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[JAHHOW CTaTbe NpeacTaBeHbl pesysbTaThl

aHaNIMTNYECKOrO UCCIE0BaHUS YCTaNloCTHOMO
paspyLLeHus BypuibHbIX TPYG B NpoLecce
CTPOUTESIBCTBA CKBEXKMHBI, €0 MPOrHO3MPOBaHNE U
MepOoNpUATIS Mo NPOMUIaKTUKE UHLIMOEHTOB.

Lintata n3 pykosogsamx ykadaHmin «API RP 7G» nyHkT

13.2.1, KacaTesnibHO MPUYMH PaspyLLIEHMS BypusbHbIX TPYO.

< BoMbLIMHCTBO paspyLUeHuin BypurbHbIX TPYO CBA3aHO
C YCTaNIOCThIO. YCTa/IOCTHOE paspyLLEHE NPOCXOOUT
B pe3y/bTaTe BO3OENCTBUS MEPEMEHHbIX HAMPSXKEHWN,
MEHbLLVX Npeaena TeKy4eCcTn matepuania. YCTanocTHble
TPELLUMHBI HAYMHAIOTCH C MUKPOTPELLIMH, PacTYLLMX

nom, BANSHUEM NMEPEMEHHbIX HanpPsXKeHnn. CKOpPOCTb

62| ROGTEC

his article describes the results of an analytical study
of drill string fatigue failure, prediction, and prevention
during well construction.

Regarding the causes of drill string failure, the API
Recommended Practice 7G, para. 13.2.1 states:

@6 Most failures of drill pipe result from some form of metal
fatigue. A fatigue which originates as a result of repeated
or fluctuating stresses with maximum values less than

the tensile strength of the material. Fatigue fractures are
progressive, beginning as minute cracks that grow under
the action of fluctuating stress. The rate of propagation is
related to the applied loads and under certain conditions
may be extremely rapid. The failure does not normally
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pocTa TPELLUMHbBI 3aBUCUT OT BENUYNHBI HArpy3ku, 1 B
onpeaeneHHbIX YCNOBUSAX MOXET ObITb O4EHb BbICOKOW.
PaspylleHne He ConpoBOXOAETCHA 3HAYNTETBHON
nnacTnyeckon aeopmaumen, No3ToOMy ero TPYOHO
CBOEBPEMEHHO 0BHAPYXUTb. He CyLLecTBYeT 3hdheKTUBHbIX
METOMOB KOHTPOJIS HAKOMIEHHbBIX YCTATOCTHbIX
MOBPEXXAEHU NN OCTATOUHOM OONrOBEHHOCTU TPYObl Mpn
3a0aHHOM YPOBHE HaMPsKEHNIA.

CoBpeMeHHbIe MeTObl KOHTPOJIA OrpaHNYeHbl
onpeneneHnemM MecToHaxoXXaeHUs! TPELLIMH, SMOK

N OPYrUX MOBEPXHOCTHbIX AeheKTOB; M3MepPeHeM
OCTaTOYHOM TONLLMHBI CTEHKM U HAPY>XKHOTO AVaMeTpa;
PacyYeTOM OCTATOUYHOMO MOMEePEYHOro CeUeHs.

[MpOMBILLIEHHAS CTATUCTVKA CBUOETEbCTBYET, UTO
3HaYMTENbHAs OO Clly4aeB BbIXOAa U3 CTPos Tpyd
NPVXOANTCH Ha 30HY 3axBaTa U Ha KOHELL BbICaXKEHHOW
yacTtu. [Npu KOHTpoe Haao obpallaTe BHMMaHWE Ha
Takmne KPUTUYECKME YHaCTKM, OCOBEHHO eCN TPYObI
noaBepraMcb BO3OENCTBUIO aHOMasTbHO BbICOKMX
N3rndaroLLMX HaNPSHKeHWN. BypuibHble TPyDbl, KOTOPbIE
Obl/I NPOBEPEHbI U OKa3a/IMCb 6e30ePEKTHBIMN, MOMYT
npw ganeHenwen paboTe 04YeHb BbICTPO BbINTK U3 CTPOS
N3-3a HAKOMJIEHNS YCTATOCTHBIX MOBPEXOEHWN ) .

HakonneHue ycTanoCTHbIX NOBPEXAEHNA B BYPUIbHON
Tpybe nponcxoauT nof BOSAENCTBMEM MNEPEMEHHbIX
Hanps>KeHU B NPOLLECCE BPALLEHNS HA MCKPUBIEHHOM
NHTepBasie CTBOJ1a CKBaXKWHbI. [JOMOAHUTENBHO
NPOLECC HAKOMIEHNS YCTaNIOCTHBIX NOBPEXOEHUI
YCKOPSIKOT KOMBUHMPOBAHHbBIE HArPY3KW PACTKEHUS

N KPyYeHNs.

HakonneHne yCTasioCTHbIX NOBREXOEHNIA MPUBOAUT K
hopMUPOBAHMIO 1 PaSBUTUIO MUKPOTRELLIMHBI B TENe
OypUIbHOM TPY6bl, MOCNEAYIOLLEN P03 CTEHKN U
BO3HWKHOBEHWIKO MPOMbIBa. B criyqae HeCBOEBPEMEHHOMO
noabemMa MPOMbITOM BYPUNBHON TPYObI, MO, BOSAENCTBUEM
OypOBOro pacTeopa NPOUCXOANT Aa/TbHENLLIAS MHTEHCHBHAS
3PO3US CTEHKW 1 MOCIEAYIOLMIA C/IOM Tena.

PaccMoTpryM MexaHn3M pa3BUTUS YCTaNIOCTHBIX
MUKPOTPELLVH NOAPOOHEeE.

MexaHn3m pas3BUTUSA YCTaSTIOCTHbIX
MWUKPOTPELLMH B Tesnie 6ypuiibHON TPyObl
PKMBHEHHBIN LMK (DOPMUPOBaHNS 1 Pa3BUTUS
YCTaNIOCTHOM MUKPOTPELLUVHBI B TeNle OypubHOM TpyObl
neTanbHo onvncaH B nybnvkauum «Fatigue of Drillstring:
State of the Art» (Oil & Gas Science and Technology — Rev.
IFP, Vol. 57 (2002), No. 1, pp. 7-37)". Ero MO>XHO yC/TOBHO
nogennTb Ha 3 cTagum (prc. 2):

Craona 1 — B npoLecce BpaLleHus 6ypunbHon Tpy6bsl, Ha
€e NOBEPXHOCTU BON3M KOHLIEHTPATOPOB HAMPSXKEHNIA
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exhibit extensive plastic deformation and is therefore
difficult to detect. There is no accepted means of
inspecting which will determine the amount of cumulative
fatigue damage or the remaining life in the pipe at a given
stress level.

The presently accepted means of inspection are

limited to the location of cracks, pits, and other surface
marks: measurements of the remaining wall thickness;
measurement of the outside diameter; and the calculation
of the remaining cross sectional area.

Recent industry statistics confirm that a major percentage
of pipe failures occur near the upset run-out or within the
slip area. Special attention to these critical failure areas
should be performed during inspection to facilitate crack
detection in drill strings which have been subjected to
abnormally high bending stresses. Drill pipe which has
just been inspected and found to be crack free may
develop cracks after very short additional service

through the additional damage to previously cumulative
fatigue damage. 29

The accumulation of fatigue damage is due to the
reversed variations of the stresses, such as those induced
when the drill string rotates in a curved section of a
wellbore. The development of fatigue is further accelerated
through combined tension and torsion loading.

The accumulation of fatigue damage leads to the initiation
and growth of microcracks in the drill pipe body, subsequent
wall erosion, and washout. If the washed-out drill string is
not tripped out at the right time, the driling mud will induce
intensive wall erosion eventually resulting in failure.

Now let us look at the mechanism of fatigue microcracking
in more detail.

Microcrack Fatigue Development in Drill Pipe
Microcrack fatigue formation and propagation life in the
drill pipe is described in detail in the Fatigue of Dirill string:
State of the Art (Oil & Gas Science and Technology — Rev.
IFP, Vol. 57 (2002), No. 1, pp. 7-37)". It can be roughly
divided into 3 stages (Fig. 2):

In Stage 1, when the drill string is rotated, due to the
reverse cyclic stresses microscopic cracks appear near
the surface (A,, Fig. 1).

In Stage 2, the microcracks extend into the pipe body
perpendicular to the applied stress, and the crack
growth rate correlates to the stress level (A, Fig. 1).

The microcrack growth rates are higher at the high stress
concentration areas such as the threaded connections,
the upset area between the tool joint and the pipe body,
the area where the slips or tongs grip the pipe, or the
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rop, BO3OENCTBNEM LIMKITUYECKMX 3HAKOMEPEMEHHbIX
Harpy30K 3apOXaatoTCs MYKPOTPELLMHI (A,, pric. 1).

