MopaenupoBaHue paboT B CKBaXkuHax obecrnevnsaeT
CHM>XKEHWE CTOUMOCTU M YIyHLLIEHNE pe3ybTaToB

Well Intervention Modeling:
Reducing Cost and Improving Success Rates

CoBpeMEHHbIE CKBaXXMHbI UMEIOT HaMHOro H6onee CroXHble NPoguIb
N KOHCTPYKLIMIO, MO CPaBHEHMIO CO CKBaXXMHamu, NpobypeHHbIMM
napy [ecATKOB NneT HasaA. Ho BO MHOMVX CTPOALLMXCA CeroaHaA
CKBaXXMHax B byayLueM NpuaeTcA NpoBOAMTb pasfnvyHble BUAbI
paboT € UCronb30BaHMEM YCTAaHOBOK MTMOKUX TPyD, KapOTaXKHbIX 1
kabenbHbIx Nebenok, a Takxe ctaHkoB KPC nnv ruapaBnmyeckmx
YCTaHOBOK 1A PEMOHTA CKBa>KMH. [1pu MCMonb30BaHWUM COBPEMEHHbIX
TEXHOMNorMn 1 060pyaoBaHNA AnA NPOBeAeHNA paboT B CKBaXXUHAX
cneumanqcTbl CTankuBaroTCA C PeLLeHNeM COXHbIX 3a4ad,
CBA3aHHbIX C HEOBXOAMMOCTM BbINOSHEHNA OMNepauunii B CKBaXKMHax

C BbICOKVMM COOTHOLUEHMEM FNY6UHbI MO CTBOMY C BEPTUKAIIbHOM
rny6UHON, MHOrO3a60WMHbIX, @ TAKXKe B CKBaXKMHAX C MPOTAXEHHbIMM
rOpY30HTaSIbHBIMM YHacTKamy UM HTepBanaMu cTeosna ¢ 60bLWnMn
yrnamu oTKNoHeHusA. 3agadya ele 6onee ycrnoxHAETCA, Koraa
oneparopaM MecTopoXXAeHUA He0HXoanMO, YTOObI CEPBUCHbIE
KOMMaHWU BbINOMHWAM paboTbl B AEACTBYHOLMX CKBaXKMHaX,

a B HEKOTOpbIX CryyaAx faxke 6e3 0CTaHOBKM CKBaXXWHbI ANA
UCKITIOYEHWA NPOCTOA, CBA3AHHOMO C HEOBXOAMMOCTLIO €€ yLLEHUS,
a Tak>ke MoBPEeXAeHVA NnacTa XUAKOCTbO ANA MyLWeHua, 1 ona
npefoTBpaLleHna NoTepy YacTn JoObIHK.

OpaHUM U3 caMbiX MOME3HbIX UHCTPYMEHTOB, KOTOPbIM MOTYT
BOCTOJ1b30BaTbCA OMNEPaTopbl UMW CEPBUCHBIE KOMMaHWUK ANA pa3paboTky
1 YCNELLHOrO BbINOIHEHUA NporpamMMbl paboT B CKBaXKMHE, ABMAETCA
creuvanbHoO co3AaHHanA KOMMLIOTEPHanA nporpamma npeasapuTesibHoro
MOLENMPOBaHNA CMOXHbIX Orepaumi B ckBaxknHax. HecmoTpa Ha
70, 4To MO ANA pacyeTa CKPYUMBAIOLLMX U OCEBBIX HArpy30K yxe
[0BOMBHO AABHO UCTIONb3yeTcA B BYpeHUM, ero akTMBHOE NpUMeHeHue
ANA MOAENMPOBaHNA PaboT B CKBaXKMHAX HAYaIOCh ML HEAABHO.
[ocTynHoe Koraa-To NuLb KPYMHbIM KOMMaHUAM, KOTOPbIE MO
npocmHaHCMpoBaTb Pa3paboTKy COBCTBEHHOTO Crneumanm3upoBaHHOTO
nporpamMmMHoro obecnevenua, cerogHa MO ana mogenvpoBaHnA paboT
B CKBaXKMHE MOXET UCMONb30BaThCA NtoboM KOMNaHWEN, MOHUMAKoLLEN
LIeHHOCTb MHhOpMaumK, Nony4aeMon nNpy UCNonb30BaHUM TaKOro
cpeacTBa AnA NiaHNpoBaHUANA nporpaMmbl paboT. MNonb3oBartenb
TaKoW NporpammMbl UMeeT BO3MOXHOCTb NPOrHO3MPOBaTh
noTeHumanbHble NpobemMbl MPY MOAEIMPOBaHUM B BUPTYaslbHOM
cpene, He AOXUAAACh UX BO3HUKHOBEHWA B X0A4€e HenocpeaCTBEHHOM
BbINOSIHEHWA onepaumn. Pucku, cBA3aHHbIe ¢ NpoBeaeHneM
onepaumii B CKBaXKvHe, onpeaenaoTcA ¢ NMOMOLLbIO aHanm3a BAnAHUA
OCHOBHbIX NapaMeTpOB, a Takxe UCCnefoBaHWii TUna “yto byaet,
€Cnn’; KOTopble NO3BONAT CNEeLUanucTy, FoTOBALLEMY NporpammMy
paboT, NpeaycMoTPeTb AS1A MEPONPUATUA Ha Cnyyait BOSHUKHOBEHWA
BHELLTATHbIX CUTYaLWA.

