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OOHUM U3 CAMBLX CIONCHBLX IMANOB 3AKAMUUBANUA CKBANCUM ABIACMNCA
BMOPUHHOE BCKPBIMLUE 1POOYKIMUBHBLX KOLLEKIMOPO8. FIMeHH0 3mom

aman mpeodyem Haudos1ee BHUMAMENLHO20 N00X00a U 8b100PA NPASUSILHOLL
MEXHON02UU KAK NPU CIPOUMENbCMBE U PeKOHCIMPYKUUU, TMAK U NPU
KanumansHOM pemorme cKeaxcu. Kax npasuo, 3azpazneniue npusabotiHoll
30HbL NPU NEPBULHOM BCKPBLMUL NPOOYKMUBHBLX KOIEKMOPOB 3aUaACH)IO
0ocmu2aen HeCKONLKUX Menpos, 4ino 0enaem npaKmusdeckis He8O3MONCHBIM
2UOPABNIUMECKIUL COBEPULCHILYIO CBA3L CKBANCUMDL C 1POOYKMUBHBIM NILACMOM,
HeCMOMPA 1A UCNOSIB30BAHUE PA3TUUHBLX COBDEMEHHBLX TNeXHOI0ULL
BMOPUHHO20 BCKPBIMUA. TeXHON02UA PAOUASIBHO20 BCKPLIMUA NIACNA — OOUH
U3 UHHOBALUUOHHBLX NOOX0008, HANPAGIEHHBLIL HA B081eUEeHUE HEeOObUIUX
3aznexceti Hegbmit, OCMAIOULUXCEL 8 CMOPOHE OM DAL, 0etiCEYoueli
paspabomsicu, 0omoeneHHvLX HUKONPOHULACMbIMU OaDbepaMLL.

One of the most difficult stages of well completion is the secondary opening of
productive layers. It is this stage that requires the most careful approach and the
choice of the right technology both during construction and reconstruction, and
during workover operations.As a rule, the contamination of the bottomhole zone
during the primary opening of productive layers reaches several meters, which
makes it almost impossible to provide bydraulically perfect connection of the well
with the reseruvoir, despite the use of various modern technologies of secondary
opening. The radial jetting technology is one of the innovative approach aimed at
involving small oil deposits that remain away from the boundaries of the current

development.

Onucanue mexHoa02uu

TexHOIOrNUsA pauanabHOIO BCKPBITUS IJIACTA HA
THKT guameTpoM oT 12 MM 10 15 MM HanlpaBJicHA HA
YBEJIUYEHNE TUPOJUHAMNYECKON CBSA3U CKBAXKHUHBI
C OTAAJIEHHBIMU TPOAYKTUBHBIMU 30HAMHU IIACTA
OYTEM CO3/IaHUS B HEM KAHAJIOB HEOOJIBIIIOTO
JUaMeTPa NIPOTAKEHHOCTDIO 10 120 M U yIJIOM
HAKJIOHA K OCH CKBA>KHUHBI 45—90 .

NuTeHcudukanus 1066191 HEPTU U Ia3a
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Technology description

The technology of radial jetting of the reservoir is
aimed at increasing the hydrodynamic connection of
the well with remote reservoir zones by creating small
diameter channels with a length of up to 120 m and an
angle of inclination 45-90 degrees.

The production intensification of oil and gas wells as a
result is achieved due to the following factors:
* increasing the drainage radius, filtration area and



JIOOBIBAIOIINX CKBAKMH B PE3Y/IBTATE JOCTUTACTCSA 34

CYET CJIEAYIOMUX (PAKTOPOB:

* YBEJIMYEHUS PAJUYCA IPEHUPOBAHUS, IUIOM AN
(PUNBTPALIUN U IPUTOKA K CKBAXKHHE;

* IPUOOIIEHUA YAAIEHHBIX 30H IIACTA, OT/ICIEHHBIX
HU3KOIIPOHHUIIAEMBIMU OAPbEPAMU, IPUOOIIECHU A
MaKpO- U MUKPOTPEIUH;