Ctagys 2 — MUKPOTPRELLIMHBI pa3BrBatoTCs B Tene
TPYOb! NEPNEHANKYSPHO HANMPaBNEHWIO OENCTBYIOLLErO
HanpPsPKEHVIS, a CKOPOCTb Pa3BUTUS MUKPOTPELLVHBI
(A,, prc. 1) KoppesnvpyeT C ero BennuvHon. CKopoCTb
PasBUTUSE MUKPOTPELLMH YBEIMYMBAETCS B 06/1aCTH
KOHUEHTPaLIM HAMPSPKEHW: pe3bb0BblE COEANHEHVIS,
MeCTO nepexofa OT BypuSIbHOIO 3amMKa K Tefny
OypuneHOM TpyObl, yHacToK 3axBaTta BypusibHON TPyObI
KIVHBSIMW 1 KJTt04aMW, BHYTPEHHSS MOBEPXHOCTb
OypUnbHOM TPYObl MOPaXKeHHask MUTTUHFOBOWM
KOPPO3nen (pa3HOBUOHOCTb MECTHOM KOPPO3UM MpU
KOTOPOW 0BpasyoTCsa TOUeYHble A3Bbl).

Takke Ha CKOPOCTb Pa3BUTUS MUKPOTPELLIMHDI

BNNSIET HaNMYME B paboYei cpeae XXMOKOCTV B BUOe
BOAp!, BYpPOBOro pacTeopa wunv apyroro donaa.

B npougecce BpalleHnst Ha UCKPUBAEHHOM Y4acTKe
CTBOJ1A CKB&XKVHbI, MUKPOTPELLMHA B OYpUIbHOM
Tpy6e nooyepeaHo OTKPbIBAETCS W 3aKpblBaeTCS,
npoxoas no Manomy 1 6obLIoMy paauycy. B MoMeHT
OTKPbITUS MVKPOTRELLIVHBI, B HEN 0BpasyeTcs
paspexxeHVe, KOTOPOE MO MPUHLIMMY Hacoca BTArMBaeT
XNOKOCTb 13 paboyeln cpefpl. Nocne nonyobopoTa
MUKPOTPELLMHA 3aKPbIBAETCS, U XXMAKOCTb OCTAETCS
BHYTPW MOA, AaBNEHUEM, YTO OKa3bIBaET AOMNOHUTESIbHOE
paspyLuatoLLee BO3OENCTBYE.

Ctagys 3 — pacnpocTpaHeHe MUKPOTRELLIMHDI

BryOb Tena TPyObl MPUBOAUT K ee paspyLleHunto. B
MOMEHT, KOFAa TpeLmHa MPOHVKAET Ha BCHO MyOuHY
Tena BypuibHOM TPyObI (A, = S, pric. 1), B Hee nop,
BO3AENCTBMEM Ja@B/IEHNS YCTPEMISETCS NMOTOK BYpOBOro
pacTBopa. bypoBol pacTBOp HaYMHAET NMHTEHCKBHO
pasMbIBaTb TEMO TPYObI U B TEYEHWE HECKOITBKIX

MUHYT TpeLyHa MOXET MPOBECTU K C/TIOMY BYpUIIbHOrO
NHCTPYMEHTA.

[MpOoOo/MKUTENBHOCTE POPMUPOBAHUS N Pa3BUTYA
MUKPOTPELUMHBI Ha 1 1 2 CTagumn 00 MOMeHTa
OBHapPY>KEHWST COBPEMEHHbIMM METOAAMM
0edeKToCKonMn B 3aBUCUMOCTI OT Tuna MeTassa u
paspeLlaroLler cnocobHOCTM NPUBOPOB 3aHMMAET
00 80% ee XM3HEHHOIO LyKia. JanebHenllee
pPacnpOCTPaHEHNst MUKPOTPELLMHBI B Tene OypUbHON
TPYObl MPUBOAUT K €€ XPYNKOMY paspyLLIeHWto, bo
nnacTuyeckom gedopman.

C y4eTOM OTCYTCTBUS BOSMOXKHOCTW AMarHoCTMpoBaTh
dhopMmnpoBaHme YyCTaIOCTHBIX MUKPOTRELLIMH METOAOM
0eEKTOCKONUN Ha PaHHEN CTaaun, CTaHOBUTCS
KPUTUYECKN BaXKHBIM MMETb BO3MOXXHOCTb paccHmTaThb
BEPOATHOCTb VX BO3HUKHOBEHWS 1 CMPOrHO3MPOBaTh
HaKOM/IEHHbIN YCTANOCTHBIA U3HOC BYPUIbHBIX TRYO,
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internal drill pipe surface is affected by corrosion pitting (a
localized form of corrosion creating pit cavities).

Microcrack growth rates are also influenced by liquids
present in the fluids, in the form of water, drilling mud or any
other material. When the drill pipe rotates in a curved section
of the wellbore, the microcrack constantly opens and closes
passing through the short and long radius curvature. When
the microcrack opens, the vacuum in it draws the liquid from
the fluid on the same principle as a pump. Half-way through
the cycle the microcrack closes and the liquid is trapped
inside under pressure inducing further damaging effects.

In Stage 3, propagation of microscopic cracks further
inside the pipe body leads to failure. When the crack
penetrates the entire drill pipe body thickness (A, = S, Fig. 1),
the drilling mud flow is forced inside under pressure. The
drilling mud starts rapidly washing out the pipe body and
within a few minutes may result in a drill string failure.

Microcrack formation and propagation at stage 1 and 2
takes up to 80% of its life cycle before it can be identified
by state-of-the-art defect detection methods, depending
on the metal type and equipment sensitivity. Progressing
microcrack growth in the drill pipe body causes either a
brittle fracture or a plastic deformation.

Since it is not practical to detect fatigue microcracks
initiation by means of early non-destructive testing, the
capability to determine the likelihood of development
and predict the cumulative fatigue wear of the drill
string, based on drilling process information and well
characteristics, becomes of crucial importance.

The methods used in drilling to estimate drill pipe use,

such as drilled meters, circulation hours or other physical
indicators, do not provide a correct analysis of the current
condition. This is due to the fact that they fail to fully consider
the pipe’s operating conditions down hole. In order to estimate
the drill string condition more reliably, we need a method which
considers the complete spectrum of factors that influence the
rate of fatigue damage growth in the pipe body.

Washout Twist-off
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Fig. 1 Microcrack development in the drill pipe body

A, : Initial microcrack depth; A, : Final microcrack depth;
S : Drill pipe wall thickness; ¢ : Tensile stress direction
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onMpasicb Ha AaHHbIE PEXXMMOB BypeHWst 1 NapaMeTpoB
CKBaDKUHI.

[MpuMeHsieMble B BypeHnn METOOMKN pacHeTa HapaboTKM
Ha BypuibHbIE TPYObI: MO METPaM MNPOXOOKK, Yacam
UMPKYSISLAN 1 NPOYMM (USNHECKM MOKa3aTENaM,
He MOryT [aTb KOPPEKTHYHO OLEHKY TEKYLLIErO
COCTOSIHWSI, MOCKOJIbKY HE YYUTbIBAKOT B MOJSIHOM Mepe
YCOBUS 3KCnnyaTaumm Tpyb B ckBakmHe. [11a 6onee
[OOCTOBEPHOW OLEHKM COCTOSHNSA BYpPUIbHBIX TRYO
TpebyeTcs MPUMEHUTbL METOANKY, KOTOpas byaeT
YYMTbIBaTb BECb KOMM/IEKC (DAKTOPOB, BAMSIHOLLMX Ha
CKOPOCTb HAKOMJIEHNS YCTANTOCTHBIX MOBPEXOAEHNI B
Tene Tpyobl.

MpombiB Cnom

= O

MpoMbIB Nepes, crIoMoMm

G
A4 TonwpmHa cTeHkn, S
* t
——s

Yy
o PocT MuKpoTpeLHbl OT pasmepa A, A0 A,

é¥f@§§

Puc. 1. PasButne MMKpOTPELLMHbI B Tene BypuibHOM TpyObl

A, — HadastbHas rnybrHa MUKPOTPELLWHBI, A, — KOHeYHas
rnybuHa MUKPOTPRELLMHBI, S — TOSILLMHA CTEHKN
OypuibHOM TPYBbI, G — HaNPaBNEHNE PACTArMBAIOLLLErO
HanpPsPKEHWIS.

OueHKa HaKOMJeHHOro yCTasIoCTHOro U3Hoca
6ypwusibHOM TpyObI

MeTognka, paspaboTaHHasa cneuyanncTaMmy YnpaBieHus
no 6yperunto ckBaxknH AO «Crnbupckasa CeparicHas
KomMnaHusi», Mo3BONSIET MPOrHO3UPOBaTb HAKOMIEHNE
YCTaNoCTHOro M3HOCca BypWsbHbIX TPYO B MpoLEecce
CTPOUTENbCTBA CKBaXKMHbI C YH4ETOM TPAEKTOpUM CTBOMA
CKBaXKMHbI U PEXNMOB BYpeHusl.

