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PA3PABOTKA METOJUKHA ONPEJAEJEHUS YCTOMYUBOCTH CTBOJIA
HAKJIOHHO HATIPABJEHHOM CKBAXKHWHBI
DEVELOPMENT OF METHODS FOR DETERMINING THE STABILITY OF THE
TRUNK INCLINED DIRECTIONAL WELL

Apcnanosa 3.P., baunoe I1.A.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Arslanova E.R., Blinov P.A.
Saint-Petersburg Mining University, Saint-Petersburg

[Ipn OypeHunm CKBaXKMH BO3HHUKAaeT MpoOJiieMa YCTOWYMBOCTH CTEHOK CKBaXKUHBI,
MMpUBOJAIIAsA CBOUMHU IMMOCICACTBUAMU K OCIIOKHCHUAM U YBEIIMUCHUIO CTOUMOCTU CKBAKHUHBI.
B nanHoif pabote pa3paboTaHa METOAMKAa ONpPEIENIEHUS YCTOMYMBOCTH CTBOJIA HAKIOHHO
HaHpaBHeHHOfI CKBAXXVMHBI U pacCMOTpPE€HA 3aBUCUMOCTH ITapaMETpPOB yCTOﬁ‘—IPIBOCTH CTBOJIa
CKB&)XMHBI OT BIUSHUA (priibTpaTa OypoBOTO pacTBOpa.

ens paboTBl - CcO3MaHWE METOJUKHA OICHKH YCTOWYMBOCTH CTBOJA HAKIOHHO
HaIpaBJIEHHOW CKBa)XWHBI B 3aBHCHUMOCTH OT BIUSHUS (PUIbTpaTa OypOBOTO pacTBOpA.
3anaan1/I I/ICCJ'IGI[OBaHI/II\/'I ABJIIIIACHE: OIMPEACTICHUC BO3MOXHOCTHU HU3MCHCHHUS IPOYHOCTHBIX
CBOWCTB TOPHBIX MOPOJa (UIBTPATOM OYpPOBOTO pacTBOpa; pa3paboTKa METOIWKH pacuera
YCTOﬁqHBOCTH CTCHOK CKBAXXHWHBI B 3aBUCUMOCTHU OT 3€CHUTHOI'O yIjla U MEpCpacrpCaACICHUA
HanpsH>KEHUM B IPUCTBOJIBLHOM 30HE.

Biusuune 6ypOBOFO pacTBOpa Ha IIPOYHOCTH I'OPHBIX ITOPOJ OLICHHUBAJIOCH CIICAYIOIIUM
o0pazoM. Uepes HACHIITHYIO MOJIeJb TOPHOM MOPOJBI C MOMOIIBIO (DUIBTP-TIPEcca HU3KOTO
JaBJICHUA IIPOU3BOIOUTCA (bHHBTpaHI/IH 6ypOBOFO pacTBOpA, IOCIC YEro HCCICAYIOTCI €€
IIPOYHOCTHBIC CBOMCTBA - CHCINICHHUE U YI'OJI BHYTPCHHETO TPCHHA C IIOMOIIBIO YCTpoﬁCTBa
OJHOIIIIOCKOCTHOI'O Cp€3a. Ha ocHoBe IMPOBCACHHBIX I/ICCJ'IC,I[OBaHI/Iﬁ OBLIO BBISIBJICHO, 4YTO
COCTaB 6yp0BOFO pacTBOpa, a TaKKE €ro CBOMCTBA MOT'YT CYHICCTBCHHO BJIMATH HA MIPOYHOCTDH
l"OpHOI71 IIOpOAbI. I[J'I}I OLICHKHU YCTOﬁHHBOCTH CTBOJIA CKBAXUHEI ObLIa pa3pa60TaHa METOAHKA
pacucTa, y4YuUTbIBaromiasa HN3MCHCHHC CBOMCTB l"OpHOfI nopoanl IIOCJIC B3aHMOﬂeﬁCTBHH C
OYpOBBIM PacTBOPOM.

Ha ocHoBe BBINOJHEHHBIX I/ICCJIG,I[OBaHI/Iﬁi INOJIydyCHa 3aBHCHMOCTDH yCTOﬁ‘IHBOCTH
CTBOJIa HAKJIOHHO HaHpaBHCHHOﬁ CKBAXKHHBI OT IIPOYHOCTHBIX XAPAKTCPUCTUK I'OPHBIX IIOPOJ
C YYCTOM 3CHUTHOTO yTJIa, OIIPEACIICHA BOSMOKHOCTD PCTYINPOBAHUA IIPOTHOCTHBIX CBOICTB
TOpHOH Mopoibl pUIbTpaTOoM OYpOBOTO pacTBOpA.

**k*k

During drilling, the problem of stability of the borehole walls, causing their effects to
complications and increase the cost of the well. In this work, the technique of determining the
stability of the trunk inclined directional well and the dependence of the parameters of the
stability of the wellbore from the drilling mud filtrate.



The main task is to develop the methods of determining the stability of the wellbore
depending on the zenith angle. A parallel task will be the determination of changes of the
strength properties of rocks by drilling mud filtrate to increase stability of the borehole walls.

Proposed the method, which consists in the following: developed recipes and solutions
identified for them the rheological properties of the solution, then an estimate was made of the
inhibitory potency of chemicals — the influence of chemicals on swelling and the condition of
the bentonite tablets. Also created a bulk model — ring for bulk models of rock. Was carried
out the filtration of drilling fluids through the bulk model using a filter press, low pressure
and determined the adhesion and angle of internal friction of samples with the help of the
device single-plane slice.

On the basis of the research: the dependence of the stability of the trunk inclined
directional well from the strength characteristics of rocks taking into account the zenith angle
and the ability to control the strength properties of rocks by drilling mud filtrate.

AHAJIN3 BEPOATHOCTH BOSHUKHOBEHMS YCJIOBUM JIJIS
MEXIIJIACTOBBIX TEPETOKOB HE®TH, TA3A U IIJTACTOBOM BOJIbI 11O
3ATPYBHOMY INPOCTPAHCTBY CTBOJIOB CKBA’KNH
ANALYSIS OF THE PROBABILITY OF THE INITIATION OF CONDITIONS FOR
OIL, GAS AND FORMATION WATER INTERPLASTIC FLOWS ALONG THE
ANNULAR SPACE OF WELL BORES

Amanacoe P.A., Tyzu 3.P., Huxkonaeea M.B., Ckpaoun P.M.
Cesepo-Bocmounwiii ghedepanvhwiii yHusepcumem, SAKymck

Atlasov R.A., Tugi E.R., Nikolaeva M.V., Skryabin R.M.
North-Eastern federal university, Yakutsk

B npupose umeer MecTo OJHOBpEMEHHOE TMPOSBICHHUE Cpa3y HECKOJBbKUX U3
yKa3aHHBIX TporeccoB: nuddy3us u GpunbTpanus yriieBoJ0poI0B, UX BCIUIBIBAHUE, IEPETOKH
M0 TpellMHAaM TEKTOHWYEeCKHX HapymeHudd u aAp. [lpm mnpouumx paBHBIX YCIOBHUSAX
paccerBaHHe Ta30BbIX CKOIUIEHWH MPOUCXOIUT 3HAYMTEIBHO ObICTpee, yeM HEeTSIHBIX, 3a
cueT OonplIel MOABMXKHOCTH (MUTPAlMOHHOW CHOCOOHOCTM) Ta3oB, Jydlled ux
pacTBOpUMOCTH B BOJIe, OoJiee BhICOKOH muddy3nonHoi crnocobHoctu U np. Cephe3Hyro
OMACHOCTh COXPAaHHOCTH TIPOMBIIUIEHHBIX CKOIUIEHHH YIJIEBOJOPOJIOB IPEICTABIISIIOT
MEepeToKu HePTH, Ta3a W IJIACTOBOM BOJBI MO CTBOJAM OYpOBBIX CKBaKMH Ha OTKPBITBHIX
MECTOPOXKJICHUSIX, OCOOEHHO €CIM O3TH MECTOPOXKJIEHHsS TOCie JesSTeNbHOW pa3BeIKu
HaXOJATCS B JAJIUTEIbHON KOHcepBalmu (pesepse). [lo3eMHbIe IEpETOKH YIIIEBOIOPOJIOB U
IUIACTOBBIX BOJA MPHUBOJAT K IOTEPE YIIIEBOJOPOJHOIO ChIPbS, OCIOXKHSAIOT IPOLECC
pa3pabOTKU MECTOPOXKJICHHUM, 3aTPyIHIIOT KOHTPOJb 32 BBIPAOOTKOM IJIACTOB U 00OCTPSIOT
HKOJIOTUYECKYI0 OOCTaHOBKY. B KOHEUYHOM wHTOre BCE OTO MPHUBOAUT K CHHXKECHUIO
3P PEKTUBHOCTH pa3pabOTKU MECTOPOXKICHUNA U YMEHBIICHUIO KOJIMYECTBA U3BJIEKAEMbIX M3
HEIp YIVIEBOJOPOAOB. TepMOAMHAMUYECKHE YCIOBHSI MECTOPOXKIEHUM YIIIEBOJOPOIHOTO
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CBIPbs Bunroiickon 51 Hencko-boryoOuHckoit He(TEera30HOCHBIX obnacreit
MPEIONPECISAIOTCS  M30JMPYIONUMU  CBOUCTBAMH  (MIIFOMIOYIIOPOB, KOHTPOJIUPYIOIIHX
IMPOAYKTHUBHBIC 3aJICKHU, obOecrieunBass HUX COXPaHHOCTb C OHpCIlCJIeHHOﬁ CTCIICHBIO
HajexHOoCTH. [IpeBanupyer MHEHHE, 4TO pa30OIIeHHe TUIACTOB B CKBOKMHAX IyTEM CITyCKa
O6C21[[HI)IX KOJIOHH M HX LIEMCHTUPOBAHHUCM IIO3BOJIICT BOCCTAHOBUTH TI'CPMCTHUYHOCTDH
HapyeHHbIX Gurona0ynopoB. OqHAKO, KaK MOKAa3bIBAET OTEYECTBEHHBIN U MUPOBOM OTIBIT,
pa3o0ieHre IIacToB B TNPOOYPEHHBIX CKBOXHHAX HE O00ECIEYMBACT BOCCTAHOBIICHHS
repMETUYHOCTH (IIIOMIOYIIOPOB B MOJIHOM Mepe. Cie10BaTeNnbHO, KaX /Ayl CKBaKUHY MOYKHO
paccMaTpuBaTh Kak HOTeHHHaHLHBIﬁ NCTOYHUK BO3HUKHOBCHHSI KaHAJIOB MECXKIIJIACTOBBIX
MIEPETOKOB IJIACTOBBIX (PIIFOUJOB, MPUBOIAIINX K 00pa30BaHUIO BTOPUUYHBIX (TEXHOTEHHBIX)
3anexel HeTH U Tasa, MoTepe MIACTOBOM 3HEPrUH, OOBOJHEHUIO MPOJAYKTUBHBIX IJIACTOB,
0e3B0O3BpaTHOM noTepe HeTH U raza.
**k*

In nature simultaneous manifestation of several processes takes place: diffusion and
filtration of hydrocarbons, their emergence, overflows along tectonic fractures, etc. Other
things being equal, the dispersion of gas accumulations occurs much faster than oil
accumulation, due to greater mobility (migration ability) gases, better solubility in water,
higher diffusion capacity, etc. Serious danger to the safety of industrial accumulations of
hydrocarbons is the flow of oil, gas and reservoir water through the boreholes of open fields,
especially if these deposits are in a long-term conservation after active reconnaissance.
Underground flows of hydrocarbons and reservoir waters lead to the loss of hydrocarbon raw
materials, complicate the development of deposits, make it difficult to control the formation
of seams and exacerbate the ecological situation. Ultimately all of this leads to a decrease in
the efficiency of field development and a reduction in the amount of hydrocarbons recovered
from the bowels. The thermodynamic conditions of hydrocarbon deposits in the Vilyuisk and
Nepa-Botuobin areas are predetermined by the insulating properties of the fluid controllers
that control the productive deposits, ensuring their safety with a certain degree of reliability.
The prevailing opinion is that the separation of layers in the wells by lowering the casing
strings and their cementing allows restoring the impermeability of the disturbed fluids.
However the separation of layers in the drilled wells does not ensure the restoration of the
tightness of the fluids in full. Consequently, each well can be considered as a potential source
of channels of formation fluids interplastic flows initiation, leading to the formation of
secondary (technogenic) oil and gas deposits, loss of reservoir energy, flooding of productive
layers, irretrievable loss of oil and gas.
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IKCIIVNIYATAIIUA AYUMOBCKOI'O 'ABOKOHAEHATHOI'O
MECTOPOXJIEHUA U UCCJIEJOBAHUE EI'O BOCCTAHOBJIEHUSA
ACHIMOV GAS-CONDENSATE RESERVOIR EXPLOITATION AND RECOVERY
INVESTIGATION

Axmemos P.P.}, Hazaposea M.H 4 Xadghuzoe AP Kpaiinos cAl
! Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype
2 Ypumckuii cocyoapcmeennwiii Hegpmsanot mexHudeckuti ynusepcumem, Yea

Akhmetov R.R.}, Nazarova M.N.}, Khafizov A.R.2, Krainov S.A.
! Saint-Petersburg Mining University, Saint-Petersburg
2 Ufa State Petroleum Technological University, Ufa

This paper’s aim was to investigate the effective development of the gas condensate
field of Achimov reservoir. As a consequence of data analysis was created a geological cross
section of the complex-lenticular structure of the Achimov strata.

Achimov reservoirs have low filtration and capacitance properties and poor collectivity
of the reservoir. At depths of 2,750-3950 meters the rocks are represented by an alternation of
fine-grained sandstones, siltstones with mudstones that have permeability of not more than 3
mD, and often below 1 mD. The plotted figure also shows that Achimov field has a large
number of lenses and heterogeneity collection properties. Therefore, it was decided to
implement 100 horizontal multi-hole wells with uniform location using multi-study hydraulic
fracturing. The effectiveness of multi-study hydraulic fracturing would be 2 times more than
simple hydraulic fracturing with the same cost. Two charts of dependence of cumulative gas
and gas condensate production from time with traditional and claster hydraulic fracture were
plotted, and it was decided to apply cluster technology of hydraulic fracturing, which leads to
an increase in cumulative production, high-pass filtering and accelerated crack cleaning. In
150 days gas condensate production would upsurge to 140 million m3 for claster hydraulic
fracture, whereas for traditional hydraulic fracture production would uplift to 70 million m3.
Afterwards was plotted a chart which shows the dependence of number of different wells on
15 years operating period.

Finally, it was calculated that initial gas reserves are 138 billions m3, average
production rate of 1 well is equal to 1095000 tonnes and total gas recovery after 15 years will
be 240620000 tonnes.
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BYPOBBIE CUCTEMbI HA OCHOBE KATHOHHBIX IIOJIMMEPOB
CATIONIC BASED DRILLING MUD

bakuposa A /1., /léoiitnuxoe M.B.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Bakirova A.D., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

YBenuueHue oOBEMOB Ie0JIOTO-pa3BEeIOYHbIX PabOT M MPOEKTHBIX INIYOUH OypeHHs
TpeOyeT NpPUMEHEHUE HOBBIX TEXHOJOTUH CTPOUTENbCTBA CKBaXXMH. OJHOM M3 Takux
TEXHOJIOTUHN sBJI€TCs OypOBbIE CHUCTEMBbI JUIsl TPEJOTBPALLEHUS OCIOXHEHUH U IS
CHIDKEHHUS 3aTpaT B Ipoliecce OypeHus.

B nannoii paGote pa3pabaTbiBaeTcs cOcTaB OypOBOTO pacTBOpa IMOJ MOCTABIIEHHBIE
3a/1a4yd U TOJI KOHKPETHBIE YCIoBUs Oypenus B 3anagaHoi Cubupu. Jjis 3TOTO MPOBOAMIICS
aHaJIM3 YK€ CYHIECTBYIOIIMX TpPAaJUMLMOHHBIX cUCTEeM M pacTtBopa «KatOyp», a Takxke
onpoOOBaHUs CHUCTEM Ha KEPHOBOM MaTrepHalie B KayecTBE >KUIKOCTH JUISl MPOJTyKTHUBHBIX
J1aCTOB.

AHanu3 mokasal, 4To CYIIECTBYET HECKOJIbKO BapMAHTOB MPOMBIBOYHBIX CUCTEM JIJIS
HEYCTONYMBBIX TJIMH:

1. PactBopel Ha yrieBojopoaHoi ocHoBe (HemocraTku B HEIKOJOTHYHOCTH |

OOJIBIIION CTOUMOCTH);

2. PacTBOpHBI Ha BOJTHOI OCHOBE:

a) AmnuoHHO-HeoMHHbIe pacTBoph! (HemocrtaTky B HapaOOTKe TNIMHUCTON (hasbl,
MOTePsl yCTOMUNBOCTH CTEHOK CKBaYKUHBI);

b) Karuonnsie OypoBbie cucteMbl (Bce BbllenepeyrciIeHHbIE HEIOCTATKH
KYIAPYIOTCS)

K karuonnsiMm pactBopam otHocutcs BIDK «KatOyp» (ocHOBa MoOpckas Boja u
KaTUOHHBIC TMOJHMMEp), CUCTEMa HallelieHa Ha CTaOWIM3aIUI0 CTEHOK CKBAXHUHBI. [laHHBIN
pacTBop OBLT YCHEIIHO MPUMEHEH Ha 5 ckBaxkmHax ActpaxaHckoro ['KM, a taxke Obuin
npoBeneHsl ucciaegoBanuss B OO0 «JTYKOWJI-3anaguas Cubupb», 4YTOOBI TOHSATH
1enecooOpa3HoCTh MPUMEHEHHE MOJUKATHOHHON CHCTEMBI HAa MECTOPOXKICHHSX 3amaJHou
Cubupu. PesynpraTs uccienopanus B «JIYKOWJD» nernu B 0oCHOBY CTaThy.

**k*k

The increasing of the exploration’s volume and of the project drilling deep demands
the applying new technology to do new wells. The solution of this situation is the new system
drilling mud to prevent talus and landslides.

