bypexue yepe3 HKT Ha mecTopoxxaenum Statoil

B GCeBepHom mope

Statoil’s through-tubing drilling operations in the North Sea

B O6wan nHopmaums

3apeska 6okosoro cTeona Yepes HKT B akcnnyaTupyembix CKBaXKMHaX
No3BOAET OrnepaTopam MeCTOPOXAEHUA JOOUTLCA 3HAYUTENBHON
3KOoHOMUW. MNpuMeHeHne TexHonorum 6ypeHua Yyepes HKT (BHHKT)
NMo3BOMAET NPOU3BOANTL 3ape3Ky HOBOrO CTBOJIA B CKBaXXWHE

Ha 6orbLLON rMyBbUHe, HUXXE 3KCNITyaTaumoHHOro nakepa, AnA
BOB/E€YEHUA B J0ObIYY AOMOMHUTENBHBIX 3anacoB YrNeBoAopoaoB. JTO
[OCTUraeTcA YyCTAaHOBKON OTKIOHAIOLLETO KNHA Ha 3aaHHow rmybunHe
1 opesepoBaHeM “OkKHa” B XBOCTOBUKE, MHOAA U B XBOCTOBUKE U B
KomnoHe. [inA 3Toro ncnonb3yrTcA cneumnanbHble pesbl AS1A Bbipe3aHna
oTBepCTUiA B cTanm. OBbI4HO CMYCK OTKIOHAOLLEro KIMHa (YuncToka) u
nocnegytoLlee Bblipe3aHne OKHa NPOBOANTCA OAHWUM CIYCKOM.

B pesynbTare nonyvyaem 3KOHOMUIO BPEMEHM B CBA3W C OTCYTCTBUEM
HeobxoanmocTn 6ypuUTb MHTEPBaN 4O MecTa 3ape3ku 60KOBOro CTBOMA.
[InA HEKOTOpPbIX HEPTEMPOMBICIIOB 3TO 03HAYaET BO3MOXHOCTb
n3bexxaTb 0OAHOBPEMEHHOIO pa3bypuBaHA HEKOTOPbIX BbILLENeXalumx
nnactos: Mo Mepe BCe 6OMbLIEro UCTOLLEHNA SKCNITyaTUpyeMbIX
NPOAYKTUBHBIX MNACTOB, B TO BPEMA Kak BbllUenexalume npoayKTUBHbIe
nnacTbl OCTalOTCA HEBOBJIEYEHHBIMU B ,El06bl‘-ly, nxX ogHOBpeMeHHoe
pa3bypuBaH/ie MOXeET NpeacTaBnATb CO60M AOBOMbHO CIOXHYIO 3aAa4y,
TpebyIoLLYyO MHOMO BPEMEHU Ha ee peann3aumio.

Mpumenenne TexHonorn BYHKT Ha MOPCKMX CKBaXkKMHax no3sonumsio
Nony4nTb SKOHOMUIO $2-3 MUNNMOHA Ha CKBAXKMHY, FMaBHLIM 06pa3oM 3a
CYET OTCYTCTBUA HEOBXOAMMOCTU 3aMEHbI Y>Ke CMyLLEHHON NI TOBOW
KOIOHHbI. [IOBOMBbHO YacTo yaaeTcA AOCTUYb 3HAYNTENbHO Gornbluei
3KOHOMUUN. JTO MPOMCXOANT MOTOMY, HTO anbTepHaTuson BYHKT vacto
CTaHOBUTCA 3amMeHa U nogbem 3KCI'U1yaTaL|I/IOHHOI7I KOJIOHHbI, a 3aTemMm
3apeskKa 2X UHTepBaJIbHOro CTBOMA BMECTO OAHOUHTEPBASILHOTO,

YTO BReYeT 3a COBOIN 3HA4UTENbHbIE JOMOMHUTESNbHbLIE PACXOAbI.
Mpumerenne BYHKT Ha nogBoaHOM fobbiBatoLLeM KOMMEKce
no3BonAeT fobuTbeA eLe 6onbLueit SKoHoMuM ($15-20 MUNIOHOB

Ha 0AHY 3ape3Ky). TakaA 3KOHOMUA MONy4aeTCA 3a CHET CoHeTaHnA
BbICOKOW CyTO4HOM CTOMMOCTU BypOBbIX YCTAHOBOK Mpy paboTe Ha
noABOAHOM OCHOBaHUM 1 6OILLIOMO KONUYECTBa CIKOHOMIEHHOTO
BpemeHu. lNocneaHee ABNAETCA pe3ynbTaToM TOro, YTO paboTbl HA
noaBoAHOM OCHOBaHUU 06bI4HO 3aHUMaKOT A0BOJIbHO MHOIO BPEMEHMN, U,
Takum 06pa3om, ymeHbLueHue yucna ClO crnocobeTByeT 3HaUUTENbHON
3KOHOMWM CPEACTB. [JaHHbI METOZ 3ape3Kn Takxe crnocobcTByeT
YBEMYEHWIO YPOBHA M3BNEYEHVA YINEBOAOPOAOB, NOCKOMNbKY
NO3BOMAET HanNpaBUTb CIKOHOMIIEHHbIE CPEACTBA Ha pa3BenKy n
pa3paboTKy HeGOMbLUNX NN HETOYHO ONpeaeneHHbIX MPOAYKTUBHBIX
nnactoB. Ha ceroaHAWHMIA aeHb komnanua Statoil npoeena 3apesky
60KoBbIX CTBONOB 6ypeHnem Yepes HKT B 20 ckBaxknHax, 1 BO BCEX
cny4anAx pobunack ycnexa B TEXHUYECKOM nraHe. Bnepsble B Mupe 6binv
BbINOMHEHbI ABE 3ape3KW Ha CKBaXXMHaX NoABOAHOTO A06bIBaOLLEro
KOMIJIeKca ¢ MO6WIbHOM MOPCKOWV 6ypOBOM YCTaHOBKM.

