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B npu3aboiHOM 30HE CKBA’KUHBI IPOUCXOSAT
Pa3IUYHBIE IPOTUBOPEUUBBIE (PU3UKO-XUMUUIECKHE
SIBJIEHUS, TAKUE KK IEIIPECCUS — PUTOK U3 IJIACTA
(rronaa B CKBAXKHUHY, 1 HAIOOOPOT, PELIECCUS — OTTOK
MJIACTOBOM JKHU/IKOCTHU OOPATHO.

B 3aBHCHUMOCTH OT COOTHOIIEHHUS JOIEN HEPTH
U I'a3a B HEPTETra30BOM ITOTOKE 32 cUeT aPPeKTa
Joxoyna-ToMncoHna (WIn IPOCCETUPOBAHUS)
TEMIIEPATYPA IVIACTOBOM )KUJIKOCTHU MOXKET PE3KO
M3MEHUTBCS IIO CPABHEHHIO C IIEPBOHAYAJIBHON
TEMIIEPATYPOI B 3AJIEKH. MOXKET IPOU3OUTH 1
MHOXECTBO JPYT'UX SIBJIEHUH, KOTOPBIE IOBIUAIOT
HA IPOMU3BOJUTENBHOCTb CKBA’KHUHBI U B I1€JIOM Ha
HEPTEOTAAYY MECTOPOXKAEHUA. TaKKe B IPOIIecce
BBIPAOOTKHU HE(PTETA30BOTO KOJJIEKTOPA MOI'YT
HAOIOAATHCS PA3IUYHBIE (PUZUKO-XUMHUUECKUE
ABJIEHUS, OTYETO KOA(MPPUITUEHT HEPTEOTAAYN U B
LIEJIOM BBIPA60TKA KOJJIEKTOPA COCTABIISAET HE boee
2—-3% (110 COBPEMEHHBIM MEPKAM).

DTO 3HAYUT, YTO B IUIACTE OCTAETCA OOJIBIIIOE
KOJIUYECTBO YIVIEBOAOPOJOB B HEMOBUKHOM
COCTOSTHUM.

IlepBOHAYAIBHOE MIPEACTABIEHHE
CIIEITUATTUCTOB OTHOCUTEIBHO NTPUYHH
BO3HHUKHOBEHM A 3AKOJIOHHBIX ITIEPETOKOB OBLIIO
CBSA3aHO C PA3PYIIEHUEM KPENU CKBAXKUHBI 34
IKCIUTYyATALMOHHOM KOJIOHHOM, T.€. HEMEHTHOI'O
KOJIbI14, CTATMBAIONIEI'O KOJIOHHY OOCA/THBIX TPYO.

OJHAKO MO3KE ITOABUIOCH MHOI'O
(PAKTUYIECKOTO MATEPUAIIA, KOTIA CKBAKWUHBI 3-34
KaTaCTPOPUUECKOI'O OOBOTHEHHS TEPSIIIN CBOIO
NPOU3BOJAUTENBHOCTD IPU HAJTUYUU T€EPMETUIECKNA
a0CONMIOTHO HOPMAJIBHOI'O COCTOSHUSA LIEMEHTHOI'O
KOJIbIIA 32 0OCATHOM KOJIOHHOM.

W Torga crienuaJiImCcThl HA OCHOBE IeO(PU3NIECKUX
UCCJIENOBAHUI IOKA3AJIH, YTO OOBOJHEHUE
CKBa’KHMHBI IPOUCXOJUT B OCHOBHOM BCJIE/ICTBUE
MIPUTOKA BOJBI YEPE3 UHTEPBAJI HEPPOPALIHH.
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The bottomhole zone of a well is a place
where a number of contradictive physical-
chemical phenomena occur. Among such
phenomena one can find underbalance — a flow
of formation fluid into a wellbore, as well as
overbalance — a flow of wellbore fluid back into
formation.

Depending on the oil/gas ratio of the flow,
the formation fluid temperature can change
dramatically in comparison with the original
formation temperature due to the Joule-
Thompson effect (throttling). A variety of other
phenomena may take place in a well. Many
of them can affect the production capacity of
the well and even of the whole field. Oil and
gas recovery process may be accompanied by
different physical-chemical phenomena that
can decrease the oil/gas recovery factor down to
only 2—3% (according to present-day measures).

