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MHOCJIEJHUE T'O/Ibl OOECIIEYEHNE NOAACPKAHUA

U YBEJIMYEHHUE OO'bEMOB JJOOBIYU HEPTH U

raza He(pTera3oOOBIBAIOIMMH KOMIIAHUSAMHA
Poccuu nponucxoauT B OCHOBHOM 34 CYE€T UHTEHCUBHOMU
IKCIUIYATALUU KPYIIHBIX U YK€ JJIMTEJIbHOE BpEM S
Pa3pabaThIBAEMBIX MECTOPOXKACHUN. OJJHAKO BBICOKAS
OOBOHEHHOCTD U3BJIEKAEMOU TPOAYKIIUH U PE3KOE
MOHMWKEHHUE TIACTOBOTI'O IABJIECHUSA IPOLYKTHBHBIX
TOPU3OHTOB IPUBOJAT K HEYKJIOHHOMY CHUXEHHIO
3(pPEKTUBHOCTH IKCILTYATAITUOHHOTO (POH/A CKBAXKUH
U, KaK CJIE[JCTBUE, K CHIKEHUIO KO3 pULeHTa
ussneuenus Hedprtu (KMH). Ogaum u3 Hauobosnee
3 PeKTUBHBIX METOAOB NOBbIICHUS KVH sBisieTcs
OypEeHNE TOPU3OHTANBHBIX CKBAXKHUH.

ITpy MCITONIb30OBAHNUM TEXHOJIOT U OypEHUA
TOPU3OHTAJIBHBIX CKBA’KHH CTAJIO BO3MOXKHBIM
pa3pabaTeIBATh HOBBIE, CYUTABIIHECS PAHEE
HEa(PEKTUBHBIMU, MECTOPOXKCHUS U U3BICKATD
YITIEBOAOPOBI, CYUTABIINECH PAHEE HEU3BJIEKAEMbIMU
BCJIECTBUE MAJIOH MOIITHOCTU U HU3KOM
IPOHULIAEMOCTH IIPOAYKTUBHOI'O IVIACTA.

IIpu BCEX TUTIOCAX PA3PAOOTKH MECTOPOXKICHUI
MPU ITIOMOIIY TOPU3OHTAJIBHBIX CKBA’KHH C UX
IKCIUIYATALUEN CBA3aHbI HEKOTOPBIE OCJIOKHEHM .
KoHTakT 60s1€€ 3HAUUTENBHOM YACTH TIACTA C
OYpPOBBIM PACTBOPOM B TEYEHUE JUIUTEIIBHOI'O BDEMEHN
MOXKET IIPUBECTH K KOJIbMATALUHU IUIACTA, KOTOPAs
B TOPHU30HTAJIBHBIX CKBAXKUHAX OYZIET BBIPAKEHA B
OOJIBIIEN CTENIEHN, YEM B BEDTUKAJIBHBIX. [I0O3TOMY
JEKOIbMATALUA IPOAYKTUBHBIX MHTEPBAJIOB
TOPU3OHTAJIBHBIX CKBA’KHH ABJIAECTCA AKTYAJIbHOMU
3a/a4eH.

TpaZuIMOHHO B TOPU3OHTAIBHBIX CKBAXKUHAX
NPUMEHSETCA AEKOJIbMATALIM [IOCPEICTBOM
BO3/JIEUCTBUSA PA3TUYHBIMUA KUCJIOTHBIMHA COCTABAMH,
CO3/aHUsA PEKUMA [AEIIPECCUU-PEINIPECCUH, IEPECTPETIOB
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ver the recent years sustention and increase

of oil and gas production by the Russian oil

and gas companies has been mostly achieved
due to intensive operation of large fields, which had
been under development for a long period of time.
However, high water cut levels of the recovered oil and
rapid decline of the reservoir pressure lead to a steady
reduction of the operating well stock effectiveness and,
consequently, reduction of the oil recovery factor (ORF).
Drilling horizontal wells is one of the most effective
methods of oil recovery enhancement.

Horizontal well drilling allows us developing oilfields,
which previously were considered non effective
ones; it allows us recovering hydrocarbons, which
previously were considered non-recoverable ones due
to insufficient thickness and low permeability of the
productive reservoir.

