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AHHOTaums. Paspaborana u anpobuposaHa TEXHOMOrUS OLEHKM TeXHW4eckoro coctosiHus (OTC)
HEMTAHBIX U ra3oBbIX CKBAXKMH HA OCHOBE NPUMEHEHNST MarHUTHON UHTPOCKOMNMUM 3KCMNYATAUNOHHBIX KONOHH
W UEMEeHTOMETpUW. PaccMoTpeHbl pesynsTaTsl BbINOMHEHUS OLEHKN TEXHWYECKOrO COCTOSIHUSI CKBADKWH.
MpuBeaeHb! TpeboraHna K o6bemy aaHHbIX, HEOBXOANMBIX Ans OTC, nopsaky sbinonHeHnss OTC CKBRXMH.
MokasaHa BO3MOXHOCTb MCNONb30BaHUS TexHonorum OTC CKBaXMH NPWU NEPCNEKTMBHOM nnaHupoBaHum
KanuTanbHoro pemoHTa ckeaxuH (KPC).

1. Beepgenue.

B HacTtoswee spems B Poccuiickoi ®eaepauunmv saxHoii 3agayei npw peanusauum (kynne-npogaxe,
apeHae, nepeaade B ynpaenewue u T.n.) OPHOrO UMYyLieCTBa ABNAETC OnpefeneHne o60CHOBAHHOI
CTOMMOCTW HedpTerasoBbiX aKTUBOB, B TOM 4ucne rocyAapcTBeHHbIX. BaxHas ponb npu atom oteoguTcs
OUEHKE CTOMMOCTU HEdTAHbIX M rasoBbiX CKBAXMH, KaK AOGBLIBAIOWMNX, TaK M APYroro HasHa4YeHus
(pasBegoyHbIX, MOUCKOBbLIX M T.n.). Mo aaHHomy BOnpocy paspaboTaH psa MeToauk [1], OCHOBAHHBIX Ha
CMONb30BaHUN 3aTPaTHOMO M AOXOAHOMO NOAXOAA. Mpyn 3TOM OAHMM U3 HauBonee BaxHbIX 3NEeMEeHTOB npu
OLIeHKEe CTOMMOCTU CKBaXXUHbI SBNSETCH NPOrHo3npoBaHue cpoka 6e3onacHon 3KCNNYaTaLnm CKBAKUHbI,

2. O6wwme nogxoabl K OTC cKBaXMH.

SKCnnyataumus HeTAHBIX U FA30BbIX CKBAXKMH OCYLUECTBNACTCA NpU KOMNMEKCHOM BO34eWCTBUM
HEBNaronpuATHLIX BHELUHMX takTopoB: Temnepartypbi, Bubpauun, aaenewuns, arpeccusHol cpepgpbl,
MEXaHW4ECKoro  BO3NENCTBMS  Ha  KOMOHHY. Ana  npegotepawerns  koppoauu npumeHsaeTcs
SNEKTPOXUMUYECKas Unu WHrMBUTOPHaR 3aLUNUTa, OAHAKO 3TO He MOXET UCKNIOYUTE KOPPO3UKD 3MEeMEHTOB
KOHCTPYKUWK ckBaxkuH. HanGonblee BoageicTaue yKa3aHHble NpU4MHBI OKa3bIBAKT Ha AKCMNYATALMOHHbIE
KONOHHbI ckBaxuH (JKC).

B nocneaxue rogel ans onpegenenuns coctosiHus 3KC u 3akonoHHoro npocTpaxcTea paspaboTaHsl,
anpobuposaHbl Gonee yem Ha nsTUCTax CKBaXMHax W yCrnewHo NPUMEHSIIOTCH MarHUTHbIe UHTpOCKoNbI [2,
3], B TOM uucne, B coyeTaHuM ¢ uemeHTomepamu [4]. Boicokas paspeluaowias CnocoBHOCTL U
AOCTOBEPHOCTb AaHHbIX, Nony4Yaembix NpUGOpaMu, no3sonseT ONpeaenuTb NUHeHble pasmepsl, OLUEHUTS
my6uHy pecbektos 3KC u cocTosHue UEMEHTHOro kamHs. lpu aTom Ans ckeaxuH NGO rny6uHsbI
koopAuHaTtkl fedbekTa (ry6uHa u pacnonoxeHue Ha nepumeTtpe Tpybbl) onpeaensoTes ¢ TOYHOCTbIO ao 1
CM.

Ans onpegenexus BO3MOXHOCTY W CpOKka aKkcnnyatauun ckeaxuH B 2008 rogy paspaboraHa
METOANKA OLEHKWN TEXHUYECKOro COCTOSHUS (OTC) u pacyeta cpoka GeaonacHoii KCnnyatauun HedTaHbIX
CKBaXWUH [5-7]. HaumHas c 2008 r. B TeuyeHue 4-x NET B KavyecTBe ONbITHO-NPOMBILLAEHHON anpobauun

BbinonHeHa OTC Gonee nATUAECATU CKBAXUH Ha obbektax THK BP, HK «CnaeHedTb, HeTAHbIX CKBAXUH
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Tatapctana u BawkopTocTana. Takke NpoBEeAeHbl NPOGHbIE pacyeTbl No AaHHbIM ABYXCOT CKBaXWH,
obcnenoBaHHbIX paHee.