This paper has the suggestion of the new drilling mud’s composition to solve task with
specific West Siberian’s conditions. The analyses of the traditional systems and the
polyatomic drilling mud «Katbur» were performed to show the difference among these
drilling muds.
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The results of this analysis gives few system of drilling muds to prevent talus and
landslides:

1. The solution on hydrocarbon basis;

2. The solution on water basis:

a) The anionic-nonanionic;
b) The cationic.

The is based on sea water and polycationic polymer, this system is amed on the
stabilization of the borehole wall. This drilling mud was successfully applied on 5 wells of
Astrahansk GKM, by the way Lukoil explores this sustem to understand the applying it for
West Siberian’s conditions. The results of the Lukoi’s exploration is basis of this article.

TEXHOJIOI'MYECKASA BE3OITACHOCTD B CTPYKTYPE OBYUYEHUA
CTYAEHTOB-BYPOBUKOB
TECHNOLOGICAL SAFETY IN THE STRUCTURE OF TRAINING OF
STUDENTS-DRILLERS

banaba B.HU.
PI'Y negpmu u eaza (HUY) umenu U.M. I'yoxuna, Mockea

Balaba V.I.
Gubkin Russian State University of Oil and Gas, Moscow

BypeHne CKBaKMHBI IPEACTABIsACT COOOM CIIOHBIH IPOU3BOJCTBEHHBIN IPOIIECC,
creruduKka KOTOPOrO0 COCTOMT B TOM, 4YTO OCHOBHBIC TEXHOJIOTHYCCKHE OICpaliH
COBEPIIAIOTCS B HEJPax. ITO 00YCIIOBIMBACT YPE3BBIYAMHO IIIMPOKOE pa3HOOOpa3ne YCIOBHIMA
OypeHHsI CKBR)KHMH, BEPOSTHOCTHBIH XapakTep JACHCTBYIOMUX (PAaKTOPOB M HEOOXOJIUMOCTh
NPUHATHS PEIICHWH B YCIOBHUSX HEOIPEACICHHOCTH M3-3a HEJIOCTaTKa JOCTOBEPHOM
nH(OPMALIUKA O TOPHO-TEOJOTHYECKUX YCIOBHSIX OypeHus. JTa cnenuduka npeaonpeaensiet
TpeOOBaHUs K BBICOKOMY YpPOBHIO KBalu(pukanuu OYpOBHKOB B 00JIacTH 0€30MaCHOCTH
MIPOU3BOJICTBEHHOH JesaTenbHOCTH. Tak, coryacHo mnpodeccuoHanbHoMy cranaapty (I1C)
«bypoBoii cymepBaiizep B HedrerazoBoit otpacnu» TpymoBas QyHkius «KoHTpoIb
0e30MacHOCTH BeJeHHS OypOBBIX pabOT B COOTBETCTBUHM C IpaBWIaMH 0€30MaCHOCTH
BKItOYaeT 21 JelcTBUE, KOTOPHIMU JOJDKEH BIIAJACTh PAOOTHUK, a TPyIoBas (QYHKIHS
«OrnepaTuBHOE PYKOBOJCTBO IEPCOHAIOM OypOBOTO U CEPBUCHBIX MOAPSTYUKOB TPH
BO3HMKHOBEHHMH HEIITAaTHBIX M aBapuiHbIX curyanuity — 15. IlpodeccrnonanbHbie
KOMIIETEHIIMM OCHOBHBIX MpPO(ecCHOHANBHBIX 00pa30BaTeNbHBIX MPOTPAMM  BBICIIETO
oOpa3oBaHUs, B TOM YHCIIe KOMIIETEHTOB HedTerazoBoro jaeia (0akanaaBpoB, CIEIUAINCTOB,
MarucTpoB) I0JKHBI (popmupoBaThes Ha ocHoBe [IC. OnHako MpoBeIEHHBIM aBTOPOM aHAIIN3
yueOHBIX IJIAHOB TMOKa3aj, 4YTo He(TEera3oBhIX By3aX CTYICHTHl OakanaBpuaTa H3y4aroT
TEOPETUYECKHE BOIPOCH MPOU3BOJACTBEHHON Oe3omacHOCTH B JucHuIuinHe «be3omacHoCTh
KUBHEJCITSILHOCTHY», a MPUKIAJHbIE €€ aCIeKThl TOJBKO B MUCHUIUINHE «OCIOKHEHUS U
aBapuu B OypeHUN», YTO JUIIb YACTUYHO COOTBETCTBYET Tpebyemoil kBanupukamuu. YToObI
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BOCHOJIHUTH 3TOT npoden Kadenpa Oypenus HedTAHBIX U Ta30BbIX ckBaxuH PI'Y Hedtu n
raza (HWY) umenu .M. ['yOknHa TOTIOJHUTENILHO BBENA B OakamaBpuare Kak 00s3aTelbHYO
IMCIUIUIAHY «Be30MmacHOCTh TEXHOJIOTHYECKUX MPOILIECCOB B OypeHUN», a B MarucTparype —
«TexHomornyeckass 0€30MaCHOCTh TPU CTPOUTENBCTBE CKBAXHH». B 3THX AuMCIUIUIMHAX
CTYZICHTBI U3y4ar0T TEOPHIO U MPUOOPETAIOT MPAKTHYECKHE HABBIKA B 0071aCTH 0OecreueHus
0€301aCHOCTH MTPOU3BOJICTBEHHOH JESITEIHLHOCTH HEMOCPEICTBEHHO B OYpEHUH.

OIEHKA UHTUBUPYIOHIEI'O D®PEKTA BYPOBBIX PACTBOPOB HA
BOJIHOM OCHOBE HA ITPOILIECCHI HABYXAHUS U IUCIIEPTUPOBAHUA
I'/IMH
EVALUATION OF INHIBITION OF THE EFFECTS OF SWELLING AND
DISPERSION OF THE CLAY COMPONENTS INCORPORATED IN A WATER
BASED DRILLING FLUID

benanxazap II. L2 Anomomo M.%, T oppec K!
' Hayuonanvnas nonumexnuyeckas wixona, Kumo (Jxeadop)
2MI SWACO, Kumo (Jxeadop)
*Baker Hughes, Kumo (Jxeadop)

Benalcazar P.*?, Alomoto M.?, Torres C.!
'National Polytechnic University, Quito (Ecuador)
2MI SWACO, Quito (Ecuador)
3Baker Hughes, Quito (Ecuador)

D¢ hexkTHBHOCTh TNMPUMEHEHUS OYpOBBIX pPAaCTBOPOB YBEJIMYHMBACTCS 3a CUET
WHTHOMPOBaHUsT HAOyXaHUs M JUCIEPTHPOBAHUS TIIMH, TIONAJAIONIMX B OYpOBOIl pacTBOp B
nporecce OypeHusi. CHIDKEHHE CTENeHW HaOyXaHWs W JAUCIIEPTHPOBAHUS BO3MOXHO 3a CUET
WCIIOJIb30BAHUS CIICIUAIBHBIX J100aBOK-MHTHOUTOPOB.

B »r1oii paboTe mpoBeaeHo uccienaoBanue BausHus uHruouropos AlplexTM, CLAY -
TROL u PENETREX Ha naOyxatouiue peaktuBHble TiinHbl opmanuii Chalcana, Orteguaza,
Tiyuyacu u Tena, mpuypo4eHHBIC K IKBaJIOPCKOMY OacceiiHy AMa30HKH.

Onucanue xapakTepucTUK GpopMauii MPOU3BOIUTCS MO GUHUECKUM, XUMUYECKUM H
MUHEPAIOTUYSCKHM HCCIICIOBaHUsIM. VccnenoBaHus BKIIOYAKOT B ceOs MICHTU(DUKAIIUIO
TJIMH ~ METOJaMU  PEHTTeHOCTPYKTYpHOro  aHanu3a.  OmnpeleneHbl  KOHIEHTpAluu
3¢ GEeKTUBHBIX MHTUOMTOPOB TJIMH, NMPUMEHSEMBIX B TMOJEBBIX YCIOBUsX. [IpoBeneHHBIE
WCCIEIOBAHUS PA3IMYHBIX HWHTHUOUTOPOB, B TOM 4YHCJE ISl OLEHKH BIMSHUS Ha
JTUCTIEPTUPOBAHUE TJIMH, HaOyXaHue, U3MEHEHHE TBEPAOCTH H Jp., MO3BOJWIA OMPEACTUTh
HaubOonee >pdexkTuBHBIE AO0aBKU, MO3BOJISIONINE, KaK CIEACTBUE, HAOMIOAATh CHIDKEHUE

3aTpar Ha 6ypeHHe CKBa’>XHH.
**k%k
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The efficiency of a drilling fluid is increased as the swelling and dispersion effects of
the clays incorporated to the fluid during the drilling process are inhibited. The inhibition of
these effects is possible through the use of specific additives used to this purpose.

This work contemplates the evaluation of the inhibitors: AlplexTM, CLAY-TROL and
PENETREX over the reactive clays of the Chalcana, Orteguaza, Tiyuyacu and Tena
formations, which belong to the Ecuadorian Amazon Basin.

The characterization of the formations is made trough physic, chemical and
mineralogical tests. This research establishes XRD identification methods for clays. Inhibitive
effective agents concentrations are determined, which have field operational applicability. As
a consequence, drilling costs decrease and, by means of dispersion, swelling, hardness, and
other tests, the effectiveness of the inhibitive agents are evaluated with different
concentrations.

PE3YJIBTATBI BYPEHUS CKBAKUHBI SI' HA CTAHIIUU «BOCTOK» U
BCKPLITHUA ITOJIEAHUKOBOI'O O3EPA BOCTOK
BOREHOLE 5G DRILLING RESULTS AT VOSTOK STATION AND
UNSEALING OF THE SUBGLACIAL LAKE VOSTOK

Bacunves H.U., /Imumpuee A.H., Ilodonak A.B., bonvuiynos A.B.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Vasilev N.1., Dmitriev A.N., Podoliak A.V., Bolshunov A.V.
Saint-Petersburg Mining University, Saint-Petersburg

Baxnelmum u Hanbosee 3pGeKTUBHBIM CIIOCOOOM M3Y4EHHUsI CTPOCHUS, CTPYKTYPBHI,
BEIIIECTBEHHOI'O COCTAaBa U JMHAMMKH JIEOBBIX OTJIOXKEHUN B MOJIAPHBIX OOJIACTAX SBISAETCA
OypeHue CKBaXWUH C TIOJHBIM OTOOpPOM KepHa, 4YTO JaeT BO3MOXHOCTb IPOBOAUTH
KpUCTALIOMOP(OIOTUYECKHE HCCIEI0BaHMUs JibJa C OONbIIMX TIIyOMH, Treopu3nyeckue
HaOJIIOIEHUST B CKBaXHMHAX, W3ydaTb XMUMMUYECKHI COCTaB JIbJa, COJEpKAHUE H30TOINOB
KUCIOpPOJa U YIJepoja, pa3iMyHbIX BKIIOYEHHH (3eMHas M KOCMUYECKas IIblib,
BYJIKAHUYECKUH 1ernen, OaKTepuH, COpbl paCTeHUH U 1p.).

IIpu Oypenun riyOOKMX CKBa)XMH, Kak B AHTapKTuie, Tak U B I'peHiaHauu
HCCIIEIOBATENIM BCEX CTPaH CTOJKHYJIUCh C CEpbE3HBIMU OCJIOKHEHUSAMH YK€ Ha TIyOMHaxX
ceeimie 2500 M, a Ha rayouHax Oosee 3000 M OCIOXKHEHHUS CTAaHOBHJIUCH CTOJIb
3HAYUTENbHBIMH, YTO OypeHHE NMPaKTHUECKH MPEKpaIlagock. DTO SBJICHHUE NaKe MOIy4HIIO
Ha3zBaHUEe — «mpobiemMa OypeHHs TEMIOTO JbAa», TaK KaK C YBEIMYEHUEM TIJTyOMHBI
TEMIEpATypa JibJaa NnoBbimaercs. Ciaenyer OTMETUTD, YTO BO BCEX PACCMOTPEHHBIX CIydasx
OypeHus: TIyOOKHMX CKBaXMH B KauyecTBE 3aJIMBOYHOM JKHUIKOCTH HCIOJb30Balach CMECh
KepocuHa U (ppeoHa.

Bee yuactku ckBaxusbl SI” Ha ctaHuumu BocTok, rae oTmeuanuch mpobiemMaMu B
OypeHum, COOTBETCTBYIOT MHTEpBaJIaM KEpHa, CJI0’KEHHOTO OTHOCHUTEIIBHO
KPYIHOKPUCTAILIMYECKUM JIBJIOM. YCTAHABIIMBAETCS YETKAs KOppENsALUs MEXAy peilicoBoi
IIPOXOJIKOM M pazMepaMH KpHCTaJlIOB.
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B ¢espane 2012 roga Ha rmyoune 3769 M ObUIO BIiepBbI€ BCKPBITO MOJUIETHUKOBOE 03€PO
Bocrok. [locie 3amep3aHus 03epHON BOJBI MOJHSBINCHCS B CKBAXUHY OBLIO BBHITIOJTHEHO
OypeHue HOBOTO CTBOJIA CKBaYKHHBI C TOBEPXHOCTH 3aMeP3IIECH BOIBI 1 BHOBb BCKPBITO 03€pPO
Boctok. OcHOBHEIM PE3YJIbTAaTOM 3THUX pa60T OBLIO JOKa3aTeJIbCTBO TOI'O, YTO AABJICHUEC Ha
rpaHune Jea — BoJa COOTBECTCTBYCT TrHAPOCTATUYCCKOMY JJABJICHUIO BBILICIC)KAIICTO JIbAA.

Kpowme Toro ananus pe3ynabTaToB OypeHusi U BCKPBITUS 03epa BOCTOK mo3BoMII caenaTh
BBIBO/J], YTO BO3HMKHOBCHHEC TPYIHO O6”I)$ICHI/IMI)IX HpO6JIeM B 6yp€HI/II/I CBA3aHO B IICPBYIO
oucpcabp C IMOABJICHHEM Ha MOBCPXHOCTAX YaCTUIl IIJIaMa THAPAaTOB @peOHa, 4YTO B CBOIO
odepeap INPUBOIUT K HX CIWIAHHUIO. B pe3yinbrare CHUXKAETCA Pacxo] NPOMBIBOYHOU
KHUAKOCTHU U IMTPOLECC 6yp€HI/I$I OCTaHaBJINBACTCHI.

Takum 006pa3oM, OCHOBHOM MPUYMHON BO3HUKHOBEHHS OCJIOKHEHUU B OypeHUSI CKBAKUH
BO JIbAYy ABJISICTCS HaJIM4Yne B 3aJIMBOYHON KNUOKOCTHU (1)p60Ha, AKTUBHO
B3aMMO/ICHCTBYIOILIETO CO JIbIOM.

YuutriBas O6HI€€ MHCHUE, YTO AaHHas XKHUJIKOCTb OKa3bIBA€T HETAaTHBHOC BJIMJIHHE Ha
OKOJIOTUIO MNOJJIECAHUKOBBIX BOJOCMOB IIPU HMX BCKPBITHHW HCIIOJIB30BAaHUC €€ JJIA 6ypeH1/1${
CKBA)XHH BO JIbAY HCIIPUEMIIEMO.

**k*

The most important and most effective way of studying the structure, structure, real
composition and dynamics of ice deposits in the polar regions is to drill wells with complete
core sampling, which makes it possible to carry out crystal-morphological studies of ice from
great depths, geophysical observations in wells, to study the chemical composition ice, the
content of oxygen and carbon isotopes, various inclusions (terrestrial and cosmic dust,
volcanic ash, bacteria, plant spores, etc.).

When drilling deep wells, both in Antarctica and Greenland, researchers from all
countries encountered serious complications already at depths of more than 2500 m, and at
depths of more than 3000 m the complications became so significant that drilling was
practically stopped. This phenomenon even has received the name - "a problem of drilling of
a warm ice" as with increase in depth temperature of ice raises. It should be noted that in all
considered cases of drilling deep wells, a mixture of kerosene and Freon was used as a casting
liquid.

All sections of the 5G well at Vostok station, where they were noted to have drilling
problems, correspond to the intervals of the core folded with relatively large crystalline ice. A
clear correlation is established between voyage penetration and the size of the crystals.

In February 2012, at a depth of 3,769 m, the subglacial Lake VVostok was first discovered.
After the freezing of the lake water, which has risen in the well, a new wellbore was drilled
from the surface of the frozen water and the Lake Vostok was again opened. The main result
of these studies was the proof that the pressure at the ice-water boundary corresponds to the
hydrostatic pressure of the overlying ice.

In addition, the analysis of the drilling and opening of Lake Vostok made it possible to
conclude that the occurrence of difficultly explainable problems in drilling is primarily due to
the appearance of freon hydrates on the surface of the particles, which in turn leads to their
coalescence. As a result, the flow rate of the drilling fluid is reduced and the drilling process
stops.
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Thus, the main reason for the occurrence of complications in drilling wells in ice is the
presence in the pouring fluid of freon actively interacting with ice.

Given the general opinion that this liquid has a negative impact on the ecology of
subglacial reservoirs, when they are opened, its use to drill wells in ice is unacceptable.

K BOITPOCY O KPUTHUYECKOMN CKOPOCTHU TEIJIOHOCUTEJIS (BOJIbI)
TO THE QUESTION OF THE CRITICAL SPEED OF THE HEATER (WATER)

Bacunvee H.U., /[mumpues A.H., Cepoun /I.B.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Vasiliev N.1., Dmitriev A.N., Serbin D.V.
Saint-Petersburg Mining University, Saint-Petersburg

[TpuMeHeHHe TPAUIIMOHHBIX TEXHUIECKHX CPEJICTB MPH OYpEHUH TITYOOKHX CKBAKUH
BO JIby AHTapKTHABI OKa3bIBaeTCa Malodp@pekTuBHBIM. K HacTosmeMy BpeMEHH Bce
pa3zpaboTaHHBIE CIIOCOOBI OypeHUs Jbla, B 3aBUCUMOCTH OT XapaKTepa pa3pylieHus Ha 3a0oe,
MO>KHO Pa3JIeINTh Ha TETUIOBBIC, MEXaHUICCKHE U TEPMOMEXaHUUYCCKUE.

