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NMpoBeaenne pador no ypenmio
CKBa)XuMH ¢ npumeHeHuem FHKT

Performing of Coiled Tubing
Drilling Operations

A.C.3AXAPOBA, peruoHaJIbHBIH PYKOBOSHUTEIS Henapramenta «06opyaosanue 11t THKT, Poccus/CHI», National Oilwell Varco

A.ZAHAROVA, Regional Manager, CT Equipment Department, Russia/CIS, National Oilwell Varco

Hpes 6ypeHusa rHOKUMH HACOCHO-
xoMmnpeccopusiMu Tpydamu (I'HKT) npeacrasiser
COOOM NPUHIUITUATIBHO HOBBIU MO/IXO/T K PEIICHUIO
33/1a4 B HE(PTETA30BOM OTPACIN. [JaHHAS TEXHOJIOT U
ObL1a N306peTeHa B 1950-€ ro/ibl, HO HIUPOKYIO
HOMYJIIPHOCTb OHA O6PEJIA TONBKO B KOHIIE 1980-x
rofos. TeEXHONMOTrMA NPENHAZHAYECHA [T 3APE3KU
OOKOBBIX CTBOJIOB WUJIU YBEJIMYEHHUS 32005 B
HEMTAHBIX U I'A30BbIX CKBA)KMHAX [NTYOUHOH
110 6000 M.

OmnbrT npuMenenus F'HKT i1 6ypeHns CKBaKUH
HACYUTBIBAET yKe 6oiiee 30 JIET, U 32 ITO BPEMsI ObLIN
BBISABJIEHBI U HEOJJTHOKPATHO NOATBEPXKAANNICH HA
MNPAKTHUKE IPEUMYIIECTBA UCTIOIb30BAHMU S 3TOM
TEXHOJIOTUH MPOBEACHUS PAOOT IO CPABHEHMUIO C
TPASULIOHHOM:

* COKpAIEHHUE BPEMEHU TPOBEJEHUS CITyCKO-
noabpeMubIx onepaumi (CIIO) 3a cyeT OTCYyTCTBUA
coenHeHUI. [IpruMeHeHne ru6KOM KOJIOHHBI TPYO
IIO3BOJISIET CITYCKATh KOMIIOHOBKY HI34 Oy PUIBHOM
KonoHHbI (KHBK) HenpephIBHO, HE OCTAHABIMBAA
IIPOLECC TPOBEJEHUS ONIEPALINH C LIETBIO
HAPAIUBAHUA KOJIOHHBI TPYO IS JOCTHKEHUA
IIPOEKTHOM INTYOHUHBL,

¢ 6e30nacHOCTb IpoBeeHus CIIO, TaK KaK B JAHHOM
CJIy4dae HE HY>KHO IMTPOBOJUTh CBUHYHMBAHUE-
Pa3BUHYMBAHUE PE3bOOBBIX COEAUHEHUN 1
nepemetiate HKT Ha MOCTKY;

* BO3MOKHOCTDB HEMIPEPBIBHOM IIUPKYJIALIUN BO
Bpems CIIO;

* BO3MOXKHOCTDB OYpEHMA HA AETIPECCUU UIIN
6aaHce;

* 06€eCrIeYeEHNE TEPMETUYHOCTH YCThA HA BCEX
3TAIAaX BBIIIOJTHEHUSA BHYTPUCKBAKMHHBIX
Oonepanu, HAYUHAA C HOATOTOBKUA KOMILJIEKCA
PEMOHTHOT'O O60PYJOBAHUA BIUIOTD JJO €TO
CBEPTBIBAHMUS;

* 3aAMKHYTBIN pa6OYUNII LIUKJI;

* 3HAYUTEJILHOE YJIY4IIEHUE YCIOBUM TPyIa
PaGOTHUKOB 6pUTIa /] IIPU BBIIIOJIHEHUU BCEI'O
KOMILJIEKCA OIIEPAITUY;

* cobmoeHre 00JIee BBICOKUX TPEOOBAHU
B O6JIACTH 3KOJIOTUHU IIPH NPOBEJNEHNH BCEX
onepanui 1o 6ypeHnIo CKBA’KHH, B YaCTHOCTH,

34 CYET MEHBIINX PA3MEPOB KOMILJIEKCOB

060PYAOBAHUA /I 3TUX LIEJIEH 10 CPABHEHUIO C

TPaJUIMOHHBIMH,

* CYIIECTBEHHBIN SKOHOMHUYECKUH 3(PPEKT B
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The idea of coiled tubing (CT) drilling is a
breakthrough approach of solving problems in the oil
and gas industry. The technology itself was developed
in 1950s but gained widespread appreciation only
in the late 1980s. It allows to perform sidetracking
or bottomhole enlargement of oil and gas wells with
depths up to 19,685 ft.

The experience of CT application for wells drilling
goes back for 3 (three) decades. During this time a
set of benefits of this technology in comparison to
conventional drilling techniques were identified and
borne out by events. The mentioned benefits include:
* Reduction of trips duration due to the absence of

connections. Application of CT string allows to

continuously lower down bottomhole assembly

(BHA) without the need to stop the overall process

for connection making;

* Trips are performed in a safer manner because there
is no need to do making up/uncoupling of thread
connections and move the tubing string to the
drilling floor;

* The ability to perform continuous circulation of
drilling mud;

* The ability to perform underbalanced/balanced
drilling;

» The wellhead integrity is supported during all stages

of well intervention operations, starting from repair

equipment assembly rig-up to its rig-down;

Closed working cycle;

Significant improvement of labor conditions of a

drilling crew;

» Compliance with more demanding requirements in

the sphere of ecology during well drilling operations

performing, in particular due to smaller-in-size
drilling equipment assemblies in comparison to
conventional ones;

Significant cost advantages.

