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Annoranusi. ONTUMAJILHOE COOTHOLIEHHE YPOBHS TEXHOJIOTMYHOCTH  KpjouyeBble C/IOBa
MIPUMEHSAEMBIX PEMICHHH W WX CTOMMOCTH — 3TO OJHA W3 KIFOUEBBIX
3a1a4 TPy TUIAHUPOBAHUH M IPOCKTHPOBAHUN CTPOHUTENbCTBA CKBaKHH.  H,S; CKPH; cepoBogopop; cynbdua-
Cornacho [1], a Taxkxe MHCTpyKkuum mo pacuetry oOCaJHBIX KOJIOHH, B HO-KOPPO3MOHHOE pacTpecKkmBaHue
YCIOBUSIX HAIMYHsI CEPOBOAOPO/IA B ILIACTOBOM (IIIONJE B 3aBUCUMOCTH  [i0p HaNpsKEHEM; METaNOrpa-

OT KOJIMYECTBA Er0 CONCPHKAHUS U MAPLHMATLHOTO IABICHHS, KOHCTPYK-  dh1s; KOHCTPYKLINSA CKBaXMHbI; Pac-
WSl CKBOKUHBI JIOJDKHA TIPEAyCMaTpUBaTh 00CaJHbBIe TPYyOBI B CEPOBO-
JIOPOJOCTOMKOM wmcmonHeHun. OIHAaKO, CTPOUTEITHCTBO CKBAXKHH B
Bonro-Ypanbckom pervone, Tiae OOJbIas 4acTh MECTOPOXKICHUN C
couepkanueM H,S, Bemercs oxomo 100 neT, m mpu 3TOM CepbE3HBIX
WHIMACHTOB MJIM aBapHii, CBSI3aHHBIX C pa3pylIeHHEeM 00CaaHBIX TPyO
OT BO3JCHCTBHSI MEXaHW3Ma CyNIb(HUIHO-KOPPO3HOHHOTO PaCTPECKHBa-
HUS TIOJ HaNpsDKCHUEM, HE BBLABICHO. Kpome Toro, mo pesyibratam
aHanm3a WH(QOpPMAaIUH PE3yNbTaTOB IIPOMBICIOBO-T€O(HU3MICCKUX
WCCIICIOBAaHUN CKBAXWH IO OMNPEACTICHUI0 TEXHHUYECKOTO COCTOSHUS
OKCILUTYaTallUOHHBIX KOJIOHH YCTAaHOBJICHO, YTO OTCYTCTBYET 3aBHUCHU-
MOCTh MEXIY CIIy4asiM{ BBIIBICHHOW HErepMETHYHOCTH KOJIOHHBI Ha
CKB@KMHAX M YPOBHEM COJICPIKaHHMs cepoBoioposia. B ¢Bsizu ¢ aTiM BO3-
HUKJIA HEOOXOIUMOCTh aKTyalU3UpOBaTh TPEOOBaHHS K PacdyeTy KOH-
CTPYKIIMH CKBaYXHMH B YCIIOBHUAX HAJMYNS HE3HAYUTEIHHOTO KOJTHIECTBA
CepoBOmOpoO/a B IIacToBoM ¢umronzae. B paccmarpuBaeMoM cirydae mpu
pacderax oOCaIHBIX KOJOHH OrpaHMYEHHE YPOBHS HaNpsDKEHHH B
obcanHbIX TpyOax, BO3HMKAIOMIErO IpPU JEHCTBUU PacTATHUBAIONIMX
Harpy30K M M30BITOYHBIX JABICHWH, IPOU3BOIAMTCS 332 CUET BBEICHMS
ko3 duIeHTa CHIDKEHHsT HecyIel crocoOHocTH. MHBIME clioBaMH,
JMAHHBIA KOA((HUIIMEHT COOTBETCTBYET OTHOIICHHUIO ITOPOTOBBIX (HCIIHI-
TaTENBHBIX) HANPSKCHUN NMPH HCHBITAaHUAX 00pas3IoB Ha Cymb(uIHO-
KOPPO3UOHHOE PAaCTPECKUBAHUE 110/] HAIPSDKECHUEM K BEJIMYUHE HOpMa-
TUBHOTO MHHUMAJIBHOTO TIpejieia TeKy4eCTH CTalld COOTBETCTBYOLICH
rpymmbsl IpoyHocTH. Mexoas U3 3Toro, ObUT MPOBEICH aHAIIN3 IKCILTya-
TaIMOHHBIX HATPY30K, IEHCTBYIOIUX Ha 00CaIHbIC KOJOHHBI B CKBaXKHU-
Hax Bonro-Ypanbckoro perrmoHa, v BEISBICH TOTSHIINAN T CHIDKEHUS
TTOPOTOBOTO HANPSHKEHUS TPH MPOBEACHUH JTaOOPATOPHBIX MCIIBITAHUI
00pa3ioB U3 00CaaHbIX TPYO Ha CYIb(GHUIHO-KOPPO3UOHHOE PACTPECKH-
BaHue Noj HanpspkeHueM. [1o pesynbraram aHanmza pesysbTaTtoB J1abo-
PaTOpHBIX WCHBITAHUH 00pa3loB Ha CyIb(QUIAHOE PACTPECKUBAHKE IO
HaTIPSDKCHUEM B MOJCIBFHOW Cpelie MO JKCIUTyaTalliOHHBIM YCIOBHUSIM
OTIPEIIeNIEHO, YTO JJIs OSCIIOBHBIX OOCAIHBIX TPYO TPYII IMPOYHOCTH