B ocHoBe TemmoBoro crmoco6a OypeHus Jexar crnernu@uueckrue CBOWCTBA JIbJA,
3aKIIOYAIONINEeCs B €ro HHU3KOW TeMmmepaTrype TIulaBieHus. [lnaBneHwe Ibaa MOXKeET
OCYIIECTBIISITHCSI KaK 3a CU€T KOHTAKTHOW TeIuionepeaadn 3a0osi ¢ HarpeBaTeIbHBIM
YCTPOWCTBOM, TaK W 3a CYET KOHBEKTHBHOTO TEIIOOOMEHa C BBICOKOTEMIEPATYPHBIM
MPOMEKYTOYHBIM TETIOHOCHTEIIEM.

Hcnonps3oBaHne B KauyecTBE TEIUIOHOCHTENsS BOIbI (Ta3a, mapa) HarpeBaeMoil Ha
MOBEPXHOCTH M HAarHETa€MOW HEMOCPEJICTBEHHO Ha 3a00W CKBA)KMHBI C TIOMOIIBIO TPYO HIIH
nuIaHrokadenen, cMOKeT 00eCleunTh BO3MOXKHOCTh OypeHUs B JICIHHKAX BEPOSITHO HE Ha
Bcex Ha riyoumHax. [lpum OypeHum 53TUM cHnocoOOM CKBaXHH TJIyOMHOW, BIUIOTH JIO
MO ICTHJIAIOIINX MTOPO/I, KOTOphIe B BOCTOUHOW AHTApKTHIIE MOXHO OXHJIATh Ha OTMETKAX JI0
4500 meTpoB, BO3MOXKHO 3amep3aHHe TEIIOHOCHTeNss B HHTepBajie riayoun 600 — 1000
METPOB, IJIe TEMIIEPATypbl CTEHKH CKBRXMHBI MMEIOT OYCHb HHU3KUE TEMIEpaTypbl U HE
YCTPAHSIOTCS  HEW30CKHBIC TOTEPH TEIUIOBOM HSHEPrMM TPU  TPAHCIOPTUPOBAHUU
TEIUIOHOCHUTEIS OT YCThsI Ha 320011 CKBOYKUHBI.

CymiecTByeT MpelnelibHOe 3HAYCHHE KPUTUYECKOW CKOPOCTH MUPKYISIHAU IOTOKA
KHUJIKOCTH, TIPU KOTOPOM ITPOMEp3aHusi B TpyOe (IUTaHTe) BOOOIIE HE TIPOUCXO/IHT.

[IpoBenén pacuer mpeAeNbHBIX 3HAYEHWH KPUTHUECKOW CKOPOCTH Ha PAa3IUYHBIX
rIyOMHaX CKBa)XMHBI, OCHOBBIBASICh Ha TEMIIEpaTypHbIC JaHHBIE, MOJYYCHHBIE PU OypeHUU
r1yOOKOM CKBaKUHBI HA CTaHIIUKM BocTok (AHTapKTHIA).

[Ipn ganHOM cmocobe OypeHHs MOAJEp)KaHWE HAWICHHBIX 3HAYCHHH KPUTHUECKUX
CKOPOCTe M TOJIydeHHE KAYeCTBEHHOTO KepHa 3aTPyIHUTENBHO, a MPOJOJIKUTEIHHOE
M3YYCHHE U WCIOJh30BAaHUE CKBAXXUHBI HEBO3MOXKHO. B mporecce OypeHus pacxomayercs
OTPOMHOE KOJIMYECTBO PHEPTUH ISl MOACPKAHHS CKBAXUHBI B HE3aMEP3ar0IleM COCTOSHHUH

1 Ha CaMO IUIABJICHUC JIbJId, YTO HC aKTYaJIbHO.
**k%k

18



The use of traditional technical means when drilling deep holes in the ice of Antarctica
proves to be ineffective. Currently, there are three methods of drilling: thermal, mechanical
and thermomechanical.

At the heart of the thermal method of drilling lie specific properties of ice, consisting
in its low melting point. Melting of ice can be carried out both at the expense of contact heat
transfer of the face to the heating device, and due to convective heat exchange with a high-
temperature intermediate coolant.

The use of water (gas, steam) heated on the surface and injected directly onto the
bottom of the well with the help of pipes or flexible drillstem can ensure the possibility of
drilling in glaciers probably not at all at depths. When drilling in this way wells deep down to
the primary rocks that can be expected in East Antarctica at elevations of up to 4,500 meters,
it is possible to freeze the coolant in the depth interval of 600 to 1000 meters, where the well
wall temperatures have very low temperatures and do not eliminate the inevitable loss of
thermal energy when transporting the coolant from the wellhead to the bottom of the well.

There is a limiting value of the critical circulation speed of the liquid flow at which
freezing in the pipe (flexible drillstem) does not occur at all.

The calculation of the limiting values of the critical speed at various depths of the well
was carried out based on the temperature data obtained while drilling a deep well at Vostok
station (Antarctica).

With this drilling method, maintaining the values of critical speeds found and
obtaining a high-quality core is difficult, and long-term study and use of the well is
impossible. During the drilling process, a huge amount of energy is expended to maintain the
well in an ice-free state and to melt the ice itself, which is not the case.

JIABOPATOPHBIE UCCJIEJOBAHUA 110 OUEHKE UHI'MBUPYIOIUX
CBOMCTB BYPOBBIX PACTBOPOB, IPUMEHAEMBIX ITPU BYPEHUA
HEYCTOUYUBBIX INNIMHUCTHIX OTJIOKEHU HA MECTOPOXIEHUAX
PECITYBJIMKU BAIIKOPTOCTAH
LABORATORY INVESTIGATIONS ON ESTIMATION OF INHIBITING
PROPERTIES OF DRILLING SOLUTIONS APPLICABLE IN THE DRILLING OF
UNSTABLE CLAY DEPOSITS IN THE FIELDS OF THE REPUBLIC OF
BASHKORTOSTAN

Bawenko A.B., Banuesa O.H., Mypunoe K.1O., Komxoea JLIL., lllupckaa A.O.
000 «bawHHUITHnepmovy, Ypa

Vashchenko A.V., Valieva O.l., Murinov K.Yu., Komkova L.P., Shirskaya A.O.
BashNIPIneft LLC, Ufa

OnHUMH W3 OCHOBHBIX MpoOJieM, C KOTOPBIMH CTaJKuUBaeTcsa OypoBas Opuraia
IIPU BCKPBITUM HEYCTOMUYMBBIX TIMHHUCTBIX OTJIOXKEHUH, — KaBEpHOOOpa3OBaHHE, OCHINH,
oOBanbl. ['MMHMCTBIE MOPOJBI MO CBOEH MpuUpoAe TUAPOPHIBHBI M B3aUMOJECHCTBYIOT C
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¢wieTparom OypoBoro pactBopa. Ilpu npoHukHOBeHMH B IiacT (uiabTpata OypOBOTO
pacTtBopa 4epe3 (HIBTPAMOHHYIO KOPKY CO BPEMEHEM BO3HHKAaeT HaOyXaHHe TITMHHCTBIX
ClIaHLIeB (pa3IMYHBIX 1O CBOEH MPUPOAE, XUMUYECKOMY COCTaBy, pa3Mepy IUIaCTHH,
[IOPOBOMY JIaBJICHHUIO), YTO IPUBOJUT K HUX YBEJIWYEHHIO B 00bEME U BO3HUKHOBEHUIO
BHYTpeHHero JaBjieHus. Korja 3HaueHre BHYTPEHHETO JaBJICHHUS CTAHOBUTCS OOJIbILIE, YEM
CO3/1aBaeMoe CHapyXH (THAPOCTATUYECKOTO CTOJI0A KUAKOCTH), TUIACT TEPSET YCTONYNBOCTS,
poucxouT o0Baj. OCIIOKHEHHUS SIBISIFOTCSI PE3Y/IbTATOM HApYIICHUS LIETOCTHOCTH CTEHOK
CKBa)XMHBI H3-32 TIOTEPU YCTOWIMBOCTH TOPHBIX MOPO/T, YTO MPUBOANUT K HW3MEHEHHIO ()OPMBI
1 00beMa CKBaKHUHBI.

Mepbl POTUBOJECHCTBHSI 3TOMY MPOLECCY — CO3JaHME HAYaJbHOIO JaBJICHHUS Ha
iacT, MUHUMU3aLUsl TNoKa3aTessd (DUiIbTpaluy, BBOJ PEAreHTOB, 3aMEUISIIOIIUX IPOIECC
HaOyxaHMsI ITIMHUCTBIX CIIaHLIEB (MHTUOUTOPOB).

HecmoTps Ha To, yTO JTaHHBIE 0OBEKTHI HAXOATCS B pa3pabOTKe U AKCILUTyaTallUH YXKe
HECKOJIBKO JIECATHIIETUH, MpoOjieMa COXpaHEHHUs YCTOMYMBOCTH CTBOJIA CKBaXXUHBI JIO CHUX
MOp SIBJISIOTCS aKTyaJIbHOM 3a7a4eil.

B pabote npuBeneHsl pe3ynbTarhl Ja0OPATOPHBIX MCCIEAOBAHMN HHTUOHMpYOIIEH
CIOCOOHOCTH PA3JIMYHBIX THUIIOB OYpOBBIX CUCTEM Ha KEPHOBOM MaTepHalie, 0OTOOpaHHOM B
CKBaXMHAX 3HAMEHCKOTO0 MECTOPOXKJICHHsI B MHTEPBaJIe KbIHOBCKOTO TOPU30HTA.

OKclepUMEeHTalIbHbIE UCCIIEI0BAHNS BKIIIOYAIH B €05l CIIEAYIOIINE ATAIbI:

1. OmnpeneneHne  MHHEPAJIOTHYECKOTO  COCTaBa  KEPHOBOTO  MaTepHhala
KBIHOBCKOTO TOPU30HTa Ha peHTeHOBCcKoM nudpakromerpe SHIMADZUXRD-6000.
2. [IpuroroBiieHre W OMpeneeHuEe TEXHOJIOTHYECKHX IapaMeTpoB OYpOBBIX

CHCTEM JI0 U MOCIIe TEPMOCTATUPOBAHUS ITPH 3200 HBIX YCIOBUSIX.

3. Omnpenenenue ko3dduirenta npoaoabHOro HadyxaHus B Cpejie TECTUPYEMBIX
OypoBBIX CHCTEM Ha TecTepe IMpPOJOJBbHOTO HaOyXaHHs  TJIMHHCTBIX  CJIAaHLIEB
DYNAMICLINEARSWELLMERETCOMPLETEW/COMPACTOR B Teuenue 168 4yacos.

[To pe3ynbTaram SKCIEPUMEHTATbHBIX UCCIEI0BAHUN YCTAaHOBIICHO:

Koaddunuent npononspHoro HaOyxaHUs B Cpele MHHEPATM30BAHHBIX M MPECHBIX
pactBopoB cocrtaBisieT He MeHee 11,6% u 25% coorBerctBenHo. KepHOBBINE Marepuan B
cpelle pacTBOPOB Ha YIJIEBOJIOPOJHOIN ocHOBe HalOyxaeT He Ooiee, ueM Ha 1,4%. Huzkwmii
KO3 (GUIIMEHT MPOIOIbHOTO Ha0yXaHUsl OOYCIOBJIEH TEM, YTO B KaueCTBE AMCIIEPCHOHHOMN
Cpenbl BBICTYMAeT YriaeBoAopoaHas (aza, MpeaoTBpallaomias pa3sMOKAHUE TIIMHUCTBIX
OO,
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OIIBIT CTPOUTEJIbCTBA BEHTHISIIUOHHBIX CKBAKWH BOJIBIIOT O
JTUAMETPA HA IPEI'CKOM HE®TSAHOM IIAXTE
EXPERIENCE OF BUILDING LARGE DIAMETER VENTILATION BOREHOLES
FOR YAREGSKAYA OIL MINE

Jlaevrooe A.C.
00O «TexnoB3JI», Apxaneenvck

Davydov A.S.
TehnoVEL, LLC, Arkhangelsk

000 «TexnoB2JI» ¢ 2010 roma BbimosiHsAET OypoBbIE pabOTHI MO CTPOUTEIHCTBY
BEHTIJISIIMOHHBIX CKBOXUH OOJBIIOTO JuamMeTpa Ha Sperckol HEPTIHOW IIaxTe B
Pecniy6mnuke Komu (3akasunk — « TYKOMJI-Kommy). KOHCTpYKIHS CKBaXKHH: HAIPABICHHE -
muametrpoM 1820 MM, koHIYKTOD - 1420 MM 10 rimyounsl 70 M, 3KCILTyaTallMOHHAasi KOJIOHHA
1020 MM g0 rnyounsl 220 M. CkBaXHHBI OypsITCS YCTaHOBKaMH TPY30MOAbEMHOCTHIO 80 T
POTOPHBIM CIOCOOOM IIAPOIIEYHBIMU JOJIOTaMU-pacliupuTensiMu auamerpom 1700 MM u
1360 mmM. TIpombIBKa CKBaKHH - 0OpaTHas, 3paudTHEIM criocoboM. PazpaboTraH, H3roToBICH
U YCIIEHITHO MPUMEHSAETCS] BECh KOMIUIEKC CKBa)KMHHOTO M MOBEPXHOCTHOIO 000PYAOBaHUS U
MHCTPYMEHTA: BEPTIIIOTH - IPA3EBBIN M BO3MYIIHbIHM, Belyllas TpyOa KBaJpaTHOTO CEYECHHS,
OypwibHBIE TpPYObI C JBOWHOW CTEHKOH pe3b0OBOTO COCAMHEHHS, IIEHTPATOPBI C
HEBpALIAIOIMMHUCS B Ipolecce OypeHus  ONOPHO-LEHTPUPYIOIIMMHU  3JIEMEHTaMH,
yTsKeleHHbIe OypHIIbHbIE TPYObl CO CBHHIIOBBIM 3aIIOJHHUTENEM, a3paTOpbl - CMECUTENHN C
oOpaTHBIMU KJIallaHAMM, LIAPOILIEYHbIE JOJIOTa-PACIIUPUTENIN CO CMEHHBIMHU JIBYXOIOPHBIMU
LIapoIKaMH, IAPKYJIALUOHHASL CUCTEMA C TPEXCTYIIEHYaTOW OYUCTKOM pacTBOpA.

INPOEKTUPOBAHUE TPAEKTOPUU CKBAKUH JJISA DOPEKTUBHOI'O
BYPEHUSA POTOPHBIMU YIIPABJIAEMBIMU CUCTEMAMM
DEVELOPMENT WELL TRAJECTORY FOR EFFECTIVE DRILLING BY
ROTARY STEERABLE SYSTEMS

/eoitnukoe M.B., Epoghees B.A.
Canxm-Ilemepbypackuii copnuiii ynueepcumem, Cankm-Ilemepoype

Dvoynikov M.V., Erofeev V.A.
Saint-Petersburg Mining University, Saint-Petersburg

Haubosiee BaxkHbIM KpUTepHeM J(PQPEKTUBHOCTH pa3pabOTKU MECTOPOKICHUH,
MO3BOJISIOMIMM  O0ECIEUUTh TOBBIIIEHHE J0ObIUM  YIJIEBOJOPOJHOTO CHIPbS SIBISETCS
Kod(pQUIIMEHT wu3BIeUYeHUs He(PTH M Taza. YBeIMUEHHE BBIIIECYKAa3aHHOTO IapamMeTpa
BO3MOYKHO IIPH BBINIOJIHEHUHU CJEAYIOIIUX OCHOBHBIX YCIOBUI: COXpaHEHHME €CTECTBEHHBIX
KOJUIEKTOPCKMX CBOWCTB ILTAacCTa B IPOLIECCE €ro MEPBUYHOIO M BTOPUYHOTO BCKPBITHS;
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KauCCTBCHHOC LECMCHTHPOBAHUC O6C€1I[HLIX KOJIOHH; BBICOKOTCXHOJIOT'HMYHOC OCBOCHUC
CKBAKHMHBI; MPUMCHCHUC MHHOBAIIMOHHBIX MCTOIOB I[O6BI‘II/I He(i)TI/I 4 ra3a. 3Ha4UMOCTb BCEX
BBIICTICPCUYUCIICHHBIX yCJIOBI/Iﬁ A1 yBCIIMYCHUA He(bTeOT[Ia‘II/I IJIaCTOB HECOMHCHHA.
OnHako, TPH CIOXHBIICHCS Ha CETrOMHS TNPAKTHKE OypeHHs OTMEYaroTcs MpOoOJIeMBbl,
CBA3aHHBIC C OCJIOKHCHUAMU U aBaApUsIMU B CKBAKMHE KOTOPBIC 06YCJIOBJI€HI>I OTCYTCTBUEM
ONTUMU3UPOBAHHOIO MO/IX0/1a K IPOEKTUPOBAHUIO MPOPHIIEH CKBAKUH.

Pemenune naHHbIX IpoOseM BO3MOXHO Pa3paOOTKON aNropuTMa OLEHKU MPOEKTHBIX
TpaekTopuil mpouael CKBaXXHMH C Y4€TOM HaNpsyKEHUM, NEHCTBYIOIIMX Ha OYpUIIBHYIO U
O6ca)1HBIC KOJIOHHBI, BHYTPUCKBA)XUHHOC SKCILTYyaTallUOHHOC 060pyI[OBaHI/Ie B 3aBUCUMOCTHU
OT FOPHO-T€0JIOTMYECKUX YCIOBUM U TapaMeTpoB OypeHHUsL.

*k*

The most important criterion of efficiency of field development, allowing to improve
the production of hydrocarbons is the extraction ratio of oil and gas.

The increase in the above parameter is possible on the following basic conditions: the
preservation of the natural reservoir properties in its primary and secondary opening; high-
quality casing cementing operations; high-tech wells development; application of innovative
methods of oil and gas production. The importance of all the above conditions for increasing
oil recovery is undeniable. However, the current practice of drilling has revealed problems
with complications and accidents in wells due to lack of an optimized approach to the design
of profiles of the wells.

The solution to these problems is possible by the development of algorithm of
estimation of the trajectories of wells profiles, taking into account stresses on the drill and
casing, downhole operational equipment, depending on the geological conditions and drilling
parameters.