OcCHOBbIBasACH Ha pykoBOAALMX YKasaHusax «API RP 7G»
1 «|/ADC Driling Manual» 05 ougHKM HaKOMIEHHOTO
YCTa/IOCTHOMO M3HOCa BYpPUIIbHOrO MHCTPYMEHTAa
cnegyet NpuMeHUTb Anarpammy Bennepa, kotopas
[EMOHCTPUPYET 3aBUCUMOCTb MEXOY HAMPSDKEHNEM
n3rmbda 1 YUCNIOM LIMKIIOB HaMpPshKeHrst 40 MOMEHTa
pas3pyLLeHns BypUbLHON TPyObI.

3Has OencTBYIOLLEE HaNPsKEHME 13rmba Ha OypubHYHO
Tpyody B ONpeaeIeHHOM TOYKE, Mbl MOXXEM OMNPeaeUThb
npeaenbHoe KOMYeCTBO 060POTOB BYpPUILHON TPYObI
[0 MOMeHTa ee paspyLUeHus. NMoCKoNbKy NpenensHoe
KOJIN4eCTBO 0O60POTOB 3aBUCUT OT AENCTBYHOLLErO
HaNPsSPKeHUs N3ruba B Kavkaplh MOMEHT BPEMEHW, TO
HaKOMMEHHbIN YCTaNOCTHBIN U3HOC BbIPaXKaeTcs He B
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AMNIuTYaa HanpsoKeHun
Stress amplitude

A Cragus 1
Stage 1

Cragus 2

Stage 2 DopMUPOBaHME MUKPOTPELLIH

Macrocrack formation

Cragus 3
Stage 3

Y

Yrcno o60poToB A0 paspyLLeHnst
Number of rotations to failure

Puc. 2. CTa,EI,I/IVI 0a3BUTUA MNKPOTPELLIHDBI
Fig. 2. Microcrack development stages

Estimation of Cumulative Fatigue Wear in the
Drill String

The method developed by the specialists, of the Drilling
Department in the Siberian Service Company, is an
effective way of estimating the cumulative fatigue wear in
the drill string during well construction, based on wellbore
path and drilling process.
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Puc. 3. dnarpamma 3aBUCMMOCTY YmcCia 060POTOB IO MOMEHTA
paspyLUeHMs BypuIbHOM TPYObl OT HAMPSHKEHMS 13rnba

Fig. 3. Curve showing number of rotations versus bending stress
to produce failure
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Mocksa, ynuua Teepckas, 22, otenb InterContinental

31 mas HE®TEFA3CTPOM

2018 CTpouTeNbCTBO B HEPTEra30BOM KOMMIIEKCE

mOpMMpOBaHMe LUMBWNN30BAHHOrO PbIHKA B HerTEI'aSOBOM CTpOWUTENbCTBE, NpakTuKa Bbl60pa CTPOUTENbHbIX
noApAJYMKOB, CO3aHNe poccuitckinx EPC-chupm, yBennyeHne 4onmn poccuinckux KOMNanui Ha
He(hTerasocTpoUTENbHOM PbIHKE, PACLIEHKN 1 NOPSA0K ONNaThi IPOBOAUMBIX PagoT

HarpaxaeHue NyHiUx CTPOUTENbHLIX NOAPAAYMKOB M0 UTOFaM EXErOAHON0 0Npoca HedhTerasoBbIX KoMNaHui
OIL-GAS.RU Ba3a nocTaBLLUMKOB HEHTErasocTPOUTENbHbIX KOMMaHMWil
HacTeHHbie HedhTerasoBbie KapTbl

OILFORUM.RU 06cyxaeHne npobnem HedhTera3oBoro CTpoMTENLCTBA

12 gBHTﬂﬁDﬂ HE®TErA30NEPEPABOTKA

018 MogepHu3aums Npou3BoACTB ANs nepepadoTki HedpTn 1 rasa

Bonpocb! MoAepHu3aLum HedhTenepepabaTbiBAIOLLMX 1 HEHTEXMMUYECKINX MOLLYHOCTE, NPO6/EMbI

B MCTBUS C VILIEH: MPaKTVKa UMMOpTC 1sl, COBp ible MOAENM yNp
WHBECTULVIOHHbIMI NPOEKTaMM, CTAaHAAPTbI 1 TPE6OBAHMA 6e30NacHOCTH

Harpaxeve ny4iuux npoussoauTenei 060pyaoBaHuA Ana MOAEPHI3ALMM HehTerasonepepaoarbisaoLLux NpeanpusTUil
110 UTOTaM eXEroAHOr0 0NPOCa HechTerasoBbIX KOMNaHH
OIL-GAS.RU basa noapsaa4MKoB Ans mogepHnsaumu HMN3
HacTeHHble HedhTerasoBble KapTbl

OILFORUM.RU 06¢yxaeHne npo6nem HedhTerazonepepabatbiBatoLLMX NPEANPUATIN

17 0kTA6pA  HEQTEFA3CEPBUC

2018 HedhTerasosblit cepsuc B Poccum

TpaauUMOHHas NNoLUasKka Ans BCTPeY pyKOBOAUTENEN reothnanyeckyx, GypoBbIX NPEANPUATHI, @ TakxKe
KOMMNaHNM, 3aHATbIX PEMOHTOM CKB2XXIH. [0ApAAYMKY B He(hOPManbHOI 06CTAHOBKE 06CYXAAIOT aKTyasbHble
BONPOCHI CO CBOMMM 3aKa34nKamm — Hed)TeI'aSOBbIMVI KOMnaHuamun

HarpaxpeHue Nyt HehTECEPBUCHbIX KOMNAHWIA N0 UTOram EXErofHOro 0Npoca He(Tera3oBbIX KOMNaHMil
OIL-GAS.RU basa nocTaBILMKOB HE(HTECEPBUCHBIX KOMNAHWI
HacTeHHble HedhTerazosble KapTbl

OILFORUM.RU 06cyxpaeHne npo6nem HedTerasosoro cepsnca

Rekaops HE®TETASLWENb®D

2018 Mogpszbl Ha HedTerazoBoM Luesbje

3aKas4vkamu 060py0BaHNA BLICTYNAIOT “Ta3npoM HehTs”, “PocHeddTs”, “JIVKOWIT”, “Taschnot” u Apyrue
KPynHble KOMNaHUK. B YCNOBUSIX BBEAEHUA SKOHOMUYECKUX CAHKLIMI HEOGXOANUMO GbICTPO 0CBOUTL
NPON3BOACTBO XXN3HEHHO BAXKHOr0 060PYA0BAHNSA, B NEPBYI0 04EPeb 3anacHbIX HacTen

Bi WA, pabotarb AnA Wenba no UToram exerofHoro 0npoca HedhTerasoBbIX KOMNaHMi
OIL-GAS.RU basa 060pysoBaHua Ans HedpTera3oBoro wenbga
HacTeHHble HedhTerasoBbie KapTbl

OILFORUM.RU 06¢yxaeHne Npo6nem HedTerazoBoro wenbda

1 4 mapTa HE®TEFA3CHAB

2019 CHabXXeHne B He(hTerasoBoM KOMMEKCe

KoHcbepeHuus cobupaeT pykoBOAUTENEi CNyX6 MaTepuanbHO-TEXHUYECKOro 06ecneveHus HedhTera3oBbix
KomnaHuit. 06CyXAaeTca OpraHn3aLns 3akynovHoil AeaTeNbHOCTH, NPaKTKa MMNOPTO3aMeLLieHns, onnara u
npuemKa NocTaBNeHHOoi NPOAYKLMM, MH(OPMALMOHHOE 06eCeyeHIe pbiHKa

HarpaxaeHue ny4iunx npou3BoAUTenNei HehTerazoBoro 060PYA0BAHIS MO UTOTaM EXEr0HOr 0NPOCca HedhTErasoBbIX KOMNAHH
OIL-GAS.RU basa nocTaBLUMKOB He(hTerasoBoro Kommnexkca
HacTeHHble HedhTerasoBbie KapTbl

OILFORUM.RU 06¢yxaeHne npo6nem NocTaBok HepTEra3080ro 060pyA0BaHNA
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abCOJIFOTHBIX 3HAYEHUSIX, a B MPOLEHTaxX OT O6LLEro
pecypca bypunsHon Tpybsl (100%). B pykoBoacTee
«|/ADC Dirilling Manual» oueHKy HakomnIeHHOro
YCTa/IOCTHOIO N3HOCa BYPUIBHOrO MHCTPYMEHTA
npenyiaraeTcst paccHnTbiBaTh B OOLLEM BUAE MO

dopmyne:

n;
D; = 5% 100%

roe

D, : HaKOmM/eHHbIN YCTAIOCTHbIN N3HOC;

N, : PaKTN4eCcKoe YMCIIO LIMKIIOB C 3afaHHbIM
HaMpPsHKEHNEM N3rnba;

N : npenesbHOE Y1C0 UMKIOB C 3adaHHbIM
HanpPs>KeHNeM mnarmba.

