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TexHonorusa nposegeHUs reopursndeckmnx
nccnepoBaHum ckBaxuH ¢ 'HKT, ocHalweHHbIM
ONTOBONOKOHHbIM KaHanom cBa3u ACTivePS,
Oblna npepcTaBneHa MHot Ha 11-11
MexayHapoaHOM HayYHO-NPaKTUYECKOM
KoHdepeHunn «KonTioOMHIroBbIe TEXHONOrNK
N BHYTPUCKBAXXMHHbIE paboTbI» B cEHTAOpe
2010 ropa B Mockse. MexayHapogHas
npemMbepa TEXHONOMMN COCTOANACb Ha HeAesto

NMo3>Xe B paMKax HeCpTﬂHOFO KOHrpecca B NTtanun.

MpoLuno cpaBHUTENBHO HEMHOIO BPEMEHMN,
My Hac yXe ecTb NepBble pe3ynbTaThbl
NPOMbIC/IOBbIX PAabOT, HaLLY Konneru
NpPeaoCTaBMAN HaM U YBaXKaeMbIM YUTaTENAM
«BpemeHn KonTioOMHra» NpekpacHyo
BO3MOXHOCTb O3HaKOMUTBLCS C HUMM.

K.B. Bypoum, 221. urdiceHep oenapmamenind no
KanumaiosHomy pemonmy ckeadxcur ¢ 'HKT komnaruu
dIlnromoepoce»

OB30P

I'mbkasa HacoCHO-KoMIIpeccopHasd Tpy6a (THKT)
C YCTAHOBJIEHHBIM BHYTPHU I'€O(PU3NIECKHUM KAOEIEM
UJIEAJIBHO NOAXOJUT AJ151 IPOBENECHHUS reO(PHU3UIECKUX
uccnengosanuii (I'M) B pesxyuMe peaibHOI'O BDEMEHU
(PPB) B 06bIBaIONUX CKBAXKMHAX (IC)
C IIPOJOJIKUTEJIBHOM TOPU3OHTAIBHON CEKLINET.
OpHako reopusndeckuii kadens BHyTpu 'HKT cHuxkaer

At the 11* International Scientific
and Practical Coiled Tubing and Well
Intervention Conference held in Moscow
in September 2010 | presented a technology
of geophysical well logging with a coiled
tube string coupled with ACTivePS fiber-
optic communication channel. International
premiere of the technology took place
at an oil congress in Italy a week after its
presentation in Moscow.

The technology was announced relatively
not long ago, but we already have its first
field operation results. Our colleagues have
provided us and you, distinguished readers
of the Coiled Tubing Times, with an excellent
opportunity to learn about these results.

KYV.Burdin, Chief Engineer of the C1' Workover
Department, Schlumberger

ABSTRACT

The coiled tubing (CT) e-line system is ideal to
perform real-time production logging (PL) in long
horizontal wells. However, the wireline cable inside the
CT can restrict the pump rate while the large volumes
of acid normally pumped could potentially damage the
CT pipe’s integrity. Furthermore, using two different
CT strings, one for pumping acid and another for
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BO3MOKHBIE PACXO/IbI IPOKAYUBAEMOI JKUJKOCTH,
O3TOMY, KaK IIPABUJIO, HOJBIINE OO'BEMBI KUCIIOTHBIX
06pabOTOK MOT'YT HAPYIIUTD LIEJIOCTHOCTD KOJIOHHBI
I'HKT. KpoMe TOro, UCIIOIb30BAHUE IBYX PA3JIMYHBIX
kosoHH 'HKT: oiHA 17151 1pOBEACHUS KUCIOTHOH
06paboTKy, BTOpas a1 nposeaeHus TNC PPB,
ABJIAETCS NPAKTUYECKU M 9KOHOMHWYECKH HEBBITOTHBIM.
Ha cerogHsAMHNN IEHDb B TAKUX CIYy4asIX HAUOOJIEE YaCTO
UCIIOJIB3YeTCs IpoBeacHMe 'Y ¢ 3aTTUCHIO JTAHHBIX HA
HOocuTe/b. OCHOBHOM HEJIOCTATOK TAKOU TEXHOJIOTUH —
3TO 3aIUCH JAHHBIX HU3KOI'O KA4€CTBA UJIN XOJIOCTAs
Crrycko-nogbeMHuas onepanus (CI1IO).

J1J151 TPEOIOIEHU A BBIIEYIIOMAHYTBIX CJIOKHOCTEHN
ObLIA Pa3pabOTaHa HOBAs MHOTI'O34JJa4Hasl CUCTEMA,
KOTOpas no3posseT nposoanuTb I'N/C ¢ nomompio T'HKT
B PEKHME PEATTBHOTO BDEMEHU U IIPU 3TOM BBIIIOIHATD
TpaguoHHbIe paboThl HA THKT. Crucrema TeeMeTprun
O CPEACTBAM OIITOBOJIOKOHHOTO KA6€s BHYTPU
I'HKT (OKTHKT) y»ke NConb3yeTcs I IPOBEACHUSA
U3MEPEHMA ITAPAMETPOB HA 3200€ CKBA’KUHBI ITPU
MPOBEAEHNH PA3JIMYHBIX OOPAOOTOK M OIEPALIUIA HA
MECTOPOXAEeHUU «M». HOBass KOMIIOHOBKA HH34 KOJIOHHDI
(KHK) nnoszsoJigeT npoBoguTh Tpagunuonusie TMIC
PPB ¢ 32111 ChIO JTaHHBIX HA HOCUTENb. Ha TIOBEPXHOCTH
npeoOpPa30BAHHBIN ONITUYECKUI CUT'HAJ IEPEAACTCS
O 6ECTIPOBOAHON CBA3H HA KOMIIBIOTEP MHXKEHEPA,
CHMXKAs1 HEOOXOAMMOCTD B CTAHJAPTHOM OO0PYAOBAHUU
U IIEPCOHAJIE.

BriepBreIe€ B MUPE TaKasdg CUCTEMA ObLIA IPUMEHEHA HA
BOJIOHAT'HETATEIbHOU CKBA’KMHE ITOCJIE BBIITOJTHEHN A
0O6PA6OTKHU 10O CTUMYVJIAIUU IJIACTA, C KAYECTBOM JIAHHBIX
KapOTaKd HATHETATEJIBHOT'O ITPO(PUIIA, COIOCTABUMBIM
C KQYECTBOM JJAHHBIX TPAJAUIIMOHHOI'O KAPOTAXKA,
BBITIOJIHAEMOT'O HA T€O(PHU3NUECKOM Kadese. Kpome Toro,
JIAHHBIE ITOKA34JI1 PABHOMEPHBIX KOHTYP HATHETAHUS.
IIpakTU4YECKUE IIPOMBICIIOBBIE IPUMEHEHHNA JAHHONU
CHUCTEMBI TAKKE OTPAKEHDI B 3TOM CTATDE.

Hcniosib30BaHNE HOBOM MHOT'O(DYHKIITMOHAJIbHON
OKI'HKT 1103BOJISIET COKPATUTD 3ATPATHI HA
MOOMJIN3ALNIO U JIOTUCTHUKY, TAK K€ KAK 1 CHU3UTD
CTOMMOCTbD U BpeMs IIPOBEJIEHUSA PAOOT IO CPABHEHUIO C
CYILLECTBYIOIMMU MeToAaMHU I'M. DTa TEXHOIOIUs MOMXKET
OBITB IIPUMEHEHA IIPU PA0OTE HA MOPCKUX INIATPOPMAX
Y HA YAJIEHHBIX MECTOPOX/IECHUAX, I7I€ ONIEPALIMOHHBIE
3aTPATHI JOCTATOYHO BEJTUKU. B KOHEUHOM cueTe
CHCTEMA TTIO3BOJISIET IPOBOAUTD AUATHO3 COCTOSHU S
CKBAKUHBI, OOPA60OTKKY U AaHAJIN3 PEZYIBTATOB
06pabOTKH 34 OHY UHTEPBEHIINIO, I€/1asl PA6OTy
koMmiuiekca 'HKT 6oiee 3(pPEeKTUBHON U IPEJOCTABIIAS
OoJ1e€e ONMHBIE TAHHBIE [ HHXKEHEPOB-TEXHOJIOTOB.

BBEOEHWE

BO BpeMst SKCIUTYATAI[MU CKBA’KUHBI TIOCTOAHHO
MPOBOJISITCS PA3IMYHBIC ONEPAIIAH, TTIO3BOJISIONTUC
M3MEHUTD TEXHOTOTMYECKUH PEKUM CKBAKUHBI,
€€ reOMETPHUIO MJTA IPOU3BECTH AHAIU3 COCTOSTHUS
CKB2KUHBI C TIEITBIO MOCJICYIONMIETO MOBBIICHUS 2
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performing the PL in real time, is neither practical nor
economical. A common approach is to use a memory PL
tool (PLT), with the associated drawback of recording
poor quality data or eventual misruns.

To overcome these challenges, a new CT multipurpose
system has been developed, allowing real time PL and
conventional applications. Leveraging on the telemetry
offered by the fiber optic enabled CT (FOECT), already
used for downhole measurements while treating in the
M field; the new downhole assembly enables the use
of standard PLTs in real time mode. At the surface, the
converted optical signal is transmitted wirelessly to the
PL engineer’s portable computer; eliminating the need
for conventional acquisition equipment and personnel.

In a world-first application, the system was used in
a land water injection well, after the stimulation job;
obtaining the injection profile log with the same quality
measurements as a conventional wireline conveyed log.
Moreover, the data demonstrated a uniform injection
profile. Additional field applications are also briefly
discussed in this paper.

The new multipurpose FOECT reduces the
mobilization and logistics otherwise required, as well as
the time and cost compared to existing alternatives. This
new capability can be extended to other scenarios like
offshore or remote environments, where operational
costs have a larger impact. Ultimately, the system opens
the door for performing diagnosis, treatment, and
evaluation in a single well intervention, making CT
operations more efficient and providing more data
for production engineers.

