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BBenenue

B mnactosimiee BpeMst aiisi 10oObIBalOIIe KOMIIAHUU OJHOM W3 OCHOBHBIX
1eJei SBIACTCS YBENMYCHHUE YPOBHEH M0OBIYM HEeDTH TpHU YMCHBIICHHUH €€
cebecroumoctu. Ha KapaiickoM mecToposk/ieHnu 4actb GoHAa CKBaXXUH paboTaeT
co cpenHuM aedutom xxkuakoctu 600-800 M3/CYT, IIpu cpeaHelt 0OBOTHEHHOCTH B
95-99%. Ogaum u3 Hambosee 3PPEeKTUBHBIX METOJOB J0pa3pabOTKU OCTATOYHBIX
3aIacoB SIBJIIETCS BOCCTAHOBJICHHUE (POHIA MaIOAC€OUTHBIX U aBApUMHBIX CKBAaXKUH
MyTeM 3ape3Ku B HUX OOKOBBIX CTBOJIOB. [IpmMeHeHHE 3ape3ok OOKOBOTO CTBOJIA
Ha JJAaHHOM MECTOPOKJICHUH 0CO00 aKTyallbHO, TaK KaK CYIECTBYET 3HAUUTEIbHAS
yacTh (OHJA CKBaKMH, HaXOJIIasicsi B OE3JCHCTBYIONIEM COCTOSIHUM WM Ha
rpaHu peHtabenbHOCTU. JlaHHAs METOJuKa MO3BOJISIET U30€kKaTh JIMIIIHUX 3aTpat
Ha 00yCTPOWCTBO M MPOBEICHUE KOMMYHHKAIIMH, a TaK)KE BOBJICYHh B pa3pabOTKy
paHe He3aJeCTBOBAHHBIE YUACTKU 3aJI€KH YTIE€BOOPOIOB U TPYAHOU3BIICKAEMbIC
3anackl He)TH, 10ObIYA KOTOPBIX paHee HE MPECTaBISIaCh BOZMOKHOM.

[enpro manHO#M pabOTHI sBIIAETCA OleHKA Y(PPEKTUBHOCTU TPUMEHUMOCTH
3ape3Kr OOKOBBIX CTBOJIOB CKBAYKUH JIJIsl BHIPAOOTKU OCTATOYHBIX 3al1acoB HEPTHU

Ha yyacTke Kapaiickoro MecTopoxaIeHusl.

JInst nocTrKeHus ey B padoTe ObUIN ONpeeIeHbI CASAYIOIINE 3a1a4u:

1. OueHka  TEKyLIEro COCTOSIHUS  pa3paboTKu Kapaiickoro
MECTOPOKICHUS.

2. [TporHo3 TEXHOJIOTHYECKUX MapaMeTpOB PabOThl CKBAXXHH B PEKUME
JIOOBIYH.

3. CpaBHEeHHME  pe3y/lbTaTOB  NPUMEHEHHS  3ape3Ku  OOKOBBIX

ctBosioB(3bC) u  skcruyatauumoHHoro  Oypenusi(Db) mo  pesynbraram
THIPOIUHAMUYECKOTO MOJICTTUPOBAHUSI.

OCHOBHBIM TOJIO)KEHHUEM, BBIHOCUMBIM Ha 3alllUTy, SBJISETCS OLEHKa
BO3MOXXHOCTH 3aMEHBI IKCILUTYyaTAaI[MOHHOTO OYypEeHHs TMPOCKTHON CKBaXKHWHBI Ha

3ape3Ky OOKOBOT'O CTBOJIA IEUCTBYIOIIEH CKBAKUHBI.



