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OJITIOOMHTOBOMY OYPEHHIO MPUCYIIL LEIBII
s HEOCIOPUMBIX JOCTOUHCTB, KOTOPBIE
ONPEAEIAIOT €ETO CTONb CTPEMUTEIBHOE
passurue [1]. [Ipexae BCero, 3To BO3MOXKHOCTb

OYPEHUSA CKBAXKUHBI B LIEJIOM WX OTAEIBHBIX

Y4aCTKOB €€ CTBOJIA HA IENPECCUH, YTO MO3BOJISET:

1. Pa3z6ypuBaTh HE(PTETA30BBIE U BCE BBIIIETICKALIUE
IUIACTBI HOPUCTBIX HOPOJ, KOTOPBIE MOI'YT
COAEPKATb HE(PTD WIIN I'a3, IPU JABJICHUH
B CKBAJKMHE HIKE IVIACTOBOTO. DTUM
NPEAYIPEXKIAETCA BOSMOXKHOCTb IPOHUKHOBEHU
B IJIACT 6YPOBOI'O PACTBOPA U €T'O YACTHULL, A TAKXKE
UCKJIIOYAETCA OT(OUIBTPOBBIBAHUE (PUIBTPATA
U3 pacTBOpPA. TeM CaMbIM OOECIIEYUBAECTCS
COXPAaHEHHUE TPUPOJHBIX KOJTIEKTOPCKHUX CBOUCTB
ILUIACTA U IPEAYIIPEKIAETCA CHIKEHHE Oy IyIITUX
J1Ie6UTOB HE(PTH U ra3a.

2. BBIABIATD U JOCKOHAJIBHO U3Y4aTh BCE
MEPCHEKTUBHBIE HA HE(PTD U I'a3 TOPU3OHTHI IO
pa3pe3y CKBA’KUHBI YK€ B IIPOLIECCe OypPEHUS, YTO
OCOOEHHO BA’KHO IIPU MMOUCKOBO-PA3BEIOYHBIX
padoTax.

3. [TogHUMATb 60J1EE JOCTOBEPHBIE OOPA3IILI KEPHA.

4. OnpenenaTb BCTPEYAEMBIE B PA3PE3E BOJAHBIE
IUIACTBI U IIPOIUIACTKY C U3YUYEHUEM XAPAKTEPA
BOJOIIPHUTOKOB U IIJTACTOBBIX JJABJICHU.

5. OTHOCUTENBHO 6BICTPO NOAHUMATH JIO
IMOBEPXHOCTU YACTHUIIBI BHIOYPEHHOM OPOALI (HET
TAKOI'O OTCTABAHUA UX IIPU IIOABEME B 3aTPYOHOM
IIPOCTPAHCTBE, KAK IIPU OOBIYHOM Oy pPEHHUN).
ITo3TOMY MHTEPIPETALINSA I'€OJIOTUIECKOTO
pa3pes3a CKBAYKHUHBI 10 MUIAMY OTIIUYAETCSA
BBICOKOM TOYHOCTBIO.

6. Pe3KO yBEIMYUBATH TEXHHUKO-9KOHOMHYCCKHC
IIOKA34TEN OTPAOOTKH JONIOT (IIPOXOJKA U
MEXAHUYECKASA CKOPOCTD MOT'YT YBETUYHUBATHCSA
B Pa3bl) U3-34 MEHBIIETO YTHETAIOIIETO JABIEHUA
1 U3HOCA IIOPOJOPA3PYIIAIOMIEIO UHCTPYMEHTA,
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drilling has a number of undisputable

advantages, which provided for its

rapid development. [1]. In the first
place, this is an opportunity of underbalanced
drilling of the whole well or some certain sections of
the borehole. It allows for:

1. Destroying O&G and all underlying porous
formations, which may contain oil or gas, when
the pressure in the well is lower than that in
the formation. It prevents the possibility of
penetration of drilling mud and its particles into
the formation and rules out the possibility of
filtering off filtrate from the solution. It guarantees
the preservation of the natural collecting
properties of the formation and prevents the
reduction of future debits of oil and gas.

2. Revealing and thorough studying of all O&G
prospective horizons along the well section even
during the drilling process, which is especially
important for exploration.

3. Lifting more authentic representative core.

4. Defining water formations and interstratified
layers occurring in the section, studying the
nature of water influx and formation pressure.

5. Relatively fast lifting of the particles of drilled rock
up to the surface (there is no such delay in their
lifting in the annulus like during conventional
drilling). That is why the interpretation of the
geological well log according to rock cuttings is
very precise.

6. Sharp raise of technical and economic
performance of the bit run (bit run drilling rate
may be multiplied) due to lesser depression and
wearing out of the formation breaking tools as
well as better treating of the bottomhole from the
drilled cuttings.

7. Identifying Production Index for all promising
horizons in time.



4 TAKJKE JTy4IlIeX OYMCTKH 32605 OT BLIOYPEHHONU
MIOPOJIBIL.

7. CBOEBPEMEHHO YCTAHABINBATh UHAECKC
NPOAYKTUBHOCTH BCEX NEPCIEKTUBHBIX
TOPHU30HTOB.

8. MCKIIOYUTD NOITIOMEHUS IPOMBIBOYHBIX
PacTBOPOB NPHU 6yPEHUHN B 30HAX C AaHOMAJIBHO
HU3KUMH JABJICHUSMU U JIP.

CrnenyeT 0cO60 NOTYEPKHYTD, YTO IIEPBOE U3
MEPEYHUCIIEHHBIX IPEUMYIIECTB OOECTIEUUBAET
JOCTHIKEHME TON BAKHENIIEH LIeIU, PaIU KOTOPOH
U1 OYPUTCS CKBAKMHA, — JOCTOBEPHOE BBIABIICHUE
HEPTErAa30HOCHOCTHU 1 OLIEHKY PEATIBHBIX
MPOMBIIUIEHHBIX 3HAYEHUH IPOSYKTHBHBIX
IJIACTOB B IOMCKOBO-PAa3BEIOYHBIX M MPAKTUYECKHU
CTOIIPOLIEHTHOE MOJIyYEHUE TOTEHIIUAIbHBIX
JEOUTOB B KCIUTYATAIIMOHHBIX CKBAXKUHAX.