INTRODUCTION

During the productive life of the well, it is common
that a well intervention is carried out to alter the state
of the well, the geometry, or to provide well diagnostics
and possibly manage the production of the well. An
abnormal situation is detected, most times at surface,
which triggers the need for an intervention. Examples
of this situation may include reduction in hydrocarbon
production rates or injection rates and increase of
water-oil ratio or gas-oil ratio. To understand the nature
of the cause, a diagnostic intervention is many times
required to measure critical parameters in the wellbore
or related to the formation. Such measurements are
typically obtained by running logging tools with
wireline or slickline. Once the data is available and
analyzed, a subsequent intervention is eventually
required to improve the conditions. This may involve
the use of coiled tubing (CT) equipment. After the
intervention is performed, ideally, a measurement of
the new downhole conditions is desired to confirm
the new well performance status and that intervention
objectives have been achieved.

In the case of a horizontal openhole well, deployment
of real-time traditional logging tools adds a degree of
complexity because, if wireline tractors cannot be used, }
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IPOU3BOAUTENBHOCTHU. 34494CTYIO OTKJIOHEHUS B
paboTe CKAKMHBIL, OOHAPYKUBAEMBIE HA IIOBEPXHOCTH,
SIBJISIIOTCS TIOBOJIOM JUJISI IPOBEICHUS PA3/IMYHBIX Pa6OT
B CKBa>KHHE. [I[pMEPaMU TAKUX OTKJIOHEHUH MOT'YT
OBITb CHMKEHUE IPOU3BOAUTENBHOCTH YITIEBOJOPOIOB
B IOOBIBAIOIIEH CKBAXKUHE WJIH CHUKEHUE MTOJAYN
B HATHETATEJIbBHON CKBAXKUHE, U YBETUUYEHHE
COOTHOIIEHUS «BOJIA — HEPTh> I «I'a3 — HEPTDb.
1 IOHMMAaHWA UCTUHHOMN IIPUYUHBI U3MEHEHU
HEOOXOAUMO IPOU3BECTU U3MEPEHUE TAPAMETPOB B
CTBOJIE UJIX OTHOCAIIMUXCA K IJIACTY. Takue u3aMepeHus
MIPOBOAATCH, KAK IIPABUJIO, C TOMOIIBIO F€O(PU3NIECKUX
npubopoB Ha Kabese. [Tociie TOro Kak JaHHbIE ObLIN
MOJIYYEHBI U TPOAHATIU3UPOBAHEL, 1T YIYUIIEHU
YCJIOBHE HEOOXOANMO IIPOBEAECHUE OOPAOOTKHU
CKBAXXKUHBI, KOTOPOE MOKET OBITH BBIITIOJIHEHO C
ucnonbzoBanueM 'HKT. B ujeasne nociae npoBeicHUS
06pabOTKH HEOOXOAUMO BHOBb IPOU3BECTU U3MEPEHUSA
CJIO>KHUBHINXCS 3a00MHBIX YCIOBUM 1151 TIOATBEPKICHUS
JOCTHKEHH A IMOCTABJIEHHBIX 32524 ITO COCTOSHUIO
CKBAXKUHBL

B cirydae ncnonb3oBaHuA TPAJUITUOHHON T'€O(PU3HUKH B
CKB2’KMHE C OTKPBITBIM ITPOTAKEHHBIM TOPHU30HTATIBHBIM
YYACTKOM CJIOKHOCTD 3aKJIIOYAETCS B TOM, UTO IPH
HEBO3MOXHOCTH UCTIOJIb30BATb F€O(PU3NIECKUT
«TPAKTOP» EAUHCTBEHHBIM LIEJIECOOOPA3HBIM METOJIOM
apngeTcsa ucnonbzosanue 'HKT ¢ reopusnyecknm
ka6enem BHyTpH (THKT c T'K).
Tak kak reopusndekuii kabenb BHyTpu 'HKT co3paer
JIOITIOJTHUTEJIBHBIE OTPAHUYEHUSA IT0 CKOPOCTH IMOTOKA
JKMJKOCTH, KOPDPO3UIHBIE )KUJIKOCTU BIUAIOT HA
LETOCTHOCTD KA0O€EJIA U HEBO3MOKHA 3AKAYK4 ITAPOB
mst akruBayu KHK, To ncnonp3oBanne 'HKT ¢
I'K OfHOBPEMEHHO /111 IMATHOCTUKU CKBAKVHBI U
BBINIOJTHEHUSI OOPAOOTKH 10 3aKAYKE KUJKOCTEH 110

CTUMYJIAITUU CKBA’KMH HC HANLJIO HIMPOKOT'O IIPUMCHCHUA.

AJIbTCpHElTI/IBa HCIIOJIb30BAHUA IBYX PA3/ITMYHDBIX KOJIOHH

I'HKT — ogHa ¢ reopU3NIECKUM KabeieM BHYTPH, 4 BTOPAs
6€3 — BO MHOI'MX C/Ty4asIX SKOHOMHYECKH 1 JIOTUCTHYCCKU

HE IIPAKTUYHA.

Ha cerogusmunii IeHb B UHAYCTPUU CYILIECTBYET
TEH/ICHIIM [10 BBIIIOJHEHHIO PA6OT 10 COOPY JAHHBIX
O COCTOSTHHUM CKBAXKHUHBI JIO U IIOCJIE OOPAOOTKH B 1B
3TAMA, MEXKAY KOTOPBIMM MOI'YT IIPOMTH HEJEIU UIH
Jla’K€ MECALIBL B TedeHne 3TOro BpEMEH! CKBAKHMHA
HE IIPOU3BOJUT C TPOEKTHOI MOITHOCTBIO, UTO BEIET
K orepe 7oxoa. TAKMM 06pa3oM, BO3MOXKXHOCTb
COKPAITICHUS BDEMEHH MEK/TY IBYMSI CITYCKAMH ITOMOKET
YJIy4IIUTh SKOHOMHUYECKUI 3P PEKT TPOEKTA.

MPUMEHEHWE HA MECTOPOXOEHUW «IVI»
MecTtopoxkaeHue «M» pacIioIOKEHO

Ha 27 UCKYCCTBEHHBIX OCTPOBAX, COCIUHEHHDBIX 41 KM

JOpOru. MeCTOpOXKICHUE PACIIONIOKEHO HAd MEJIKOBO/IbE,

Ha Ty6HHE OT 4 10 6 METPOB. JJaHHOE PACIIONIOKECHUE

MECTOPOXKJIEHUS HA UICKYCCTBEHHBIX OCTPOBAX TPEOYET

OI'POMHOT'O KOJITMYCCTBA CBCXIJIMHHBIX CKBAKWH [JI51
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the only practical alternative is to use a CT with e-line
inside to convey the PL tools. Because e-line inside the
CT imparts limitations including restrictions in the
flowrates, cable integrity compromised by corrosive
fluids, and the inability to pump balls for actuation of
bottomhole assemblies, it has not become a common
practice to use the CT e-line string for logging and
pumping stimulation fluids. The alternative of using
two different CT strings, one with e-line and another
without, is economically or logistically speaking,
impractical in many scenarios.

Thus, the industry tendency has been to plan an
intervention to gather data and post-diagnostic
intervention separately, sometimes weeks, even months
apart. During this time, because the well remains
underperforming, the cash flow of the project is being
affected. Therefore, it would be extremely beneficial to
shorten the time between both interventions.

BACKGROUND IN THE M FIELD

The M field is being developed using 27 man-made
islands connected by 41 km of causeway, as the
field is located in shallow seawater area with 4 to 6
meters water depth. These artificial islands require an
extraordinary amount of extended reach wells (ERWS)
to reach the subsurface target depths of up to 31,000 ft
(Nughaimish et al., 2009). Peripheral water injection is
planned for reservoir pressure maintenance, providing
an efficient sweep of hydrocarbons and maximizing the
oil recovery. Many of the injection wells are power water
injectors (PWT) drilled from the coast of the mainland
with 7-in production tubing and 6%-in barefoot
productive sections.

In the drilling phase of these wells, drilling fluids
are designed to cause minimum damage to the
target zone. Typically, this is achieved by building
a highly impermeable filter cake wall on the face
of the formation (typical range is 0.1 millidarcy).
Obviously, this filter cake should be removed from the
wellbore area; otherwise, it will adversely impact the
performance of the well. To overcome this issue, acid
stimulation with coiled tubing (CT) is required. This
operation will improve the ERW’s performance due
to the inherent advantages of good conveyance of the
stimulation fluids effective openhole section coverage.

In addition to the CT utilization, chemical diversion
systems were utilized to improve stimulation fluids
placement and minimize acid going to localized
sections of high permeability, thereby helping to achieve
a better acid distribution in the open hole. After the
stimulation job, a production/injection distribution
profile log is desired to evaluate the response of the well
to the treatment (Al Dhufairi et al., 2010).