It turns out that for particular types of operations

conventional drilling is more economically viable than

CT drilling. Thus application of CT for drilling can be

both an advantage and, in some cases, a drawback for a

company. The drawbacks of CT drilling also include:

* Inability to rotate a drilling string. To address this
issue National Oilwell Varco suggests using Strong
Arm orienting device which allows to rotate BHA for
45 degree clockwise per one working cycle.

» CT fatigue strength and lifetime. Some CT units are
equipped with sensors that provide information



pesynbsrare npumenenus 'HKT npu nposejcHUN
OYpPOBBIX PA6OT.
WHOra Npyu NPpOBEIEHUN ONIPEAETIEHHOTO
BH/]4 ONIEPALIMU IPOBEACHUE PAOOT IO OYPEHHUIO
TPAJAUIIUOHHBIM CIIOCOOOM ABJIAETCS 60IIEE
3KOHOMMUYECKHU BBITOHBIM, YyeM Ha THKT. Takum
06pa30M, 3KOHOMUYECKAS APPEKTUBHOCTD ABJISAETCS
KAaK IPEUMYIIECTBOM, TAK U B OT/ICJIBHBIX CITy4asax
HeJocTaTKoM rucnionb3oanust THKT fuis mpoBeneHus
PaboT 0 OYPEHMIO CKBAXKUH. TaKXKe K Hedocmamxam
0aHHO20 MEIMOOa MONCHO ONHECL:
¢ HEBO3MOKHOCTD BPAIIEHH I Oy PHUIBHOU KOJIOHHBL
J7151 penenns JaHHOM NPOOJIEMbI KOMITAHUS
National Oilwell Varco npemiaraet uConb30BaTh
OPHUEHTUPYIOLINHN UHCTPYMEHT Strong Arm,
MO3BOJIAIONNIT NpoBOpaunBaTh KHBEK Ha 45°
I10 YaCOBOM CTPEJIKE BOKPYI CBOEM OCH 34 OAUH
pabouunii IUKIL
¢ VCTAIOCTHASI IPOYHOCTD U 10AroBeyHOCTh THKT.
HexoTopele arperatsl CHA0KEHBI JATYUKAMY,
OTOOpAXKAIOMMMU COCTOsIHUE KOJTOHHBI THKT, yTO
3HAYUTEJIBHO YIYYIIAeT IPEACTABICHHUE O )KU3HHU
TPYyOBL
B npouecce npoBeseHrs ONbITHO-
MPOMBIIUIEHHBIX PA0OT IO OYPEHUIO CKBAKHUH
Ha 'HKT 6b11H BBIABIEHBI U TPOAHATU3UPOBAHBI
YCJIOBUA YCIIEMMTHOTO TPpOoBeaeHUsA 6ypennsa Ha THKT.
1) Tpe6GoBaHHUS K OPHEHTAIIHH HAIIPABICHHOT'O
OypeHuA. HeBO3MOXHOCTD BPAIIECHU S KOJIOHHBI
I'HKT penaeT HEBO3MOKHBIM [IPOBE/ICHNE
HEKOTOPBIX ONEPALINH JAHHBIM CIIOCOOOM, B
OTJIMYME OT TPAAUITMOHHOT'O. OJHAKO 06ABJIEHUE
B KHBK opreHTHPYIOErOo MHCTPYMEHTA
Strong Arm mpon3BoACTBA KOMITaHUH National
Oilwell Varco no3soJsisieT peunTb JAHHYIO
poo6neMy. JJaHHBIN HTHCTPYMEHT IIPEJHA3HAYCH
JUIA BpAeHNA pabO4rX MHCTPYMEHTOB
¢ 60s1e€ BBICOKUM KPYTAIIUM MOMEHTOM.
[Ipu yBETMYEHNUH PACXO/AA HA UHCTPYMEHTE
CO3jA€TCA HEOOXOUMBIN IEPENna/, JaBICHUS.
IToce NPHIIOKEHNA JABJIEHUSA ITOPIIEHD
OTXOJUT BHU3, BPAIas IPUBOAHON OAIIMAK C
IIOMOIIBIO IIPHUBOJHOIO BaJId, IPEOOPA3YIOIETO
IIOCTYIATEIBHOE IBMKEHUE B KPYTAIIMI MOMEHT.
32 OIMH [UKJI IIPUBOJAHONM 6AIMAaK OOBIYHO
IIOBOPAYMBAETCA HA YT'OJI HE 60J1ee 45° TIO 9aCOBOM
CTpenKe (BO3MOKHA ITOCTABKA ITPUBO/IHBIX
©aNIMAaKOB C MAKCHMAJIbHBIM YIJIOM BPAIICHHU S
MeHee 45°). Bo BpeMs oniepaiuii 6ypeHus Ha
I'HKT BpaleHue KOHTPOIUPYETCS C IIOMOIIBIO
TeJieMeTPprH, Hanu4due Koropor B KHBK Taxoxe
SIBJISIETCS] OJTHUM U3 TTIABHBIX YCJIOBUH YCIIEIITHOTO
MIPOBEACHUS 6YpEHM . YTOOBI TIOBTOPUTD ITHUKJI
IIOBOPOTA IPUBOJHOTO HAIIMAKA, CJIEIYET CHU3UTD
pacxoz 10 O6BIYHOTO 3HAYEHU S ITUPKYIAIIU;
BpaIeHHUE HHCTPYMEHTA IPEKPAIACTCS, U
OH (PUKCHUPYETCS B TEKYIIEM MOJIOKEHNH. DTO
34CTAaBUT ITOPIIEHDb ABTOMATHYECKH BEPHYTHCS
B MCXOJJHOE ITOJIOKEHUE, B PE3YJIBTATE YErO
WHCTPYMEHT BHOBb O6y/IET TOTOB K CPAOATBHIBAHUIO.
ITocse 3TOro MOXXHO HOBTOPUTH OIIMCAHHBIN BBIIIE
ITUKJI IOBOPOTA.