AHHOTANUA

[IpruMeHeHne TEXHOJIOTHM BOCCTAHOBIICHUS CKBAKMH ITyTEM 3ape3Ku
OOKOBBIX CTBOJIOB MMeeT Oosiee ueM S50-neTHio0 ucropuio. Ilpaktuka peanuzanuu
ATOTO METOJIA CBUIETEIBCTBYET O €r0 TEXHUKO-IKOHOMHYECKOM IPEBOCXOICTBE
10 CPaBHEHHUIO C OYpEHHEM HOBBIX CKBA)KMH 3a CUET MEHBIIEH CTOMMOCTH OJIHOTO
MeTpa OypeHHs, UCIOIb30BaHUS CYIIECTBYIOUIEH cucTEMBbI cOOpa, TpaHCHOpTa U
KOMMYHUKALUH.

3ape3ka OOKOBBIX CTBOJIOB ITO3BOJIIET BEPHYTh B 3KCIUTyaTalUIO HEPTSIHBIC
CKB&)XHMH, KOTOPBIE IO PSAYy TI€OJOrO-TEXHHUYECKUX YCIOBHM HE MOIJIM OBITh
3aJIeiCTBOBAHBI ITPU BBIMIOJHEHUN OOBIYHBIX onepannid. B ctapbix ckBaxknunax 3bC
MO>XHO CUMTaTh HAWIYYIIUM TEXHUYECKHM pEIICHHEM, €CIM €CTh HaJCKHOE
o0ocHoBaHUE 3((PEKTUBHOCTU BCKPBITUSA MPOAYKTUBHON 30HBI HOBBIM CTBOJIOM.
Tpaektopust OOKOBOrO CTBOJIa HPOXOAMT BOJM3M CTApOW CKBAKUHBI, TJ€
IPOAYKTUBHAS 30HA YXKE OXapaKTepU30BaHA KEPHOBBIMM M KapOTAKHBIMU
JAHHBIMH, a TAKXKE PEe3ybTaTaMH HUCIBITAHUS Y DKCIUTYaTallMH TUIACTOB.

JIaHHBIN TUIIIOMHBIN POEKT MOCBSIIEH BONPOCY OLEHKE 3(PPEKTUBHOCTH
NPUMEHUMOCTH 3ape3KH OOKOBBIX CTBOJIOB CKBAXHMH JJIsl BHIPAOOTKH OCTATOYHBIX
3armacoB HepTH Ha yyacTke Kapalickoro MecToposkeHusl.

B mnepBoil 4YacTM IMIUIOMHOIO IIPOEKTAa IIPEACTABIEHA I'€OJOIMYECKas
xapaktepucTrka Kapalickoro MecTopoKaeHus1, BKIIIOYAroIIasi: O0IIe CBEAEHUS O
MECTOPOXKICHUH, TEOJOTMYECKOE CTPOCHUE MECTOPOXKICHHUS M 3alICkKEH,
TEKTOHUKY, HE(DTEHOCHOCTh, 00OCHOBAaHUE BBHIOOPA IKCILTyaTAIIMOHHBIX OOBEKTOB
0 re0JIoro-(hU3NYECKUM XapaKTEPUCTUKAM.

B reosiornueckoM CTpOCHHM ONMCBHIBAEMOI'0 panoHa IPUHUMAKOT Y4acThe
TEPPUIrE€HHbIE  OTJOXKEHUS  PaA3JIMYHOTO  JIUTOJOrO-(PaluajibHOr0  COCTaBa
ME3030MCKO-KaifHO30MCKOTO TUIATOPMEHHOTO dYeXJia U B PA3IHYHON CTENEHU
MeTaMop(U30BaHHBIE U JIUCIOLMPOBAHHBIE MOPOABI JOIOPCKOTO CKJIAI4aToro

dbyHnameHTa.