06wwuMe ncXoAHbIe NapamMeTpbl U pe3ynbTaThl

XoTA ANA Kaxaoro MeTofa BbinoHeHUA paboT B CKBaXKUHE
MCNONb3YTCA KOHKPETHbIE UCXOAHbIE NapaMeTpbl, XapaKTepHble
TONLKO ANA AaHHoro cnocoba crnycka NpubopoB 1 06opyaoBaHNA,
[0BOJIbHO 60SIbLIOE YNCIIO MCXOAHbBIX NapaMeTpoB, HEOOXOAUMbIX ANA
YCMELIHOro MOAENMPOBaHNA paboTbl B CKBaXKMHE, HE3aBUCKMbI OT
nprMeHAemoro crnocoba cnycka. MicxoaHble faHHble, Heobxoanumble
ONA MOAENMPOBaHNA paboTbl B CKBaXKMHe npwu Ntobom cnocobe cnycka
obopyaoBaHuA, BKIOHAIOT:

36 |POI'TEX

Today’s wells have become increasingly more sophisticated than those
of a generation ago. However, the well you drill today is the well you may
perform well interventions on in the future with coiled tubing, wireline,
slickline, workover rig or hydraulic workover units. Increasing measured
depth to true vertical depth ratios, multilateral wells, and long horizontal
and highly deviated sections challenge today’s well intervention methods
to their very limits. To increase the challenge further, today’s operators
often expect service companies to be able to perform well interventions
on live wells, and in some cases, on flowing wells, in order to eliminate
the down-time associated with killing the well with liquid, lost production,
and the formation damage that often results from such liquid exposure.

One of the most useful tools available to assist operating or service
companies design and perform successful well intervention services is
“built for purpose” computer software for pre-job modeling of challeng-
ing well intervention operations. While hydraulic and “torque and drag”
software has long been used in the drilling industry, its use in well inter-
vention modeling is only now becoming commonplace. Once available
only to large companies who could fund internal development of their
own software, well intervention modeling software is now available to
any company that recognizes the need for the invaluable information job
modeling provides. The software allows the user to anticipate problems
in the” virtual world” before they occur downhole. Intervention risks are
identified by performing sensitivity analyses on critical input parameters,
and performing “what-if” analyses that allow the user to plan for contin-
gencies that fall outside the scope of the planned operation.

Gommon Inputs / Output

While each intervention method has some specific input to the software
which is only applicable to that method of conveyance, much of the input
required to successfully model a well intervention is independent of the
conveyance method used. Required information for all well intervention
methods include:

e CT/ Cable / wire - Dimensions and physical characteristics (such as
minimum yield stress or breaking strength) of the tubing, wireline, and
bottom hole assembly (BHA). For the BHA, the presence of rollers,
centralizers, and knuckle joints should be specified.

Well - An accurate wellbore schematic showing well geometry, and a
detailed wellbore survey relating inclination and azimuth to depth are
mandatory. Anticipated well pressure and pump rates, or production
rates during the operation are also required.

Fluids - Characteristics of the fluid in the wellbore, and for the case
of CT or HWO, the properties of fluids pumped. Depending on the
fluid type, such properties might include density, viscosity, yield point,
water fraction, and gas/liquid ratio. This information is important to
calculate buoyant force, as well as fluid drag and lift effects.