B Wctopuyeckan crnpaBka

Briepsble TexHonoruA 6ypexna yepes HKT 6bina BHeapeHa B 1997

r. B 1997-98 rr. 6b1nn BbINOMHEHDBI ABE 3ape3Kn BOKOBbIX CTBOJOB 1
3aKaH4MBaHUA C UCTIONb30BaHNeM rmbkomn Tpybbl. Ha akcnnyaTtaumoHHoMm
nnargopme NpULLINM K BbIBOAY, H4TO 6oriee 3KOHOMUYHBIM N TEXHUYECKN
ahdpekTuBHBLIM cnocobom BYHKT anA 3apeskun 6okoBoro cTeona 66110
MCMNONb30BaHNe BMECTO rMOKOW TPyObl KOMOHHbLI COeaNHAEMBbIX TPYO,

TO €CTb MPUMEHeHe MeToanku 6yperna Yyepes HKT ¢ BpalueHvem
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B Introduction

Drilling sidetracks from older wells through the existing production tubing
has provided operators with substantial cost savings. By applying the TTD
(Through Tubing Drilling) technique a sidetrack can be drilled from deep
within the well, below the production packer, in order to access additional
hydrocarbon reserves. This is done by installing a ramp, a whipstock, at
the selected depth and milling a “window” in the liner, sometimes through
both liner and casing. This is done with mills specially designed for milling
through steel. The installation of the whipstock and the consecutive
window milling is typically done in one run.

As a result, the “transport stage” of drilling above that level will already
have been completed, hence time is saved. For some oil-fields this means
that “troublesome” overburden is avoided: Since the reservoirs become
more and more depleted, while the overburden remains more or less virgin,
drilling though both can be challenging and time-consuming at times.

By applying TTD on platform wells, the savings per well is at least USD 2

— 3 million, mainly since replacement of the existing tubing is avoided. The
savings will, however, often be significantly higher. This is so because the
alternative to TTD commonly tuns out to be replacement and pulling of the
production casing also, followed by, instead of a 1-section, an expensive 2-
section sidetrack. On sub sea templates TTD creates an even higher upside,
in the range of USD 15 - 20 miillion saved per operation. This is mainly due

to the combination of higher rig rates when operating sub sea and increased
number of days saved. The last effect is a result of sub sea operations in
general being more time consuming, hence reducing number of trips in the
well will have a big impact, cost-wise. The method can also improve recovery
because reduced operational costs permit the exploration and production of
small or uncertain reservoirs. Statoil has to date performed TTD operations
in 20 wells and all have technically been successes. The two operations
performed on sub sea templates were the world’s first to be performed from
floating mobile drilling units.

Unnioctpauumsa: Thor Oliversen

lllustration: Thor Oliversen

B History

TTD was first adopted by the industry in 1997. Two sidetracks were drilled
and completed with the aid of coiled tubing in 1997 and -98. On production
platforms it eventually proved that instead of using coiled tubing it was
more cost-effective and technically efficient to drill TTD sidetracks with
jointed pipe, i.e. by using the through tubing rotational drilling (TTRD)



KOMOHHBI. MepBaa 3apeska ¢ npuMmeHeHnem BYHKT ¢ BpatueHvem

6bina BbinonHeHa komnaHuen Statoil B 2000 r. Jletom 2005 r., nocne
noYTW 2 NeT AeTanbHoW paspaboTku 1 30 aHen 6ypeHuns, cneumanmcThbl
komnaHum Statoil 3aBepLunnu BypeHre Nepeoro B Mmpe 60KOBOro cTBONA
yepes HKT ¢ BpalLeHnem KonoHHbl 6ypunbHbIX Tpy6, BbINOSHEHHOE

Ha mecTopoxaeHun Norme ¢ mobunbHo 6ypoBoi nnaTdopMbl.

Pa6oTbl 6binm1 BbinonHeHb! ¢ MNINBY Transocean Arctic B npeaenax
3annaHupoBaHHoro 6opxeTa 6e3 aBapuii U Apyrnx npobnem B
OTHOLLEHWN TEXHNKM 6E30MacHOCTU.

Bes nogbema 7-aroimoBoii KonoHHbl HKT 13 ckBakuHbl 661510 Bblpe3aHo
OKHO B 7-A10IMOBOM XBOCTOBWKE Ha rmybuHe 3073 M, nocne yero 6bin
npobypeH HoBbI cTBOMN 5 3/4” o rmybuHbl 3775 M (rnybuHa no cTeony).
3akaH4MBaHve B 3TOM CTBOJE NMPOBOAMSIOCH CMYCKOM XBOCTOBMKa 4 1/2”
n ceTyaroro unbTpa 4” C yCTaHOBKOW MaKepoB, PaCLUMPAIOLLMXCA MOA,
[e’icTBMEM CKBa>KMHHOIO chntonaa, AnA N30MALMKN 30H.

3HauuTenbHaA YacTb NOArOTOBUTESNbHOM paboThbl 6bi1a CBA3aHA C 3aLLMTON
“enkn” AnA 3akaH4YMBaHWA U rOPU3OHTaNbHOM (DOHTAHHON apmaTypbl.
Puck nospexaeHnA B 3TUX obnactAx Becbma BepoATeH npu BYHKT ¢
BpawleHnem (BYHKTB), ogHako B MOPCKMX CKBaXKMHAaX NOCNEACTBUA
TaKOoro NMOBPEXAEHNA MOTYT OKa3aTbCA BeCbMa nnadvesHbIMU. [1oaToMy
Heo6x0aMMO b0 MPUHATBL CreLmManbHbIE Mepbl ANA YMEHbLUIEHUA CTeneHn
pucKa NoBpeXAEHNA N ero BO3MOXHbIX MOCNEACTBUN.

