technologies

FHKT - UTHHOBALIMOHHDbIE TEXHOJIOrN
AJTH VHUKAJIbHOINo ACTPAXAHCKOIO
FASOKOHAEHCATHOIo MiECTOPOXXAEHWNA

A.B. CABUH, P.P. CAJIJIEEB, K.B. BYPIHH (IIL1romGep:xe),
B.B. HUKUTHH, I.X. MAKCYTOB (OO0 I'a3npom Jo0bI4a ACTpaxaHb»),
AM. CTEIIOK, T.P.JOB>KAHHUI3E (OO0 Taznpom reodusunka»)

AV.SAVIN, R.R. SALDEEYV, K.V. BURDIN (Schlumberger),
V.V. NIKITIN, G.H. MAKSUTOV (Gazprom Dobicha Astrakhan),
A.L. STECJUK, T.R. LOBZHANIDZE (Gazprom Geofizika)

Komnanus dIlmoMbep:xe» MIMPOKO NPUMEHSET B Poccuu
TexHonoruu 'HKT Ha HEPTAHBIX U I'Aa30BBIX MECTOPOXKCHUSIX
MIPU IIPOMBIBKE CKBAKUH, THTEHCU(PUKAIITUU IPHUTOKA,
KAPOTAKHBIX PA60TAX, 4 B IOCJIETHEE BPEMS U IPU OYpEHNUU
TOPU3OHTAJIBHBIX CKBA’KHH. YCIIEITHBIN OITBIT IPUMEHEHU
T'UOKUX TPYO B YCIIOBUAX BBICOKOKOPPO3UIHOM CPEJBL, BBICOKUX
TEMIEPATYP U JABJICHUH CBS3aH C ONEPALIUAMU HA YHUKAJIBHOM
ACTPaxXaHCKOM Ir'a30KOH/JIECHCATHOM MECTOPOXKIECHUU,
pa3paboTky koToporo segeT OO0 «['a3npom 1066194
AcTpaxaHb».

JlaHHOE MECTOPOXKAEHHUE OOIAAAET OUEHD )KECTKUMHU B
KOPPO3UOHHOM OTHOIIEHUH YCIOBUAMM PEMOHTA. COYETAHNE
TAKUX CKBAXKUHHBIX ITAPAMETPOB, KAK MOJIAPHAA IOJIS
CEpPOBOZOPO/A B TIIACTOBOM (hittousie 10 26%, 3460 Hast
TeMreparypa okosto 110 °C, ruracToBoe gasienue 10 60 Mma
JIA€T SKCTPEMAJIBHO AT PECCUBHBIE YCJIOBU S, KDAHHE HETATUBHO
BO3Z/JICUCTBYIONIUE HA OOOPYAOBAHUE NTPH NPOBEJEHUHN PEMOHTA.

MeCTOPOXAECHUE Pa3pabaThIBACTCS C cepeUuHBI 80-X
T'OZIOB, IIPH 3TOM B COCTABE MOA3EMHOI'O OOOPYIOBAHHUSA
YCTAHABIUBAETCA XBOCTOBUK A/IMHOU 100-200 M Ha ypOBHE
nepGOPUPOBAHHOIO UHTEPBAJIA (JINOO, B HEKOTOPBIX CIy4aix,
OTKPBITOT'O CTBOJIA), YTO MOXET CO3/1aBATh TPYJHOCTHU IIPU
PEMOHTE BBUAY KOPPO3UH METAJLIA XBOCTOBUKA, BCIIEACTBUE
KOTOPOW MOBBIMAETCA BEPOATHOCTD puxsata 'HKT Ha 3a60€.
ITpu npoBeieHNN PA0OT C HUPKYIALUEN PAOOUIEH XKUAKOCTU HA
MOBEPXHOCTD OTKUTI CKBAXKWUHHBIX (DIIIOUOB IMIPOOIEMATUYEH
MU3-34 OIM30CTHU HACEJIEHHBIX ITYHKTOB U HEOIATONIPHUATHONU
PO3BI BETPOB.

HecMOTps HA BBIIENIEPEYUNCICHHBIE TPYLHOCTH, IPUMEHEHUE
I'HKT a1 pEMOHTA CKBAKHUH OIPABAAHO IPEXK/IE BCETO
MEHBIIUM NoBpexaeHueM [1311 B CpaBHEHNH C TPAJAUITMOHHONU
TEXHOJIOI'MEH PEMOHTA (TIOCKOJIbKY CKBAKMHA HE IVTYIIUTCA

CHARACTERISTICS OF ASTRAKHAN
GAS CONDENSATE FIELD (AGKM)

CT technologies are widely implemented by
Schlumberger in Russia for cleanouts of oil and
gas wells as well as for production stimulation,
logging and also drilling the horizontal wells.

CT operations in Astrakhan field are an example
of successful experience of CT intervention in
highly sour high pressure/high temperature
environment.