[lecuaHo-aneBpOIUTOBBIE  IUIACTBI ~ BEPXHEBACIOTAHCKOM  MOJCBUTHI
BBIZICIISIIOTCSL KaKk ropu3oHT 01, SBISIOMUICS OCHOBHBIM OOBEKTOM ITOWICKOB,
pa3Beiku U pa3paboTku 3anexelt YB B paccMarpuBaeMoM paiioHe.

l'opuzont HO; uMeeT cllo)KHOE BHYTPEHHEE CTPOCHHE, OOYCIOBICHHOE
pa3HooOpa3reM OOCTAaHOBOK OCAJIKOHAKOIUICHUS OTIEIbHBIX HMHTEPBAJIOB €ro
paspe3a B YCIOBHUSAX IUKIMYECKUX KojeOaHuil ypoBHs Mops. B ero oObeme
JIOCTAaTOYHO HAJEKHO BBIJICIAIOTCS U MPOCIEKUBAIOTCA IO IUIOMIAJAA TPU MAYKH,
OTJIMYAIOUTUECS IO JIUTOJIOTHH U YCIOBUSIM (OPMHUPOBAHUS.

TexkToHMKa paccMaTpyBaeMoro paiioHa oOyCIOBJIEHA €ro MOJIOKEHHEM B
30He conpspkeHus: KonroropckoipudroreHHon 30861 1 HIOpOJIBCKOrO 0Ca04uHOTO
OacceitHa, GopMHpPOBaHHUE KOTOPOTO SBHJIOCH CIIEJCTBUEM aKTUBHOT'O MPOTrHOaHUs
ATOM TEPPUTOPUU Ha PYOEKEe MAIC0305 U ME303051.

B crpoenun ¢dyHaameHTa BBIIETSETCS JBa CTPYKTYPHO-TEKTOHUYECKUX
JTaxa.

Hwxnauit - ckinag4aTo-0J0KOBBIM, MPEICTAaBICH T'€OCUHKIMHAIBHBIMU,
riIyoOKo  MeTaMOp(PU30BAaHHBIMHU, CHUJIBHO JUCJIOLUHUPOBAHHBIMH  IOPOJAMU
JOKeMOpUsi ¥ Tajeo30s, MPOPBAHHBIMU HWHTPY3UBHBIMHU  0Opa30BaHUSIMU
Pa3IMYHOTO COCTaBa U BO3pacTa.

Bepxuuii staxxk dyHAaMeHTa 3aHUMAaET MPOMEKYTOYHOE TOJIOKEHUE
MEXJy TE€OCHHKJIMHAJIBHBIMU  OOpa30OBaHUSIMM, CJAralollUMH  CKJIaJa4aTroe
OCHOBAHHE, U TUTTUYHO TIATHOPMEHHBIMUA 00pa30BAHUSIMU YEXJIa.

Bropass wacTh AWIIIIOMHOrO TMPOEKTa IOCBSIIECHA AaHAINU3y TEKYIIETO
cocTostHusl pazpabotku Kapaiickoro mectopoxiaeHus. ONHUCHIBAIOTCS OCHOBHBIC
ATambl MPOCKTUPOBAHUS Pa3paOOTKH MECTOPOKIACHUS, AaeTCAd XapaKTEPHCTHKA
TEKYIIEr0 COCTOSIHUSI Pa3pa0OTKU OCHOBHOTO MPOJAYKTUBHOIO ILIacTa 10,°
Kapalickoro  MeCTOpOXIEHHS, a TaKXKe  pPacCMaTPUBAKOTCA  COCTOSTHHS
JOOBIBAOIIIETO ¥ HATHETATEIHLHOTO (POHJIOB.

B Tperbeli dYacTM OMIUIOMHOTO TIPOEKTAa MPOBOAUTCA aJanTaius
rE€OJIOTUYECKOW W THAPOAMHAMUYECKOM  Mojenn  ywyactka  Kapaiickoro

MECTOPOKICHUS. Apnanranus TeOJIOTHYECKOM MOJEIN BK/IIOYAeT B ce0d



CTPYKTYPHBIE IOCTPOEHUS, PACUET TPEXMEPHOM CETKM T€O0JOTMYECKON MOJENH,
MOJICJIMPOBAHUE TMPOHULAEMOCTH, MHOPUCTOCTH, BOJOHACBHIIIEHHOCTH, IOACYET
reJIOTHYECKUX 3a11acoB, 000OCHOBAaHUE BbIOOpA TUIIA MOAEIU (PUIIbTPALUH.