OTC ckBakuH BbINONHSETCH nocne NPOBEAEHNA MArHUTHOW WHTPOCKONWW W UEeMEHTOMETPUMN 1
BKKOYaeT B cebS 3Tanb, ykasaHHbIE Ha pUC. 1, B TOM Yuche onpeaenerue HanpsXeHHo-4eopPMUPOBaHHOMO
cocroaHus (HOC) akennyaTtaunoHHON KONoHHBbI.
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Puc. 1. Cmpykmypa OTC ckeamun

3. Pacyer cpoka 6e3onacHom 3KCNNyaTauuu CKBaXMHbI.

Pacyer H[C akcnnyaTauMoHHON KOMOHHbI CKB&KWHbI  OCYLECTBNAETCA C WCMONb30BaHUEM
TEXHONOMU MOAENMPOBaHUS HArpy3ok KONOHHBLI B cucTeme ANSYS MeToaoMm KOHEYHbLIX 3neMeHTos TpyObi.
Mpu 3TOM BO3MOXEH yYET PasnnUHbIX (PaKTOpOB, BO3AENCTBYIOLMUX Ha KOMOHHY, B TOM Yucne:

1. MpocTpaHcTBEHHOrO pPacnonoxeHus KONoOHHb.I
[uametpa, TonWuHbI CTEHKU 1 matepuana Tpy6
XapakTepucTuk rpyHTa

Hanuyuns un COCTOAHMA LeMeHTupoBaHus

A ]

Hanwuus u pacnonoxerus LeHTpaTopo. v T.n.

Ons ouexkn HOC JKCNNyaTaUMOHHON KOMOHHbLI YYUTLIBAKOTCR: NPOEKTHas WHMOpPMaUns, AaHHbIe
WHKNMHOMETPUN, CTpaTurpacbuyeckas KONoHKa, NOKa3aHUs MArHUTHOI MHTPOCKONWUK NO onpeaeneHuto
HannM4na 1 MECTONONOXEHUNA LEHTPaTopOoB, a Takke PE3ynbTaThl UCCNefoBaHMs UEMEHTHOMO KaMHS.

3.1. UcxopHble paHHble ans monenupoBsaHus u pacuyera HAC Ttpy6bi 3KCNNyaTaumoHHON
KONMOHHbI CKBaXXWUHbI.

WcxopHble aanHbie gns NOCTpoeHus mopenu Tpybel n pacyera HAC ee cTeHku ¢ ncnonb3oBaHnem
Pe3yneTatoB UHKMMHOMETPUM:



- takTuyeckas anvHa Tpy6sl;

- cakTuyeckas rmybuHa Ha ypoBHe Huaa Tpybbi;

- thakTuyeckuit guamertp Tpy6Gbi:

- haKTUYeCKasn TONWWHA CTEHKU:

- NAOTHOCTb NPOAYKTa, UCMONb3YEMOrO B CKBaXUHE:

- rof BBOA@ CKBaXWHbI B 3KCMNyaTaumio.

[na nocTpoeHus kKoHeYHO-3neMeHTHO moaenu u pacyetra HOC Tpy6bl aKCNNyaTaUMOHHON KONOHHb!
CKB@XWHbI y4UTbIBAOTCS Creayiolue napameTps UHKNUHOMETPUM:

- Ne Touku nameperus:

- ANnHa Baonb Tpy6si:

- CMELLeHVe B ropUsoHTanbHo NNOCKOCTY No ocu X:

- CMELLeHNE B ropU3oHTanbHOM NNocKocT No ocu Y:

- rnyGuHa Ha ypoBHe TOYKN U3MepeHus.

CseaeHus o nnacrax, reonoruyeckuii Paspes NpuHNMaroTCs NO AaHHBIM UHXEHEPHO-TEe0NOrMYecKoro
0bcnenosanns Unu AaHHbIM, yKa3aHHbIM B NPOEKTHOWM AoKymeHTauuu. Mpumep npegocTasneHus AaHHbIX

npueegeH B tTabn. 1.

Ta6nuya 1
MowHocTe nnacra 3
HassaHue nopopg MNnotHocTe nopog, krim
oT, M 40, M
Mecku, cynecu, CyrnuHKM, rAvHL! 0 350 1909,4
nHB 350 1030 21422
FNuHbl, necuaHuku, anesponuTel, | 1030 2700 24957
Bprunnnm

Ha puc. 2 npuseneH NPUMEp BblAENeHNs B CKBAXWUHE WHTEPBANOB C AedeKkTamu LeMeHTUPoBaHUS
KOHTaKTHOTO, KOHTaKTHO-06BEMHOro U 0BBLEeMHOro Tuna. YcnoBHoe 0603HaYEHUE COCTOSHUS LEeMEHTHOro
Konbua U KadvecTsa MW30MAUUM 3aKOMNOHHOMO NPOCTPaHCTBa NO AaHHbIM  KOMAMekca CKaHupyoLein

aKyCTU4ECKON W raMma-raMmma LIeMEHTOMETPUMN NPUBEAEHO B Tabn. 2.