Astrakhan gas condensate field is extremely
harsh in terms of highly corrosive conditions, due
to H,S concentration of up to 26% vol., bottom
hole temperature of 110 °C and formation pressure
as high as 600 bars. All this has a significant
corrosive effect on downhole equipment during
well production and workover.

The field has been in production since the
middle 80’s and there is a tailpipe 100 to 200
meters long installed as a part of completion. The
tailpipe (tubing) is overlapping the production
zone for 50-100 meters and there-fore highly
susceptible to corrosion. That corrosion of tubing
metal can result in the coiled tubing becoming
stuck during CT operations. During well
interventions with CT, the fluid is circulated to the
surface with flaring of gas phase after separation.
It is not always possible because of towns and
villages located close to the field.

CT TECHNOLOGY IMPLEMENTATION
FOR WELL WORKOVER IN AGKM

Despite the complications and specifics
of AGKM field, CT technology has proven its
efficiency. First of all due to significantly lower
damage of the near wellbore area comparing
to conventional workover, it is not necessary to
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YTS2KETIEHHBIM PACTBOPOM), OTHAKO IIPU 3TOM HEOOXOAUMO
06€eCIeYnTh NIPUEM PA60YEH KUJKOCTU HA IOBEPXHOCTH C
Cemnapanmen ra3oBoi 1 TBEpAOH (a3, a TAKKE KOHTPOJIb 34
COZIEPKAHUEM MJIACTOBOIO (DIIION/1A B pAOOUEH >KUIKOCTH.

Hcnonb3oBaHue o60pynoBanus kommiekca 'HKT B

COBOKYITHOCTH C O60PYIOBAHHEM JIJIS TpHUeMa (PIIIOUA
HAa IOBEPXHOCTU OOECNIEUNBAET JJAHHBIE YCJIOBUS, 4 TAKXKE

IIO3BOJIACT:

IIOCTOAHHO KOHTPOJIMPOBATH AABJICHUA HA YCTHC CKBAKUHDI,

O6ECIIeYNTh OT/IENCHUE TBEPOH (PA3BI B TOTOKE;

IPUMCHATD PA3TTUTYHBIC TCXHOJIOT'MHU OYUCTKH CKBAKWTHbBI
(bpesepoBanme, O6paAdOTKY C THAPOMOHUTOPHBIM 3(PPHEKTOM,

XUMHUECKYIO OOpAOOTKY);

MIPOU3BOAUTH KUCIOTHYIO 06paboTKy I13I1 npu oxHott CIIO;

MHHUMH3UPOBATb OOBEMBI PAOOYEH KUJKOCTU.

I1pu IPOMBIBKE CKBA’KHUHBI pa604as >KUJIKOCTb OJAETCA
TpeXIUIyHXepHBIM HacocoM B 'HKT, npuem dmonga Ha
MOBEPXHOCTH OCYIIECTBIIAETCSA IO CJIEAYIOMEN CXEME:
(PUIIBTPOBATIBHASA YCTAHOBKA, OJIOK MAHHU(POIBAOB, IA30BbII
CEMapaTop, MEPHAA EMKOCTD. Hanmuue qByX (PUIBTPYIOIIUX
3JIEMEHTOB B (PUIBTPOBAJIBHONA YCTAHOBKE OOECTIEUNBAET
HEIPEPBIBHBIN Nponecc. [Ipy 3TOM O4HUCTKA 320UTOrO
(PUIIBTPOBATIBHOTO JIEMEHTA OCYIIECTBIIAETCSA IPOKAYKOM
JKMJIKOCTH B TEPMETUYHYIO EMKOCTD IS COOpA MIJTaMa.
VianeHue OTIOKEHUI OCYIIECTBIAETCA PA3TUIHBIMHA
METO/IAMHU: C IIOMOIIBIO IIPOMBIBOYHOM HACA/IKH, 3A00HHBIM

HHCTPYMEHTOM C THAPOMOHUTOPHBIM 3(P(PEKTOM,

(Ppe3EpPOBAHUEM C UCIIOIB30BAHUEM 3A00HUHOIO JIBUT'ATEIS.
BBUAY arpeCCUBHOCTH CPEJIBI IO OTHOMEHUIO K MATEPUAITY
I'HKT Ba>XHBIM MOMEHTOM IO IPEAOTBPALICHUIO IIOBBIINIEHHOT'O
M3HOCA 'UOKOM TPYOBI IBJISIETCSI MUHUMU3A1[ M BO3/ICHCTBUSA
CEPOBOIOPOAA. DTO JOCTUTAETCA 3AMEIMEHNEM OObEMA
CKBAKUHBI PA60YECH JKUIKOCTBIO (40%-51 BOLO-METAHOJIBHAS
cMmech) niepen crryckoMm 'HKT u mocneyromen NpoOMBIBKOM Ha
JIETKOM pernpeccui (¢ norepert 5—-10% 3aKa4nBaACMOM JKHUJIKOCTH
B IJIACT) C JOOABJICHUEM HHIMOUTOPA CEPOBOIOPOAA U

HEUTPAJIN3ATOPA CEPOBOAOPOLA.

