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Onsim 3anpasru 2uOKOU mpyouvt
2eopusuueckum kaoenem

6 PYII IIpou3eoocmeennoe
oo0sedunenue «benopycrnedpmo»

Belorusneft Experience of Loading
the Logging Cable into The Coiled Tubing
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I'mbkue Tpy6r! (I'T) paHee NpHUMEHSINCDH B
OCHOBHOM IPU KAIITUTAJIbHOM PEMOHTE CKBA’KUH B
OI'PAHUYEHHON TEXHOJIOTMYECKON HUIIIE: TPOMBIBKA

CKBaKUH 11ocyie I'PIT 1 BBI3OB IPUTOKA U3 IJIACTA.

Konmpons usroca
Konmpons usrnocal T 'p
2e0¢bu3UHecKo20 Kabens

Gl P e Logging cable wear monitoring

B nocnegHme rofpl B CBA3U C POCTOM OYPEHU S
TOPU30HTAIBHBIX CKBAXKUH ['T CTamu NPUMEHSATHCS

IIposepra conpomueenis

pU re0PU3NICCKUX UCCIEAOBAHUAX CKBAKHHBI,
nep@OpaIrOHHBIX PA60OTAX, KOITIOOMHI'OBOM
OypEeHMHU Ha Jlenpeccruu. I1Ipu JaHHBIX ONEPAIIHIX
KOHTPOJIb BHYTPHUCKBA’KUHHBIX [TAPAMETPOB B

USOAUUU HCUTLBL 280PUSUMECKO20
IIpumenrerie CUCIem KOHIMPOTLAL. Kabens

COGHIER (O RO R erT) Insulation resistance check of the
Use of CT condition monitoring logging cable conductor

system (defect detection)

PEXUME PEATTBHOTO BPEMEHU ABJIAETCS OCHOBHBIM
TPEOGOBAHUAM BBIIIOJIHEHUSA PA00T. KauecTBO

OueHKa KopPO3UOHHO20 USHOCA
6pPOHU 2e0pU3U1ECKO20 KAbesIA

BBITIOJIHEHU I KOJITIOOMHI'OBBIX PA0OT B PEKHME
PEABHOIO BPEMEHU 34BUCUT OT KAOEJIbHOM
JIMHUU CBSI3U, KOTOPAS OOPA3YETCs IPU HATUYUU
reopusnueckoro kadess B I'T. Teopusnyecknii
Ka0eJIb 3aMIPABIISIETCS HA 3aBOJIE — U3rorosuresne I'T,
4 TAK)KE C IPUMEHEHUEM CHEUAIN3UPOBAHHOTO

Assessment of the corrosive wear

ARl of the logging cable armor

CReYUANUSUDOBAHHBLX

NPOPAMMHBLX NPOOYKIMOE O/
NAAHUPOBAHUA U AHASU3A PAOOM.

Dpgpexmusroe xparerueI'T ¢

Use of special software for job
2eopusuneckum Kkabenem

planning and analysis

060PYNOBAHUS UJIN IPU NPOBEJEHUH

Efficient storage of CT with logging
cable

TEXHOJOTMYECKUX onepanuit. 3anpaska I'T
reo(pU3NIECKUM KA6EJIEM BBIIIOIHAECTCA IIPU
CIEAYIOMNX HEOOXOANMBIX PA60TAX: OCHAICHUE
I'T HOBBIM Ka6€JIEM; 3aMEHA KAOEIISL B CIIYYAE €ETO

Yuem onunol u Hapabomxu Ha
2eopusureckuli kadeao

Dpgpexmusroe xparerue T

CT efficient storage
Logging cable length and run-life

ITOBPEXKCHUST; U3BICYCHUE (3AIIPABKA) KAOEIA
B ciIy4ae nospexzaeHus I'T ¢ nocaeayommum

reporting

MIPOBEICHNUEM €€ PEMOHTA.
C 1e1bIo NPO(PUIAKTUKH U UCKIIOUCHU S —

TEXHOJIOTUYCCKHUX HapyIHCHI/Iﬁ, CBA3AdHHBIX C

C B0eBPeMEeHHAS 3AMeHA

Ceoespemeriviii pemornm T 2e0(hu3U™ecKoz0 Kabens

Timely replacement of the logging
cable

Timely CT maintenance

nospesxaeHueM I'T u reopusngeckoro kades,
HEOOXOAMMO BBIIOIHATD PAJT MEPOIIPUATHI, IIEPEYEHD
KOTOPBIX IIPUBEJIEH HA PUC. 1.