yeT 06CafHbIX KOSIOHH
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N80Q u R95 moporoBoe HanpspKeHHE MOKET ObITh ycTaHoBICHO 60 %
0T MHUHUMAJIBHOTO IIpejieNia TeKydecTu. JlaHHasi cTaThsl SIBISETCS IPO-
JIOJDKEHUEM ITyOITMKaluK paboThI 10 pa3paboTKe TEXHUUECKUX TpeOoBa-
HUI K 00CaJHBIM TPyOaM.
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Abstract. The optimal ratio of the level of manufacturability of the Keywords
applied solutions and their cost is one of the key tasks in planning and
designing well construction. According to [1] as well as the Casing statistical methods of analysis; in-line
Design Instructions, in the presence of hydrogen sulfide in the formation  technical diagnostics; main pipelines;
fluid, depending on the amount of its content and partial pressure, the ~ Gumbel distribution; the Anderson-
well design must provide for casing pipes in a hydrogen sulfide-resistant Darling consent criterion; analysis of
design. However, the construction of wells in the Volga-Ural region,
where most of the fields with H,S content are carried out for about 100
years, and at the same time there were no serious incidents or accidents
associated with the destruction of casing pipes from the impact of the
mechanism of sulfide-corrosion cracking under stress. In addition, based
on the results of analysis of the results of well logging to determine the
technical condition of the production strings, it was established that there
is no relationship between the cases of revealed casing leaks in the wells
and the level of hydrogen sulfide content. In this regard, it became nec-
essary to update the requirements for calculating the design of wells in
the presence of a small amount of hydrogen sulfide in the formation
fluid. In this case, when calculating casing strings, the level of stress in
casing strings arising from tensile loads and overpressures is limited due
to the introduction of a factor for reducing the bearing capacity. In other
words, this factor corresponds to the ratio of threshold (test) stresses dur-
ing tests of samples for sulfide-corrosion cracking under stress to the
value of the standard minimum yield strength of steel of the correspond-
ing strength group. Based on this, an analysis of the production loads on
the casing strings in the wells of the Volga-Ural region was carried out,
and the potential for reducing the threshold stress was identified during
laboratory tests of samples from casing strings for sulfide-corrosion
cracking under stress. Based on the results of analysis of the results of
laboratory tests of samples for sulfide cracking under stress in a model
medium, it was determined by operating conditions that for seamless
casing pipes of strength groups N80Q and R95, the threshold stress can
be set to 60% of the minimum yield strength. This article is a follow-up
to the publication of the casing specification.
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Beenenue