PaKTNHECKOE KOIMHECTBO LIMKIIOB (Ni) C 3a0aHHbIM
HanpPsPKeHMeM 1arba paccumTbiBaeTcs Nno hopmyse:

_ 60 % Nyg +1

n;
VMEX

roe

N g : KONM4eCTBO OOOPOTOB B MUHYTY MK BypeHn, 06/
MWIH;

V., - MEXaHN4ecKast CKOpoCTb BypeHns, M/y;

| ovHa NpoBypeHHOro nHTepBana, M.

MpenenbHOE YACO LIMKIOB C 3a4aHHbIM HanpshKeHNeM
narmba (N) Haxogum 13 avarpammbl Bennepa, kotopas
CTpOUTCH Mo hopmySe:

0us(0p =0,N) =ax*N"

roe

g, : HanpsbkeHne 13rnba, Kpsi,

0, : HanpsXeH1e PacTsKeHUs, kpsi;

N : NpenesibHOe YMCIIO LWKIIOB C 3adaHHbIM
HanmpsbkeHrem 1arnoa.

a, b : KOHCTaHTbI B 3aBMCMOCTI OT TUMopasMepa
BypPUIBHOrO NHCTPYMEHTA, MapKy CTauI 1
arpeccrnBHOCTM BYpPOBOro pacTeopa.

[na pacyeta HanpsHKeHWn n3rnba 1 pacTsHKEHNS,
OENCTBYOLLMX Ha BypUbHbIE TPYObI, MPUMEHVM
«IHCTRYKUMIO MO pacyeTy BypuIibHbIX KOTOHH»
BHNTHedD TS .

Mogesnb oLLeHKN HaKOMJeHHOro ycTaslloCTHOro
n3Hoca 6ypusibHoOn TPyObI
C 1Cnonb3oBaHMEM BbILLENPUBEOEHHBIX (HOPMY
pacyeTa Obliia MoCTPOeHa MOAESb OLIEHKM HAKOMIEHHOMO
YCTaTIOCTHOrO M3Hoca BypusbHbIX TPyO. Heobxoammble
MCXOOHble AaHHble 015 NMPOBEAEHVS pacyeTa:
e dakTnyeckasa MHKIMHOMETPUS (FTybrHa 3amepa
no CTBOJ1Y, 3EHUTHbIN Yros1, asuMyTallbHbIA Yo,
MPOCTPAaHCTBEHHAS! NHTEHCVBHOCTb).
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According to the APl Recommended Practice 7G and
IADC Drilling Manual , the Wéhler (S-N) curve showing the
relationship between the bending stress and number of
the stress cycles to the drill pipe failure should be used to
assess the cumulative fatigue damage in the drill string.

By knowing the bending stress applied to a specific

point along the drill string, it is possible to determine

the maximum number of rotations to drill pipe failure.
Since the maximum number of rotations depends on the
bending stress applied at any point in time, cumulative
fatigue damage is not expressed as an absolute value but
given as a percentage of total drill pipe service life (100%).
The IADC Drilling Manual recommends that the amount
of cumulative fatigue wear in the drill string be defined in a
simple equation:

n; o
D; = 7+ 100%

Where

D, : Cumulative fatigue wear

n, : Actual number of cycles at a specific bending stress
N : Maximum number of cycles at a specific bending stress

The actual number of cycles (ni) at a specific bending
stress is calculated by means of the following equation:

_ 60 % Nyg *

n s
' VMEX

Where

N_, : Rotary speed, RPM

V.., : Driling rate, meters/hour

| : Length of the interval drilled, meters

The maximum number of cycles at a specific bending
stress (N) is determined by means of the Wohler (S-N)
curve using the equation:

0ys(0p =0,N) =ax*NP

Where

o, : Bending stress, kpsi

g,: Tension stress, kpsi

N : Maximum number of cycles at specific bending stress
a, b : Constants based on the drill sizes, steel grade, and
corrosiveness of the drilling mud

To calculate the bending and tension stress applied to
the drill string, we use the Drill String Design Manual by
VNIITNeft.

Evaluation Model for Cumulative Fatigue Damage
in the Drill String

Using the above equations, we have developed an
evaluation model for cumulative drill string fatigue damage.

www.rogtecmagazine.com
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B GYPEHVE

e Tunopa3smep BypuIbLHOrO NHCTPYMEHTA (amHa 1
OMameTp Tena Tpyobl, TONLWMHA CTEHKN Tena
TpyObl, AAvHa 1 anameTp BypuiibHbIX 3aMKOB,
rpynna npoYHoOCTHN).

e CTeneHb TeKyLLEro n3Hoca 6ypusibHOM Tpybbl MO
knaccudvkaumm APl (HoBas, mpemnym, 1 Kiacc).

e [1710THOCTL BYpPOBOro pacTeopa.

° Pexum BypeHnst No HTepBasiam (KOMYecTBO
0B0OPOTOB B MVHYTY, MEXaHNHECKAsi CKOPOCTb BypeHns).

[Nocne 3arpy3kn UCXOOHbIX AaHHbIX MOAEb OLEHKM
NpPOBOANT MOVHTEPBASIbHOE MOAENNPOBAHME

BypeHNa CTBONA CKBaXKMHbI C PACHETOM HaMNPsXKEHNI
BO3HUKAOLLMX B K&XKOOW TOYKE DYPUIbHOM KOMOHHbI U
HaKOMNEHHOro YCTaNoOCTHOrO M3HOCA.

[MoCTpOEeHHasA MOAESb OLIEHKM AN1S aHaIM3a Harpy3oK
N pacyeTa HaKOoMJIEHHOro YCTaIOCTHOMO M3HOCA MNP
OypeHnn NpuMeHeHa Mpw CTPOUTENBCTBE CKBaXKMHBI N,
rae b 3ahVKCMPOBaHbI 3 NHUMAEHTA C MPOMbBIBOM
OypunbHbIX TRYO.

OLeHKa HakoMJ1IEHHOrO YCTaJIOCTHOrO U3Hoca
OypwJibHbIX TPYO Ha NpuMepe CKBaXKUHbI N
KOoHCTPYKUMSA ckBaxkmMHbI N mpeacTasneHa B Tabnve 1.
CKBavKMHa ropu3oHTasbHas ¢ rnybrHom no cteony 5163
M U MPOTS>KEHHOCTLIO MOPU30HTaJTEHOIO ydacTka 978
METPOB.

The following is used as the calculation basis:

e Actual directional survey data (the wellbore depth,
inclination angle, drift angle, dogleg severity)

e The drill string size (length and diameter of the pipe
body, wall thickness of the pipe body, length and
diameter of the tool joints, strength grade)

e The level of the current drill pipe wear as classified by
API (new, premium, class 1)

e The drilling mud density

e Drilling process within an interval (rotary speed per
minute, drilling rate)

When the calculation basis has been uploaded, the
evaluation model simulates the wellbore drilling process
interval by interval. It then calculates the values of

the stress imposed at any point in the drill string and
cumulative fatigue wear.

The evaluation model developed to analyze load levels
and calculate cumulative fatigue wear when drilling was
used in the construction of well N with 3 drill pipe
washout events.

Case Study of Cumulative Fatigue Damage
Estimation in the Drilling String for Well N

Well N design is shown in Table 1. The well is horizontal
with a wellbore depth of 5,163 m and horizontal section
length of 978 m.

Hanpasnerve 426 91 Direction 426 91

KoHaoykTop 324 459 Conductor 324 459
TexHu4eckas KOSToHHa 245 1785 Service string 245 1785
SkennyaraumoHHast KosloHHa 178 4185 Production string 178 4185
XBOCTOBVIK 114 5163 Liner 114 5163

Tabnuua 1 KOHCTPYKLMS CKBaXKuHbI N
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Puc. 4. BepTukanbHasa NpoekLms CKBaxKMHbI N
Fig. 4. Vertical projection of well N
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Table. 1 The well N design
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Puc. 5. Topn3oHTansHas npoekums ckBaxknHbl N
Fig. 5. Horizontal projection of well N
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B BYPEHVE

Ha gaHHoM CKBavKMHE npu BypeHnn nog,
aKcnyaTaLUMOHHYIO KOTOHHY Ha rnybuHe 3835

M MPOU30LLIIa aBapuisl, B Pe3yJibTate KOTOPOW
noTpeboBaioCh YCTAHOBUTL LIEMEHTHbIA MOCT U1
JNIMKBMONPOBATb CTBOJT CKBXKWHbI B HTEPBASIE
3622-3835 M. danee 24.02.17 8 05:30 B npoLecce
NPOBEAEHNS CPE3KN C LEMEHTHONO MOCTa MPOW30LLIIO
nageHve OaBAeHns no NPUYMHE NPOMbIBA OYpPUIbHOM
Tpy6bl TBINK 127x9,19 S-135. Beero B npouecce
CTPOUTENBCTBA CKBaXKMHBI 3aMKCUPOBaHO 3 MHUWOEHTA C
MPOMBIBOM AAHHOIO KOMIMIEKTa BypuibHbIX TRYO (puC. 7).