CyIIeCTBYET HECKOJIIBKO BAPUAHTOB TEXHOJIOIUNA
ocHaieHus I'T reopruznyeckum Kabeaem 1in ero
3aMEHBI B CJIy4Y4€ U3HOCA:

* ciycK B ckBaxuHy I'T 1 nocnepyromuii cnyck B I'T
reo(pU3nYECKOro Kadeis;
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Pucynox 1 - Meponpuamun Ona ucKatouenus
MexXHON0ZUUECKUX HAPYUEHUTE, CEASAHHBLX C
nosepescoenuemI'T u zeogpusuuecrkozo kacenn

Figure 1 - Measures to prevent and to eliminate
process disturbances related to CT and logging cable
damage



¢ pacnosnoxeHnue I'T Ha TOBEPXHOCTH 3EMJIU C
nocaenyomum ocHamenueM I'T reopusnueckum
KabeJIeEM TH/IPABIMYECKHM CIIOCOOOM (3aMBIBKOL);

¢ IPUMEHEHHE KA6EIBHOTI'O HHKEKTOPA,

COUYETAIOUIETO MEXAHUYECKOE TPOTAIKUBAHUE

reo(PU3UYECKOr0 KA6€EIs C €0 3aMBIBKOH TPU

pacnonoxenuu I'T Ha y371€ HAMOTKH.

3anpaska I'T reopusnyeckum kadenem B PYTI
«[IpON3BOJACTBEHHOE OOBEJUHEHUE «BETOPYCHEPTD>
MPOBOJMJIACE KaK ITyTeM CITyCKa I'T' B CKBAXKHHY, TAK U
C IPUMEHEHUEM KAOE€TBHOI'O MHKEKTOPA.

B npouecce 3anpasku I'T reopusndeckum Kkabenem
nyTeM Ciiycka I'T B CKBaKMHY BBIABJICHBI CJIEYIOIINE
HEJOCTATKU:

1) HU3KUHI YPOBEHb OE30IIACHOCTHU BEACHUS pAOOT;

2) OPOJOIKUTEIBHOE BPEMS BBIIIOTHEHUA PA6OT
(96 gacon);

3) BBICOKHE (PMHAHCOBBIE 3ATPATHI HA PEATTU3ALIHIO
TEXHOJIOTUH;

4) monomHUTENBHBIN U3HOC I'T B mporiecce ee
CITyCK4 B CKBAXKUHY U HAMOTKH HA y3€JI HAMOTKH
KOJITIOOMHTOBOM YCTAHOBKU;

5) BBICOKas CTENEHb PUCKA IPOBOAUMBIX PAOOT;

6) HammYue 6E30MACHOM ISt CITyCKa ['T CKBAKMHBI
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[ITy6UHOM, peBbImaiomest ymny I'T 10 5%. ) 15’(")%’?101’2 ’fo—s féﬁ,‘zf;’ggf,’,’,’: UHICEKMOP nPou3eoocmea