[InA cHYXeHWA prcka NOBPEXAEHVA UCMOoNb30BaNOCh crieaytollee

obopynoBaHue:

e CneumarnbHble 3alWMTHbIE MaHXEeTbl AN1A 30H YNNOTHEHUA B
choHTaHHOW apmatype AnA 3aKaH4YMBaHuA.

e CneumaneHble “HeabpasvBHble” TBEPAOCTNIaBHbIE HaMNaBKu.

¢ [pumeneHne KHBK HearpeccnsHon KoHUrypaumm ana
npefoTBpaLLeHNA NOBPEXAeHNA POHTaHHOM apmaTypbl.

e [IpvmMeHeHne HaKnaaHoW 3arnyLku C 31acTOMEPHbIM 3NIEMEHTOM,
BMECTO YMIOTHEHWI TUNa “MeTann-metanT, Takue aneMeHTbl MoryT
YNNOTHATL 06NacTb C MOBPEXAEHHbLIM YNNOTHEHNEM.

[InA pa3paboTKn HEKOTOPbIX CrieLmarbHbIX Mep ANA CHUKEHWA

pucka nospexaeHnA Obin NpoaenaH 3HauMTeNbHbIn 06bem paboThbl.
Oco6eHHO 3acny>XnBatoT BHUIMAHNA HOBbIE N BECbMa TEXHOMOTNYHbIE
3almTHbIE MaHXeThbl. 10 cpaBHEHMIO C UCMOSb30BaBLUMMUCA Ha TOT
MOMEHT MaH>XeTamu, B HOBON KOHCTPYKLMM 6bIno caenaHo 6onee

20 ycoBepLUEHCTBOBaHUM. 3alUMTHbIE MaHXETbl HOBOW KOHCTPYKLIMK

¢ 6onbLUMM yCrnexom ucnonb3osanucb Statoil Bo Bcex onepaumax

o 3apeske C npuMeHeHnem TexHonorum BYHKTB. OnactomepHana
HaknagHanA 3armnyLika 6bina paspaboTaHa COBMECTHO C MOCTABLLYKOM
noaBOAHOro yCTbeBoro obopynosaHuA anA Statoil, a Takxe npu yyactum
nHXxeHepoB-ccneposaTenen CaHkT MeTtepbyprckoro [ocyaapcTBeHHOMo
YHuBepcuTeTa. [eomeTpnyeckan KOHCTPYKLMA 3arnyLUKu U CocTas
3M1aCTOMEPHOrO 3neMeHTa 6binu TLATEeNbHO CMPOEKTUPOBaHbI

AnA obecneyeHnA HaaeXXHOro YMNIOTHEHNA NPN MaKCUMarbHOM
noBpeXAeHun B 30He yrnoTHeHnA noasecku HKT. Hwke npvBeneHa
UNNCTPaLmMA NOArOTOBUTESIbHOW paboThbl K NepBon B Mype onepaumm
3ape3ky 60KOBOro CTBOMA C NMOABOAHONO YCTbA HA MOPCKOW CKBaXKUHE C
npuMmeHeHnem TexHonornm BHYHKTB:

Bbinn npoBeaeHo MoaennpoBaHne Bcex

3a60MHbIX KOMMOHOBOK € npumMeHeHnem CATIP,

ANA onpeneneHnA MakcumanbHOro 60KoBoON

cunbl BHyTpu HKT. Bbi3biBaemble 60KOBOW cunom
noBpe>xaeHVA 6binv onpeaeneHbl B XoAe HaTypHbIX
MCNbITAHWIA HA UCNbITATENBLHON NoLAaaKe ¢
MCMNOb30BaHUEM CEPUAHO U3TOTOBIEHHOMN

noaseckn HKT.

CAD simulations of all bottom hole assemblies
were performed in order to determine worst case
side-force in tubing. The damage caused by the
side-forces were found in full scale yard testing in
actual tubing hanger.

-technique. The first TTRD operation in Statoil was carried out in 2000.

In the summer of 2005, after nearly 2 years of detailed engineering and
30 days of operations, Statoil completed the world’s first sub sea TTRD
operation from a mobile drilling unit on the Norne Field. The operation
was completed from the semi-submersible drilling unit Transocean
Arctic on budget and without HES incidents: Without pulling the 7”
completion string in the parent well, a window was made in the existing
7” liner at 3073 m and thereafter a new 5 3/4” open hole section was
drilled to a depth of 3775 m (MD). The well was completed with a
combined 4 1/2” liner and 4” screens, using swelling rubber packers
for zonal isolation.

A significant part of the upfront work was related to protection of the
completion and the horizontal christmas tree. The risk of damage in these
areas is a general concern in TTRD operations, but in subsea wells the
consequence of damage was found to be unacceptably high. Hence
compensatjng measures to reduce both risks and consequences had to
be introduced.

The main tools to reduce the risk were found to be:

¢ Fit-for-purpose protection sleeves for the seal areas in the completion.

* Properly designed “non-abrasive” hard banding.

¢ Bottom hole assembly designs that would not be aggressive to the
completion/christmas tree.

e A crown plug with elastomer instead of metal-to-metal seals, capable of
sealing on a damaged seal area.

The development of some of these risk reducing measures involved quite
comprehensive work. Particularly worth mentioning is the new and quite
sophisticated protection sleeves. Compared to the existing design at the
time, more than 20 improvements were implemented. These sleeves have
since performed 100% in all of Statoil’s TTRD operations.

