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Cnoco0 oneHKH NJIACTOBOIO JaBJICHHA NPH pa3BeJ0OYHOM OypeHHH

Ha ocHoBe aHan3a 1abopaTOpHBIX MCCIIEOBAHUI 1 INTEPATYPHBIX JAHHBIX MPEIJIOAKEH CIOCO0 OLIEHKH MIAaCTOBOTO
JaBJIeHNs TIpY pa3BelOYHOM OypeHHH, NO3BOJISIOLLMI BbISBUTH 30Hbl aHOMAJIbHO BHICOKOTO TJIACTOBOTO AABJIEHUSA
(ABII[) npy HaMM4MK CeMCMUYECKHX JaHHBIX O ITyOHHAX 3ayieraHys JJOBYILIEK. YKa3aHHbIH Crioco0 OLEHKH OazupyeTcs
Ha pa3paboTaHHBIX B KOHLIE XX B. METOAMKAX C MCTIOJIb30BAHUEM d- M G-OKCTIOHEHT, YUUTBIBAIOLINX MEXaHUUECKYIO
CKOpOCTb OypeHusi, CKOPOCTh BpALIEHNs pOTOpa, Harpy3Ky Ha J0JOTO M €r0 ANaMeTp, JINTOJIOTUYECKYIO0 KOHCTaHTY
Y CTeTeHb YTUIOTHEHHS MOPOJ, TUIOTHOCTh OYpOBOTO PacTBOpa 1 "pernoHaNBHYIO TNIOTHOCTS'. M3BecTHO, 4TO mpn
pa3BenoYHOM OypeHnMM HaOmogaeTcs MyJbcauys OaBJIEHWS HA yCThe CKBAKWHBL. Takas Mmynbcanys sBISETCS
CIIEICTBMEM TIepeadr IIacTOBOTO IaBlieHNs uepe3 TInHy. B nanHo# paboTe NMpuUBOANTCS ONMMCaHNe MeXaHu3Ma
nepeayM JaBjeHHs Ha 3a00i, a Takke MOBeIEHHE CJI0S [JIMHbI PH Nepeade yepe3 Hero M30bITOYHOro JaBIeHus.
Jlnst onpeneneHyst OBeAEHKs MOpoibl Ha TpaHuLe 30HbI ABI/] cipoekTypoBaHa U co3aHa JlabopaTopHast yCTaHOBKa,
Ha KOTOPOi1 BBIMOIHEHO MOIEJIMPOBaHUE Nepeiadl JaBleHHs Ha 320011 CKBaXKMHBI Yepe3 IO IINHBI U yCTaHOBJIEHA
BBITYKJIOCTb CJIOA TJIMHBI MPU AuameTpe 32005 215.9 MM. YcTaHOBNIEHa 3aBUCUMOCTb Nepeliadu AaBleHUs Yepes
[JIMHY U TIOKa3aHa peaKLyst BEpXHEro CJos TIIMHbI, MMEIOLIEro BhIMTYKJIOCTb BbICOTOM 25 MM. Pa3paboTtana cxema
pactipenenenus (OanxaHca) TaBJieHHM, KOTOpas yIuThIBaeT paccrosiaue ot 30H ABIT/] mo mecta 3a60s1. CocTaBiieHO
ypaBHeHHe OanaHca U1 OLEHKH TUIACTOBOTO AABJIEHHS C YIETOM TeKyIleil TTyOrHbI CKBaKHHBI, PACCTOSIHHUS OT 32005
1o kpoiu ABIIJ] ¥ mIOTHOCTH TJIMHBI.

KJ1ro4eBblie ¢J10Ba: 1J1aCTOBOE JIaBJIEHHE, 30HbI AHOMAJILHO BHICOKOTO IUIACTOBOIO JIABJICHUS, pa3BeI04YHOE 6prHI/Ie, MOJIEJIMPOBAHUE ABII.