BMmecTe ¢ TEM HEOOXOJUMO YUYUTBIBATh
crnenuuYeCcKue OCOOEHHOCTU THPABIUKH
KOJNTIOOMHTOBOT'O 6y PEHUS: MAJIBIA 3ATPYOHBIN
3430P; HEOOJIBIINE CKOPOCTH BOCXOIAIIETO ITOTOKA
B 32TPYOHOM IPOCTPAHCTBE; OGOJBIINE IOTEPU HA
TUAPABINYECKHAE COIPOTUBJIEHUS B THOKOU TPYOE;
MEHBIIINE, YEM IIPU TPAJAUITUOHHOM 6YPEHUN
BO3MOKHOCTH JJOCTUTHYTD 3(P(PEKTUBHOTO
(OO'BEMHOI'0) PEKHUMA PA3PYIIEHUS TOPOABI HA 3260¢€
M13-3a MAJION HAT'PY3KHM HA IIOPOAOPA3PYIIAOIINHI
WHCTPYMEHT, HE3HAYUTEIBHOI'O KPYTAIIETO MOMEHTA
U JOCTATOYHO BBICOKOHM CKOPOCTH BPAILIEHUSA
pOTOpa 3a00UHOTO JIBUTATES; OTPAHUYEHHE
MHTEHCUBHOCTH 3aKA4YKH OypPOBOTI'O PACTBOPA B
T'UOKOI TPyOE M HA3EMHOM OOOPYAOBAHNH.

Kpowme Toro, He0O6X04UMO yKa34Th HA OTPAHUYEHHNE
IIPUMEHHUMOCTH KOJITIOOMHIOBOT'O OYPEHUS
TOPHO-TEO0JIOI'MYECKUMHU YCJIOBUAMMU: O€30IACHO
€ro MOXKHO IIPUMEHATD TOJIBKO B PA3PeE3ax C
KOHCOJIMJIMPOBAHHBIMU I'OPHBIMH ITOPOAAMU
(BONIOMUTBI, U3BECTHAKU, CHEMEHTHPOBAHHBIE
MIECYAHUKU U T.IL.).

B parionax ke C TSKENbIMU (POpMAMU IPOSIBICHUSI
I'OPHOT'O JIABJICHUS [2] OITACHOCTD YBEJIUYHUBACTCA U,
B [IEPBYIO OYEPE/Ib, U3-32 HAPYIUIEHNUH LETOCTHOCTH
CTBOJIA B PE3YJIBTATE OCHIIIEN, O6BAJIOB U BA3KO-
IUIACTUYECKOTO TEYEHH A ITIOPOJ, CJIATAIOMUX CTEHKH
CKBAKWHBL, YTO YPEBATO MPOPAOOTKAMU, 3ATAKKAMU
U IIPUXBATAMH UHCTPYMEHTA.

JLJ1s1 HOpMAIBHOM aan Tally KOJITIOOUMHI'OBOI'O
OYPEHUS K CKBAKUHE B TAKUX YCJIOBUAX TPEOYIOTCS:
1. JeranpHast 1popaboTKa I'UJPABINYECKON

NPOI'PAMMBEI 1O OIIPEJEIEHUIO JOCTATOYHON
I'HUJIPABINYECKON MOITHOCTH /IJISI BPAIIICHU S
JIOJIOTA 3a60MHBIM ABHTATENEM, 9(PMOEKTUBHOM
OUYMCTKHU 326051 U O6ECIIEYEHU I CKOPOCTHU
BOCXOJJAIIEIO IOTOKA PACTBOPA B 3aTPYOHOM
NPOCTPAHCTBE, JOCTATOYHOM 715 TO/bEMA I1JIAMA
Ha [TOBEPXHOCTB.

2. BeI6OD THIIA K TAPAMETPOB OYPOBOT'O PACTBOPA

>
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8. Excluding absorption of the sludge during
drilling in abnormally low pressure, etc.

It should be stressed that the first of the above-
mentioned advantages guarantees achieving
of the principal objective of well drilling that
is reliable delineation of O&G contact and
assessment of production formations economic
value in exploration wells and assurance of
receiving potential debit in production wells.

At the same time the peculiarities of CT drilling
hydraulics should be taken into account: low hole
clearance, low ascending flow velocity in the
annular space; high loss for flow resistance in CT;
more limited, as compared to traditional drilling,
possibilities for achieving an effective mode of
bottomhole rock breaking due to low load on
rock-breaking tool, low torque and high rotation
speed of the downhole motor; limited drilling
mud injection in CT and surface equipment.

Besides, it is necessary to point to limitations
imposed on CT drilling by geological factors:

Its safe use is possible only in consolidated

rock sections (dolomites, limestone, cemented

sandstone, etc).

In the regions with severe forms of ground
pressure [2] the danger increases. Mostly due
to the fact that the integrity of the borehole is
violated by slides, cavings, visco-plastic flow of
rocks, constituting the well walls. Such a situation
may result in wiper trips, tight pull and sticking of
the tools.

The following conditions are necessary to adapt
CT drilling to such a well:

1. Detailed hydraulic program on defining the
necessary hydraulic power for rotating the bit
with a downhole motor, effective bottomhole
clearance and providing of velocity of the
ascending flow in the annular space, high
enough for lifting the cuttings to the surface.