The elastomer crown plug was developed together with the Statoil’s
subsea equipment supplier and Saint-Petersburg State University. The
plug’s geometrical design and elastomer composition was carefully made
to obtain seal on a predetermined worst case damage in the tubing hanger
seal area.

lllustrations of preparatory work for the first subsea TTRD operations:

MoaBecka HKT
Tubing Hanger

HaknapgHaa 3arnywka
N YNNoTHeHue
MoaBecku HKT

Crown Plug & ] =i
Tubing Hanger Seall = -
o ‘:::'. W
WP
L1
4

[MopBoaHaA ropm3oHTanbHanA “énka” U 30Hbl BO3MOXHbBIX MOBPEXAEHNN
Hol tal Christmas Tree (subsea) & area of concern
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HaknapHaA 3arnyLwka
MOANMLIMPOBaHHON
KOHCTPYKLMM C
3M1acTOMEPHbIM
YMOTHEHVEM.

Modified Crown Plug with

elastomeric seals.

[lonoTo, NOKpbITOE creunanbHbIM 2-KOMMOHEHTHBIM COCTaBOM OT
hmpmbl Smith AnA 3aWmTel OT NOBPEXAEHUA 30H YNOTHEHNA 1
HKT npw ncnonssoBaHun TexHonorum BYHKTB.

Bit coated with 2-component “Steel Filler” (Smith); to prevent damage
on seal areas and completion in a TTRD operation.

HoBble 3aWmnTHbIE

BTYNkuW. B nogsogHomn
CKBa>KMHE CnycKaroTcA

2 cABOEHHbIE BTYJIKU Ha

BT n nogsucatot, npoxoaa
30HY YMNIOTHEHNA MOABECKM
HKT 1 ckBa>KuHbI Knanax-
oTceKaTeflb COOTBETCTBEHHO,
obecrneunBan 3awmTy obenx
30H.

New protection sleeves.

Crown Plug Profile
Mpodpunb HaknaaHow
3arnyLwKu

CPPPS Protective Sleeve
SawwmTHaA BTynka HKT

Parting Pin Value: 3.5MT
PazaenutenbHbIi WTUGT
3.5 MeTpuy. TOHHbI

DHSV Protection Sleeve /

3alwmTHan BTyNKa CKBaXKUHHOMO
KnanaHa-otcekarena (CKO)

Subsea 2 sleeves are run
“tandem” on drill-pipe and
hung off when passing
tubing hanger seal area

Running Tool for CPPPS and DHSV
Protection Sleeve

Piggyback Sub

CyCKHON MHCTPYMEHT ANA 3aWmUTHBIX i
and downhole safety valve, / STynoK HIKT 1 OKO BbICTynatoLwLuii NepeBoaHNK
respectively, protecting both of
_\,‘_’#—
these areas F—— fr‘
1] 5] | =

Il MepcnekTuBbl

TexHonoruA GypeHna n 3akaHumeaHua Yyepes HKT npymeHAnack Ao cux
Mop Ha CKBaXKMHAX, BbIBEAEHHbLIX U3 3KCryaTtaumy. B Takmx ckBaknHax
YCTaHaBNMBASCA LIEMEHTHbIN MOCT B CYLLECTBYIOLLEM CTBONe, 1 6ypunca
60KOBOI CTBON B APYryto YaCTb NPOAYKTMBHOIO NnacTa, fe Bee eLle
0CTaBanuCb He3aTPOHYTble pa3paboTKoW KapMaHbl C YIMeBoAopoaaMU.
YyutbiBaA HakannmBaeMmbIn yereLwHbIn onbiT, Statoil nporHoavpyeT
3HauMTesIbHOE YBENUYEHWE NOTEHUMAbHBIX BO3MOXHOCTEN
npumeHeHuA TexHonorun BYHKTB. B HacToALwwee BpemA NpoBoanTcA
paboTa no onpeaeneHunto YrneBoA0POAOHACHILLEHHbIX KOMNEKTOPOB Ha
MecTopoXaeHnAX B CeBepHOM MOpe, KOTOPble MOXHO 6b1s10 6bl BOBMEYb
B pa3paboTKy C MOMOLLIO 3TON TEXHOMOTUN.

B T0 e Bpems, CyLLecTBytoLLan ceildac HexBaTka 6ypoBbIX YCTAHOBOK
He NMO3BOMAET NoKa B NOMTHON Mepe peanv3oBaTb NOTEHLMan TEXHONorum
BYHKTB. [InA ycnewHoro BbINOTHEHUA NPOrpaMmbl MPUMEHEHUsA
TexHonornm BYHKTB Ha MOpCKUX CKBaXkMHax ¢ NOABOAHBIMM YCTbAMM
661110 6bI BECbMa pa3yMHO UCMONL30BaTh creumansHoe 6ypoBoe CyaHO.
HepasHo komnaHwuen Statoil 6bina chopmupoBaHa rpynna, kotopad B
HacToALLee BpemMA 13y4aeT BONPOCh! LienecoobpasHoCTH, CTOMMOCTM U
npeumyLLecTea NnpMobpeTeHnA Takoro cyaHa.

D,ﬂFl MaKCUMaJ1bHOro NCnosib30BaHMA NoTeHUnana Takoro
cynHa v 3hhEKTUBHOIO BbINONHEHUA paboT € UCTONb30BaHWEM
TexHonorum BYHKTB HeobxoauMo NpYMEHATL HUXKEOMNCAHHbIE
cneumannsmpoBaHHble MeTOOUNKN:

1) O6ecneyeHune 3ape3ku 60KOBOro CTBOMA B 3KCMITyaTupyemon
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B Future

Through-tubing drilling and completion have so far primarily been applied
in existing wells which have ceased to produce. In such cases the existing
wellbore has been abandoned, and the sidetrack has been drilled to
another part of the reservoir where hydrocarbon pockets still remain to be
tapped.