Ananranus THAPOJAWMHAMHYECKOW MOJENIM NPOBOAMIACH IIOMECSYHO, B
peXHUMe 3aJaHHBIX 0TOOPOB KUAKOCTH. COOTBETCTBUE (PAKTUUECKUX U PACUETHBIX
nokasaresnel ajantauuyd OOECHeYMBAIOCh C TOMOIIBI0 M3MEHEHMS CIEAYIOLINX
apaMeTpoB: JIJIsi BOCCTAHOBJICHHSI HICTOPUH TOOBIYH KUIAKOCTH — MMPOHUIIAEMOCTb,
ajantaud  OOBOJHEHHOCTM — MaclITaOMpOBaHUE OTHOCUTENBHBIX (Pa30BBIX
nponunaemocreit, (SWL, SWCR), cooTBeTCTBUS 3a00HHBIX JaBICHUN — paguyc
30HBI IPEHUPOBAHUS CKBAXKUH U UX U3MEHEHUE UHJEKCA MPOTYKTUBHOCTH.

YerBeprass 4acTh  JMIUIOMHOTO  IPOEKTa  IOCBALIEHA  AHAIN3Y
MPUMEHUMOCTH 3ape3Kh OOKOBOT0O CTBOJIA, KAK METOJA BOBJIEYEHUS B pa3pabOTKy
OCTaTOYHBIX 3amacoB Hedtu ywactka Kapaiickoro mectopoxkaenus. B riase
paccmaTpuBaeTcss caMa TEXHOJOrMS 3ape3Ku OOKOBBIX CTBOJIOB CKBaXHH,
OMKCHIBAECTCS BBIOPaHHBIA CHOCOO co3AaHUsi OOKOBOIO CTBOJA C IMPUMEHEHUEM
KJIMHA-OTKJIOHUTEJNS], POU3BOJIUTCS BHIOOpP CKBakMH kaHauaaToB Ha 3bC, a takke
IIPOBOAMUTCSL CPABHUTENBHBIA aHanu3 npuMeHeHus 3bC u 3KIuTyaranmoHHOTO
OypeHus MO pe3yjbTaTaM IPOrHO3a OCHOBHBIX TEXHOJOTMYECKHX IOKa3aTesen
PabOThI CKBaYKHUHBI.

B nsAToil yacTu paboThl TPOBOJUTCS SKOHOMUYECKUIIM pacyeT CpaBHEHHS
ctoumoctu TmpoBeneHuss 3bC wmexnay noapsaHbiMu opranu3auusmMu A, b u
komnanuer OAO  “Tomckuedts” BHK, mnpuBomutrcss 3KOHOMUYECKOE
000OCHOBaHHUE 1€eCOO0Pa3HOCTH MPUBICUYEHUS OINAPSIAHOW oOpraHu3zauuu A
komranueir OAO “Tomckuedptr” BHK st BeImonHEeHMsT 3ape3ku OOKOBOTO
CTBOJIa CKBaYKUHBI, a TAKXKE OL[EHUBAIOTCS NIEPCIIEKTUBBI ayTCOPCUHTA B KOMITAHUH
OAO “Tomckuedtsr” BHK.

B mecroii 4acTM JAMIUIOMHOTO IPOEKTa OMNMCBIBAKOTCS  BpPEIHBIE
NpOSIBJIICHUS] (PAaKTOPOB MPOU3BOJCTBEHHOW Cpeibl (BpeAHbIE BEIECTBA, UIYMBbI,
OTKJIOHEHME  TIOKa3aTesled  KJIMMara,), OIacHble TMposBIECHUS  (AKTOPOB