In that case, the formation will contain a large
volume of hydrocarbons holding immobile.

The original opinion of different specialists
about the reasons of behind-the-casing flows
occurrence was the following. Such flows were
considered to be due to the damage of cement
sheath that surrounds the casing string.

However, a large number of cases when wells
had pressure-tight cement sheath around the
casing string and still had a devastating water
influx, made the specialists to change their
minds.

On the basis of geophysical surveys the
specialists proved that the main zone of water
influx was situated near the perforation interval.
In particular, this fact was proved by NGDU
Ahtyrka neftegas working at Eugenjenskoe gas
condensate field. In order to perform water
shutoff operation at one of the wells, the crew



DTO OBLIIO HAIIAIHO JOKA3aHO Ha EBréHbEHCKOM
Ta30KOHJCHCATHOM MeCTOpOoXxaeHuu B HITY
«AXTBIPKA HE(TETA3», TE I JTUKBUIALITUU
O6BOAHEHM S IPUIIIOCH TOJTHOCTBIO U30/IMPOBATh
MHTEPBAJ NEP(POPALIUN U 33HOBO PACKPBITh
nep@OPaALUOHHBIE OTBEPCTUS HHKE CTAPOT'O
MHTEPBAJIA, U TOJIBKO MOCJIE 3TOr'O NPEICTABUIIOCH
BO3MOKHBIM BO30OOHOBUTb JICOUT CKBAKUHBI,
PaboTAaIOMIEH 11O CEN ICHB.

Jl7151 CO31aHUA TEXHOJIOTHYECKUX OTBEPCTUN
IIPEJJIaraeTCs UCIOb30BATh I'MAPOIIECKOCTPYUHbBIN
nepdopaTop, CHYIEHHBIA HAa THOKOM TPpyOe
KONTIOOMHIOBOM ycTaHOBKU (KVY), NOKa3aHHOI
Ha puc. 1 u 2. Tlepen rugponecKOCTPyHHOMN
nepdopanueit (I'TIIT) mponusBoaATCs
MHOATOTOBUTENBHBIE PA6OTHL, KOTOPBIE BKIIOYAIOT
OYMCTKY YCTb CKBAXKUHBI; 33€3/1, TOATOHKY U
MOHTax KV; 060pyjOBaHME YCThSI CKBA’KHUHBI C
ycTaHOBKOM I1BO, 1IyOpUKATOPAa U UHXKEKTOPA.

Ilepen BBINOTHEHUEM PAOOT O CO3AAHUIO
TEXHOJIOTUYECKUX OTBEPCTUN MPOBOANTCSA
pacyeT mapamMeTpoB Pe3KU. PacaeToM HA OCHOBE
MaPaMETPOB CKBAKMHBI U KCILTYATALUOHHON
KOJIOHHBI OIIPEAENAIOTCA TH/IPABIUYECKUE
CONPOTUBJIEHUS, PACXO, TEXHOJIOTUYECKON
JKHJIKOCTH, pabOYNE NABJIEHU A, BDEMS
PE3KHU, AUAMETP M KOTMYECTBO HACAIOK Ha
TUAPONECKOCTPYUHOM IEPHOPATOPE.