Thanks to synergies and learning-curve effects, Statoil envisions a
relatively big potential for TTRD performed in campaigns. Work is going on
in order to map the number of possible targets for TTRD in the North Sea.
The current limited availability of a drilling rig makes the planning of

sub sea TTRD operations uncertain. In order to succeed with efficient
campaigns on the sub sea wells a dedicated vessel for TTRD would
probably be highly beneficial. Statoil has recently established a group that
is currently investigating the feasibility and the cost/benefit of acquiring
such a vessel.

In order to fully utilize such a vessel, and in general be able to perform
TTRD efficiently, some key technologies are of particular interest:

1) The capability of drilling sidetracks from producing wells without
losing existing reserves from the parent track.

Statoil has accordingly pursued efforts to develop fit-for-purpose
multilateral (ML) systems for TTRD operations and has developed a level 4
system together with Weatherford in 2004 and is now together with Smith
Red Baron and Schlumberger developing other ML systems (level 3 and
5). The reason for developing several systems is that the requirements for
ML integrity and physical access (for intervention) changes significantly



CKBa)kuHe 6e3 noTepu AO06bI4M U3 OCHOBHOrO CTBONA.

Statoil npunaran ycunua anA pa3paboTku cneumanbHbIX
MHOro3abolHbIX cuctema ana onepauuii BYHKTB. B 2004 r.
coBmecTHO ¢ Wetherford 6bina co3aaHa cuctema 4 ypoBHA, a B
HacTosALLlee BpeMA COBMECTHO ¢ koMnaHuamu Smith Red Baron n
Schlumberger paspabaTbiBatoTcA Apyrne cMCTEMbl MHOro3aboMHOro
6ypeHua (ypoBHu 3 1 5). MNpuunHa onAa pa3paboTKu HECKOMNbKMX
CUCTEM 3aKJIlo4aeTCA B TOM, YTO TpebOBaHNA K HAAEXHOCTH
MHOro3ab0NHbIX CUCTEM M BO3MOXHOCTUN PM3N4ECKOro AOCTYNa K HAM
(AnA npoBeaeHnA paboT B CKBAXMHE) PasnuyatoTcA ANA Kaxaon
CKBa>XWHbI, U C yBeNM4eHnem hyHKLUMOHANbHOCTM TaKUX CUCTEM
3HaYMTEeNbHO pacTeT 1 UX LieHa.

Ha cerogHAWHWMA feHb CUTyaumna TakoBa, YTO KOrAa CKBaXXMHbI
nepecrtaeT paboTaTb NPOBOAATCA 3APE3KWN OANHOYHBLIX HOKOBBIX
CTBOJOB C NpuMeHeHuem TexHonornm BYHKTB. Mpu ncnonb3osaHuu
cUCTeM Af1A MHOro3aboMHOro 3akaH4nBaHUA 3apesky C MOMOLLbIO
BYHKTB MOXHO Npon3BOAUTL B CKBaXXWHAX, U3 KOTOPbIX BeAeTCA
[obbl4a. 3TO NO3BONAET MPUMEHATb AaHHYHO TEXHOMOTUIO B
60sblUEeM KONMHYEeCTBE CKBaXKWH, NPOBOAA Takne paboTbl No 3apaHee
paspaboTaHHon nporpamme. OnbIT U HanNU4Y“e COOTBETCTBYIOLLEro
KOMIMIEKCa TEXHNYECKNX CPEACTB NPU BbINOMHEHWUN NPOrpamMMbl Mo
3ape3ke 60KOBbIX CTBOJIOB B 60SILLLOM HYUCIIE CKBaXXWUH NO3BONAIOT
3HAYUTENbHO CHU3WUTb JKCMNIyaTaUMOHHbIE 3aTpaThl.

2) O6opyaoBaHue AfA NPUMEHEHUA B CKBaXKMHaX C Pe3KUMU
UCKPUBIIEHUAMMU CTBOSA.

MockonbKy 3apeskn 60koBbIx cTBONOB ¢ BYHKTB BbinonHaAwTCA
Ha 60MbLnX rMybuHax, Nocne Bbipe3aHna OKHa 06bI4YHO bbiBaeT
HeobX0AUMO cAenaTb Pe3Koe M3MEHEHME yrna B HOBOM CTBOSE.
lMpyMeHAeMbIe B HACTOALLEE BPEMA CUCTEMbI ANA HanpaBieHHOro
6ypeHnA C POTOPHbLIM BPaLLEHWEM UMEIOT OrpaHNYeHHbIe
BO3MOXHOCTW MO BbIMOMTHEHUIO PE3KOT0 UCKPUBMEHMA CTBONA.
MoaTtomy Statoil coTpyaHuyaeT cenvac ¢ komnaHmnen Schlumberger
B pa3paboTKe POTOPHbIX CUCTEM ANA HanpaBieHHOro bypeHua
(PCHB) ¢ BO3MOXHOCTbIO AOCTUXKEHUA UHTEHCMBHOCTY Habopa yrna
15 rpaa/30 M. OgHVM 13 peluaromx hakTopoB ASIA UHBECTULIMIA B
pa3paboTKy 3TUX cUCTEM 6bin TOT hakT, Y4To 3aboliHble ABUraTENN,
KOTOpble 06bI4HO CNOCOb6HbI 06eCNEYUTL HEO6XOAMMYIO CTEMNEHD
Habopa KpUBU3HbI, KaK 06Hapy>XU0Chk, Bbi3biBasIM MOBPEXAEHVE
YNIOTHAIOLEN HaKNaaHOW 3arnyLwKu npy BeinonHeHu BYHKTB Ha
MOPCKMX CKBa>XMHaX C NOABOAHBLIM YCTbEM.