Because of the limitations explained above — and in
particular because of using two different CT strings, one
for pumping acid and one for performing the PL in real
time — this is not practical or economical; the current
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JOCTYKEHMA INIyOrH nopsika 9500 m (Nughaimish approach is to use a memory PL tool (PLT), with the
etal, 2009). IlepudepuitHOE BOJOHATHETAHUE associated drawback of missing/poor data quality and
IUTAHUPYETCA 111 HOAJEPKAHUS IUTACTOBOIO JJABJICHH S possible eventual misruns (Al Dhufairi et al,, 2010).
C LEIBIO MAKCUMAJIBHOT'O 3(P(PEKTUBHOTO U3BJICUEHU S
YIIIEBOIOPO/IOB. C MaTEPUKA GbLIO TPOGYPEHO FIBER OPTIC ENABLED COILED TUBING
OOJBIIIOE KOINYECTBO CKBaKUH [1T1]] ¢ suameTpom Optical fiber is widely used in communication due to
KCIUTYaTAlIMOHHOIM KOJIOHHBI 7” Y1 IMAMETPOM OTKPBITON the benefits it offers for data transmission. In application
CEKITUH CKBAKUHBI 6 1/8”, to oil field services, a system based on fiber optics has
Ipu 6ypEHNN 3TUX CKBAXXUH OYPOBBIE PACTBOPHI OBLIIN been developed and adapted for use in CT operations to
HOJOOPAHBI IO KPUTEPHUIO MUHHMAIBHOI'O IOBPEXKIECHUS enable downhole measurements in real time.
NPU3a00MHOI 30HBL. OOBIYHO 3TO JJOCTHUTAETCA ITyTEM The FOECT, Figure 1, is a system that allows real-time
CO3AaHUSA MATIOIPOHHUITAEMOI (PUIBTPALTUOHHON monitoring of downhole pressure and temperature
KOPKH OYPOBOT'O PACTBOPA B IPU3A60HHON without the limitations of conventional wireline-enabled
30HE (IIPOHULIAEMOCTB Nopsaaka 0,1 M/Ip). CT units. The FOECT system features include:
BriociencTBuu JaHHAS (PUIBTPAITMOHHAS KOPKA JOJIKHA + A Fiber Optic Carrier (FOC) inside the CT string.
OBITh y/IAJICHA, UHAYE OHA MOXKET 3HAYNUTEIIBHO ITOBIHSTh + The FOECT bottomhole assembly (BHA).
HAa IeOUT CKBAKUHBL JIJI pEMIEHU TOU 33/1a4U TPEOYETCS + Surface acquisition.
KUCJIOTHAS1 0OPA60OTKA IPU3A60HHON 30HBI C HOMOIIBIO + A Distributed Temperature Survey (DTS) system.
I'HKT. Takast 06pabOTKA HOBBIIIAET JEOUT CBEPXJIMHHBIX The downhole tool, which has a 2'%-in outside
CKB2KMH 10 ITPUYHHE 60s1e€e 3(PHEKTUBHOI'O MTOKPHITHA diameter (OD), includes a CT head where the fiber optical
SKEJIAEMOM 30HBI OTKPBITOI'O CTBOJIA. connections are terminated, the electronic package
B nonomnenue k ucnonb3opanuio 'HKT 6bu1m that houses the downhole communication system, the
UCHOJIb30BAHbl XUMHUYECKUE OTKIOHSIONINE CUCTEMBI battery and the sensors that record internal and external
JUts 605ee 3(PHEKTUBHOTO IMTOKPBITUA 30HBI OOPA0OOTKH pressure and temperature, and a casing collar locator
U OJIOKMPOBKU JJOCTYNA KUCJIOTHI K 30HAM C BBICOKOH (CCL). The tool is flowed through and made of acid and
IPOHUIIAEMOCTBIO, TAKUM OOPA30M ITO3BOJISS JOCTUT'ATh hydrogen sulfide (H,S) resistant materials.
JIYYIIErO PaCHpPeAeICHUS KUCIOTHI B OTKPBITOM CTBOJIE. The FOC with an OD of 1.8 mm (0.071-in), containing
[Tocse 06paboTKU PU3A0OUHOI 30HBI HEOOXOJIUMO four fibers, is previously installed in the CT string. The
MPOU3BECTU KAPOTAK MPOMUIIA PACTIPENETIEHUA FOC is non-intrusive; therefore, standard operations
MPUTOKA JJI OLIEHKU PE3YJIBTATOB OOPAOOTKH normally done with conventional strings can be
(Al Dhufairi et al., 2010). carried out, including pumping corrosive fluids and
ITo BBIIEYIIOMAHYTBIM OI'PAHUYEHHAM U, B YdCTHOCTH, dropping balls.
M3-34 UCIIOTIb30BAHMA IBYX PA3JIMYHBIX KOJIOHH 'HKT During a typical operation of the system, the downhole
(OlHA — U151 IPOBEAECHU I KUCJIOTHOM OOPabOTKY, data is transmitted from the CT working reel, via wireless
apyras — aisa ' PPB), 3TO He ABIAETCA HA IPAKTUYHBIM, communication, to the CT control cabin, where the
HU SKOHOMHUYHBIM; HA CETOAHSAIIHUI IEHb UCIIOJIb3YETCA DTS monitoring system and specialized software are
IPOU3BEJCHUE I'€OPHU3UIECKUX UCCIENOBAHUI C used to acquire, display, monitor, and record real-time
3AMKCHIO JAHHBIX HA HOCUTEJIE, KOTOPBIE BIEKYT job parameters. The surface acquisition system can
32 CO60 JaHHbBIE HU3KOT'O KA4eCTBA ¥ BO3MOKHBIE also communicate with the tool downhole and send
xonocTeie CITO (Al Dhufairi et al., 2010). commands (Garzon et al,, 2010).
As the fiber itself acts as a temperature Sensor across
THKT C OMNMTOBOJIOKOHHbIM KABEJIEM the length of the CT string, a DTS monitoring system can
Ha CerogHsAMHNMI IEHb 110 Py IPEUMYIIECTB also be used to capture reliable, accurate, and real-time
OII'TOBOJIOKHO I POKO IPUMEHSETCS B CPEJCTBAX downhole distributed temperature profiles, along with
CBSI3U JIJIs1 IEPEAAYU JAaHHBIX. CUCTEMA, OCHOBAHHAS HA data acquisition, analysis, and interpretation. There
MIPUMEHEHUH BOJIOKOHHOI ONITUKH, ObLIA Pa3padoTaHa is no need for calibration points along the fiber or for
JULS HY>KJL HE(DTEra30BOM UHAYCTPHUH U AJalITUPOBAHA calibrating the fiber prior to installation in the wellbore.
Jua ucnonb3osanus ¢ TKHT (OKI'HKT) s nposeaeHus The system enables monitoring thermal profiles of
U3MEPEHNUN PAOOUHX ITAPAMETPOB HA 3260€ CKBAXKHUHEI B PPB. injection at different times during the treatment.
OKTHKT (pucyHOK 1) IPEACTABIAET COOOU CUCTEMY,
KOTOPAs TIO3BOJISAET B PEKUME PEATBHOTO BPDEMEHHU PLIN REAL TIME SOLUTION
U3MEPATD IABJIEHUE U TEMIIEPATYPY HA 3260€ CKBAKUHBI To address the challenge of obtaining a PLin real time,
0€3 OrpaHUYEHU N, KOTOPBIE UMEIOT TPAAUIIMOHHBIE a solution based on the FOECT was proposed for the M
reopU3NICCKUE METO/IBI UCCICIOBAHUS IIPU Field development. The FOECT system, primarily utilized
ucnonbzosanuu 'HKT. JJanHasg cCUCTEMA COCTOUT: to enhance the stimulation fluid placement using the
* U3 HOCHUTEJA ONITOBOJIOKOHHBIX KAHAJIOB BHYTPH DTS workflow (Garzon et al., 2010), offered the following
konounsl THKT, } advantages: }
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- KHK gyst OKTHKT;
* HA3EMHOTI'0 O60PYJOBAHUS X IPOTIPAMMHOIO
obecnieuenus (I10);
* CUCTEMBI PACMIPEAETIEHHOT'O TEMIIEPATYPHOT'O
KOMILJIEKCHOTO uccieioBanus (DTS).
KHK nMeeT Hapy>KHBIA JUAMETP
54 MM (2 1/8%) n cocront ua rosiopHou yactu (CT head),
I7I€ IPOUCXOJUT COEANHEHNE ONTTOBOJIOKOHHBIX
KaHay1oB ¥ KHK, 3JIEKTPOHHOM YIIAKOBKH, B KOTOPOM
HAXOJUTCA CUCTEMA IIPUEMA CUTHAJIOB, 6aTapest
Y CEHCOPBI JJIs 3AIIMCU BHYTPEHHET'O U BHEITHETO
JIABJIEHHUS U TEMIIEPATYPBI, 4 TAKXKE JIOKATOP My(PT
(CCL). KOMITOHOBKA IPEAOCTABIIAET BO3MOKHOCTD
OCYIIECTBIEHHS 3AKAYKHU U BBITIOJTHEHA U3 MATEPUAJIOB,
YCTOMYHUBBIX K KHCJIOTAM U CEPOBOZIOPOAY H,S.
ONTOBOJIOKOHHBIN KA6€/Ib UMEET HAPY>KHBIN JUAMETP
1,8 mm (0.0717), COCTOUT M3 YETBIPEX OIITOBOJIOKOHHBIX
KaHAJIOB, IPEJBAPUTENBHO YCTAHOBJIEHHBIX B KOJIOHHE
T'HKT. OH NIO3BOJISET BBIIOJIHSATD JIIOObIE CTAH/JAPTHBIC

1. Large telemetry capacity through fiber optics
required enabling a large influx of data from the PL
tools.

2. Ability to use the CT string for several purposes:
logging and conventional applications

3. Support extended cable length up to 14,000 mts.

The system uses the FOECT string for telemetry and

a 11/16-in BHA, which powers and communicates with

the conventional PLTs. Data is sent wirelessly from the

working reel acquisition hardware to the acquisition
software on surface; therefore, no conventional surface
wireline logging unit is needed on location. The main
components of the system are shown in Figure 2. These
include:

- BHA:

+ Optical Logging Adapter (OLA).

- PLT.

- FOC inside the CT string.

+ Surface acquisition hardware and software.

Pucynox 1 — Hazemnoe ooopyoosanue na padooueti kamyuixe, Onmoe8onokonnslii kadens, OKTHKT KHK
Figure 1 — FOECT system displaying, the DTS system, surface acquisition at the working reel,

FOC and the FOECT BHA

onepannu ¢ 'HKT, BKIo4as 3aKa4Kky KOPPO3UHHBIX
SKUJIKOCTEN U COPOC MIAPOB.