JJ1s1 ICKJTIOUYEHUSI TEXHOJIOTMYECKUX OCTIOKHEHU . .
U IPOOIEM 6E30IIACHOCTHU B IPOLIECCE PAOOT ffs%:,',‘,‘fgigki%%e injector manufactured by
crienuanucTol PYIT JIponsBogCcTBEHHOE
ob6peguHEHHE «BETOPYCHEPTD> C IPUMEHEHUEM Formerly coiled tubing (CT) was used mainly for
KOMIUIEKTA OO0OPYAOBAHUA I OCHAIeHuA ['T well workover in a narrow technological niche:
reo(pu3nIeCcKuM KabeneM (KaOeJIbHOIO NHXKEKTOPA, post-frac well clean-out and stimulation treatment.
puc. 2) npoussoactsa OO0 «IICKOBreokadenp» In recent years due to the increased drilling of
BBITNIOJTHWJIM U3BJICYCHHE TIOBPEXKICHHOTO horizontal wells, CT has been used for geophysical
reopusnyeckoro kadensa uz I'T 50,8 MM (m1nHa well logging, perforation jobs, and underbalanced
3700 M) ¢ nocaenyomen 3arnpaskoi B I'T 50,8 Mm CT drilling. During such jobs online monitoring of
HOBOT'O Ie0(PU3UYIECKOTr0 Kadbes (quaMeTp 9,4 Mm) the down-hole parameters is the main requirement
B METAJUTMYECKOM 6POHE JUIMHOI 3760 M. for the performance of operations. The quality of the  p

KomruiekT 060pyOBaHUS JJ151
ocHameHus I'T reopuznyeckum
KabesieM IIPOU3BO/ICTBA
OO0 JIckoBreokabenb»
MIPEHA3HAYEH /IS 3AMIPABKU
I'T reopusnyuecKkum KabeneM
U 3aMEHBI TOBPEXICHHOTO
MIyTEM MEXAHUYECKOT'O €rO
MPOTAJIKUBAHUS B TOJOCTb I'T 1
32KAYKOH BBICOKOCKOPOCTHOTI'O
OTOKA XKUJKOCTH (puC. 3). COCTaB
KOMIIJIEKTA OOOPYJOBAHUSI /111
ocHaneHus I'T reopusnyeckum
KabeJjieM IPEACTABIICH Ha PUC. 4.

B xOMILJIEKT O60PYIOBAHUS
BXO/IUT yCTPOHUCTBO HAMOTKU
Kabess (OThallee yCTPOUCTBO) 1,

Ha KOTOPOM MOHTHUPYCTCS Pugyuon 3 - Komnaexm o60opyoosanus oaa ochawenusn I'T zeopusuueckum
NpUEMHBIN 6apabaH (O6yxTa) 2 C kaoenem
reopru3nydeckuM kabesnaem. Jlanee 2 Figure 3 - Set of equipment for loading the logging cable into the CT
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1 —ycmpoiicmeo Hamomxu xadens; 2 — npuemmuslii bapabar
(©YxXma); 3 — KOMNeHcamop; 4 — MexanuecKuti CHemvuK;
5 — cansHUKo8oe YCmpolicmeo; 6 — KaOenbHbLLl UHICEKMOP;

7 — 2PY30n00BeMHAL CMPELa C MAJbio; 8 — KAOeIbHbLIL YCKOpUmMelb;

9 —memannuuecxasn pazbopmas pama; 10 — nyaemynpaenerus

1 — spooling unit; 2 — reel (cable coil); 3 — compensator;

4 — mechanical counter; 5 — stuffing box; 6 — cable injector; 7 — lifting
beam with hoist; 8 — cable accelerator; 9 — dismountable metal frame;
10 — control panel

Pucynox 4 - Cocmae komnaexma 000py008aHus Onsn
ocnauwenuaI'T zeogpusuueckum xaoenrem

Figure 4 — Composition of the equipment set for
equipping the CT with the logging cable

Ka0€JIb PACKIAABIBAETCSA B KOMIIEHCATOPE 3 KOHTPOJIA
HATSOKEHU S Ka6€Is U IPOTATUBACTCS YEPE3
MEXAHUYECKUU CUETUYUK 4, HO3BOISIONIUI BECTH
yUeT JIMHBI Kabes, 3aMbIToro B I'T. Jlanee kabenb
IOAAETCA YEPES CAJIbBHUKOBOE YCTPOKHCTBO 5

B Ka6EIbHBINM HHKEKTOP 6. CATTBHUKOBOE YCTPONCTBO
06€eCIEYNBAECT FTEPMETUIALIUIO KAOEIIA IPU ETO
3aMbIBKE B ['T. MOHTAK M1 IEMOHTAK IIPUBO/THOT'O
MEXAHU3Ma KA0EJIbHOI'O MHXKXEKTOPA BBIMIOHAETCA C
IIOMOIIIBIO I'PY30IOABEMHOM CTPEIBI C TAJIBIO 7.