2. Selection of the type and characteristics of the
drilling mud with good lubricities, providing
for maximal stability of rocks in the well walls.

The second objective can be successfully met by
a clear understanding of the mechanism of rock
pressure manifestations.

The essence of the contemporary views on the
problem comes down to the following.

Having adapted to the conditions of all-around
compression, the rocks acquire in the process of
development certain relatively stable properties,
including concrete density, poriness, permeability,
springiness and margin of elastic energy. In case
the original stress field in the massif is produced
by the influence of gravity alone, the value of this
energy can be roughly defined as the product of
formation depth and the weighted mean of the
density of overlying (till day surface) formations. }
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C XOPOIINMHU CMA304YHBIMU CBOMCTBAMY,

00€eCTIEYNBAIOErO MAKCHMATIBHYIO YCTOMYMBOCTD

T'OPHBIX [TIOPOJ B CTEHKAX CKBA’KHUHEL

Bropas 3a1a4a yCIIEIHO MOKET OBITh PEIIEHA HA
OCHOBE ICHOI'O IOHUMAHU A MEXAHU3MA [IPOSABICHUNA
T'OPHOI'O JABJIEHUSA B CKBAKHUHE.

CyTb COBPEMEHHBIX ITPEACTABIEHNUHN 110 3TONU
npoobaeMe CBOIUTCA K CIEYIOMIEMY.

B pesynbprare npucnoco6aeHUs K yCIOBUSIM
BCECTOPOHHEI'O CKATHA FOPHBIE IIOPOBI B IIPOIIECCE
(POPMUPOBAHUS IPHUOOPETAIOT ONIPEJECICHHBIC
OTHOCHUTEJIBHO YCTONYHBBIE CBOMCTBA, B TOM
YMCJIE ONIPE/ICICHHYIO IIJIOTHOCTb, IOPUCTOCTD,
MPOHUIIAEMOCTD, BJIAKHOCTD U 34I14C YIIPYTOH
3Hepruu. Ec/iy Ha4aIbHOE [10J1€ HATIPSKEHN
B TOPHOM MaCCUBE CHOPMUPOBAHO TOIBKO IO,
BJIMSITHUEM CUJIBI TSZKECTH, TO BEJIMYHHY 3TOHN
SHEPrUU MOKHO OPHUEHTUPOBOYHO OIPEAETIUTD
KaK [MPOU3BEJEHHUE ITTyOUHBI 3AJIETAHUA ITOPO/IBI
Ha CPEJHEB3BCIICHHOC 3HAYCHHUE IIJIOTHOCTH
BBILIE3AJIETAIOIUX ([0 JHEBHOU IIOBEPXHOCTH)
MOPO/I,.

BckpbITHE TOPHOI'O MACCUBA HAPYIIACT
YCTAHOBUBIIECCCS COCTOAHUE N30CTA3UU. OKOJIO
CKBa’KMHBI (DOPMHUPYETCH JIOKAJIBHOE CHJIOBOE ITIOJIE C
MAaKCUMAJIbHON KOHLIEHTPALMEN HAIIPSKECHNH Ha e
CTEHKE.

IIpupoaHbIe (PAKTOPHI TAK JKE, KAK U B CJIy4dae
HAPYIIEHU PABHOBECHUSA TOPHOT'O MACCHUBA
TEKTOHUYECKUMHU CUJIAMHU, HAYUHAIOT PA0OTY IO
BOCCTAHOBJIEHUIO COCTOSAHUSA U30CTa3nu. HO n3-3a
KOHIIEHTPALUH HANIPAKEHNUH, THAPOAUHAMUYECKOTO
U (PU3UKO-XUMHUYECKOTI'O BO3JEUCTBUSI OYPOBOI'O
PacTBOPA ATOT MPOLECC OKOJIO CKBAXKUHBI IIPOTEKAET
00J1€€ MTHTEHCUBHO. [TpryeM II1aBHOE 3aKJIIOYAETCSA
HE CTOJIBKO B ITOBBIIIEHUN OTAEIBHBIX KOMIIOHEHT
HANPSKEHUH, CKOIBKO B TOM, YTO UX PACHIPEIC/IEHUE
CTAHOBUTCA CYIIECTBEHHO OTJIUYHBIM OT
I'AIPOCTATUYECKOTO. HOBBIE KOMIIOHEHTEI
HAIPSKEHUI CITOCOOCTBYIOT PA3BUTHIO PA3JIMYHO
HAIIPABJIEHHBIX Je(DOPMALINA.

Korma Hecymas crnioco6HOCTb IOPOJ] OKA3bIBAETCS
HELOCTATOYHOI, TO OKOJIO CKBA’KUHBI O6PA3yeTCsA
HEKOTOPAs IpeJeibHAs1 06/1ACTh, UKW O0JIACTD
MMOHMKEHHBIX HAIPSAKEHUH (pUCYHOK 1). ITopozbt
B 3TOU OOGJIACTH MOTI'YT IIPETEPIIEBATH BECH CIIEKTP
HEYIPYTUX APOPMALUI: OT XPYIIKOI'O PA3PYLIEHUS
JIO BA3KOIJIACTUYHOT'O TEYEHHU . B pe3ynbraTe OHU
YBEJIMYHMBAIOTCA B OObEME M IEPEMENAIOTCA B CTBOJI
CKBaXKMHBL ITp1 3TOM HAIIPSKEHUS B IIPE/E/IbHOM
06/1aCTH YMEHBIIAIOTCA, TPOUCXOAUT PA3PAJIKA
YIPYI'OM 3HEPIMU MJ1ACTA.