OCOBEHHOCTH UCITIOJIb3OBAHUA JAHHBIX ITOJIEBBIX
PEOJIOTMYECKHNX U3MEPEHUI BYPOBOI'O PACTBOPA B PACUKETAX
INIOTEPH JABJIEHUA
FEATURES OF USE, DATA FIELD RHEOLOGICAL MEASUREMENTS MUD
INTO ACCOUNT THE LOSS OF PRESSURE

EBIoxkuMoB I/I.H.l, Eauceen H.IO.l, Kponun A.M.Z, JloceB A.H.l’z,
MoruabHudenko M.A 12
YPIY nedpmu u 2aza (HUY) umenu U. M. I'ybxuna, Mockea
2000 HUUL] «Hedpa-mecmy, Mockea

Evdokimov I.N.}, Eliseev N.Yu.!, Cronin A.M.2 Losev A.P.*? Mogilnichenko M.A.*?
'Gubkin Russian State University of Oil and Gas, Moscow

2 Research and testing center «Nedra-testy LLC, Moscow

C Pa3sBUTUCM BBIYMCIIMTEIILHON TEXHUKH TEXHOJIOTHYECKHUE pacuCThbl MMapaMETpOB
peiKxuma 6ypeHI/I}I BOIIUIX B PYTUHHBIC 00513aHHOCTH JTFO0OT0 3aHATOrO Ha 6ypOBOﬁ HHIKCHCPA.
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Hcnonp3yemMble B TaKuX pacyerax mporpammsl Uit 9BM pa3zHooOpasHbl M, Kak MPaBHIIO,
CTELMAIM3UPOBAHBI ISl PELICHUsI KOHKPETHBIX 33a7a4, OyAb TO pacyeT MPOYHOCTH 00CaTHBIX
KOJIOHH, JMOO pacueT TPAaeKTOPUU CKBAXKMHBI U T.N. HekoTopble AOCTYIHbIE Ha pPHIHKE
IporpaMMbl B KauyecTBE QJIrOpuUTMa pacyeTa MHCIOJIb3YIOT YTBEpXkAcHHble B Poccun
HOPMAaTUBHbIE JOKYMEHTBI, APYrU€ B pacyeTax CChbUIAIOTCS Ha CTaHAApPThl AMEPUKaHCKOTO
HE(PTSIHOTO MHCTUTYTA, HO €CThb M TaKue, alTOPUTMBI pacdeTa B KOTOPHIX OCHOBAaHBI Ha
pPa3po3HEHHBIX M 3a4acTyl0 NPOTHBOPEUYHMBHIX ITYOJIHKAIMAX B OTPACICBON IEPHOAMKE.
VIMeHHO K moOCIeAHMM CleoBano Obl OTHECTH MPOTrpamMMbl pacyeTa MOTEph NABICHUS MPHU
MIPOMBIBKE CKBaXHHBI OypOBBIM pacTBOpOM. OIBIT HCHOJB30BAHUS TaKUX IaKETOB
MOKa3bIBAa€T, YTO HE BCEr/a pe3yJbTaThl NMPOrpaMMbl MOKHO IMPOBEPUTH PYYHBIM CUETOM.
Kpome Toro, B3aMeH He pelIeHHBIX aHAIMTUYECKH YPaBHEHHMM TMIpPaBIUKU (Hampumep, s
peosornyeckoii Mozaenu ['epmiens-bankian) B mporpaMMax — HCIOJB3YIOTCSI  pa3HbIE
MOJIySMIIUPUYECKHE 3aBUCUMOCTH, OCHOBAaHHBbIE Ha SKCIIEPUMEHTAX C Y3KHUM JMana3oHOM
BapbUpOBaHUA MapameTpoB. [IpuMeuaTtenbHO, YTO MMEHHO CIIOPHBIE M HE pa3pelIeHHbIE
AQHAJIMTUYECKH BOMPOCHl (BBICOTAa IIAMOBOM TOJYUIKH, TEMIEpaTypHble W3MEHEHHS
HUAPKYJIMPYIOLIEr0 pacTBOPA, pacueThl KOHUEHTPALMMI KUJIKOCTEN NPH TaHAEMHOMN MPOJABKE
U Jp.) B MOCJIETHHE TOJbl HaxoJATCs B (OKyce BHHUMAaHHSA TEXHOJIOTMUECKHUX OTAETIOB
KOMITaHU M -3aKa34YHKOB.

IIpo6nembl 3HAUMMOCTH U aJE€KBATHOCTU aJITOPUTMOB pacueTa, OCTAIOLIUECS B 30HE
OTBETCTBEHHOCTH Pa3pabOTUYUKOB IPOTPaMM, YCYTyOINISIOTCS Ka4eCTBOM HMCXOJHBIX JAHHBIX,
MI0JIy4aeMBIX B IOJIEBBIX JJaOOPaTOpUsAX OYpOBBIX pacTBOPOB. Tak, K OCHOBHBIM BIIUSIOIINM
(hakTOpaM MOKHO OTHECTH:

1) oTcyrcTBHE BO3MOXKHOCTH HW3MEPEHHs MOAPOOHOW KpUBOHM TeueHus: OypoBOro
pacTBOpa C IMOMOUIbIO IOJIEBBIX BUCKO3MMETPOB (JOCTYIHBI TOJBKO 6 MM § CKOpocTei
CIBUTA);

2) HapylleHHs CPOKOB KaJIMOPDOBKH BHCKO3HMMETPOB (B  COOTBETCTBHU C
poccuiickumu HopMamu TpeOyercst moBepka, xoTs mo I1SO 10414 u B COOTBETCTBHM C
UHCTpYKLKEH K mpubopy, HEOOXoauMa MOCTOSHHAs KaluOpOBKAa HENOCPEACTBEHHO Ha
OypoBoii);

3) mpUMEHEHHE TUPEKTUBHO 33J]aHHBIX PEOJIOTHYECKHX MoJieliel 6e3 00s13aTeIbHOTO
000CHOBaHUSL.

ITomuMo cr1ocoGOB MOBBILIEHUS KayecTBAa MCXOJHBIX PEOJIOTUYECKUX HW3MEPEHUH, B
JIOKJIa/ie IPUBOJATCA CXeMa OOOCHOBAHHUS PEOJOIMUYECKOW MOJENM U OLIEHKA MOTPEeIIHOCTH
peonornyeckux uzMepenuit (mo HoBbIM ['OCT P cepun 54500) Ha mpumMepe yTsKEIEHHOTO
OypoBOTo pacTBOpa Ha yriIeBOJAOPOAHOM OCHOBE.
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PABPABOTKA U BHEJAPEHUE UHEPTHOI'O U30JIMPYIOLIEI'O COCTABA
JJ1s1 OTBOPA KEPHA
DEVELOPMENT AND IMPLEMENTATION OF INERT INSULATING CORING

Eeooxumoe U.H., Jlocee A.1Il., Mozunvnuuenxo M.A.
PI'Y ne¢pmu u eaza (HUY) umenu U. M. I'voxuna, Mocksa

Evdokimov I.N., Losev A.P., Mogilnichenko M.A.
Gubkin Russian State University of Oil and Gas, Moscow

TouHocTh mTOJCYETAa 3amacoB W TEXHOJIOTMM pa3pabOTKM UM 3KCILTyaTaluu
MECTOpPOKJIECHUII B HEMaJloll CTENeHW 3aBUCUT OT KadyeCTBEHHOro oTOOpa KEpHOBOTO
Matepuana. [loaydeHne 10CTOBEpHBIX CBEIEHUI 0 MEXaHMYECKHX CBOMCTBAX pa30ypuBaeMoil
MOPOABI IO pa3pe3y JaeT OOBEKTUBHYIO OLIEHKY HAMPSHKEHHOTO COCTOSTHUSI TOPHOTO MAacCHBa,
9TO OOyCIaBIMBAaeT BHIOOP MapaMeTpoOB pexuMa OypeHus, Tuma OypOBBIX JOJIOT.
Onpenenenrne NeTpoPU3NYECKUX XAPAKTEPUCTUK KEPHOBOIO MaTepuana IMO3BOJIAET C
00JIBIION JOCTOBEPHOCTHIO BBHIOPATh PAIlMOHAIBHYIO CHUCTEMY Pa3pabOTKH MECTOPOKIEHUS,
MVYH u ap.

Ho, HecMoTps Ha cCylIeCTBOBaHHE CIIEKTpa pPA3JIMYHBIX TEXHOJOTUH W JaXKe Ha
HaJM4Yue perjaMeHTHPYIOIUX JOKYMEHTOB MO OpraHU3aldd OTOOpa, TPAHCHOPTHPOBKHU M
XpaHEHUS! KEPHA, OCTAETCSA OTKPBITHIM BOMPOC 0OECIIEYeHHsI MMOJTHON M30JIALNN OTOOPAHHBIX
TOPHBIX MOPOJ NpU HUX MOIbEME, COXPAHEHMS] UX (PUIUYECKHX CBONCTB, MaKCUMAaJIbHO
COOTBETCTBYIOIIUX XapaKTEPUCTHUKAM €CTECTBEHHOI'O MacCHBa.

s pemeHuss 3Toi mpoOieMbl B OypoBOM MMpaKTHKE HIMPOKO PaCHpOCTPaHEHBI
M30JIUpyoIue reiaeoOpasHbie cuctemMbl ocHOBe [TAA, smynbcuii u ap. Ho mcnonbs3oBanue
TaKUX COCTaBOB HE TapaHTUPYET UX (PU3UKO-XMMHUYECKYI0 MHEPTHOCTh K TOpHOM mopone. B
4acTHOCTH, MoJiekynbl [TAA moryr aacopOupoBaThCsi Ha TIUMHUCTBIX MHUHEpajgaX, YTO
MPUBOJUT K U3MEHEHHIO HE TOJIBKO MX (PU3NYECKUX CBOICTB, HO U CTPYKTYPhl KEPHOBOTO
Matepuana. Kpome TOro, HcCmosib3yeMble COCTaBbl HE 00€CIEeYMBAIOT MEXaHUYECKOe
COXpaHEHHUe KepHa Mpu pa3bopKe CHapsaa U TPAHCIOPTUPOBKH KepHA B XPaHIIIUIIIE.

Jns pemrenust 3toii mpobimembl B HWJI  usmyeckux MeTOMOB HCCIICIOBAHUS
IJIACTOBBIX (DITIOMIOB M IPOMBICIOBBIX AUCIIEPCHBIX cucTeM Ha Kadeape dusuku PI'Y nedru
nu raza (HMY) umenn U. M. T'yOkuna Obima pa3paboTaHa peLentypa HHEPTHOTO
u3ojMpymomero cocrasa st otbopa kepra NedraCore Ha OCHOBE CHHTETHYECKOTO
anmactomepa. B kadecTBe pacTBOPHUTENEH HCIOJIB30BAIM CHUHTETHUYECKHME MAcia, KOTOpPbIE
MHEPTHBI K NTOBEPXHOCTU MOPOBOTO MPOCTPAHCTBA U MO OTHOLIEHUIO K HACBHIIIAIOMIAM KEPH
bronam.

JUia omnpeneneHusl CTENEHM NPOHUKHOBEHHMS COCTaBa B CTPYKTYpy KE€pHa B COCTaB
n00aBysM - (hIyopecuepyrolie KOMIIOHEHTHI, cBeTsmuecs B Y@ guanazone. bwiio
ycraHoBieHo, 4to NedraCore He NMPOHHUKAEeT B CTPYKTYPY MOPOBOTO MPOCTPAHCTBA KEpPHA B
iactoBeix ycnoBusx (80 °C, AP=15 atm). DddektuBHas Bszkocth Menee 80 mllac mpu
temneparypax Bbime 50 °C, uro obecrmeunBaeT XOpomryro Tekydectb. C HOHIKECHHEM
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TEMIIEpaTypbl COCTaB AaKTHUBHO renupyercs, (HOpMUPYs B MOBEPXHOCTHBIX YCIOBHSX
IIPaKTUYECKU TBEPABIA 3y1acTomMep, obOecreunBas U30JSIIMOHHYIO KOPKY M MEXaHHYECKOE
3aKpeIICHUE KOJOHKH. KpoMe 3Toro, mpu aHanmse KEpHOBOIO MaTepHaja 3arpsi3HEHHYIO
4acThb JIETKO OTAEIUTh OT YUCTOM, UCTIONb3Yd MeTObl: (hiroopecueniun; MK-cnekrpockonuu
10 CHHTETUYECKOMY MAacCiy, KOTOPOE€ HE CPOJHO C HACHIIIAIOIIUMU KEPH HEPTIMHU.

PA3PABOTKA KOPPO3MOHHOCTOMUKNX TAMIIOHAJKHBIX COCTABOB JIJIAA
HEMEHTHUPOBAHUS CKBAKHH B YCJOBHUAX CEPOBOJOPOIHOM
AT'PECCHUM
DEVELOPMENT OF CORROSION-RESISTANT CEMENT COMPOSITIONS FOR
WELL CEMENTING IN CONDITIONS OF HYDROGEN SULFIDE AGGRESSION

Kanxanoaee 4.A., Huxonaee H.H.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Zhapkhandaev Ch.A., Nikolaev N.1I.
Saint-Petersburg Mining University, Saint-Petersburg

[IpakTuka IIEMEHTHPOBAHMS CKBAXWH B HWHTEPBAJIAX, TJA€ HMEIOTCA (IO, B
COCTaBE KOTOPBIX IPUCYTICTBYET CEPOBOJAOPOJZ, B PA3IUYHBIX arperaTHeIX COCTOSHUMAX,
IMOKa3bIBa€T, YTO Ka4Y€CTBO KPCIHM OCTACTCAd Ha HHU3KOM YPOBHC. 39T10 CBA3HO, B IICPBYIO
o4ucpeap ¢ TEM, YTO HECT OJHO3HAYHBIX BBIBOJAOB O MCXaHU3ME€ U MOCICACTBUAX O3TOr0 BHOA
KOppO3uHu. Bo mMHOrom 3TO BBEI3BAaHO TEM, 4YTO arp€CCMBHOCTH CE€pPOBOJOPOJa 3HAYUTCIIBHO
BBIIIC APYrUX H©W OCJIOXHCHHS, BO3HHUKAKOIIHUE IIPU CGpOBOI[OpOI[HOfI KOppO3uu, Ooitee
TSOKCIIBIC, YCM IIPU AHAJIOTMYHBIX BHJIAX KOPPO3UHU. O‘ICBI/I,I[HO, YTO OCHOBHBLIM CIOCOOOM
IIOBBILLICHU A KadyeCcTBa HEMCHTHUPOBAHUA CKBa>XHWH ABJISACTCA HU3MCHCHUC CBOMWCTB
TaMIIOHAXXHOTI'O paCTBOpa IMyTEM PETYIHNPOBaHuA €ro COCTaBa.

HGJ'ILIO HCCHeﬂOBaTCHbCKOﬁ pa6OTBI ABISACTCA HOBBIIICHHUE KAa4Y€CTBA U HAACKHOCTU
KpfCIin CKBAa>XHNH B CGpOBO,I[OpOI[COI[Gp)K&H.[Gﬁ cpeac IIyTeM IIPUMCHCHU S
KOppOSHOHHOCTOﬁKI/IX TaMIIOHA>XHbIX MaTCpUAJIOB.

9KCHepI/IMeHTaJ'IbeIC HUCCIICOOBaHUA ObLIN HalipaBJICHbI Ha HU3YYCHHUC (1)I/I3I/IKO-
MEXaHUYECKHUX CBOMICTB U KOppOBHOHHOﬁ CTOMKOCTH OEMCHTHOT'O KaMHA U TaMIIOHaXKHbIX
cMeceH ¢ Pa3IMYHbIMU KOHIOCHTPAIUAMHA PCArCHTOB.

Mexannueckas IMPOYHOCTb KPCIIU ABJIACTCA rJIaBHOM XapaKTepHCTHKOﬁ OEMECHTHOT'O
KaMHsg W 3aBHCHUT OT. BHUJA LHCMCHTA, BOAOLOCMCHTHOI'O OTHOIICHMA, HAJIWMYUA XMMHUYCCKHX
,Z[O6aBOK, YCJIOBUS TBEPACHHU.

**k*k

The practice of cementing wells in intervals where there are fluids in which hydrogen
sulphide is present, in different aggregate states, shows that the quality of the support remains
at a low level. This is connected, first of all, with the fact that there are no unambiguous
conclusions about the mechanism and consequences of this type of corrosion. This is largely
due to the fact that the aggressiveness of hydrogen sulphide is much higher than others and
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the complications arising from hydrogen sulfide corrosion are more severe than with similar
types of corrosion. Obviously, the main way to improve the quality of cementing wells is to
change the properties of a grouting mortar by regulating its composition.

The objective of this research work is to improve the quality and reliability of
cementing in hydrogen sulfide-containing environment by applying a corrosion resistant
cement materials.

Experimental research was aimed at studying physico-mechanical properties and
corrosion resistance of cement stone and cement mixtures with different concentrations of
reagents.

The mechanical strength of the lining is the main characteristic of the cement stone
and depends on: the type of cement, water-cement ratio, the presence of chemical additives,
the conditions of hardening.

TEXHOJOI'MYECKHUE PEHHEHUSA ITOBBIINEHUSA KAYECTBA KPEIIJIEHUSA
CKBAXMH BOBAHEHKOBCKOI'O 1 YPEHTI'OMCKOT'O MECTOPOXJIEHA
TECHNOLOGICAL SOLUTIONS OF IMPROVING THE QUALITY OF WELL
CASING AT THE BOVANENKOE AND URENGOYSKOE DEPOSITS

3umuna /I.A., /leoitnuxoe M.B.
Canxm-Ilemepbypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Zimina D.A., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

B pabote uccienyrorcss mpoOieMbl KpeIUIeHHs CKBaXMH B paliOHAX C HAJIUYUEM
MHoOToJIeTHeMep3ibix  mopoa  (MMII). IlpoBeaeH aHanu3 OCHOBHBIX — OCJIOXKHEHHH,
MPOSIBIIIONINXCS MPU LIEMEHTUPOBAHUY CKBAXKUH M BO BpeMsi (JOPMUPOBAHUS TAMIOHAKHOTO
KaMHSI B YCIIOBHSIX KpPHOJUTO30HBI. [lo mpakTWyeckuM JaHHBIM, OYEBHAHO, YTO
CYIIECTBYIOIINE MaTepHUalabl U TEXHOJOTHUH I[IEMEHTUPOBAHUS 00CAIHBIX KOJIOHH, 0COOEHHO
KOHIYKTOpPOB M HampasieHuii, B MMII He oOecneunBaroT TpeGyeMoro kauectBa paboT u
TepPMETUYHOCTH, B CBSI3U C YEM, JIOJDKHBI OBITH YCOBEPIICHCTBOBAHBI.