B x0/1€ 0OBIYHOM ONIEPAIUY CUCTEMBI JITAHHBIE C
32005 CKBA>KMHBI IEPEIAIOTCS C PAOOUYEH KATYIIKHA
I'HKT no 6ecnpOBOAHOMN CBSA3U B KAOHMHY OIIEPATOPA
I'HKT, roe cucrema DTS u cientnaain3nupoBaHHOE
1O UCONB3YIOTCA AJIS HOTYUYEHU S, OTOOPAKEHUS,
HAOIIOJCHUS U 3AITMCHU B PEAJIBHOM BPEMEHU PAOOYUX
napameTpoB. Hazemuoe 1O TakKe NO3BOJIIET NOCHLIATD
komaH/bl HA KHK (Garzon et al,, 2010).

ONTOBOJOKOHHBIE KAHAJIBI MOT'YT OBITh
HCIIOJIb30BAHBI KAK TEMIIEPATYPHBII CEHCOP
BJI0JIb BCEU AIMHBI KONOHHBI [HKT. DTS-Monynb
TAKKE MOXKET OBITh UCTIOIBb30BAH JIJI HAJIEKHOTO,
TOYHOTO, PACIIPEEIEHHOIO, TEMIIEPATYPHOI'O
KOMIIJIEKCHOT'O UCCJIEJJOBAHUSA B PEAJIBHOM PEKUME
BPEMEHH, OJJHOBPEMEHHO CO COOPOM, AHAJIU3OM U
UHTEPNPETALNEN JAHHBIX. OIITOBOJIOKOHHBIHN KA0€/Ib
He TpebyeT KaIMOPOBKHU Iepe]] paboTon. Cucrema

ITO3BOJISIET OTCIIEKUBATD PACIIPE/IENICHIE TEMIIEPATYPHI B

Pa3IMYHOE BPEMA ITPU ITPOBCACHHUH OIICPAITUH.
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At the OLA, the FOC and fiber optics are terminated
to the electric optical system. The optical signal is
converted to electrical through a specialized electronics
board that communicates with standard wireline PLTs
using the same communication protocol. The OLA tool
is powered by a downhole battery, enabling minimum
operational times of 48 hours with maximum load of
PLT tools. The OLA has a unique feature which allows
field engineer to control powering on/off of PLT tools
whenever the measurement is made. This feature will
extend the battery lifetime above 48 hours. The lower
part of the OLA includes a wired multi-cycle disconnect
tool for contingencies. Fluids or nitrogen can be
circulated via the CT through the upper section
of the BHA.

On surface, at the working reel, the FOC is terminated
at the pressure bulkhead. The fiber optics are conducted
to the surface acquisition system, which converts optical
to electrical signals and vice versa, again using standard
communication protocol of the PL systems. The data is
transmited wirelessly from there to a laptop computer,
where customary software captures and displays the



TEEOPU3NYECKNE NCCNEOOBAHNA
B JOBbIBAIOLLEN CKBAXWHE B PEXXNME
PEAJIbHOIO BPEMEHW (T’ AC PPB)

Jia seinonuenusa 'MIC PPB Ha MeCcTOpPOXIEHNUH «M»
OBLIIO TIPEJIJIOKEHO UCTIONb30BaTh OKTHKT. OTa
CHCTEMA ITIABHBIM OOPA30M UCIIOIb30BAIACH JIJIS
JIUIIETO PA3MEMIEHUS XKUIKOCTH OOPAOOTKH B
CKBaKMHE, UCNIOb3ys DTS. Ona 0651a1a€T CIEAYIOMUMU
OPEUMYIIECTBAMMU:

1. BhICOKasI JIOTHOCTBD 3AMTHUCHIBAIOINX JAaHHBIX,
MIPOXO/ISIIIINX YEPES3 ONTOBOJIOKHO, C IpUOOpPOB I'M.

2. BO3MOXHOCTDb OJJHOBPEMEHHO BBIIIOJIHATL [N 1
TpagUuIIUOHHBIE 06paboTKU ¢ THKT.

3. Haxoxaenue 10 14 000 M OIITOBOJIOKOHHOT'O Ka6eJIst
BHYTpH KOIOHHBI 'HKT.

CucTema UCIIOb3yET OITOBOJIOKOHHBIN KA0€JIb B
I'HKT pnsa renemerpun 1 KHK ¢ Hapy»KHBIM JUAMETPOM
1 1/16”, kOTOpAsi IUTACT U OCYIICCTBIISICT CBSA3b CO
CTAHJAPTHBIMU r€O(PU3UIECKUMHU TPUOOPAMU [T
nposegenua I'M/IC PPB. lanHble NEPECHIAIOTCA
TOCPEICTBOM 6ECIIPOBOAHOM CBSI3U C OOOPYAOBAHMS HA
pa6oueit karyuike THKT Ha ITO Ha noBepXHOCTU. Takum
06pPa30M, OTIIAJAET HEOOXOAUMOCTD B UCIIOJIb30BAHNUH
CHIENUATBHON YCTAHOBKH JIJIS F€O(PU3UUECKUX
uccaegoBaHun. OCHOBHBIE KOMIIOHEHTHI CUCTEMbI
U300paKEHBI HA PUCYHKE 2:

- 3a6orHaa KHK, kotopas cocrout us aganrepa (OLA)

u reodpusndeckoro npudopa (T'IT);

* OITOBOJIOKOHHBIN Ka6esb BHyTpu THKT,
+ IIO 1 060pyIOBAHUE HA IOBEPXHOCTU.

B OLA OI'TOBOJIOKOHHBII Ka6€JIb ¥ OITTOBOJIOKOHHBIE
KAHAJIBI IPEPBIBAIOTCA. OIITUYECKUHT CUTHAJT
MPEBPAMIAETCA B NEKTPUIECKUN B CIIEITUAIBbHO IJIATE,
KOTOPAs CBA3BIBAETCSA CO CTAHAAPTHBIM I'€O(PU3NIECKUM
PUO6OPOM C UCIIOIB30BAHUEM TAKOT'O XKE IIPOTOKOJIA.
Apanrrep (OLA) IpuBOANUTCA B IEMCTBUE ITIOCPEACTBOM
O6arapen, ycranosneHHoU B KHK. 3apsz 6arapeun
TO3BOJISIET PA0OTATH 48 YACOB ITIPU MAKCUMAJIbHOU
Harpyske. OLA MOKET ObITh OTKJIIOUCH U BKJIIOYEH
B JIIOOO€ BPEM T10 KEJIAHUIO ITOJIb30BATEIA.

DTO NO3BOJISIET IPOJINTD )KU3Hb OATAPEH CBBIIIE

48 gacos. B HuxkHeEN yacT OLA HaXOAUTCS YCTPOHCTBO
MHOT'OKPATHOT'O OJIb30BAHUA JIJI OTCOEIUHEHM A
reo(pu3nYeCKOro nNpudbopa B C1ydae HENPEIBHU/ICHHOM
curyanuun. LIUpKynanus ;KUIKOCTH U 430T4 Yepe3
konoHHY THKT MoOXeT ObITh OCYIIECTBJIEHA B BEPXHEN
gactu KHK.

Ha nosepxHocTy, HA Karymke THKT npoucxoaur
MIpepPBIBAHHE OITTOBOJIOKOHHOI'O KA0€JIs1 B TePMETHYHOM
6710ke (Pressure Bullhead). B HazemuoM I1O onruyeckur
CUT'HAJI IIPEOOPA3YETCA B AJIEKTPHUIECKUI 1 OOPATHO C
ITOMOIIIBIO TAKOT'O JKE ITPOTOKONA. JJaHHBIE ITIEPEIAI0TCS
10 6ECITPOBOIHOM CBSI31 HA KOMIIBIOTEP, T7IE
MHMOPMALTNS U3BJIEKAETCSI U OTOOPAKAETCS HA JIUCIIIIEE
TAK XK€, KAK IIPU OOBIYHOM I'€O(PHU3UIECKOM paboTe.
JaHHas crucTeMa MO3BOJISIET OTKA3aThCS OT HA3EMHOT'O
060pPYyIOBAHM S, KOTOPOE OOBIYHO UCIIOIb3YETCS IIPU

<

technologies

information, as done in a conventional wireline job.
This configuration eliminates the need for the normal
wireline surface acquisition system; reducing the layout
at the location and reducing the amount of people
required.

The system includes software that enables
troubleshooting of the tools downhole as well as
monitoring critical operational parameters like
remaining downhole battery lifetime, voltage signal
lines on electronic boards and optical signal quality.

A key feature of the PL FOECT system is that it
enables the same CT string to be used for executing
both the acid treatment and logging operations. This is
particularly advantageous compared to conventional CT
e-line configurations given the affected integrity of the
cable when exposed to large amounts of acid, the cable
slack management, the flowrate restrictions and the
inability to pump drop balls.

Below is the table list of PLT tools which are currently
supported by FOECT system.

PLT Tools

PSIP Basic Module Sonde (P, T, GR, CCL)

PSIP Gradio Module Carrier

PSIP Flowmeter Dual Caliper Sonde

Digital Entry & Fluid Imaging Tool

Gas Hold-up Optical Sensor Tool

PSIP Unigage Carrier Sonde

PSIP Inline Spinner

Slim Cement Mapping Tool

PSIP Conveyance Monitoring Sonde

Flowscan Imager

THE FIRST FIELD APPLICATION

A field application is discussed where the technologies
and methodologies described above were implemented.
The main objective was to acid stimulate well A
utilizing 2-in CT and to run a post stimulation injection
production log to obtain the well injection profile. The
well TD was 12,560 ft MD with an openhole zone of
3,500 ft. The well was newly drilled as an openhole PW1
and completed with 7-in tubing. A short injection test
performed by the rig had indicated an injection rate of
3.6 thousand barrels of water per day (MBWD) at 2,000
pounds per square inch (psi).

THE PL OPERATION

After the stimulation was performed and the last
injection profiles were recorded with DTS, the CT was
POOH. The OLA assembly was then installed at the
end of the CT, together with the PL suite of tools that
included the housing without the telemetry system, and }
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TEXHOJIOT'NH

reopU3NIECKUX PAO0TAX, YTO ITO3BOJISIET
YMEHBIIUTD KOJIMYECTBO OOOPYJOBAHUSA U
MEPCOHAIIA.