Tabnuuya 2
UsetoBan KapTa XapakTepucTuKa LUeMeHTHOro KonbLa | KauyecTBo wu3onsuuu 3akonoHHoro
COCTOAHUA LEMeHTHOro NpoCTpaHcTBa M ero LuUBeTOBOe
Konbua u3obpaxenune
1 2 3

BespedekTHoe uemeHTHOE KONbLUO xopowee

YAOBNETBOPUTENbHOE
NOHWXKeHHOEe

NOHWXEHHOE

BespedekTHoe UeMeHTHOE KOMbUO Npu Heonpeaenenrom

KOHTaKkTe ¢ nopogoin

LiemenTHOE KOMbLO C BEPTUKANLHBIM MUKpOKaHanom Ha

rPaHnLe ¢ KONoHHOM

LlemeHTHOe konbLo ¢ 3a30pom Ha rpaHuue ¢ KonoHHoW oT 30

~ | A0 60 mkm

LlemenTHoe koneuo npw OTCYTCTBMM KOHTEKTE C KOMOHHOW

(PackpbITOCTe MUKpO3a3opa 260 mMKm)

uBMGHTHOB KONbUO C BEPTUKaNbHLIM KaHanom KOHTaKTHO-
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UseroBan Kapra XapaKkTepucTHKa UeMEHTHOro Konbua KavectBo uionsuum 3akonoHHoro
COCTOAHUA LEMEHTHOTo ApocTpaHcTEa M ero LBeToBoOe
Konkua usobpaxeHune

1 2 3

ofbeMHoro Tuna

LlEMEHTHOE KOMbUO C BEPTUKANbHBIM KaHanom ofbemHoro

Tvna

OTcyreTBne LemeHTHOrO konbua OTCYTCTBYET

B npuseaeHHOM npumepe B ckeaxuHe BBIAENAIOTCH UHTePBanbl C BEPTUKaNbHLIM MUKDOKAHANOM Ha
rpaHuue uemeHT-konoHHa (1137,5-1142 m, 1145-1153 M), C KOMbUEBbIMM MWKPO3a3opamu Ha rpaHuue
LUEMEHT-kONoHHa (153-1155 m, 11555-1156 M, 1160-1161,5 M), C KOHTaKTHO-O6BLEMHbIMU Aedbekramu
(1170,5-1173 M, 1174-1178,5 m). OBvemHble fedekTbl npeacrasnsior coboil BEPTUKanNLHbIE KaHanbl B
UEMEHTHOM KaMHe W XapaKTepuayloTCs OHOBPEMEHHBIM CHIKEHUEM MAOTHOCTH LEMEeHTHOro kamHs (1,5

r/cM3) n oTCyTCTBUEM CUenneHus B CEKTOpPE packpbITOCTbIO (45-90)°.
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Puc. 2. Mpumep enideneHusn e cxeaxuHe dechekmoe yemeHnmupoeaHus
KOHMaKkmHo2o, KOHMaKkmMHo-06bLeMHO20 u 06LeMHo20 muna

58



3.2. Pacuet HAOC.

Pacuer HOC Tpy6si SKCNNyaraLMOHHON KOMOHHbI CKBaXKMHbLI NPOU3BOANTCS C uenbio onpegeneHns
AENCTBYIOLUX HANPAKEHUA B 30He AedekTos. Pacyer HAC Tpy6bl ¢ ncnonbaosaHvem ANSYS Bkniovaer
crneayrowme artansl;

Co3apaxue matematuyeckoin Mogenu KOHCTPYKUWK:

— NOCTPOEHWe reomeTpuyeckoil Mogenm TpyGbr;

~ 33AaHue TUNa KOHEeYHbIX 3MEMEHTOB 1 NOCTPOEHME KOHEYHO-3neMeHTHOI Moaenu;

— Co3gaHve mogenu matepuana:;

—  NMPUNOXeHne Harpyaok Ha moaens Tpyobi .

YucneHHoe pelleHue cuctemsi YPaBHEHMI, OnuUCbIBAIOWMX MOAENs U noseaeHne KOHCTPYKLMH,
BbINONHAGTCA C MCNOMb30BAHUEM BHYTPEHHUX anropuTMoB nporpammHoro komnnekca ANSYS. MocTpoeHune
FEOMETPpU4EeCcKon Moaenn TpyBbl 3KCNAYaTALUMOHHON KOMOHHBI CKBXUHbI BbINOMHAETCA COrMacHO UCXOAHbLIM
OaHHbIM.

Ans mogenuposaxus Tpy6ei SKCNNyaTauUMOHHON KONOHHBI CKBaXWHBI NPUMEHEH KOHEYHBIN SNEMeHT
PIPE288 anuHoit 0,50 m, ucnonbayroLmMnca Ans pacyeta moaenei TPY6 C Manoil U yMepeHHO TONWMHOM —
COOTHOWeHne pguametpa TpyGbl K TonwwmHe AONXHO BbITk He meHee 10 (20,8 ans paccuuTbiBAEMOI
CkBaxuHbl). Mpu pacuyere HAOC TPyGbl Mogenb Marepuana (ctanu) npuHumaercs kak ans unaeansHoro
ynpyro-nnactuyeckoro marepuana no GunuHeinHomy 3akoHy B cooTeeTCTBUM C puc. 3.

o. Ml a

& %
Puc. 3. Bunureiinan modens nosedenus Mamepuana.