Beenenue
ITocTosHHBII KOHTPOJIb TEXHONIOTMUYECKHX, F€0JIOTHYECKUX U re0(pU3NIeCKUX TaHHbIX, TPOrHO3UPOBaHKE
BO3HUKHOBEHHMS OCJIO’KHEHUI I aBapUITHBIX CUTYalMii — aKkTyallbHasl 3a/la4ya, peleHue KOTOPOil MO3BOJIUT MOBBICHTh
ypoBeHb 6e30macHocTH OypoBbIX padoT. [Tpornos 300 ABII/] HeoOxoauM Mpy MPOBEAEHUN Pa3BEIOYHOTO OypeHUsL.
B xonue XX B. Ob1111 pazpaboTaHbl METOJWKH C UCTIONIB30BAHNEM d- U G-3KCTIOHEHT. [IpombIcioBbie paboThI
TIOKa3aJid, YTO 3TH METOJMKH HOCTATOYHO TPOCTHI M MPH ONAaronpusATHBIX YCIOBUAX OypeHNs! MO3BOJISIOT PAcio3HATH
30Hy ABIIJI. M. G. Bingham [1] mpemnoxuit coOOTHOIIEHIE MEX Ty CKOPOCTBIO TIPOXOIKM M Harpy3Koil Ha MOJIOTO:

ROP/RPM = a(WOB/D)", D

rne ROP — mexaHn4eckasi ckopocThb Oypenust; RPM — 060poTsl potopa; WOB — Harpy3ka Ha 10J10T0; D — quamerp
J0JI0Ta; a — IUTOJOTMYECKasi KOHCTaHTa; d — SKCIIOHEHTA YIIOTHEHHS TIOPOI.
J. R. Jorden, O. J. Shirley [2] nomy4unu pelieHre 3TOr0 COOTHOIIEHHS B CIIEAYIOIEM BUJIE:
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3arem B. A. Pem u M. T. Mak-Knennon [3] npoBenu Moan(puKauuio d-3KCIOHEHTHI, YWIN TJIOTHOCTh
O6ypoBoOro pacTBopa u "peruoHajbHyI0 INIOTHOCTB":

d=d* 3)
Psp

TJI€ Pgp — IVIOTHOCTH OypOBOTO PacTBOpa; p — "perroHanbHas IIOTHOCTL. Tak, "pernoHanbHas IWIOTHOCTE" I
MeKCHKaHCKOTO 3ajiBa cocTaBiseT 1.07 r/cM’, a uis apkTHdeckoro menbha — 1.03 r/cv’. B okoHUaTebHOM BHJIE
C Y4€TOM M3HOCA J0JI0Ta OHA MPEeACTABIsIeT MOAN(DUINPOBAHHYIO d-9KCTIOHEHTY.

B 1980—-1990-x rr. BeLABHHYTA rUnoTe3a NpoucxoxaeHus 300 ABIIJ] B 3aBUCHMOCTH OT re0JIOTHYeCKUX
XapaKTepUCTUK MECTOPOKIEHUS U pa3paboTaHa MX Kinaccugpukauus [4]; naHo 00001IeHHOe NPEACTaBIEHHUE O MPUYMHAX
BO3HMKHOBEHHS, PacnpoOCTpaHEHUH, MeTolax NnporHo3upoBanus 30H ABIIJl u AHIIJI, onucanbl npakTUyecKkue
pe3yNbTaThl NPOrHO3UPOBAHKS Ha MpUMepe psifa HeTerasoHOCHbIX MECTOPOXKAECHHH [S]; MpUMEHEHB! d- 1 G-3KCTIOHEHTBI
Ui porHo3upoBanus 30H ABIIJ] u ouenku miactoBoro aasneHus [3]. B 2000-x rr. ucciaenoransl 30H61 ABITL
U PacCMOTPEHbI MEXaHU3Mbl UX BO3HMKHOBEHUA Ha [IpupasnoMHOM He(TIHOM MecTopoxaeHuH [6]; o6ocHoBaHA
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HEOOXOIMMOCTh OTieperkarormero nporao3uposanus ABIIJ] npu Oypernu [7]; npemtoxkeH criocod onenku ABITJ]
0 JTaHHBIM ceficMopasBenku [8].