ITpy IpOMBIBKE HA PENIPECCUH OCHOBHBIM SIBJISICTCS
o6ecrieyeHre IMOJHOI'O BBIHOCA TBEPAOH (Pa3el. ITporpammHoOe
obecnieuenue CoilCADE ™ y CoilCAT ™ ucnosnb3yeTcs 1J1st
pacyeTra napaMeTPOB IMIPOMBIBKH IPU IU3AHHE Pa6OT, 3AIIUCU U
06pPabOTKHU IAHHBIX B IIPOIECCE BBITIOJHEHMSI PEMOHTA, 4 TAKKE
Jutg otcnexusanusa n3Hoca F'HKT ¢ yaeToM BO3IEUCTBUSA KUCIOH

CpebL.

IToc/ie OYUCTKU CKBAXKUHBIL OT OTJIIOKEHUI ITIPOU3BOIAUTCA
KUCJIOTHAs1 06pa6oTKa [13I1 ¢ 3aKaYKOH COMSTHOM KHUCIOTHL
Hcnonbszosanue 'HKT B 3TOM Cily4yae NO3BOSAET PA3MECTUTD
KHUCJIOTY B CKBA’KUHE HA YPOBHE IIPOAYKTUBHOU 30HBI, CHU3UTD
O6'BEMBI KMCJIOTHI M YMEHBIIUTD BPEMS IPOBEAECHH S OIIEPAI UL

Ipu rraHupoBaHuU padoT ¢ FTHKT Ha CKkBaXkMHAX

ATKM HEO6XOAUMO ONPEAENNTD, B IEPBYIO OYEPED,

HOC/ICAOBATEIBHOCTD IPUMEHEHU S UMCIOIINXCS CPEACTB
10 OYMCTKE U IPOMBIBKE CKBAKUHBL. 3a94CTYIO ObIBAET
LIETIECOOOPA3HO CHAYAJIA OCYECTBAATh ClTycK 'HKT ¢
MPOMBIBOYHOM HACAZKOH JIJ1s1 OTIPE/ICICHU A HAIMYWS IIPOXO/A, }
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kill the well with high density drilling mud. At
the same time it is required to separate gas and
solid phases in treating fluid at the surface, as
well as to control contamination of treating fluid
with formation fluid. A complex approach that
utilizes coiled tubing together with well testing
equipment meets all mentioned requirements and
also provides the following:

* pressure control at the wellhead;

* solid phase separation in-stream,

* implementation of different types of CT
services, such as milling, high-jetting clean out,
chemical treatments etc.;

matrix acidizing in one run;

* minimization of volumes of treating fluid.

During the well clean out, treating fluid is
delivered from surface tanks to the coiled
tubing string by high pressure triplex pumps.
Flow back from the well goes first through high
pressure filters, then through the arrangement
of manifolds, gas separator and surge tank. The
continuous process is provided by two elements
in high pressure filters. Fluid can be pumped
through the plugged filtering element to the
special tank to remove collected solids.

Wellbore deposits can be removed in different
ways, such as with conventional five-orifice
wash nozzle, high-jetting rotational tool or with
positive displacement downhole motor and
bit. During well operations the main issue is CT
exposure to H,S. To minimize it, the production
tubing is displaced with a water-methanol
solution (40%) before the CT run downhole.

The following clean out is performed in slightly
overbalanced conditions with 5-10% fluid loss
into the formation. Corrosion inhibitor and H,S
chemical scavenger are added to the treating fluid
to minimize the effect of corrosion.

It is important to provide the complete return of
solids to surface during clean out.

Before the operation, all conditions are modeled
with design software to estimate the range of
critical parameters. During the treatment, sensor
interface hardware is used to monitor and record
critical job data and also to estimate remaining
tubing life in real-time.

After wellbore clean out, matrix acidizing with
hydrochloric acid takes place. CT in that case
allows placing acid across the zone of interest and
also decreasing volumes and operation time.

DESIGN OF OPERATION
WITH COILED TUBING

At the design phase it is required first to
define the sequence of techniques that need
to be implemented for deposits removal and
wellbore clean out. It is effective to run CT with }
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TCXHOJIOI'MH

MPOBEPKU TEKYIIETO 32605 U, IPU HAJIMUNH, PA3MbIBA MATKOU
HEKOHCOJIMJJUPOBAHHON IPOOKY, 4 3aTEM IPOU3BOAUTD 3AKAUKY
KUCJIOTBL B ciryuae nmocieIyomero HEIpoxozAa ¢ IPOMbBIBOYHOM
HACAAKOU (KOHCOIHUIUPOBAHHAA HEPACTBOPHMAs IIPOOKA)
OCYIIECTBIISETCS CITYCK BUHTOBOT'O 3a00MHOTO IBUT'ATES

c ppezont.