Toyka 1: 0 = Ryn, £ = Ryn/E

Ana cranu rpynnbl npodHocTy A no NOCT 632-80 npu pacyeTe wucnonb3ylTcA cneayolue
napameTpebl:

— Npeden Tekyyectu Ryn = 373 MMa;

— Moaynb KOHra E = 2.105 MMa:

= koapcpuumenT MyaccoHa p = 0,28.

- Kmogenu tpybbi npuknagpisatorcs cnegyoLLme HarpyaKkn U 3akpenneHus:

~ Harpyska ot Beca metanna Tpy6el (g = 9,81 m/c2);

~ BHYTpeHHee ruppocTatuyeckoe AaBneHne npoaykTa, UCNONb3YEMOro B CKBaXUHE;

— BHeluHee paeneHue OT BO34ECTBUSA Nopoa;

~ CMeleHue Tpybbl IKCNNyaTauMOHHON KOMOHHBI CKBAXWUHBLI B FOPU3OHTaNbHOA NNOCKOCTH (Mo
pesyneraram UHKNUMHOMETPUH):
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~ KeCTKoe 3akpenneHue no BepxHei KpoMmKe TpyBbi.

B pesynerare pacyera HOC nony4awTcs pacnpegeneHns nonei 3KBUMBaneHTHbIX HanpsxeHun B
TPY6e 3KCNNyaTauMOHHOM KOMOHHBI CKBEKUHLI. Mpumep Mogenu 3KC, MONy4YeHHoW no pesynsratam
pacyeToB B BUAE pacnpegeneHns 3KBUBaneHTHbIX HanpaXeHWA B aNemMeHTe 3KCNNyaTauuoHHOR KOMOHHbI B
uHTepeane 1650 - 1850 M ¢ gedekTamu cTeHku IKCNNyaTaUNOHHOM KOMOHHbI NpUBEAEH Ha puc. 4.

Puc. 4. Pacnpedenerue noneii akeusanenmupix HanpsixeHul 8 mpy6e sKkcrnayamayuoHHo U
KOJIOHHbI CKéaXuHbI. UcKpusneHue mpy6ei coomeemcmeyem pe3ynbmamam UHKITUHOMempuu

3.3. Pacuer cpoka 6e3onacHoii SKCNnyaTauuu CKBaXKuHbI ¢ AecheKkramm.

Pacyer cpoka GesonacHoit SKCnayaTauuu AedekTHOro ydyactka anemeHTa aKcnnyarayuoHHON
KONOHHbI BBLINONMHAGTCH MO YCNOBUID AOCTUXKEHUS NpeaenbHON MPOYHOCTVM U NNACTUYHOCTU B BEPLUMHE
AedekTa (YCnoBUS COXpaHeHUsI LenocTHOCTU KONOHHbI). HanpaxeHus B 3oHe aedekta onpegensiTes ¢
Y4ETOM AaHHbIX O HanpAXeHHO-AeOPMUPOBAHHOM COCTOSHWM SKCNAYaTLUWMOHHOM KOMOHHbI, NOMYYeHHbIX
NPW  MofenupoBaHuu. MuHUManbHO AonycTUMas ocTaTouHas TOMWKWHa CTEeHKM B 30HE AedekTa
ONPEAGNALTCA YNCNEHHO NO OPMynam MEXaHWKU PaspyLUEHMs. Honyctumbiin cpok akcnnyartauuw yyacTtka
KONOHHBI C AedekToM ycTaHaBnMBaeTcs Kak Nepuos BpemeHi, 3a KOTOpbIA rnybuHa fedekta AocTUrHeT
NPEAeNbHO BENWYUHLI 3@ CHET KOPPO3UMK.

CkopocTb koppoaun Tpy6bl SKC, ONPEAEnsieTcs C y4eToM NpUMeHSEMbIX HMUGUTOPOB KOppo3uun u
ucnonbayemoi cuctemel 3X3 no opmyne:
xopp I_T_t(l (1)

\'

rA€ to — MUHUManbHas ToNWWHa Tpy6Bkl, OnpegeneHHas npu AnarHoCTuKe:
t — npoekTHan TonwuHa Tpy6si;
Ti — cpok mexay BBOAOM B SKCnnyarauuio CKeaxuHbl 1 4aTol NpoBeaeHns obcnesosaHus.
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Pacuer Pacuer Pacyer HaszHnauyenue Ha3Hayenue

T; :> Tkon f:> T ::> Trkena l:> Taunarn

Puc. 5. Anzopumm Haznaverus cpoka 6esonacHol skcnnyamayuu 3KC ¢ deghexkmamu.
T;- cpok 6e3onacHoil SKCnnyamayuu aneMeHma, KOHCMpyKyuU ¢ Geghekmom Homep i;
Tvow - CPOK 6e3onacHoi dKCNAyamayuu KOHempyKkyuu ¢ degpexmamu Kak MuHuMansHoe 3HaveHue T; dns
KOHCMpYKyuu;
T - cpok 6e3onacHoii SKCNyamayuu CKeaXUHbI € UeNIOM KaK MUHUMAIbHOE 3HaYeHue Tvon Onst IKC;
Tokenn = CPOK 3KCNNyamauyuu cKeaKuHb! e 200ax (1, 2, 3, 4), dns Kkomopozo onpedensemcs nepeyeHb
KOHCMpyKkyud, nodnexaujux pemoHmy Ons obecneyerusi 6ezonacHol IKcnnyamayuu 8 mevyeHue 3mozo
cpoka;
Touaen - CPOK NPOBEdeHUst 04epedHo20 o6cnedosanus (duazHocmuxku)

ANropuTM HasHaueHWs cpoka 6e30nacHoi akcnnyataumm 3KC c pedektamu no pesyneraram
obcnegosaHus (AnarHocTuposaHus) npusegeH Ha puc. 5.