TECHNOLOGIES

about CT string state which substantially improves
CT lifetime forecasts.
In the frame of pilot CT drilling project our company

has identified and analyzed the terms of successful CT
drilling.
1) CT drilling orientation requirements. Inability

of CT string to rotate makes it impossible to perform
some of the operations. However the inclusion

of National Oilwell Varco’s Strong Arm orienting
device to BHA assembly solves the above issue. The
tool is intended for rotating downhole tools with
higher torque. The increase of flow rate creates a
required differential pressure. After the pressure is
applied, a cylinder piston moves down and rotates
a driving shoe with the help of a power shaft which
transforms linear motion into rotation torque. The
driving shoe rotates for a maximum of 45 degrees
clockwise per working cycle (it is possible to supply
a shoe with 2 maximum angle less than 45 degrees).
During CT drilling operations rotation is controlled
using MWD (measuring while drilling) technology.
The presence of the latter is one of the key factors
of successful drilling. In order to repeat the working
cycle of driving shoe it is necessary to decrease
flow rate through the orienting device down to the
circulation level. This stops the tool rotation and
fixes it in the current position. After that cylinder
piston automatically recovers its initial position
which allows repeated use of the tool. The rotation
cycle described above can be performed multiple
times.

2) CT outside diameter should be more than

1.75". The success rate of CT drilling operations is
also directly connected with the outside diameter of
used tubing. The best option in our opinion is 2" CT.

3) Pumping capacity. Successful activation of }
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2) Hapyxubri gpuamerp THKT 6osee 1.75"
Vcnex nposefeHus padoT 1o 6ypeHUIo Ha
I'HKT Tax:ke HAPsAMYIO 3aBUCHUT OT HAPY>KHOTO
JUAMETPA UCTIONb3yeMOI TPYOLL Cpeu
AKTYaJIbHBIX U UCTIOJIb3YEMBIX HBIHE PA3MEPOB
CaMBIM JIYYIIUM BAPHAHTOM OyZET TPyOa C
HAPY>KHBIM JUAMETPOM 2",

3) IIPOHU3BOAHTEIBHOCTDb HACOCOB. YCIICIIHAA
AKTUBALIMS OPUEHTUPYIOMETO UHCTPYMEHTA
Strong Arm U TeJ1eEMETPHUYECKON CUCTEMBL
TpebyeT HATN4YUSA 6€CrIEPEOOHHO PabOTAIOMUX
HACOCOB. [IJ151 COBEPIIEHUS IOBOPOTA IPUBOHBIM
OaIIMaKOM OPUEHTHUPYIOMIETO HHCTPYMEHTA Strong
Arm cieyeT HOBBICUTDb PACXO/ IIPOMBIBOYHON
JKHJIKOCTH U IEPKATh €TI0 HA HY?KHOM YPOBHE
6€3 NOCIEQYIOMNX CHUXXEHHUI HATIOPA WIH
JK€ BBIKJIFOYEHU . JIJIs1 3a11yCKa TEJIECUCTEMBbI
HEOOXOANMO IOCTUYb OIIPEAETIEHHOIO YPOBHSA
pacxopa (OH Pa3JINy€eH A1 TENEMETPUUECKUX
CHCTEM PA3HBIX IIPOU3BOAUTEIIEH) U JEPKATD EI'O
HA 3HAYEHUAX 3AITyCKA ITOCTOSHHO, HE CHUKASL.

B cirygae BIXOza HACOCOB U3 CTPOS PACXOJ,
MIPOMBIBOYHOI JKMJJKOCTH OTYCTHUTCSI HAXE
3HAYEHUA 3AITyCKA TEJIEMETPHUYECKON CUCTEMBI
MJIN JKE CBEJETCA K HYJIIO COBCEM, TEJIECUCTEMA
OyZET aBTOMATUYECKH OTKJIIOUEHA. [ToTpebyeTcsa
3aI1yCKATb HACOCHI U IOCTUI'ATh 3HAYECHNH 3aI1yCKa,
4TO MOBJIEYET 32 COOOM MOTEPIO NPOU3BOAUTEIBHOTIO
BPEMEHH, TAK KAK ITOCJIE JOCTHUKEHUA 3HAYEHNI
AKTUBALIMHU TEJIEMETPHUYECKOIN CUCTEMBI HEOOXOANMO
BBDK/IATh (PUKCUPOBAHHBIA HHTEPBAJI BDEMEHH
(OpUEHTUPOBOYHO 5—10 MUHYT B 3aBUCUMOCTU OT
TPOU3BOAUTEIA) A1 IIOTHOLIEHHON AKTUBAIINU
Y BBIBOJ]A 3HAYEHUN HA CIIEIIUAJIN3UPOBAHHBIE
MOHUTOPBI B PEKUME PEATILHOT'O BPEMEHH.