AHanu3 pe3ylbTaTOB  LIEMEHTHUPOBAHMUS KOHAYKTOPOB W  HalpaBJICHUH Ha
boBaHeHKOBCKOM U YpEeHroickoM He(Tera3oKoHICHCATHBIX MECTOPOXKICHUSIX MPU OypeHUU
AKCIUTYaTaI[MOHHBIX HAaKJIOHHO-HAMPAaBIEHHBIX CKBKHUH MOKa3al MpoOiIeMy HU3KOHM aare3uu
[IEMEHTHOTO KaMHSI ¢ 00CaHOW KOJOHHOM M OKPYXKAIOUUMHU TOpHBIMHU mopodamu. [Ipu
[IEMEHTUPOBAaHUU Hcmonb3oBaics mnoptriananemMeHT L[TPC-50 (APM) - TammnoHaxHBIN
pacIIUpSIONIUIiCS  CTaOUNMU3UPOBAHHBIA I[IEMEHT C apMUpPYIOUIUMU  Jo00aBKaMH U
00JIerYeHHBIH TaMIoHaXHbIH 1eMeHT L[TPO.

[lepcrieKTHBHBIM HampaBlIeHUEM OOECTeUeHUsT TePMETUYHOCTH KOHTAKTHOW 30HBI
(LIEeMEeHTHBIN KaMeHb - TOpHas MOpPOJa), B CBSI3U C OOJBIIMMH 3HAYCHHUSIMH OTCYTCTBUS
CUEIUICHUS LEMEHTHOIO KaMHs, SBJISIETCS HCIOJIb30BAaHUE TaMIIOHAKHBIX KOMIIO3MIIHM,
oOnamaroluX CHOCOOHOCTBIO K pacHIMPEHUI0 TMpU  TBepACHUU. Pa3pabaTwiBaroTCs
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paclIupAOIUCCA TAMIIOHAXKXHBIC CUCTCMbI C HOPMUPOBAHHBIMHU CBOIiCTBaAMU 9KCIITyaTallu B
YCJIOBHUAX HU3KUX U OTPULATCIIbHBIX TCMIICPATYP HAa OCHOBC ONTHMMH3AlMU MAPaAaMCTPOB HUX
O6’I)CMHOI‘O pacypeHuda MW TyuapaTamdi € YUYCTOM TCXHOJIOTHMH IIPUTOTOBJICHUA U
TUApOJUHAMHUKU IMpoHecca HEMCHTUPOBAHUA

*k*

The article deal with the problem of well casing in areas with the presence of
permafrost. The analysis of the main complications during cementation of wells and during
the formation of a cement in permafrost conditions was carried out. According to practical
data, it is obvious that the existing materials and technologies of cementing casing strings,
especially conductors and surface pipes, in permafrost do not provide the required quality of
work and containment, and therefore should be improved.

The analysis of cementing of conductors and surface pipes at the Bovanenkovo and
Urengoy oil and gas condensate fields while drilling exploitation directional wells showed the
problem of low adhesion of cement stone with casing and surrounding rocks. During
operation of cementing wells, Portland Cement TSTRS-50 (AWP) was used - a expanding
stabilized cement with reinforcing additives and a lightweight cementing cement TSTRO.

A promising direction to ensure the containment of the contact zone (cement stone -
rock), due to the large values of the lack of cement stone, is the use of grouting compositions
that have the ability to expand during consolidation. Expanding cement systems with
normalized operation properties under conditions of low and negative temperatures are
developed on the basis of optimizing the parameters of their cubic expansion and hydration,
taking into account the technology of preparation and hydrodynamics of the cementing
process.

TUPA’KUPOBAHUE YCIIEHIHBIX ITPAKTUK BYPEHUA CKBAKHH 110
PE3YJIbTATAM OIIBITHO — ITPOMBIIIJIEHHBIX PABOT
REPLICATION OF SUCCESSFUL WELL DRILLING PRACTICES ACCORDING
TO RESULTS OF PILOT OPERATIONS

Hcxakoe A.D., Avaes A.H.
000 «VK «Tambypregpmuy, Anbmemvesck

Iskhakov A.F., Abayev A.N.
MC Tatburneft, LLC, Almetyevsk

B nmoxmane mpencraBieHa KpaTKas UCTOPHS PA3sBUTHUS «YIIPABIAIOIMICH KOMIIAHUU
«TarOypHedTb» — crneuuanuzupymouascs Ha OypeHHM CKBa)XKHH pa3lMYHONW KaTeropuu
cinoxxHoctu. Ha ceroansamnuii 1eHb npodypeHo 0osiee 80 MIIH. METPOB TOPHBIX OPOJI, CAHO
B JKcmryartaiuio Oosiee 50 Thics4 CKBaXMH. KoOMmaHMs OCYIIECTBIISIET JESATEIbHOCTh Ha
tepputopun  Pecnyonmuku — Tarapcran, VYamyptuu, Ilepmckom kpae, Camapckoif,
VibsHoBckoi 1 OpeHOyprckoi o0nacTeid, Bceraa OTKpbITa Il COTPYJHUYECTBA B JIPYTHUX
peruoHax. IIocTOssHHOE COBEpIICHCTBOBAHUE IIPOLECCA CTPOUTENBCTBA CKBAXKUH W
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BHCAPCHUEC IPOCKTHOI'0 MmoaxoJa IMO3BOJUIJIIO CHU3UTH CTOMMOCTH BCCIO0 KOMIIJICKCA pa60T.
Hameil kommanuell Obliv pa3pa®oTaHbl psii MEpOIPHUATHH, HaIpaBJIEHHbIE Ha pPOCT
KOMMCPUYCCKUX U MCXAaHUYCCKHUX CKOpOCTCf/'I. CoxpameHHe [UKJIa CTPOUTCIILCTBA CKBAXKHUH 0
5 CyTOK.

B nmoxiame paccmaTpuBarOTCs NPUMEPHl NIPUMEHEHHs YCHEUIHBIX IIPAaKTHK Ha
CKBAXXHMHAX W PE3yJIbTaTbl BHCAPCHUA.

*k*

The Report summarizes a brief history of Tatburneft development specializing in
drilling of wells of different complexity. For the moment more than 80 million meters of
rocks have been drilled and more than 50 thousand wells have been commissioned. Company
runs its activities in the territory of the Republic of Tatarstan, Udmurtia, Perm kray, Samara,
Ulianovsk and Orenburg regions, and it is always open to cooperation in the other regions.
Continuous improvement of well construction process and implementation of a new design
approach allowed reducing the cost of the whole work package. Our Company developed
several activities to increase the commercial and mechanical drilling rates. Well construction
cycle has been reduced to 5 days.

The Report provides examples and results of application and implementation of
successful drilling practices.

ONIEPATUBHBINA KOHTPOJIb U YIIPABJIEHUE IAPAMETPAMU BYPEHUS
OPERATIONAL CONTROL AND MANAGEMENT OF DRILLING PARAMETERS

Kaoounukoe B.I., /leoiinukoe M.B.
Canxm-Ilemepbypeckuti copuviii ynusepcumem, Cankm- I[lemepoype

Kadochnikov V.G., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

D¢ dexTuBHOCTE OypeHHs OLICHUBACTCA CPOKaMH, KadecTBOM, 0€3aBApUIHOCTBIO U
OCHOBHBIMHM  KallUTAJIbHBIMU 3aTpaTaMM Ha CTPOMUTENbCTBO CKBaXHH. [loBbllIeHHE
3ppexTUBHOCTH OypeHUsl HEPTAHBIX M Fa30BbIX CKBAYKUH 3aBUCUT OT PALlMOHAIBHOTO BbIOOpA
HA3eMHOI'0 M BHYTPUCKBAKMHHOI'O OOOPYAOBAaHUS C YU€TOM ONTUMAJIBHOW TEXHOJOTMH HMX
ucrnojb3oBaHusA. HanexHocTh JaHHOTO O0O0OpYAOBaHUS B CKBaXHMHE oOecreyuBaercs
KOHTpPOJIEM U ONEpPaTHUBHBIM YIIPAaBIEHHEM OCHOBHBIX MNapaMeTpoB OYpeHUs — OCEBOii
Harpy3KH, 4acTOTBI BPAIlEHUs J0JI0Ta U pacXoAa MPOMBIBOYHOM KUAKOCTH.

AnHanu3 pe3ynabTaToB OypeHHs HAKIOHHO-HANPABICHHBIX CKBaKWUH IOKa3al, YTO
IIPOBO/JIKA CJI0’KHO IMOCTPOEHHBIX MPOEKTHBIX TPAEKTOPUIA PO (pusieid, B TOM YKCIIe CKBAXHH C
6onpmMu otxoaamu ot Beptukanu (bOB), B 25-30% ciyuaeB conpoBoXkaaeTcst 3aTsHKKaMU
u mnocagkamu  OypunbHOH — kojoHHBl  (BK). Ot ocnoxHeHus — 00ycIOBIIEHBI
HEKOHTPOJIUPYEMOCTBIO HaIpsHKEHHO-1e(POPMHUPOBAHHOTO COCTOSIHUSI bK "
HECOOTBETCTBHEM H3MEPSEMBIX Ha YCTbE€ PEOJIOTHUECKHX CBOICTB OypOBBIX pacTBOPOB
UCTUHHBIM 3HAYEHMSIM €ro OSKBHUBAJCHTHOW LUPKYIAUMOHHON moTHoctn  (DLIIT).
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0603HaquHbIe HCTOYHOCTU ONPCACIICHUA W KOHTPOJIA HNPUBOAAT K OTBOPOTAM U H3JIOMaM
2JIEMEHTOB KOMIIOHOBKM OypUJIbHOM KOJIOHHBI, a pe3kue uzMeHenus OLII npu y3kom
AuarasoHe OOIMYyCTHUMBIX 3Ha4YCHUU IpaAuCHTOB IIJIACTOBBLIX IIaBJIeHI/If/'I U TuapopaspbiBa
TOPHBIX MOPOJ MOTYT MNPUBOJUTH K AU(QepeHLnanbHbIM IPUXBAaTaM M IOIJIOIIEHUIO
pacTBopa WM, HA000POT, K Ta30HE(TEBOAOIPOSBICHUIO. VICronb3yeMble TIPH TIPOBOIKE
ckBaxuH BOB poporocrosiiue naTYMKyA OMpEeIeHUs 3aTPYOHOTO JaBJICHHUsI B TPOLIECCE
oypenuss APWD He npenocTaBisiioT TOCTOBEPHYIO HHPOPMALIUIO O (aKTHIECKOM 3a00HHOM
JaBICHUH M He TN03BOJsAT KoHTpoiupoBaTh OLII. Henocratounsiit xontpons OLIIIT
natankoM APWD o0ycioBiieH HEBO3MOXKHOCTBIO OTIEPATUBHOTO OTPEIEICHUSI CBOMCTB
OypoOBOTO pacTBOpa € YYE€TOM NIUIaMOOOpa30BaHUSI B HEKOTOPHIX 30HAX KOJBIIEBOTO
MIPOCTPAHCTBA, a TAK)XKE yIaIeHHOCThIO ero yctaHoBKkH (10 — 20 M) ot gosora.

BrimensnoxkenHoe  MOATBEPKAAET  HEOOXOOUMOCTh  pa3pabOTKH  alropuTMa
OIICPAaTUBHOI'O  yHpaBJICHUA YAaCTOTHO-CHUJIOBBIMU IIapaMETpaMHU 6ypeHI/I$I C Yy4YCTOM
FHHpOHHH&MH‘—ICCKOﬁ COCT&BJ’IHI—OIH@IZ IIPOMBIBKH CKBA’KHWHBI.

**k*

The efficiency of drilling is estimated by terms, quality, accident-free operation and
basic capital costs for well construction. Increasing the efficiency of drilling oil and gas wells
depends on the rational choice of ground and downhole equipment, taking into account the
optimal technology for their use. The reliability of this equipment in the well is ensured by the
control and operative management of the main parameters of drilling - axial load, bit rotation
frequency and mud flow rate.

Analysis of the directional wells drilling results showed that the hole drilling with
complex project trajectories of profiles, including extended reach drilling (ERD), in 25-30%
of cases is accompanied by tightening and jamming the drill string (DS). These complications
cause the uncontrollability of its stress-strain state of the DS. Also it caused by the
discrepancy of the rheological properties of the drilling fluids measured in the wellhead with
the true values of its equivalent circulating density (EDS). The indicated inaccuracies lead to
the backing off the tools and kinks of the elements of the bottom hole assembly. Sharp ECD
changes in narrow ranges of acceptable values of reservoir pressure and breakdown pressure
can lead to the differential sticking and mud absorption or, conversely, it can lead to the gas-
oil-water kick. The costly sensors of annulus pressure while drilling "APWD" used in
extended reach drilling do not provide reliable information about the actual bottom hole
pressure and do not allow controlling the ECD. Insufficient density control by the sensor is
caused by the inability to quickly determine the properties of the drilling mud taking into
account the sludge formation in some zones of the annular space. This is also related to the
remote installation of the sensor from the bit (10-20 m).

The foregoing confirms the need to develop an algorithm for the operational control of
the frequency-force parameters of drilling, taking into account the hydrodynamic component
of the well flushing.
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PA3PABOTKA CUCTEMBI YIIPABJIEHUAA BYPOBBIM YCTPOUCTBOM
DEVELOPMENT OF DRILLING DEVICE’S CONTROL SYSTEM

Kynuuxux A.A., Menexun A.A., Pycunos /1. 1O.
TlepmcKkuil HAYUOHATLHBI UCCTIEO08AMENbCKULL NOTUMeXHUYecKull yHugepcumem, Ilepmo

Kunitskikh A.A., Melekhin A.A., Rusinov D.lu.
Perm National Research Polytechnic University, Perm

B HacTosiiee Bpems pacTeT 101 TPYAHOU3BIIEKAEMbIX 3allacoB yIJIEBOJIOPOAOB, AJIs
NOOBIYM KOTOPBIX HEPEAKO HEOOXOAMMO CTPOUTENBCTBO CKBAaXXUH, HMEIOIIUX CIIOKHBII
MIPOCTPaHCTBEHHO-UCKPUBIIEHHBIH TTpo¢duib. [y obecriedeHrst MpOBOJKU CTBOJIA CKBAKHHbI
0 3aJaHHOMY MpoQIII0 Bce OO0Jblllee NPUMEHEHHE HAxXOIIT POTOPHBIE YIpaBisieMble
cucrembl (PYC), koTopble NO3BOJISIOT ONEPAaTHUBHO YIPABIATH HAINpPaBJICHUEM JAEWCTBUS
JI0JI0Ta B IpoLiecce OypeHwusl.

B nmaHHBIIT MOMEHT Ha PBIHKE CEPBUCHBIX YCIYT OTCYTCTBYIOT KOHKYPEHTOCIIOCOOHBIE
PYC otedectBeHHOTO mpomM3BOACTBA. B  paMkax mnporpaMmsl HMMIOPTO3aMEIEHUS
paspabaThiBaeTCsi cuctema ymnparieHuss OypoBbiM ycrpoiicTBoM (CYBY). ITlpu cozmanum
CVYBY wucnonp3yercss IpuHIUI MOAYJIbHOCTA. OCHOBHBIMH MOIYJISIMH YCTPOMCTBA SIBJISIIOTCS
cucTeMa OTKJIIOHEHUS Baja, CUCTEMa ONpEeAETIeHUs IPOCTPAHCTBEHHOTO MOJIOKEHUS, CUCTEMA
NUTAHUSA U CUCTEMA NIepeAayy JaHHbIX.

B cucrteme oTkiI0OHEHHs Baja 3aimoxeH npuHIum «Point-the-bity — mosunmonnposanue
nosiora. [lpuHumn otkinonenus «Point-the-bity mo3Bossier wu30exkarh (HOpPMUPOBaAHHUS
CIMPAJIBHBIX M JKEJOOHBIX BBIPAOOTOK HAa CTEHKAaX CKBaXMHBI M oOecrneunBaeT Ooiiee
LWIMHAPUYECKYI0 (OpMY CTBOJA CKBAXKUHBI, HEXEIU MPH MCIOJIB30BAaHUMU JPYrHX
OTKJIOHSAIOLIUX YCTPOUCTB.

MexaHu3M MO3ULMOHUPOBAHUA J0JI0Ta 00ECIeUrBaeT OTKIOHSIOLIEE YCUIINE 3a CUET
CO3/IaHUs yrja IepeKoca BpPALIAIOIIErocsl LIApHUPHO-COEIMHEHHOro Bajna. B ocHoBe
MOJIBWKHBIX HIAPHUPHBIX COEAMHEHUH 3aJI0’KE€H NPUHIMI TOMOKMHETHYECKOro IIapHUpA.
PerynupoBanue yria nepekoca Bajla OCYILECTBIISETCS TpeMsl KIMHOBBIMH MeEXaHHM3MaMHU,
PacIoNIOKEHHBIMU C PaJUalbHBIM cMelleHneM 120 rpaaycoB OTHOCHTEIBHO JPYr JApyra.
Ilepemerienue KyaaukoB KIMHOBBIX MEXaHHU3MOB OCYLIECTBISIETCS 3JIEKTPOJBUTATEISIMU
yepe3 IIaHeTapHbli peaykTop. IlpumeHeHnue snekrpoaBurateneil B npuBoje odecrneynBaeT
BBICOKYIO TOUHOCTb CO3/1aBa€MOro yriia rnepexkoca Bajia. Bpaienue nmapHupHO-coeTMHEHHOTO
BaJia MPOUCXOJUT B MacisHOW BaHHe. Uepe3 KaHal BHYTPU Baja CUCTEMbI OTKJIOHEHHS K
MOPOJI0pa3pyLIAOIIeMy HHCTPYMEHTY NoJaeTcsi OypoBOi MPOMBIBOUHBINA PacTBOP.

Kopmyc cuctembl OTKIOHEHMs Baja B Ipoliecce OypeHHs He BpaIlaeTcsl 3a CyeT
YCTAaHOBKM BaJla B TMOJIIMITHUKOBBIX Y3J1aX M YCTAaHOBKE Ha KOpIIyce LEHTpaTopa,
HaXOJISAIETOCs B TOCTOSTHHOM KOHTAKT€ CO CTEHKOM CKBa)KHHBI.