TexHuyeckoe cocTosHKe MY(PTOBOrO COBAUHEHUS TaKKe y4WTbIBAETCA B pacyeTax B COOTBETCTBUM C
AencTeylowein 8 Poccum HopmaTusHom AokymeHTauwen [8]. MNpu atom seenewa cnegywwas rpagauus
COCTOSIHUI MYCPTOBOrO COEAUHEHUA:

- HOpMaT1BHOE — HeAOBOPOT TPYG B MYITOBOM COEAMHEHUN He Bonee 30mwm;

- HEHOpMaTUBHOE — He0BOPOT TPYG B My(TOBOM CoeaMHEHNM Bonee30 mm.

~  AOnyCcTMMOe — aKcmnyatauusi aonyckaeTtcs 6es OrpaHv4eHWd, Cpok akcnnayataumm — Ao
cnegywwero obcnegosaHus:

- HeéfonycTumoe — TpebyeTtcs U3MeHeHue yerosuii 3KCnnyarayum unm pemMoHT,

3.4. Pe3ynkTartbl oueHKM TexHuYeckoro COCTOAHUA CKBaXXWH.

MpoBeaeHHbIit no pesynstaram ANArHOCTUKW CKBaXKMH aHanu3 aeekTos nokasbiBaeT, YTo Haubonee
HacTo BCTpevaloTcs AedekTbl KOPPOIMOHHOMO NPOUCXOKAEHUS (nopsigka 70 % ot obLyero yucna AedekTos),
NpeacTaensolmne n3 cebs otgenbHbIe S3BbI (puc. 6) unu uenodkm a3e (puc. 7). HanBonee onacHbl [3BbI,
PacnonoXxeHHble NO OKPYXHOCTU KONOHHLI U B 30HE My(TOBBIX COEANHEHMI (pUC. 8).

Apyrum TunuuHsim gecbektom sensetcs HEA0BOPOT TPYG 3KCNMyaTaUWOHHOR KOMOHHbI (puc. 9), KoTopsbiit
noa AevcTBMEM HanpshkeHuil ot uaruba IKC v ee seca MOXET NPUBECTU K ee pasrepmeTuaaumu.

TpeTbum 13 HauBonee yacto oBHapyxXuBaeMbix AeheKTOB ABMAETCS MexaHu4eckoe noepexaeHue (puc.
10), Bo3HMKatowWee npu onyckaHum B IKC HACOCHO-KOMMpPeCCcopHbIX TPYD, nNpoBegeHun amnarHocTuky unu KPC.
Mpu onpeaeneHuun cpoka skennyarauum 3KC c paHHeiM TUnom aedekta MPUHUMAETCS BO BHUMaHWE XxapakTtep
AedbekTta u pacyer Begetcs ¢ YHETOM BO3HMKAIOLLMX MUKPOTPELUMH B BEPLUNHE Aedhekra.

Mpu onpeaenenuun cpoka akcnnyarauum IKC c A3HHBIM TUNOM AedekTa NPUHUMAaETCH BO BHUMaHWe
XapakTep Aedekta u pacyeT BeAeTCs C yyeTom BO3HUKAOLLWX MUKPOTPELLVH B BepLnHe aedekTa.

CornacHo nonyYeHHsIM MPY onbITHO-NpoMbIWneHoW anpobauun TexHonorum OTC B cpegHem Ha 1
kunometp 3KC o6Hapyxwusaetcs 10-20 KOPPO3UOHHBIX AedekTa, 5-7 HeoBOPOTOB MydT 1 0,2-0,3 MeXaHUYeckuX
nospexaeHus. Mpu sToMm no pesynstatam OTC Tonbko 1-2 AedekTa npuaHaeTcs HefonycTumbiM 1 Tpebyertcs mnx
yCTpaHeHWe ANA NPOAOIKEHWUS SKCMNyaTauun CKBaWHbI Ha LUTATHBIX pexumax. [ns octanbHbix AecdekTos
YKasblBAaeTCA CPOK, B TEYEHWE KOTOPOrO repMeTvyHocTs 3KC He Byner HapyweHa. B Teuenue aTtoro Ccpoka

AONYCKAETCA MPOAOIIKEHWE SKCNNYaTaUMN CKBAXWHLI 683 BbiNoNHEHUS pemoHTa 3KC.
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PamxupoBsaxue gedektos no CPOKam yCTpaHeHus NO3BONSeT Bnagernbly CKBaXuH nnaHupoBaTs
KPC, B Tom uucne onpegenste Cpoku, obvembl n metogbl KPC Ha ocHOBe nNOMHOM WHbopmayum,
ykasbiBaemon B 3aknodeHun no OTC. B HacTosiwee BpeMsA npeanaraeTcs NpoBeaeHue KpaTkoCPOYHOM u
CPeAHeCPOYHOMo nnaHupoBaHus. PekomeHayemas Ha OCHOBaHUM pesynsTaTtoB NOBTOPHbLIX oBcreaoBaHui
3KC nepuoguyHocTs obcneaoBannsi CKBaXKMH — 0auH pas B 4yeTbipe roga.