Despite all the advantages of horizontal wells, their
operation implies certain difficulties and complications.
In case of a horizontal well, a much more considerable
area of the reservoir is in contact with drilling mud
for a long period of time. This may lead to reservoir
colmatation, which is more intense than in case
of vertical wells. That is why decolmatation of the
productive intervals in horizontal wells is a very
important task.

Traditionally, treatment with acid solutions, creation
of depression-repression modes, reperforation of the
reservoir with the use of highly-penetrating cumulative
charges and other methods are used for decolmatation
of the horizontal wells. However, all the above
mentioned methods have different disadvantages, while
plasma-pulse impact (PPI) technology does not have
any shortcomings.

Plasma-pulse impact technology was developed by a
group of Russian scientists headed by A.A.Molchanoyv,



IIACTOB ITTy6OKO MPOHUKAIOMIUMHU 3APASAMU
KYyMYJIATUBHOI'O ICUCTBUA U AP. OHAKO Y BCEX 9TUX
METOJIOB CYLIECTBYIOT PA3JIMYHBIE HEAOCTATKH, KOTOPBIX
JIMIIEHA TEXHOJIOT U IIIIA3MEHHO-UMITYJIbCHOI'O
Bozgericteud (I1VB).

TexHOIOrns NIa3MEHHO-UMITYJILCHOTO BO3IEUCTBUA
OblL1a pa3paboTaHa IPYIIION POCCUNCKUX YUCHBIX,
BO3IVIABJIAEMON TpodeccopoM CaHKT-IleTepOyprcKoro
TrOCYAapPCTBEHHOI'O TOPHOT'O MHCTHUTYTA
A A. MOIYaHOBBIM, B COCTAB KOTOPOH BOIIJIN YYE€HbBIE
13 Hay4HO-MCCIIEIOBATENBCKOIO MHCTUTYTA
AEKTPpOodU3nIeCKor anmaparypsl (HUHO®DA), a Taxkxe
CIIELUAJIMCTBI POCCUMCKOM KoMTaHUU «<HOBAC».

I1py NPUMEHEHNH TEXHOJIIOTUH MIJIA3MEHHO-
UMITYJIbCHOTO BO3ZICHCTBUSA OOPAOOTKA CKBAXKUH
MPOU3BOAUTCSA TJIA3MEHHO-UMITYJIbCHBIM F€HEPATOPOM.
Bpems 06pabOTKH CKBAKUHBI OIPEIEIACTCS
TrE€OJIOTUYECKUMHU MAPAMETPAMHU 3AJIEKU U MOITHOCTBIO
06pabaTBIBAEMOTO IPOSYKTUBHOI'O HHTEPBAJIA.

OCOOEHHOCTBIO TEXHOJIOI'UH ABNAECTCA 3(P(PEKTUBHAA
JEKOIbMATALUA IPOAYKTUBHOI'O MHTEPBAJIA 6J1arogaps
INIYOOKOMY NIPOHUKHOBEHUIO YIAPHON BOJIHBI B
OPOAYKTUBHYIO 3AJIEXKb.

I1pu 3TOM B IIJIACTE MIPOUCKXOAAT CIAEAYIOMUE
MPOLECCHI:

* Pa30rpeB INPUCKBAKMHHOU 30HBI (IIPU pa3psaae
TeMIieparypa gocruraet 25 000-28 000 °C)

* YCKOPEHME I'PABUTAIIMOHHON arperanuu He(PTH U
rasa,

* YBEJIMYEHUE OTHOCHUTEJIBHBIX (DA30BBIX
IIPOHHUIAEMOCTEN 111 HE(PTU B 6OIBIICH
CTETEHH, YEM JIJIS BOJBI;

* YBEJIMYEHUE CKOPOCTH U ITOJTHOTHI
KAIMWJUIAPHOI'O BBITECHEHNA HE(PTH BOJOW;

* U3MEHEHHNE HATIPAXKEHHOI'O COCTOSAHUS TOPHBIX
IIOPO7, KOJIJIEKTOPA U CBA3AHHOE C 3TUM
U3MEHEHHNE CTPYKTYPBI TIOPOBOT'O NPOCTPAHCTBA.

OCHOBHbIE XAPAKTEPUCTUKU
WCT10J1b3YEMOIO ObOPYJOBAHUA:
* BHEPTOEMKOCTBD — 1,5 KJIK;
* HANIPSKEHUE IUTaHus — 220 B;
* IUTATENIBHOCTD PA3PAIa — 53 MUKPOCEKYH/IHI,
* TEMIIEPATYPA, BBIJCIAEMAS IIPU PA3PSIZIC
25 000-28 000 °C;
* IIEPUOJINYHOCTD — 2 Pa3psi/ia B MUHYTY.