* IPEOJIOJICHUS 3ATPSI3HEHUS TPHU3A60MHON 30HBI
34 CUET JJIMHBI CO3/IaBaeMOro kaHaiaa MuH 100 m u
BOCCTAHOBJIEHUS NPOAYKTUBHOCTU CKBAKUHEI,

* JIONOJIHUTEJIBHOTO 3(P(PEKTA 32 CHET XUMHUYECKOTO

pPacTBOpEHMS KAPOOHATOB KUCIOTOW;

BBICOKOI BEPOSITHOCTU BCKPBITHS MAKCUMAJIbBHOT'O

KOJIMYECTBA HE(PTEHACHIIEHHBIX ITPOILJIACTKOB.

L7151 SKCIITyaTalTMOHHOM KOJTOHHBI @ 114,3—-139,7 MM

BO3MOXKHO Pa3MeEIeHHE OT 1 10 4 KaHAJIOB HA OJJHOM

YPOBHE, KOJIMYECTBO CAMUX YPOBHEN HE OIPAHUYEHO

(puc. 1).

BO3MOXEH Ir'MOKUIT JU3AMH Ty TEM BAPUALTHN YUCJIA
APYCOB U KOJIMYECTBA KAHAJIOB HA KAXK/JOM YPOBHE,
UX A3UMYTAIbHOMN U 3€HUTHOM HAIIPABJICHHOCTH.
TexHOJIOrus NPUMEHNMA KAK B OOCAKEHHOM, TAK U B
OTKPBITOM CTBOJIE CKBAXKUHBL

BCKpeITHE KAHATIOB B TPOJYKTUBHOM ILIACTE
MPOU3BOAUTCA ITOCPEACTBOM THPOIPO3UOHHOTO
pa3pymeHns TOPOABI KUCIOTHBIM PACTBOPOM O]
JIABJIEHHUEM, CO3/JaBAEMOI'0 ITIOTOKA CTPYH [0
1020 kr/cm?,

BBIXO/AIIEN U3 THAPOMOHUTOPHOM HACAIKH,

cryckaemo Ha mopudunuposanHorn 'HKT (puc. 2).
Ilepen CO3MaHHUEM PAANATBHOIO KAHAIA B

OPOAYKTUBHOM ILIACTE C TIOMOIIbIO HAMBIBA

HOPO/bI CHEITUATBHON HACATKOM, BHHTOBBIM

3a00MHBIM JJBUTATEJIEM U CIIEIIUAIBHOM (ppe30rt

C MUCHOJIB30BAHUEM OAMIMAKA OTKJIOHUTEIIS

MIPOU3BOAUTCS CBEPIIEHUE OTBEPCTHUS B

IKCIUIYATALMOHHOM KOJIOHHE JUAMETPOM 22 MM TaK

HAa3bIBAEMBIM THOKUM BaJIOM".

Ipu INTAHUPOBAHUU U IOAOOPE CKAXKUH IO
PACIIOJIOKEHUIO KAHAJIOB PAAUAIIBHOT'O BCKPBITUSA
IIACTA IPHUCYTCTBYET BO3MOKHOCTD BAPHUALIUH,

4 UMEHHO IIPUMEHEHHE CTAHIAPTHOI'O OAHO- U

MYJIBTU30HHOT'O BCKPBITHSA, HAIIPABJIEHHOI'O 1

MYJIBTUPACYJIEHEHHOTO, U KAK JJOTIOJIHUTEIbHAS

OIIINA — OCAERYIOmAs 3aKauKa ['PI1.

Co3faHne KaHAJIOB IPOU3BOAUTCS CIEAYIOMEN
MOCJIEJOBATENBHOCTBIO OIIEPALTULL:

1. T'mymenue cKBaXxuHbIL, nogbeM I'HO.

2. TIpopaboTKa AKCIIYATAIIMOHHI KOJIOHHBI
MEXAHUYECKUM CKPEOKOM, OIleparus
Ma6JIOHUPOBAHMUS.

3. CHYCK OTKJIOHSIONIETO OANIMAKA C
LEHTPATOPAMH U PENIEPHOIO NMATPyOKa HA
HKT B 3agaHHBIN HHTEPBAL. OTOMBKA perepa }

: Tegmm NPUMEHACTNCA KOMNAHUCLI-UCTIOIHUMENEM
RDS & Iempolasiex.

inflow to the well,

* connection of remote areas of the formation separated
by low-permeable barriers, connection of macro and
micro cracks;

» overcoming the contamination of the bottom-hole zone
and restoring the productivity of the well.