CYBY cnocobHa paGotare mpu 3aboitHom naBienuun a0 40 Mlla, pacxone
MPOMBIBOYHOM >KMIKOCTH 10 35 Jj/c, yacToTe BpalleHHus KoJIOHHBI TpyO a0 200 o6/muH,
oceBoi Harpy3ke 10 18 ToHH u kpyTrsmeM MomenTe 10 10 kH-Mm.
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[IpoBeneHHbIE CTEHIOBBIE HCOBITAHUS M IPOYHOCTHBIE pacueTsl y310B CYBY
MOTBEPKAAIOT 000CHOBaHHOCTh BBIOpAaHHBIX KOHCTPYKTHUBHBIX pelieHuin u
paboTOCIIOCOOHOCTH CUCTEMBI B IEJIOM.

*k*

At present, the share of hard-to-recover reserves of hydrocarbons is growing, for
which often it is required to construct wells with a complex three-dimensional position curved
profile. Increasingly frequently rotary steerable systems (RSS) are used to drill for a required
profile, which allow efficiently controlling the direction of the bit during drilling.

At the moment, there are no competitive domestic-produced RSS in the market of
services. Within the Import Substitution Program, a drilling device’s control system (DDCS)
is being developed. The modularity principle is used to create DDCS. The main modules of
the device are the shaft deflection system, the definition three-dimensional position system,
the power system and the data transmission system.

The shaft deflection system uses the “Point-the-bit” principle. The principle “Point-
the-bit” avoids the appearance of spiral and groove on the well walls and provides a more
cylindrical shape of the well than with the use of other deflecting devices.

The bit positioning mechanism provides a deflection force by creating a swivel angle
of the rotating journaled shaft. The journaled shaft uses the principal of homokinetic ball
joint. The adjustment of the shaft angularity is carried out by three wedges, which are
arranged with a radial offset on 120 degrees relative to each other. The wedge movement is
carried out by electric motors through a planetary reducer. The use of electric motors in the
drive ensures high accuracy of the created angle of the shaft misalignment. The rotation of the
journaled shaft takes place in the oil bath. A drilling mud is supplied the rock cutting tool
through the channel inside the shaft of the deflection system.

The body of the shaft deflection system does not rotate during the drilling process due
to the installation of the shaft in the bearing assemblies and the installation of the centralizer
on the body, which has constant contact with the wall of the well.

DDCS can work under 40 MPa bottomhole pressure, 35 liters per second washing
liquid consumption, 200 rpm tubing speed, 18 tons axial load and 10 kN m torque.

Conducted bench tests and strength calculations of the DDCS nodes confirm the
validity of the selected design solutions and the operability of the system.
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NPOI'PAMMHO-UH®OPMAILIMOHHOE COINPOBOXIEHUE
CTPOUTEJIbBCTBA CKBAKNH APKTHYECKOI'O LHEJIb®A
DRILLING SOFTWARE SYSTEM FOR ARCTIC SHELF

Kynwun A.A.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Kunshin A A.
Saint-Petersburg Mining University, Saint-Petersburg

CorJiacHO OIIEHKaM M WCCIICJIOBAHHSAM TMEPCIEKTHB HE()TEra30HOCHOCTH TEPPUTOPUN
Poccun, ocHoBHBIE OOBEMBI TPUPOCTA 3arMacoB, YBETWYEHHE W CTAOWIM3ALUIO JOOBIYU
YIIIE€BOJOPOTHOTO CHIPhSI TUIAHUPYETCS OCYIIECTBIATH 32 CYET TIPUBIICYCHHS DPECypCOB
KOHTHHEHTAJILHOTO MIeNb(a U B TIEPBYIO0 0Yepelb aPKTUICCKOTO.

[loBbiieHne JOOBIYM  YIIIEBOJOPOAHOTO ChIpbd MYTEM pPa3pabOTKH, MOPCKHX
MECTOPOXKICHHI, a TaKkXke JTopa3paboTKH paHee pa30OypeHHBIX IUIOMIACH MpeaycMaTpUBaeT
peain3aluio CI0KHO MOCTPOCHHBIX MPOEKTHBIX MPOGMIEeH CKBaXXUH, TPAEKTOPHUH KOTOPBIX
MOTYT COJAEP)KaTh HCKPUBJIICHHBIC YYaCTKH, HMEIONINE OTPAHWYCHHBIH (MHHUMAIIbHO
BO3MOJKHBI) PagyC WM HAKIOHHO MPSIMOJIMHEHHBIE y4acTKH OOJBIIONW MPOTSHKECHHOCTH
(6onmee 3000 ™). Hamwmuwme Takux TpaeKTOpud OOYCIOBIEHO TPYAHOAOCTYITHOCTHIO
He(dTerazoBrIX 0OBEKTOB.

CHIWKeHHe aBapUHOCTH W TOBBIIIEHHE 3((OEKTUBHOCTH OypeHHS CKBAKHUH C
OeperoBol JIMHUM apKTUYECKOTO IIeib(pa BO3MOXXKHO 3a CUET pa3pabOTKH ONEPATHBHOTO
POrpaMMHOTO KOMIUIEKCA  OCHOBAaHHOTO Ha ONTHUMH3AIMd MOMEHTHO — CHIIOBBIX
nokaszaTelieil JMHAMUKA BHYTPHCKBOKWHHOTO HMHCTPYMEHTA, a TaKXKe JOTOJHHTEIbHBIX
TEXHUYECKUX U TEXHOJOTUIECKUX MEPOTPUSATHI MPOBOJIKHA CKBAKHHBI.

st mpoBeleHHsT WCCIEAOBAaHUIM HANPSIKEHHO — Je(OPMUPOBAHHOTO COCTOSHHS
(HAC) OypunbHoii komonubl (BK), a Takxke ontuMusanuu peXUMHBIX I[apaMeTPOB
peanu3ali  CJIOXHO TMOCTPOSHHBIX MPOEKTHBIX TPACKTOPUN CKBaXKHH, HCIOJIb30BaH
KOPpPETSIUOHHO — perpeccuoHHbli ananu3 HJIC OypuibHOTO HWHCTPYMEHTa, a TaKke
napamMeTpoB OypeHHs ¢ YIETOM MPOCTPAHCTBEHHOTO UCKPHUBIICHHS TPACKTOPUHU CKBAXKUHBI.

Pa3zpaboTaHHBI TPOrpaMMHBINA KOMILUIEKC IO3BOJISIET ONTHMHU3MPOBAThH IapaMeTphbl
OypeHus MPOEKTHBIX TPACKTOpUH Mpoduieii, a Takke JaTh IKCICPTHYIO OLEHKY PEKHMOB
MIPOBOJIKK YYaCTKOB TPAEKTOPUHU MO (PAKTHUECKUM JAHHBIM PeaTn30BaHHBIX CKBAKHH.

Pe3ynbrarel pacuéToB B MPOrpaMMHOM KOMIUIEKCE M UX aHAJIU3 HCIOJB3YIOTCS MPHU
MPOBEJICHUU JTa0OPAaTOPHBIX W TMPAKTUYECKUX 3aHATHH i CTYIEHTOB U aCIUPAHTOB
HedTerazoboro npoduns, Cankt — [lerepOyprckoro ropHOro yHUBEpPCHUTETA.

**k*k

According to estimates and exploration of Russia oil-and-gas content, the main
volumes of reserves increment, extension and stabilization of hydrocarbon production are
planned to be realized due to resources attraction of the continental shelf and, first of all, the
Arctic shelf.
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Extension hydrocarbon production through the development, offshore fields, as well as
the development of previously drilled areas, involves the implementation of complex well
design well profiles, which well path may contain curvatures with a limited (irreducible)
radius or hold sections of long-reach horizontal wells (more than 3000 meters). Presence of
such well path due to hardness of oil and gas reservoirs.

Reducing the accident rate and improvement of drilling efficiency from the Arctic
seashore is possible due to the development of an operational software complex based on the
optimization of drilling torque and power indicators, as well as additional technical and
technological measures for well targeting.

Exploit the correlation regression analysis of the drilling tool stress-strain behavior
and drilling parameters with well path.

The developed software complex make it possible to optimize drilling parameters, as
well as give an expert assessment of drilling practices for difficult drilling zones with unusual
well path.

Calculation data in the software complex and its analysis are used in laboratory work
and practical classes for students and postgraduates of the oil and gas department in SPMU.

OBOCHOBAHME U PABPABOTKA TEXHOJIOI'MH U30JIAIUN
BOJOINPUTOKOB JJIs1 HOBBIHIEHUSA KAYECTBA KPEIIVIEHUS CKBAKWUH
JUSTIFICATION AND DEVELOPMENT OF TECHNOLOGIES FOR ISOLATION

OF WATER INFLOWS TO IMPROVE THE QUALITY OF WELL CEMENTING

Kyuun B.H., /lsoiinuxoe M.B., Hyukoea M.B.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype
Kuchin V.N., Dvoynikov M.V., Nutskova M.V.
Saint-Petersburg Mining University, Saint-Petersburg

O6beMbl JOOBIUN YTIEBOJAOPOAHOTO CHIPbS HA MECTOPOXKIACHUIX 3anaanoi Cubupu u
Ipyrux peruoHoB Poccum B Ooubleil 4YacTu emie CBs3aHbl C pa3pabOTKOM IuIoImaeit
oTKpbIThIX B 70-80 ronmax. /lnurenbHbIE CPOKHM OCBOEHHUS CIIOCOOCTBOBAIM YCIIOKHEHHIO
YCIOBUN CTPOUTENIBCTBA CKBAXMH HA 3TUX MECTOPOXKICHHSIX, B OCOOEHHOCTH B BOIPOCAX
obecrieueHns HaJIe)KHOCTU Pa300IIeHHs] BCKPHIBAEMBIX MPOJIYKTHBHBIX ILUTacTOB. Bospocio
YHCIIO TOTJIOUICHUI IIEeMEHTHOTO PAacTBOpa MpPU KPEIUICHHHM CKBAXHH, HE PEIKU ClIydau
TJTACTOBBIX MPOSBICHUN MPHU MX IKCIUTYaTallUH.

Pa3paboTka TeXHONOTHI BpEMEHHOW H30JIAIMU MPOHUIIAEMBIX TOPH3OHTOB C IEIbIO
OTpaHHYEHUS BOJOMPHUTOKOB SIBISETCS IENEeCOO0pa3sHOM i TOBBIIICHUS KadecTBa
3aKaHYMBaHHUS CKBAXKUH.

Bpemennas wu30s1us TPOHUIIAEMBIX BOJOHOCHBIX IUIACTOB — TEXHOJOTUYECKU
HeoOXoMuMasi omeparys, KOTopas 3HAYUTENBHO OCJOXHSETCS MNP HHU3KHUX IUIACTOBBIX
JABJIEHUSAX. AKTYaJbHbIM SIBJISETCS TNPUMEHEHHE COCTaBOB C HU3KOM IJIOTHOCTHIO.
[TpumepamMu oJ0OOHBIX COCTABOB SIBJISIOTCS] AIMYJIBCUH U TICHBIL.
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HGHLI, IMPUMCHACMBIC JJIA 6JIOKI/IpOBaHI/ISI JOJIXKHBI 6BITB CTaGI/IHLHBIMI/I B TCUCHHC
BCCTO IMmnepruoaa OCTAaHOBKHU CKBAXWHBI. 3(1)(1)6KTI/IBHLIM HAITOJIHUTECIIEM JIA CTa6I/IJII/I3aI_II/II/I
COCTaBa SBJIAETCS MOJIOTHIN KapOOHAT Kajblusl, KOTOPbIM NpU KHUCIOTHON 00paboTke
YCIIEITHO PACTBOPSETCA.

HauOounee YCIICIIHBIMUA KUAKOCTAMUA 6JIOKI/IpOBaHI/I$I ABJIAKOTCA XKUIAKOCTU C HU3KHUM
IMOKa3aTeJIieM IMHAMHWYCCKOI'O HAIIPAXKCHUSA CABUI'a B IOBEPXHOCTHBIX YCIIOBUAX U C BBICOKUM
B Ipu3ab0OMHONW 30HE IJIacTa, 4YTO TMO3BOJISIET CHU3aTh BEPOSTHOCTh IPOHUKHOBEHUS
KUJAKOCTU TIIIYIIEHUS B NPOAYKTUBHBIM TOPU3OHT M YXYIUIHUTHh €ro (UIbTPalMOHHO-
€MKOCTHBIE CBOMCTBAa. BEICOKHE 3Ha4YCHUSA JAMHAMHUYCCKOI0 HANpsXKCHUA CIBUTa B
MOBEPXHOCTHBIX ycioBusax cHIkaeT KIIJI u addexTuBHOCTH 3aKaunBaroiero Hacoca.

Takum 00pa3oM peosoruueckre MCCleOBaHUs B padOTe HalpaBieHbl Ha MPOBEPKY
IMOJIYYCHHBIX COCTABOB TaHHBIM Tpe6OBaHI/I$IM, a TAKXKE pa3pa60TKe HOBBIX COCTAaBOB.

B pabore paccMOTpeHBI YeThIpE CXEMbI TEXHOJOTHH IPOBEICHHS 3aKayKWd TICHBI B
HeoOXo UMbl nHTepBai. Mmeno Mecto oOparieHne UMEHHO K OMbITY TJIYIIEHUS! CKBAXKUH C
HUCIIOJIb30BAHUEM BA3KOYIIPYTUX COCTABOB.

boin BeIOpaH caMblii ONTUMAaIbHBINA, SKOHOMHUYECKH BBITOJAHBIA U MPOCTOH METOJ
3aKa4YKHu TpeX(i)aBHOP'I IICHBI B CKBAXKUHBI IJIsA 6J'IOKI/IpOBaHI/I$I BOAOHOCHOI'O rOpHU30HTA. A Tak
’Ke TIPEIOCTABJIEHA CXEMa MPOBEICHUS JAHHOTO MPOoIiecca.

**k*

Volumes of production of hydrocarbons on oil fields of Western Siberia and other
regions of Russia mostly still related to the development of open space in 70-80 years. Long-
term development contributed to the complication of conditions for the construction of wells
on these fields, particularly in issues of reliability of separation of the open reservoirs.
Increase in the number of acquisitions of the cement when cementing, it is not uncommon
manifestations of reservoir during operation.

Development of technologies for the temporary isolation of permeable horizons with
the aim of water shutoff is advisable to improve the quality of well completion.

Temporary isolation of permeable aquifers is technologically necessary operation that
much more complicated at low reservoir pressures. It is a topical application of compounds
with low density. Examples of such compositions are emulsions and foam.

Foam used for blocking must be stable during the entire period of shut-ins. Effective
excipient for the stabilization of the composition is ground calcium carbonate, which upon
acid treatment successfully dissolves.

The most successful blocking liquids are liquids with a low dynamic shear stresses in
surface conditions with a high in the bottomhole zone of the reservoir, which allows to lower
the probability of penetration of the Killing fluid in the productive horizon and degrade its
permeability and reservoir properties. High values of dynamic shear stresses in the surface
conditions reduces the efficiency and effectiveness of pumping of the pump.

Therefore, rheological studies in the work aimed at verification of the obtained
compositions, according to the requirements, as well as develop new formulations.

The paper discusses four techniques of injection of the foam in the desired interval.
There was appeal to the experience of well killing using the visco-elastic formulations.

34



It was chosen the most optimal, cost-effective and simple method for the injection of
three-phase foam into the well to block the aquifer. As well as the supplied diagram for the
process.

OBOCHOBAHME ¥ BBIBOP HCTOYHHMKA TEILIOBOM SHEPT UM IS
JOBBIYY BA3KOMN TPYJITHOU3BJIEKAEMOM HE®THU
THE RATIONALE FOR THE CHOICE OF SOURCE OF HEAT ENERGY FOR THE
PRODUCTION OF A VISCOUS HARD-TO-RECOVER OIL

Jlebeoee B.A., Kapabyma B.C.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Lebedev V.A., Karabuta V.S.
Saint-Petersburg Mining University, Saint-Petersburg

BricokoBs3kast u TsKeas He(l)TI) BXOZAT B KaTCrOPUIO TPYAHOH3BJIICKAEMBIX 3aI1aCoOB,
Ha JIOJI0 KOTOPBIX CETOJHS MPHUXOAUTCS 0KOoJo 36% oT o0mux o0heMOB T0OBIYM HEPTH B
Poccuiickoit @enepanuu, a no nporao3am 3kcneptToB k 2020 roay 3TOT MOKa3aTeb BbIPACTET
no 77% ot Bced moObrun. [y 10OBIYM OHON TOHHBI BBICOKOBSI3KOW WJIM TSDKEIIOW HEPTH
HEOOXOJMMO BBECTH B Pa3pabOTKy OT ABYX JO TMATH pa3 OoJbllie TPYIHOWU3BICKAEMBIX
3amacoB U MpoOypUTHh B JBa - MATh pa3 OoJbllieé CKBAXKHUH IO CPAaBHEHHUIO C 3aliekamMu
akTUBHBIX 3amnacoB. KoadduuueHT wu3BieyeHHs] BBICOKOBS3KOW U TsKENOW HedTH, Kak
MpaBmio, B 2-3 pasza HuUxe KodduuueHTa u3BiIeueHUsT HEPTHU, OTHOCSIICHCS K aKTUBHBIM
3amacaM. Haubosee pacrnpocTpaHeHHBIMU CIOCOOAMU MOBBIIICHUS JOOBIYN BHICOKOBSI3KOU U
TSOKENOM He(dTH SBJISIOTCS TEpMHUYECKHME Tapo- U IaporasoBble TexHosioruu. [lpu
TepMUueckod o00paboTke HedTecodepkKallero IulacTa MapoM IPOUCXOJUT CHIDKEHUE
BSI3KOCTH HE(TH IO/ BO3ACUCTBUEM TeIljla, TEPMUYECKOE paclIMpeHrne HeTH, aKTyanu3amus
ra30HANOPHOT0 peXUMa, POCT MOABMKHOCTEHN U (ha30BBIX MPOHUIIAEMOCTEH HEPTH U BOJIBI, a
TaKk)Ke BHYTPUILIACTOBAS AUCTUIUIALIUSA OcTaTOYHON HedTu napom. [lo cpaBHEeHHIO ¢ pOCTOH
TEPMHUYECKON MMapoOBON TEXHOJIOTHEH TepMUYecKas apora3oBasi TEXHOJIOTUS MPEACTABISAETCS
6onee »pdeKTUBHOMN, TaK KaK MPUCYTCTBUE B MaporazoBOil CMECH, B OCHOBHOM, TOIOYHBIX
ra3oB M, B YaCTHOCTH, YIJICKUCIOIO Ta3a OKAa3bIBaeT IIOJOXKUTEIBHOE BIUSHUE Ha
Ko3(GGUIMEeHT  BbITeCHEHHs  HE(DTH, yBEIUYMBACT  MIPOHUIAEMOCTh  KOJUIEKTOpA,
npenynpexaaer pa3OyxaHue TIUH, JOTIOJHUTENHHO CHUXKAET BA3KOCTh HE(TH, a TaKkKe
MOHIKAeT BOJOHEPTSHOW u mapoHedTsHOW ¢akTopel. [IpumMeHeHHe TepMHUUYECKOM
Mapora3oBOM  TEXHOJOTMM MPEANOJaraeT HWCIOJIb30BaHWE  HA3eMHBIX  KOMILJIEKCOB
TeHepUPOBAHUS TapOra3oBOM CMECH WU 3a00WHBIX TEHEpPaTopoOB Iapora3oBOM CMeECH.
HenocratkamMu — CyIIeCTBYIOIIUX  TEXHOJOTHH  SIBISIOTCS: HEOOXOAWMOCTH — CO3JaHUS
CHEIHMANbHBIX KOHCTPYKIIMH, HWCHOJIb30BaHUE CIEIHATN3HPOBAHHOTO TOIUIMBA, HHU3Kas
sHeprodpdextuBHOCTE. OCHOBHAs mpoOiema 3akiodyaercs B OOecleueHHe TerIOBOM
DHEprueil OMHMCAaHHBIX paHbIIE TEXHONOTUH. B Jokiane mpesiaraercs HCIOIb30BaTh
TEIUIOPHEPTETHUECKUE TEXHOJIOTHH, 2 UMEHHO KOTepallMOHHBIE YHEPreTHUECKHUE YCTAaHOBKHU
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(DY), xoToppie MPOU3BOIAT TEIUIOBYIO M DJIEKTPUUECKYIO SHEpruto. J[aHHBIA KOMILIEKC
MOKET UCTOJIB30BAThCS UIsl 3HEProcHabKeHus: OypoBBIX ycTaHOBOK. Korenepannonuas DY
MokeT ObiTh mocTpoeHa Ha Oaze ['TY, III'Y m gp. B kadecTBe TOIIMBA MOXKET
WCTIOJIb30BAThCS TOMYTHBIM HeTssHON ra3. KoreHepamnoHHBIE KOMIUIEKCH 00J1aJaloT
xopouiet sHeprodGPEeKTUBHOCTL U  MOTYT MOBBICUTH  3(PPEKTUBHOCTL B JIOOBIYU
TPYAHOU3BJIEKAaEMOU He(TH.