B nauane 2023 roga Obu1 aHOHCHPOBaH pe-
3yJbTaT NPOAETaHHON PaOOTHI 1O ONPEIEICHHIO
MTOPOTOBBIX 3HAUEHUI HArpy30K, OKa3bIBAEMBIX
Ha oOcagHble TPYOBl C pPa3NIUYHBIMU MapKaMu
CTaJIi MIPU CITyCKE U KCIUTyaTalliu B YCIOBHAX
HaJIM4us cepoBogopona. Texnuueckue TpedoBa-
HUsl K 00cafHbIM TpyOaM, pa3paboTaHHBIE 110
UTOTY pabOThl, BBI3BAIM TOCTATOYHO IIUPOKUI
pe3oHaHC cpenn He(pTera3o[00bIBAIOIINX KOMITa-
HUH, YIUTBIBasl CyIIECTBEHHBII MOTEHIIHAN OII-
THMH3AIMH 3aTpaT Ha MaTepUaJbHO-TEXHHYE-
ckue pecypcebl. OHaKo, OT HEKOTOPBIX MpeAcTa-
BUTEJICH MHIYCTPUU 3ByYalld KOMMEHTApHH O
HETOJIHOTE ITPOBE/IEHHBIX HCCIIEJOBAHUH B YaCTH
aHaJIM3a MUKPOCTPYKTYPHI HUTH(OB MOCIE BO3-
JelicTBUs cepoBogopona. Ha gaHHBIN MOMEHT
paboTa pomomKaeTcs, 3allaHuPOBAHBI HCIIBITA-
HUS 00pa31oB IJIs1 YCIOBUH ouepenHoro Hedre-
ra3o100bIBAIOIIEIO MPEANPUSITUS C IPUMEHE-
HUEM HUCCJEeIOBaHUH MeTaiiorpaduu, B TOM
quciIe B paMKax OTpabOTKH paHee MOTYYESHHBIX
3aMEYaHHH.

Kpatkoe onucanue nponenaHHOW paboThI,
OmyOIMKOBaHHOU paHee B crarbe [2]. CormacHo
pasneny 12 unctpykumu [3] mmst pacuera obcan-
HBIX KOJIOHH HE(DTSHBIX M T'a30BbIX CKBAKWH B
MPUCYTCTBHH CEPOBOIOPOAA B ITACTOBOM (ITIO-
uzie He0OXOANMO OTPAHUYUTD YPOBEHB HAIPsIKE-
HUH OT JEHCTBUSI OCEBBIX HATPY30K PACTSIKEHHS
1 BHYTPEHHUX JIaBJIEHUH, TOATOMY HCIOJb3Y-
ercs k03((PULKEHT CHUKEHMS HeCyIIeH croco0-
HoCTH. JlaHHBIH KOA(G(ULHEHT NpeAcTaBiIsieT
c000¥i OTHOIIIEHHUE UCITBITATEIBHBIX (TIOPOTOBBIX)
HaNpsODKCHUH K 3HAYEHUI0 MUHHUMAJIBLHOTO HOP-
MaTUBHOTO Tpesiena TeKy4ecTH MaTeprana, mpu-
JIO)KEHHBIX K oOpaslnaMm MpU HCIBITAaHWH Ha
CKPH. Kpome Toro, npu npoBeieHUHN pacueToB
Ha CKUMAFOIIME HArPy3KH (CMsATHE), KO3 PHIm-
SHT CHIDKEHHMS Hecyliel cnocoOHocTH paseH 1,0
1 HE IPUMEHSETCS.

Taxxe B 11. 1.4.2 [4] npuBOAUTCA CleayroIee
pUMEYaHue, 4To JUIs PacCUMTHIBAEMOM Ha pac-
TSKEHUE U BHYTPEHHEE JIaBJICHUE CEKIUHU JKC-
IJIyaTallMOHHOM, a TaKk)Ke MocaeIHeld TeXHUYe-
CKOM KOJIOHHBI, KOTOPBIE CIIyCKAIOTCS Hepes
BCKPBITHEM ILIaCTa C CEPOBOIOPOIOCOAEPHKA-
mUMHU (QIIOUAaMH, Pa3peIIaeTcs] UCIOIb30BaTh
obcagHbie TPYObl U3 HECEPOBOAOPOIOCTORKUX
CTajel, eciiu HapsKEHUsI OT 0CEBOI Harpy3Ku
pacTsHKEeHHs M BHYTPEHHUX M30BITOUHBIX JAaBje-
Huil He Belle yeM 20 % oT 3HaYeHHsI HOpMaTHB-
HOTO MUHUMAJIHOTO TIpeZiesia TEKY4ECTH.