» additional effect due to chemical dissolution of
carbonates by acid.

For the casing @ 114.3—139.7 mm, it is possible to place
from 1 to 4 channels on one level, the number of levels
themselves is not limited (Figure 1).

Flexible design is possible by varying the number of tiers
and the number of channels at each level, their azimuthal
and zenith orientation. The technology is applicable in
both cased and open hole.

Creating of channels in the formation is carried out by
hydraulic and erosive destruction of the rock with an acid
solution under a jet pressure of up to 1020 kg/cm? using a
Hi-Jet nozzle run on modified micro-coiled tubing
(Figure 2).

Before creating jet channel in the productive layer, a
22 mm hole in the casing is drilled through a specially

Pucynox 1 - IIpumep pacnonodicenus Kanaioe
Figure 1 — Exmaple of radial chanels placement

Backwards Morrie

Ferwards Nazlle

Mo rie Bead

Pucynok 2 — Paboma 2uopOoMOoHUmMoOPHOIL HAcaoku
Figure 2 — Performance of Jet nozzle
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(TKJIM), opreHTAI U OTKJIOHSIOMIETO OAMIMAaKa 10 designed whipstock with a downhole motor run on
A3UMYTY. micro-CT and a special cutter with a flexible shaft
4. Cnyck rubkoro Bana Ha THKT ¢ ¢ppesoit B (Figure 3).
OTKJIOHUTEJb [IIA BBIPE3KH OKHA B O/K. KOHTpOIIb Channels are created by the following sequence of
OCYIIECTBIEHHOM BBIPE3KU. operations:
5. ®pe3epoBaHME OKHA. 1. Well killing, lifting of downhole well equipment;
6. COycK B OTKJIOHSIONIHI GANIMaK 'HOKOI'O IITAHT'd 2. Casing drift run with scrapping;

BBICOKOT'O IABJIEHUS C TUJPOMPOHUTOPHON
HACAKOU. BCKphITHE KaHAJIA.

7. Tlogbem nunanra. [IoBopoT 6ammMaka Ha HyKHBIH
A3UMYT.

8. TloBropenue onepanuii 4—8.

9. TNogpeM obopynosanus, cnyck 'HO, ocBoeHueE.

Oo0ocHo8anue 86100Pa KAHOUOAMOEB

I1pu BEIOOPE CKBAXKUH B KAYECTBE KAHIUJJATOB
JULS TIPOBEJIEHUS PA/IMAJIbBHOI'O BCKPBITUS I1ACTA
B PAMKAaX OIBITHO-IIPOMBIIIJIEHHBIX PA60T
YUYUTBIBAIINCH CJIEYIOINE KPUTEPUM:

— HU3KHH OCTAHOBOYHBIN JIEOUT;,

— HU3KHE HAKOIIEHHBIE OTOOPHBI IO CKBAXKUHAM
OKPYKEHUS;

— CpeAHAA PACYWIEHEHHOCTD I'€OJIOTMYECKOTIO
paspesa;

— HE(DTEHACHIIIECHHBIE TONIIIHUHBI;

— HEMIPOCA’KEHHOE IIJIACTOBOE IABJICHUE;

— HAJIMYHE/OTCYTCTBHE IIPEATIOIATAEMOI 30HbI
TPEIHUHOBATOCTH.

Ha OCHOBaHUH JJAHHBIX KPUTEPHUEB JIJIS IPOBEACHUSA
pPagranbHOIO BCKPBITHSA IIACTA ObLIN BBIOPAHBI IBE
CKBaKMHBI ICUCTBYIOMEro (hoH1a PUITUIIIOBCKOM
3asiexxu Openoyprckoro HI'KM
(puc. 4).