AHAJIN3 1 OIEHKA IPUMEHUMOCTHU CMA30OYHbIX IOBABOK
JJ1A HOJIMMEPMEJIOBBIX BYPOBBIX PACTBOPOB
ANALYSIS AND EVALUATION OF THE APPLICABILITY OF THE
LUBRICATING ADDITIVES FOR CHALK DRILLING FLUIDS

Makxkapoea H.C., baunos I1.A.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Makarova N.S., Blinov P.A.
Saint-Petersburg Mining University, Saint-Petersburg

O,Z[HO 13 OCHOBHBIX HaHpaBHeHI/Iﬁ Pa3BUTHA TEXHOJIOTIMH 6ypeH1/1;1 CKBa>XHH CBA3aHO C
YBCIIUUCHUEM FJ'Iy6I/IH, MMPOXOAKE IMPOTSAKCHHBIX HAKIIOHHBIX W T'OPU30HTAJIBHBIX YYAaCTKOB.
st peanu3anuu 3TOro TpeOyeTcsl co3AaTh YCIOBHS, MPU KOTOPHIX OYpOBOU cHapsia Oynmer
paborath 3ddexktuBHO M Oe3aBapuitHo. OCHOBHBIMHU (DaKTOpaMU TIPH ITOM  SIBJISIFOTCS
IIPOYHOCTHBIC XAPAKTCPHCTUKU 6ypI/IJ'IBHOI71 KOJIOHHBI, YCTOﬁqHBOCTB CTBOJIa CKBaXHHBI,
peXUMBI pabOThI 3a00MHOTO JIBUTATENsl M J0JI0Ta, CBOMCTBA OypoBOoro pacrBopa. OgHuM U3
TJIaBHBIX IMapaMCTpPOB 6yp0BOFO pacTBOpPa IIPpHU 3TOM ABJIICTCA CMaA3bIBArOIas CHOCOOHOCTb.
VnqueHI/Ie CMa30YHBIX CBOMCTB 6ypOBBIX pacTBOPOB, KaK IIPpaBUJIO, AOCTHIa€TCsa IIYTEM
BBC€ACHUA B HUX CIICIIHAJIBHBIX CMAa30YHbIX I[O6aBOK. Bricokas CMa3bIBaromas CIIOCOOHOCTD
YBCINYHUBACT CKOPOCTb CTPOUTCIBCTBA CKBAXHHBI, 4YTO CHOCO6CTByeT 3HAYUTCIBHOMY
CHM)KCHHUIO 3aTpaT, B TO BPEMs KaK MaJI0€ COACPKAHHNC CMAa3bIBAlOIIUX BCHICCTB B 6yp0BOM
pacTBOpEC MNPHUBOAUT K H3HOCY HOJIOTA, O6caI[HLIX KOJIOHH, BBI3bIBACT 3HAYUTCIIBHOC
COIIPpOTHUBJICHHUEC TIpHU II€peaayvc KpyTdamero MOMCHTA M MNOBLBIMIACT BCPOATHOCTb
I[I/I(l)(l)epeHI_lI/IaJIbHBIX IIPpHUXBATOB. B HacTosAlmIee BpEMA CYHICCTBYIOT ACCATKH CMA30YHBIX
,Z[O6aBOK JJIs1 6ypOBBIX pacTBOPOB. bonpnimHcTBO M3 HHX HCCIICOOBAJINCh Ha TJHWHHUCTBIX
CYCIICH3UMX. B MocCJICAHCC BpEMs HAYAJIN HIUPOKO NPUMCHATL MOJIMMEPMECIIOBBIC paCTBOPLI, B
0COOEHHOCTH AJIs1 BCKPBITUS TPOAYKTUBHBIX TOPU30HTOB.

HeJ’ILIO AAaHHOTO HUCCICHOBAHUA SBJLACTCA aHAJIM3 W OLCHKAa TNIPHMCEHUMOCTH
HCKOTOPbIX CMa30YHbIX I[O68.BOK pIn b 6ypeHH51 C HCHOJIb30BAHUCM IOJIUMCPMCEIIOBBIX
OYypOBBIX paCTBOPOB.

**kk

One of the main directions of development of the technology of wells drilling
associated with increasing depths, the excavation extended inclined and horizontal sections.
To implement this you need to create the conditions under which the drilling Assembly will
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operate efficiently and trouble-free. The main factors are the strength characteristics of the
drill string, wellbore stability, modes of operation of the downhole motor and bit, properties
of drilling mud. One of the main parameters of the drilling fluid is the lubricating ability.
Improving the lubricating properties of drilling fluids usually is achieved by introducing them
to special lubricating additives. High lubricity increases the speed of well construction that
contributes to a significant cost reduction, while small content of oil and lubricants to the
drilling fluid leads to wear of the bit, casing of columns, causes significant resistance to the
transmission of torque and increases the chance of differential sticking. Currently, there are
dozens of lubricating additives for drilling fluids. Most of them were investigated for clay
suspensions. In recent times it has been widely used polimerservice solutions, especially for
the opening of productive horizons.

The aim of this study is analysis and evaluation of the applicability of certain
lubricating additives for drilling using polimermash drilling fluids.

ANHAMMUKA JIEJHUKOBOI'O IOKPOBA AHTAPKTHU/bI U I'PEHJIAH/IUN,
KAK ®AKTOP, OCJIOXKHSAIOIUN BYPEHUE CKBAXKWH BO JIbY
DYNAMICS OF ANTARCTIC AND GREENLAND ICE SHEETS
AS A FACTOR COMPLICATING THE DRILLING OF HOLE IN ICE

Mapkoe A.H.
Llenmp nonsprulx uccreoosanuil, L[3ununvckuii ynusepcumem, Yanuyn (KHP)

Markov A.N.
Polar Research Center, Jilin University, Changchun Cit (China)

Ha ocHoBanuu u3mepeHuid B TIyOOKUX JIEAOBBIX CKBaXMHAX, PAIMOJIOKAIMOHHBIX U
KOCMOT€0/Ie3MYECKUX HaONoeHu B AHTapkTuae U ['peHyiaHuM 3aperucTpUpoOBaH psij
O0COOCHHOCTEl MaccomepeHoca JbAa, HE YKIAAbIBAOIIUXCA B TpaJULMOHHBIE, HO
TUMOTETUYECKHE IPEACTAaBICHUS O MOHOTOHHOM  €IMHOOOpa3HOM  HW3MEHEHUH B
MPOCTPAHCTBE AMHAMUKH IMMOKPOBHBIX JIETHUKOB. be3 ydéra sTHx ocobOeHHOCTEl OypeHwue
JIEIOBBIX CKBKMH MOKET COMPOBOKIAATHCS CUCTEMATHUECKUMU aBaPUIHBIMU CUTYAIHSIMHU.

Crnenunanucramu Poccuu mo pe3yiabTaTaM MHOTOJIETHETO MOHHMTOPHHIA KOOPAWHAT
oceil ckBakuH Ha ctaHuu Boctok (1o 1920 m), mpodune Boctok — Boctok-1 — [Inonepckas
— Mupsnsiit (1409 kM, 10 Tiyounst 450 M) U aHanM3a pajinoJIOKallMOHHBIX Pa3pe30B BBISBICHO
crenymomee: a) AHTaPKTHUECKUN JITHUKOBBIM TTOKPOB UMEET CIOMCTOE U3MEHEHHE CKOPOCTH
U «BEepHOE» U3MEHEHHUE HaMpaBIeHHs TeUeHUs Mo TyouHe; 0) GUPHOBBIN MIIACTUYHBIN CIOH
o0nasaeT MHAUBHUAYATbHBIMH MapaMeTpaMyd AWHAMUKH M TPAKTHUYECKU «CTeKaeT» ¢ Oolee
MOHOJIUTHOTO «TeJlay JIGAHUKOBOTO MOKpoBa (OT/iaMuKe HampasieHus teueHus 10 30...80°);
B) BHYTPH MOKPOBa HIDKETIEKAIUE MACCHI JIbJ]a MECTAMHU TEKYT OBICTpee BEPXHUX.

UccnepoBatensmu CIIA u [lanuu Ha paguoJIOKallMOHHBIX pa3pe3ax B HUKHEH TpeTu
JIETHUKOBBIX KYIOJIOB IIeHTpanbHbIX obnacteir Antapktunsl (AGAP) u ['pennanauu
(NEEM) 3apeructpupoBaHbl CKJIaq4aThie CTPYKTYPbI, HE XapaKTEPHbIC Ui MOKPOBHBIX
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neqHuKoB. [IpoBen€HHbIE HAMHU TEKTOHMYECKHMW aHAIU3 MO3BOJISIET KOHCTAaTUPOBATh, UYTO
IFCHC3HUC DJOTUX JICAOBBIX CTPYKTYp HACHTHUYCH JUAIIMPOBBIM CKIAJKaM W JUaldpaMm IIpu
BBITCCHCHUM HWKHUX INIACTUYHBIX MACC JibAa BCPXHUMHU MOHOJIMTHBIMH, WJIHW KYJIHCHBIM
CKJIaJIKaM CMSITHSI HIDKHUX CJIOEB JIbAA IPH UX 00Jiee OBICTPOM MOTOKE 110 KOPEHHOMY JIOKY B
CPaBHEHMM C BBIIIEIEKAUIEH Tomel. DTO MO3BOJIAET YTBEPXkKAAaTh, YTO B OOLIMPHOMN
MPUIOHHOW, HanOoJjee IUIACTUYHOM 00JacTH MOXET MPOUCXOAUTH TYpOYJEHTHOE TEUEHHS
Jbaa, a MOJAC/Ib JWHAMHUKH JICAHUKOBBIX IIOKPOBOB paCCMOTPCHA KaK BbIAABJIWMBAHUC
HHXKEIICKaAIIUX MacCC BbIIICIIC)KAIIIUMHA.

Crnennanucramu CHIA mo pe3yiabTaTaMm paguoJIOKallMOHHON HMHTEp(EpOMETpHH CO
cnyraukoB Kananer, CIIIA, EBponbl u Snmonnn (RADARSAT-1,2; Envisat ASAR; ERS-1/2;
ALOS PALSAR) ompenenena kapra ckopoctd 3D CTpyKTypsl TOTOKOB JHEBHOM
MTOBEPXHOCTH JIETHUKOBOIO MOKpoBa AHTapkTHAbL. [IpoBen€HHbI HaMU MOPQOJIOTHYECKUI
aHAJIM3 TO3BOJISAET CHENaTh BBIBOJ, YTO 3TH NMOTOKH B3aUMOJEWCTBYIOT APYr C APYIOM B
YCIIOBUAX CUIIbHOM MuddepeHnnany HakjoHa NOBEPXHOCTH TEUEHUS TI0 TOPHOMY penbedy
KOPCHHOI'0 JIOXKa W aHAJIOTUYHBI CIIMAHHUIO JICAHUKOB C MHAWBUAYaJIbHBIMU 0COOEHHOCTSIMU
W3 Pa3JIMYHBIX JI€A0COOPHBIX 0ACCEHHOB.

**k*

Based on data of measurements in deep ice boreholes, as well as of radar and space
geodetic observations in Antarctica and Greenland, a number of new features of the ice mass
transport had been revealed. Note that these features do not correspond to the traditional but
still hypothetical notions (ideas) of the monotonous and uniform spatial changes in the ice
sheet dynamics. Without taking these features into account drilling ice holes can be
accompanied by systematic emergency situations.

Using results of the long-term monitoring of the borehole coordinate axes at the
Vostok station (down to 1920 m), east profile Vostok — Vostok 1 — Pionerskaya — Mirny
(1409 km, down to the depth of 450 m), and analysis of radar sections, Russian specialists
revealed the following: a) the Antarctic ice sheet has stratified changes in speed and a fan-like
change in the flow direction along the depth; b) plastic firn layer has individual parameters of
dynamics and actually flows down from more monolithic body of the ice sheet (the flow
directions differ by 30-80°); c) in some places inside the sheet, the underlying ice masses
flow faster than the upper ones.

Researchers from the United States and Denmark registered on the radar sections of
the lowest third of the ice domes in the central regions of the Antarctica (AGAP) and
Greenland (NEEM) some folded structures, which were not typical of ice sheets. The tectonic
analysis we have performed allows making a conclusion that a genesis of these ice structures
is identical to the diapir folds and to diapirs which are formed at a displacement of lower
plastic ice masses by the upper monolithic ones, or to echelon folds of crumpling of lower ice
layers at their faster flow along original bed as compared with the overlying ice mass. This
makes possible to suggest that a turbulent ice flow can occur in the spacious near-bottom and
the most plastic area, and a model of the ice sheet dynamics is considered as extruding of
underlying masses by the overlying ones.
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Specialists of the United States analyzed results of the radar interferometry obtained
from satellites of Canada, the US, Europe, and Japan (RADARSAT-1, 2; Envisat ASAR;
ERS-1/2; ALOS PALSAR) and determined a velocity map of the 3D -structure of the flow of
the day surface of the Antarctic ice sheet. We conducted the morphological analysis and made
the conclusion that these flows interact to one another under conditions of the strong
differentiation of a surface inclination of the ice flow moving down along the mountain relief
of original bedrock.

HCCJEJOBAHUE KOMITO3UIIU BYPOBBIX PACTBOPOB JIJI51
HNPEAYIIPEXJIEHUSA CAJIBHUKOOBPA30OBAHUSA
INVESTIGATION MUD COMPOSITIONS FOR PREVENTING FORMATION OF
SEALS

Mapmens A.C., Jleywiesa E.JI.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Martel A.S., Leusheva E.L.
Saint-Petersburg Mining University, Saint-Petersburg

Kak wm3BecTHO, MHOXXECTBO pa3pe30B CKBaXHMH (ocoOeHHo B 3amagHoi Cubupm)
CII0EHO TJIMHUCTBIMU TOPOJAaMH HJIM UX TepeciauBaHHeM. Takue mopoibl Mpu OypeHuu
IIPOMBIBOYHBIMH KHJIKOCTSIMU Ha BOJHOM OCHOBE CKJIIOHHBI K TMJpaTalyy, NPWIAIAHUIO K
JOJIOTY W JJIEeMEHTaM KOMIIOHOBKM Hu3a OypmibHOUM kojoHHbI (KHBK), 4to cHmwkaer
CKOPOCTh OypeHHUsl U IPUBOIUT K PA3IIUYHBIM OCJIOKHEHUAM. B Takux yciaoBHUsIX HEOOX0IUMO
MPUMEHEHHE TEXHOJIOTUYECKUX U TEXHMUYECKUX perieHuil. OgHO U3 HUX — pa3paboTka u
MPUMEHEHHE CHEIHATBbHBIX OYPOBBIX PACTBOPOB, MPEIOTBPAILAIOLINX CATbHUKOOOpa30BaHUE
U yIy4IIaomUX OypUMOCTh MJIACTUYHBIX TOPHBIX TOPOJ.

Canpauku Ha pojore u anemeHtax KHBK moryr obpa3oBbiBaThcsi Mo MpUYUHE:
HEeJ0CTaTOYHas OYMCTKa 32005; paboTa 10JI0Ta MPU OTCYTCTBUU IUPKYISIIIUKM TPOMBIBOYHOMN
KUAKOCTU; OypeHUE JTUIKUX MOPOJ.

VYiydineHue KadecTBa MOJIMMEPHBIX HHTHOMPOBAHHBIX IMPOMBIBOYHBIX KHUAKOCTEH
JOCTUTAeTCS BBEACHHEM B pEUENTYypy MAOIOJHUTENbHBIX J100aBOK, BBIOOpP KOTOPBIX
MIPOU3BOJIUTCS HA OCHOBE CIEIUAIBHBIX HAyYHO-HCCIIEI0BATEIbCKIX Pa0OT.