MPOM3BOJCTBEHHOM cpenbl (MexaHU4YeCKOU OMACHOCTH, JIaBJICHUSI,



3JIeKTp00OE30MacHOCTb, M0KapOB3PHIBOOE30IIACHOCTb ), MEePEUHUCIIIOTCS
MEPOTIPUATHS TI0 OXpaHe aTMOC(EPHOTro BO3MyXa OT 3arpsi3HCHUS, MEPOIPUATHS
0 OXpaHe HeOp U OKpyxkawiieh cpensl. PaccmarpuBaercs upe3BblyaiiHas
CUTyalWsl 1 METOJIbI €€ JIMKBUIAIINH, OPTaHU3AIMOHHBIC BOMPOCHI 00ECTICUCHUS

0€30MaCHOCTH.



3akJIoueHue

B xone nccnenoBanus ObUIN NPOBEIEHBI:
- OIICHKA TEKYIIETO COCTOSIHUS pa3padoTku Kapalickoro MecTtopoxaeHus;
- MIPOTHO3 OCHOBHBIX TEXHOJOTHYECKHX IMapaMeTpoOB padOThl CKBAXKUH WU
QIbTEPHATUBHBIX KM CKBAXHUH C OOKOBBIMH  CTBOJAaMH, Ha OCHOBE
caJanTUPOBAHHOW MOJEIH.

Onenka 3¢ (HEeKTUBHOCTH TNPUMEHEHUS 3ape3Ku OOKOBBIX CTBOJIOB MJis
BBIPAaOOTKU OCTATOYHBIX 3amacoB HePTH Ha yyacTke Kapaiickoro MmecTopoxieHus ,
noKasasna:

— BapUAHT C 3aMEHOW SKCIUTyaTallHOHHOTO OypeHHusi CKB.53 Ha 3ape3Ky
OOKOBOTO cTBOJA CKB. 19 0c, OKa3aycs HEpeHTAOEIbHbIM, JEHEKHbIE TOTEPU MPU
sToMm 3a 30 sieT pa3paboTku cocTaBisAOT 18,9 MIH.pyo.;
- BapHaHT C 3aMEHOM OHKCIUTyaTallMOHHOrO OypeHus CKB.52 Ha 3ape3Ky
OOKOBOTO CTBOJAa CKB. 25 OcC, HAaNpOTHUB Jaj TOJOXHUTEIbHBIM pe3yapTaT C
PKOHOMHUEN cpencTB B paszmepe 12 miaH.py0. 3a 30 ser.

Pacuer 53KOHOMHMYECKOW 4YacTH II0Ka3aj, 4YTO IPUBJICYECHHE MOAPAIHON
opranm3zauud A xomnanuer OAO «TomckHedpTs» BHK m103BOSUT CHUBHUTH
3arpatel B pazmepe 1 081 982,2 py6. , a Takke COKOHOMHUT KOJIMYECTBO BPEMEHU

Ha TIPOBeJIeHHEe paboT Mo 3ape3ke OOKOBBIX CTBOJIOB CKBAYKHUH.



Cnmcok nmy0IMKanuii CTyJAeHTa

OxoHomuueckuil acriekt BHeapeHus GTL texnomornum yrtunuzauuu [THIT B
ycnoBusix Tomckoit obnactu (Ha npumMepe [lIunruackoro mecropoxaenus) / M. H.
[Tyroskun, FO. Ilepba ; mayud. pyk. U. B. Illapd // IlpoGmemsl reomornum u
OCBOCHHUS Hep : Tpyabl XX MexIyHapoIHOrO CUMIIO3UyMa UMEHHU akajgeMuka M.
A. YcoBa CTyOE€HTOB M MOJOJBIX YYEHBIX, MOCBAIIECHHOrO 120-1€THI0O €O IHA
ocHOBaHUsI TOMCKOTO MOJMUTEXHUYECKOTO YHUBEpcuTeTa, Tomck, 4-8 amnpeins 2016

r.: B2 T. — Tomck : U3n-Bo TIIY, 2016. — T. 2. — [C. 1069-1071].
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6 Sidetracking Methods

The sidetracking operation can be executed in both open and cased wellbores.