JW3arHBI MEPONIPUATHI BBIOPAHBL C y4ETOM
KOHCTPYKIIMH CKBAXXUH 1 I'€OJIOTUYECKUX PA3PE3OB
(puc. 5).

TpaeKkTOpUA 3EHUTHOI'O YIVIAd BCKPBITHIX
KaHAJIOB 6bLIA TTIOATBEPXKAEHA 3aMEPOM ITPHUOOPA
«aKCEJIEPOMETP». B Ka4eCTBE KOHTPOJIBHOI'O KAHAJIA
JUIA 3aM€ePa C UCTIONIb30BAHUEM AKCETIEPOMETPA ObLIT
BbIOpAaH KaHaJ1 Ne 7. Pe3yipTaThl paboThl IPUOOpa
[IPUBE/ICHBI HA PUC. 6.

O1eHKa 3(pPEKTUBHOCTH MEPOIPUATHI I10
TEXHOJIOTHUU PAJUAIBHOT'O BCKPBITHS I1J1ACTA HA
06'beKTaxX PUINUIIIIOBCKOI 37163k OPEHOYPICKOIO
HI'KM

ITpu 3a1TyCKE CKBAKUH ITOCJIE MEPOIIPUSITUS
Ha6JIIO[AETCS JJIUTENbHAS OTPA00TKA HAa BHP o
MIPUYHHE CUJIBHOT'O IOIVIOMICHUS IIPU PadoTax
KPC 1 mapTtuu painajabHOIO BCKPBITUSL. [10 Kk JOM
CKBA)KMHE ObLII IONY4Y€H 3(P(PEKT, KOTOPBIH COCTABUI
45% 1 300% OT OCTAHOBOYHOT'O ITIOCJIE MECSIIA
paboTel (pUC. 7, puc. 8).

OTMeUaeTCs, YTO AJIUTENBHOCTD 3(PEKTA OT
MEPOIPUATHS C YUETOM TEMIIA TTACHUS 6a30BO¥ Pucynox4 — Paiion npogedenusn OIIP mexnorozuu
JOBbIUY COXPAHSETCA BCETO HA IPOTAXKEHUN DPaouansvnozo eckpoimusn naacma
4-5 MeCSIIICB. } Figure 4 — The area of experimental radial jetting job

Pucynox 3 - Yempoiticmeo oammara-
OMKNOHUMENA

Figure 3 - Whipstock design
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Pucynox 5 - Juiaiin paouaisnozo

3. Run of whipstock with azimuth orientation.

4. Run of flexible shaft with a cutter for cutting a window
in casing.

5. Window milling.

6. Run of high pressure flexible hose through the
whipstock equipped with Hi-Jet nozzle, channel
jetting.

7. POOH the hose. Turn the shoe to the desired azimuth.

Repetition of operations 4—8.

9. Lifting of equipment, run of downhole well
equipment, well kick-off.

©

Well candidates selection

‘When selecting wells as candidates for radial jetting
within the framework of pilot works, the following criteria
were taken into account:

— low flow rate;

— low accumulated production of neighbors;

— average dissection of the geological structure;

— oil-saturated thicknesses;

— not sagged reservoir pressure;

— presence/absence of the expected fracture zone.

Based on these criteria, two wells of the Filippovskaya
deposit of the Orenburg oil and gas condensate field were
selected for radial jetting trial job (Figure 4).

The event designs were selected taking into account the
construction of wells and geological structure (Figure 5).

The trajectory of the zenith angle of the opened
channels was confirmed by the accelerometer device
measurement. Channel No. 7 was chosen as the control
channel for measuring using the accelerometer. The
results of the device are shown in Figure 6.