M3 KaGEIBHOI'O MHXKEKTOPA KA6€Ib IPOXOANT

4epe3 KaOEIbHBIN YCKOPHUTED 8 17151 O6ECIEUCHU S
CBOOOAHOIO NPOJBUXKEHU S Kabesist uepe3 I'T.
Pabouas xxkuKkoCcTsh (BoAa) nojgaetcs B I'T uepes
MaHUDOIBAHBIN TPOUHUK. MTHTEHCUBHOCTD IOTOKA
4Jepes KAOEIbHBIN YCKOPUTEIb PETYIUPYETCS

OyTEM U3MEHEHUA MTEPENAA AABJICHNUSA HA

Jpoccerie C py4YHBIM ylIpasjaeHueM. [IpoaBuskeHue
reousnyeckoro kadess BHyTpu I'T obecrieunBaeTcs
BBICOKOCKOPOCTHBIM ITOTOKOM >KUJIKOCTH. 17151
OTBOZA IPOCAYMBAIOLIENCA B CAJIbBHUKOBOM
YCTPOUCTBE XKUAKOCTH CIIYXKUT APEHAKHASA TUHUSL.

C LIEJIBIO OITOPBI U MOHTHUPOBAHUSA HA OTHOM

YPOBHE 3JIEMEHTOB KOMIUIEKTA OO0OPYAOBAHUA
NPEIYCMOTPEHA PA30OPHAS METAJUIMYECKAA pama 9.
VIIpaBIEHUE BCEMU MEXAHU3MAMM KOMILIEKTA
060PYNOBAHNA, A TAKKE KOHTPOJIb 3aIIPABKU
reopusnueckoro kadesus B I'T ocymecTsiageTcs ¢
NOMOIIBIO NyJIBTA yIIpasaenud 10.

TexHnueCcKne XapaKTEPUCTUKUA KOMILIEKTA
060pyAOBaHUA 151 OCHaIeHU ['T reoprnznyeckum
Kabenem:
* MaKCHMaJIbHOE padouee aasnenue —/0 MI1a;
* "ITUAMETD 3aIPaBIIeMOro kademns — 94 u 10,2 MIa;
* MaKCHMAaJIbHAA CKOPOCTD 3AITACOBKHU KaOeIsa —

710 50 M/MUH,;
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performance of CT operations depends on the

cable communication line which is set up if the

logging cable is lodged in the coiled tubing. The
logging cable is loaded at the CT manufacturing
plant as well as by means of special equipment or
during production operations. The logging cable is
loaded into the coiled tubing during the following
operations: equipping of the CT with a new cable;
replacement of the cable if damaged; removal/
loading of the cable from/into the CT in case of CT
damage with subsequent maintenance.

In order to prevent and to eliminate process
disturbances related to CT and logging cable damage it
is necessary to implement a set of measures the list of
which is given in Fig. 1.

There are several methods of equipping coiled
tubing with a logging cable or its replacement in case
of wear:

* running-in-hole of the CT and subsequent lowering
of the logging cable into the CT;

* deploying the CT on the land surface and then
hydraulically equipping the CT with the logging
cable;

* using a cable injector combing mechanical pushing
of the logging cable and hydraulic equipping if the
CT is on the reel.

The logging cable was loaded both by running-in-
hole of the CT and using a cable injector.

When loading the logging cable into the CT by
running-in-hole the following drawbacks were
identified:

1) low level of operational safety;

2) long duration of the operation (96 hours);

3) high financial costs of implementation;

4) additional wear of the CT during running in-hole and

winding back onto the reel of the coiled tubing rig;

5) high risk level of the operation;

6) presence of a well which would be safe for running-

in-hole with a depth exceeding the CT length by up
to 5%.

In order to prevent and to eliminate process
disturbances and safety issue during operations,
specialists from Belorusneft using a set of equipment for
loading the logging cable into the CT (a cable injector,
Fig. 2) manufactured by Pskovgeokabel removed the
damaged logging cable from the 50.8 mm CT
(3700 m long) and then loaded a new logging cable
(94 mm diameter) with metal armor and a length of
3760 m into the CT.