Friction Data - In deviated or horizontal wells, the mechanical friction
coefficient is of key importance for pre-job modeling. Coefficients
determined from previous operations on the well or similar wells are
preferred, though not often available. While these coefficients can
readily be calculated by post-job surface weight matches from previous
interventions on the well or on similar wells, this seems to be seldom
done in practice. In lieu of actual values, commonly accepted values



Mbkme Tpy6bbl/Kabens/KaHat — anameTpebl, rabapuTbl U comanydeckme
CBOWCTBA (HanpuMep, MUHUMarbHbIV Npeaen TEKy4YecTu Unm
NPOYHOCTb Ha pa3pbiB) HKT, kaHaTa 1 3ab0NHOM KOMMOHOBKW.

[inA 3a60MHON KOMMOHOBKW - HaNM4ne PONIMKOB, LIEHTPaTOPOB U
LUIAPHUPHBIX COEAVNHEHWI.

CkBaXxvHa — TO4HaA CxeMa CTBOMA CKBa>KMHbI, MOKa3bliBatoLLan
reoMeTpuIo CTBONA, a Takxe 06A3aTenbHO Heo6XoAUMbI AaHHble
OeTasbHbIX UCCefoBaHUiA B CTBOME, OT HaMpaBsfeHnAa 1 asumyTa Ao
rmy6uHbl. OXXupaemoe AaBneHne B CKBaXXMHE 1 YPOBEHb LIMPKYNALMK
UM 4ebuT CKBa>KUHbI.

JKnakocTn — xapaKTepucTrka CKBaXXMHHbIX XXMAKOCTEN, a B cryyae
NPUMEHEHNA TMOKMX TPyO NN rmapaBnM4eCcKon yCTaHOBKMN

— CBOMCTBA 3aKa4nBaeMbIX XUAKOCTEN. B 3aBuMcumMocTu oT Tuna
>KMAKOCTU 3TN CBOWCTBA MOTYT BKIOYaTb Takne napameTpbl, Kak
NAIOTHOCTb, BA3KOCTb, [IHC, copep>xaHve BoAbl, a TaKXe ra3oBbi
chakTop. ATa NHOpMaLumA ABNAETCA BaXKHOW ANA noacyeTa
apxXUMeoBOW CUJTbl, & TAKXE YPOBHA TPEHUA XUAKOCTMU U BNAHUA
NOABEMHOMW CUMbI.

[aHHble O TPEHUN — B HAKIOHHBIX UMW FOPU30HTaNbHbIX CKBaXKMHAX
KOA(PIULMEHT MEXaHNYECKOTO TPEHUA UMEET KITloYeBOe 3Ha4YeHne
ANA NpeaBapuTenbHOrO MOAENMPOBaHNA PaboThl B CKBaXXMHE.
MpeanoyTUTENBHO MCMONBb30BAaTb KOIPULIMEHTLI, onpeaeneHHble
no pesynbTaTtam NpeablayLwmX onepauni B CKBaXXnHe Unn nogobHbIX
CKBa>KMHaXx, XOTA OHWN He Bcerga ABMAITCA AOCTYMNHbIMK. XOTA

3TN KO3 PULMEHTBI MOTYT ObITb NIEMKO pacCHnTaHbl C MOMOLLBIO
COMOCTaBEHNA Beca B aTMOCKEPHbIX YCNOBUAX NOCE BbINOMHEHWA
paboTbl C pesynbTartamu, MONy4EHHbLIMU NPU BbINOMHEHUN paboT B
3TOM MM NOJO6HbIX CKBaXKMHAX, Ha NPaKTUKe 3TO AenaeTcA peako.
BmecTo hakTnyecknx BENNYMH, 06bIYHO NCMOSb3YEMbIE BENNYMHDI
HaxogATcA B ananasoHe ot 0,15 0o 0,5 B 3aBUCMMOCTM OT TuUna
XMAKOCTU B CKBaXXMHE U CTENEHN HEPOBHOCTU CTEHKWN CKBaXKMHBbI.
Ecnu dpakTnyeckas BennynHa Hen3BecTHa, BaXKHO BbINOMHUTL
napameTpu4ecKnin aHanus anA 3Ton NepemMeHHON.