IIpu gu3arine paboT UCIONB3YIOTCA CJIEAYIOIMINE UCXONHBIE
JIAaHHBIE:

* JAHHBIE ITO CKBA’KMHE: HAJTUYUE U CBOUCTBA CKBA)KMHHBIX
SKUIKOCTEM, yCThEBOE JIABJICHUE NIepe]] HadaaoM paboT ¢ 'HKT,
3200MHasA TEMIIEPATYPA, NTYOUHA, THKJIMHOMET DU,

JIAaHHBIE O NOA3EMHOM OO60PYJOBAHUN: MUHHUMAJIbHBIA
BHYTPEHHUU AUAMETD, INIYOUHA CITYCKA, pa3MeEP, MATEPHUATT
AKCIIYATAITMOHHOIM KOJIOHHBI U HKT;

JIAHHBIE O KOJIJIEKTOPE: INIACTOBOE JABJIEHUE, IITIOTHOCTDb U
BA3KOCTD (DIIIOU/A, COAEPKAHUE CEPOBOAOPOAA, IOPUCTOCTDb U
IIPOHUIIAEMOCTH;

XAPAKTEPUCTUKHU OTIOXKEHUI: Pa3MEDP U TEOMETPUSA

YACTHULL, INIOTHOCTD, PACTBOPUMOCTD, YINIOTHEHHOCTD,
IPEAIIOIATAEMBIN OO'BEM U INTYOUHA,

* nanHble AedexTockonnu 10, 3amepul TPOMUIIA MPUTOKA.

C nmomorsio iporpamMmuoro obecredenus CoilCADE ™ mpu
PA3IUYHBIX PAOOYUX IAPAMETPAX PACCUYUTHIBAIOTCS HATPY3KHU
Ha 'HKT B CKBa>XKHMHE: MAKCUMAJIBHAS HATPY3Ka HA (Ppe3y npu
paboTe € 3a00UHBIM ABUTATEIEM, MAKCUMAJIBHO JJOITYyCTUMOE
HATsDKEHME TPYOBI, pacnpe/eieHue HanpsbkeHuit B FTHKT.
PaccYnTBIBAETCA TAKIKE ONITUMAJIBHBINA PEKUM ITPOMBIBKHU.

C y4eTOM PACYETHBIX HAI'PY30K U BO3JECUCTBUA KOPPO3UITHON
CpEbl PACCYUTBIBAIOTCA NIPEAEIBHBIE HATPY3KU IIPU paboTe
I'HKT B CKBa>KHHE, TEKYIINI OCTATOK «yCTAJIOCTHOM» >KU3HU
TPyOBbL JJaHHBIE TAPAMETPHI OTCIEXKUBAIOTCS B PEKUME
peanbHOro BpeMeHHU BO Bpems paboTel 'HKT B ckBakune. [Tocne
KaK/ION CKBAXKMHHOH ONEPAIIMU ITPOBOJUTCA AE(PEKTOCKONU
I'HKT, 9TO B COBOKYITHOCTHU C PACCIUTAHHOU «yCTAJTOCTHOI»
skn3HbI0 THKT 1o3BosisieT MUHMMHU3UPOBATh PUCKH, CBA3AHHBIE C
nospexacHueM 'HKT B CKBaXHHE.

HcTOopHsa CKBAKHMHBI

B nepuoj nposeaeHus padoT IO KAITUTAJIbHOMY PEMOHTY
CKBaXUHBI Ne 840 TpagunnonusiM KPC npoucxoguimu
HOIVIOMIEHH I ITMTMHUCTOI'O PACTBOPA C TOTEPEN HUPKYIISAL UL
ITepBBIE€ OCJIOKHEHUS, CBA3aHHBIE C IIOITIOMEHUEM, HAYAJIUCh €111
B IIEPUOZ, TTTYIIEHU S CKBA>KHUHBL [Ip1 N3BIE€YEHNHU XBOCTOBUKA
MaKePa NOITIOMIEHHUS INMTMHUCTOI'O PACTBOPA YBEITUUYHBAIUCE. [
JIMKBUZAITUH HOIJIOMEHHUH IPUMEHSIIMCh 3AKa4KH 4COECTOBOM
KPOIIIKH, CONAPO-OEHTOHUTOBOM CMECH, IIEMEHTHOT'O PACTBOPA
U JPYyrUux peare’HTos. Bcero 3a nepuog peMonTa KPC norepu
IJIMHUCTOT'O PACTBOPA COCTABUIN OPUEHTUPOBOYHO 720 M3,

ITpu cIIyCKe NOA3EMHOTO O60PYIOBAHUS B €TI0 COCTABE
OBLI CIIy1IeH nakep. I1o pe3yibTaM ONPECCOBKU MAKED OBLI
r€pMETHYECH.

IIpy OCBOEHUHU CKBA>KUHBI HAOIIOAJICS BBIXOZ, >KUJIKOCTH,
MAY€eK )KUJKOM I'PA3H, I'a34 C TaIECHUEM TPYOHOT O IaBJICHUSL.
M3-32 HEOMATONIPUATHBIX METEOYCJIOBUI 32 14 CyTOK OCBOEHUE
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a wash nozzle bottom hole assembly (BHA) to
determine the plug depth and also to clean out
the unconsolidated plug. Acid can be pumped
at that stage to assist in plug removal. In case of
hard consolidated plug, which is insoluble in
acid, a downhole motor can be used to mill out
the plug and clean the wellbore.