The equipment set for loading the logging cable into
the CT manufactured by Pskovgeokabel is designed to
equip the CT with the logging cable and replacement of
the damaged cable by mechanically pushing the cable
into the CT cavity and injection of high-velocity fluid
flow (Fig. 3). The composition of the equipment set for
equipping the CT with the logging cable is given in Fig. 4.
The equipment set includes a spooler (pay-off) [1],



¢ pabouas cpelia — BOJa;
* MaCC4 BCETO KOMIUIEKTA 060pyAoBaHUA — 800 KT;
* IIPUBOJ, KA6EIBHOI'O HMHXKEKTOPA — AEKTPUYECKUL;
* HOMHUHAJIbHOE HAIIpsKeHUE muTanus — 380 B;
e oTpebasgseMast MOIHOCTD — 18 KBT;
¢ HOMHHAJIbHA 9aCTOTA TOKA — 50 I'1x;
* MAKCUMaJIbHAS MACCA IPUEMHOTO 6apabaHa —
3800 kT.
* [na opyaux munopasmepos Kaoeis nposooUmcs 3ameHa
CdﬂbHMKOBOZOyCmpOZZCWZG(l.
PeXMMHO-TEXHOJIOTMYECKUE TAPAMETPHI 3AIIPABKU
I'T 50,8 MM reou3ndecKuM Kabenem 9,4 Mmm
MPUBEJICHEI B TA6IL 1.

Tabnuua 1 — Pexscumno-mexnoarozuiuecKue
napamempuot 3anpasxu zeoPHu3zunecKkozo Kadens
9 4mmeIT50,8mm

Table 1 — Technological parameters of equipping
the 50.9 mm CT with the 9.4 mm logging cable

Pesicumnvie napamempot 3nauenue
Operating parameters Value
ZJlasnerue naznemarus 20-25 MIla

Injection pressure 20-25 MPa
Pacxo0 acuoxocmu 5-10n/c
Fluid flow rate 5-10 l/sec
CKopocms 3anpasku Kabens 5-12 m/mun
Cable loading speed 5—12 m/min

O611ee BpeMs Ha BBIIIOJIHEHUE PA6OT MO 3aIIPABKE
reouandeckoro kadena s I'T 50,8 MM € yueToM
CH6OPKHU, HACTPOUKH U Pa360OPKU KOMILJIEKTA
060PYJOBAHUA COCTABUIIO 48 4acoB.

Pe3ynbraThl pabOT C HPUMEHEHHUEM KOMIUIEKTA
o60pynoBaHus st ocHaleHus ['T reopusznayeckum
Ka6esnem B PYIT JIpou3BO/ICTBEHHOE OO'bEJUHEHUE
«benopycHE(dTh» TOKA3AIH:

1. KommieKT 060pyZOBaHUsA (KAOEIbHBIA HHXKEKTOP)
Pa60TOCIOCOOEH U NIPETHAZHAYEH /1151
BBIIIOJIHEHU S PA0OT IO 3aMPABKE (U3BJICUCHUIO)
reodusndeckoro kadens B I'T.

2. Bnpornecce paboT 06€eCneueH BBICOKUI YPOBEHD
0€30MACHOCTH BBINIOJIHEHUS PAOOT HA OTAEIBHO
OTBEJICHHOI IMJIOIIAJJKE B CDABHEHUH C pAaOOTAMHU
0 3aMPABKE KA0€JIA B CYIIEHHYIO B CKBAXKUHY ['T.

3. 3aTpaTbl BDEMEHU HA 3aNIPaBKy ['T
reo(pU3nIECKUM Ka6€eeM C IPUMEHEHUEM
Ka0€JIbHOI'O MHXXEKTOPA B 2 Pa34 MEHBIIIE, YEM
MDY 3ANIPABKE KAOEJIA B CITYIIEHHYIO B CKBAXXUHY
I'T.