Cny6uHa 3abon
Ne Hdara NnpombIBa, M CKBaXXVHbI, M
1 24.02.17 05:30 616 ™ 3,626
2 26.02.17 04:00 610m 3,644
3 01.08.17 16:05 548 m 3,864

Tabnuua 2 XpoHonorus NpoMbIBOB 6ypuibHbIX Tpyo TBIMTK
127x9,19 S-135 B npoLecce CTpoOUTENBCTBA CKBaXKMHBLI N

Puc. 7. ®otorpacmmn otépakoBaHHbIX TPYO B
XPOHOJOrMYECKOM Mopsiake

Fig. 7. Photographs of rejected pipes in chronological order
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Puc. 6. TpexmepHasa npoekums CkBaxkHbI N
Fig. 6. 3D projection of well N

A problem occurred at a depth of 3,835 m during the
production string drilling operations in the well, which
required a cement plug and isolating the wellbore at

the 3,622 to 3,835 m interval. Then at 05:30 AM, on
02/24/2017, when kicking off the cement plug, the
pressure dropped due to a TBPK 127x9.19 S-135 drill
pipe washout. During well construction there were three
drill pipe washouts (Fig. 7).

Washout depth, m | Well bottom, m

1 24.02.17 05:30 616 m 3,626
2 26.02.17 04:00 610m 3,644
3 01.03.17 16:05 548 m 3,864

Table 2 Timeline for TBPK 127x9.19 S-135 drill pipe washouts
during well N construction

All 3 washout events occurred in the pipe body at a
distance of 0.3 to 0.4 m from the tool joint (collar) at the
upset area. Such coincidental occurrence is explained by
the highest susceptibility of the upset area. It is here that
the stresses applied to the drill string are concentrated,
thus the rate of microcracking is higher (Fig. 8). The
upset area at the collar is additionally damaged by slips
or other drill pipe handling equipment. Any scratch or
notch on the pipe surface automatically becomes a
stress concentration point and accelerates fatigue crack
development in this area.

www.rogtecmagazine.com



DRILLING &

Bce 3 npombiBa Mpou3oLLsv Mo Tesy Ha pacCTOosHUM
0,3-0,4 M OT BypusbHOro 3amMka (MydTa) B 30He
Bblcaaku. [JaHHOe coBMadeHe OOBbSICHSETCS TeM,
YTO paroH BbICaaKN Hanbonee ya3BMMOe MECTO, Fae time periods:

KOHLIEHTPUPYHOTCS HAMPSKEHWS, OeNCTBYOLLME Ha
BYpUIbHYtO TPYBY, a 3Ha4YNT UHTEHCUBHEE NAET NPOLECC

HaKOoMAEHMA MUKPOTPELUMH (prc. 8). [JononHUTENbHO Ha 3,835 m (Fig. 10)

30HY BbICaK/ CO CTOPOHbI My Thl OKa3bIBatoT
paspyLuatoLLee BOSAENCTBUE KIIMHBLS U

OpYroe yaepxmBatoLLee 6ypuibHyto Tpyoy
obopynoBaHue. Jltobas uapannHa 1 BMATUHA
Ha NOBEPXHOCTU TPYObl aBTOMATUYECKN
CTaHOBUTCS KOHLIEHTPATOPOM HaMPSXKEHWA 1
YCKOPSIET MPOLECC HAKOMIEHWUS YCTaNIOCTHBIX
MUKPOTPELLMH B aHHOW 30HE.

[na petansHOro aHanmaa npuymH
NPOU3OLLEALUMX NHLIMOEHTOB MCXOAHbIE AaHHble
Mo pexxumMam BypeHnst 1 TPaeKTOPUS CKBaXKMHbI
ObINN 3arpy>KeHbl B MOAENb 15 pacyeTa
HaKOMIEHHOMO YCTaNIOCTHOIO U3HOCca s 2
BPEMEHHbBIX OTPE3KOB:

1 HakonneHHbI ycTanocTHbIn nsHoc TEIMNK
127x9,19 S-135 0o MomeHTa aBapum 3a
Bpemst Byperus nHTepaana 0-3835 m (pric. 10).

2 HakonneHHbI yCcTanoCTHbIN 13HOC TBIMK

www.rogtecmagazine.com

To analyze the causes of the events, the calculation basis
for the drilling process and well path was uploaded to the
model, in order to estimate cumulative fatigue wear for 2

1 Cumulative fatigue wear in the TBPK 127x9.19 S-135
pipe prior to the problem when drilling an interval of O to
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3artpayeHHasn gonroseyHocTb, % - Consumed life, %
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BypunbHas Tpy6a, m - Drill string, m
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Puc. 8. PacnpeneneHvie MUKPOTPELLMH Ha MOBEPXHOCTU BypubHOM TRyObl
Fig. 8. Microcrack distribution over the drill pipe surface

ROGTEC | 73



B GYPEHVE

127x9,19 S-135 nocne nkBMOaUMmM aBapuin 3a Nepuop,
cpe3kn 1 BypeHns nHtepeana 3622-3864 m (pric. 11).

HakonneHHbIn ycTanocTHbin nsHoc TBIMNK
127x9,19 S-135 oo momeHTa aBapumn 3a Bpems
6ypeHunsa nHtepsasia 0-3835 m

HakonneHHbIN YCTaNOCTHbBIN M3HOC MY AOCTMKEHNM
raybuHbl 3835 M B cpeaHeM paseH 4% (puc. 10), HO
pacrnpenenseTcs No Tpybam KOMMeKkTa HepaBHOMEPHO
Mo NPUYMHE BbICOKOW BApUaTUBHOCTU HAMPSPKEHNI
n3rnba 1 pPacTsHKEHNS, AENCTBYOLWMX Ha BypusibHble
TPYObl B K&XKO0M TOUKE TPAEKTOPUN CKBEXKMHBI B
3aBNCNMOCTN OT I'IpOCTpaHCTBeHHOVI MHTEHCMBHOCTN
VckpuBnenns n seca KHBK.

C y4eTOM NIaHOBOro BeAeHUst PaboT N HE3HAYUTENBHOM
MorpeLIHoCTH, AeaemM OonyLIeHe B pacyeTe, YTo

npw BypeHnn HanpaBAeHNS, KOHOYKTOPA, TEXHNYECKOM
1 3KCM/TyaTaUnOHHOM KOSTOHHbBI BYpUsIbHbIE TPYObI
CMyCKa/INChb B OIHOM U TOM >Ke MopsiaKe.

Hanpwvmep, B nHtepsane 0-200 M CTBON

CKBaXXVHbI MPaKTUYECKU BEPTUKASIbHBIA, CPeaHAs
MPOCTPAHCTBEHHASA NHTEHCUBHOCTb UCKPUBIEHNS

He npeBblwaeT 0,04 °/10 m. Ha Tpybbl gencteyet
MaKCHMasTbHOE PacTArMBaloLLIEE HAMPSPKEHME OT Beca
KHBK Hmxe no cTBOJ1Y, HO MOCKOSbKY BypuibHasa Tpyba
BpaLLaeTCs Ha BEPTUKA/IbHOM YHaCTKE, TO MPaKTUYECKM
He VCMbITbIBAET HAMPsSPKEHVE 13rnba 1 yCTanoCTHbIN
N3HOC HaKanMBaeTCst MELJIEHHO.

C Opyromn CTOPOHbI, HAKOMAEHHbIN YCTanOCTHbIN N3HOC

Hanpsbxerue narmnba, MrMa - Bending stress, MPa
0 50 100 150

500

1000

1500

200

2500

3000

"ny6uHa no cteony, m - Wellbore depth, m

3500

4000

Puc. 9. HanpsbkeHne n3rmba, aencraytoLlee Ha BypuabHble
Tpybbl Ha 3a60e 3835 M

Fig. 9. Bending stress applied to drill-string at the well bottom
at 3,835 m
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2 Cumulative fatigue wear in the TBPK 127x9.19 S-135
pipe following mitigation of the problem when
sidetracking and drilling an interval of 3,622 to 3,864m
(Fig. 11)

Cumulative Fatigue Wear in the TBPK 127x9.19
S-135 Pipe Prior to the Problem when Drilling an
Interval of 0 to 3,835m

Cumulative fatigue wear when reaching a depth of
3,835m is on average 4% (Fig. 10). However, it is unevenly
distributed among the pipes within the set. This is due

to great differences in the values of bending and tension
stress applied to the drill- string at any point within the well
path depending on dogleg severity and BHA weight.

Considering routine operations and a minor error, we
can assume for the purposes of calculation that the drill
string was tripped down the hole in the same sequence
during the surface casing, conductor, service string and
production string drilling.