At the design stage the following data is
critical:

* Well data. Properties of wellbore fluids,
wellhead pressure, bottomhole temperature,
depth, deviation.

* Downhole equipment data. Minimal internal
diameter (restriction), depth, size, material of
production casing and tubing.

» Formation data. Pressure, density and viscosity
of formation fluid, sour gases concentration,
porosity and permeability.

» Deposits characteristics. Size and shape of
particles, density, solubility, compactness,
amount and depth of deposits.

» Data of inspection of downhole equipment,
production logging data.

With different job parameters, CoilCADE ™
software is used to model CT string loads in
the wellbore, maximum weight on bit for
milling operations and maximum CT tension
load. Distribution of these stresses on the
CT string can be calculated at that stage. The
optimum regime of clean out is also calculated.
With estimated CT loads and also taking
into consideration the impact of corrosive
environments, the load limits during the
operation is calculated as well as the remaining
CT life. Load limits and CT life are monitored in
real-time during the CT intervention. After every
operation an inspection of the coiled tubing
string takes place to monitor the damage to the
CT string incurred in the wellbore.

CT IMPLEMENTATION
EXPERIENCE: WELL # 840

Well history

A workover was performed to change tubular
and wellhead equipment. The well was killed
and during the workover with conventional rig,
high fluid loss/mud loss occurred. To prevent
and/or minimize these losses different (LCM)
loss circulation materials were pumped such as
asbestos particles, cement and bentonite. Total
losses during the workover operation were as
much as 720 m>.

A packer was installed and pressure tested.
During flow back off the well fluid, slugs of mud
and gas were observed with tubing pressure
drop. Due to unfavorable weather conditions
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CKBAKMHBI IPOBOJUJIOCH B TeueHue 10 yacos. B nporecce
OCBOEHHM S B CKBAKMHE OOPA30BLIBAJINCE JIBE IPA3EBBIE IPOOKU,
KOTOPBIE JIMKBUUPOBAIUCH IIyTEM NPOJABINBAHUSA UX B IJIACT.
3aTeM pabOoThI OB OCTAHOBJIEHBL

TTocne NPOAOIKEHUS PabOT IO OCBOCHUIO OBLIO
JIMKBUJUPOBAHO €lIe 4 IPA3EBBIX IPOOKU ITyTEM IIEPEMEHHOTO
BO3/JICUCTBUSA JABJIEHUEM HA IJIACT C 3aKAYKOH XMMPEAT€HTOB
CO CTPAaBJIMBAHUEM HA aM6ap. ITpy NPOJOIKEHUH PA6OT MO
OCBOEHMIO CKBAXKUHBI [IOTYYEHA OYEPEIHAS IPA3EBAA IPOOKA
Ha NIyOHHE 3721 M, IMKBUAUPOBATb KOTOPYIO BO3JEUCTBUEM
IEPEMEHHDBIX JABJIEHUM C 3aKAYKOM XUMPEATr€HTOB HE
yaanock. bpurana ITPC pa3jinyHbIMU )KEJIOHKAMU U IPYTIUM
UHCTPYMEHTOM JOOMIACH YIITYOIEHUA JO 3772 M. XUMHUYECKUH
AHAJIN3 ITOKA34J1, YTO I'PA3EBAs IPOOKA COCTOUT U3 SJIEMEHTOB
INIMHUCTOT'O PACTBOPA, IEMEHTHOI'O PACTBOPA U APYTUX
XHUMPEATEHTOB, 3dKAYUBAEMBIX B CKBA)KUHY ITPH JIMKBUIALIUHA
HOIVIOMIEHUH B IPOLIECCE NMTPOBEICHUA PAOOT MO KAITUTAJIBHOMY
PEMOHTY.

[7151 pEMOHTA JAHHOM CKBAKUHBI KOMNaHUEH «[1lmomoep:xe»
OblLJ1a IIPEJIJIOKEHA TEXHONMOTrUs ¢ npuMeHenreM 'HKT.

JH3a¥H C HCIIOJIb30BAHHEM IIPOIPAMMHOIO
o6ecnieueHust CoilCADE ™

Pe3yarvmamut no pacuemy nazpysok na THKT npu
CKBANCUHNHBLX ONePauUAX

MaxkcuMaJsibHas HArPY3Ka IIPU HOLbEME 9301,82 Krc

MaxcuMaabHag HAPY3Ka IIPU CITYCKE -1528 ,64 Krc
MakcumaabHOE HATIPAKCHUE ITPU ITOJBEMEC

(xpuTepuii BoH Mu3seca) 2444 6ap
MaKCHUMaIbHOE HAIPSKEHME IIPH CITyCKE

(KpuTtepuit BOH Museca) 2376 6ap

B IpOLIEHTAX OT NIPEAETIA TEKYUYECT..ovvvvvecccrsmeeerrrnnesereces 44,3%

OT Harpy3Kku BUHTOOOPA3HOI'O CKPYYHUBAHMUAA. ......... 0,0%

MaxkcuManbHas HArpy3Ka Ha I0JI0TO
MaxkcuMaIbHas HAaTPy3Ka HA PA3PbIB HA

WHCTPYMEHT 8660 Krc
JOCTUKEHUE 32JAHHOU TTTYOUHBI .ovvvvvvvessssveeessenssssssssssnes Ha

the flowback operation was suspended for
14 days. When flowback resumed two plugs
formed which were squeezed down to the
formation. The flowback operation was
suspended again.