Cucrema srintouaet 1O, kotopoe
MO3BOJISIET IPOU3BOAUTD JUATHOCTUKY U
YCTPAHATb HEUCIIPABHOCTH IPUOOPOB HA
3260€, 4 TAK)KE OTCJICKHUBATD HEOOXOITUMBIC
pabo4dne napamMeTPbl: OCTATOYHBIN 3aPSsI/]
Oarapey, HAIPSIPKCHUE HA AJICKTPOHHOM
IJ1ATE, KAYECTBO OIMITUYECKOI'O CUTHAJIA.

OcnosHoe npeumyiectso I'NJAC
OKI'HKT — 3TO BO3MOKHOCTbD
HCIIOJIb30BAHMS OJHOM KOMOHHBI THKT
JIJIsL OMTHOBPEMEHHOT'O BBINTONIHEHU ['1
U IPOBEJICHUSI KUCJIOTHOU OOPabOTKHU
npU3a60IHON 30HBL B 4aCTHOCTH, ITO CPABHEHUIO
C TPaAUIIUOHHOU KOHpurypanuei THKT ¢
reopU3NYIECKUM KA6€EJIEM, ITO ITO3BOJISIET U30EKATh
poO6JIEM C IEIIOCTHOCTBIO IreO(PU3NIECKOTO KAOEs
IPU BO3AEUCTBUU OOJIBIINX OO'BEMOB KUCIOTHI,
HEOOXOANMOCTH CIEIUTD 34 PACIIOIOKEHUEM KA6€s1
BHYTpH HKT, CHUMaeT OrpaHu4eHUsA CKOPOCTH ITOTOKA
SKU/IKOCTH M BO3MOKHOCTHU 3AKAYKH IIAPOB.

Huke IpeicTaBIeH CIIMCOK IreOPU3NIECKUX
PUOOPOB, KOTOPBIE MOT'YT OBITH UCIIOJIb30BAHBI BMECTE
C JaHHOM CUCTEMOM.

Teodmnsuueckue npudopsl ayxsa TUIC

PSIP Basic Module Sonde (P, T, GR, CCL)

PSIP Gradio Module Carrier

PSIP Flowmeter Dual Caliper Sonde

Digital Entry & Fluid Imaging Tool

Gas Hold-up Optical Sensor Tool

PSIP Unigage Carrier Sonde

PSIP Inline Spinner

Slim Cement Mapping Tool

PSIP Conveyance Monitoring Sonde

Flowscan Imager

MEPBbIV OMMbIT MPUMEHEHUA OKITHKT
OCHOBHOM LENBIO Pa60THI ObLIA KUCIOTHAS OOPabOTKA
CKBaKMHBI A C UICIIOIBb30BaHUEM 2” KOJIOHHBI THKT 1
HOCJIEAYIONIAs 3AITHUCh KAPOTAKa KOHTYPA HATHETAHUS
CKBA’KMHBL [7Iy61HA CKBAKUHBI ITO CTBOJTY 3828 M,
OTKPBITBIN CTBOJM — 1067 M, B Hee 6bLIa CriyIieHa 77
HKT. TecT Ha TPUEMHUCTOCTbD, BBIIOTHEHBIN OYPOBOH
Opurajiom, oKas3aa pacxog 572 M3>/CyT BOAbI IpU
nasieHuu 136 aTm.

FTEEOPU3NYECKNE NCCIIEOOBAHNA
B SKCMJTYATAUMOHHOW CKBAXWHE

IToce mpOBEAEHUSI KUCIOTHOH OOPaAbOTKU U 3aAITUCH
KOHTYPOB HATHETAHUS C IOMOIIBIO CUCTEMBI DTS
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Pucynox 2 - Cucmema coopa 0annsLx, ORMOE0I0KOHHIN Kabenb

Figure 2 — The PL FOECT system is composed of the surface acquisition
system, the FOC

the different measurement modules: GR, CCL, pressure,
temperature, tension/compression subs, a centralizer, an
inline spinner, and the full bore spinner plus XY caliper.
After confirming that the real-time acquisition was
working smoothly, the logging tools were then RIH, as
normally done in a conventional CT e-line operation.

One pass was performed from casing shoe down to
TD while injecting water at 10,000 barrels per day (BPD)
through the CT-casing annulus. Another pass from TD
to the casing shoe was done while injecting water at the
same rate. A total of 12 calibration passes were executed,
six while shut-in and six while flowing, and station logs
while coming up. The PLT operation lasted 24 hours.

No problem was encountered during the hole logging
operation with the new system.

Running the PLT with the PL FOECT in real-time
eliminated the need to stop every 1,000 ft to take
stations for time correlation required when doing the
memory PL. In addition, the real-time option allowed
for passes to be repeated, in case measurements needed
to be verified, improving the data quality. In memory PL
deployments, misruns are not uncommon due to the
memory cartridge malfunction and consequently losing
the data, requiring repetition of the job. This is not the
case with the new system.

RESULTS OF THE FIRST PRODUCTION
LOGGING WITH FOECT

A matrix stimulation treatment was designed and
pumped in a carbonate water injection well in the
M field, Saudi Arabia. Real-time distributed temperature
measurements from a FOECT string were used to
understand the injection profiles before, during, and
after the treatment. On-site joint interpretation of real-
time downhole data was provided and a workflow for
enhanced stimulation was applied to optimize fluid
placement in two acid-diverter stages followed by a
full openhole treatment with emulsified acid. Heating
associated with the exothermic reaction of acid and
carbonate in each stage was confirmed with real time
downhole temperatures. Clear indication of diversion
with VDA was observed.



kononHa T'HKT 6bu1a NOJIHSITA HA HOBEPXHOCTD. 3aTEM
Ha 'HKT 6b11 ycranosneH agantep (OLA) BMecTe €
HEOOXOAUMBIM HA60POM re0O(pU3NIECKUX IIPHUOOPOB,

B KOTOPBIH BXO/INJI KOPITYC O€3 TENEMETPUUIECKON
CHCTEMBI U PA3JIMYHBIE MOJIY/IN U3MEPEHU: TAMMAa-
kapotaxa (GR), nokarop mydt (CCL), faBneHus,
TEMIIEPATYPBI, PACTXKEHUS/CKATUSA TPYOHL,
LEHTPANN3ATOD, IMHENUHBIN pacxogoMep (inline spinner),
TOJIHOIIPOXOAHOU pacxogoMep ¢ X Y-KaBEPHOMEPOM.
[Tocne noATBEPXKACHUS PA6OTHI CUCTEMBI COOPA TAHHBIX
B peabHOM pexume BpeMenu 'HKT ¢ npubopamu ObL1a
CITyIIEHA B CKBAXKUHY TAK XK€, KAK U IIPH TPAJULTHOHHOM
pa6ore I'HKT ¢ reo(pusnueckmum KabeaeM BHYTPH.

OpuH 3amep 6bL1 BeINONHEH npu crnycke 'HKT oT
OaIIMaKa SKCIUIYATAIMOHHON KOJIOHHBI /10 320051
CKBaKMHBI IIPH 3AKAYKE B CKBA’KHMHY BOJABI C PACXOJOM
1590 M>/cyT 1O 3aTPpyOHOMY IPOCTPAHCTBY MEXKAY
IKCILTYyaTalUOHHOM KostoHHOoM u T'HKT. Ipyrori
3aMep ObL BBITONIHEH NpH JABrkeHUH THKT oT 32604
CKBaKMHBI IO 6ANIMAKA SKCILIYATAIIMOHHON KOJIOHHBI
C 3aKa4KOU BOJIBI C TAKHM K€ PACXOJIOM. Bcero 6u110
rpousseicHO 12 3aMepoB: 6 ITPU 3aAKPBITOIM CKBAYKIHE,
6 ipu paboYCH CKBAKUHE U IIPUBSI3KA IO [ITyOHHE
npu nogbeme 'HKT. Onepring npopokanach 24 gaca.
[Tpo6s1eM NP BBITOTHEHHUY PA6OTHI C HOBOM CUCTEMON
HE BO3HUKIIO.

Hcnonb3zoanue TexHonoruu OKIHKT aas
nposegenna I'IC PPB no3BOIs€T UCKIIOYNUTD
HEOOXOAUMOCTb OCTAHOBOK KaxkabIe 300 M 11s
KOPPENALUU BPEMEHH, KAK [IPU UCIIOIb30BAHUH
HOCUTENS UH(POPMALTUH /I 3ATTUCU PE3YIBTATOB
u3MepPEHMs. B 1onomHeHnE, NpU PaboTe B PEXKUME
PEAIBHOIO BPEMEHH, BO3MOXKHO OCYIIECTBICHUE
MHOBTOPHBIX ITPOXO/OB /I TOATBEPKIECHUA
MOJIYYEHHBIX JAHHBIX U YJIYYIICHUSA KA9€CTBA JAHHBIX.
ITpy UCTTIONIB30BAHUHN HOCUTE S UH(POPMALTHN ITPU
BBIIIOJTHEHUHU ITOAOOHBIX Pab0T X0n0cThIe CITO He
PEAKOCTD IO IPUYUHE OTKA30B PA6OTHI HOCUTEIIA
U, CJIETOBATEIBHO, IOTEPU JAHHBIX, UTO TPEOYET
MOBTOPHBIX CITYCKOB. TAKOTO C HOBOY CUCTEMOI HE
CJIy4aETCA.