3) BYHKT B ucToOLlEeHHbIX NPOAYKTUBHbIX MnacTtax

Mpwn cTponTenscTBe 6OKOBbLIX CTBOMIOB C NMOMOLLbIO TEXHONOMN

BYHKT 3avacTyto npuxoanTcA CTalkuBaTbCA C TEM, YTO

pasbypusaemble NPOAYKTMBHbIE MNACTbl OKa3biBAKOTCA

WCTOLLEHHBIMU, 1 TaKNX CTAHOBUTCA BCe 60MbLle N0 Mepe CTapeHnn

MEeCTOPOXAEHMA. OTO O3HAYAET, YTO MPU NCMONML30BAHUN TEXHOMOMN

BYHKT BCe yalle npuaeTca nMeTb Aeno ¢ HeboNbLMM 3a30POM

mMexay NopoBbIM AaBMNEHNEM U rPAANEHTOM JaBMeHVA paspbisa

nnacta. Cenyac paccmarpuBaeTcA BO3MOXHOCTb UCMONb30BaHNA

HECKOJbKMX TEXHOMNOMMIA ANA pelleHnA 3ToN Npobnems:

e TexHonorna 6ypeHnA ¢ XBOCTOBMKOM W pacLumpatoLlmeca Tpyobl: Mpn
necrnonb3oBaHum TexHonoru BYHKTB HeBo3MOXHO npu
Heo6x0AMMOCTM MPOCTO CYCTUTb XBOCTOBWK ANA U30NALMK
npobnemMHbIX NHTepBanoB. MoCKoNbKy AMameTp Takoro XBOCTOBMKA
[OBONbHO Mar, AnameTp nocneaytoLlero nHTepeana byaeT ewe
MeHbLLe, 3a4aCTyto, CIMLLKOM ManeHbKUM. [prMeHeHue TexHonorum
6YpPeHVA C XBOCTOBMKOM W pacLuMpAtoLLMXCA TPy, yaaeTcA nsbexarb
CHWDKEHWA AnameTpa cTeona, obecnevmsan, Takum obpasom, 2 (nm
6onee) MHTepBana cTeoNa Npu 3apeske ¢ nomoLlbo BYHKTB.

* BypeHue nog, AasneHvem, AnAa obecrneveHna BO3MOXKHOCTH
MCMONb30BaHWA poTopa, NP HEBONbLLION Pa3HNULE MEXAY NOPOBbIM
JaBrieHnem 1 AaBneHneM paspbisa nnacra.

* BypeHue ¢ NoMoLLbto MMbKom Tpy6bl: Mpy BO3MOXHOCTH
MCMOMb30BaHNA YCTAHOBKU ’MOKo Tpybbl Ha 6ypoBOM CyaHe,
6ypeHvie C ee MOMOLLbIO MOXET CTaTb UHTEPECHOW anbTepHaTUBOW,
MOCKOSbKY B MPUHLMMNE MOXET ObITb JIErko OCYLLECTBUMO Mpu
6ypeHnn Kak Ha aenpeccuio, Tak 1 Ha penpeccuto. Kpome Toro,
NMpPYMEHeHNe CTaLUMOHapHO CMOHTMPOBaHHON YCTAaHOBKM MMOKOM

from well to well, and there is a significantly added price-tag connected
with added functionality.

Today the situation is such that single-standing TTRD operations are
performed when a well stops producing. With ML systems a TTRD
sidetrack can be made in producing wells, hence the main benefits of this
technology are that higher number of TTRD well candidates will emerge,
and that it will allow for the operations to be performed in campaigns. The
synergy and learning curve effects of campaigns will reduce operational
cost significantly.

2) Equipment capable of high doglegs.

Since the through-tubing sidetracks are deep there is typically a need for
high doglegs after making the window. The current RSS (Rotary Steerable
Systems) have quite limited dogleg capacity, hence Statoil is now funding
and working with Schlumberger to develop a high-dogleg RSS, capable
of ca 15 deg/30 m dogleg. One main decisive factor to invest in this
development was that mud motors, which can normally provide high
doglegs, were found to be damaging to the crown plug seal area when
performing sub sea TTRD.

3) TTD in depleted reservoirs

It is in the nature of TTD that the reservoirs drilled are often depleted, and

more and more so as the fields age. This means that TTD operations will

more frequently have to deal with a narrow window between pore pressure
and fracture gradient. Several technologies are now being looked into in
order to address this challenge, among them:

e Liner drilling and expandable technology: In a TTRD operation an
“intermediate” liner can not simply be installed if difficult formations are
encountered: Since the dimension of such a liner is small, the
subsequent hole size will naturally be even smaller, and often too small.
With liner drilling and expandable tubulars the loss of hole size is
reduced, hence enabling 2 (or perhaps more) hole sections in TTRD-
operations.

e Managed pressure drilling to enable rotary drilling with small margin
between fracturing and pore-pressure

e Coiled tubing drilling: If installed on a dedicated vessel, coiled tubing
drilling might be an interesting alternative since both MPD and under
balanced drilling (UBD) in principle are easily done with coiled tubing.
On a dedicated vessel/rig with permanently installed coiled tubing,
the rig-up time, which is very long on a platform, might be significantly
reduced.

4) On sub sea templates: Operability throughout the year

Due to the small-size equipment in TTRD, both rig/vessel and
compensating systems will likely have to be purpose-made. In the 2nd sub
sea TTRD operation a prototype “inline” compensator directly connected
to the top-drive was tried out. This equipment enabled fine-tuning of set-
down/pick-up weights even with very light string weight, and turned out to
increase the weather window of sub sea TTRD significantly.

5) On seabed templates: High pressure riser

Sub sea TTRD today is performed through the marine drilling riser. This
is a low-pressure riser which necessitates the installation of a separate
high pressure riser if live-well work is to be performed. Statoil, together
with FMC, is now developing and building a high pressure riser with a
fit-for-purpose BOP system. This system is designed for easy installation
and use on different rigs, and will due to the reduced size, be suitable for
use on a tentatively smaller vessel. Since the same riser can be used for
live-well intervention and TTRD, the time to change from one operation to
another may be reduced. The high pressure riser will also be an enabler
for sub sea MPD and UBD.