MonyyeHue paHHbIX © Cpoke GesonacHoW skcnnyaTauuM nNO3BONSET B COOTBETCTBMM C

AEFICTBYIOLIJ,HMH MeToAuKamun OCyLLeCTBNATL OUEHKY CTOMMOCTM CKBAXWHBbI.
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BeiBogbi:

1. 3a 4 roga oOnNLITHO-NPOMBILLNEHHON okcnnyatauyumn TexHonorus OTC pokasana ceow
paboTocnocobHocTe U uenecoobpasHocTe NpuMeHeHWs ans OnpedeneHns cpoka 3Kkcnayarauuu
3KCNNyaTaUUOHHBIX KOMOHH CKBADKUH.

2. bnarogaps BHeapenuio TexHonorum OTC BNafjeney CKBaxWHbl NoONy4YaeT BO3MOXHOCTL
3abnaroBpemMeHHo HasHauaTh CPOK nnaHoso-npegynpeauTenbHoro pemoHTa JKC. Mpu atom ycTpaHseTcs
PEMOHT «No bakTy», HEOBXOAUMOCTL KOTOPOrO BO3HUKAET Cny4aiHbiM 0Bpa3oM npu nageHun aobbiun 3a
CYEeT CKBO3HOro nospexaeHus JKC.

3. BHeapeHue nnaHoso-npeaynpeauTensHbix PEMOHTOB NO3BONWT BNafenbLy CKBaXWUH UCKMIOYUTL
CHWxXeHue AoBbl4K 3a cueT He repmeTudiHocTy IKC, paspaboTtarb KpaTKoCpo4HbIE U CpefiHeCpoYHbIe NnaHbl
PEMOHTa, CHU3WTL 3aTpaThl Ha KPC 3a cyeT nonyyeHus AOCTOBEPHOI WHbopMaLMK 0 aedekTax, a Takke
YNyHUWWTL 3KONOrU4ECKyo COCTaBNSIOLLYIO 3KCMTyaTaLuu CKBaXKMH.

4. WHdopmauusi o cpoke 6ezonacHoi SKCnnyaraLuu no3sonseT OCyLecTBNNTL OLEHKY CTOMMOCTY
HEMTAHBIX U ra3oBbX CKBAXMH NPU ONpeaeneHuy 0BoCHOBaHHOM CTOMMOCTYH HedTeraszoBbIx aKTUBOB, B TOM
YUcne rocyaapcTBeHHbIX.

3aknioyenue.

TexHonoruss OTC cksauH YCNEeLHOo npowna nepuoa anpobaumm u MOoXeT GbiTe MCNONb30OBaHA
HedTe- U ra3onobbiBAOWMMI  KOMAAHUSMY. Otpacnesbie pernamenTsl U pykosoasLune AOKYMEHTbI
KOMMaHUi NO NPUMEHEHMIO AaHHON TEXHOMOMU MOryT BbiTb paspaboTaHbl B KOPOTKUe CpOKW.
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EXPERIENCE IN EVALUATION PERIOD OF THE SAFE OPERATION OF OIL AND GAS WELLS ON THE BASIS OF DIAGNOSING
THE PRODUCTION CASING AND THE CASING ANNULUS

A. Abakumov (Center of pipelines diagnostic “INTROSCO”, Moscow),
ViLaptev, M.Suleymanov (“NPF GEOFIZIKA ", Ufa), A .Abakumov (J), L.Mogilner (“INTRON PLUS”, Moscow)

Abstract. The authors have developed a technology assessment of technical condition (ATC) of the oil and gas wells. The
basis of the technology is the use of magnetic introscopy of production casing and cement bond logging of wells. The publication
presents the results of evaluation of technical condition of wells. Furthermore the requirements to the volume of data and determine the
order of the period safe operation of the wells. Calculation of the period safe operation of wells is necessary for planning and evaluation
of repair cost wells.

1. Introduction.

Currently, the Russian Federation, an important task for sale (sale, lease, transfer of control and S0 on) mining property is the
definition of the reasonable cost of oil and gas assets, including government. An important role is given to the valuation of oil and gas
wells, as mining and other purposes (exploration, prospecting, etc.). On this issue, a number of techniques [1] has developed, based on
the use of costly and the income approach. At the same time one of the mast important elements in assessing the value of the well is to
predict the period of safe operation of the well.

2. Common approaches to the ATC of the oil and gas wells

Exploitation of oil and gas wells by the combined action of unfavorable external factors: temperature, vibration, pressure,
corrosive environment and mechanical strength to the column. An inhibitor or electrochemical protection is used to prevent the
corrosion, but it cannot exclude the corrosive elements of the construction of wells. The greatest impact of these causes has on the
performance of the production casing (PC).

