX DIIH, a
TAKIKE JOIOJHUTEIBHOMY IPUPOCTY HEPTH 61arogapst
6onee penxuM 1ykiaam KPC. CpeIHUN MEKPEMOHTHBIN
nepuo D1 H 14 CKBAKUH, OUHUIIEHHBIX C ITIOMOIIBIO
KOJITIOOWHTA, cOCTaBsieT 80—90 1HEI, B TO BpEMSI
KaK JJIs1 CKBAKWH, OYUIIEHHBIX TPAaJUIIJUOHHBIMUA
CIIoco6aMu, 3TOT NEPUOJ PABEH 24—-30 nHaM. B iesiom
MPEUMYIIECTBO KONTIOOMHIOBBIX TEXHOJIOIUI MOXKHO
OLIEHUTD KaK 54 TIOMOJIHUTEIBHBIX JIHS HEPTEJOOBIYN.

Eme omfHUM (PaKTOPOM SABIAETCA KOI(PPUIITUEHT
npousBoauTeENbHOCTH DI H. Bo Bpemsa onepannii no
OYHCTKE B CKBAKMHE PA3ZMEINAIOTCA U3MEPUTEIbHBIE
IPUOOPBL, KOTOPBIE ONPENENAIOT OITUMAIBHBIE
pa3Mepsl ¥ TPOU3BOAUTENBLHOCTD DI H. [Tonyyennele
JaHHbBIE IIO3BOJIAIOT BO BPEMS IIEPBOI CITyCKO-
MHOA’BEMHOM OIIEPALIH YCTAHOBUTD IIPABUJIbHOE
060pyIOBAHHE, KOTOPOE ONITUMU3UPOBAHO JIJIA
JOCTHUKEHUSA MAKCUMAIbHONU ITIPOU3BOAUTEIBHOCTH
CKBa’KHHBI, U U30€KATh TEM CAMBIM IIOTEPD, CBA3AHHBIX
C TPAJAULIMOHHOM NIPOLEAY PO OIITUMU3ALINH,
KOTOPAas BKJIIOYAET B CEOA YCTAHOBKY <KEPTBEHHOT'O»
DIH. TakuM 00pa30M, IOCIE OYUCTKU CKBAKUH
TPAaAUIUOHHBIMUA METOAMU, KKEPTBEHHBIE» DIIH
PaboTarT B HUX HA 75% OT CBOEH MOIITHOCTH JJO
TEX IIOP, NOKA KOIPPUITUEHT, XAPAKTEPUIYIOI NI
OOPATHBIN IOTOK TBEP/ABIX YACTHULL, HE CHU3UTCS JJO
CPEAHErO 3HAYECHUS II0 MECTOPOXKJCHMUIO. [Tociie
OYHCTKH CKBA>KMHBI C TIOMOUIbIO KOJITIOONHT'A,

MOKHO 3a11yCTUThb DILH Ha NOJIHYIO MOIIHOCTD yKE
B CAMOM Ha4aJI€ SKCIIYyaTAUH CKBAKUHBL. TO eCTh
JIOTIOJIHUTEJIBHBIN IIPUPOCT B IOOBIYE 110 3TOMY
KPUTEPUIO COCTABIAET 25%. TaKKe K 9TOMY HYKHO
JI06ABUTH IIPUPOCT, OOYCIIOBIEHHBIN BEIGOPOM
OIITHMAJIBHOTI'O TEMIIA JIOOBIYH.

Bo BpeMs oneBbIX UCCIEOBAHNH, ITPOBOJUBIINXCS
JUISI CDABHEHM I METOJOB OUUCTKHU B YCJIOBUSIX
MOBBIIIEHHOI'O ¥ TOHMXXEHHOT'O '/l B CTBOJIE CKBAXKUHBI,
Ha6JII0[]aJI0Ch 3HAYUTEIBHOE BJIMSHUE BBIOPAHHOI'O
METO/Aa HA KOHEYHOE 3HA4YEHUE KOA(PPULIUEHTA
NPOU3BOAUTENBHOCTU PI. OOBIYHO /1J151 CKBAKHH,
OYHIIECHHBIX C [IOMOLIbIO KOJITIOOUHI'A HA JJEIIPECCUH,
Koa@duumenT PI na 18-20% BbIIe. DTy pa3HUILY
MOXET OOBACHUTD TOT (PAKT, YTO BO BPEMS OUHUCTKHU HA
penpeccuu KuakocTu 11 KPC u I'PT yxoasar u3 riacra
Ccpaay nocsue oKoH4YaHus I'PIT. DTH )KUAKOCTH, KAK
IIPABUJIO, COAEPKAT ITOJIUMEDPSHL U JOOABKH, KOTOPbIE
MOI'YT BBI3BATb [IOBPEXKCHUS IJIACT4, [IO3TOMY UX
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Pucynox 2a — Bauanue ouucmxu ¢ npumenenuem