MaTepuanoBefeHue 1 3aluTa OT KOPPO3nK
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Taxum 06pa3om, YpOBEHB SKCILTyaTaIIMOHHBIX
Harpy3oK, OKa3bIBalOIIUX JeHCTBHE Ha o0ca-
HYIO KOJIOHHY, COCTABIISIFOT TOJILKO OCEBBIE Ha-
TPY3KH PaCTsDKCHHSHM BHYTpPEHHEE JaBIICHHE.
[TosToMy ypoBeHb HampsKeHHUSI OT HOPMaTHB-
HOTO MUHHMAJIEHOTO TIpefieNia TeKy4eCTH Mare-
puaiia o0caHbIX TPyO IPUHUMAIOTCS:

— OTHOIIIEHHE 3HAUYEHUS HATPy3KH PacTsKe-
HUS OT COOCTBEHHOTO Beca 00caHOH KOJIOHHBI B
BO3JIyX€ K 3HAUCHHIO MPEJIETHHO JIOMyCTUMOMN
pacTsaruBaronieil HarpysKe, Npyu KOTOpod Hampsi-
KSHHS B Telle TPYOBbl JOCTUTAIOT TIpesiesia TeKy-
YeCTH;

— OTHOIIIEHHE 3HAYCHNS HanOOIBIIETO BHY-
TPEHHETr0 M30BITOYHOTO JABJICHHS K 3HAYCHHUIO
MPEeAEbHO TOMyCTUMOTO BHYTPEHHETO J1aBIie-
HUS, TP KOTOPOW HAIpsDKEHUS B Teje TpyObl
JIOCTHTAIOT TIpeJiea TeKy4eCTH.

Ha pucynkax 1-4 n300pakeHbl 3aBUCHMOCTH
YPOBHS HANPSDKEHUH OT HOPMATUBHOTO MUHU-
MaJIbHOTO TIpefieiia TeKy4eCTH MaTepraia mpu
BO3ICWCTBUH HKCIUTYaTAIMOHHBIX HATPY30K IS
BapHWaHTOB 00CaAHBIX TPYO nuameTpoMm 245 u
178 MM pa3HBIX TOJIIUH CTEHOK W I'pyn Ipoy-
HOCTH.

AHau3 ypOBHS JKCIUTyaTallMOHHBIX HArpy-
30K OTOOpakaeT MOTEHIHAT BEIOOpa 00CaTHBIX
Tpy6 10 3HaueHus 60 % OT HOPMATHBHOTO MUHH-
MaJFHOTO TIpejieya TEKyIEeCTH CTajl, KOTOPHII
MPEACTABISAET CO00I TTOPOTOBOE HAMPSIHKEHHE
MIPH TIPOBEICHNN Ta00PATOPHBIX UCTIHITAHUAX Ha
croiikocth kK CKPH.

[To pesynbpraram aHanm3a pe3yabTaToB J1a0o-
PaTOPHBIX HCIBITAHUNA 00pa3IoB U3 00CaTHBIX
TpyO Ha CynmbQUIHOE pACTPECKUBAHHE TIOJ] Ha-
npspkeaueM (CKPH) mo meromy A B cooTBet-
ctBuH ¢ TpeboBanusamMu NACE TM 0177-2016 B
MOJIEJTBHOM cpelie TI0 IKCIUTyaTallHOHHBIM yCIIO-
BUSM OTIPEJICTICHO:

— st 00CcaIHBIX TPYO B OECIIIOBHOM HMCIION-
HEHUU rpymi npoyHocty R95 noporosoe Hanpsi-
»keHust ucnsitanus Ha CKPH npunumaeTtcs 3Ha-
yeHue 60 % OT HOPMATUBHOIO MUHHMAJIbHOIO
mpefesa TeKy4eCTH;

— st 00caTHBIX TPYO B OECIIIOBHOM MCIION-
HeHuU rpyni npogHoctr N8O (Tum Q) moporo-
Boe HanpspbkeHus: ucneiTanus Ha CKPH npunu-
Maetcs 3HadeHue 60 % oT HOpMaTUBHOTO MUHH-
MaJIbHOTO Mpeesia TEKy4ecTH [2].

