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Induction Hea
System



BoccTtaHoBneHue NMnPOU3BOAUTESILHOCTU IKCNMNYATaLlNOHHbIX
He(bTeFa3OBbIX CKBaXUH MHOAYKLUMNOHHbBIM BbICOKO4YAaCTOTHbLIM
HarpesartesriemMm

OgHOM M3 OCHOBHbIX nNpobrem HedTerasogobbiBaloLEN OTPacnn BO
BCEM MUpe daBnsieTca Oopbba ¢ acdansro-cMosio-napaddnHOBBIMU U
rmapatHo-napauHoOBbLIMN  OTIIOXEHUSIMU B HACOCHO-KOMMPECCOPHbIX
Tpybax n 3arpyOHOM NPOCTPaAHCTBE HEMTAHLIX U Ta30BbIX CKBaXWH,
TpybonpoBogax.

Ona 6o0opbbObl C oOTNOXeHusMM napadmHa B HaCTOSLIEE, BpeMS
NPUMEHSIIOTCA TEXHOSIOTMN, OCHOBAHHbIE HA UCMOSb30BaHNN PasfINYHbIX
BUOOB 3JHEPrum (TepMuYecKasi, XMMUYeckasi, MexaHuyeckasd U T1.4.), a
TakKe WCMoSfib30BaHNMM KOMIMO3UTHLIX MaTepuarioB HOBbIX TEXHOOMNMN,
cTekna n cteknoamanen. [aHHble TEXHOMNOrMMU He Bcerga OOCTaTO4YyHO
HageXXHo obecneunBaloT aPdHeKTUBHOCTbL B 6bopbbe ¢ acdansTo-CMOSI0-
napadoMHOBbIMU U rnapaTHO-NapaUHOBLIMU OTITIOKEHUAMN B HACOCHO-
KOMMNPECCOPHbIX Tpybax u 3arpybHOM nNpOCTpaHCTBE CKBaXWH. B
3aBUCUMOCTM OT Tuna obopynoBaHusi, cnocoba aKchnnyaTtaumm CKBaKUH,
ctagun paspaboTku MECTOPOXAEHUS, dUINKO-XMMUYECKNX CBOWUCTB
HepTM ” napadUHOBBLIX OTIMIOXEHNW, Ha HedTerasogobbiBaoLWNX
NpeanpuATUAX NPUMEHATCS pasnunyHble Metoabl 6opbdbl ¢ ACIIO.



Recovery of the rate (discharge)

of Operating Oil and Gas Production Wells
by Means of High-frequency Induction Heating

One of the major problems facing oil and gas production industry
worldwide 1s fighting asphaltene-resin-paraffin deposits (4SPO) as
well as hydrate-paraffin deposits in tubing strings and hole clearances
of oil and gas production wells and pipelines.

At present there exist various techniques to fight the paraffin deposits.
These are based on the use of different kinds of energy (thermal,
chemical, mechanical, etc.), or the use of composite materials, glass
and glass enamels. However, these techniques are not always effective
enough to solve the problem. Depending on the equipment type, oil
production method, stage of the oil field exploitation, physical and
chemical properties of oil and paraffin, different deposit removing
techniques can be used at o1l and gas production facilities.



TexHonorn4eckmnin Komnnekc
annapartypbl MHOYKLMNOHHOIO HarpeBa CKBaXKUHbI

[Mpeaonaraembin TEXHONOrM4YeCcKn KOMIMAEKC annapartypbl
NHAOYKUMOHHOro Harpesa WTB-520 npeaHasHadeH Ang yoaneHus
ACIO B HKT n mextpybHomMm npocTpaHcTBe A0ObIBAOLLNX HEDTAHbLIX
CKBaXWH, paboTalowmx B  POHTAHHOM  pexuMme Wunnu . C
ncnonb3oBaHnem YOLIH.

[Ona nodbiBaoWmMX HEPTAHbBIX CKBAXXUH, UMEKOLLNX TemMnepaTypy 30HbI
nepdopaumn, 6rnmakyto K TemnepaType Kpuctannusauum napadguHa,
komnnekc UTB-520 moxeT ObIiTb MCNONb30oBaH C LENbo U3BneyYeHus
ACT10O 13 npn3abonHOWN 30HbI.



ITV-520 well induction heating system

The ITV-520 induction heating system 1is_designed to remove
asphaltene-resin-paraffin deposits (4SPO) from tubing strings and hole
clearances of operating oil production wells producing under. pressure
(naturally flowing) or by pumping (equipped with UECN pumps):

In operating oil production wells, where the temperature i the
perforation zone 1s close to paraffin crystallization temperature, the
ITV-520 system can be used to remove the deposits from the face
Zone.