KosinyecTBO ypyrou sHepruu, pacxoyeMomn
Ha [IEPEMEIIEHUE TOPO/bL, TPOIOPIIMOHAIBHO
KO3(P(PUITNEHTY €€ OOBEMHOT'O CKATUSA, TTTYyOUHE
3aJIETAHUSA, MOIIHOCTH IIJIACTA U PAANYCY BIIMAHUSA
CKBAKUHBI.
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Uncovering of the rock massif breaks the
established isostasy condition. Local force field is
created near the wall with maximal concentration
of stress on its wall.

As in the case of breaking rock massif balance
by tectonic forces, the natural factors begin to
restore the isostasy state. Due to concentration
of stress, hydrodynamic and physic-chemical
influence of the drilling mud, this process is
going on more intensively near the well. The
main reason is not the rise of certain components
of stress, but the fact that their distribution
substantially differs from their distribution in
hydrostatic condition. New components of stress
contribute to the development of differently
directed deformations.

‘When the bearing capacity of the rock is
insufficient, a critical undertension area is
produced near the well (Figure 1). The rocks in
this area can be subjected to all kinds of inelastic
stress: from brittle crushing to viscoplastic flow.
As aresult they grow in size and move to the
borehole. At the same time the stress in the critical
area reduces with discharge of elastic stress energy
of the formation.

The amount of elastic energy, consumed
for overburden recasting is proportional to
the coefficient of its volumetric contraction,
occurrence depth, formation thickness and radius
of well impact.

The destruction of rocks in nearwellbore
depends on the intensiveness of acting stresses,
rheological properties and completion velocity.

Under certain conditions the discharge of elastic
energy may be accompanied by bursts, slides
and cavings. The possibility of such phenomena
increases with the depth of the well, high velocity
and pore pressure.

The processes near the well develop in time
and reflect various forms of geopressure, which
may end either at the stage of new stress field
emergence (in such case the deformations remain
elastic) or may be accompanied by non-elastic
deformations (an area with rocks in critical
conditions appears).

In the first case the borehole and integrity of
its support remain intact. The negative impact
of geopressure in this case can affect only the
filtering properties of the productive formation in
the near-wellbore area.

The second form of geopressure is accompanied
by formation of cavings and well narrowing.
Cavings emerge in case of brittle crushing. The
well narrowing prevails in the conditions of
visco-plastic flow. In case the borehole is fixed,
additional loads weight on the production string.

Under invariable initial conditions the
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Pazpyienue nopos B IPUCTBOJILHOM 30HE 3ABUCHUT
OT UHTEHCUBHOCTHU JEUCTBYIOIIUX HAIIPAKECHUH,
PEOIOTNYECKUX CBOUICTB Y CKOPOCTU BCKPBITUS
T'OPHOI'O MACCHBA.

IIpu onpeieIEHHBIX YCIOBUAX PA3PAIKA YIIPYIOXU
SHEPIUU MOXKET COIIPOBOXIATHCS «CTPEIAHUEM>,
OCBIIISIMU U O6BAIAaMU TTOPOJI,. BEpOATHOCTD 3TUX
SIBJIEHUI IIOBBIIAETCS C TTTyOUHOI CKBA’KHHBI, C
YBEITMYEHUEM MEXAHUUECKOH CKOPOCTH OyPEHUSA U
TIOPOBBIX JIABJIEHUH.

IIporecchl OKONIO CKBAKUHBI PA3BUBAIOTCA
BO BPEMEHU U OTPAXKAIOT PA3TUIHBIE (POPMBI
NPOABJIEHUN 'OPHOTO JABJIEHN A, KOTOPBIE MOTYT

3aKAHYMBATHCA TUOO0 HA CTAAUN OOPA3ZOBAHUA c?
OKOJIO HEE HOBOI'O IOJIA HANIPSXKEHU M (TIPU 3TOM . o
JIepopMaiiy OKOJIO HEE OCTAIOTCA B IPEAEIax - iPe B
VIPYTUX), TUOO CONPOBOXKIAAIOTCA HEYIIPYTUMU R 8
nepopmansamu (T.e. O6pa30BAHUEM OOJIACTH,
B KOTOPOM IOPO/BI EPEXO/AT B MTPE/ACTBHOC 1 -n252-n=3;3-n<3;a,R b - paduycs. coomeemcmeeHmo
COCTOSIHHE). CMBOA, NPEOeNbHOLL OONACTIUL, GNUSHUA CKEANCUHDL,; O, Oy, O, —
. 27146MHbIe HOPMAJILHBLE HANPAICCHIS, COOMBEMCINBEHHO 0Ce60e,
Ipu nepBo¥t (hopme CTBOJ CKBAKHUHBL 1 KONBUEBOE, DAOUANBHOE; P, — 2UPAMAUOHHbLe HANPAICCHUS;
LIEJIOCTHOCTD €€ KPEITY HEe HAPYIIAIOTCH. r— mexymuupaauyc, PP - éﬂ@ﬂeHH@ cmonba 6yp08020p6l€7)160pﬂ.
Pucynox 1 — Cxema npoaeareHusn 20PHo20 0aeleHus
Orp HHQTCHI’HO? TIOCICACTEHC IPOABJICHIA FTOPHOTO 6 cksadicune. I — npedenvnan ooaacms; I — ooracms
IABJICHUS B 3TON (DOPME MOKET CKA3bIBATHCS ynpyzaux oegpopmavuii; III - nempPonymuwiii 2opnoviii naccue
TOJIBKO Ha yXyIICHHH q)HHprauHOHHBEX CBOUCTB 1 -n>5;2-n=3;3-n<3; a,R,b—radiiof borebole, critical area,
MPOAYKTUBHOI'O IIJIACTA B IPUCTBOJIBHOU 30HE. well impact respectively;
0,0, 0. — principal normal stresses, axial, circular and radial,
Bropas (pOpMa MPOABNCHIS FOPHOTO AAB/ICHUA rgsﬁ’ecﬁvelﬁ' Pa — bydration stresses; r — reference radius;
CONPOBOXKAAETCA KABEPHOOOPA3OBAHUEM U P — pressure of mud column.
CY’KEHUEM CTBOJIOB CKBA)KUHBL B Ciy4yae XpyImKoro Figure 1 - Scheme of ground pressure in the well. I — critical