For example, the wellbore within an interval of 0 to 200m
is nearly vertical with an average dogleg severity not
exceeding 0.04 °/10m. The pipes are subject to maximum
tension stress caused by BHA weight down the wellbore.
However, since the drill string rotates within a vertical
section, it is hardly impacted by any bending stress, and
fatigue wear develops slowly.

On the other hand, the cumulative fatigue wear within
an interval of 900 to 1,600m is 6 to 8%. This drill string
passed through a dogleg interval (200 to 700m) with a
maximum severity of 1.67 °/10m and a high bending
stress up to 116 MPa (Fig. 9) resulting in a higher rate of
fatigue damage growth.

Based on a separate comparative analysis, the cumulative
fatigue wear when drilling well N within an interval of O

to 3,835 m is slightly above the cumulative fatigue wear
level for similar wells at this site and neither critical nor
significant with regard to the remaining life of the drill pipe
set used. Given this rate of fatigue development, the drill
string would be rejected due to mechanical (tool joint or
pipe body abrasion) rather than fatigue wear.

Cumulative Fatigue Wear in the TBPK 127x9.19
S-135 Pipe Following Mitigation of the Problem
when Sidetracking and Drilling an Interval of
3,622 to 3,864m

Cumulative fatigue wear in the pipe set following mitigation
of the problem when reaching the well bottom at 3,864 m
is on average 11% (Fig. 11) but for some dfrill pipes more
than 70%.

In this case we have not included cumulative fatigue wear
prior to the problem since considering a BHA replacement

www.rogtecmagazine.com
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HakonneHHbIn ycTanocTHbI n3Hoc, % - Cumulative fatigue wear, %
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Puc. 10. HakonneHHbIn ycTanocTHbIn nsHoc TBIMK 127x9,19 S-135
[0 MOMeHTa aBapun 3a nepuop, BypeHnsa nHrepeana 0-3835 m

Fig. 10. Cumulative fatigue wear in TBPK 127x9.19 S-135 pipe
prior to the problem when drilling an interval of O to 3,835m

s 6ypunbHbix TPyO B HTepBanie 900-1600 M cocTaBu
6-8%. OTK TpyObl yCneam NponTu NHTepBasT Habopa
napamMeTpoB KprBM3HbI (200-700 M) C UHTEHCVBHOCTBLIO
nekpreaenus 0o 1,67 °/10 M 1 BbICOKUMU HAMPSPKEHNSIMU
n3rmba 0o 116 Mla (puc. 9), 4yTo NpuBeno K bonee
WHTEHCVBHOMY HaKOMIEHNIO YCTAIOCTHBIX MOBPEXOEHWIN.

Mo uToram OTAENbHOro CPaBHUTENBHOIO aHasnaa,
HAKOMJ/IEHHbIN YCTaNOCTHBIM U3HOC 3a Nepuog, bypeHns
ckBaxuHbI N B VHTepBauie 0-3835 M HeaHa4nTes IbHO
BblILLIE, YEM MOKa3aTENM HAKOMEHHOMO YCTa/IOCTHOIO
N3HOCA Ha aHaIoMMYHbIX CKBaXKMHAX AaHHOW SloKaLmm
1 HE SBISIETCH KPUTUHECKUM NIV 3HAYMMBIM C TOYKN
3PEHVIA OCTaBLLErocs pecypca aKCniyaTmpyemoro
KOMIMeKTa BypunbHbIX TPY6. [Npyn Takon OMHamMuKke
HaKOMIEHMS YCTaIOCTHOIO M3HOCa BypunbHas Tpyba
cKopee BbyaeT oTbpakoBaHa Mo NpUYnHe MOr3nyYecKoro
n3Hoca (MCTUpaHme BypusbHBbIX 3aMKOB W Tesla TRyObI),
4YeM YCTasIOCTHOrO.

HakonneHHbIn ycTanocTHbIn nsHoc TBIMNK
127x9,19 S-135 nocne nukBnpauum aBapmun

3a nepuon cpesku n bypeHus uHTepsasia
3622-3864 m

HakonneHHbI yCTanoCTHbIN N3HOC KOMMIEKTA Noce
NMKBMOALMM aBapun B MOMEHT OOCTVKEHUS 3a605 3864
M B cpedHeM paBeH 11% (pvc. 11), HO oNa OTAENbHbIX
OypuibHbIX TPYO cocTaenseT tonee 70%.

HakonneHHbIn yCTaﬂOCTHbIVI M3HOC 0O MOMEHTa aBapumn

B J@HHOM C/ly4ae He YYUTbIBAETCS, T.K. C YHETOM CMEHbI
KHBK ans pasbypuBaHnsa LEMEHTHbIX MOCTOB, HE/Tb34

www.rogtecmagazine.com

HakonneHHbln ycTanocTHbI n3Hoc, % - Cumulative fatigue wear, %
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Puc. 11. HakonnerHbIn ycTanocTHbin n3Hoc TBINK 127x9,19
S-135 nocne NMKBMOALWMN aBapu 3a Neprog, CPE3KM 1 BypeHns
VHTepBasa 3622-3864 M

Fig. 11. Cumulative fatigue wear in TBPK 127x9.19 S-135 pipe
following mitigation of the problem when sidetracking and drilling
an interval of 3,622 to 3,864m

to drill out the cement plugs, there is little assurance that
the drill pipes were tripped down the hole in the same
seguence or within the identical interval as in the previous trip.

Cumulative fatigue wear for the rejected drill string at the
time of washout for each event is shown in Table 3.

Let us now analyze the causes behind the high rate of
fatigue wear growth when sidetracking and drilling an
interval of 3,622 to 3,864m using event 1 as an example.

Washout Well
. Date depth, m | bottom, m

Cumalative
fatigue wear, %

24.02.17

1] “5a0 616 M 3,626 71%
26.02.17

2 | “a00 610 m 3,644 78%
01.03.17 .

3 | a5 548 m 3,864 80%

Table 3 Cumulative fatigue wear at the time of TBPK 127x9.19
S-135 drill pipe washout

Based on the estimation model, we can calculate the
tension and bending stress applied to the drill string at the
time of event 1 within an interval of 300 to 700 m (Table 4).
Maximum bending stress (more than 100 MPa) is imposed
upon the drill string within the intervals of 310 to 350m,
470 to 480m, and 590 to 680m. When passing through
these particular intervals, the drill string develops the most
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[OCTOBEPHO YTBEPXKAATb, HYTO BypUsibHbIE TPYObI OblN
CNyLLEHbI B TOW K& NOC/eA0BaTeNIlbHOCTU U B TOT XKe
WHTEpBaU1, YTO M B NMPeAplayLLEM PENCE.

HakonneHHbIn

\\[o} Hara nggzs::;;am cme?/lzlil, M yc;:a;ﬂggn;:m
1 2%'5?%37 616 M 3,626 71%
2 2%2203 ! 610 m 3,644 78%
3 0112%; ! 548 m 3,864 80%

Tabnuua 3 HakonneHHbIN YyCTanoCTHbIN U3HOC Ha MOMEHT
npomMbIBa BypunbHbIx TRyS TBIMNK 127x9,19 S-135

HakonneHHbIn yCTanoCTHbIM 3HOC A5 OTOPAKOBaHHbBIX
OypWIbHBIX TPYO HA2 MOMEHT BO3HMKHOBEHWSI MPOMbIBA MO
KaXKOOMY MHUMAEHTY NpeAcTaBneH B Tabnvie 3.
PaccmoTpum Ha npumepe MHumaeHTa Nel mpudmnHbI
WHTEHCUBHOIO HAKOMIEHUS YCTaIOCTHbIX MOBPEXOEHWI
3a nepuron cpesku 1 bypeHns nHtepeana 3622-3864 m.

PaccuntaemM B MOOEN OLIEHKM HAMPSPKEHME PACTKEHNS
1 n3rmba, AeNCTBYIOLIME Ha BypUibHbIE TPYObI B MOMEHT
BOSHMKHOBeHUS nHUmaeHTa Ne1 Ha nHtepsase 300-700 m
(tabn. 4).

Hanbonblune HanpskeHns nsriba (6onee 100 Mla)
NCMbITbIBAIOT BYpUsIbHbIE TPYObI, PACMOIOXKEHHBIE B
mHTepBasiax 310-350 M, 470-480 M 11 590-680 m. IMNpwn
MPOXOXKAEHUN MEHHO MEPEHNCIIEHHBIX NHTEPBA/IOB B
npoLecce BpalleHrst BypubHas Tpyba HakanmeaeT
HanbOosbLLIEE KOSINYECTBO YCTANIOCTHBIX MOBPEXOEHNI.
Yem gonblue OypunbHas Tpyba BpalaeTcs B MHTEpBasiax
C BbICOKMMUW N3rMBaIOLLIVIMUN HANPSKEHUSIMU, TEM
6bICTpee UAET NPOLECC HAKOMIEHUSI YCTaNIOCTHOrO
N3HOCAa U BbiLLE PUCK paspyLUeHUs Tena Tpyobl.