KAK 3TO PABOTAET

OCHOBOY TEXHOJIOI'MH IIJIA3MEHHO-UMITYJIbCHOI'O
BO3AEHUCTBUA ABJIACTCS JNEKTPUIECKUI PA3PALL B
SKUJIKOCTH YepEe3 KAITMOPOBAHHBIN METAITTUYECKU
OPOBOAHUK. IIpu paspsage PopMUPYETCS yaapHaS
BOJIHA C OJHOBPEMEHHBIM BBIJIEJIEHUEM 3HAYUTEIBHOI'O
KOJIMYECTBA HANIPABIEHHON S3HEPTUH. YAAPHAA BOJIHA,
pOXO/Is Uepe3 nepOparuOHHbBIE OTBEPCTHS B
MJ1ACT, BO3/ICHCTBYET KaK HA IPU3a00MHYIO 30HY,
TAK 1 HA yIAJIEHHBIE 30HBI IIJIACTAd. MHOTOKPATHOE }
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Professor of Saint Petersburg Mountain Institute. Among
the members of the group were scientists of the Research
Institute of Electrophysical Equipment, and the experts of
the Russian company NOVAS.

When using plasma-pulse impact technology, the
treatment of the well is done with the use of plasma-
pulse generator. The time of treatment depends on the
geological parameters of the reservoir and the thickness
of the productive area under treatment.

The main feature of this technology is effective
decolmatation of the productive area due to deep
penetration of the shock wave into the productive
reservoir.

At the same time the following processes take place in
reservoir:

* heating up of the downhole area (at the moment of
discharge the temperature reaches 25,000-28,000 °C);

« speeding up of the oil and gas gravitational aggregation;

* increase of relative permeability to oil is more than that
to water;

« increase of the speed and completeness of oil capillary
desaturation;

* change of the collector rocks stress state and relative
changes of the porous area structure.

SPECIFICATION OF THE APPLIED EQUIPMENT:
e energy intensity — 1.5 kilojoules;

* power supply voltage — 220V,

» discharge duration 53 microseconds;

OcobeHHOCTbIO TEXHONIOTUK ABASETCS
3¢deKTUBHAsA AEKONbMATALMA NPOAYKTUBHOMO
WHTepBana bnarogaps rnybokomMy NPOHNKHOBEHWIO
yAapHOW BOJIHbI B NPOAYKTUBHYIO 3a51e€Xb.

* temperature emitted at the moment of discharge
25,000-28,000 °G;
« discharge periodicity — 2 discharges per minute.

HOW IT WORKS

The plasma-pulse impact technology is based on
an electric discharge in fluid via a calibrated metal
conductor. At the discharge a shockwave is formed with
simultaneous emission of substantial amount of directed
energy. The shockwave penetrates via perforation and
impacts both the bottomhole area and the remote areas
of the reservoir. Multiple, periodically repeated discharges
result in directed thermal and acoustic shockwave
impact on the reservoir. As a result, decolmatation of the
bottomhole takes place, there are oscillating processes
inside the reservoir, which lead to overcoming of
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Hosvumenue negdpmeomoanuu Ha 20PUIOHMATLHBIX CKEANCUHAX
Oil recovery enbancement at horizontal wells

TIpumenerue mexHoi02UL NAA3MEHHO-UMNYIbCHO20 6030LICINEUA N036019em 6e3
SHAUUMEBHOLX 3AMPAIM 0eKONbMAMUPOBANS CINEOJL 20PUS0HINANILHOLL CKEANCUHBL 110 6Celi
onure pabouezo urmepedda.

The use of plasma-pulse impact technology allows for decolmatation of the whole productive area
of the borizontal well bore at relatively low cost.

’f*.