It can be classified as below:

1. Cased hole sidetracking with a whipstock.

2. Openhole sidetracking with a whipstock.

3. Openhole sidetracking over the whipstock with a mud motor.
4. Openhole sidetracking over the cement plug with a mud motor.
5. Openhole sidetracking without deflection barrier.

The whipstocks for OH sidetrack (method 2) are almost never used today due
to a fact that changing trajectory is very complicated and too much experience is
demanded to run the tools accurately. Downhole motors are more advanced and
relatively less costed tools.

Therefore, they have replaced permanent/removable whipstocks in OH
sidetracking operation.

Currently, the most applied method to sidetrack a well in the openhole is to
use a mud motor with a deflection barrier. A deflection barrier can be either
openhole whipstock (method 3) or cement plug (method 4) [1].

6.1 Sidetracking Procedure

The steering with a mud motor over the cement plug is one of the most
employed techniques in openhole sidetracking and its operational procedure will
be described in this section.

Firstly, the cement slurry is pumped to fill across the kickoff interval and then
engineers must wait for the cement to be cured in the formation. Afterward, a
conventional bit and straight-hole drilling assembly are run into the hole to time-
drill the cement plug up to the planned KOP. Drilling with considerably low ROP,
WOB, TOB as well as RPM are called “time-drilling”, and time-drilling the
cement plug up to KOP is named “dressing off” the cement plug. Usually, the
time-drilling is employed to have more chance of success in sidetracking
operation. If the DS takes the weight and the motor begins to stall during dressing

off the cement plug, it means that the plug is strong enough to commence kicking



off activity. ROP operated for dressing off the cement plug should be, at least,

lower than 50% of ROP applied for penetrating the formation.

Mud motor
with bent
housing

Drill bit

Figure 1. A sequence of operation to kick off the cement plug

If the cement plug is confirmed to be firm, a directional BHA should replace
the conventional assembly and shall be run to the dressed top of the cement plug.
The toolface of the downhole motor should be then orientated in the formation.
Time-drilling is also employed for kicking off the wellbore. Afterward, drilling
parameters can be increased for penetrating further to the planned target [2].

If the cement plug is not sufficiently firm to commence sidetracking, the
cement will be washed away during dressing off and extra trips will become
mandatory to set a new cement plug. The success of OH sidetrack from the cement
plug with a mud motor are primarily dependent on the followings:

— formation compressive strength;
— downhole temperature/ pressure;
— cement plug depth;

— wellbore deviation;



— quality of cement;
— cure time of cement;
— BHA design and deflection tool.
6.1.2 Design Considerations

There are three main parameters to consider for the planning phase of
sidetracking activity in order to accomplish the operation efficiently and
successfully.

1. Strength of a formation

The sidetracking point in the openhole should be selected in the softest
formation to increase the chance of success. Preferably, it should be softer than the
cement plug or should place between harder formations. Since the bit always has a
tendency to penetrate into the least resistance zone, trying to enter into a hard rock
can be very problematic. The strength of the rock is measured by the parameter,
called unconfined compressive strength (UCS). This parameter represents the
maximum compressive load, which a rock can withstand before the failure. If the
formation rock is very hard (UCS>25 000 psi), a whipstock is more likely to be
used due to low possibility of the cement to be harder than the formation. For a
medium formation, where UCS is between 15000 and 25000 psi, a motor with a
good cement plug can be considered to execute sidetracking. For a soft formation
(UCS<15 000 psi), sidetracking can be successful by operating a mud motor
toward the high side of the hole with a good cement plug or to the low side of the
hole without cement plug [4].
2. Inclination angle of the wellbore

The inclination is necessary to consider during the planning of the
sidetracking operation in order to obtain the gravity assistance. If the sidetrack
point is in the vertical section of a well, inclination has nothing to support the
activity and there is no preferable direction to orient the toolface to obtain the
assistance of the gravity. Therefore, cutting efficiency of the stabilizer and BHA
against borehole will be minimized leaving more challenging condition for the

operation. But, if the point is located in an inclined wellbore, the orientation of the



toolface to the low side of the hole will support technical sidetracking due to a
gravity effect that will try to drag the BHA down (Figure 2). When a mud motor or
RSS is applied, it is the best to sidetrack at the point where the wellpath has a high

inclination or azimuth change [3].