4. KabGeJbHBIA HHXKEKTOP ITO3BOJISET: BBIIIOIHATD
CBOEBPEMEHHBIA PEMOHT I'T, OCHAIEHHOI
reo(pU3nIeCKUM Kab6€eIeM; 3aMbIBATh
HEOOXOAVMMYIO JOIIOJIHUTEIBHYIO JUTUHY
reo(prU3nIeCcKOro Kabdes; CHU3UTh (PUHAHCOBBIE
3aTPAThI HA IPOBEEHUE PAOOT MO 3AMEHE
reo(pU3nIECKOro Kabes.

Eciu cpaBHUBATB CYIIECTBYIONINE TEXHOIOT U 4

on which a reel (cable coil) is mounted [2] with

the logging cable. Then the cable is placed into the

compensator [3] of the cable tension control and

stretched through the mechanical counter [4] which
allows keeping track of the cable length loaded in the

CT. Then the cable is fed through the stuffing box [5]

into the cable injector [6]. The stuffing box ensures

cable sealing when loading into the CT. The actuator

of the cable injector is mounted and dismounted using

alifting beam with a hoist [7]. From the cable injector

the cable goes through the cable accelerator [8] to

ensure free movement of the cable through the CT.

The working fluid (water) is fed into the CT through a

manifold T-piece. The intensity of the flow through the

cable accelerator is regulated by changing the pressure
differential on the manually operated choke. The
movement of the logging cable inside the CT is ensured
by high-velocity fluid flow. The infiltrating fluid in the
stuffing box is removed using a drainage line. To ensure
support and same-level installation of the components
of the equipment set a dismountable metal frame is
provided [9]. All the mechanisms of the equipment set
and loading of the logging cable into the CT is controlled

from the control panel [10].

Technical characteristics of the equipment set for
equipping the CT with the logging cable:

* maximum working pressure —70 MPa;

*diameter of the loaded cable — 9.4 and 10.2 mm;

Maximum reeving speed — up to 50 m/min;

working medium — water;

total weight of the equipment — 8000 kg;

drive of the cable injector — electric;

rated supply voltage — 380V;

required power — 18 KW/,

rated current frequency — 50 Hz;

maximum weight of the take-up reel — 3800 kr.

*In case of other types and sizes of the cable the stuffing box is

replaced.

Technological parameters of equipping the 50.8 mm

CT with the 94 mm logging cable are given in Table 1.

The total duration of loading the logging cable into
the 50.8 mm CT including assembly, adjustment and
disassembly of the equipment set amounted to 48 hours.

Use of the equipment set for equipping the CT with
the logging cable by Belorusneft produced the following
findings:

1. The equipment set (the cable injector) is operational
and is designed to load/remove the logging cable
into/from the CT.

2. Ahigh level of operational safety is ensured by using a
dedicated site compared to cable loading into the run-
in-hole CT.

3. Loading of the logging cable into the CT using the
cable injector requires twice as little time as loading of
the cable into the run-in-hole CT.

4. The cable injector makes it possible to perform timely
maintenance of the CT equipped with the logging 4
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3aMpaBKU Kadesd B I'T, TO CTAHYT OYE€BUAHBI
NPEUMYIIECTBA TEXHOJOIUH IPUMEHEHU
Ka6eJbHOrO HHKEKTOPA. C 11€1bI0 6€30ITACHOrO
BEACHUA PAOOT, IPOAJIEHUS CPOKA CITyKObI

I'T, CHU>KEHM A BDEMEHU BBITIOJTHEHU S Pa6OT

Y COKPAIECHUS (DMHAHCOBBIX 34TPAT 3AMEHY
reousnueckoro xkadesns B I'T mpeAnodTUTENBHO
OPOU3BOAUTH C UCHIOJIBb30BAHUEM KAOETBHOTO
UHXKEKTOpA. ©
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cable; to lower the additional required length of
the logging cable; to reduce financial costs for the
replacement of the logging cable.

When compared to the existing methods of loading
the cable into the CT the advantages of using a cable
injector become apparent. To ensure operational
safety, prolonged service life of the CT, reduction in the
performance time and financial costs, it is preferable to
replace the logging cable using a cable injector. ©