Mopno6Ho TOMY, KaK AnA pasfinyHbIX METOAOB BbINONHEHUA pa60T

B CKBa>KMHE COBMafaloT UCXOAHbIE AaHHbIe, MHOTVE pesynbTarhl 1
OTBETbI HA BOMPOChI, NOSyYeHHbIe B Xo4e MofenmpoBaHus, GyayT
coBMnafaTb He3aBUCKMO OT criocoba BbINonHeHWA paboTel. B xoge
I060ro NPEABapPUTENBHOTO MOAENMPOBAHUA PABOTbl B CKBAXUHE
Heo6XoAVMO MONYYUTL OTBET Ha CredytoLme OCHOBHbIE BOMPOCHI:

Bo3moyxeH v 6e3onacHbIv Cnyck 3abonHOM KOMMOHOBKKU Ha HKT unn
kabene Ao 3aAaHHoOM rMy6yHBI 1 ee nocneaytoLlee n3sneyeHve, 6e3s
MPEeBbILLIEHNA MaKCUMAaIIbHO AOMYCTUMbIX YPOBHEW Harpy3ku Ha HKT
unn kabenb? B cnyyae oTpuuaTensHOro 0TBeTa, Kakme Heobxoammo
BHECTW M3MEHEHMA YTObObl 3TO CTasIo BO3MOXHbIM?

[Mpun HeOHX0AMMOCTY UCMONB30BAHNA YCUNUA AJ1A NOCAAKN U
CHATUA KaKoro-nnbo 3aboNHOro MHCTPYMEHTA, Harnpumep, Ana
nepemeLleHnA CKonb3ALen MydpThl, 3apAaKmn Acca, pasbypuBaHvAa
NPo6KU 1 T.N., BO3MOXHO I CO34aHNE YyCUIMA HeOHX0AMMOro
ypoBHA ¢ nomotbto HKT unu kabena 6e3 npesbileHnA
MaKcuMarnbHO AONYCTUMbIX ANA HUX pabounx Harpy3oK?

B cny4ae npuxsata obopyaosaHuA, KakuM 06pa3om MOXET ObITb
TOYHO onpepeneHa Tovka npuxeara? Kpome Toro, kakoe ycunue
MO>XHO MpUKNaapiBaTh K NpUXBa4eHHOMY 060pyAOBaHNIO ANA €ro
0CcBOBOXAEHWA, N OOHOBPEMEHHO HEAOMNYLLEHWA ero NoBpeXXaeHnA?

MpvBEOeHHbIe HVKe NPUMEPbI AEMOHCTPUPYIOT, KakuM 06pasom

cneuvanmanpoBaHHoOe nporpaMmHoe obecneyeHre no3sonaeT nony4ynTb
OTBETbI Ha BbllenpnBeaeHHbIE BOMPOCHI, a Tak>Xke Ha KOHKPETHbIE BOMPOChI,
OTHOCALLMECA K OnucbliBaeMoMy MeToay npoBeaeHnA pa60'r B CKBa>KUHE.

PaboTa ka6enbHoii ne6eiKoi

3akasumky Heobxoammo nposecTy MNIC B HeobcadkeHHOM CTBOSE B
pacrnonoXeHHoM Ha 60MbLLON [ybrHe MHTepBarne S-06pa3HoN CKBaXKWHbI C
60rbLLMM VCKPUBIEHEM CTBOMNA. YN OTKIMOHEHUA CKBaXKWHBI OT BEPTUKASN
cocTasnAn 68° oo mybuHbl 4419,6 M, NOCNE KOTOPOW yron najaeT a0

35°. MNpoekTHanA my6buHa — 5870,5 M, no BepTukanu — 3575,3 M, oTxo4
—3996 M. CkBaxuHa 3anofiHeHa 6ypoBbIM pacTBOPOM C BbICOKMM

range from 0.15 to 0.5 depending on the fluids in the well and the
roughness of the wellbore surface. If the actual value is not known,
it's important to perform a parametric sensitivity analysis on this variable.

Just as the various intervention methods share considerable common
input data, much of the output data and questions answered from the
modeling runs will also be the same regardless of the intervention
method. The primary questions to be answered in any pre-job
modeling are:

e Can the tubing or wireline and BHA be deployed to the desired depth
and returned to surface safely without exceeding the limits of the pipe or
wireline? If not, what changes might be made that would allow for this?

e |f a set down force or pickup force is required downhole (for shifting
sleeves, actuating jars, milling a plug, etc) can the tubing or wireline
generate the required force without exceeding its operating limits?

e If the equipment becomes stuck, how can the stuck point be accurately
determined? In addition, what amount of force can be safely applied at
surface in order to free the equipment, while avoiding any equipment
damage?