I'T na axcnayamauuonnsie kavecmaéa SIH. Homep

1 coomeemcmaeyem HO60MY HACOCY, N2 2 — nacoc

U3 CK8aNCUHbBL, OUUWEHHOU C NOMOwbt0o I'T, Ne 3 —
HACOC U3 CKBANCUNDBL, OUUULEHHOTE MPAOUUUOHHBIMU
memooanu

Figure 2a — The effect of CT cleanout on ESP
performance. Part #1 is taken from the new pump,

#2 — pump from the well cleaned with CT, #3 — pump
Jrom the well cleaned by conventional methods

CmamucmuueckKue pe3ynsmamot A30MmHozo0 2a3rugma c
ucnoavzosanuemI'T
no oannsim FOHT, uions 2002-dexaops 2003 z2.

Statistical Effect of CT N2 KO data from YNG Jul2002-Dec 2003

delPl(zaznugpm c ucnonszosaruemI'T) (59 ckeadxncur)
delPI(with CT KO)(59wells)

delPI (KP(6opbba ¢ HU3KOLE nPOHULAeMOCINbI0))
(73 cKeaxncuriv)
delPI(WO(remouve low kb)) (73wells)

delPI (KP ece 99 ckeadncui)
delPI(WO all 99wells)

Pucynox 3 — Cmamucmuuecxkoe pacnpeoenenue
eeauuunst delPI (m?/0/amm ) noka3vieaem
SHauumenvHoe YaryuiieHue Homenuuala
cKeadcunsl, K020a cpa3y nocae I'PII ciedyem
OvbICMPAn OUUCMKA C UCNOABIOBAHUCM A3SOMHO20
2azaugpma npu nomouwu I'T. Ipupocm 6 30% cayuaee
ABAACMCA CIMAMUCMULECKU O01ee SHAUUMBIN
(koagppuruenm npupocma — 2—-3) 0na CK8ANCUN

C HAUOONBUUM NOMEHUUANOM. TN CKEaANCUH C
MeHbuum nomenyuaniom (6 30% cayuaes) sgpgexm
npeneopercumo man

Figure 3 - Statistical Distribution of delPI shows

a significant improvement of well potential when
thef‘rac is immediately followed by a rapid cleanu}l)
period usinf CT nitrogen l;ﬂ The gain is statisticall
considerably bigher (2 to 3 times) on the well with the
bighest potential (30% of cases). On lower potential

well (30% of cases) the impact is negligible



OBICTPOE YAANEHUE IPEJOTBPALIAET CBA3AHHBIE C
TAKUMU [OBPEXCHUSMU NPOOIEMBL TaKUM 00pa3oM,
KOHEYHAas IPOBOJAUMOCTD TPEIIUHBI IPHU OYUCTKE

HAa JJEIPECCUU OIIN3KA K HAYaJIbHOMY 3HAYEHUIO,
JOCTUI'HYTOMY B IIPOLIECCE TUPpOpPa3puIBa. IIpu
HUCIOJIB30BAHUU TPAJAUIIUOHHBIX METOAOB MBI TEPSIEM
31U 18-20% NMPOU3BOJUTEIBLHOCTH, YTO COOTBETCTBYCT
55 TOHHAM HE(MPTHU B ICHb C OTHOM CKBAKHHBI.