DPA3PYIIEHHS TPOUCXO/INT KABEPHOOGPA3OBAHHE area; II — area of elastic deformations; III — intact massif

Koryia sxe mpeBanupyeT BI3KOIUIACTUYHOE TEUEHHE —
cyskeHue cTBonA. Eciu cTBOM 6yzeT 3aKpeIeH, TO B

MOCJIEJHEM CJIy4dde HA OOCAAHYIO KOJIOHHY HAUHYT expansion of critical area stops after the elastic
JIEUCTBOBATH JONOIHUTEIBHBIE HATPY3KU. energy act. Complications, prompted by
I1py HEM3MEHHBIX HAYAJIbHBIX YCJIIOBUAX IIOCJIE geopressure, end at the same time. In case the
peanu3anuu yrpyrov JHEPrum B IIpeEAEIax well is not fixed, new equilibrium occurs, when
BJIMAHHA CKBAXXUHBI PA3BUTHE IIPEJIEIBHON the rock volume will be pressed into the borehole.
006J1ACTH 3AKAHYHBACTCS U BMECTE C HUM JIOJIKHBI This volume should be equal to the difference
MIPEKPATUTHCA OCTIOKHEHUA, OOYCJIOBJIEHHBIE between the volumes of rocks in the undertension
[IPOABJIEHUSAMU I'OPHOT'O JIaBjicHuU. B yacTHOCTY, area before and after its transition into the critical
B CJIy4d€e HE3AKPEIIEHHON CKBAXKUHBI HOBOE state. The equilibrium can also be reached, when
PaBHOBECHOE COCTOAHHUE HACTYIIUT, KOI/IA B the reserve of the elastic energy of the formation
CTBOJI OYZIET «BBIABIEH> OO'BEM IOPOJbI, PABHBII near the well, which is excessive for a new state
Pa3sHOCTH O6'BEMOB ITOPO/IBI, 3AKJIIOYEHHOI B of isostasy, is exhausted. In case the borehole
06J1aCTH TOHUKEHHBIX HAIIPSKEHU /10 U ITOCJIE was fixed before the process, the unspent energy
TIEpexo/ia €€ B IPeeIbHOE COCTOSTHUE, TN TIOKA (geopressure) may be transmitted to the support
He OyJIeT U3PACXOOBAH U3JIHUIITHUH JJIs1 HOBOI'O of well.
COCTOSTHHSI U30CTA3UHU 3aI14C VIIPYTOM 3HEPTUHU In real conditions these phenomena may
IJIACTA B IIPEEAX BIUSHUA CKBAXXUHBL Eciin be more complicated, because of the possible
CTBOJI CKBAKMHBI OYIET 3aKPEIJICH PAHBIIIE, vertical movement of the rocks, constituting
4eM IIPOU30H/IET PEATU3AIIMS IIPOLIECCA, TO the formation. If we assume that the overlying
HEN3PACXOOBAHHASA YACTh 3TON SHEPIUU MOXKET deposits are going to subside, the process
OBITB IIEPEAAHA HA KPEIb CKBAXKUHBI B BUJIE TOPHOI'O of arching into the well will be practically
JIABJICHUSL. continuous, though it may be less intensive than
B peanbHBIX YCIIOBUAX 3T SABJICHUSA MOT'Y T in the beginning.
HOCUTD HOJIEE CIOKHBIN XapaKTeP, HAIPUMED, In case the fluid (oil, gas, etc.) is extracted from
HU3-34 BO3MOKHBIX IIEPEMEILCHUT 10 BEPTUKAIN } the well with pore component falling till the }
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NOPOJ, BMEMIAIOMIUX ILIACT. EC/iu 10yCTUTBD, 4TO
BBIIIE3AJIETAIONIUE TOPOABI OYAYT OCENATD, TO
MIPOLECC «BBIAABINBAHU > IOPOJ, B CTBOJI CKBAXKUHBI
OyZAET NPAKTUYECKHU HENPEPBIBHBIM, XOTS, BO3MOXKHO,
Y MEHEE MHTEHCUBHBIM 10 CPABHEHUIO C HAYAJIbHBIM
TEPUOJIOM.

B cnygae or6opa pimronsia (HedTh, ra3 v Ip.) U3
MIACTA, €CJIN OyJET JOMYIIEHO NaJIEHHUE TTOPOBOU
KOMIIOHEHTHI JJO KPUTUYECKOT'O 3HAYEHU A, KOTA
MOPOJA HE BBIJIEPKUT BO3PACTAIOMNX I(PPEKTUBHBIX
HANPSKEHUN, MOKET HAYATHCA «JUCKOBAHUE» TIACTA
C Pa3/ICJIEHUEM €TO HA OTIEIBHBIE 3AMKHYThIE
OJIOKH. DTO AABJIEHUE YPEBATO PAHHUM OOBOJJHEHHUEM
CKBAXKUHBI M PE3KHM CHIDKEHUEM HE(PTETA300THAYN.

HanpskeHHO-Ie(POPMUPOBAHHOE COCTOSTHHE
TOPHBIX OPOJ, B IPUCTBOJIBHON 30HE MOXKET B
3HAYUTETBHON CTENEHN U3MEHATHCS U3-34 (PU3UKO-
XHUMHUYECKOT'O BO3ZEHUCTBUA OYPOBOI'O PACTBOPA:
YBJIAXKHEHHUE, 4ICOPOIITUOHHOE PA3YIIPOYHEHHE,
JENCTBUE IMAPATALUOHHBIX HAIIPAKEHNH,
PAaCTBOPEHME, BBIIETAYUBAHUE U T.1I.