In recent years, magnetic introscopes [2, 3], also including in conjunction with cement bond log sonde [4], were developed,
tested with more than five hundred wells and successfully applied to determine the PC state and the space behind the casing. High
resolution and accuracy of the data obtained by instruments help to determine the linear dimensions, to assess the depth of the defect
state of the PC and cement. In addition. the coordinates of the defect in wells of any depth (depth and location on the perimeter of the
pipe) are determined with an accuracy up to 1 e¢m

In 2008 a method of assessing the technical condition (ATC) and calculating the period of safe operation of oil wells [5-7] was
developed. It uses to determine the capacity and life of the wells. Since 2008, ATC more then fifty wells have been performed as an
experimental-industrial testing. There were sites like TNK-BP, NC “Slaveneft” oil wells in Tatarstan and Bashkortostan. Also test
calculations based on the two hundred wells studied previously were carried out.

ATC is performed after a magnetic imaging and cement bond logging. It comprises the steps shown in Fig. 1 including the
determination of the stress-strain state (88S) of the production casing.
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Fig. 1. ATC method

3. Calculation of the term safe operation of the well.
Calculation of SSS production casing wells is carried out using simulation technology column loads in the system ANSYS
finite element tube. At the same time there are a lot of different factors affecting the column, including:
1. Spatial arrangement of the columns
Diameter, wall thickness and pipe material
Characteristics of the soil
Availability and condition of cement

g & e p

The presence and location of centralizers, etc.

Design, data deviation survey, stratigraphic column, the testimony of a magnetic imaging for the detection and location of
centralizers, and the results of studies of cement paste taken into account when assessing the production casing SSS.

3.1. Input data for modeling and calculation of pipe SSS of a production casing wells

Input data for model construction and the pipe wall of calculating SSS using the results of deviation survey:

* The actual length of pipe

* The actual depth at the bottom of the tube

* The actual diameter of the pipe

* The actual wall thickness

* The density of the product used in the well

* Year of entry wells in operation

Parameters taking into account to construct a finite element model and calculation of pipe production casing SSS:

+ Ne measuring point

* The length along the tube

* The shift in the horizontal plane along the X axis

* The shift in the horizontal plane along the Y axis

* Depth at point of measurement

Information about the seams, geological cross-section is taken accord ing to the engineering-geological surveys or data
specified in the project documentation. An example of the data presented in Table 1.

Table 1
Rock power, m 5
The name of the reservoir rock Density of the rock, kg/m
on To
Sand, sandy loam, loam, clay 0 350 1909 4
Clay 350 1030 21422
Clays, sandstones, siltstones, mudstones | 1030 2700 24957
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Fig. 2 shows an example of selection spacing with defects in the well in cement contact, contact-bulk and bulk-type. Symbol
status and quality of the cement sheath insulation casing annulus according to the complex scanning and acoustic cement bond logging
gamma-gamma is given in Tabl, 2.

Table 2
The color map of the Characteristic of a cement quality Sheath insulation casing annulus
state of the cement ring and the color image
1 2 3
Defect-free cement ring Good
Defect-free cement ring with indeterminate contact with the satisfactory
|| rock satisfactory
Cement ring with a vertical microchannel on the border of a Reduced
column
Cement ring with a gap at the boundary of the column from Lower
= 30 to 60 mm
Cement ring in the absence of contact with the column Low
S (openness microgap more, than 60 mm)
Cement ring with a vertical channel of contact-type three- Low
- | dimensional
Cement ring with a vertical channel surround type Low
The absence of a ring of cement r is not
_ I m‘.—.r. .'...F‘;-‘.l_ T E
14
il
B
i
.
i
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§ 1
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Fig. 2. An example of selection in the well spacing wit, Fig. 3. Bilinear model of the material.
defects in cement contact, contact-bulk and bulk-type Point 1: o = Ryn, £ = Ryn/E.

In the example highlighted in the well spacing with vertical microchannel on the border of the cement column (1137,5-1142 m,
1145-1153 m), with ring microgap at the boundary of the cement column (153-1155 m 1155,5-1156 m 1160-1161,5 m), with a contact-
volume defects (1170,5-1173 m 1174-11 78,5 m). Volumetric defects are vertical channels in the cement stone and are characterized by
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a simultaneous decrease in the density of cement (1.5 g/cm3) and the lack of cohesion in the sector openness {45-90).

3.2, Calculation of SSS

Calculation of pipe production casing SSS uses to determine the operating stresses in the defect. Calculation of pipes SSS
using ANSYS includes the following steps:

Creating a mathematical model of the design:

= construction of a geometric model pipe;

= the type of finite elements and the construction of finite-element model:
—  creation of a model material:

- the application loads on the model of the pipe.

Numerical solution of equations describing the behavior of the model and the design is performed using internal algorithms
software package ANSYS. Construction of a geometric model of the production casing tube wells is performed according to the source
data.

To simulate the wells production casing tube used finite element PIPE288 length of 0.50 m, which is used to calculate the
models of tubes with small to moderate thickness - the ratio of pipe diameter to thickness should be not less than 10 (20.8 calculated for
the wells). In the calculation of SSS tube model of the material (steel) is taken as the ideal elastic-plastic material for the bilinear law,
according to fig. 3.

For SSS calculating (the steel strength of the group D according to Russian safety rules (GOST 632-80)) may be used the
following parameters:

—  vyield strength of 373 MPa Ryn =:

— young's modulus E=2 ~ 105 MPa:

- poisson's ratio y = 0,28,

Models are applied to the pipe and securing the load following:

- load is the weight of the metal tube (9 =9.81 m/s2);

- an internal hydrostatic pressure of the product used in the borehole:

- the external pressure from the effects of rock;

- the shift of production casing tube wells in the horizontal plane (the deviation survey results);
- rigidly fixed to the upper edge of the pipe.