Ynanenue ACI10

[Mpouecc yoaneHuns ACIO u3 HKT pgobbiBarolmx cKkBaXXMH OCHOBaH
Ha npuHUMne nHAOyKumoHHoro Harpesa HKT TokamMu BbICOKOM YacTOThI
N BbIHOCE OTCIIOUBLUMXCA OT/IOXKEHUW TMOTOKOM »00biBaemMoro
npoaykTa. CkBaXkmHa BO BpeMsi 06paboTku He ocTaHaBnnBaeTcs. [Ans
npeaoTBpalleHna neperpesa obpabaTtbiBaeMon 30HbI B MNpouecce
paboTbl 06ecneyeH KOHTPONb TeMnepaTypbl 30HbI B aBTOMaTUYECKOM
pexXnme.

[Mpouecc yaarneHus ACT10 n3 npn3abonHou 30HbI
«HU3KOTEMNEPATYPHbIX» CKBaXXMH OCHOBAaH Ha pasorpeBe obcagHoW
KOJIOHHbl B 30He nepdopaunn, 4YTO MNPUBOAUT K pasorpeBy
NPUCKBa>KMHHOIO MPOCTPAHCTBA, N NOCMeayLWen oTkadke npoaykra
N3BECTHLIMU METOOAMM.



ASPO Removing

The process of removing asphaltene-resin-paraffin deposits (4ASPO)
from the tubing strings of operating oil producing wells is based upon
high-frequency induction heating of the tubing string and the
subsequent removal of the detached deposits by the o1l flow. It:should
be noted that such a treatment does not interrupt the process ofoil
production, so the well production rate is preserved. To prevent the
overheating of the area being treated, an automatic temperature control
system 1s used.

The process of ASPO removing from the face zone ' of
“low-temperature” wells 1s based on the heating of the casing string in
the perforation zone. This results in the heating of the face zone,
followed by pumping of the product by means of traditional pumping
techniques.



KomMnnekT TexHonornyeckoro obopyaoBaHus

BbICOKOYACTOTHbIN UCTOYHUK NUTaHUA
(BUIT) C Griokom NHOVKaUNK

Temneparypbl 1 WrT. | o
CKBaXXUHHbIN  Mpubop C  AOaTyMKoM -HII,llllll”lllll, } ==
Temnepartypbl 2 WT. " <
KabenbHas ronoska* 1 Wr.
YTaKenuTenb CKBaXXMHHOIo npmnbopa

1 WrT.

* - KOHCTPYKTUBHOE MCMNOSNHEHME KabenbHOWM rofoBKM 3aBUCUT OT MUCMOMNb3yeMoro reodmanyeckoro kabens.



I TV-520 set

High-frequency power unit with a

temperature indicator 1

Well induction heater with a | :
temperature sensor 2 ”HHHH” | ;" E&
Cable head® i o I } o |

TR COMPYTER g, [

Instrument weighting material 1

* - the design of the cable head depends on the type of the geophysical cable being
used.



CunoBon

HanpsxxeHne nutaHuA Ha3eMHOro 6noka
MowHocTb noTpednsiemana n3 cetm

Bec HazeMHOro 65oka nMTaHuA

KrnA annapatypbl UTB-520

Paboyasa temneparypa

M ‘ = |
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T

ONOoK

380 B, 50 'y
9 kBT
26 Kr
96%
ot +5 no +40



Power Unit

Supply voltage (land-based unit) 380V, 50 Hz
Watt consumption 9 kW

Weight (land-based unit) 26 kg

ITV-520 efficiency factor 96%

Working temperature +5.... +40 °C
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CKBaXXUHHbIN U

[nnHa ckBaXxnHHOro npnodopa
HNnameTp npubopa

Bec npubopa

Pabouast Temnepatypa
Paboyee gasneHune




Well ind

Length

Diameter

Weight

Working temperature
Working pressure

ToYaWal-X-10-1¢

1,1 m
42 mm
6 kg




[eodunsnyeckun kabenb

[Ona npoBeneHusa padboTr c annapatypon UTB-520 pekomeHayeTtcs

NMpUMEHEHNE  TreodU3NYEcKoro KoakcuanbHOro . Kabens  Tuna
KI'K-1-4-75-130.

[lonyckaetcss  UCMoOSfib30BaHWE  CEMMXKUMNBLHOIO  reodn3nYecKoro

kabens, HO NPy 9TOM NOTEPU NMONE3HON MOLLIHOCTM COCTaBAT MopsAaKa
40%.