B IMIMHUCTBIX NOPOAAX IPU ONPEJEICHHBIX
YCIOBUAX OKOJIO CKBAXKUHBI MOXKET OOPA30BATHCA
3aIMUTHAA O60JI0UKA, WJIN 30HA JUHAMHUYIECKOTO
paBHOBeCHUA (PUCYHOK 1) € BJIA2KHOCTBIO,
COOTBETCTBYIOIIEN TPEM — YETBIPEM 3HAYEHHUAM
3HEPreTUYECKOIo napamerpa (n):

G

) GmSO ,

n @
rfe G — BECOBAS BIAXKHOCTD ITIOPOJIbI;

G,, — KOIIMYECTBO XUJKOCTH, HEOOXOAUMOE 1JIs
06pa30BaHMA 1M? MOHOMOJIEKYIISIPHOTO CJIOS (IS
BOABI Gm = 3-107 KI);

S, — YAC/IbHAs IOBEPXHOCTD IIOPOIbIL.

IIpoYHOCTD NOPOABI IIPU TAKOU BIAXKHOCTHU E1IE
JIOCTATOYHO BBICOKASL. B TO 3k€ BpeMs IPU 3TUX
YCJIOBUSX MOT'YT AaKTUBHO IIPOTEKATH IIPOLIECCHI
OCMOTHYECKOH JETHUIPATAIUNA 1 HIOHOOOMEHHBIE,
COMPOBOXAAIOIINECS IEPEXOOM CITAO0CBA3AHHOM
BOJIBI B IPOYHOCBA3AHHYIO.

B cOngaHBIX TOPOAAX OOPA3OBAHUE 30HBI
JUHAMHYECKOT'O PABHOBECHS BO3MOXKHO B CBSI3U C
TEM, YTO 37IECh YBJIAXKHEHUE UJET C OTHOBPEMEHHBIM
PaCTBOPEHHUEM.

B pesynbpraTe paCTBOPEHHUS BOJId HACBIIAETCS
cosbIo. C YBETUYEHHEM JKE €€ MUHEPATU3ALINHN
MIPOLECCHI PACTBOPEHMS U YBIIAXKHEHU A
3aMEAIAIOTCSL.

IlepeuncieHHbIE ABJIECHUS (HAPAAY C
MEPEPACIPEACIEHUEM HANIPAKEHNUI U CHUXKEHUEM
JU(PPY3NOHHBIX U 9PO3UOHHBIX IIPOILIECCOB B
PE3YIBTATE YMEHDBIIEHU CKOPOCTU BOCXOIAMIETO
MOTOKA M OOPA30BAHMA 3ACTONHBIX 30H B KABEPHAX)
MOTYT 3aMEAJIUTD UIH ITOJTHOCTBIO NPENOTBPATUTD
Pa3sBUTHE NPEJETBHON OOIACTH U, CJIEOBATEIBHO,
CY’KEHHE M KABEPHOOOPA30BAHUE CTBOJIA CKBA’KHUHBL.

TakuM 0Opa30M, 3TU OCJIOKHEHUS SIBJISIIOTCS
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critical point and the rock failing to resist the
growing actual stress, disking of the formation
may begin with its further division on separate
closed section. This phenomenon may result in
early flooding and production fall.

The stressed-deformed state of rocks in the
near-wellbore area may be substantially altered
by physical-chemical impact of the drilling mud:
sludging, absorption weakening, action of aquatic
stress, resorption, desalination, etc.

Protective sheath or steady state area may
appear in argillaceous rocks under certain
conditions (Figure 1). Its humidity corresponds to
3—4 values of the energy parameter. (n)

G

G.S,’

m~0

n=

@

with G — gravimetric rock humidity;

G,, —amount of liquid, necessary for production
of 1 m? of unimolecular layer (for water
G,,=3107 kg);

S, — rocksurface area.

Under such humidity the rock strength is still
high enough. At the same time such conditions
can give way to osmotic dehydration and ion-
exchange processes, during which the loosely-
coupled water becomes absorbed.

In saliferous rocks the emergence of the zones
of dynamic equilibrium is possible, because
humidification is going on simultaneously with
resorption.

As a result of resorption the water is saturated
with salt. As it gets more mineralized, the
processes of resorption and humidification go
slower.

The above-mentioned phenomena (alongside
redistribution of stress and lowering of the
diffusion and erosion processes as a result of
lower speed of the ascending flow and emergence
of static zones in the caverns) may slow down or
completely prevent the spread of the critical area
and, consequently narrowing and caving of the
well.

Thus, these complications are brought about
the development of critical area. That is why the
efforts of the specialists should be concentrated
on development and implementation of activities
preventing this occasion.

When the section has weak rocks (clay,
saliferous rocks), especially with high pore
pressure, this goal is often almost unattainable.
In such case measures are necessary to create the
protective sheath in the near-wellbore area and
use the positive aspects of the geopressure.

The first objective is achieved by using special
recipes of drilling mud, the second one is
obtained by a variety of engineering methods



CJIEICTBUEM PA3BUTUS IIPEAECTIBHOIM OOIACTH.
[TOo3TOMY YCUIHS CHELTUATHUCTOB JO/IKHBI OBITh
HAIPAaBJIEHDI IEPBYIO OYEPEND HA PA3PAOOTKY U
pEANU3ALUIO MEPOIPUATHIN, IPEAYIPEXAAIOMNUX
€€ TIOABJIEHHE.

I1py HATMYUU B PA3PE3E OUEHD CIAOBIX
nopoy, (INTMHUCTBIE, COITHBIE U T.I1.), OCOOEHHO C
BBICOKMMU IOPOBBIMU JIABJIEHUSAMH, 3TA LIEJIb YACTO
OKAa3bIBAETCA NPAKTUYECKH HEJOCTHKUMOM.