[MpoMbIB BypunbHOM TRYObI NPOU30LLIEN Ha FNybuHe 616 M
(MHTEepPBaUT BblAEEH XENThIM LIBETOM), EMY COOTBETCTBYET
HanpsbkeHre narmda 115 MlMa. Ons nprMeHsemoro
TMnopasmMepa W rpynnbl IPOYHOCTY BypUIBHON TPYObI
TBINK 127x9,19 S-135 ¢ y4eToM HanpsbkeHus narba 115
M a, pac4eTHOE KOMMHYECTBO OBOPOTOB A0 Pa3pyLUEHMS

no anarpamme Bennepa coctasnsget 290 169, yrto
COOTBETCTBYET MpuMepHO 40 Y HEMNPEPLIBHOMO BRAaLLEHS
poTopa NMpy ckopocTy 120 06/MUH.

Bcero 3a peiic otbpakoBaHHasa bypunbHasa Tpyba npoLuna
C BpaLleHnemM nHTepBan 510-616 M. [NonHTepBanbHbIn
pacyeT HaKOMMEHHOro YyCTaloCTHOrO U3HOCa
npeacTasneH B Tabnuue 6.

XpoHonorusa paboT 40 nogbema NPOMbITON
6ypunbHON TPYy6bI MO NHUMOeHTY N21
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fatigue damage. The longer the drill string rotates within
the high bending stress intervals, the faster fatigue wear
grows and the higher the risk of pipe body failure.

Drill string washout occurred at a depth of 616m (interval
is shown in yellow). This corresponds to a bending stress
of 115 MPa. For the size and strength grade of TBPK
127x9.19 S-135 drill pipe used at a bending stress of
115 MPa, the estimated number of rotations to failure
from the Wohler curve is 290,169. This corresponds to
approximately 40 h of continuous rotor spinning at a
speed of 120 RMP.

The rejected drill string was rotated within an interval of
510 to 616m during the entire trip. An interval by interval
calculation of cumulative fatigue wear is shown in Table 6.

Operation Timeline Prior to Tripping the Washed
Out Drill Pipe Out of the Hole Due to Event 1

Date Operations

2/19/2017 | Cement plugging to subsequently re-drill the
problem interval at 3,622 to 3,835 m

WOC and BHA trip in hole to drill out cement plug

2/20/2017
2/21/2017

BHA trip in hole with reaming within an interval of
3,360 to 3,570 m

Cement plug drilling out within an interval of 3,570
t0 3,618 m

2/22/2017

2/23/2017 | Keyseat reaming to sidetrack within an interval of

3,6181t0 3,624 m
Keyseat reaming within an interval of 3,624 to

3,626 m Pressure drop, mud pump servicing and
BHA trip out hole

2/24/2017

Table 5 Operation timeline prior to event 1

Before keyseat reaming to kick off the cement plug, the
washed out string was already rotated within an interval

of 510 to 600m and developed 6% fatigue wear (Table 6).
When reaming the keyseat within an interval of 3,618 to
3,624m until the pressure drop from 00:00 on 02/23/2017
to 5:30 AM on 02/24/17, the drill string passed through
an interval of 608 to 616 m, developing an addition 65%
fatigue wear after 184,869 rotations.

The prolonged drill string rotation within a high bending
stress interval led to a high rate of fatigue wear
development of up to 71% of its total life during this single
trip only.

Since no information is available about the drill pipe’s
position in the BHA when constructing the previous wells,
a calculation of the cumulative fatigue wear prior to the
problem mitigation is not practical. However, by knowing
the use of the pipe set prior to well N construction, which
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Fny6bunHa 3eHUTHbIN AsumyT MpocTpaHcTBeHHasn, | Hanps>xeHne N npepenbHoe HakonneHHbIn
3amepa, m yrosn, rpag, MarHUTHbIN, rpan/10m n3rmba, MMa | pactsxkeHns, MlMa | Yucno o6oOpPOTOB |  yCTaNOCTHbIN
Measurement | Inclination rpag, Dogleg severity, Bending N maximum usHoc, %
depth, m [angle, degrees Compass degrees/10 m stress, MPa number of Cumulative fatigue
direction, degrees rotations wear, %
300,00 184,36 1,155,114 18,6%
310,00 5,91 186,52 0,71 747,846 24,0%
320,00 6,85 187,58 0,95 421,281 38,1%
330,00 7,75 188,45 0,90 473,227 44,9%
340,00 8,72 188,84 0,97 406,828 47,0%
350,00 9,65 188,94 0,93 454,223 47,6%
360,00 10,36 189,09 0,71 764,399 37,4%
370,00 10,83 189,86 0,49 75 1,388,965 242%
380,00 11,30 190,58 0,49 75 1,392,528 19,0%
390,00 11,60 190,98 0,30 54 4,727,259 14,0%
400,00 11,78 191,53 0,21 37 17,880,119 8,1%
410,00 11,96 192,03 0,21 37 17,930,270 6,1%
420,00 12,26 191,24 0,34 3,345,191 7,5%
430,00 12,80 191,75 0,56 1,180,098 13,8%
440,00 13,38 191,96 0,57 1,126,596 18,5%
450,00 14,07 191,70 0,70 814,252 22,0%
460,00 14,88 191,53 0,81 626,844 28,1%
470,00 15,73 192,01 0,87 545,489 33,8%
480,00 16,85 191,75 1,12
490,00 18,05 190,97 1,22 31 36,572,262 31,0%
500,00 19,26 190,03 1,25 31 33,420,317 5,9%
510,00 20,57 188,98 1,35 34 24,977,413 3,9%
520,00 21,95 187,91 1,44 36 19,917,025 5,1%
530,00 23,16 187,10 1,25 31 33,642,072 52%
540,00 24,70 186,87 1,54 39 15,483,552 5,7%
550,00 25,95 186,73 1,25 31 33,539,172 6,1%
560,00 27,41 186,64 1,46 37 19,141,798 4,8%
570,00 29,03 186,67 1,63 41 12,824,989 3,5%
580,00 30,36 186,88 1,33 34 26,427,043 2,2%
590,00 31,78 187,37 1,44 19,811,159 4,7%
600,00 32,93 187,73 1,16
610,00 34,15 188,02 1,23
620,00 35,35 188,32 1,21
630,00 36,50 188,71 1,17
640,00 37,54 189,35 1,11
650,00 38,60 189,53 1,07
660,00 39,62 189,92 1,05
670,00 40,61 190,29 1,01
680,00 41,37 190,55 0,78 89 731,276 43,3%
690,00 41,56 190,80 0,26 41 12,408,948 22,8%
700,00 41,58 190,65 0,10 17 343,784,898 9,7%

Tabnuua 4 Pacyet HanpsykeHuin B nHTepaasne 300-700 M B MOMEHT BypeHus Ha 3a6oe 3626 M. HakoneHHbI yCTanocTHbIN naHoc TEIMNK

127x9,19 S-135 3a pelic npu AOCTVKeHNM 3a605 3626 M

Table 4 Stress calculation for an interval of 300 to 700m when drilling at well bottom at 3,626 m. Cumulative fatigue wear in TBPK 127x9.19

S-135 pipe per trip when reaching the well bottom at 3,626m

[0 Havana HapaboTKM »xenoba /19 CPE3KN C LIEMEHTHOrO

MOCTa MPOMbITas TpyBa y»Ke NnpoLLia ¢ BpaLLeHUem

www.rogtecmagazine.com

is 32,634m drilled, it is possible to estimate approximately
the cumulative fatigue wear for normal drilling.
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BbinonHsemble onepauyn

2/19/2017 | YcTaHoBKa LIEMEHTHbIX MOCTOB /14
nocneayroLlero nepedypa aBapuinHoOro MHTepBana
3622-3835 M.

O3, n cnyck KHBK gnst pa3byprieaHns
LEMEHTHOro MocTa.

2/20/2017

2/21/2017 | Cnyck KHBK ¢ npopaboTtkon B UHTepBasie

3360-3570 m.

PasbypriBaHe LeMeHTHOro MocTa B MHTepBasie
3570-3618 m.

2/22/2017

2/23/2017 | HapaboTka »enoba onis cpesks B nHTepsasne

3618-3624 M.

HapaboTka »xenoba B HTepBasie 3624-3626.
MapeHvie OaBneHvs, peBmans BypoBOro Hacoca,
nogbem KHBK.

2/24/2017

Tabnuua 5 XpoHonorusa paboT oo MHUmaeHTa Nel

nHTepBan 510-600 M 1 Hakonmnia 6% yCTanoCTHOro
n3Hoca (tabn. 6). B npolgecce HapaboTku »xenoba

B MHTepBasie 3618-3624 M 0O MOMeHTa naaeHns
naBneHns 3a nepuop ¢ 23.02.17 00:00 oo 24.02.17
05:30, bypunbHasa Tpyba npowuna nHTepsan 608-616 M
1 Hakonunna elle 65% ycTanoCTHOro M3HOCa COBEPLLVB
184 869 obopoTOoB.