B ny6pukarope cobuparoT KOMIIOHOBKY HU34
kosioHHbI (KHK), KOTOpasA BK/IIOYAET: HACAKY,
OOpPAaTHBIN KJIAIIaH, 1EpdOPATOP, MEXAHUYECKUH
Pa3beNMHUTEND. DIEMEHTBI KOMIIOHOBKHA UMEIOT
JUAMETDP 54 MM, IPpUMEHAEMAs THOKAs TPyOa —
JguameTp 38 MM. PEKOMeEHTyeMbIE TUAMETPBI
KCIIIyaTAIIMOHHBIX KOJIOHH JIJ1 BCKPBITHSA JAHHONU
KOMITOHOBKOH — 89, 102, 114 MM. [I151 9KCIIyaTau-
OHHBIX KOJIOHH 6OJIBIIETO JUAMETPA PEKOMEHYETCA
UCTIONb30BATD I'UPOIECKOCTPYUHDBIN
nep@doparop JuaMeTpom ot 73 Mm. JanHasa KHK
CIIYCKAETCA B CKBA’KUHY U YCTAHABJINBAETCA HA
HEOOXOAMMOH ITTyOMHE C YYETOM YAJIUHEHUS
I'MOKO TPYOBI OT JABJICHUS B IIPOLIECCE PE3KU U
CO6CTBEHHOTO Beca. [Ipon3BOAUTCA PACCTAHOBKA
CIIELITEXHUKU (O1EH/IEP, HACOCHBIE ATPETATHI),
OOBA3KA YCThs CKBAXKUHBI HATHETATEIbHBIMH
nu peB(prI/IBHbIMI/I JIMHUAMU 1 OHpCCCOBKa
060pyAOBAHUS U TPYOOIIPOBOJOB HA 1,5-KpaTHOE
JlaBJIEHHE OT OKUIAEMOTO PAOOUYETO NABJICHU.
ITpUrOTOBIEHUE TEXHOJIOTUUYECKOM JKHU/IKOCTU —
IIECKOHOCHUTEJISI — TPOU3BO/IST HEIIOCPEICTBEHHO
repey, BelnosHeHueM pador 1o I'TIII. B npouecce
MIPOBEACHUS PA6OT TEXHOJIOTUYECKAS SKHU/IKOCTD
IIOCTYHAET B 6JIEHED, T7IE IIPOU3BOJIUTCS €€
CMEITUBAHME C KBAPIEBBIM ITECKOM. OTITUMAJIbHASA
KOHIIEHTPAIUs IIECKA B CMECH HAXO/IUTCS B
npezenax 40—60 kr/m3, Jlasiee paGoyasi CMECh C

had to completely isolate the old perforation
interval and make a new one below. This
allowed to fully restore the well flow rate.

Our technology suggests to use CT-conveyed
hydraulic jet perforator in order to make
perforations. It is shown on Figs. 1 and 2.Prior
to hydraulic jet perforation, several preparatory
works are conducted. They include: wellhead
cleaning, delivery and rig up of coiled tubing
unit, installation of wellhead equipment and
blowout preventers, as well as lubricator and
injector.

Before the perforations are made, it is
necessary to calculate operation parameters.
Such parameters as flow resistance, process
fluids consumption, working pressure, the
duration of perforation, diameter and number
of nozzles on the jet perforator can be obtained
on the basis of wellbore and production casing
parameters.

The bottomhole assembly (BHA), which is
mounted in the lubricator, includes: a nozzle,

a back-pressure valve, a perforator, and a
mechanical release. The elements of the
assembly have the outer diameter of 2-1/8 in,
while the coiled tubing has the diameter

of 1-1/2 in. The recommended diameters of
production casing are 3-1/2 in, 4 in,and 4-1/2 in.
If the production casing diameter exceeds 4-1/2 in.
it is recommended to use hydraulic jet perforator
of 2-7/8 in. The BHA is lowered into the well and
set on the planned depth taking into account
the extension of CT because of its own weight
and the pressure applied during the perforation
process. Specialized equipment (blender and
pumping units) is placed on the drill site. The
wellhead is then dressed with pumping and
reversible lines, while all equipment is pressure-
tested (the pressure should be 1.5 times higher
than the planned operating pressure). The
preparations connected with process fluid

are made before the jet perforation operation.
During the process of perforation the fluid
enters the blender where it is mixed with silica
sand. The optimal concentration of sand is
around 40—-60 kg per cubic meter of mixture.
The mixture is then pumped through the coiled
tubing down to the perforator. It should be noted
that in order to make high-quality perforations
it’s necessary to control the preliminary
calculated mixture discharge rate. The sand-
fluid jet comes out of the perforator nozzle at

a high speed. It opens up the casing string wall
and washes out a hole in the cement sheath