B TakMX C1y4aax JOJIKHBL ObITh IPEATIPHUHATHI
MEPEI, CHOCOOCTBYIOIME (POPMHUPOBAHUIO B
MPUCTBOJIBHON 30HE 3AIIUTHOU OOOJIOUKU
WJIY TIO3BOJIAIONINE UCIIONb30BATh B HY>KHOM
HAMPABJIEHHUH HEXETATETbHBIE TTOCIENCTBUA
MIPOABJIEHUS TOPHOI'O JABJICHUS.

IlepBO€ IOCTUTAETCA ITPUMEHEHUEM
CHELNAIBHBIX PELENTYP OYPOBBIX PACTBOPOB,
BTOPOE — KOMIUIEKCA TAKUX NHKEHEPHBIX
METO/IOB, KK HAIIPABJIEHHOE UCTIOIb30BAHUE
KaBEPHOOOPA30BAHUA, OTOOP NOPOJBI U3
MPEIEIBbHON OOIACTH, CIIELIUAJIBHBIE PEKUMEI
OypeHUs, BbIJICJIEHUE UHTEPBAJIOB, OIIACHBIX B
OTHOIIIEHUY HAPYIIEHUA OOCATHBIX KOJIOHH,
MPOBEPKA CONPOTUBIIAEMOCTH OOCAHBIX TPYO
CMATHIO TOPHBIM JJABJIEHUEM U JP.

J1s peanusanuu (PU3NKO-XUMHUYIECKHUX
(PaKTOPOB YIIPABIEHUA IPOABIEHUAMHN TOPHOTO
ITABJIEHUSI HEOOXOAUMO, YTOOBI CIEITUAINUCTHI
HMMEJIN HA BOOPYKEHUU HAZIEKHBIN METOJT OLIEHKHU
COBMECTHUMOCTHU OYPOBBIX PACTBOPOB C TOPHBIMUA
MOPOAAMHU.

Ha 0CHOBaHUH CIIEJUAIBHO IPOBEAECHHBIX
HAMH UCCJIEJJOBAHNUI YCTAHOBJIEHO, YTO LIEJIb
KOJIMYECTBEHHOT'O ITPOTHO3UPOBAHM A ITOBEACHU A
TOPHBIX IOPOJ, ITIPH KOHTAKTE C OYPOBBIM
PacTBOPOM AOCTHUTAETCA ITyTEM UCTIBITAHUA
JeopMHpOBaHUsI OOPA3LI0B IOPO/BI B €TI0 CPEJIE B
YCIOBUAX OJJHOOCHOT'O C:KATUA IIPU MHTEHCUBHOCTH
HanpspkeHU u remneparype (100 °C),
COOTBETCTBYIOIIUX ITTyOUHE 3aJIETAHUA N3YIaEMOIO
IJIACTA.

DTH UCIIBITAHUSA OTIIMYAIOTCA OT METOJOB
Ha0yXaHUs OOJIbIIEH NTH(POPMATHUBHOCTHIO, 4
OT OIBITOB Ha O6PA311AX — MOJEJIAX CKBAKHH —
MPOCTOTOMH, ONIEPATUBHOCTBIO U IOCTYITHOCTBIO.

HMcnbprTaHU S BRITTIOJIHSIOT HA YCTHHOBKﬁ
PBIYAXKHOI'O TUIIA (PUCYHOK 2), B KOTOPOH
NOAACPKUBACTCS IOCTOSIHHAS B TEYCHUE OIBITA
HAT'PY3Ka U OCYIIECTBIISCTCSA PETUCTPALIS
JepopMHUPOBaHUSI OOPA3LOB C IIOMOIIBIO
3AMMCHIBAIOIIETO YCTPOHUCTBA.

I'my6uHa 3a71€TaHUs IOPOABl YYHUTBIBACTCS
9€pe3 MHTEHCUBHOCTD HATPSAKEHUH 1 =0, /0,

(0, — HATIPSIKEHNE UCIBITAHNS OOPABIIOB; 0, — UX
KPATKOBPEMEHHAA IPOYHOCTD). C 3TOU LIEJIBbIO B
COOTBETCTBUU C THIIOTE30M IPOUYHOCTU I'ybepa
ONPE/EIAIOT KPUTHYECKYIO INyOHHY h, , Ha

technologies: coiled tubing drilling

like the targeted use of caving, selection of rock
from the critical area, special drilling modes,
defining intervals, dangerous for the production
strings, examination of casing pipes’ resistance to
geopressure crushing.

In order to implement the physical-chemical
factors of geopressure control, the experts should
have a reliable method for assessing of drilling
muds with various types of rocks.

Special research activities helped to find out
that the quantitative forecasting of the rock
response to drilling muds can be made by testing
the deformed rocks in their environment and
in the conditions of uniaxial compression,
intensive pressure and temperature (100 °C),
corresponding to the depth of the explored
formation.

These tests give more information than swelling
methods, and they are simpler, more available and
operational than tests on samples of well models.

The tests are done on lever-type units (Figure 2),
which have constant load during the experiment.
The units register the deformed rocks with the
help of a recording device.

The stratification depth is calculated via stress
intensity i=o, /0, (0, — stress of samples testing;

o, — their short-term resistance power). Therefore,
in compliance with Huber’s strength hypothesis,
the criticaldepth h, ; at which the rock in the
well wall is going to enter the critical state, is
defined

h o=t % @)

3 gp,—p,)

The stress for the depth h <h__ is calculated by

formula

1 h 3
0, =—0,— .
[} 5 0 hkp
In case, when h > h,_; the formula goes like this
1
%=50 @

On the ground of experimental data, the

coefficient of stability X, taking into account
the softening action of the solution, is defined by
formula,

€, t,

et ©)
with €€ —absolute values of the ultimate strain
of rock samples during test time in compensation
liquid and drilling mud, respectively; t — time of
testing sample in the drilling mud; t, — time from
the torque test till destruction of the sample in the
control liquid.