The following examples show how these questions and those specific
to the intervention method being considered can be answered with well
intervention software.

Wireline example

An operator needs to run open hole logs in a deep, high-angle “S”
shaped well. The sail angle is 68 degrees to a depth of 14500 ft,
where inclination drops to 35 degrees. TD is 19260 ft with aTVD

of 11730 ft and an outstep of 13110 ft. The well is filled with highly
viscous drilling mud. The logs will be run in the open hole section
from 17250 ft to TD. From past experience in similar wells, the user of
the model has a high degree of confidence using a friction coefficient
of 0.25 in the cased hole section and 0.35 in the open hole section.
The primary concerns are whether the 3100 Ib toolstring can be run
to TD in this well without the cable going into compression in the

long sail section, selection of the proper weak point setting for the
operation, and whether the 22,000 Ib breaking strength rating for

the cable is sufficient to pull the tension required. Several runs were
made with wireline intervention modeling software to arrive at the plot
shown in Figure 1, which answers these questions.

Figure 1

Puc. 1
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BbICOKMM ypoBHeM BA3KOCTW. [MIC nposoauTcA B HEO6CaKEHHOM MHTEpBane
¢ my6uHbl 52578 M. Ha ocHoBe npeablayLLUero onbiTa MOAeMpoBaHuA B
nofobHOM CKBaXKMHE, MOMb30BaTe b NPorpamMMbl MOAENMPOBaHWA C 6OMbLLON
[onev yBepeHHOCTM UCMoSb30Bas KoadhchuumeHT TpeHua 0,25 anA ydactka
CTBONa CO CyLLEHHOMN KOMOHHOM 1 0,35 AnA HEOBCAKEHHOTO MHTepBana.
OcHoBHble BOMPOCHI 3aK/TOHaNICb B TOM, BO3MOXEH J11 CTYCK KapoTabKHOM
cHopKkm BecoM 1406 Kr A0 MPOEKTHOM rybuHbI B 9TON CKBaDKMHE 663
BO3HUKHOBEHVIA YPE3MEPHOM CXKMMAIOLLIEN HAarpy3Ku Ha Kabernb B CUTbHO
VICKPVBIMEHHOM MHTepBarie, Kak OnpeaeniThb ANA AaHHON paboTbl ypOBEHb
KauIMbpOBKY MEXaHNHECKOTO COEAVHEHNA B KabenbHOM HAKOHEYHIKE,
paspbIBAOLLErOCA NPU NPUXBATE KapoTabkKHOro Nprbopa, a Takxe ABNAETCA
NV [OCTaTO4HbIM YPOBEHb NMPOYHOCTU KabenA Ha paspbiB 9979 kr anA
€03AaH1A TPebyeMOoro HaTAXKEHWA? Bblno HECKOMBbKO pas3 NPOBEAESHO
MOAENMpoBaHVe paboTbl KapOTaKHBLIM NMPUGOPOM B CKBXKMHE C MOMOLLIbIO
cooTBeTcTBytowero 10, 1 B pesynsTare nonyyeHa avarpaMmma, npvBeaeHHan
Ha Pvc. 1, koTopaa faeT OTBETbI Ha 3TW BOMPOChI.

B neBoii Yactv anarpammbl nMokasaHa 30Hbl MPUBIIKEHNA A71A KPUBON
MPOrHO3HbIX 3HAYEHWIA BECA B MOBEPXHOCTHbIX YCMIOBUAX MPU CryCKe B
CKBaXKMHY A71A npybopa ¢ porvkamu n 6e3 ponvkos. [Ona cnydanA 6e3
PONVKOB KpuBbIe Mpeaena MPOYHOCTY Ha CXKaTue 1 CrycKa B CKBaDKUHY
oTAenAeT NuLub 18 Kr, 4To ABNAETCA HerpremneMbimM 3anacom. OgHako
npy UcronbL3oBaHWK Nprbopa ¢ ponvkamu, nonaraa 50% CHWXeHve
COMPOTUBIIEHNA TPEHNA ANIA KAPOTa)KHOV COOPKU, 3TN KpMBbIE OTAENAOTCA
y>e ¢ gonyctumbim 3anacom 170 Kr. B npasoit HacTv avarpammbl BUAHO,
YTO MaKCUMarbHbIN OKUAAEMbIA YPOBEHb HaTAXeHnA 4309 Kr npy nogsbeme
13 CKBaDKUHbI HAXOAMTCA B Mpeaenax avanasoHa pabouyx XxapakTepucTuk
Bbl6paHHoro Kabena. [nA KanmbpoBKN MEXaHUHECKOro CoeanHEHA
Ha kabernbHOM nepeBoaHVKe 6bln BbiGpaH ypoBeHb 2267 (+/- 68) K,
06€eCre|mMBaloLLMIN aieKBATHbIN YPOBEHb 3aTAXKM BbiLLE OK1AAEMOrO
HaTAXEHVA Kabena npu NogbeMe 1 3anac Mo 3aTAXKe, KOTOPbIn MOXET
noTpe6oBaTbCA NP HEOBXOAMOCTV OCBOOOX/AEHWA MPYUXBA4EHHOTO
VHCTPYMeHTa 6e3 NpeBbILLEHNA Npeaena Teky4ecTn kabenAa 6441 kr. Ha
OCHOBE MPOBEAEHHOIO MOAENMPOBaHWA OMnepaLmnA B CKBKUHE MOXET
CHATATLCA BbINOMHAMON.