After resuming the flowback, another 4 plugs
were removed by pressurizing / bleeding off
the pressure to a flare pit. Also chemical agents
were pumped to assist in plug removal. After
that at the depth 3721 meters another plug was
observed and it wasn’t removed by technique
described above. Using bailing tubes the plug
was partially removed only down to
3772 meters. Lab analysis of plug material
showed it consisted of clay mud, cement and
other LCM materials.

Schlumberger proposed coiled tubing to
clean out that well.

Job design with CoilCADE ™ software

Estimated loads on coiled tubing string
during well intervention

Maximum tension 10ad............. 20462 Ibf
Maximum compression load -3363 Ibf

Maximum tENSION StIESS ... 2444 bar
Maximum compression Stress......... 2376 bar
Stress, % of yield Stress.... s 44.3%

Load, % of helical buckling load....... 0.0%
Maximum weight on bit

Maximum tension downhole............ 19 492 1bf
Depth is 1eachable ......cveeereeeessssseeennen Yes

Pucynox 1 - Hoxazameau unouxamopa éeca npu CIIO / Figure 1 — Weight indicator readings during operations
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I'papuk (CM. pUCYHOK 2) IOKA3BIBAET NIPEJAEIbHBIE padoUne
U pacdyeTHble HArpy3KkHu HA 'HKT npu COOTBETCTBYIOMEM
auddepennuanbHoM gasiaeHnu B THKT.

Figure 2 shows the maximum calculated
loads and also working loads versus pressure
difference between internal and external
pressures.

Pucynox 2 — ITpedenvnsie nazpysxu na THKT npu cxeasxcunnoii onepavuu / Figure 2 — CT load limits during CT intervention
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3aBHCHMOCTH pAa0OYHX NAPAMETPOB OT BPEMEHH
M I'TYOHHBI IPOMBIBKH

Job parameters versus time and depth

Pucynok 3 — 3a0oiinsie oasrenun npu npomsiére / Figure 3 — Bottombole pressure during clean out
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I'padpuk (CM. PUCYHOK 3) IIOKA3BIBAET, YTO IPOMBIBKA
IIPOU3BOAUTCA HA PABHOBECUU UJIH PEIIPECCUU.

I'papuk (CM. pUCYHOK 4) IOKA3BIBAET, YTO BO BPEMS PAO6OTHI
OOJIBIIYIO YACTh BDEMEHU IPOMBIBKA IPOU3BOAUTCS HA
penpeccuy, ¢ HeE6OIBIION TOTEPEN XKUJKOCTH B ILIACT. [Ipu
3TOM COXPAHSETCA BBIHOC TBEPAOU (Da3bl HA TOBEPXHOCTD.

Bo BpeMs IPOMBIBKH CKOPOCTB IIOTOKA B M4JIOM 3aTPy6€E HE
omyckaeTcs Hrke 40—50 M/MUH, 4TO ABASIETCS JOCTATOYHBIM
JUISL BBIHOCA TBEPJOU (PA3bl B BEPTUKAJIBHOIM CKBAKHUHE.

IIpoBeaeHne padoT IO PEMOHTY CKBAKHHBI

HecMOTps Ha 60JIBIIOE YUCIIO €JUHUIL] TEXHUKU,
YCTAHOBKU MOOUJIBHBL M MOT'YT OBITh YOPAHBI C TEPPUTOPHH
CKBAXXMHBI 32 KOPOTKOE BpeMsL. [TOJTHBIN MOHTAX
060PYNOBAHUA C OIPECCOBKON U (DYHKIIMOHATbHBIMU
TEeCTAMU 3aHUMAET 16 4aCOB, IeMOHTAX — 12 4acoB.
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Figure 4 shows that most of the time clean out
is performed in overbalanced conditions with
successful transportation of solids to the surface.
Annular velocity during cleanout is not less
than 40—50 m/min which is sufficient for solids
transportation to the surface in vertical well.