Geophysical cable

The ITV-520 is recommended to be used with the geophysical coaxial
cable of the KI'K (KGK)-1-4-75-130 type.

It is possible to use a seven-core geophysical cable, but in this case
the useful (net) power losses will amount to about 40%.



K['K-1-4-75-130.

HA3HAYEHUE

Kabenb npegHasHa4vyeH ong MHAYKLUMOHHOIO Harpesa CKBaXkuH (annapartypa
NTB-520) npu npoBeaeHuUn reopunsnyecknx padboT B ASUCTBYIOLLNX CKBAXXMHAX C
Lenbio NukBngauum napaduHo-rmgpaTHbix obpasoBaHui, a. Tak ke ans
aKyCTMYECKOro BO34ENCTBUS B CKBAXXMHE Ha Npun3abonHyo 30HY nnac

MEXAHUYECKWUE U OPYITUE NMAPAMETPbI

Pa3pbiBHOE ycunue, He meHee 120kH; Macca kabena 881,41 Kr/km.;
CtpouTtenbHasa anvHa go 5000 wm; Pabouasa temney
ckBaxkuHe no 130°C; MuHuManbHasa TemnepaTypa xpaHmans
MwuHumanbHaa TemnepaTtypa akcnnyataumm - 40 °C;
KcnnyaTauns npu nepeMeHHoM HanpsxeHnn ao 660 B wactoTon 50k

ANEKTPUYECKUE NAPAMETPbI

ONEKTPUYECKOE CONPOTUBIIEHNE TOKOMPOBOASILLIEN XWUMbl U 3KpaHa, He bonee 4,95
Owm/km; ConpoTtueneHune nsonauum, He meHee 20000 MOM,km;

BonHoBoe conpoTueneHune (ona uenu "xuna-akpaH") 24,80wm;

KoadbdpmumeHT 3atyxanus (gna uenu "xuna-akpax") 0,1 ob/km.



KGK-1-4-75-130 cable

Application

The cable is used for the induction heating of oil production wells (ITV-520 induction heater) in the process
of geophysical works aimed to remove paraffin and hydrate deposits-from operating wells, and also to
produce an acoustic effect (in the well) on the face zone of the oil pool.

Mechanical and other characteristics

Breaking load not less than 120kN
Cable weight 881,41 kg/km
Face-to-face length up to 5000 m
Operating temperature in the well up to 130°C
Minimum storage temperature -50 °C
Minimum operation temperature -40 °C;

Operation at a.c. voltage up to 660 with 50kHz frequency

Electrical parameters

Electric resistance of the current-conducting core and screen not more than 4,95 Ohm/km
Insulation resistance not less than 20000 MOhm/km
Wave resistance (in the core-screen circuit) 24,8 Ohm

Damping factor (in the core-screen circuit) 0,1 dB/km
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Cost-effectiveness analysis
of some deposit removal methods
for the deep-well equipment of oil production wells



OueHka 3 PEKTUBHOCTUN HEKOTOPbLIX METOA0B NUKBMAALIUN
OTNOXXEHUN B rMyOUHHOM 000pyaoBaHUM O00bIBAOLLNX CKBaXUH

B rmybuHHOM ~0bopygoBaHMn O0ObIBAOWMX CKBaXXUH ACOMKUHCKNX
MecTopoXaeHun, obopyaoBaHHbIX YOLIH, oTnoxeHnsa acdansto-cMono-
napcpuHoB (ACI10O) HabnropatoTca Ha BHYTpeHHeW noBepxHocTn HKT,
HaunHast ¢ rmybuHbl 800 mMeTpoB KM Bbliwe. 3adUMKCUPOBaHbI Crny4vau
obpasoBaHuss ACIIO Ha rnybuHe 1000 wmetpoB. Kpome TOro, B
HEKOTOPbIX cny4vasix Oblfo OOHapPYXXEHO Hanuyme OTNOXEHUN Ha
Hapy>XHon noBepxHocTn HKT, T.e. B 3aTpyOHOM .MPOCTPaHCTBE CKBaXXUH.
B npouecce akcnnyatauun OobOblBalOWEN CKBaXXMHbl ©e3 NpuUMeHeHus
NPEBEHTUBHbLIX MeponpuATMA No H6opbbe C OTNOXEHMaMK napaduHa
npoucxoanT obpasoBaHme «rnyxmx» npobok ACIO Ha rnybuHe 200-500
METPOB OT YCTbSl CKBaXXWHbI.