OnepauuA ¢ McnoJb30BaHNeM MMGKIX TPY6

C NOMOLLIbO YCTAHOBKM MMIBKMX TPy HEOBXOAMMO YAANUTL NECHaHyto

npo6Ky BO3/Ha 3a60e CKBaXKWHbI C MPOEKTHOM rm1ybuHon 3200,4 M n
FOPU3OHTaSTbHBIM yHacTkoM 1371,6 M. pn 3akaHuMBaHNN B CKBaXKUHY
6bina cnyLeHa nndpToBas KonoHHa 4,5 AroriMa Ha rmy6uHy 2072,6 M 1
XBOCTOBMK 5,5 AtonMa co LeneBnaHbIM OUbTPOM A0 MPOEKTHOO 3a60A.
CTBON CKBaXKMHbI UMEET Yron HakIioHa 65° B nHTepsasie 548,6 — 1706,9 M
HU>XE KOTOPOrO HAYMHAETCA NEPEXOL, B FOPU3OHTaNBHBIN YHACTOK.

O6paTHoe MoAenMpoBaHue C UCToNb30BaHNEM JaHHbIX HATAXKEHWA KaHaTta,
MoMy4eHHbIX B XOAe BbINONHEHUA NpeapblayLLen paboTbl B CKBEKMHE,
rokasanm koapmLmeHT TpeHuA 0,28 B HAKITOHHOM MHTepBaJie C MCHTOBOW
KOMOHHOW. OHaKO HVbKe 3T MyOuHbI paboTbl HE MPOBOAWIVCH NOCE
3aKaHYMBaHWA CKBaXKVHbI, N KOIPULIMEHT TPEHNA B TOPUSOHTASTLHOM
y4qacTke 6bIn HevnaBecTeH. Mpremnembiin AnA UCMonNb30BaHNA AMana3oH
koachcpmumeHTa TpenmnA — 0,3 - 0,4, y4uTbiBaA reOMETPMIO CTBOMA M CBOCTBA
CKBaDKMHHOW XnaKocTW. [NpoBoaviBLLIYE MOAEMPOBAHNE CrIeLManucTbl Bbin
yBEPEHbI, YTO KOAPIMLIMEHT TPEHWA MOXHO ByaeT yaep>KaTb Ha YpoBHe

He Bbilwe 0,4, NpeaycMOTPEB UCMONL30BaHVE 3HAYUTENBHOIO KOMMYeCTsa
XympeareHTa Af1A CHWKEHVA TpeHnA. 3atem UM NPeacTOANO BbIACHUTD,
MOXET fn BbITb CriyLLEeHa MMeBLIasacA rmbkanA Tpyba Ao 3aboA npexae 4Yem
ee MPoABMXKEHVE B CKBaXKMHE OCTAHOBUTCA B pesyrnbTare GrIoKMPOBKM Npu
CrvpaIbHOM M3rnbe TpyObl, BbI3BAHHOM Ype3MepHbIM YPOBHEM TPEHWA 1
KOHTaKTHBbIX YCUINI HA CTEHKAX CKBEDKWUHbI B TOPU30HTASTBHOM yHacTKe
cTBOna. Vicrnons3oBannch mbkve Tpybbl ¢ Hapy>kKHbIM aviameTpoM 1,75
[LoViMa 1 OAVHAKOBOW TOSLLUMHON cTeHkm 0,134 atonmMa u amameTpom 2
[roriMa 1 TonwmHom cteHku 0,156 arormMa. Bbina Takoke BO3MOXHOCTb
MCrOMnb30BaTh MMOKYHO Pa3HOCTEHHYIO TPY6y C Hapy>XHbIM ANaMeTpoM 2
Aarorima ¢ TonwmHom cteHkn ot 0,175 go 0,109 aronmva, HaxoamBLUYOCA
Ha apyrom ob6bekTe 6onee 4em B 1500 KM OT MecTa npoBeaeHna paboT.