4) OnerTHAsA OypoBas oOpurajga. I1o Bcemy MUDY
HIMPOKO PACTIPOCTPAHEHO UCTIOIb30BAHUE
I'HKT pi1s1 IpOBEACHUS KAIIUTAIBHOI'O PEMOHTA
CKBAXXWH, YTO NOAPA3YMEBAET IIOf, COOOM
npucyrcrue 6puraibl KPC (He OypoBoIf) Ha
CKBAKMHE JUIS IPOBE/ICHUS pA0OT. 3aBUJIEB
nznaseka komriekc 'HKT, MoxHO OITMO0YHO
NIPUATH K MHEHHUIO, YTO PAGOTHI IPOBOAUT
o6purana KPC. Ho eciu peub ujer o 6ypeHnu
Ha 'HKT, BCe onepanyu CiaegyeT BBIIIOJHITD C
OypOBO OpUTATOH.

5) OceBoe ycHiIne Ha J0J0TO. OIHON U3 IPUYNH,
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Strong Arm orienting device and MWD system
requires the presence of trouble-proof pumping
units. To perform rotation of BHA with the help of
Strong Arm’s driving shoe it is necessary to increase
the flow rate through the device and keep iton a
required level without any pressure reductions or
shut-downs. To launch MWD system it is necessary
to reach a certain flow rate level (it depends on the
type of MWD system) and keep it permanently
without any decrease.

In case of pressure units failure circulating fluid
flow rate drops down which will eventually result in
automatic shut-down of MWD system. This will result
in the need to launch the pumping units again and
reach a specified flow rate level in order to re-activate
MWD system. In its turn, it results in non-productive
time since after re-activation of MWD system it is
necessary to wait for a certain period of time (around
5-10 minutes, depends on the manufacturer) before
the system becomes fully operational and you see the
measurement charts displayed in the real-time mode.
4) Qualified drilling crew. Coiled tubing is widely

10 KOTOpOM nporiecc 6ypenus Ha THKT aBiseTcs

used for well workover operations which implies

HEBO3MOKHBIM, SIBJISICTCSI HEBO3MOKHOCTD
IIepeavy HATPY3KH Ha GYPOBOE I0JIOTO 32 CUET
I'IOKOI TPYOBL. BBIT HaMIEH BBIXO/] U3 JAHHOI
CUTYAIINH, U HEOOXO/IMMOE OCEBOE YCUIINE

Ha JI0JIOTO JOCTUTAJIOCH ITYTEM JJO6ABJICHUA
HEKOTOPOI'O YHUCJIA YTSKEICHHBIX OY PHUJIBHBIX

Tpy6 (YBT). B cityyae HEBO3MOKHOCTH JJOOABIECHU S

VBT B KHBK kommanusa National Oilwell Varco
MIPEIAraeT UCIIOIb30BATh PA3BEMHYIO CUCTEMY
st coopku gimHHbIX KHBK. JJanHas cucrema
MIPEJICTABIISAET COOOM CIIEITUATBHYIO PAbOYyIO
KOJIOHHY, KOTOPas UCIIONIb3yETCS TaM, T7I€ JTHHA
WHCTPYMEHTAIBHOH KOJIOHHBI IIPEBBIIIACT
BMECTHUMOCTB CEKITUU TyOpHKaTOpa. PazbeMHas
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the presence of workover crew (not a drilling crew)
at the wellsite. If one sees a coiled tubing unit on the
wellsite he or she may incorrectly assume that there
is a workover crew working. But when it comes to
CT drilling all operations are performed by a drilling
Crew.

5) Weight on bit. One of the reasons which

complicates or even eliminates the possibility to use
CT for wells drilling is that it is almost impossible to
generate weight on bit with CT. To address this issue,
a certain quantity of heavy-weight drilling pipes

is usually added to BHA. In case when the latter is
not possible due to some reasons, National Oilwell
Varco suggests to use a split system of making-up



cucrema Jj1 c6opku ainuHHbIX KHBK nnozsosieT
pa3éusaThb Ha 3Tanbl COOPKy KHBK. Pazbemuas
cucrema jj1a c6opku pinnHHbIX KHBK cocrouT

U3 TPEX KOMIIOHEHTOB: PA3bEMHOMU IITAHT'U

st coopku JnnHHbIX KHBK, 1BOMTHOTO
IAPOBOT'O OO6PATHOTO KJIAMAHA U COETUHUTEIIS
CARSACHT. IluameTp CEKITUU UCIIOIb30BAHHON
PAa3bEMHOI MITAHTU 7151 COOPKU TMHHBIX KHBK
COOTBETCTBYET JUAMETPY UCNTONb3yeMbIX THKT

U COXPAHSAET NOJHOIIPOXOAHOE CEYEHHE I
POXOXKAEHUA NOTOKA. 3AKPBITHUE MIAPOBBIX
KJIATIAHOB B /IBOMTHOM IIIAPOBOM OOPATHOM KJIAIIAHE
(OPMUPYET B CTBOJIE CKBAXKUHBI JIBOMHON 6apbep.
Coennnunrens CARSAC no3BOIgET IPUCOEAUHATD
BEPXHIOIO YACTh HHCTPYMEHTAIBHOU KOJIOHHBI
6€3 BpalieHus pabodyei KOJIOHHBL MIcIonb3ys
KOMOHHAIUIO PA3bEMHOI IITAHTH 151 COOPKHU
qHHBIX KHBK, 1BOMTHOTO IapOBOTO OOPATHOT'O
kiarana u coeaquauTenss CARSACHT, MoxxHO
BBITTONHATB COOPKY KHBK B HECKOIBKO 3TATIOB:

¢ CHauasna HuxHIO cekunio KHBK cobpats 1o
Pa3bEMHOI CUCTEMBI 1151 COOPKU JIUHHBIX KHBK
U Pa3MECTUTD B TyOPHUKATOPE.

¢ JIprcoeaMHUTD BEPXHIOIO (OXBATBIBAEMYIO) YACTh
coegqunuTenst CARSAC, O6paTHOIO KJIAllaHa U
coequauTens Kk 'HKT.