Performance evaluation of some deposit removal

methods for the deep-well-equipment of oil-production
wells

In the deep-well equipment of the UECN-equipped oil production wells
at the Asomkinsky oil fields ASPO deposits are observed on the inner
surface of the tubing string, beginning from the depth of 800 meters.and
further up. There have been cases of ASPO deposit formation at the
depth of 1000 meters. Besides, in some cases the deposits have been
found on the outer surface of the tubing string, that is in\the hole
clearance. The use of oil production wells without taking any preventive
measures to fight the deposits can eventually lead to the ‘tubing
blockage at the depth of 200 — 500 meters from the well head.



OueHka 3 PEKTUBHOCTUN HEKOTOPbLIX METOA0B NUKBMAALIUN
OTNOXXEHUN B rMyOUHHOM 000pyaoBaHUM O00bIBAOLLNX CKBaXUH

Ona 6opebbl ¢ ACIMO B UOHI npumeHsOTCA HECKONbKO METOO0B
3awmTbl U-yganeHus, Ho Hamboriee pacnpoCcTpaHEHHbIE METOAbl — 3TO
NMPUMEHEHNE CKPEDKOB U NPOMbLIBKA ropsivYen XXNOKOCTbIO.

OCHOBHOE JOCTOMHCTBO 3TUX METOAO0B — Marnasi cebectouMmocTb pabor.
[Tp 9TOM CyUlECTBEHHbIE HeOdoCTaTkKM — BNUSIHUE TemnepaTtypbl Ha
kabenb nogayn SHeprn - K YOLIH, HeOoocTaTouHbil  KOHTPOJSIb
napauHoobpasoBaHus, Mamnasi CTerneHb O4YUCTKM Tpyb un, Kak
cnegcTeBne, HambosbLIMM PUCK ODpasoBaHUA «rITyxon» npodku. Ons
NPOXOXXAeHUsa ckpebka Heobxoaum. CBOOOAHLIN ONaMETP B MecCTe
obpas3oBaHMsA OTNOXEHUA HE MeHee AuaMeTpa »Ckpebka, a Takke
OOCTaTO4YHO HEDOSbLLIOW MHTEpPBAar OTMIOXEHMUN no rmybuHe. Kpome Toro,
nocre nNpoxoXxaeHusa ckpebka octaetca HekoTopoe konuyectso ACIIO,
KOTOpOEe npoAdornkaeT OblTb LUEHTPOM \ Hayana Kpucrtannmsaumm
napaduHa, YTo BeOEeT K YCKOPEHUO 0bpa3oBaHUS HOBLIX KpUCTansioB u
BbICTPOMY HapallMBaHUIO TOMLMHbBI OTIIOXEHUN.



Performance evaluation of some deposit removal

methods for the deep-well-equipment of oil-production
wells

To fight ASPO deposits CDNG uses several tubing protection and
deposit removal techniques, of which the most popular are use of
scrapers and hot liquid washing.

The main advantage of these methods is their low cost. However;,, they
have some serious weak points, such as the effect of temperature on
the pump-feeding cable, low control of paraffin formation and
insufficient cleaning of the tubing string. All these increase the risk of
paraffin blockage. The use of the scraper requires some free space at
the sight of deposit formation (not less than the scraper diameter) as
well as a rather short interval of the deposits down the tubing. Besides,
after the passage of the scraper there is still some deposit left, which
continues to be the center of paraffin crystallization that, in its turn,
accelerates the process of secondary formation of paraffin crystals and
leads to the rapid increase of the deposit thickness.



OueHka 3 PEKTUBHOCTUN HEKOTOPbLIX METOA0B NUKBMAALIUN
OTNOXXEHUN B rMyOUHHOM 000pyaoBaHUM O00bIBAOLLNX CKBaXUH

[lo pesynbratam aHanusa, nposegeHHoro OO0 «KOraHckHUTTNHepTE»
B 1997 rogy Ha ACOMKMHCKOM Trpynrne MEeCTOpPOXAEHUN ObIfo
onpegeneHo, YTo Handonee aPPeEKTUBHBIM CPEACTBOM MO NUKBMAALNUN
ACT10 B CKBaXXMHaXx, 000pya0BaHHLIX YOLIH, ABNAETCA
HarpesaTenbHbln Mpudop Tuna 1-M, nogoepxmBarowmn Temneparypy
Npu MPOXOXOEHUM TOKa Yepes INEeKTponutT. HepocraTtkoM 3TOro
npubopa ABndeTca To, YTO Temriepartypa Co3daeTcs TONbKO Ha Kopnyce
npubopa ” nMpu NPOXOXAEHUM OONbLWOro WHTEPBana napaduHa
BO3MOXHa MOBTOPHAad Kpuctannu3aums B8 BEPXHEW YacCTu, YTO MOXET
NPUBECTU K NpMXBaTy reopursnyeckoro kabens.