Ha mpaxTrke MOYXHO BBIICTUTD J1BA THTIA pac-
TPECKHBAHUSI 110 MEXaHU3MY KOPPO3HOHHOTO
pacTpecKHBaHUs MOl HAMIPsDKEHUEM: TIepBOe —
9TO 3apOXKIAOIIEECs M PACIPOCTPAHSIONIEeCs
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Pucynoxk 1. 3aBucrMOCTb YPOBHS HAaIPsHKEHUH OT 0CEBOW HArpy3KH PacTsDKEHUS JUlsl 00CaHbIX TPYO qua-
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Figure 1. Dependence of stress level on axial tension load for 245 mm casing pipes on their running depth
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PucyHok 2. 3aBUCHMOCTb YPOBHS HANPSKEHUI OT 0CEBOM HAarpy3KH pacTsXKeHUs IS
o0caaHbIX TPYO JuameTpoM 178 MM OT MX IIyOMHBI CITycKa

Figure 2. Stress level versus tensile axial load for 178 mm casings versus running depth
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Pucynok 3. 3aBUCHMOCTb YPOBHS HaNpsDKSHUH U1l 00CaIHBIX TPYO qHaMeTpoM
245 MM OT BHYTPEHHHUX JaBIECHUI

Figure 3. Stress level for 245 mm casing vs internal pressures
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Pucynok 4. 3aBUCHMOCTb YPOBHSI HAIIPSDKEHUH U1l 00CAaHBIX TPYO JHaMeTpoM

178 MM OT BHYTPEHHHUX JaBIECHUI

Figure 4. Stress level for 178 mm casing vs internal pressures

MEPIICHANKYISIPHO K IUHUH ICHCTBUS HarPy3KH,
¥ BTOpOE, KOTOpoe 00pasyeTcsi BCIEACTBHE TI0-
CTETIEHHOTO COEMHEHUS NePBUYHBIX TPEIINH,
HaNpPaBJICHHBIX MapaJIEIbHO K JTMHAN IEHCTBUS
Harpy3KH.

Hawnbonee monBep:keHHBIMH K KOPPO3UOH-
HOMY PacTPECKUBAHMIO TIO/ HAIIPSKEHUEM SIBIIS-
IOTCSI CTAJIM C BBICOKUM TIPEIEJIOM TEKYy4IEeCTH,
YTO XapaKTEpHO JJI CTalieil ¢ ayCTEHUTHOU U
ayCTEHUTHO-MAapPTEHCUTHOU CTPYKTypoi. Tak Ha-
MIPSDKEHUS, PUIIOKEHHBIE K 00pasily, crioco0-
CTBYIOT 00BEIMHEHUIO BHYTPEHHUX TTapaiesb-
HBIX MUKPOTPEIIUH B TI00aNbHBIE TPEIIUHBI,
KOTOpPBIE PACIIONararoTcs MepIeHANKYIIPHO Jei-
CTByIOIIIe oceBoil Harpy3ke. Kpome Toro, mno-
IOOHOMY pacTpeCKUBaHHUIO Hanbosee MoaBep-
YKEHBI CBapPHbIE COCTMHEHHUS, B KOTOPBIX TIPUCYT-
CTBYIOT OCTaTOYHBIE HATIPSIKEHHUS ITOCIIE CBAPKH.

Tax BOJIOpOJ, HAKOMIMBIIMICS B CTPYKTypE
CTaJH, CIIOCOOCTBYET IPEOOPA30BAHUIO BOJOPO-
HBIX PAcCIOCHUH B My3bIPH, OTpe/eTsieMble BH-
3yanbHO 6e3 Mukpockomna. [1o pesyiasratam MHO-
TOYNCIICHHBIX UCCIIEI0OBAHNN U3BECTHO, YTO Ta3
B TaKMX ITy3BIPSIX COCTOUT Ha 99,5 % u3 Bomo-
poza, Ipy 3TOM JIaBJICHNE BHYTPHU MOXKET TOCTH-
rateb nopsiaka 20 Mlla.