Kak nokasbiBaeT Puc. 2, 3a60A He CMOryT AOCTUMHYTb HU rnMbKne
Tpy6bl 0OANHAKOBOW TOMNWMHLI AnameTpom 1,75 Aronma H1 AnameTpoMm
2 pronma, faxke npu UCronb30BaHUM BECbMa ONTUMUCTUYHOTO
koacthchmumeHTa TpeHmAa 0,3 AnA XBOCTOBMKA CO LWEeNeBbIM (hUNbTPOM.
Mpn koahduumeHTe TpeHua 0,4, NporHosmpyeman MakcumarnsHaA
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On the left side of the plot we can see the proximity of the predicted
RIH surface weight lines for the case of the tool with and without rollers.
With no rollers, the compression and RIH lines are separated by only 40
Ib...an unacceptable margin. However with rollers on the tool, assuming
a localized 50% reduction in friction drag at the toolstring, the separation
is extended to a marginally acceptable 375 Ib.

On the right side of the plot, we see that the maximum anticipated
POOH tension of 9500 Ib is well within the operating envelope for the
cable selected. The 5000 Ib (+/- 150 Ib) weak point at the cable head
has been selected so as to give adequate over pull above the expected
POOH cable tension, providing an over pull margin that can be utilized to
help free stuck tools if required, without exceeding the 14200 Ib yield limit
of the cable. Based on these modeling runs, the intervention operation is
considered feasible.

Coiled tubing example

A sand bridge needs to be cleaned out with CT near the toe of a 10500
ft TD well with a 4500 ft horizontal lateral section. The well is completed
with 4.5” production tubing to 6800 ft, and a 5.5” slotted liner to TD.

The well is inclined at a 65 degree angle from 1800 ft to 5600 ft, where it
begins to build to horizontal. Reverse modeling of slickline tension data
from previous well work indicates a friction coefficient in the inclined pro-
duction tubing of 0.28. However no work has been done below this depth
since the well was completed, so the friction coefficient in the horizontal
section is unknown. A reasonable range of friction coefficients given the
well geometry and fluids in place is 0.3 to 0.4. The user feels certain
they can keep the friction coefficient at or below 0.4 and have provided
for aggressive use of friction reduction additives. The user now needs

to determine if the strings available to them can reach TD before helical
lockup caused by excessive drag and wall contact force in the horizontal
section halts the CT’s progress into the well. Available string sizes are
1.75” OD, 0.134” wall and 2” OD, 0.156 wall non-tapered strings. A 2”
OD tapered wall thickness string ranging from 0.175” to 0.109” wall is
available from another service location 1000 miles away.
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Figure 2

Puc. 2

Figure 2 indicates that neither the1.75” nor 2” OD straight wall strings
would be expected to reach TD, even with the “best case” slotted liner
friction coefficient estimate of 0.3. With a friction coefficient of 0.4, the
maximum depth of either string predicted before helical lockup occurs is
9530 ft, about 1000 ft short of TD. However the 2” tapered wall thickness
string is predicted to easily reach TD if the friction coefficient is 0.3. With
a value of 0.4, helical lockup is predicted at 10040 ft. The tapering wall
thickness allows the heavy, thick wall pipe to be positioned above the
heel of the well, where it provides helical buckling resistance.