¢ ONyCTUTh BEPXHIOIO KOJIOHHY /10 HUXKHEN CEKIITUU
KHBK 1 nprucoearHnuTb €€ 4epes3 COEANHNUTED
CARSAC.

e Onycrutb cekuio KHBK nox
IIPOTUBOBBIOPOCOBBIN IIPEBEHTOP U 3AKPBITh
TPyOHBIE IUIANIKU HA PA3BEMHOM IITAHIE
Juts coopkm annHHBIX KHBK, cdhopMupoBas
VIUIOTHEHHUE MEXY CKBAXKUHOM U TIOBEPXHOCTBIO.

¢ 3aKpPBITh HIAPOBBIE KJIAIIAHBI HA JBOMHOM HIAPOBOM
OOPATHOM KJIAITAHE U CTPABUTD OCTABIIIECECS
JIABJICHUE U3 BEPXHEN KOJIOHHBL }

TECHNOLOGIES

long BHAs. The system includes specialized working
string that is used where the length of a tool string
exceeds the capacity of oil cup section. It allows to
make-up long BHAs in a number of separate stages.
Split system comprises 3 components, including
sectional drill rod for making-up long BHAs, dual-
control ball check valve and CARSACHT connector.
The diameter of used sectional drill rod for making-
up long BHAs correlates with the diameter of used
CT and conserves full-opening bore for smooth
flow transmission. Closing of ball valves in the dual-
control ball check valve forms a double barrier in
the wellbore. CARSAC connector provides seamless
disconnection of the tool string’s upper part without
rotation of working string. The combination of
sectional drill rod for making-up long BHAs, dual-
control ball check valve and CARSACHT connector
allows to make-up BHA in a number of stages
described below:

First of all, it is necessary to make-up the lower
section of BHA up to a split system mentioned above
and place it in the oil cup.

Then it is required to connect the upper (male) part
of CARSAC connector, back pressure valve and CT
connector.

Next it is needed to lower the upper string down

to the lower BHA section and connect it via the
CARSAC connector.

After that, BHA should be lowered down the blowout
preventer, pipe rams on the sectional drill rod have
to be closed in order to support make-up of long
BHA’s. The latter forms a seal between well and
surface.

Ball valves in the dual-control ball check valve
should be then closed and the remaining pressure in
the upper string should be released.

Separate CARSAC connector in a way to maintain }
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e Pazgenuth coeguautTesib CARSAC Tak, 9TOOBI
HUKHUU (OXBATBIBAIOIINN) IIEPEBOJHUK
HAXOJMJICS CBEPXY.

e CoeauHUTb OocTaBuyocsa 9acTb KHBK ¢ BepxHert

(oxBarbiBaeMoOr) cekpuen coegunutensa CARSAC

U NIOCAUTD MOJYYHBIIYIOCS COOPKY B HUXKHIOIO

cexiuio KHBK.

OTKPBITb TPYOHBIE IIIAIIKHU IIPOTUBOBBIOPOCOBOIO

IIPEBEHTOPA, ITOCJIE YET'O MOKHO CITyCKATh

cobpannyio KHBK B CKBaXUHY.

INTockonbKy Bpanienue cekiui KHBK HeBO3MOXKHO,

lower (female) adapter sub on the top.

» Connect the remaining part of BHA with the upper
(male) section of CARSAC connector and jam the
assembly in the lower section of BHA.

¢ Open pipe rams of blowout preventer and then
lower the made-up BHA into well.

Since the rotation of BHA section is impossible the
assembly of CARSAC connector using “jamming”
approach takes on great importance. The system
mentioned above can be used in various areas and
together with different configurations of pipe rams

ycTaHOBKA coeguHuTenss CARSAC meTogom for CT.

«10CAJIKW» IPUOOPETAET GOIBIIOE 3HAYEHHE. Thus, by observing the above-described conditions it

CucTeMa pa3bEMHBIX IITAHT /I COOPKU JJIUHHBIX is possible to successfully perform CT drilling.

KHBK nog 'HKT MOKeT HCIONB30BATHCA B Described conditions were collected and analyzed

CaMBIX PA3JIMYHBIX OOJIACTAX U C PA3TTUYHBIMUA by the specialists of National Oilwell Varco during the

KOH(PUTYPALUAMHU TPYOHBIX Tammek st FTHKT. pilot project which included bottomhole deepening
Takum 06pa3oM, COOIIOAAS BCE BBIIEYIIOMAHYThIE and utilization of NOV’s BHA and MWD system in

YCJIOBUS, MOXKHO YCIIEIITHO OCYIIECTBUTH OypEHUE HA the Volga-Ural region. Operation was performed with

I'HKT. technical support and under continuous supervision
JlaHHbBIE YCIIOBUA OBLIN COOPAHBI U
MPOAHATU3UPOBAHBI CIIEITUAIMCTAMYA KOMITAHUH

of NOV’s specialists. The goal of the operation was to
reach the bottomhole’s target depth following
the specified well path.
Short summary of the project can be found
in Tables 1 and 2.