B Overview of TTRD technical capabilities

e Achievable open hole length: More than 2000 m when performed
through 7” tubing. The longest TTRD open hole drilled in to date was
1428 m, but at the time no drilling parameters indicated that maximum
reach was approached.

e Exit through both production casing and liner (typically 7” and 9 5/8”)
in one run (including whipstock setting). Statoil has 5 times performed
successful exits through 2 tubulars.
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TPy6bl MO3BOMNAET 3HAYNTENBHO CHU3UTL 3aTPaThl BpeMeHU Ha
MOHTaX, KOTOPbII1 Ha NaTgopme 06bIYHO 3aHUMAaEeT AOBOMLHO MHOTO
BpPEMeH!.

4) Pa6oTa 4yepes noaBoAHbIe A06bIBalOWNE KOMMIIEKCbI:
B03MOXXHOCTb KpYrioroguyHom paboTbi

M3-3a manoro avameTpa ncnonsdyemoro B BYHKTB obopyaosaHua,
no-BMAMMOMY, NOTpebyeTcA U3roToBNEHNE cneumanbHbIX 6ypoBbIX U
KOMMeHcaumoHHbIX cuctem. Mpu 3apeske 6okoBoro cTeona ¢ BYHKTB
Ha 201 CKBaXXKMHEe C NOABOAHBLIM YCTbeM Obln OnpoboBaH NUHEVHbIN
KOMMeHcaTop, HEMOCPEACTBEHHO COEAMHEHHDIV C BEPXHUM MPUBOAOM.
370 060pyaoBaHMe 06eCcneymno BO3MOXHOCTb TOHKON PErynnpoBKu
Beca 6ypubHON KOMOHHBI NPY NOABbEME U OMNYyCKaHUN JaxKe npu
0O4YeHb MaJIoM BECE KOJOHHbI, Y1 MO3BOSIMIIO 3HAYUTENBHO YBENMUYUTD
Npon3BoAnTENbHOE BpeMA paboTbl 3a CHET BO3MOXHOCTM paboTbl B
6onee CnoXHbIX NOroaHbIX yCNnoBUAX.

5) BypeHue Yyepe3s BpeMeHHbIW [OHHbIA KOHAYKTOP:
Bopootaensaiowan KonoHHa (pan3ep) BbICOKOro AaBrieHUsA

CerogHa BYHKTB BbinonHAeTcA 1 Yepe3 Mopckol 6ypoBon pansep.
O6bI4HO Npu BypPEHNM MOPCKUX CKBaXXMH MCMONb3yeTCcA pansep
HW3KOro AasneHns, B To Bpema Kak anAa BYHKTB B aencrayrowwmx
CKBa>KMHaX He0b6X0AUM OTAENbHbIN pan3ep BbICOKOro AaBMEHUA.
Statoil coBmecTHO ¢ komnaHunen FMC paspabaTtbiBaeT 1 co3gaeTt
cenyac pansep BbICOKOro AaBfeHnsa co cneunansHom cuctemon MBO.
[laHHaA cucTema npegHasHadeHa AnA 6bICTPOro 1 MPOCTOro MOHTaxa
1 3KCMyaTauum Ha pasnuyHbix 6ypoBbIx yCTaHOBKaXx, 1, GnaroaapA
HebonbluMM rabapuTam MOXeT NPUMEHATLCA HA HEOONbLUOM CyaHe.
MockonbKy Takon pansep MOXeT 6bITb UCMONb30BaH ANA NPOBEeAeHUA
paboT B AeNCTBylOLEN CKBaxunHe n nposeaeHua BYHKTB, Bpema

Ha nepexop OT OAHOro BMAA paboT K APYroMy 3Ha4YUTenNbHO
cokpatlaeTcA. Pansep Bbicokoro aaenexus 6yaeT Heo6xoAMMo npu
6ypeHnn Ha Aenpeccuio n penpeccuio.

Il Pestome Bo3amoXkHocTen TexHonorum BYUHKTB

e Bo3MOXXHOCTb BypeHuna pacluMpeHHOro MHTepBana 60MbLwOov ANUHbI:
BypeHve nHTtepeana anvHoi cebille 2000 M Yepes KOMOHHY 7.
CamblIii NPOTAXEHHbIA MHTEPBaJS1, NPO6YPEHHbIA C MPUMEHEHNEM
TexHonorum BYHKTB, coctasun 1428 m. [Npu aTom, napameTpbl
6ypeHua He yKasblBanu Ha To, Y4TO Oblfia AOCTUrHYTa MaKCUMasbHO
BO3MOXHaA ANvHA y4acTKa.

e BypeHue ocyLLeCTBANOCH OAHMM CMYCKOM Yepes 3KCrlyaTalmMoHHY0
KOIMOHHY U XBOCTOBWK (7” 1 9 5/8”), BKNto4as yCTaHOBKY
OTKIOHAOLLEro knmHa. Statoil B nATK cnyyaAx npoBoaun ycrewHoe
bypeHue yepes 2 TpyObl.

e [locTUrHyTbIN MakcvmarnbHbiv yron: 131.1 rpagyca.

e [locTUrHyTanA MakcumMarbHas MHTEHCUBHOCTL Habopa yrna: 51
rpagyc/30 m (c 3abonHbiv asuratenem n BT 2 7/8”)

e KapoTax B npouecce 6ypeHua (LWD): BoamoxxHo npoBeaeHve
6onee-MeHee NonNHOro KOMMEeKca NccnefoBaHnin, BKIoYanA
HENTPOHHBIN NIIOTHOCTHOM KapoTax, Npw BbinonHeHu BYHKTB
yepes HKT 7” (B HacToALee Bpema BeayTcA paboTbl MO CO34aHUIO
TEXHNYECKOro KOMMNNeKca AsA onpeaesieHve nnacTosBoro AaBneHnA
B npouecce bypenua MNAMB). Oaxako npy BYHKTB 4epes HKT 5
1/2” n MmeHbLUErO AnameTpa HET BO3MOXHOCTMW NPOBOAUTD
HENTPOHHBIA NIOTHOCTHOM KapOTaXK U onpeaerneHne nnactToBoro
AaBneHvA B npoLiecce bypeHus.