High-Side

.,

Figure 2 — The gravity effects over a sidetracking operation. The gravity supports
sidetracking if the toolface is oriented to the low-side

3. Depth of a sidetrack point

The depth of a sidetrack point determines the DLS required for reaching a
target that, in turn, identifies the required BHA configuration and deflection tool.
Sometimes, the sidetrack depth can also establish whether the activity will be
performed in the cased or open hole.

If the sidetracking can be executed in either location in the wellbore, it is
often recommended to perform the operation in the openhole in order to avoid

milling activity and generation of sharp dogleg angle.



6.2 Sidetracking with solid expandable tubulars overcomes

challenges

When sidetracking a well, an operator will lose one entire casing size,
reducing the ID in the target zone, decreasing production and challenging the
economic viability of the project. Solid expandable tubulars (SET) are becoming a
viable means to overcome certain challenges to existing operations and to offset
some of the higher expense. Recent technological breakthroughs, developing and
deploying modified expandable tubulars and making use of the latest advances in
multilateral window milling systems have enabled SET technology to become a
reliable method to overcome the unique challenges faced by older operations. The
combination of SET technology and multilateral window milling systems allows
operators to slim their wells, resulting in reduced capital outlay, minimized
environmental impact, maximized reservoir potential and a superior rate of return.
The most obvious advantage is larger ID in the target zone, thereby increasing
production. More importantly, the two complimentary applications have the
potential to significantly reduce capital expenditures for the life of a field. These
savings are realized in the productivity enhancements in fields where the operator

has already capitalized the exploration and development outlay [6].

6.2.1 Solid expandable tubulars technology
There are presently two distinct situations where solid expandable systems

would prove both beneficial and economically viable. One such case is field
development using SET where the operator chooses to drill and produce a well
with solid expandables from the outset. Another situation involves the
recompletion of wells in which the original wellbore is no longer meeting
productivity expectations, or it is identified that optimal drainage could be
achieved by having the wellbore in another location of the reservoir. A well can be

recompleted as a larger producer through a casing sidetrack using SET technology

[5].



6.2.2 Business cases

Two applications of SET in conjunction with side-tracking technology are in
older platforms with no remaining template slots and deepwater recompletions on a
tension-leg platform through a riser. In the former case, the only economically-
feasible method to reactivate a field is to re-enter existing wells using SET to
preserve a larger ID. In the latter scenario, SET can be run through a milled casing
window using the smaller production riser. This can save expensive rig time and
reduce nonproductive time to pull the production riser, install a larger drilling riser

to perform the recompletion and then rerun the production riser [6].

Figure 3 — A combination of SET technology and multilateral window milling
systems can result in slimmer wells, reduced CAPEX and minimal environmental
Impact.

A common perception is that big bore completions deliver high rates above

and beyond that of conventional completions. In these cases, a well’s outflow

performance increases as a result of decreased pressure drop in the larger diameter