Performance evaluation of some deposit removal

methods for the deep-well-equipment of oil-production
wells

According to the results of the analysis carried out in 1997 by
«UganskNIPIneft» Ltd for the Asomkinsky oil fields,. the most
effective means to remove paraffin deposits from UECN-equipped
wells was the 1-M induction heater, which maintained temperature
when current was passing through the electrolyte. The drawback of this
instrument was that the temperature was created only on its case, and
after treating a long interval of paraffin contaminated tubing there was
a risk of paraffin recrystallization in the upper part of the tubing string,
that could even lead to the geophysical cable being “entrapped”.



OueHka 9 eKTUBHOCTM NMPUMEHEHNS KOMMNIEKCa annapaTypsbl
NHOYKLMOHHOIO Harpesa

B 2001 rogy Ha [lpnpasnoMHOM MeECTOPOXAEHUN . MNpUMEHSNnach
annapatypa WHOYKUMOHHOrO HarpeBa ckBaXxuH wMapkn WIB-210. 3a
nonroga 6bino caoenaHo 6onee 400 ckBaXXMHO-orepaunn Mo yaaneHuro
OTNOXEHNN. JTO YCTPOWMCTBO B HACTOSALIEE BPEMA NpeacTaBnsieT cobown
Hanbornee coBpeMeHHbI meTtod no nukeupaumm ACI1O. MNpuHUmn paboThl
9TOro MeToda OCHOBAH Ha HarpeBe MeTarsla TokaMu BbICOKOW YacTOThl, B
pesyrnberate Yero B MECTe MPOXOXAEHUS LLECTUKUIIOrpamMmMoBOro \npnbopa
anameTpom 42 mm HarpeatoTcst cTeHkn HKT n obcagHom KONOHHbI.



Performance evaluation of the induction heating system

The ITV-210 induction heater was used in 2001 at the Prirazlomnoye
oil field. For half a year it removed hydrocarben deposit from over
400 oil wells. At present this instrument is considered to be.the latest
ASPO-removing technique. The method 1s based on high-frequency
heating of metal, so the passage of the instrument (weighing 6 kg and
having 42 mm in diameter) down the tubing string causes heating of
the tubing and casing walls.



BcTpoeHHbIN B KOpnyc npubopa TepMoOMeTp obecneymBaeT WHAMKaLUIO
TemMnepatypbl B MECTe TEKYLEro pacrofioXXeHua npumbopa M No3BONSET
onepaTtMBHO OUEHUTbL AnuTenbHoCcTb Bo3gencTBust Ha ACIIO B kaxgow
TOYKe 3aJaHHOro nHTepaana.

| —— R —e—

OTNMYNTENBEHON OCODEHHOCTHLIDO U MPEMMYLLECTBOM [JaHHOIMO MeToda OT
Hanboree ONU3KNX TEXHUYECKUX PELUEeHUN — HarpeBaTernbHbIX MPUOOPOB —
aBngeTcsa 6onee LWMpokoe TemrnepaTtypHoe BO3AENCTBME 3a CYET Harpeea
BbICOKOYACTOTHbIM WU3MyYEHMEM CTEHOK KOJIOHH, OTCTYCTBME MPAMOIO
KOHTaKTa BblcOKOTEMMNepaTypHon Yactn npmbopa ¢ ACIO, Bo3goencTemne Ha
ACTI10, obpasoBasLUeecst B 3aTPyOHOM NPOCTPAHCTBE CKBAXXMH.



A built-in thermometer provides-in-situ temperature indication and quickly
determines the duration of ‘the instrument action on the
asphaltene-resin-paraffin deposits at every point of the interval.

| — N ——

The advantage of this instrument over similar heating designs is \its wider
temperature action due to the high-frequency heating of the tubing walls,
indirect contact of the high-temperature part of the instrument with

asphaltene-resin-paraffin deposits, and its action on the deposits that have
been formed in the hole clearance.