PE3YJIbTATbI MEPBbIX TUAC PPB
CNOMOLbKO OKITHKT

O6paboTKa NPHU3AOOMHON 30HBI ObLIA CIPOEKTUPOBAHA
U IIPOBEAECHA HA MECTOPOXKAEHUU «M»> B CayTOBCKOU
Apasuu B ckBaxxuHe ITIT/] ¢ KapOOHATHBIMU NOPOJAMH.
Cucrema DTS, KoTOpasi IO3BOJAET UBMEPATD
pacnpeeeHUe TEMIIEPATYPBI B PEKUME PEATTBHOTO
BPEMEHH, ObL/IA UCIIOIb30BAHA /IS TIOHUMAHUA KOHTYPa
HATHETAHUS 10, BO BPDEMS U ITOCJIE OOPAObOTKU. JJaHHaA
TEXHOJIOT'HS TO3BOJINJIA IPOU3BECTU UHTEPIIPETAIIUIO
MOJIYYEHHBIX JJAHHBIX HA MECTE, YTO JJAJIO BO3MOXHOCTD
ONTUMH3UPOBATD PACIIPEEICHUE XKUJKOCTU B [IBE
CTaJIUU «<KHUCJIOTA — OTKJIOHUTEb», C IOCJIEAYIOMIEH
06Pa6OTKON OTKPBITOI'O CTBOJIA CKBA’KHUHBI
3MYJIBIUPOBAHHON KUCJIOTOM. POCT TeMIiepaTypol B

technologies

The main outcome of the stimulation treatments was
an increase of injection rate. Well A before the treatment
was injecting 3,600 BPD with an injection pressure of
2,000 psi. The initial warmback DTS analysis confirmed
that minimum injection was taking place on the last
800 ft of the hole before the stimulation. Post-treatment
injectivity changed to 10,000 BPD, with a pumping
pressure of 500 psi.

After the treatment, the injection profile was recorded
using the conventional PLTs deployed with the new PL
FOECT system previously described. The log confirmed
an uniform injection pattern with even contribution
from most of the openhole interval, Figure 3.

Analysis of the DTS profile taken after the stimulation
and overlayed the PL log indicated an excellent match
of both profiles as demonstrated in Figure 4. This
experience represented the first time that a CT PL
operation in the M Field was performed in real-time
with very high accuracy and magnificent management
of the stimulation treatment.

OTHER FIELD EXPERIENCES

The new PL FOECT system was deployed and used
in North America, Latin America, and the Middle East
regions. Apart from first field experience in the water
injector well of the M field, this technology was applied
in oil producers and gas wells as well. Two such job
applications where the technology’s benefit was realized
are discussed briefly below.

Job A: The main objective of the intervention for
an operator in North America was to understand the
fracture/completion program effectiveness using PL
technologies. In addition, a comparison of production
monitoring capabilities of FO in dry gas wells needed to
be realized before future investments in the completion
program would be made in the shale gas field.
Conventional techniques would require 2 CT runs to
obtain a DTS and a real-time PL log, as well as the need
for 2 CT reels on location (FOECT and CT e-line) and a
wireline surface acquisition system. The new PL FOECT
was deployed on a multi-well campaign to address this
challenge, and to apply a single run strategy per well,
utilizing less equipment and personnel on location,
then conventional techniques in order to save time and
money for the operator.

A multi-phase flow imaging tool was run in
combination with the FOECT to obtain a PL of the
horizontal section of the gas-producing well. The
FOECT allowed for DTS to be taken following the PL
in the same run to simulate a production flow profile
as seen in Figure 5 below.

Utilizing a Joule-Thomson inflow temperature
model and interpretation software, a production profile
from the DTS log could be obtained for the producing
interval. The two techniques for production profiling
of this horizontal shale gas well matched closely on
this job, allowing the operator to make more informed }
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PE3YABTATE HK30TEPMUUECKON PEAKIIUU KUCIOTHI U
KapOOHATOB HA KAXK/IOHU CTA/IMU OBbLI IO TBEPKACH
B PEKHUME PEATBHOTO BpEMEHU. TaKKe OBLIO
HOJTBEPKIEHO YETKOE OTKJIOHEHUE C ITOMOMbIO VDA.
[J1aBHOM 33/1a4Y€H JAHHOM OO6pabOTKH OBLIO
YBEIUYEHHE CKOPOCTH 3aKa4KU. JI0 00paboTKH
CKBaXKMHA A 1of1aBana 572 M* /CyT IIpHU JaBIEHUHU
136 at™. 3HAYAIBHBIN AHATU3 PACIIPE/ICICHUS
TeMmnepatypsl (DTS) noarsepansi, 4T0 MUHUMAJIbHAS
CKOPOCTbD 3aKa4YKH NPUXOJUIACH HA TTIOCTIEAHUE
240 M OTKPBITOT'O CTBOJIA Iepe]; 06padboTKo. [Tocie
OPOBEJAEHUS OOPAO6OTKU CKOPOCTb HATHETAHUS
M3MEHUIACh 70 1600 M?/CyT IIPU JABJICHUU 3AKAYKU
34 aTMm.
ITocne 06pabOTKU 6bLIA IPOUIBEICHA 3ATTUCH
KOHTYpP4 HATHETAHUA C ucnonb3osanuem ['MJIC ¢ HOBOM

cucremort OKI'HKT. Pe3ynbTaTsl KApOTaka IOATBEPIUIN

MHOCTOSTHCTBO KOHTYPA HATHETAHUS C DPABHOMEPHBIM
pacipeeseHUEM OT UHTEPBAJIA OTKPBITOI'O CTBOJIA
(PUCYHOK 3).

AHanu3 JaHHBIX CUCTEMBI DTS, MONTy4YeHHBIX TOCTIE
KUCJIOTHOM O6Pa0OTKHU, HOATBEPAUII OTIIMYHOE
COBII4/IECHHE OOOUX KOHTYPOB (PUCYHOK 4). JJaHHBIA

OIIBIT ABJIACTCA OTIMYHBIM IIDUMCEPOM TOT'O, KAK TOYHBIC

JIAHHBIE, TTIOJTYYCHHBIE C TOMOIIBIO BBIIICYITIOMSIHYTOMH
CHCTEMBI B PEKHME PEATBHOI'O BDEMEHH, TTIOMOTJIN
MPAaBWIBHO CKOPPEKTUPOBATH POrPaMMy OOPAOOTKH.

NCNOJIb3BOBAHWME OKIHKT And rmac PPB
HA OPYTUX MECTOPOXXOEHNAX
Hosgas cuctema I'MIC PPB OKI'HKT 6b112 BHE/IpEHA B

CeBepHOU AMepUKe, JIaTUHCKOU AMepuKe 1 Ha CpeHeM

Bocrtoke. Hapasne ¢ onbrtoM npumenenus I'JIC PPB

¢ OKT'HKT Ha BOOZOHATHETATEILHBIX CKBAKMHAX Ha
MECTOPOXACHUHU «M» TAHHAS TEXHOJIOT U ObLIA TAKKE
ONPOOOBAHA HA SKCILTYATAIJMOHHBIX HE(PTAHBIX U
ra30BBIX CKBAKMHAX. HIKE NPUBOJUTCS KPATKOE
ONHUCAHUE ABYX Pa6OT, HA KOTOPBIX ObLIU PEATU30OBAHEI
OPEUMYIIECTBA TEXHOIOTUH.

Pa6oTa A. OCHOBHOM IEJBIO Pa6OTHI HA
JIOOBIBAIONIYIO KOMIIAHUIO B CEBEPHON AMEPHUKE ObLIA
HEOOXOJUMOCTD NPOAHATUZUPOBATD 3(PHEKTUBHOCTD
nporpaMmsl I'PI1/3aKkaHYNBAHNA CKBAXKHUHBI C
HOMOINIBIO KAPOTAXKA. B JOo1I0OMIHEHNE HEOOXOJUMO ObLIO
OLIEHUTb BO3MOKHOCTH OIITOBOJIOKOHHBIX KAHAJIOB
O HAOIIOAEHUIO TPO(DUIA IPUTOKA B CKBAXKUHAX C
CYXHM NPUPOJHBIM I'A30M, IIPEXK/IE YEM OCYIIECTBIATD
JAIBHENINE MHBECTUIIMU B IPOEKT MECTOPOXKACHUSA
O JOOBIYE CIAHIIEBOrO I'a3a. B ciry4dae TpajuiMOHHON
TEXHOJIOTUH NTOTPEOGOBATUCH OBl 2 CITyCKO-TIO/bEMHBIE
onepanuu F'HKT: g1 u3aMepeHus pacnpeescHus
TEMIIEPATYPHI BJIOJIb CTBOJIA CKBA’KHUHBI C ITOMOIIIBIO
DTS-cucremsl u TpaguninoHHbid 'Y ICPPB. Takxe
JUISL 9TOr'O NOTPEOOBANIACH ObI MOOMIIN3ALIS IBYX
karymek F'HKT: ogHOI ¢ reo(pru3nueCcKum Kabenem
BHYTPH, BTOPO! C OIITOBOJIOKOHHBIM KA0€JIEM, 4 TAKIKE
HA3€EMHOI'O reO(PU3NIECKOrO OOOPYAOBAHUA. [1714
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Raw Injection Rate | Norm. Injestion Rate

T

Pucynox 3 - Konmyp naznemanus, 3anuCannolii
¢ nomoubio cucmemosr OKTHKT

Figure 3 - Injection profile recorded with the PL FOECT

decisions about their future completion programs.

Job B: In Latin America for an offshore operator,
the use of CT e-line services had been limited to highly
deviated or horizontal wells production logging,
because it had proven to be an inefficient intervention.
This is due primarily to the lack of space at the drilling
rig floor and the need to change the conventional reel
for a CT e-line reel, which resulted in several days of
waiting for a boat to transport the CT e-line reel and
increased costs for renting the drilling rig.

il

i : "
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Pucynox4 — Konmyp naznemanus, 3antuCannvlii
¢ nomousro cucmemot OKTHKT u DTS

Figure 4 — In%ectzon profile recorded with
the PL FOECT system and DTS

To overcome these limitations and to more efficiently
use available resources, the new PL FOECT system

was deployed to perform production logging in

combination with CT interventions. This innovative

technology was used in Latin America for the first time
on a completed cased hole well in an offshore C field,
by combining the use of FOECT to optimize the
cleanout and lifting of the well and to convey a PLT

to acquire and record downhole data in real time.