tubing. The problem occurs when the size of the production casing in many of the
wells limits the size of tubing that can be used to improve productivity. More
generally, the size of any of the casing strings set in a well limits the size of the
next string and ultimately limits the size of the completion string. This situation
constrains the internal diameter available for production or injection. Solid
expandable tubulars, however, provide the ability to turn a tubing-constrained
completion into a big bore producer whether incorporated in the original well plan
or used as a result of a challenge encountered during drilling. For example,
performance modeling by one operator on a well with 7-in. tubing in 9 5/8-in.
production casing showed only a 10% increase in well deliverability from a tubing
change-out completion to 7 5/8-in. tubing, the largest size tubing that can be run.
Alternatively, recompletion using 7 5/8-in. solid expandable tubulars showed a 40-
50% increase in well deliverability and a 50-100% increase in production. A
successful field pilot test of a solid expandable tubular workover by this operator
proved the viability of the application. Operators also regularly deploy
recompletion technology in wells producing at less-than-optimal performance or to
expand the drainage reach of individual wells. Operators recognize the many
benefits the SET technology offers, which have been driven by slot availability on
aging platforms, better reliability and feasibility of casing whipstock and milling
systems, and increased reservoir knowledge. These two technologies used in
concert present the potential application of larger multi-lateral sidetracks. The
combined benefits of these applications include increased productivity using wells
and facilities already in place, and the availability of a larger ID for recompletion
and stimulation [6].

6.2.3 Design challenges

A natural progression led to SET being introduced into deviated wells. The
technology has been proven to work in sidetracked wells, and tests were positive
when solid expandable tubulars were run through specially-cut casing windows.
However, certain mechanical challenges had to be overcome. A previous

unsuccessful installation of SET in a deviated well with high dogleg severity



provided insight into some of the mechanics that affect the successful deployment.
A contributing factor of the unsuccessful installation was determined to be damage
to a connection, and a solution was implemented. After the potential risks were
mitigated, attention was turned to the specific parameters affecting a successful
SET installation through a casing-sidetracked well. Those parameters included
dogleg severity; casing material; whipstock material; length and width of the
casing window; quality of the milled window; and stiffness of the solid expandable
tubular running assembly. Subsequent to the unsuccessful installation in a deviated
well, solid expandable tubulars could still be run in a casing sidetracked well, but
preparation requirements called for milling a 100 ft section. In some cases, because
of time requirements, this option could be uneconomic [7].
6.2.4 Engineering and testing

One of the most influential factors affecting the successful implementation of
SET through a milled casing window is the physical characteristics of the window
itself. A way to mitigate or eliminate this problem was a necessity. Recent
advancements in multilateral technology provided the key. These advancements
resulted in window milling systems that produce an enhanced window in which
nearly the total window length is full gauge. Benefits of a longer full-gauge
window include trouble-free entries and reentries through the window for drilling
and completion of laterals; ideal parameters for short radius departure; sidetracking
in hard formation without drilling a rat hole; compensation for any mismatch in
depth tally calculations; and eliminating problems associated with a skewed
window. It was predicted that coupling newer multilateral technology with SET
technology could offer a viable and economical method of exploiting the benefits
available from big bore multilateral sidetrack completions. A series of lab tests,
surface tests and surface simulation tests were devised. A field trial was performed
to prove the viability of the technology application. Throughout the project,
weaknesses were identified, solutions were implemented and lessons learned in

each test were carried into the design of subsequent tests to improve the product

[6].



Lab Tests
Following the early unsuccessful installation of SET system in a deviated well, it
was determined that damaged connections was a major factor contributing to the
failure. The damage sustained in running the casing string, coupled with bending
stresses induced in the damaged connections by the deviated well trajectory,
resulted in the loss of pressure integrity when the connection was subjected to the
expansion forces. A means of enhancing the connection was developed and data
was collected to determine the maximum dogleg in which protected connections
could be successfully expanded.
Surface Test
A surface test was performed with a string of several joints of solid expandable
casing snaked around offset spikes driven into the ground. This arrangement
roughly simulated the bending stresses that would be induced in a
deviated/doglegged well. The casing string was then successfully expanded and
data was collected from this surface test to provide a basis for further simulation
testing.
Surface Simulation Tests

Two surface simulation tests were designed and conducted in cooperation with
specialists in multilateral technology. These tests simulated actual operating
conditions by using a horizontal cement test block with a joint of base casing
cemented within the block. A window was milled in the base casing and the lateral
was drilled by a different commercial milling system in each test. Solid expandable
tubular casing was then run and expanded and data was collected for post-test

analysis.