Harpes npn3abonHon 30HbI MHOYKUWMOHHbLIM HarpeBaTesiem

Face zone heating by e@, of induction heater

TemnepaTypa,x100K remnepaTypa no Z
‘ Ha R3
.9
.8
7|
e
.9
.4
3|
2|
|
0 0.4 05 Paauyc
9
.8
) ,
6 | -
9| -
.4 | + &
.3 Leet ce®
| BT £ et
. < Y 1
.00-*'-'- - ———

0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5[00 BPEMA , MUH




\Hérpes npu3abornHon 3oHbl TOHOM

Face zone heating bymf electric heater (fire-bar element)
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N3meHeHHe CYTO4YHOIO }196"1‘6 M AKOCTH U MEXOYUCTHOTO NepUuoa
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IAMHaMMKa cpeHeCYTOYHOro Ae6uTa XXuaKkocTu




AHarnmM3 ncnonb30BaHUA KOMMIeKca
annapaTtypbl HOYKLMOHHOIO Harpesa

AHanu3 nokasarn, 4To OeduTt ckBakUHbl, korga ee HKT ouunweHbl OoT

OTIIOXEHWI, N3MEHsAeTc B MHTepBarne 3HaveHnin ot 33 1o 14 m3 B cyTtkm ¢
00BOOHEHHOCTBEO npoaykumn 3,5%. CpeaoHecTaTMCTUYECKOE 3HadeHue

nebuta 20 M3 B cyTkn B pexume pabotbl 6e3 otrnioxerun n 12,5 m3 s

cyTkuM ¢ otnoxeHunsamu B HKT. dpdektuBHasg pasHuua — 7,9 M3 B cyTku. 3a
KBapTanbHbI nepmon paboTbl CKBaXXUHbI C OTIOXEHNSAMU NapadnHa.noTeps

0obbiun ckBaxkuHHOM npoaykumn moxeT coctasutb 600-700 M3, nnau

2400-2800 M3 B rog. Obwee nageHve Oebuta CKBaKMHbLI 3a Mepuon
paboTbl Ha Hen annapartypbl WMHAYKUMOHHOrO Harpesa Mo rpaguky 2
ODOBbSACHAETCA TeM, UYTO HarHetatenbHasd ckBaxuHa 3152, snugowas Ha
paccMaTpmBaemMyo O00bIBalOLLYO CHMU3UNA MPUEMUCTOCTb BoAdbl ' C 117
Mm3/cyTknm o 42m3/CyTKM C UIOHA Mecsila, a HarHetaTterlbHaa CKBaXWHa
3151 B utone Boobule Oblfia oCTaHOBNEHA.



Performance analysis of the induction heating system

The analysis has shown that the rate of the well, after it has been

cleared of deposits, varies over the interval from 33 to 14.m3 per day,

the water content being equal to 3,5 %. The average rate value, of the
well free of deposits is 20 m3, while the average rate of the deposit
contaminated well is 12,5 m3, the effective difference being equal to
7,5 m3 per day. Thus, over the period of three months the loss of the
product can amount to 600-700 m3 which equals 2400 — 2800 m3 per
year. The overall decrease of the well rate (yield) over the period of
the well treatment by the high-frequency induction heater, as seen in
Chart 2, is explained by the fact that injection well 3152 affecting the
well in question has (since June) decreased water pick-up from 117 to
42 m3 per day, and injection well 3151 was stopped 1n July.



AnHamMmumnka nMPpPNeMNCTOCTU HarHeTatellbHOW CKBaXWHbI

117 120

107

Ha rpadpuke nokazaHa guHamMukKa NpUEMUCTOCTU HarHeTaTenbHOM CKBaXXUHbI 3152.




[lpeaBapuTenbHasa OLeHKa 9KOHOMMNYECKON 3P PEKTUBHOCTH
MCNOSb30BaHMs annapaTtypbl MHOYKLMOHHOIO Harpeea Ha
mecTtopoxaeHnax OO0Q0Q «JTYKOUTI-TTEPMb»

OueHka 9KOHOMMYECKON 9P PEKTUBHOCTH NCrOS1Ib30BaHUA annaparypbl
NHAOYKUMOHHOIO Harpesa Ha mectopoxaeHusax 000 «TYKOWN-MEPMb» npoBeaeHa
C YYETOM crieayoLwmnx npeanochInok:
- pencteyrowmn  doHg AobbiBaowmx  ckBaxkmH 00O «TYKOUN-MEPMby,
obopynoBaHHbIX YOUH — 1222 ckB.;
- cpeaHuit febut gencTaytolmx cksaxmH 000 «JTYKOWUIT-MEPMby, 060pyAoBaHHbIX
Y3UH, no »xunagkoctn — 48,8 T/cyTKY;
- cpeaHuit febut gencTayrolmx cksaxmH 000 «[TYKOWUIT-MEPMby, 060pyA0BaHHbIX
YOUH, no HepTn — 9,4 T/CyTKY;
- nonHasa cebectonMocTb A06bun HedpT OO0 «JTYKOWN-NMEPMb» B 2005 rogy —
1402 py6./TOHHA;
- cLueHapHble ycriosus ucnonbayemslie B HK NMNYKOWN gns pacyeta adhekTUBHOCTU
WHBECTULIMOHHbIX NPOEKTOB;
- OndpdepeHUMpPOBaHHbIMN  BEPOATHOCTHbLIN MNOAXOA, OCHOBaHHbIMW Ha [OaHHbIX

MPOMBICNOBLIX UCNbITaHWA Ha [MpupasnomMHoM MecTopoxaeHun (YBeENnUYEHME
nebuta Ha 10%, 20% n 30%).