Taonuuya 1
Table 1
IIpOEKTHBIN
Jduamerp, MM HHTEPBAJ CITYCKA, M
Hazpamme Diameter, mm Des.igned drilling
interval, m
KOJIOHHBI
Name OJ0TA o 1o
KOJIOHHBI CTBOJIY
offa — BEPTUKAINA .
drillbit | 'S8 | vertical g
ole
Hamnpasnenue 2953 244.,5 0-60 0-60
Konpgyxrop 2159 177,8 0-300 0-300
Dxcruryaranponsas | 120,6 102 0-1156 0-1167
Ta6auua 2
Table 2
Drv6uma o | SCHUTHBIA [ny6uHa no HHTEHCHBHOCTB,
C¥BOJIY w | yromrp | Asumyr rp [ Bepruxamm, | Cmemenne, M rp/10 m
> R A M B Dog 1
Measured Inclination | Azimuth, ) Displacement, og 'eg
angle, degree Vertical m severit
depth, m Y,
degree depth, m degree/10 m
0,0 0,00 N/A 0,0 0,00 0,00
National Oilwell Varco B mpornecce ygacTus 60,0 0,00 N/A 60,0 0,00 0,00
B OITBITHO-TIPOMBIIIIJIEHHOU paboTte
IO YITyONEHUIO 320051 CKBAKHUHBI 300,0 0,00 N/A 300,0 0,00 0,00
ucnosb3opanuu KHBK NOV u cucreMsbl
TEJIEMETPHHU B pETHOHE Bosro-Ypai. Pa6ora 600,0 0,00 N/A 600,0 0,00 0,00
IIPOXOANIIA IIPU NOCTOAHHON TEXHUYECKON
MOJIZIEPIKKE U KOHTPOJIE CIIEITUaTuCTOB NOV. 723,0 12,30 1075 722,1 13,2 1,00
Lenpio JAHHOU paboThI OBLIIO IOCTHKEHUE
IJIYOUHBI IPOEKTHOTO 326041, CJIEAYS 33/JaHHOM 1 12,30 1075 1B 1078 0,00

TPAECKTOPUH.
KpaTkoe onucaHue NPpOEKTa COACPKUTCSI
BTAOM. 111 2.

In Table 3 presented below one can find a schematic
view of BHA #1 equipped with a 5-blade PDC bit which
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Hroxe B Ta0J. 3 IPUBEAIECHO CXEMATHUECKOE
nzoopaxenre KHBK Ne 1 ¢ nTUI0IIaCTHBIM
nosioroM PDC, ¢ HOMOIBIO KOTOPOY 6BUIO ITPOBEICHO

yray6ieHue 326051 CKBUKUHBI B UHTEPBATIE 564—670 M,

HAYAIBHBIN yTOJI — 5,3°, KOHCYHBIH — 8,6°.

Taonhuuya 3
Table 3
KOoMIIOHOBKa (HaMMeHOBaHUE | CymmapHAas
Nem/m 3/I€MEeHTA) TTHHA, M
Iltve(;n BHA Total length,
: (element name) m
13 HyHOTIHbII;I COE/IUHUTEITb 69,00
Dimple connector
12 I‘OJIOB-HOIX MOJLY/Ib 68.90
Main module
Coepunurens Carsac HT
11 68,08
Carsac HT connector
VBTC
@ (5 CKanoK) 6751

Balanced drill collar (5 plungers)

OpHUEHTUPYIOINUI NHCTPYMEHT
9 Strong Arm 20,95

Strong Arm orienting device

Iepexo/IHOM NEPEBOJJHUK
8 pexon PEBOA 1935
Bottleneck sub

- ITepexoaHOM CrIeNNnePEBOJHUK 1905
Bottleneck specialized sub ’

6 HemarnurHas YBT (flex) 1843
Non-magnetic drill collar (flex) o

VYCTAaHOBOYHBIN HEMATI'HUTHBIN
5 EPEBOJHUK 9,12
Setting non-magnetic sub

4 IlepexoqHOM CrIENNEPEBOJHUK 208
Bottleneck specialized sub ’

IepexoaHOo¥ IEPEBOAHUK

7,31

. Bottleneck sub 2

5 B33 %7/86.7 701
DDM 3 % 7/86.7

1 Honoro SKH511S-B1A 041

Drillbit SKH511S-B1A

B Tabnulie 4 NpuUBEAEHBI TAPAMETPBI OYPEHUS
3a perc Ne 1¢ ICOIb30BAHUEM ITATUIONACTHOI'O
nosaota PDC.

Kaxk BUHO 13 Ta611. 4, 32 17,5 4acoB 6ypeHus
6bL10 TPOGYPEHO 106 M CO CPEHEIT MEXAHUYCCKOL
CKOPOCTHIO 6,06 M/4. TTpy UCTTOJIB30BAHU U
JIAaHHOM KOMITOHOBKH ObLJIA JIOCTUT'HYTA BEICOKASA
MEXAHUYECKASI CKOPOCTB, HO OHOBPEMEHHO C
3TUM HAOJIONAIACK IUI0XAs yrpasasieMocTb KHBK.
ITocne noguarns KHBK Ne 1 Ha HOBEPXHOCTD
OBLJIO OOHAPYKEHO, YTO OTHOM U3 IPUYHH
IJIOXOH YIIPABIAEMOCTU NOCTYKHUJIO HAJIUIUE
METAJUTUYECKOTO IIPEAMETA MEXKY JIONMACTIMU
JIOJIOTA, TIO BCEU BEPOSITHOCTH, ITOJIOOPAHHOTO B
CaMOM Ha4ajie OypeHHUs € 33001 CKBAKIHBDL

Jlanee 6bLI0 NPUHATO PEIIEHUE 3AMEHUTD
BBICOKOPEAKTUBHOE MATUIONACTHOE JOIOTO
PDC Ha mapoIreyHoe JoI0To. B Tabmurie 6
nzoopaxena KHBK Ne 2 ¢ nrapommeyHbIM JOJIOTOM.
C 1CIOIb30BAHUEM JAHHON KOMIIOHOBKH OBLIO

mpo6ypeHo 13 M B uHTEpBaIe 67/0—683 M, HaYaTbHBIH

Y KOHEYHBIH YIVIBL — 8,6°.
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was used for bottomhole deepening in the interval
between 564 and 670 m. Initial angle was 5.3°, while
the final angle was 8.6°.