Well workover operation with coiled
tubing

Despite the layout with number of units on
wellsite, the units are mobile and it is possible
to rig down and leave the wellsite in short time.
Complete equipment rig up with pressure and
function tests takes approximately 16 hours and
complete rig down takes approximately 12 hours.



technologies

Pucynox 4 — IIpumox u3 naiacma,/nomepu 6 niacm, 6bIHOC meepooii pasvt
Figure 4 — Influx from formation/leak off to formation, solids transport
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Pucynox5 — Puasmpyrouan yCmanoeKa 6bLCOK020 OAGACHUA U UMY UEPHBLE MAHUPONLO
Figure 5 — High pressuref;l‘ilters and choke manifold

T

OnucaHue TEXHOJIOTHIECKOT'0 IIPOIiecca CT operation description

1. 3akauxka Bopo-meTaHonbHOM cMecu B THKT u 3atpy6 'HKT 1. Pumping 20 m? water-methanol solution
B oObeMe 20 M? 17151 OTTUCHEHU S IIJIACTOBOT'O (PII0M/1a U into CT and CT annulus to displace the
YBEJIMYEHUA THAPOCTATHKU. formation fluid from the wellbore and to

2. Cnyck T'HKT ¢ pOMBIBOYHOM HACAAKOU A0 TEKYIIETO 326011 increase hydrostatic pressure.

3. Jloxoz 10 rryGuHBI 3761 M. LIMPKYJIAINIS C PACXOIOM 2. RIH with conventional wash nozzle to
padoueit sxkuaKocTr 160—190 j1/MuH. wireline tag,

4. 3axauka CKB B o6beme 7 M°. 3. Depth 3761 meters. Circulation with treating

5. Cnyck 'HKT no rimy6unsl 3814 M, curkenue seca THKT Ha fluid, pump rate 160—190 liters / min
JAHHOMU ITTyOUHE. 4. Place 7 m? of hydrochloric acid.

6. 3axauxa CKB B oGbeMeE 4 M3, 5. RIH with CT down to 3814 m, CT weight

7. Ciryck THKT 0 rmy6unbI 3977 M. } decreases at the depth. }
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TCXHOJIOI'MH

8. Tlogbem 'HKT 11 CMEHBI IPOMBIBOYHOM HACA/IKU HA
3200MHBIN UHCTPYMEHT C F'HIPOMOHUTOPHBIM 3(D(PEeKTOM
Jet Blaster ™,

9. Cnyck 'HKT c nupkynsanuert BMC 1 npoBeieHUs
CKO I13IT 10 TEKYETo 326041.

10. Texymurt 32601 3985 M. 3aKa4yka COITHON KUCIOTBL B OObEME
14 m? gt CKO c nogpremom F'HKT.

OnucaHue 3a00MHOrO HHCTPyMeHTa Jet Blaster

3a00MHBII UHCTPYMEHT Jet Blaster nconb3yeTcs 11
BO3/JICUICTBUS HA OTJIOKEHUS U KOHCOJIMJUPOBAHHBIE IPOOKHU
C TIOMOIBIO TUJIPOMOHUTOPHOTO 3 dekTa. Cpeaun ero
OPEUMYIIECTB — BBICOKASA TUPABINYECKASI MOIITHOCTD HA COILIAX
HACA/IKH, TIOKPBITHE B 360° HHTEPBAJIA IPOMBIBKH, OYHCTKA IIOCIIC
MEPBOr0 NPOXO/A, KOHTPOIHUPYEMBIHN PA3MEP BBIMBIBAEMBIX
YACTHULL,

B pesynbrare pemonTa ¢ npuMeHenuem 'HKT npo6ka
ObLIA TUKBHUIMPOBAHA 3AKAYKOI KMCJIOTHI OTHOBPEMEHHO C
LUPKY/IAIMEN PAOOUEH )KUIKOCTHU. [IJ1 yBETUYEHN 1cO1TA ObLIa
nposeaeHa CKO I13I1, mpu KOTOPOI [IJ1s1 06€CIIEYEHU ST OOIIBIIIETO
NPOHUKHOBEHHUS KUCIOTHI B IIJIACT, OYUCTKH (DUIIBTPALTMOHHON
KOPKH, PABHOMEPHOT'O PACIIPEAETIEHNS KUCIOTHI HA IPOTAKEHUHN
BCET'O UHTEPBAIA OTKPBITOI'O CTBOJIA OBLT UCIIOJIB30BAH 3a00MHBIN
UHCTPYMEHT C THIPOMOHUTOPHBIM 3(ppeKTOoM Jet Blaster. Jebur
CKBa’KMHBI ObJI BOCCTAHOBJIEH C 0 10 150 TBIC. M?/CYT.

IIpu peMOHTE JAHHOI CKBA>KMHBI IPOOKA ObLIA yjaJICHA
XUMUYECKUM ITyTEM C IIOMOIIBIO IIPOMBIBOYHON HACAAKU. [Ipu
HAJIMYUU HEPACTBOPUMOI TPOOKU OCYILIECTBIISACTCS 3aMEHA
HACA/IKU HAa 32001 HBIN IBUTATENIb C (PPE3O.

6. Pump 4 m? of hydrochloric acid.

RIH with CT to 3977 m.