C 1emnbIo BBISBICHUS] MUKPOTPEIIIH, OTpee-
JICHUSIPA3MEpOB U (POPMBI KPUCTATUTNIECKUX 3€-
PEH CTPYKTYpBI CTaJIH, B TOM YHUCJIE TT0 PE3YbTa-
TaM aHaJIn3a W3MEHEHUS MUKPOCTPYKTYPHI TI0-
clie TEPMUYECKOH, XMMHUKO-TEPMHYECKOU U
00pabOTKN METAJIJIOB TaBICHUEM HEOOXOIUMO

MaTepuanoBefeHue 1 3aluTa OT KOPPO3nK

BBITIOJIHSTh UCCIICJIOBAHUS C IPUMEHEHUEM Me-
Tayiorpaduu Mmoj ONTUYCCKUM MHKPOCKOIIOM.
JlaHHBIC FICCTIETOBAHUS TTO3BOJISIFOT MTOKA3aTh T0-
CTPOCHHE METAJIOB M CIUIABOB, X GopMy, pas-
MEpBI M B3aUMHOE PACIIONIOKEHUE, 0OHAPYKUTH
YaCTHUIIBI HEMETAJIIMYCCKUX BKIIOYCHUH, pa3-
TU9IHBIC Ga3bl B MeTaJUIe, MUKPOIe(EeKTHI U e-
(heKTHI KPUCTATHYECKOTO CTpoeHus. [1o pe3yinb-
TaTaM BO3MOXKHO TIPOBECTH OIICHKY KadecTBa
TepMuIecKkor 00paboTku. B mporecce mposeme-
HUS UCCIICIOBAHUN UCIIONB3YIOTCS Pa3INIHbBIC
PacTBOPHI KUCIIOT WITH IIENT0UeH, ¢ ToOaBICHUEM
cosneil. IIpoBoaNTCS XMMUYECKOE TpaBJeHuE To-
BEPXHOCTHU 00pasiia IyTeM MOrPY>KSHHS B TPaBsi-
AN peakTUB U MOCISAYIONEro ero. B pesyib-
TaTe MPOUCXOIUT PACTBOPEHUE OTHUX (Da3, OKHC-
JICHUE U OKpalllMBaHUE JPyTHXHA MOBEPXHOCTH
numda obpasima.

B Gmmkaiiniee BpeMs TTaHUPYETCS 3aBep-
ITUTH CIICTYIOIIHHA 3Tall JaHHOW paboThI — pas-
paboTraTs TEXHUYICCKHE TPEOOBAHUS IS CIICTY-
forero HedTerazogo0sIBaOIIETO 00MEeCTBa B
pamMKax c(hOPMHPOBAHHBIX YCIOBUIH JKCILTyara-
nuu. B kagecTBe 3KCIIEpUMEHTa, 10 pe3yibTary
HCIIBITAHUH 00pa3IoB, IUIAHUPYETCS TPOBECTH
MeTaiorpad)uIeCcKuil aHaIn3 MUKPOCTPYKTYPbI
nudoB. VcnbITaHNs Ha CTOMKOCTH 00pa3IoB K
CKPH 1o metony «A» NACE TMO0177 ne npen-
YCMaTpPUBAIOT 00S3aTEIIHPHOTO HCCIICTOBAHUS ME-
Tayutorpaduei, HO I YUCTOTHI SKCIICPUMEHTA
naHHas paboTa 3aluTaHupOBaHa.
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Pucynoxk 5. YBennueHHbIC H300paKSHUS TPEIIMH HA TIOBEpXHOCTH 00pasuoB nmocie CKPH

Figure 5. Enlarged images of cracks on the surface of samples after OSR
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Cormacuo crangapty NACE TMO0177 nns
BCEX MaTepHajoB, pa3pylIeHUEM SBISETCS TOJ-
HOE pasJielieHne Jacteld oOpasiia Wik HaIndue
TPEIIMH Ha PacuyeTHOM ydacTKe oOpasiia, BUAN-
MBIX TIpu 10-KpaTHOM YBEIHYEHHH IOCIE
720-yacoBoro ucmbiTanus. YToObl ONpeaeInTh,
SIBIIAFOTCS] JTM TPEIIMHBI HA PACUETHOM ydJacTKe
00pa3iia CBUJIETEILCTBOM PACTPECKUBAHUS 0]
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