MaTtepuajbl 1 MeTOAbI

[IpencraBneHHple B JUTEpaType METOIbl M CIOCOOBI MPOTHO3UPOBAHMSA OTJIMYAKOTCA 3HAUUTENTBHON
TIOTPEITHOCTHIO OLICHKH JIABJICHUS ¥ TIPUOTIKEHHBIME pe3yibTaTaMi uccienoBanwst. [Iporaozuposanme 308 ABITJ]
1 OLIEHKA TTACTOBOTO IABJIEHHS B MPOLIECCE PA3BEIOYHOTO OypEeHHS OCTAIOTCS aKTyallbHBIMH 3a1adamMu. JloctatouHo
TOYHBIMH TPeNCTaBIAOTCS MporHo3sl ABII/], BBIMOSHEHHbIE [0 AaHHBIM, TOJYYEHHBIM C TOMOLIBIO MOAEIbHBIX
ycranoBok. OJIHa U3 TaKMX YCTaHOBOK ObLia co3laHa Ha kadeape Mopckoro HedrerazoBoro aena MI'TY (puc. 1).

Puc. 1. Cxema 1abopaTopHOii ycTaHOBKH
Fig. 1. Scheme of laboratory setup

YcTaHOBKa COCTOMT U3 CIEYIOIIMX COCTaBHBIX YacTeil: HIKHUN CJION MpencTaBieH MeITKO3ePHHUCTBIM
MIeCKOM, BEpXHMH CJIOM COCTOMT W3 IUIMHBI; B INIMHE HaXOAATCS MOJENM BOCBMU CKBA)XXMH C PasHON MIyOMHOI
pacrionoxeHus 3a00s1 CKBaXXHH. B ciioe mecka co3maeTcst n30BITOYHOE TaBJICHUE, U MPH 3TOM PETHCTPUPYETCS
peakius 32005 CKBaXKHH.

PesynbTathl n o0cyxaeHue

Peaxmms 3a60eB 1a00paTOPHBIX CKBAKWH MPOWCXOINT IO JIMHEITHOMY 3aKOHY TIpH Tepeaade NaBleHNs
yepe3 IMMHY. Perucrpanus nepeMenieHnii NpoM3BOAMIACH C TIOMOLLbIO TPUOOPA, N3TOTOBJIEHHOTO B COOTBETCTBUU
¢ 'OCT 577-68; n30pITOuHOE qaBIeHNE N3MEPSIIOCH MAHOMETPUIECKON TPYOKOii.

PezynbTaTsl 3aMepoB CBUIETENLCTBYIOT O TOM, UTO JIaBJIEHNE Yepe3 MIMHY NPpY JaHHOM TTOPOBOM JaBieHuy, [1a,
nepeaaBagoch Ha 3a00U CKBaXKMH; PeakLIo 3a00eB CKBRKUH MOXHO ObUIO OMPENeInUTh TOJIbKO B MEPBbIX MATH
CKBaXMHAX U3 BOCbMU. [1o Ocu OpIMHAT OTJIOXKEHBI MEpPBble peakLny 3a00€B MOAENBHBIX CKBaXKMH, MM; BO3Jie
Ka)KIOH CKBaXXMHBI yKa3aHbl N30BITOYHbIE NAaBJICHNUS, BO3HUKIINE HAa YCThE CKBAKMHBI W 3apETUCTPHUPOBAHHbBIE
MaHOMETpHUIeCKoit TpyOKoii (puc. 2).

I[Tocne nepBbIX 3aMepOB UCCIEIOBaHa peakLys 32005 OAMHOUHOM CKBa)KMHbI. Peakuuto 3a0051 0IMHOYHOM
1ab0paTOPHOM YCTAaHOBKH MILTIOCTPUPYET (hOTO, IpeICTaBIEHHOE Ha PHC. 3.

Brrmmyxitocts 320051 1a00paTOpHOI yCTAHOBKH COCTaBWIIA 25 MM Ha 3aBEpIIAIOIEM dTare UCCIeJOBaHHM
(mmamertp 32604 215.9 mm). BepTukanbHblil ruapopaspeiB 320051 OAMHOYHOM CKBa)KUHBI MPOU3OLIEN MPU MOSBJICHUU
NIepBOii TPELLMHBI MPHU BIMYKJIOCTH 32005 Bcero 2.5 MM. J[MHaMKKa BEpTHKaIBLHOTO TMAPOPA3phIBa [NIMHBI MPeICTaBleHa
Ha puc. 4.