Preliminary._cost-effectiveness analysis
of the induction heating system

used at “LUKOIL-PERM™*owned oil fields

Preliminary cost-effectiveness analysis of the induction heating system
used at “LUKOIL-PERM?” oil fields has been performed with the
following taken into account:

The total number of operating oil production wells (equipped with
UECN pumps) owned by “LUKOIL-PERM” is 1222 wells

The average rate (yield) of the UECN -equipped operating wells is 48,8
tons per day (total liquid)

The average oil production rate of the UECN-equipped operating wells
is 9,4 tons per day

The total cost of oil production by “LUKOIL-PERM” Ltd in 2005 equals
1402 roubles per ton

The scenarios used by LUKOIL to calculate the investment projects
efficiency

A differentiated probabilistic approach based on the data of the field
tests conducted at the Prirazlomnoye oil field (rate increase by 10%,
20% and 30%).



CueHapHBble-yCroBUA 1 pesynbTaThl NpeaBapuUTeNnbHON OLIEHKU
9KOHOMUYECKON 3PPEKTUBHOCTN UCMNOMNb30BaHUA annapaTypbl

NWHOYKUMOHHOIO HarpeBa Ha MEeCTOPOXOEHUAX
000 «JTYKOWUN-MEPMb»

| Cuewapmweyenomws | | 2005 | 2006 | 2007 | 2008 | 2008 | 2010 | 2011 | 2012 | 2013 | 2014 |
___ _______
Kypcponnapa | pye | 280 | 285 | 285 | 293 | 302 | 314 [ 320 | 329 | 339 | 349 |
-mlm

I/IH,D,EI\C LieH NPOMBbILLNEHHOCTU B Poccum K n;)epplpymemy
00"/ GO"/ 50/0 SOA) 50"/ 50"/ SOA) 50"/ 50%

Bupesan yena Ha Hedrb (brent $/Gap _____ ___

oy A SPION IS | oy | om0 | wa | as | as | s | e | s | s | 1a| 20
{brent) $/6ap

oo | s | s | s | s | o | s | s | s | s | s | s
BKCMOPTHOW NMOLUAWMHOW 189,3 1594 162,3 150,0 152,9 155,8 158,7 160,9 163,8 166,7

| 2610 | | 3748 |
Axuns, nownwwa,savpans | 0 [ ]
craskammexowa 0 7 [ ]

PesynbraTtbl pacyeToB:

Pe3ynbratbl pacyeToB ABNAKTCA NpeasBapuTeSibHbiMU M OCHOBbLIBAOTCA Ha BblllenepevncrneHHbIX npeanochlsikax.
[na getanbHOW OLUEHKM 3KOHOMUYECKON SPdEKTUBHOCTN HEOBXOAUMBbI Boree ToOYHbIE AaHHbIE, OCHOBaHHbIE Ha
NpoBeAeHHbIX MPOMBbICITOBbLIX UCMbITaHUAX. Kpome Toro, perynspHoe ncnosib3oBaHue annapartypbl MHOYKLMOHHOIO
Harpesa NO3BOSINT COKPATUTb KONMMYECTBO NOA3EMHbLIX PEMOHTOB CKBaXXMH, CBA3aHHbIX C YACTKOM Nnudta 1
OTKa3aTbCH OT psiga NPOMbIBOK ropsavyen HeddTbio, NPy 3TOM He OCTaHaBnNuBas paboTy CKBaXKMH.



I'Ipe,u,BapM JibHaA oueHKa CTOMMOCTN pa60T C UCIOJ1Ib30BaHNEM

arnmfapartypbl UHOYKLUMOHHOIO HarpeBa Ha MECTOPOXOEHUAX

000 «JIYKOMM-NMEPMb»
N

36 858,3
73716,7

AN 110 575.0
A2 2120
M8 530,6

\\ 061,3
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U3meHeHne cyTo4YHON AO00bIYM NPOAYKLUUN OT HapacTaHuA
TonwuHbl ACINO Ha BHYTpeHHuX cteHKkax HKT

Changing well production rate with the increase of ASPO
thickness on the inner walls of the tubing

M3/CYTKM




BbeiBOObI 1 pekoMeHaaL MK

Hanbonee addektuBHbiMmn ana nukempgaumm ACIO B ckBaXKMHaX,
obopyaoBaHHbIX YOLH, aBnswoTca MeToa MHOYKUMOHHOIO Harpesa,
NCMNOMb3YIOLWNNA TOKM BbICOKOW YacTOTbl W HarpesaTenbHble nNpubdopsbl
C HarpeBaHMEM J3IEKTPOSINTA Mo AENCTBNEM TOKaA.