Taonuuya 4 - Iapamempwor Oyperus
3a peiic Ne 1

Table 4 — Drilling characteristics of trip #1

3a601 HA HAYAJIO pEHca, M 5640
Initial bottomhole depth, m ’
32601 Ha KOHEIL perica, M
_ n 670,0
Final bottomhole depth, m
3EeHUTHBIN yIroJ1 Ha HadaJ1o perca (570 m), rpaj 601
Initial inclination angle (570 m), degree ’
3EHUTHBII IOy Ha KOHeIT perica (660 M), rpaj fe
Final inclination angle (660 m), degree ’
A3 T HA Ha4aJIo perica (570 m), rpa
I/IMy.I .H H.‘-I 1 p—yl (570 m), rpaj 16948
Initial azimuth (570 m), degree
AzumyT Ha KOHeTt petica (660 M), rpaf 160,69
Final azimuth (660 m), degree ’
Har -
: Ipy3K3,.I 10-17
Weight on bit, t
Tun 6
Jaivd }llp-OBOI‘O pacTBopa U
Drilling mud type
TInoTHOCTB 6YPOBOIO pacTBOPA, I/CM? 118
Drilling mud density, g/cm? ’
Pacxoz 6ypOoBOTro pacTBOpa, J1/ceK 40-6.5
,0—0,5
Drilling mud consumption, 1/sec
PaGouee gaBnenue, aTm
. 190-280
Working pressure, atm
OO61ee Bpems OypeHus, 9 175
Total drilling time, hr ’
Oob11ee BpeMs IUPKYIALIY, 9
. Lo 35,0
Total circulation time, hr
O6mee Bpems HITB, 4 00
Total non-productive time, hr ’
IIpoGypEeHHBIN HHTEPBAJ, M
., . 106,0
Drilled interval, m
Hapa6orka Ha B3I, 4 350
DDM operation time, hr ’
CpeaHAA MEXaHUIECKAsA CKOPOCTSD 3a peHc, M/4 606
Average rate of penetration, m/hr ’

Tabnuua 5 - Paxmuueckan
unKAuHOmempPun 3a petic Ne 1

Table 5 — Actual inclinometry of trip #1

3EHUTHBIN YIOJI,

Touka 3amMepa, M rpaj A3uUMyT, rpaj
Gauge point, m Inclination angle, Azimuth, deg
deg
570 6,01 169,48
580 6,41 161,81
590 6,16 160,82
600 6,47 163,30
610 6,65 166,24
620 6,47 166,25
630 7,29 162,25
640 7,17 160,00
650 7,61 158,74
660 8,60 160,69
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According to data presented in Table 4, we drilled
106 meters in 17,5 hours with an average rate of
penetration (ROP) of 6.06 m/hr. Utilization of the
described BHA allowed to reach high ROP, while the
steering capabilities were quite poor. After the BHA
#1 was pulled out of hole it was discovered that one
of the reasons of poor steering is connected with
the presence of a metallic object between the bit
blades. It looks like this object was picked up from the
bottomhole at the very beginning of drilling process.

Then we made a decision to replace the PDC drillbit
with a roller-cutter bit. Table 6 contains information
about BHA #2 equipped with a roller-cutter bit. A total
of 13 meters were drilled using BHA #2 in the interval
between 670 and 683 meters, while both the initial and
final inclination angles were 8.6°.

Table 7 contains the drilling characteristics of trip #2
where a roller-cutter bit was used.
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Taonuya 7 — Ilapamempuot Oypenus

Taoruua 6 3a petic Ne 2
Table 6 Table 7 - Drilling characteristics of trip #2
KoMmmoHOBKa CyMmapHas 326011 Ha HAYAJIO PENCa, M
Ne 11/1x (HaMMEHOBaHHUE 3JIEMEHTA) IOJIHHA, M Initial bottomhole depth, m 670,0
Item No. BHA Total length,
(element name) m 326011 HA KOHEI] peiica, M 6825
N Final bottomhole depth, m ’
13 ]IyHO‘-IHbII/I COEITUHUTECIIb 69 02
Dimple connector ’ 3EHUTHBII IO Ha HAYaJI0 perica (660 m), rpaj 8.60
b TOIOBHOM MOTYIIb 6883 Initial inclination angle (660 m), deg ’
Main module 3eHHUTHBII yroJ Ha KOHeI! perica (670 M), rpaj 804
1 Coepunurenp Carsac HT 6801 Final inclination angle (670 m), deg ’
Carsac HT connector ’ -
A3uMyT Ha Ha4as10 perica (660 m), rpaj
L . 160,69
10 YBTC (5 ckaJIok) 6744 Initial azimuth (660 m), deg
Balanced drill collar (5 plungers) ’
AzumyT Ha KOHel perica (670 m), rpaj 5640
OpHEHTUPYIOIIMHA HHCTPYMEHT Strong Final azimuth (670 m), deg i
9 Arm 20,88
Strong Arm orienting device Harpyska, T 25
s TTepexoaHOM IEPEBOJHUK 1928 Weight on bit, t
Bottleneck sub ’ BIICP
Tun 6ypoBOro pacTBopa Polymer
7 [epeXOaHOM CHENNEPEBOTHUK 18.98 Drilling mud type silicate drilling
Bottleneck specialized sub ’ mud
6 HemaruurtHas YBT (flex) 1836 I[TnoTHOCTH 6y POBOrO PACTBOPA, I/CM? 118
Non-magnetic drill collar (flex) ’ Drilling mud density, g/cm’
VCTaHOBOUYHBII HEMATHUTHBIHN Pacxop 6ypoBoro pacTsopa, J1/cex 55_65
5 MePEBOJIHUK 9,05 Drilling mud consumption, l/sec T
Setting non-magnetic sub
Pa6ouee 1aBieHUE, aT™M 260-280
4 TlepexoqHO¥ CIIELTIEPEBOAHUK 701 Working pressure, atm -
Bottleneck specialized sub ’
OO1ee BpeMs OypeHus, 9 172
3 TepexoaHOH NEPEBOAHUK 724 Total drilling time, hr ’
Bottleneck sub ’
Oob1ee BpeMs UPKY/ISIIUH, 9
B3[1 3 % 7/867 L 183
2 6,94 Total circulation time, hr
DDM 3 % 7/86.7
1 Jonoro R44AP 031 O6mee Bpems HITB, u e
Drillbit R44AP ’ Total non-productive time, hr ’
HHTepBaJ OypeHH s, M 125
Drilling interval, m ’
B Tabnule 7 IpUBEAEHBI TAPAMETPBI OYPEHUS
32 penc Ne 2 ¢ ICMIOJIb30BAHUEM MIAPOUIEYHOT'O Hapa6orka Ha B3[[, u 183
OJIOTA. DDM operation time, hr ’
AHaNMU3UPyA TA6IL. 7, MOXKHO CAENIATh BBIBOJ, CpenHsAs MEXaHHYIECKAs CKOPOCTD 32 Pe¥ic,
40 ¢ KHBK Ne 2 ¢ mapoImeyHbIM I0JI0TOM M/ 0,73
Average rate of penetration, m/hr