Jnumensrocms pabom — He 60J1ee Cymox.
Duration of works — maximum one day.
DPppexm npu HeebICOKUX MAMEPUASILHBLX

3ampamax 3aKas"uKa 6 coucamsie CHoKU. o
Good effect at relatively low cost and in a short period of 1i

TIpu 3aKan AL CK8ANCUNHbL OCMABUIUECS
YACMIULYBL PUNBMPAYUOHHOTE KODKU O)POBO20
hacmeopa nopoosl, PaspeLxieHHoll npu crnycke
XB0CMOBUKA, OCEOAION HA HUNICHELI CMOPOHE
CMBOJLA CKBANCUHBL U 3AKYNOPUBAION
0MBEePCIMUS X60CMOBUKA.

When the well is being completed the remaining

particles of the drilling mud cake, and particles
of the rock, which are loosened during liner

running, sink on the bottom of the horizontal wells =
bore or clog the liner perforation.

Jlocmagxa 060py006aHUsL K NPOOYKIMUEHOMY UHMEPEAJL
20PU3OHMATIBHOLE CKBANCUMHBLMONCEIN OCYU4CCINBIAMBCA KAK C
NOMOULBIO HCECTNKO20 2e0PUUHECKO20 Kabeas, mak u HKT.

The equipment can be run to the productive area of the horizontal well
with the use of rigid logging cable or tubing string.

Hanpasnerroe
68 mm — duamemp nepuoouecKoe 8030eticmeue
2enepamopa. 00 1000 umnynvscos
Generator diameter — 2.68" |34 1 €nycK/noose.
Directed periodical impact
Up to 1,000 pulses per one trip.

MEPUOIUUECKOE IIOBTOPEHUE PA3PAIOB capillary forces between the fluid and the rock, improvement
IPUBOJUT K HATIPABJIECHHOMY TEPMHUYECKOMY, of filtration and capacity characteristics, and consequential
AKYCTHYECKOMY YAAPHO-BOJTHOBOMY BO3ZIEHCTBHIO change of pore channels saturation that finally results in the
HAa IUIACT. B pe3ynbraTe IpOuCXoauT increase of oil inflow to the production wells bottoms.
JIEKOJIbMATALIUS IPHU3a60MHOM 30HBI CKBAKUHBI, Based on the results of long-term research we can say that
B IIJIACTE BO3HUKAIOT KOJIEOATEIBHBIE IIPOLIECCHI, the influence of elastic vibrations on the filtration processes
OPUBOISAIINE K IPEOJOICHUIO KATUIIAPHBIX in the saturated porous media is an established matter.

H3nyuamens, aneKmpoosL 3aMKHY 1MbL Hruyuupyemcs 63poi6 Bosnukuan yoapHas 60aHa uepes
nPOBOOHUKOM, NePPOpaLLotHbLe MeMAannU1ecKko20 npoBooOHIUKA, nepihoparuorbLe Kanalbl npoHUKAen
KAHANbL 3AKONOMATUPOBAHDL. NPOUCXOOUNM OOPAOBAMHILE NILASMbL 8 MPU3AOOLIHYI0 30H) U 0ANee — 8 NAAC,
The gun, electrodes close-looped with CO CRAYKOM YNAOMHEHUA, CIMUMYTUPYS YNIPY2ite KONeOAHUA.

the conductor, perforation channels are Initiation of the metal conductor The shockwave penetrates via perforation
colmataged. explosion, plasma and a shockwave channels into the bottombole area and

are formed. Jarther into the reservoir stimulating
elastic oscillations.
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CHJI MEXY TOPOIOH U (PITIOUIOM, YIIYUIIEHHUIO
(PUIBTPALTUOHHO-EMKOCTHBIX XaPAKTEPUCTUK
U, KaK CJIEJCTBUE, U3MEHEHHIO HACBIIEHHOCTH
MIOPOBBIX KAHAJIOB, YTO CIIOCOOCTBYET
YBEJIMUYEHHIO IPUTOKA HEPTHU K 3a60IM
JTOOBIBAIONINX CKBAKITH.

MHOTONIETHHE PE3YIBTATHI HCCAEAOBAHUNA
JAIOT OCHOBAHHE PACCMATPUBATD BIHUAHUE
YIOPYTUX KOJIEOAHUI HA (DPHUIBTPAIJUOHHBIE
MPOLIECCH B HACBIIIEHHBIX IIOPUCTBIX CPENAX KAK

YCTAHOBJIEHHBIN (DAKT.