The result obtained by calculating the SSS field distribution of equivalent stresses in the pipe production casing of the well. An
example of a model pacemaker according to the results obtained by calculations in the form of distributions of equivalent stress in a
production casing in the interval 1650 - 1850 m with a wall defects in the production casing is shown in Fig. 4.

L s T
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-

Fig. 4. An example of a model pacemaker

3.3. Calculation of the term safe operation of wells with defects.

Calculation of the term safe operation of the defective area element of the production string is performed by the condition to
achieve maximum strength and plasticity at the top of the defect (conditions of preserving the integrity of the column). The stresses in
the area of the defect are determined by the data on the stress-strain production casing state, obtained by simulation. The minimum
allowable residual thickness in the area of the defect is determined numerically from the formulas of fracture mechanics. The valid
period of operation of the column with the defect site is set as a period of time over which the depth of the defect reaches a limiting
value due to corrosion.

67



The corrosion rate of pipe ECS is determined by taking into account the applicable corrosion inhibitors and cathodic protection

system used by the formula:

_t—t,

kopp T

(1)

Where is t0 - the minimum thickness of the pipe as defined in the diagnosis;
t - the design thickness of the pipe;
Ti - the period between the commissioning of wells and date of the survey.
The algorithm of the term safe operation of the well with defects destination is shown in Figures
The technical condition of fittings are also taken into account in the calculations in accordance with the regulatory documents
existing in Russia [8]. At the same time introduced the following gradation of states fittings:
= Normative - intertube backlashes is not more than 30mm;
- non-normative - - intertube backlashes is more than 30 mm.
—  valid - use is permitted without restrictions, period - until the next survey;
- invalid - need to change the conditions of operation or repair,

Calculat

Calculat Calculat Specification Specification
ion Ti i

:> ion —=> ionT ':> Texpl :> Tdiagn

Fig. 5. Algorithm for calculating a safe operation period for the PC with a defects

Tkon - term safe operation of structures with defects as a minimum value for the design of Ti

T - period of safe operation of the wells as a whole as the minimum value for the ECS Tkon

Texpll - the life of the well in years (1, 2, 3, 4), for which the list is determined by the structures be repaired to ensure safe
operation during this period

Tdiagn - the term of the next examination (diagnosis)

3.4. The evaluation of technical condition of wells.

Analysis of the defects of wells held on the results of diagnostic shows that the most common defects of corrosion origin
(about 70% of the total number of defects), which represent the individual ulcers (Fig. 6) or ulceration of the chain (Fig. 7). The most
dangerous ulcers, located around the circumference of the PC and in the zone of pipe coupling (Fig. 8).

e
47a

Fig. 6. Single corrosion damage Fig. 7. Chain of Fig. 8. Corrosion damage in
corrosion damage the area of the coupling

Another typical defect is the intertube backlashes of the production cas ing (Fig. 9), which is under the influence of stress from
bending and pacing of its weight can lead to its depressurization.

A third of the most frequently detected defect is mechanical damage (Fig. 10), which occurs when pump - compressor pipes
are descent and ascent. In determining the life of the pacemaker with this type of defect is taken into account the nature of the defect

1677 -

1678 -

and the calculation is taking into account the emerging cracks in the top of the defect.
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In determining the life of the pacemaker with this type of defect is taken into account the nature of the defect and the
calculation is taking into account the emerging cracks in the top of the defect.

According to the obtained for pilot testing of ATC Technology by an average of 1 kilometer of PC detected 10-20 of corrosion
defects, 5-7 the intertube backlashes and 0.2-0.3 mechanical damage. In this case the results of only 1-2 ATC defect as inadmissible
and their removal is required for continued operation of the well at standard conditions. For the rest defects may be specified a period of
time during which the PC will not seal is broken. During this period, the continuation operating the wells is allowed without repairs
pacing.

Ranking of defects in terms of elimination allows the owner of well work over plan, including determining dates, amounts and
methods of cattle on the basis of full information in the custody of ATC. Now we propose holding of short-and medium-term planning.
Frequency of inspection wells recommended based on the results of repeated surveys of pacing - once every four years.

Obtaining data on the term allows for safe operation in accordance with existing procedures to assess the value of the well.

Conclusions:

1. During 4 years of experimental-industrial exploitation Technology ATC proved its efficiency and feasibility of application
to determine the lifetime of the production casing of wells,

2. With the introduction of technology ATC owner of the well is able to advance to assign a term preventative maintenance
ECS. This eliminates maintenance "in fact” the need for which arises randomly in the fall of production due to damage to the through
ECS.

3. Theintroduction of regular preventive maintenance will allow the owner to exclude wells production decline is not due to
leakage pacing, develop short-and medium-term plans for maintenance, reduce the cost of cattle at the expense of obtaining reliable
information about the defects and improve the environmental component of the operation of wells.

4. Information about the safe operation of the term allows for the valuation of oil and gas wells in the determination of the
reasonable cost of oil and gas assets, including government,

The technology has successfully passed the ATC wells during testing and can be used by oil and gas companies. Industry
regulations and guidelines for the application of this technology can be developed in a short time.
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