ITpu cocraBneHny ypaBHeHUs OaaHca JaBleHUH MCTONB30BaHA CXeMa I OLEHKH IIaCTOBOrO JABJIEHHS

(puc. 5).
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Puc. 2. I'paduk nepenauu AaBJeHHUs Yepe3 MIINHY Ha 32001 J1abOpaTOPHON YCTAHOBKU
Fig. 2. Schedule of pressure transmission through the clay on the bottomhole of the laboratory setup
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Puc. 3. BoimykiiocTs 320051 1a00paTopHO#l yCTaHOBKH
Fig. 3. Convexity of the bottomhole of the laboratory setup
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Puc. 4. [Tpouecc BepTUKaILHOTO rUIpopa3pbiBa MIMHBI U JAlTbHEILee HarHeTaH!e BO3LyXa B 3aBUCMOCTH OT BPEMEHU

Fig. 4. Progress in the process of vertical fracturing of clay and a further injection of air
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Puc. 5. Cxema mns cocTapneHns 6ajnaHca JaBIEHMI: Pg, — INIOTHOCTE OYPOBOIO PacTBOpa;
g — ycKopeHue cBoOOAHOro NMajeHus; H — Texyas riayOuHa CKBaKUHBI; /1 — pacCTOSHUE
ot 32604 10 kponu ABII/I; p;; — INIOTHOCTh TJIMHBI
Fig. 5. The scheme for drawing up pressures' balance: where pg, — the mud density;

g — the acceleration of gravity; H — the current depth of the well;  — the distance
from the bottom up to the mine roof of the abnormal reservoir pressure; p,, — the clay density
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Takmm o6pazom, mpocTeiiiee ypaBHEeHIe OalaHca BBITTISIIUT CIETYIOMNM 00pa3oM:

Py = popgH + pragh. “)

Ecnu npu pa3zeegouHoM OypeHun OyayT BbisiBieHbl pusHaku ABII]/I, To oLleHHUTH MJIaCTOBOE AaBJICHHE
He ynacTcsl, Tak Kak Hen3BecTHa riyOuHa /. ClieyeT OTMETUTh, YTO HMXKEPACIIONOKEHHBIH TIacT ¢ OONbIINM
JIaBJIEeHWEM MOXET CO3/1aTh Takoe ke mepemelieHue 3ad6os. Kpome Toro, rmo celicMM4eCKUM NaHHBIM M3BECTHA
npubnu3uTenbHas riyouHa 3aneranus 3oubl ABITJ] wnu paccrostHue go "spkoro nsaTHa". Toraa s ctaHOBUTCA
W3BECTHOM BEJIMUMHOM, M BHIYUCIIEHHE TJIACTOBOTO IABJICHUS 110 YPaBHEHHIO OalaHca MpruodpeTaeT cMbIci. Takum
o0pazoM, Tpu o0OHapyxeHnH npusHakoB ABIT/] MOXKHO OLIEHHTb ILTAaCTOBOE NaBiieHue. J[aHHbI pacueT anpoOupoBaH
TIpy aHaJIM3€ TaHHBIX T10 6ypeHm0 CKBA>KHNHBI MCZ[LIHCKaSI-Mope-2. HO]”peH.[HOCTL OLICHKHU IINTaCTOBOI'O0 JABJICHUSA
10 d-3KCcTioHeHTe cocTaBmia 20 %, Toraa Kak 1o COOTHOIICHUIO (4) TaHHAs TIOTPETITHOCTH (110 CPABHEHUIO C JaHHBIMU
HaTypHBIX M3MepenHit) paBHa 9.5—12 %; 3T0T (hakT 00BSICHAETCS TeM, YTO UCTUHHAS TUIOTHOCTD IJIMH OblJTa HEM3BECTHA.