and the formation rock thus creating channels
connected with behind-the-casing flows’ zones.
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MOMOIIBIO HACOCHOTI'O ATPEraTa Yepe3 rubKyIo
TPyOy LOCTABIAETCA 10 nepdoparopa. [Ipu aTom
JUIs1 OOECTIEUEHU ST KAYECTBEHHOT'O BCKPBITHS
HEOOXOUMO COOIIONATH PACXO] pabOYCH CMECH,
OIIPEJICTICHHBIN IPEABAPUTEBHBIM PACYCTOM.
BbIXO/51 C BBICOKOM CKOPOCTBIO YEPES3 HACAAKHU
nepdoparopa, IECKOXKUAKOCTHAS CTPYSI BCKPBIBAET
CTEHKY OO6Ca/THOU KOJIOHHBI, 4 3ATE€M BBIMBIBAET
K4BEPHY B [IEMEHTHOM KaMHE U TOPHOI TOPO/JIE,
CO3/1aBasI IPU 3TOM KAHAJIbL, CBSI3AHHBIC C 30HAMU
34KOJIOHHBIX IEPETOKOB. ITOCI€ BBITTOJTHEHUS
HEOOXOJJUMOI'O KOJIMYECTBA PE3OK IPOU3BOIUTCS
TIOJIHBIU BBIMBIB IIECKA U3 CTBOJIA CKBAKUHBL 3aTEM
KHK nogHuMaeTcs Ha IOBEPXHOCTD U 3AMEHAETCSA
HACAAKOU-TIEPOM JUJIS TOCIEAYIOIIETO TPOBEACHU A
U3OJISIITUOHHBIX PAOOT.

JJ1 CO31aHUA TEXHOJIOTNYECKUX OTBEPCTUH
UCHOJIb30BAJIU I'NJIPONECKOCTPYUHBIN IepdopaTop
(puc.1u2)

INTocne nnponssoactsa ['TIIT 1 cO3maHNA OTBEPCTUH
JULSL BBIOOPA M 3aKAYKH U30JISIIITMOHHOI'O MaTEPUaIa
NPUCTYHAIOT K HATHETAHUIO BUOPAITMOHHOT'O
BOJOUBOJISIIIMOHHOI'O MATEPUJIA 1O HACBIIIECHUST
B CO3JJAHHBIX OTBEPCTUAX C TOMOIbIO ['TIIT
(puc.1u2).

OTCIO/1a HETPYAHO IIPUNTH K BBIBOAY, YTO HE
BCET/A HAJIMYUE 3AKOJIOHHBIX IIEPETOKOB SIBJISIETCS
PE3YIABTATOM PA3PYILIECHHUS [IEMEHTHOI'O KOJIbIA
34 KOJIOHHO. TOJIbKO HA OCHOBAHUU TIIATEIBHO
IPOBEAEHHBIX I'€O(PUNIECKUX UCCIEJOBAHUN
C IIPUMEHEHNEM COBPEMEHHBIX I'€O(PU3NIECKUX
NPpUOOPOB, HABEIMAHHBIX HA THOKYIO TPYOy, MOKHO
MHOJIYYUTh LIEHHYIO UH(POPMALIHIIO O COCTOIHUN
LIEMEHTHOI'O KOJIbIIAd U COCTABUTh CTPATETHIO
OOPBOBI TUKBUAALIMEN 3aKOJIOHHBIX ITIEPETOKOB.

B xauecTBE pEKOMEHIALINH: IIPEIJIATAEMYIO
TEXHOJIOI'UIO MOKHO MCIIOJIb30BATh /15 YCIIEITHOM
OOpPBOBI C IMKBU/AIIUEH 3AKOJIOHHBIX [IEPETOKOB.  ©

Pucynox 1 — Co3oanue
MexHoN0ZUeCKUX
omeepcmuii c
nomouystro I'fil1

Figure 1 — Creation
of perforations using
the bydraulic jet
perforator

Pucynok 2 - 3axkauxa
U3ONAUUOHHO20
cocmaea

Figure 2 — The
injection of insulating
composition

After a required number of perforations are made,
the wellbore cleanout is performed. The BHA is then
pulled out of hole and the perforator is replaced with
a wash shoe to perform isolation

The perforations are created with the help of
hydraulic jet perforator (see Figs. 1 and 2).

After the hydraulic jet perforation stage is over,
it is time to inject waterproof composition into the
recently created perforations (see Figs. 1 and 2).

As a conclusion, we should mention that the
presence of behind-the-casing flows may have causes
different from the damage of cement sheath around
the casing string. A set of comprehensive coiled
tubing logging operations should be performed
in order to obtain valuable information about the
condition of a cement sheath around the well.

This can help to develop a strategy of behind-the-
casing flows elimination. We recommend to use the
technology proposed in the present article for this. ®

He 3a0yabTe othopmurb

NOANMCKY HA XypHan

«BpemMma KOnNTIOOMHran»!
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