Eme ojHOM IpOO6IEMOM, CBI3aHHOM C IPOBEICHUEM
KPC, aBnsieTcsl COI€e0OPA30BAHUE U3-32 HATTUYUS
cmecu kugroctei 1 KPC v m1acToBOM BOABL.
KauecTBO BOAIBL, HCIIONB3YEMOM B )KHUJIKOCTSX JIJIS
KPC, Ts5Ke/10 KOHTPOIUPOBATD U3-34 TOI'O, YTO OHA
JIOOBIBAETCS U3 HETVIYOOKOT' O IIACTA CEHOMAHA, U
COZIEPKAHUE COJIEN B PA3HBIX MAPTUAX )KUJKOCTH AJ1A
KPC BapbupyeTcs. YMEHbIIECHUE YUC/I1a HHUKI0B KPC
CHHKAET PUCK CONIe06pa30oBaHus B riacte u S H nipu
OOPATHOM IIPUTOKE (PIIION]1A BO BpEMS JOOBIU L.

BbIBO/bl
IIprMEHEHHUE KOJATIOOMHIA IIPU OYUCTKE CKBAXKUH
nocne I'PIT 1pogeMOHCTPUPOBAJIO CJIEAYIOIINE

OCHOBHBIE IPEUMYILIECTBA:

1. HeT HEO6XOAMMOCTHU PA3ZMENIATH B CKBAKUHE
«©<KepTBEHHbIE» D1IH, 4TO NPUBOAUT K YMEHBIICHUIO
uncna KPC v CBA3aHHBIX C HUMHU OIIEPALIMH 10
IVIYIIEHUIO CKBAXKUH.

2. VYBEINYUBAETCS CPOK CIYKOBI DIIH,
YCTAHOBJIEHHBIX JIJIS1 OCYIIECTBICHUS TOOBIYH,

U CHM)KACTCS YACTOTA OTKA30B U3-32 OOPATHOTO
IPUTOKA TBEP/IbIX YACTHII,

3. YMEHBHIAETCA KOJIUYECTBO Kuakocten ayisa KPC,
KOTOPOE HEOHXOAMMO HUCIIOIb30BATh, YTO CHUIKAET
UHTEHCUBHOCTD COJICOOPA30BAHUS B IIACTE, 4
3arem v B OLIH.

4. VBEIU4YUBAETCA KOIP(PULINEHT
NPOU3BOAUTENBHOCTH PI 1714 CKBAXKNH,
OYHIIEHHBIX Ha JIEIPECCUU, 6JIATOAAPS YIATIEHUIO
HOBPEXJAIONMMX IITACT KUAKocTed i1t KPC n
OBICTPOU OYUCTKE TPEMUHBL

5. YcunupaeTcs 3(pPEKT OT MPOLEAYP IO
CTUMYJIMPOBAHUIO IPUTOKA U YBEIUUYHUBACTCS
YHCTAs IPUBEAEHHAS CTOUMOCTD HIOTPAYEHHOI'O
OIOKETA.

6. TIpH UCTIOIB30BAHWUH METO/A CAMOOYHIICHUS
COKpaujaeTcs BpeMs Ha mposeacHue KPC u
0O0ECIIEYNBACTCS SKOHOMMU I OIOKETHBIX CPEJICTB. ©

KosgpmumeHTbI cornacoBaHmnsi pa3mepHoOCTeN

6appenbx 1.59 E + 02 = nutp; ¢pyTx3.048E-01=m;

rannoHx 3.785 E + 00 = nutp;

rannoH/6appens x 2.38 E + 01 = nutp/m?;

Aorimx 2.54 E - 02 = m; knno-gyHTHa kB. gonm x 6.895 E + 06 = Na;
¢yHTx 4.53 E- 01 =«kr; pyHT/6appens x 2.853 E + 00 = kr/m3;
¢yHTHa KB. oM x 6.895 E + 03 =Ma(°F-32) x 5/9 E + 00 ="C
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Cropocms npoxooxu /Rate of penetration

CII npu cmanoapmmom memooe
ROP standard method

CII npu yco6eputercimeo8anom memooe
ROP advanced method

~
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CIT, m /mun / Rep, my/min
AN o)

N}

0 - . . - : . . - . . . -
5368 5669 5246 5368 8173 5182 6045 33-W 6334 4904 5554 4766 8263 6703

cxaxcuna Ne / well Ne

Pucynox4 - Cpasnenue ckopocmeti npoxooxu
60 @pPems OUUCMKU CIMAHOAPIMHBIM U
ycoeepuencmeo8anibim Memooamu

Figure 4 — Comparison of rate of penetration durin,
the cleanout using standard and advanced methods
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