rnybyHa crycka ana obenx KOMoHH rmbkux Tpyd A0 BOSHUKHOBEHWA
6MOKMPOBKYM Mpu cripanbHOM n3rmbe coctasnaeT 2904,7 M, NPUMEPHO
305 M He poxoaa Ao 3a6oA. OaHaKo NPOrHO3 Nnokasas Takxke, HTo
pa3HoCTeHHaA Tpyba 2 AtoriMa Nerko AOCTUTHET NPOEKTHOro 3a60fA

npu koaddpmumenTe TpeHua 0,3. Mpu koadbduumeHTe TpeHna 0,4,
6rMoKMpOBKa Mpu CNparibHOM N3rnbe BO3HUKHET Ha rmybuHe 3060 M.
Mpw Mcnonb3oBaHUM Pa3HOCTEHHOMN TMBKOM TPYObl, TONCTOCTEHHbIN
yyacTok Tpybbl 6yaeT pacrnonaratbCaA Haf HUXXHEN HYacTblo CTEHKM
CKBaXXMHbI, 0becne4nBas, Takum o6pa3omM, CONPOTMBIIEHE CNMPAIIbHOMY
n3rnby. OgHaKko B rOpU3OHTaNbHOM y4acTke, nerkas Tpyba ¢ TONWUHON
cteHkun 0,109 aronma obecneymBaeT CHUXXEHNE MEXAHNYECKOTO TPEHNA,
[OENCTBYIOLLErO B HANpaBneHum, MPOTUBOMONOXHOM NepeEMELLEHNIO
YyHacTOKTpPy6bl, TEM CambIM YMEHbLLAA TEHAEHLIMIO K BO3HUKHOBEHWIO
cnmpasibHoro n3rnba. Ha ocHoBe NpoBeAEHHOMO aHanm3a 3aKa34yvK peLums
MOHECTW JOMONMHUTENbHBIE 3aTpaThl HA JOCTaBKy Pa3HOCTEHHOMN rMOKOM
Tpy6b! ANA BbINOMHEHNA AaHHOW paboTbI.

BbiBoa

B coBpemeHHbIX YCrnoBKAX, KOMMaHNU-0nepaTopbl U CEPBUCHbIE KOMMNaHWUK
MPOBOAAT NPEABAPUTENBHOE MOLENNPOBaHNE PaboThbl B CKBaXKMHE

[UNA NOAFOTOBKW NporpaMmMbl paboTbl U BbIACHEHWA BO3MOXHOCTM
peanu3aumm pasnnyHbIX CLeHapreB NpoBeAeHWA paboThl B CKBaXXUHAX,
CTPOMTESBCTBO KOTOPbIX ELLE TOMNbKO NaHnpyeTcA. B naHHoi ctatbe
NPUBEAEHO ONMCaHNE NMWLLIb HECKOMBKUX 13 6ECUYMCIIEHHOTO MHOXeCTBa
BapWaHToB paboT B CKBaXXMHE, KOTOPbIE MOryT 6biTb NPOaHAIM3NPOBaHbI
¢ nomoLwbto cneuwmarsHoro MO. OHa Takke UnnocTprpyeT
Heo6X0AMMOCTb MPUMEHEHMA CrieLmanbHBIX MPorpaMM AJ1A OnpeaeneHna
BO3MOXHOCTM BbINOSHEHWA PaboThl M ee ONTUMU3ALMN B CIIOKHBIX
YCNOBWAX COBPEMEHHbBIX CKBaXKUH. B ycrnoswsax, koraa yobITKM npy
Heyaa4yHouM onepauyn B CKBaXKMHE MOTyT BbITb OFPOMHbI 1 6€30MacHOCTH
BbIMOMHAIOLLIEro OrepaLmio NepcoHarna yaenAaeTcA 3HaumTenbHoe
BHUMaHMe, Bce 60MbLIEE YMCIO KOMMaHWUI-0NepaTopoB paccmaTpyBatoT
npeABapuTeNibHOe MOAENIMPOBaHNe paboThbl B KAYECTBE OAHOIO 13
TpeboBaHuii, a He NPOCTO ONUMOHANBEHON hOPManbHOCTY. M

However in the horizontal section, the light, 0.109” wall pipe
serves to reduce mechanical drag acting against the direction of
movement, thus reducing helical buckling tendency. Based on the
analysis, the user elects to pay the additional expense of importing
the tapered wall string to perform the intervention.

Conclusion

Today, operating companies, as well as service companies, model
well interventions to validate job designs and to examine the
feasibility of various well intervention scenarios on wells that are
still in the planning stages. While the preceding discussion only
touches on a few of the myriad topics that can be investigated
with well intervention modeling software, it does illustrate the need
for “built for purpose” software to determine job feasibility and to
optimize intervention work in today’s challenging wells. Where
the cost of a failed intervention operation can be exorbitant, and
the safety of those on site is paramount, more and more operators
are regarding pre-job modeling as a requirement, rather than a
formality. m
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