OonbIT NPUMEHEHNA N NEPCMEKTUBbI

3a nocnegHee BpeMs ObLIO IIPOBEAECHO HOJIBIIOE
KOJIMYECTBO ONBITHO-IIPOMBIIIEHHBIX PA6OT,
KOTOPBIE NTOKA3aJIM IEPCIEKTUBHOCTD BHEJPAEMOM
TEXHOJIOTUU. OJHAKO B CUJTy TOTO, YTO JUAMETP
CKBaKMHHOTO OOOPYIOBAHHUS COCTABIAET 102 MM,
JIO CUX TIOP NPUMEHEHHUE TEXHOJIOTUH ObLIIO
HEBO3MOXKHO HA TOPHU3OHTAJIBHBIX CKBAXKHHAX.

Tem He MeHee OUEBUTHO, UTO IIpuMeHeHue I[THB
MMEHHO Ha FTOPU3OHTAJIBHBIX CKBAKMHAX KPAHE
AKTYaJIBHO, TAK KAK IPO6JIEMA JEKOIbMATAIIUH
OPOAYKTUBHOI'O MHTEPBAJIA TOPU3OHTAIBHOM
CKBaKMHBI SIBJISIETCS B HACTOAIIEE BPEMS OJJHOM 13

Hanbo1ee OCTPHIX.

VIMEHHO IO3TOMY POCCUNCKUMH PA3PA6OTUNKAMU
OBbLJIO U3TOTOBJIEHO OOOPYAOBAHHE C JUAMETPOM
CKBOKMHHOT'O IPU60opa 68 MM. DTO OGOPYIOBAHHC

MO3BOJIUT 6€3
3HAYUTEJIbHBIX 3ATPAT
JIEKOJIbMATHPOBATH
CTBOJI TOPU30OHTAJIbHOMN
CKBAKMHBI 10 BCEN
JUIMHE Pabo4dero
UHTEPBAA.

Od4eBU/IHO, UTO
JIOCTABUTH HA Kabeye
I'K3 B rOPU3OHTAIBHYIO
CKBAKUHY IOBOJIBHO
MAaCCHBHOE
060pYAOBAHNE
HEBO3MOKHO,

IIO3TOMY B KAUECTBE
CPEACTBA JOCTABKU
CKBA>KMHHOI'O IIpUOOpa
K pabodemy UHTEPBAY
nepdopanmu 6bL1
BBIOPAH KOJITIOOMHT'
KaK Haubosee
Ha/ICKHBIA U

COBPEMEHHBIN METOA. ©

Coiled tubing being the most reliable and modern
method of running devices down to the perforation
area of the well.

APPLICATION EXPERIENCE
AND FURTHER PROSPECTS

Over the recent time there has been conducted great
number of pilot projects, which proved the promising
character of this technology application. However, due to the
fact that the downhole equipment is 4 inches in diameter it
was impossible to use the technology at the horizontal wells.

Nevertheless, it is obvious that the application of the
technology at the horizontal wells is of great importance due
to the existing acute problem of productive area colmatation.

That is why Russian engineers developed and produced
downhole equipment with the diameter of 2.67 inches. This
equipment will allow for decolmatation of the whole length
of horizontal well productive area at relatively low cost.

It is obvious that running massive equipment down to the
horizontal well with the use of cable is impossible, that is why
the choice was made in favor of coiled tubing being the most
reliable and modern method of running devices down to the
perforation area of the well. @

«Tomcrxnedpmo» BHK (POCHE®DTH»)
“Tomskneft” Eastern Oil Company (“ROSNEFT”)
OIlH / CUM TIpomviurentivie padomel/ Industrial works

Tocne/After

/o/Before

Necreaxcumo: 603
Well No

0
1003 2532
(F03/1+2)  (FO3/1+2)
SW/I+2)  (SW/I+2)

Komnanusa Jloaapnoe cuanue» («(POCHE®DTbH»)
“Polyarnoye Siyaniye Company” (“ROSNEFT”)
IIpomsiutnernnoie pabomot / Industrial works

Ne crgancuml 0 C- 160
Well No a 7 > 7

Dunuan «Mypaerenkoscknepmo» I asnpom nedpmo-HHI» (Ta3npom nedhmv»)
“Muravlenkovskneft” branch of “Gazprom neft-Noyabrskneftegaz” (“Gazprom neft”)

TIpomsiuinernnoie pabomot / industrial works

\

Tocne/After

o/Before

Ne ckeadnumbl 5 185 8741

Well No 2087 254 261 1079 516 1524 550

2178
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