Ho Takoke m3BecTHO, UTO 3HAYECHNE TABJICHAS B TUIacTe He()TH, Ta3a WK BOIBI He MOXKET OBITh OOJIBIIIE BETMUHMHBI
OLICHKY JABJICHYS TIO CpeHel TDIOTHOCTH TIOPO TIPY TAHHOM TTyOWHe 3aJeraHvs JIOBYIIKH. Tak, ipy OypeHNH CKBaKIUHBI
AnMupantelickasi IOPOBOE IaBJIeHHE COCTaBIIO prumepHo 67.7 MIa, a oueHka no cpeaHeit mioTHocTy nopoa — 68 Mlla.
Ho Takoe cxoacTBO 00YCIIOBIICHO CITydaiiHbIM COBMAICHUEM B3SITOM CpeHEl TIIOTHOCTH TIOPO ¥ NTYOMHOM CKBAYKHHBL.
ECJ1 II0THOCTH TOPOJ] PHUHATH PaBHOM 2.4 I/cM’, TO OLieHKa aaBienns coctasut 70.6 MITa.

3aki0ueHue

B nporecce OypeHHs pa3BeJOYHBIX CKBaKMH HEOOXOAMMO UCTIONB30BaTh CEHCMIUECKHE NaHHbIE O TITyOMHAX
3ajleraHus JIOBYLIEK; NPY BO3HUKHOBEHNH Npu3HakoB ABII/I — mpon3BOANTE OLEHKY MIACTOBOTO AABJICHHUS 30HbI
ABII/I. JlaHHBIH POTHO3HEII CITOCOO OIIEHKH TIOPOBOTO IABJICHHUS MOKET OBITh TPUMEHEH TOJBKO B TEPPUTCHHOM
paspese.

B xoze uccrnenoBanmit ycTaHOBJIEHA 3aBUCHMOCTh TIEpeiauy IABJICHUS Yepe3 TIIMHY W MOKa3aHa PeaKLs
BEPXHETO CJI0S TJIMHBI; pa3paboTaHa cxema pacnpesesneHus (bajmaHca) TaBIeHH, KOTOpast yYUTBIBAET PaccTOSTHNE
ot 30H ABIIJI 1o mecta 3a00st; COCTaBIeHO ypaBHEHNe OajiaHca IS OLEHKH IUTACTOBOTO IABJIEHUS C YIETOM TeKyIeH
TTyOUHBI CKBKUHBI, PACCTOSHUA OT 320051 10 KpoBiu ABIIJI ¥ OTHOCTH TITMHBL. Pe3ynbTaThl JaHHBIX HUCCIIEI0BaHUM
MOTYT HaifTH MpaKTHYeCKoe MPUMEHEHNE MPH Pa3BEJOYHOM OypeHNN CKBa)KIH Ha aKBaTOPHH, B MPOLIECCE MPOrHO3HOM
OLIEHKH NIOPOBOTO JaBJieHUs, MpU oOHapykeHuH npuzHakoB ABII/I.
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B. A. Korotaev, V. M. Vasyokha, A. M. Onufrik

Reservoir pressure evolution model during exploration drilling

Based on the analysis of laboratory studies and literature data the method for estimating reservoir pressure in
exploratory drilling has been proposed, it allows identify zones of abnormal reservoir pressure in the presence of
seismic data on reservoir location depths. This method of assessment is based on developed at the end of the XX
century methods using d- and c-exponentials taking into account the mechanical drilling speed, rotor speed, bit
load and its diameter, lithological constant and degree of rocks' compaction, mud density and "regional density".
It is known that in exploratory drilling pulsation of pressure at the wellhead is observed. Such pulsation is
a consequence of transferring reservoir pressure through clay. In the paper the mechanism for transferring
pressure to the bottomhole as well as the behaviour of the clay layer during transmission of excess pressure has
been described. A laboratory installation has been built, it has been used for modelling pressure propagation to
the bottomhole of the well through a layer of clay. The bulge of the clay layer is established for 215.9 mm
bottomhole diameter. Functional correlation of pressure propagation through the layer of clay has been
determined and a reaction of the top clay layer has been shown to have bulge with a height of 25 mm. A pressure
distribution scheme (balance) has been developed, which takes into account the distance from layers with
abnormal pressure to the bottomhole. A balance equation for reservoir pressure evaluation has been derived
including well depth, distance from bottomhole to the top of the formation with abnormal pressure and density of
clay.

Key words: reservoir pressure, abnormal reservoir pressure, exploration drilling, modelling of abnormal pressure.
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