Distilled water or solution from the drilling well }
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TEXHOJIOTUH: OYPEHHE KOJITIOOMHIOM

KOTOPOM MTOPOJIA B CTEHKE CKBAXKUHBI [TIEPEH/ICT B
IIPEJIEIBHOE COCTOSTHUE:

h =_1 % 2
3 g(p,—p,) @

At rny6unet h<h,_ HAIPSKCHUE UCIIBITAHHS
BBIYMCJIAIOT IO (popmyIie

1 h 3
0, =—0,— .
[ 3 0 hkp
B cnygae h > h, npunnMaior
1
0‘13:\/—3 00 . (4)

Ha 0CHOBaHUHM ONBITHBIX JJAHHBIX KO3M@UIITUEHT
YCTOMYUBOCTHU N, YUUTHIBAIONIUI PA3YIIPOYHAIONICE
JEHCTBUE PACTBOPA, ONPEJEIAIOT IO (POPMYIIE
&5
8[’

©)

—t

)
B
e €, Sp — abCOJIIOTHBIE 3HAYEHUS IIPEIE/IbHBIX
neopMmaniyit 06pa3rioB HOPOALI 3d BPEMSI
UCHBITAHUS, COOTBETCTBEHHO, B KOHTPOJIbHOH
XKUJIKOCTH 1 GYPOBOM PACTBOPE; £ — BPEMs
HCIIBITAHUS 0O0PA31id B 6y POBOM PACTBOPE; £, — BPEMS

OT MOMEHTA HATPYKEHUS /IO PA3PyIIEHUsT O6PA3Iia B
KOHTPOJIBHOM JKUJJKOCTH.

B KauecTBE KOHTPOIBHOU XKUJKOCTU UJIU
JKMJIKOCTH CPAaBHEHUSA B 3AaBUCUMOCTH OT
L€/ UCTIBITAHUI MOKHO UCIIOJIb30BATh
JUCTHUJJIMPOBAHHYIO BOJLY HJIM PACTBOP U3
OypAITENCS CKBA>KUHBL

KoadpuimeHT yCTOHYUBOCTH MOXKET U3MEHSTHCS
B IIIMPOKOM JIMATIA30HE: OT EAUHUIIBI B KOHTPOJIBHOMU
SKUAKOCTH 710 5000 u 60s1€€ B paCTBOPAX HA
YIJIEBOJIOPOAHOU OCHOBE. Ero 3Ha4EHUE MOKET
OBITb M MEHBIIIE €AUHUIIBL, ECJIN PA3YIPOUHAIONIEE
JEUCTBUE UCTIBITYEMOI'O PACTBOPA OyJIET OOIBIIIE, YEM
KOHTPOJIbHOM JKHUJKOCTH.

BypoOBO# pacTBOP C HAMOOIBIINUM 3HAYEHUEM
KO3(pPUIIMEHTA YCTOHYUBOCTH OOECCIIEYUT
MAaKCHUMAJIbHYIO YCTOMYUBOCTDH FTOPHOM IIOPOALI B
CTEHKAX CKBAKUHBL

DPPEKTUBHOCTD UBIOKEHHOI'O UHTETPAIBHOI'O
METO/IA OLIEHKHU PA3yIIPOYHSIONIETO AEHCTBUSA
OypOBOI'O paCTBOPA MOATBEPKAEHA MACIITAOHBIMUA
JIaGOPATOPHBIMHU UCCIETOBAHUAMHI U HATY PHBIMHA
HAGIIOACHHUSIMU.
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1 — 2py3; 2 — cmotixa; 3 — 3anucsiéaroujee )yCmpoucmeo;
4 — pe2ynuposourviii 6UHNL;

5 —poiuaz; 6 — HamaxXcHotl 6oam; 7 — cmotixa; 8 —
OCHOBanue; 9 — nauma;

10 — wnunwvra; 11 — cocyo 05 HUOKOCIU C
mepmocmamupyrouett PyoauKots;

12— obpasey, 20p1oti nopoowt; 13 — exnadvius; 14 —
Kporwmerin, 15 — nayuxceprnan napa; 16 — wapur.
Pucynox 2 — IxcnepumenmanvianyCmanoexa
0151 UCCNeO0BANHUA BAUAHUA OYPOBBILX PACMEOPOE8
Ha degpopmupyemocms 00Pa3yu06 2OPHoLLX

1OPOO 8 YCA0BUAX OOHOOCHOZO CHCAMUA NPU
memnepamype 0o 100°C

1 — load; 2 — column; 3 — recording device; 4 — setting
screw; 5 — lever; 6 — adjusting bolt; 7 — colummn; 8 — footing;
9 —stove; 10 — piny, 11 — liquid vessel with thermostate
case; 12 — sample of rock; 13 — follower;

14 — support; 15 — plunger pair; 16 —ball.

Figure 2 — Exﬁ)erimenml unit for studying the

impact of drilling muds on deformation of rock

samples under conditions of uniaxial compression
and the temperature of 100°C

may be used as a control liquid or comparison
liquid depending on the objective of testing.

The stability coefficient may change in a wide
diapason: from 1 in the control liquid till 5 000 and
more in hydrocarbon-based solution. Its value can
be below 1, if the weakening impact of the tested
solution exceeds that of the control liquid.

The drilling mud with the biggest stability
coefficient is going to provide the maximal
stability of the rocks in well walls.

The efficiency of the given integral method of
evaluation of the drilling mud weakening impact is
confirmed by large-scale laboratory research work
and natural observations.
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