The sequence of the job operation was as follows:

- AFOECT with a rotating jetting tool was used to
remove the scale buildup restricting the conveyance
of the PLT tools from 4-in to 8.5-in ID in the 9-5/8-in
casing section of the well.

- The effectiveness of the cleanout run was validated by
running an X-Y caliper PLT with the new PL FOECT
system. The caliper run showed an effective ID
of 8.5-in throughout the target interval.

+ A final PL run while pumping nitrogen up to
1,000 scf/min through the new PL FOECT system
with a PLT string comprising: GR, CCL, pressure,
temperature, gradiomanometer, a centralizer, an
inline spinner, and the full bore spinner plus XY
caliper, and electronic probes for water holdup.



PEANN3AINU JAHHON KAMIIAHUHU O6bLJIA UCIIOIb30BAHA
HoBas TexHosnorus I'MIC PPB ¢ OKI'HKT. OcHOBHOM
njeer CTajlo IPUMEHEHUE CTPATETUU OJHOU CITYCKO-
NOJBEMHON ONEPALINHU JJIs BBIIIOJIHEHUS PA0OT HA
KaXKJ0H CKBA’KHUHE, YTO, B CBOIO OYEPEb, TO3BOJISIO
OBl YMEHBIIIUTD JJCHEKHBIE M BDEMEHHDIE 3ATPATHI

Ha MOOMJIU3ALUIO OOOPYAOBAHUS U TIEPCOHAIIA /115

TOOBIBAIOMIECH KOMITAHUH.

IIpubOp OTOOPAKEHHS MHOTO(PA3HOI'O MOTOKA
¢ OKI'HKT 6511 ciiyineH g nonydenus TNIC
TOPU3OHTABHOM CEKITHHU B JOOBIBAIOIICH I'A30BOMI
ckBaxkuHe. Mcnonbzosanue OKI'HKT nozsonuno
BBIIIOJIHUTD PACIPEAECIEHHOE TEMIIEPATYPHOE
KOMIUIEKCHOE uccienosanue (DTS) c nocnenyommum
I'M 32 OIHY CITYCKO-TIOIBEMHYIO OIICPALTUIO I
HOCTPOEHUS TPO(PUIA IPUTOKA (PUCYHOK 5).

C mOMOMIBIO TEMNEPATYPHOI MOZAEIN IPUTOKA
J>xoyns-TOMCOHA M IPOTPAMMHOI'O OOECIICYCHU S
MOKHO HHTEPIPETUPOBATH JAHHBIE, [IOJTYYEHHBIE
B XOJI€ U3MEPEHUA ITPOPUJIIA IPUTOKA C ITIOMOIIIBIO
cucteMbl DTS. O6€e TEXHUKHU JJ1 TPOPUITUPOBAHUA
MPUTOKA CJIAHIEBOTO I'd34 B TOPU30OHTAIBHON
CKBaKMHE ITOKA3aJIM OJIM3KUH PE3YJIBTAT, YTO
MO3BOJIUJIO AOOBIBAIONIEN KOMIIAHUY ITPUHUMATD
6osee THPOPMHUPOBAHHBIE PEHICHUS O 1AJIbHEHIITNX
NPOrpaMMax 3aKAHYMBAHUSL.

PaGoTa B. JlaTuHCKasg AMepuKa. MOpcKas
mnatdopma. TpaIuIIMOHHASA TEXHUKA I€O(PU3NIECKUX
ucciaegoBanui ¢c nomompio 'HKT ¢ kabeneMm He
HAIILIA IIMPOKOT'O IPUMEHEHHN B CKBAXKUHAX
€ 60JIBIIUM OTKJIOHEHHUEM OT BEPTUKAJIHN UJIU
TOPU3OHTAIBHBIX CKBA)KMHAX ITO IIPUYHHE CBOEH
HEI(PPEKTUBHOCTU. DTO CBI3AHO C HEJJOCTATKOM
IPOCTPAHCTBA HA OYPOBOM VIO A/IKE I11ATHPOPMBI
U HEOOXOJUMOCTBIO 3aMeHbI KaTymkyu 'HKT 6¢e3
KabeJis U151 BBIIIOJIHEHU S TPAJUIJMOHHBIX PA60T Ha
Karymky 'HKT ¢ reopusndeckum KabeseM, 4TO BJICUET
32 COOO AOINIOJIHUTENIBHBIE 3aTPATHI 11O BDEMEHU Ha
poctasky BTopot Karymku T'HKT u npocTor 6ypoBoit
1aT(MOPMBI M yIOPOXKAHUE €€ APEH/IBL

JJ1a mpeofonenns JaHHbIX OTPAHUYEHNH U C LIEIbIO
6oiee 3pPEKTUBHOIO UCTIOIb30BAHUS UMECIOIIHUXCS
pecypcos HoBast cucreMa OKI'HKT 6b11a MOOUIN30BAHA
st nposegenus F’NJIC B coueTaHuu ¢ 06paboOTKOM
ckBaxUHBI ¢ THKT. DTa THHOBAITMOHHAS TEXHOJIOT U
Oblj1a BIIEPBBIE UCITOIb30BAHA B JIATUHCKOM AMEPHKE HA
06CAKEHHOU CKBAXKMHE O(PIIOPHOI'O MECTOPOXKIEHHS «C»,
o6beuHsaa OKI'HKT 715 OITUMH3AITUY IIPOMBIBKHU
U MHTEHCU(PUKALIUU CKBAKHHBI U ITposejeHue I'JIC
JULS TIOJIYYEHU S 3A60MHBIX IAHHBIX B PEXXIME PEATTBHOTIO
BpeMEHU. Pa6oTa Ipoucxoamnia B CJIEAYIOMEH
MIOCIE/IOBATEIBHOCTH:

- Ha nnepsoMm dTane OKI'HKT c Bpamiatomnieiics
I'UAPOMOHUTOPHOM HACA/IKOM 6bLJIA UCIIOIb30BAHA
JULSL YIAJIEHU S OTJIOKEHUI, IPESATCTBYIONUX
NPOXOK/AeHUIO Tpu6opos I'M/IC 1151 pacIupeEH s
IIPOXOJHOTO AuamMeTpa ot 4” 10 8.5 B

technologies

The removal of the scale prior to deploying the PLT
string, as well as the pumping of nitrogen during the
logging operation, was crucial to ensure the well could
be logged in flowing conditions. The PLT data was
used to perform a dynamic evaluation of the well and
to determine the water entry zones in the relatively
long perforated interval. The new PL FOECT system
allowed these interventions and logging operation to
be performed with the same equipment spread and
personnel requirements on a drilling rig where space is
tight, improving the overall efficiency of the operation.
The PL analysis proved advantageous for the operator
in deciding whether to demobilize the drilling rig from
that reservoir and avoid drilling an additional five wells
forecasted for that area.

SUMMARY OF PLIN FOECT

IMPLEMENTATION IN THE FIELD
The deployment of the new PL FOECT system

currently in the Middle East, Asia, and North and Latin

America, has enabled the following observations:

-+ Over 90% of the wells are horizontal, needing CT
or an alternative tractor system to deploy the PLT.

- AFOECT intervention prior to or after the PL
operation occurred in a majority of the applications.

- Over 60% of the operations involved a combination of
DTS with PLT in the same run for production profiling
to understand the reservoir production characteristics
better.

-+ No job failures occurred in over 400 operating hours
related to the new system design. This result reinforces
the reliability of the system.

CONCLUSIONS
The main technical and operational benefits that

the new PL in FOECT brings to the current workflow

include:

+ Multipurpose CT string allows utilization for logging
and conventional treatments, eliminating the
redundancy of strings at the location.

- The new system eliminates the need for a standard
logging acquisition system, typically a logging truck.

+ Reduces the personnel requirements associated

[Ae— T L
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Pucynox 5 — Cpaenenue npopuiuposanus npumora
mexncoy cucmemori DTS u IT'H/[C c OKTHKT

Figure 5 — Production Profiling comparison between
DTS and PL conveyed with FOECT
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TEXHOJIOT'NH

3KCILTyaTAIJMOHHON KOJIOHHE InaMeTpom 9 5/8”.

- [ npoBepKU 3(PPEKTUBHOCTH IPOMBIBKH OBLIT
cnymeH npubop I'MJIC XY-kaBepHOMED € HOBOH
cucremort T'MJIC OKTHKT. Pe3yabTaTsl IOATBEPAUIN
JOCTATOYHBIN IPOXOAHOU JUAMETP B UHTEPECYIOLIEM
nHTEpBaIC — 8.5%

+ Ha 3aKJII0YUTEIBHOM 3TATE ObLI CYIEH IPUOOP
I'MAC ¢ OfHOBPEMEHHOM 3aKAYKOU 430Td C PACXOA0OM
710 28 M*/MuH ¢ npuMmenenueM cucrembl OKTHKT
¢ THKT ¢ reopusznyeckum Kabesaem, BKIIOYAI0NEH
B ce0Os: ramMa-kapoTax (GR), mokarop mydT (CCL),
JIaBJIEHUS, TEMIIEPATYPEL, AU(PPHEPEHITUATBHBIA
CKBA’>KUHHBINA MAHOMETP, LIEHTPAJIN3ATOP, IMHEHUHDBIA
pacxopomep (inline spinner), HOJIHOIPOXOAHOMN
pacxopomep € XY-KaBEPHOMEPOM, JIEKTPOHHbIH
CEHCOP JIJISI UBMEPEHU S OOBEMHOI'O COAECPAKAHUS BOABL
YianeHue OTI0KEHUN B CTBOJIE CKBAXKUHBIL IIEPE],

npoxoxeHueM npud6opos I'MIC, a TAKKE 3aKa4Ka

a30Ta B npouecce 'Y 6b1711 KpUTHUYHBI 17151 BBIITIOJTHEHU ST

KapOTaka B PAOOTAIOIIEH CKBaKUHE. [TonmydeHHbIE

JIAHHBIE OBLIA MUCIIOJIb30BAHBI JJI1 AHAIN34 CKBA’KUHBI

B IMHAMHUYECKOM COCTOSHHHU U ONPENETIEHUS 30HBI

NOCTYIJIEHHS BOJBI B TPOJO/KUTEIBHOM HHTEPBAJIE

nepdopanmu. Hosas cucrema TNJIC ¢ OKI'HKT

MO3BOJINJIA BBITIOJTHUTb OOPA0OTKY CKBAXKUHBI U

reo(pU3nIeCKue UCCIEJOBAHMNSA ITPHU HAJIMYHHU TOT'O KE

060PYNOBAHUA U IEPCOHAIA B YCJIIOBUAX OTPAHUYEHHOTIO

MPOCTPAHCTBA HA MOPCKOI 6yPOBOI IIIAT(POPME,

YTO MO3BOJIMJIO IOBBICUTD O6IIYIO 3(P(PEKTUBHOCTD

onepanuu. AHaJIN3 pe3yabpratoB 'Y nogrsepaul

CBOU IIPEUMYIIECTBA JJ1s1 JOOBIBAIOIEN KOMITAHHUH B

NPUHATHH PEMIEHUA 00 OCTAHOBKE OYPEHUS U PEIIECHUSA

MU306€XKATb OYPEHHUA AONIOTHUTEBHBIX ITATH CKBA’KHH B

TOM ParioHe.