Takm 0bpazom, AMTENbHOE BpaLleHve 6ypUnbHON
TPy6bl B MHTEPBAsE C BbICOKMM HaMpshKeHeM 1armnba
MPUBESO K MHTEHCYBHOMY HaKOMEHWIO YCTa/TOCTHOIrO
m3Hoca o 71% oT 06LLero pecypca TOSIbKO 3a AaHHbIN
€0VHCTBEHHbBIV PEVC.

YuntbiBas OTCYTCTBME MHAOPMALM O MOSIOXKEHNN

OaHHom 6ypunbHon Tpydbl B KHBK npu cTpontensctee
npedplayLLMX CKBEDKMH, KOPPEKTHO paccymTaTb
HaKOMJIEHHbBIN YCTANIOCTHbIA M3HOC A0 HaYana paboT

no JIMKBUAALIN aBapi HEBO3MOXHO. OHaKo, 3Has
HapabOoTKy Ha KOMMJIEKT [0 Hayana CTPoUTENbCTBA
CKBaXKMHbI N, paBHyto 32 534 M NPOXOAKM, MOXKHO
MPUMEPHO OLIEHUTB HAKOMMIEHHBIN YCTAIOCTHBIN N3HOC MPW
LITaTHOM pexunme BeaeHus paborT.

OcHOBbIBasACb Ha 3KCMEPTHOM OLIEHKE, 3a BPEMS
OypeHust cKBaxKWHbI ryouHom 4000 M aHanornyHom
KOHCTPYKLMW Ha AaHHOW SloKauun, CpeaHui
HaKOMMEHHbIN YCTaNOCTHbIN N3HOC COCTABNSET OKOSI0
4%. Taknm 06pasoM, MOXXHO caenaTb NPEeanooKeHUE,
YTO HaKOMJIEHHbIV YCTaNOCTHbBIN M3HOC KOMMIEKTa Tpy6
00 Hayana paboT Mo NMMKBUOALIMM aBapu COCTaBASET:

32534 4o = 329
4000 & 0T 047

OTtcroga MOXHO caenaTh BbIBOA, YTO CYMMAaPHbIN
HaKOMIEHHbBIV YCTATOCTHBIN U3HOC BYpUIbHOM TPYObl B
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Based on a peer review opinion, the average cumulative
fatigue wear for a similar configuration when driling a
4,000m deep well on this site is about 4%. Thus, the
cumulative fatigue wear for the pipe set prior to mitigation
of the problem can be assumed to be

32534
4000

It seems, therefore, to suggest that total cumulative fatigue
wear for the drill string at the time of event 1 can be

71% + 32% = 103%

This means a full wear-out of TBPK 127x9.19 S-135 drill
pipe during mitigation of the problem.

* 4% = 32%

Subsequent pipe washout event 2 and 3 confirm the
findings for event 1; with the washout cause being the
breaking cumulative fatigue wear in the drill pipe.

Conclusion

A clear picture of the nature of the cumulative fatigue wear
resulting in drill pipe washouts will allow us to manage this
process and reduce or eliminate such events. Measures to
prevent washouts and increase overall drill pipe life should be
aimed at relieving stress applied to the string and its duration:
1 Individual monitoring and recording of all drill pipe
rotation hours using RFID technology to registering the
drilling process and cumulative fatigue wear;

2 Well path optimization by reducing dogleg severity
within the intervals with the most stress;

3 Selection of the best drill string configuration based on
failure stress by using an application specific software;

4 Improving the strength properties of the drill string used;
5 Decreasing the number of the drill string rotation cycles
by shifting the rotations directly to the drill bit;

6 Using an internal coating to protect the drill pipe body
from exposure to the driling mud; the internal coating
forms a barrier against liquid ingress inside the microcrack
thus diminishing its growth rate.
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Dending e d 00 oype H epBaJjie O epBaJjie (1} O 0
de ptio BHA locatio ashed o Pa ensio e Rota D g rate ber o

3520,00 510,00

Cnyck KHBK ¢ | 3530,00 520,00 36 102,00 40,00 1530 | 20,033,226

npopaboTkon

BHAtipinhole | 3540,00 530,00 102,00 40,00 1.530 269,974 0,6% 0,6%

with reaming 3550,00 540,00 39 102,00 15,00 4080 | 15,555,621 0,0% 0,6%
3560,00 550,00 102,00 10,00 6.120 269,638 2.3% 2,9%
3570,00 560,00 37 102,00 10,00 6120 | 19,208,628 0,0% 2,9%

Pasbypuearve |  3580,00 570,00 41 120,00 30,00 2400 | 12,862,358 0,0% 2,9%

LuemeTHoro

mocTa B 3590,00 580,00 34 120,00 30,00 2400 | 26,488,747

VHTepBane

Cement plug 3600,00 590,00 36 120,00 30,00 2400 | 19,845,922

driling out within

interval 3610,00 600,00 124,00 7,50 9.920 317,612

HapaGoa 3620,00 610,00 6 123,00 0,83 88.560 | 278,646 31,8%

xernoba

Keyseat reaming | 3626,00 616,00 123,00 0,46 96.309 | 290,169 33,2%

Tabnuua 6 MNMonHTepBasbHbIM pacyeT HAKOMIEHHOrO YCTa/IOCTHOMO M3HOCA A1 MPOMbBITON BYPUIbHOM TPYObI MO MHLMAEHTY N2l 1

onncaHne BbINOJIHEHHbIX pa60T

Table 6 Interval by interval calculation of cumulative fatigue damage for the washed out drill pipe in event 1 and operation description

MOMEHT UHLUMaeHTa Ne1 Mor cocTaBuTb:

71% + 32% = 103%

Y10 03HaAYaeT MOSHbBIN M3HOC BypUIbHON TPYObI TBINK
127x9,19 S-135 B npouecce NMMKBMaaLMM aBapun.

Mocneayrowpme nHUMAEHTbI Ne2 1 Ne3 ¢ mpomMbIBOM Tpy6
NoOTBEPXXOAIOT BbIBOAb!, CAEMaHHbIE MO NHUMAEHTY Net,
rAe NPUYMHON NPOMbIBA CTas1 KPUTUYECKMIA HAKOMIEHHbIV
YCTaTOCTHbIN U3HOC BYPUSIbHOW TPYObI.

3akJitoueHue

[MoHMMaHWe MexaHaMa HaKOMIEHNSt YCTa/IOCTHOMO
N3HOCA, KOTOPbIN MPUBOANT K BO3HUKHOBEHWIO MPOMbIBOB
BypubHbIX TPYD, OAeT BO3MOXHOCTb YNPaBAATb 3TVM
MPOLIECCOM, CBECTU AaHHbIE MHUMAEHTBI K MAHVMYMY

WX BOBCE JIMKBUAMPOBaTL. Meponpusats no
NPOMUIAKTUKE MPOMbBIBOB U YBEIMYEHWIO 00IrOBEHYHOCTM
OypWIbHBIX TPYD B LIENIOM O0S/KHbI ObITb HaNpaBAeHb! Ha
YMEHBLLEHNE HANPSPKEHNI, AENCTBYIOLLMX HA KOJTOHHY 1
BPEMEHN VX BO3AENCTBUS:

1 KOHTPONb 1 YYET HApabOoTKM Kaxkaowm OypuibHOM
TPy6bl B OTAENBHOCTM C MOMOLLBIO TexHomorvmn RFID-
MeTOK. DurKcaums PeEXXMMOB BYPEHNS 1 HAKOMNEHHOO
YCTa/IOCTHOIO M3HOCA.

2 OnTuMM3aLMs MPOdUIS CKBaXKMHBI C YMEHbLLIEHNEM
VHTEHCVBHOCTW VCKPUBNEHMS Ha Hanbonee Harpy»XeHHbIX
VNHTepBasax.

3 Moabop onTMaibHOM KOMMOHOBKM BYPUIBHOM KOSTOHHI
C Y4ETOM KPUTUHECKIX HArpy30K C 1CMOSIb30BaHMEM
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CneumamMsnMpOBaHHOMO MPOMPaMMHOI0 O6eCneqeHNS.

4 TloBbILWEHVE MPOYHOCTHBIX XapaKTEPUCTUK
NpPUMEHSIEMbIX BYPUIBHBIX TRYD.

5 CHWKeHNe KOMHECTBA LMKIOB BpaLLEHUS BYPUIIbHBIX
TPY6 C NepeHOCOoM 0B0POTOB HEMOCPEACTBEHHO Ha A0I0TO.
6 NpUMEHEHVE BHYTPEHHENO MOKPLITUS 419 3aluTbl Tena
OypurbHON TPyObl OT BO3AENCTBMSA BYPOBOro pacTsopa.
BHyTpeHHee MoKpbITVe CO30aeT 6apbep, KOTOPLIN He
MO3BOISET NONAOATE XXMAKOCTN B MUKPOTPELLMHY, YTO
YMEHBLLUAET NHTEHCVBHOCTb €€ Pa3BUTUS.
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