e Pabota 4yepes HKT manoro avameTpa: B HacToALlee BpemA cutyaumsa
TakoBa, YTO YCTaHOBKA 3a60MHbIX JATHUKOB Y CUCTEM ynpaBneHun
nocne 6ypeHuA no TexHonorun BYHKTB He uenecoobpasHa,
nockonbKy HoBaA HKT He nogHnMaeTcA Ha ycTbe. 3afaya yCTaHOBKM
HOBbIX BTYSIOK ANA IMHWUIA 1 Kabenewn ynpasneHua vyepes
CKBaXKWMHHbIN kKnanaH-oTtcekatenb (CKO) n dhoHTaHHyto apmatypy
6yneT Kak [OBOMbHO 3aTPaTHOW, Tak U BECbMa TEXHNHECKN
CNoXKHOWN. Kpome 3Toro, CyLIeCTBYET eLle HECKONbKO OrpaHUYeHui,
0[HaKO 3aLEMEHTNPOBaHHbIN XBOCTOBWK, XBOCTOBMUK CO
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Maximum deviation achieved: 131,1 deg.

Maximum dogleg: 51 deg/30 m (with motor and 2 7/8” drill pipe).
Logging While Drilling: More or less full package available, including
density/neutron, when TTRD is done through 7” completion .

There is, however, no density/neutron/FPWD available when
performing TTRD through 5 1/2” completion (or smaller).

Lower completion options: The current status is that installation of
DIACS after a TTRD operation is not practical, mainly since the new
completion is not brought to surface. The task of retrofitting bushings
for the control lines/cables through the downhole safety valve and
the christmas tree will be both expensive and complicated. Except
from this there are few limitations, i.e. cemented liner, slotted liner,
screens, liner with swelling rubber, multilateral systems (and more)
can all be installed through tubing.

Multilateral (ML) systems: Perforated hollow whipstock (level 4)
exists for through tubing installation through both 7” and 5

1/2” tubing. Production control in the junction is a challenge. Only
simple wireline operated chokes and sliding sleeves can likely be
installed today. The following through tubing ML-systems are under
development:

— Level 3 with large intervention pass-through to both bores.

— Level 5 with reduced pass through in both bores when installed in
7” liner.

Good protection of completion. There have been no incidents of
irreparable damage on the completion during Statoil’s TTRD
operations. It is believed that the success in this field is partly due to
best practice operational procedures and personnel training, partly
due technical solutions like to fit-for-purpose protection sleeves in
the exposed areas, non-abrasive hard banding on drill pipe and
BHA components and specially made, and coated, bits and mills.

LLeneBMAHBIMY MPOAONbHBIMU OTBEPCTUAMU, (DUNBTPbI, XBOCTOBUK
C HabyxatoLLein pe3vHour, CUCTeMbI AnA MHOro3abonHOro
3aKaH4MBaHNA MOryT ObITb ycTaHOBMEHbI Yepe3 HKT.

CucTeMbl MHOr03ab0MHOro 3akaHumBaHuA: Bo3moxKHa ycTaHOBKa
MOMOro OTKIIOHAIOLLEro KNHA C OTBEPCTUAMMU (YPOBEHL 4) Yepes
HKT 7” n 5 1/2” PerynuposaHue aebuta B MecTe CTbIKOBKW ABMAETCA
HernpocTon 3ajayei. Ha cerogHA BO3MOXHA TOMbKO YCTaHOBKA C
MOMOLLIbIO KaHATHOW TEXHUKM NPOCThIX LUTYLIEPOB U CKOMbB3ALLMX
MydT. B HacToAwee BpemA pa3pabaTbiBaloTCA CrieayoLme CUcTeMbI
ANA MHOro3aboMHOro 3aKaH4MBaHWA, ycTaHaBnmeaemble Yyepes HKT:
—YpoBeHb 3, ¢ 60MbLWMM NPOXOAHLIM OTBEPCTUEM ANA BO3MOXHOCTU
CrnycKa BHYTPUCKBaXKNMHHOTO MHCTPYMEHTa B 060MX CTBOMNax.
—YpoBeHb 5, ¢ yMEHbLLEHHbIM MPOXOAHBLIM OTBEPCTUEM B 060MX
CTBOMAax Npu yCTaHOBKE B XBOCTOBWK 7!

HapexHana sawmra HKT. He 66110 oTMeYeHo crnyyaes
HEBOCCTaHOBUMbIX noBpexaeHuin HKT npv npoBeaeHn KomnaHven
Statoil paboT ¢ npumeHeHnem TexHonorn BYHKTB. Ycnex B aTomn
0bnacT MOXeT BbITb JOCTUrHYT HYaCTUYHO 3a CHET NpUMEHeHUsA
camMbIx 3OPEKTUBHBIX METOANK U UCMOMb30BaHUA cCrneumanbHO
06y4eHHOro nepcoHana, YaCcTUYHO 3a CHET BHEAPEHNA HOBbIX
TEXHWYECKMX PELLEHUIA, HarpUMep, CreunanmavpoBaHHbIX 3aLLUUTHBIX
MaH>XeT, ycTaHaB/IMBaEMbIX B YA3BUMbIX 30HaX, HeabpasuBHbIX
TBepAOCnaBHbIX HaKNaaok Ha BT n anementax KHBK, a Takxe
crneuvnanbHbIX NOKPbITUA ANA AONOT 1 chpes.
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