3a 17,2 yaca 610 IPO6GYPEHO 12,5 M CO
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CpeAHEN MEXAHUYECKOU CKOPOCTDIO 0,73 M/4.
C ZaHHOM KOMIIOHOBKOY OBLIN JOCTUTHYTHI
HU3KASI MEXAHUYECKASI CKOPOCTh, HO XOPOIIast
yrpasisgeMocTb KHBK.

HToro nnpu npoBeIeHNH ONBITHO-
MIPOMBIIUIEHHONU PA6OTHI IO YITTyOIEHUIO 326051
CKBa’KMHBI C UCIIOJIb30BAHUEM JIByX PA3THYHBIX
KHBK 6p110 1po6ypeHo 118,5 M. lanHast paboTa
OblJ1a IPUOCTAHOBJIEHA B CBSI3U C NosoMKor THKT
0 NIPHUYHHE NPUIOKEHHONU CBEPX HOPMBI HATPY3KHU
Ha J10J1I0TO. Ha JaHHOM paboTe MBI HE COOUPAEMCS
OCTAHABJIUBATBCS, A INTAHUPYEM IIPOJOIKUTD
OPEJOCTABIATD YCIYI'U IO UHXKEHEPHOMY
CONPOBOXIEHUIO HUXKEOOO3HAYEHHBIX PAOOT:

* 3ape3Ka 6OKOBBIX CTBOJIOB U YBETUYEHHE 326051 B

HEPTAHBIX U I'A30BbIX CKBAKNHAX;
¢ paboThI IO (PPE3EPOBAHUIO TIOPTOB KOMIIOHOBKH

MCT'PIT, O4MCTKE CTBOJIOB CKBAKHUHHI,

* IPOMBIBKU CKBA’KH1H;
* IIPOBEAECHHUE I'€O(PUNIECKHUX UCCIIENOBAHUL,
* JIOBUJIBHBIE PAOOTHIL.

OJHOM U3 HEJJABHUX pa3paboTok National
Oilwell Varco cran Echo™ Oscillating Motor.
JIaHHBIIT THCTPYMEHT COBMEIAET B CEOE KAK
BHUHTOBOI1 3a60MHBIN ABUTATEND (B3/I), TaK 1
OCLIMJUIATOP. DTOT UHCTPYMEHT CMOKET CTATh
OTJIMYHBIM PEMIEHUEM IPU OYPEHNH HAKJIOHHO-
HAIIPABJICHHBIX CKBAKUH. ©
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Tabauya 8 - Paxmuueckan
UHKAUHOMempua 3a peic Ne 2

Table 8 — Actual inclinometry of trip #2

3EHUTHBII YT OJI,
Touka 3amepa, M rpaz AsumyT, rpaj
Gauge point, m Inclination angle, Azimuth, deg
deg
660 8,60 160,69
670 8,04 156,40

According to data presented in Table 7, BHA #2
allowed to drill 12.5 meters in 17.2 hours with an
average rate of penetration (ROP) of 0.73 m/hr.
Utilization of this BHA allowed to reach good steering
capabilities, while the ROP was low.

As a summary we can say that during a pilot project
of bottomhole deepening we managed to drill a total
of 118.5 meters using two different BHA types. Given
operation was stopped due to CT failure caused by
the excessive weight on bit generation. We have no
plans to stop there and expect to continue provision of
technical support of the following operations:

* Sidetracking and bottomhole deepening in oil and
gas wells;

» Milling of multi-stage frac ports and hole sweeping;

e Well cleanouts;

* Well logging operations;

* Fishing jobs.

One of the latest solutions introduced by National
Oilwell Varco is Echo™ Oscillating Motor. This
tool combines downhole drilling motor and wave
generator. It may become an excellent solution for
directional drilling. ®

He 3a6yabTe othopMuTb NOANMCKY HA XXYPHAN
«Bpema konTioGmHran»!
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