OTnMunTeNbHONM OCODEHHOCTLID MHAYKUMOHHOIO MeToda sBndeTcd
BO3MOXHOCTb nukeugaumm ACIIO wn3 3atpybHOro npocTpaHcTBa
CKBaXMH W nNporpeB He Tofbko CcTeHoK HKT. HO W ».CTEeHOK
aKCnnyataunoHHON KOMOHHbI.

B uensiXx CHWXEHUs1 SKONMOMMYeCcKUX PUCKOB U  «PUXBaTOB»
obopygoBaHMs Npu NPOBEAEHUN MNOA3EMHLIX PEMOHTOB. CKBaXXMH
pekomMeHayeTcd nepen noagbeMoM  KomoHHbl HKT  npoBoAUTH
0bpaboTKy annapaTtypown MHAYKUMOHHOIO HarpeBsa.

Aicnonb3oBaHne HarpeBaTenbHbiX npubopoB Tuna TIOH' He
pekoMeHayeTca n3-3a BO3MOXHOCTM obpa3oBaHUA NMpu BO3OENCTBUN
Bbicokou TemnepaTypbl Ha ACITO HepacTBOPUMbIX BELLECTB.



Conclusions and recommendations

At present the most effective techniques to remove
asphaltene-resin-paraffin deposits (ASPO) from 0il production
wells are high-frequency induction heating systems and heating
devices using the principle of electrolyte heating by electric
current.

The advantage of the induction heating technique is its ability to
remove ASPO from hole clearances and to heat not only the
walls of the tubing but also of the casing string.

In order to minimize ecological harm and avoid equipment
“entrapping ” during underground well repairs it is advisable to
treat the tubing string by induction heating prior to its lifting.

The use of electric heaters is not advisable because of the risk
of the formation of insoluble compounds as a result of the effect
of high temperature on ASPO.



HE$®TAHAA KOMITAHWA « KOKOC » OTKPBITOE AKI[HOHEPHOE
OBI[ECTEO « IO AHCKHE®TEL A3»

HEDTEASOHOBLIBAICIIEE ¥TIPABJIEHHE
«IIPABJHNHCKHE®TDBb»

625331 nmoc. [TolKoBCKHE
TroMeHCKOK 0DACTH, ten. 1-01-03; 1-02-97
HI Y ¢[IpapguuckredTs" darc 1-42-96; 1-02-96

OTt2eE 0 pabore 000 [IK® «YITHC».

000 [Kd «¥TIHCy» oxasrlaeT yoIyTH N0 JHKBHOALMH THOpPaTO-IapadHHOBERIX
omokeri ([TIO) gma HIAY «lIpapmmcined e (OAO «FOrancrkHedTerasy) c
anpena 2001 mo more 2002 ropa Jhmeupaima [TIO mpousBomMIcA armapaTypoH
HHIYKUMOHHOT 0 Harpeea ckeakuH Mapkd MTB-210. 3a nepuop pabotel cpemano 969
peMoHTOE Ha [IpupasnomHoM H [TpHobcrom MecTop o IeHHay, IpeTeHsuH K paboTe
He mmeeTcd JIaHHEIA MeTOQR ABJAETCA OOHHMM M2 CaMEXX COBpPEMEHHEXX H
3KOHOMHYECKH 3(d eKTHEHERL.

H.o. Hagyameruka TOITMKPC )
HI'AY «IIpaeguHcKHE GTE? é B.H Koszenxo
S




Report by “Pravdinskneft” (UGANSKNEFTEGAS
oil and gas production department) on the works carried out

by PKF “UPNS”, Ltd

PKF “UPNS”, Ltd provided GPO (hydrate-paraffin deposits) removing
services to ‘“Pravdinskneft” from April, 2001 to “June, 2002. The
deposits were removed by means of the ITV-210 well induction heater.
During this period as many as 969 oil production wells at the
Prirazlomnoye and Priobskoye oil fields were treated. “Pravdimskheft”
1s fully satisfied with the contractor’s work. The method used appears
to be one of the latest and cost effective ASPO-removing techniques.