Evaluation of radial jetting technology at Filippovskaya
deposit of the Orenburg oil and gas condensate field

et.:npbtmuﬂ ngflcma e e . When starting wells after stimulation, there is a long-
F ;.’gure5l - Design of radial jetting term kick-off due to strong fluid absorption during the
channets workover and the radial jetting process. For each well, an }
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Pucynox 7 — Ilapamempot padbomut
CKBaICUN 6 nePaulilmecay nocje
paouanvnozo eckpoimus nracma

Figure 7 — Parameters of well operation in
the first MONTH after radial jetting

Bbtaoowt
1. OTmevaeTcst BBICOKUH TEMIT CHUXKCHU S
3aIYCKHOTI'O IEOUTA MTOCJIE MEPOIIPUATHS —
PEKOMEHAYTCS NPOBEAEHUE PA/IUAIBHOIO
BCKPBITHA IJIACTA HA OT/IEJIBHO CTOSIINX
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Pucynok 8 — Illapamempuvt pabomut
CK8AaNCUH 8 nePawulil 200 nocae PaouaibHozo
6CKPbIMUA naacma

Figure 8 — Parameters of well operation in
the first YEAR after radial jetting

effect was obtained, which amounted to 45% and 300% of
the shut-down after a month of operation (Figure 7,
Figure 8).

It is noted that the duration of the effect of the event,
taking into account the rate of decline in base production,
persists for only 4—-5 months.

CKBA’KUHAX/30HAX C HU3KOH IIJIOTHOCTBIO
CKBAKWH, YTO ITO3BOJIUT CHU3UTD
MHTEH(EPEHIINIO OT COCETHUX CKBAXKUH U
YBEJIUYHUT NPOAOJIKUTENBHOCTD A(PPEKTA.

2. Ha rexymuii MOMEHT OIIPpEJECJICHHE
MOJIOKEHUSA TPOOYPEHHBIX KAHAJIOB IO
A3UMYTAJIBHOMY PACIIPOCTPAHEHUIO
3aTPyAHEHO 110 IIPUYUHE TEXHOJIOTMYECKUX
OI'PAHUYEHHIH, PA3MEIIECHNE NTHKINHOMETPA

Conclusions
1. There is a high rate of decrease in the starting

TUPOCKONUYECKOrO ToueyHOro (MUI'T)
nPO6IEMATUYHO BBU/Y MAJIBIX JUAMETPOB
KaHAJIOB — PEKOMEH/YTCS YBETTUYEHNE
JUaMETPaA KAaHAIOB 10 50 MM, YTO TO3BOJINAT
OCYIIECTBIATD 3AITUCh UHKJIMHOMETPUH
CTAHJAPTHBIM IPUOOPOM.

3. INlomyuyeHa HU3Kas 3PPEKTUBHOCTD 1O
COOTHOIIEHUIO «3ATPATBI/IIPUPOCT AEOUTA>
— PEKOMEHIYTCA MPOBEACHUE JAHHOM
TEXHOJIOTMH HA CKBAXKUHAX, OTHECEHHBIX
Kk kareropuu TPU3 (K1 HE MeHee 0,4), uTO
MO3BOJIUAT MAKCUMHU3UPOBATH 9KOHOMHUYECKYIO
3P PEKTUBHOCTB.

4. PekOMEHIyeTCA YBEJIUYUTD KOJTUYIECTBO
CckBaXUH OITH A1 NOMy4eHU ONITUMAJIBHOI'O
JeO6UTHOIO CLIEHAPUSA IIPU MTOJBEAECHUN UTOT'OB
PE3YABTATUBHOCTHU TEXHOJIIOTUH.  ©
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production rate after the event — it is recommended to
conduct a radial jetting at free-standing wells /zones
with low well density that would reduce the intensity
from neighboring wells and increase the duration of
the effect.

. At the moment, determining the position of

drilled channels by azimuthal angle is difficult

due to technological limitations, the placement

of a gyroscopic point inclinometer is problematic

due to the small diameters of the channels — it is
recommended to increase diameter of the channels to
50 mm that would allow recording inclinometry with a
standard device.

Low efficiency was obtained in the ratio of "costs /
production increase" — it is recommended to carry out
this technology on wells classified as hard-to-recover
reserves, which will maximize economic efficiency. ©