NTOT MPUMEHEHUNA TMAC C OKIHKT
Hcnonbp3oBaHuE HOBOU CUCTEMBI HA CpesiHeEM BOCTOKe,

B Azuu, CesepHod U FOKHOU AMEPUKE ITO3BOJISAET

CENATD CJIEAYIOINE BBIBOJDL:

- 605ee 90% ropu30HTAIBHBIX CKBAKHMH TPEOYIOT
ncnosnb3zoBanus F'HKT uiy abTEpHATUBHOI CHCTEMEI
«TPaKTOPOB» M1 nnposegenus I'NJC.

+ OKTHKT B O0JIBIIMHCTBE CBOEM UCTIOIB3YIOTCS JJO UIH
nocue I'MIC.

- Bosee 60% paborT 1o mpodUIANPOBAHUIO IIPUTOKA
BKJIIOUAIOT B ce6s1 coueTanue DTS ¢ npudopom I'JIC
32 OJJHY CIIYCKO-TIOYbEMHYIO ONIEPALIHIO IS H0OIEE
IIOJIHOT'O IOHUMAHU S CBOCTB IJIACTA.

+ Hu ogHOM cepbe3HOI NOJOMKHU HA IPOTSKEHUU O0JIee
400 4yacoB HApPaOOTKH, CBI3AHHOM C HOBOHM CUCTEMOM,
HE [IPOU3OIILIO, YTO IOATBEPKIAACT HANEKHOCTD
CHUCTEMBL

3AKJTIOYEHUE

Hogas cucrema T'MJIC ¢ OKI'HKT no3Bosinia
MIPUBHECTH B UHyCTPUIO HOBBIE TEXHUYECKHUE U
ONEPAIIMOHHBIE TPEUMYIIECTBA:
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with further interventions and handling additional

equipment like the logging truck.

+ Number of mobilizations of equipment to the well site
can be optimized, causing a positive impact, not only
economical but also on the environment.

+ The systems provides versatility to the well
intervention cycle by making easier a short term
planning of a logging operation on CT in case is
required. In other words, more information and
data from the wellbore and reservoir can be easily
accessed.

The PL in FOECT field experience has allowed the
identification of features and improvements that could
enhance the expansion of applications in the industry.
The most important are:

+ The system needs to be made compatible with
CT hydraulic tractor and other extended reach
technologies. A flow through capability version would
address this need.

+ The system needs to allow the measurement of
reservoir saturation for Sigma and Carbon/Oxygen or
water flow logs.

All these benefits, positively impact the Well
Intervention process in the following ways:

- The system makes more accesable information and
data from the wellbore and reservoir. This mean that
better decisions can be made to restore, improve and
manage the well performance.

+ The optimization of resources, equipment and
personnel, brings the intervention cost down
significantly.

+ The ability to perform multiple applications in
the same mobilization, logging and stimulation
for example, shortens the time the well is
underperforming, enhancing the project financial
performance. ©

The authors thank Schlumberger for permission to publish and
present this paper. The authors would also like to acknowledge
the efforts and contributions of all field personnel involved

in the implementation of the new technologies and practices
referenced in this paper.

NOMENCILATURE

BHA Bottombole assembly

BPD Barrels per day

CCL Casing collar locator

CcT Coiled tubing

DTS Distributed temperature survey
e-line | Electricline

ERW Extended reach well

FOC Fiber Optics Carrier

FOECT | Fiber Optics Enabled Coiled Tubing




* HaJIOKALIMHX BO3MOXKHO UCIOIb30BAHUE
MHOTO(PYHKITMOHAIBHOM KOJIOHHBI 'HKT Kaxk i1
BBIIIOJTHEHU A F€O(PU3UUIECKUX UCCIENOBAHUM, TAK U
JULSL TPAIULIUOHHBIX PA0OT, YTO MO3BOJISIET COKPATUTD
UBJIHIITHEE KOJTNMYeCcTBO KOoHH 'HKT Ha mokanuy;

* MO3BOJISIET OTKA34ThCA OT UCIIOJIBb30BAHUS
CTaHJJAPTHOI'O reO(PU3NIECKOTO OOOPYAOBAHMU,
HAIIPUMEP KAPOTAXKHOIM CTAHIINY;

* CHMIKAET KOJTUYECTBO TPEOYIOMETOCS HA JIOKAIITUU
IIEPCOHAIA, KOTOPBI HEOOXOAUM /1151 BBITIOJTHEHU A
PaboThI U OOCITYKUBAHHUSA JOIOJIHUTEIBHOTIO
060pYOBAHUS;

* KOJIMYECTBO MOOUIU3AINEI OOOPY/IOBAHUS HA
CKBAKMHY MOXET OBbITh ONTHUMU3HUPOBAHO, YTO
IIPUBHECET MOJIOXKUTENBHBIA ACTIEKT HE TOIBKO C
3KOHOMMYECKOI CTOPOHBI, HO U C TOYKHU 3PEHUS
BJIMSHUS HA OKPY’KAIOILYIO CPELY;

* CHCTEMA ITO3BOJISIET BHECTU OOJIBIIE PA3HOOOPA3US B
BHU/JIBI PA6OT, ieNIast KPATKOCPOYHOE IIIAHUPOBAHUE
reopusnydeckux uccaegosanmi Ha FTHKT 6onee
IIPOCTBIM. JIpyTMMHU CJIOBAMH, IO CKBA’KHMHE MOXET
OBITh IOJIYYEHO OOJIBIIE TAHHBIX.

OmnprT ucntonb3oBanusa I'NMIC ¢ OKT'HKT no3Bomser
OIIPENENINUTD JOCTOUHCTBA U YIIy4YIIEHUS, KOTOPBIE
MO3BOJIAIOT PACHIUPUTD OOIACTH NIPUMEHEHN S HOBOU
TEXHOJOrNU. Hanbonee BaKHbIE U3 HUX:

* HEOOXOAUMO PACCMOTPETH BO3MOXKHOCTD
Ucronb3oBanusg cucteMel ¢ 'HKT ¢ rupaBindeckum
«TPAKTOPOM» M IPYTUMHU TEXHOJIOTUAMH JJI1
JIOCTHKEHU S OOIBIIUNX ITTyOUH. OCHOBHAS IIPOOIEMA
IIPU 3TOM — 3TO BO3MOKHOCTD OCYIIECTBIATD
IIPOKAYKY YEPE3 TAKOT'O POAA NIPHUOOPBI;

* HEOOXOAUMO PACCMOTPETH BO3MOXKHOCTD
M3MEPEHNA HACBIIEHNU A I171ACTA /1714 Sigma,
CHEKTPOMETPHUYECKOTIO UMITYJILCHOT'O HEMTPOHHOI'O
KapOTA>Ka UJIX KAPOTAKA B ITOTOKE BOJBL.

Bce nmeromuecs IpenMyIecTsa MO3BOIAIOT
YIY4HIUTD 3PPEKTUBHOCTD IPOBEAECHUS PAOOT B
CKBAKMHE:

+ cucreMa ienaet 60see JOCTYIIHOU NH(POPMAIUIO U
JIAHHBIE TI0 CKBAKHUHE U PE3EPBYAPY, YTO NO3BOJIAET
IIPUHUMATB 6051€€ OOBEKTUBHBIEC PELIEHUS B XO/I€
SKCILTYyaTAIUH CKBAKUHEI,

* ONTUMM3ALUA PECYPCOB, 060PYJOBAHNA U IIEPCOHAIA
3HAYUTEJIBHO CHUXKAET CTOUMOCTD OIEPALINH;

* BO3MOKHOCTD BBIIOJTHATH HECKOJIBKO
TEXHOJOTMYECKUX ONIEPAITHIT 32 OTHY MOOHIU3AITUIO
(manpumep, ' 1 cTUMynALs) IO3BOJAET
COKPAaTUTh BPEMSI ITPOCTOS CKBA’KMHBI U IIOBBICHUTH
3KOHOMMYECKYIO 3(PPEKTUBHOCTD BCETO IIPOEKTA
B IICJIOM.

technologies

gpf Gallons per foot

HS Hydrogen Sulfide

2

Hcl Hydrocbloric acid

MBWD | Thousand barrels of water per day

MD Measured depth, ft

OD Outside diameter

OLA Optical logging adapter

PL Production logging

PILT Production logging tool

POOH | Pull out of bole

psi Pounds per square inch

PwWI Power water injector

RIH Rumn in bole

D Total deptb, ft

VDA Viscoelastic Diverting Acid

WHP Wellbead pressure
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