8. POOH the CT to change wash nozzle to rotating
jetting tool — Jet Blaster ™.

9. RIH with circulation of water-methanol solution
for matrix acidizing.

10. Depth 3985 m. Pumping 14 m? of hydrochloric
acid for matrix acidizing.

~

Jet Blaster tool description

Jet Blaster tool is a rotating tool with high
energy jetting effect. It is implemented for deposits
removal and consolidated plugs cleanout.

It has some advantages, such as high hydraulic
energy on the nozzles, 360° coverage of the
deposits during cleanout, deposits removal in first
run, controllable size of cuttings.

As aresult of CT operations the plug was
removed with acid squeeze and following
circulation with treating fluid. For stimulation of
production matrix acidizing of near wellbore area
was performed following the removal of filter cake
and clean out of production zone with Jet Blaster.
Production was restored from 0 to 150 000 m? of
gas per day.

The plug on that well was removed by acid and a
conventional wash nozzle. If there’s a consolidated
hard plug, the positive displacement downhole
motor with mill can be used.

L]

Pucynox 6 — Ycmoe CKeaxicunvl, nPpomueoebiopocosbie nPeeeHmopsl, UHICEKmop, nyopuKxanop -
Figure 6 — Wellbed, blow out preventers, injector bead, riser
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IMpumenenue 'HKT 111 peMOHTA CKBAXKWUH JJA€T
JIOTIOJIHUTEJIBHBIN HA00P CPEACTB O YAAIEHUIO IPOOOK,
OUYMCTKE CKBA’KUHBI U HHTEHCU(DUKAITUU TPUTOKA. Cpeau
HUX KaK XUMHYECKHUE, TAK U MEXAHUUYECKHE CPEICTBA.
TeXHOIOrUs NO3BOJSAET U3OEKATD ITTyIIEHU S CKBAXKIHEI,
CHH>KAs1 HOBPEK/ICHUE NTPU3A00NUHOM 30HBI IUIACTA U
COKpamjasi BpEMs BBO/Id CKBA’KUHBI B IKCILJIYATAIUIO.
Hcnonszosanue 'HKT npu HHTEHCU(DUKAITUH IPUTOKA
MO3BOJISAET NOBBICUTB U30MUPATENBHOCTb KUCTOTHBIX
06pPabOTOK, BO-TIEPBBIX, 34 CUET PACHOJIOXKEHUS CAMOU
TUOKON TPyOBI HA HEOOXOAUMOM YIACTKE IPOAYKTUBHOI'O
WHTEPBAJIA U, BO-BTOPBIX, UCIIOJIb30BAHUEM CIIEITUATIBHBIX
OTKJIOHSIOMIUX KUCJIOTHBIX cUcTeM (VDA TM).
Hcnionb30BaHME 3a00HHOIO MHCTPYMEHTA Jet Blaster
noBbIIAET 3(PPHeKTUBHOCTE CKO, paBHOMEPHO
pacrnpeensasa KUCIOTY Ha BCEM IPOAYKTHBHOM HHTEPBAJIE.

IIpu npoBeAEeHUN OIIEPALIMHI IO PEMOHTY CKBAKHH
c npuMmeHenneM 'HKT 3a49aCTyIO HAKIAABIBAIOTCS
OrPaHHUYEHU, CBA3AHHBIE C HEOIATONPHUATHBIMHA

TIOI'OJHBIMH YCJIOBHUAMMU. s obecredyeHus HE3aBUCUMOCTH

OoIepanuy OT JAHHBIX OIPAHUYEHUI CYyIIECTBYET
BO3MOKHOCTb OO€CIIEUEHU A 3AMKHYTOM CUCTEMBI
PELUPKYIALIMU PAOOUNX XKUJKOCTEN. JJaHHASI TEXHOIOT U

TPe6YET UCIIOJIb30BAHUA JOIIOJIHUTEIBHOTO O60PYJOBAHUA,

BO3MOKHOCTDB €€ IPUMEHEHUS PACCMATPUBAECTCA
komnanuer dllmomoepike» copMecTHO ¢ OO0 Jaznmpom
J06b19a ActTpaxanb» 1 OO0 'a31pOM reOPU3UKD>. ©

CONCLUSIONS

Implementation of coiled tubing provides
additional ways of well clean out and production
stimulation in Astrakhan gas condensate
field. These methods are chemical as well as
mechanical. Coiled tubing avoids the need to
kill the well prior to the operation and therefore
decreasing the damage of near wellbore area and
also decreasing the time of well stand by. Matrix
acidizing through coiled tubing also has some
advantages such as increase of diversion effect
by placing the coiled tubing string at the depth
of interest and using special diverting system
based on viscoelastic self-diverting acid (VDA
TM). Using Jet Blaster tool increase the efficiency
of acidizing by equally distribution of acid on
whole production interval.

CT operations have some restrictions due
to unfavorable weather conditions and wind
direction during the job. To perform operations
independently from these conditions it is
possible to establish closed loop circulation
system which requires additional equipment.
This technology is complicated to implement
due to highly sour formation fluid and co-
operative actions of all parties are required
for success. ®
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