B ganHoii paboTe clemaHa TOMBITKA ONPENECIUTh  B3aUMOCBS3b  MEXKAY
COTPOTHBIIEHUEM HCKYCCTBEHHBIX TTTMHUCTBIX 00pa3ll0B BHEAPEHUIO CTALHOTO IUIUHAPA U
coctaBoM OypoBoro pactBopa. JlabopaTopHble HCCIEAOBaHUS MPOBOAWINCH Ha MPUOOpE
Buxka ¢ nmectukom (Takke ero Ha3biBaroT «Ilectuk Maiiepay).

Ha ocHoBaHMM TeOpeTHYEeCKHX M TOJYYEHHBIX IKCHEPUMEHTATBHBIX JTAHHBIX OBII
CleNaH BBIBOJ O TOM, YTO i OypeHHUS CKBOKUH B TIUHUCTBIX OTIIOKEHUSX BO3MOMKHO
MpUMEeHEeHHe OypOBOTO pacTBOpa Ha OCHOBE OHMOIOIMMEPOB C HEOOIBIIUMHU J10OaBKaMU
MOBEPXHOCTHO-AaKTUBHBIX BEIIECTB, HANpUMep Takux, Kak cynbhanon. CHKeHue
BO3MOHOCTH CAIbLHUKOOOPa30BaHMs MPOUCXOIUT 3a CUET 00pa30BaHUsI MOTUMEPHOU TIIICHKU
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Ha UCKYCCTBEHHOM 3a00€, YTO CHIDKACT CTENEHb MPOHUKHOBEHHSI OYpOBOTO pacTBOpa B 30HY
npenpaspyiieHus nopoasl. Ilpu aTom pocT ckopocTu yriayOneHHs B IPOMBICIOBBIX YCIOBUSAX
OTMEYaeTCs 32 CYET JIydIlIeld OUMCTKH 320051 OT BEIOYPEHHOM MOPOJIBL.

AHAJIM3 IPUMEHEHUS TEHOLEMEHTHBIX CMECEM 1151 KPEILIEHUA
CKBA’KHUH B YCJIOBUAX KPUOJIUTO30HbI U AHOMAJIBHO HU3KOI'O
IIJIACTOBOI'O JABJIEHUSA
ANALYSING THE APPLICATION OF FOAM CEMENTS FOR WELL CASING IN
THE CRYOLITE ZONES AND ZONES WITH ABNORMALLY LOW FORMATION
PRESSURE

Mep3znakoe M.IO., Aeopckas A.A.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Merzlyakov M.Yu., Yavorskaya A.A.
Saint-Petersburg Mining University, Saint-Petersburg

[leHolleMEHTHBIE CMECH HALUIM IIMPOKOE MPUMEHEHUE MPU COOPYNKEHUH CKBAXKHUH,
CTPOUTENIBCTBO KOTOPBIX OCIOKHEHO HAJTUYMEM aHOMAaJbHO HHU3KOTO IJIACTOBOTO JIAaBJICHUS
(AHITH) nim MmHOTOMIETHEMEP3IBIX TTopoa (MMII).

Hanuuue nomnpix siueek, 3aMoJHEHHBIX ra3oM, 00yClIaBIUBaeT HU3KYIO MIIOTHOCTH (10
360 xr/m3) u termmonpoBoaHoCcTh (0,25-0,7 B1/(M-C)) meHonieMeHThIX cMmeceid. BBuay manoi
IUIOTHOCTM  OHM  MOTYT  OBITh  HCIOJB30BaHBl I CO3JaHHMS  ONTUMAJILHOTO
rupocratuyeckoro aaeieHusi B ckBakuHax ¢ AHIIJ[, a HeBbIcOkas TEIIONPOBOTHOCTH
npensaTcTByeT pacreriennro MMIL. Ocobast cTpyKTypa JTaHHBIX CMECeH M03BOJIseT N30eKaTh
Ype3MepHBIX MOTePh TAMIOHAKHOTO MaTepuaia NPy U30JSIUH MOTJIOMAIOIIUX 1AacTOB. [
WX MPUTOTOBIIEHUS TPeOyeTCs HE3HAYUTEIbHOE KOJUYECTBO BOJBI, yIEPKUBAEMON HAAEKHO
CMECBIO, YTO OCOOCHHO BAXKHO [UISI KPEIUIGHHWS TOPHU30HTAJIBHBIX WM HAKJIOHHO-
HaIPAaBJICHHBIX CKBAXKWH, a TAK)KE CKBAYKUH, IPOUJICHHBIX B KPUOJIUTO30HE.

Kamenb, o0Opazyemblii W3 MEHOLIEMEHTHOW CMECH, IO CPaBHEHHIO C OOBIYHBIM
[IEMEHTHBIM KaMHEM OTJIMYaeTCsl JY4IIMMU MEXaHUYeCKMMHU cBoiicTBamu. Ero mopucras
CTPYKTYpa MPEMnsATCTBYET Pa3BUTUIO B HEM TPEIIHH, KOTOPbIE MOTYT BOSHUKHYTh B KaMHE TO]1
JNEHCTBHEM TEMIIEpaTYpHBIX KOJIeOaHMM M LMKIMYECKHMX HArpy3oK IpH H3MEHEHUU
TUAPOCTATUYECKOTO JIaBIeHUS B CKBaxkuHe. [loMHMMO 3TOro, kameHb, C(HOpPMHUPOBAHHBIN
MEHOIIEMEHTHON CMEChI0, UMEET HAACKHYIO aJre3uto ¢ 00CcagHOW KOJOHHOW W TOPHBIMHU
MOPOJAMH, XapaKTEpU3yeTCss HU3KOM TEeIIONPOBOJHOCTHIO U BOAOTA30MPOHUIIAEMOCTHIO, a
TaKXe BBICOKOM MOPO30CTOMKOCTHIO.

Jis mpumaHus TMEHOUEMEHTHBIM CMecsM Oolbliei CTaObuIBbHOCTH B HMX COCTaB
IUTAHUPYETCS BBOJAWUTH BCIYYEHHBIM MEpIHT, 0a3albTOBOE WM MOJUIIPOMUICHOBOE
¢ubpoBosoKkHO. O’KHIAeTCsI, YTO OTMEUYEHHBbIE [00AaBKM TO3BOJIAT TMOJYYUTh JIETKHMA
[IEMEHTHBI KaMEHb, KOTOPBI Oy/IeT UMETh 00Jiee BEICOKYIO IPOYHOCTbD, TPEIIUHOCTOHKOCTD,
MOPO30CTOHKOCTb, BOJOCTOMKOCTh, KOPPO3HOHHYIO CTOMKOCTH, BOJOTAa30HEINPOHUIIAEMOCTb.
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JlanbHeiimme uccneaoBanus OyIyT HAMpaBIeHBI Ha pa3paboTKy ¥ U3y4eHHE HOBBIX COCTaBOB
IICHOLIEMECHTHBIX cMecelt JI KPCIJICHUA CKBAKMH B OTMCUYCHHBIX YCIIOBUSAX.
*k*

The foam cements are widely used for the construction of wells in the zones with
abnormally low formation pressure or in the permafrost rocks.

The presence of hollow cells, which are filled by the gas, leads to the low density
value (up to 360 kg/m3) and low heat conductivity (0.25-0.7 W/m-C) of the foam cement
mixtures. Because of the low density, these cements can be used to create the optimal
hydrostatic pressure inside the wells with the abnormally low formation pressure. Meanwhile
the low heat conductivity prevents the defrosting of the permafrost rocks. The special
structure of the given mixtures enables to avoid the cement slurry loss during the isolation of
the permeable formations. For preparation of the foam cements, the low volume of the water
is required to reliably maintain the mixture, which is especially important during the casing of
the horizontal and directional wells, and for the wells in the cryolite zones.

The cement rock, formed from the foam systems, has better mechanical properties in
comparison with the usual cement. The porous structure of the foam cements prevents form
the formation of the fractures, which can be created in the rock due to the temperature
variation and cyclic loadings during the hydrostatic pressure variation inside the well.
Besides, the rock formed from the foam cements has reliable adhesion to the casing pipes and
the adjacent rocks, low heat conductivity, low permeability and high frost resistance.

To provide the stability of the foam cements, the expanded perlite, basaltic or
polypropylene vulcanized fibers can be added to the cement composition. It is expected that
adding the mention reagents leads to the formation of a light cement rock, which has high
strength characteristics, low permeability and high fracture, frost, water and corrosion
resistance. The future experiment should be conducted to develop and study the new foam
cement compositions for well casing applications in the mentioned conditions.
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HOBBIIWEHUE SHEPI'O3®P®EKTUBHOCTHU INTPOLECCOB CTPOUTEJIBCTBA
HE®TSAHBIX U I'A30BbIX CKBA’KUH C UCIIOJIb30BAHUEM
I'A300BPA3HOI'O DQHEPTOHOCHUTEJISAA B KAYECTBE TOIIVIMBA
ENERGY-EFFICIENCY INCREASE OF OIL AND GAS CONSTRUCTION WITH
UTILIZATION OF GASEOUS ENERGY CARRIER AS FUEL

Mopenos B.A.l, Poze @.%
1CaHKm-IYemep6ypec1<m7 2opuwlil ynueepcumem, Cankm-Ilemepodype
2(Dpaﬁ6ep2c1<a;z 2opuas akademusi, Ppativepe (I'epmanus)

Morenov V.A.}, Rose F.2
'Saint-Petersburg Mining University, Saint-Petersburg
2TU «Bergakademie Freibergy, Freiberg (Germany)

OHeprocHaOxeHue npu OypeHHH HE(TAHBIX M Ta30BBIX CKBAXUH B CIIOHBIX
KIIMMaTH4YE€CKUX  YCJIOBUSX  XapaKTepU3yeTCsl  MOBBIIIEHHBIMH  MOTPEOHOCTIMH B
AIIEKTPUYECKOM M TEIUIOBOM SHEpruu. ODHEpPreTUYecKue 3arpaThl Ha TEIUIOCHAOKEeHUe
MIPOU3BOJICTBEHHBIX OOBEKTOB, TEXHOJOTMYECKHMX U OBITOBBIX IOMEIIEHHH MOTYT B
HECKOJIbKO pa3 TMpeBbIIIAaTh PacXo]] JUIEKTPUUYECKON »HHEpruu Ha NOpHUBOJ OypoBOro
obopynmoBanus. i dHEprocHaOXeHHsI  OOBEKTOB  Kak  IOMCKOBOTO, TaK W
SKCIUTYyaTallMOHHOTO OypeHHsi B OOJBIIMHCTBE CIy4aeB HCIOJIb3YIOTCS JIOKAJbHbIE
AIIEKTPOTEXHUYECKHE KOMILUIEKChI Ha 0a3e AM3eNlb-TeHEepPaTOPHbIX yCcTaHOBOK. llpu sToM
pa3zpaboTka HE(QTAHBIX MECTOPOKICHUM COMPOBOXKIACTCS 3HAUUTEIBHBIMU OOBEMaMU
NOOBIYM TOMYTHOTO HE(TAHOTO Ta3a, a MpH J00bIYe MPUPOJHOTO Ta3a BO3MOXHO €ro
MCII0JIb30BaHME B KaYeCTBE TOIUIMBA JJIsl SHeproarperaToB. [losToMy mpu KycToBOM criocode
pa3pabOTKW TpYNIbl CKBAXUH JUIS OCYIIECTBIEHHUS TEIUIO- M DIEKTPOCHAOKEHUS
1enecooOpazHo MPUMEHSATh SHEProreHEepPHUPYIOIINE YCTaHOBKH, (YHKIIMOHUPYIOLIUME Ha
ra3oo0pa3HOM TOJIMUBE, MOJIYy4aeMOM OT BBEAEHHBIX B OJKCIUIyaTallMl0 CKBaXuH. Jlis
YTUIU3alMKd Ta3a B KauecTBE JHEPrOHOCUTENS BO3MOKHO HCIOJB30BaTh Ta30TypOMHHBIE
ycranoBk# (I'TY) mnm razonopinnessie arperatsl (I'TIA). [Tocnenneit pazpaboTkoil B o6nactu
I'TY saBnsaroTcs MHKporazoTypOuHHBIE 3nekTpoarperatsl (MI'TDA). B ycrnoBusx HHM3KHUX
TeMreparyp arMochepHOTO BO3AyXa U BBICOKOW CKOPOCTHM BeTpa JOCTaTOYHOE
TeIUI0CHA0KEeHHE HEOOX0AMMO Kak JUIsl 00eCcTieueHusl TEXHOJIOTUYECKOTO Mpoliecca, a HIMEHHO
MOJOTpeBa MPOMBIBOYHON KUAKOCTH, TaK M JUIsl CO3JaHUS KOMGMOPTHBIX YCIOBHH Tpyaa
Opuragpl OypmiiblinkoB. OZHMM M3 OCHOBHBIX MapaMeTpPOB TEIJIOBOTO pexuMa OypoBOH
BBIIIKY SBJSIOTCS TEINIONOTEepU. BBUY NaHHBIX CTPYKTYPHBIX 0COOEHHOCTEN OOMbINIas YacTh
TEIUIONOTEPh B 3/1aHUK OypoBOH OyAeT NPUXOIUThCA Ha HHOHIBTPALUIO XOJIOIHOTO BO3AyXa
4yepe3 TEXHOJOTMYECKUE IIPOEMBl M OTBEPCTHs, a TaKK€ Ha IOTEPH TEIJIOTHl 4epe3
M30JIPYIOIIME KOHCTPYKIUH. 3HAUYUTEIbHOE KOJMYECTBO TEIUIOTHI TaKkKe TpeOyercs ais
nojjiep>kanusi paboueil Temmeparypel OypoBoro pactBopa. HecoOironeHue TemIoBoro
peKHMa IHMPKYISALUA MOXET MPUBECTH K JbA000PA30BAaHHIO HA CTEHKAX CKBAKUHBI U
MOSIBJICHUIO JIEISHBIX MPOOOK B 3JeMeHTax o0Bsi3ku. IlosTomy HeoOxoaumo obecriednBaTh
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nojorpeB OypoBOro pacTBOpa B MPUEMHON €MKOCTH C YYETOM TEeMIIEpaTyphl OKpYXKaromiei
cpenbl. HeoOxoanmasi TerioBasi MOIIHOCTb OyIET ONpeAesThCs KOJIMYECTBOM TEIUIONOTEPh
MPUEMHONH €MKOCTH ¢ pacTBopoM. C ydeToM HEOOXOAMMOW TEIJIOBOM MOIHOCTH s
obecrieueHruss  (DYHKIIMOHHpPOBAHUS ~ OypoOBOTO  KOMIUIEKCA, BO3MOXKHO  CO3aHHE
KOT€HEPALMOHHOTO SHEProTEXHOJIOTHIECKOT0 KoMIuiekca Ha 6aze MI'TDA, mo3BosIONIEro
o0ecreynTh SHEPreTHYECKHe Harpy3Kd NoTpeOuTens, WM, B TO K€ BpEeMs, CHHU3UTH
ce0eCTOMMOCTh MPOM3BOJCTBA dHEpruu. B pesynprare Obuta paspaboTraHa cxema
SHEProcHA0KEHHsI MPOU3BOJICTBEHHBIX OOBEKTOB IpPH KYCTOBOM OYpEeHHU C YTHJIM3alHen
TEIlIa BRIXJIONHBIX ra3oB I'TY
*k*

Power supplying of well drilling and oil and gas extraction on oil and gas fields at low
temperatures of ambient air is characterized by increased requirements of electric and heat
energy. Power costs for heating of production facilities, technological and living objects may
exceed drilling equipment electric power consumption several times. Power supplying of
prospecting and exploitation drilling objects is usually done by means of local electric power
structures based on diesel power stations. In the meantime, exploitation of oil fields is
accompanied by vast quantities of extracted associated petroleum gas, and while developing
gas fields there are considerable amounts of natural gas and gas condensate. In this regard
implementation of gas-powered self-sufficient power units functioning on produced crude
products for power supplying is seen as most potential. For these purposes gas turbines (GT)
or gas reciprocating engines (GRE) may be used. In addition gas-powered units are most
efficiently used in cogeneration mode - combined heat and power production. Conducted
research revealed that GT generate more heat than GRE while producing electricity. One of
the latest GT design are microturbines (MT) - devices that may be efficiently exploited in
combined heat and power mode. In conditions of ambient air low temperatures and high
velocity wind sufficient heat supplying is required for both technological process, specifically
for drilling mud heating, and for maintaining comfortable working conditions at the rig. One
of the main heat regime parameters are the heat losses. Due to structural peculiarities of the
rig most of the heat losses occur at cold air infiltration through the technological apertures and
hatchways and heat transition of isolation constructions. Also significant amount of heat is
required for working temperature sustaining of the drilling mud. Violation of circulation
thermal regime may lead to ice build-up on well surfaces and ice blockages in armature
elements. That is why it is important to ensure heating of the drilling mud chamber according
to ambient air temperature. Needed heat power will be defined by heat losses of the chamber.
Noting heat power required for drilling structure functioning, it is possible to create combined
heat and power complex based on MT for satisfying consumer power needs and at the same
time lowering power generation costs. As a result, combined power supplying scheme for
multiple well drilling utilizing heat of MT flue gases was developed.
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AHAJIN3 D®PEKTUBHOCTH BJIUAHUSA TEXHOJOTHMYECKHUX KUJIKOCTEH
HA COOPMUPOBAHHYIO KOPKY BYPOBbBIX PACTBOPOB
ANALIZING THE EFFECT OF PROCESS FLUIDS ON DRILLING FLUIDS ON
FILTER CAKES

Hukonaee H.U., Ilempog A.A.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Nikolaev N.I., Petrov A4.A4.
Saint-Petersburg Mining University, Saint-Petersburg

JlocTrkeHre  paBHOMEPHOW M TOJHOW OYHMCTKM  CTBOJIa  CKBA@XWHBI  OT
(GUIbTPAMOHHON KOPKHU BJIOJIb BCEr0 y4acTKa OTKPBITOTO CTBOJIA SBJSETCS HEOOXOIUMBIM U
MPUBOJUT K BBICOKUM pe3yJIbTaTaM JO0OBIYM, OCOOEHHO B MPOTSHKEHHBIX TOPU30HTAIBHBIX
cTBoJIax. Bo MHOTHX cilydasXx HEBO3MOXKHOCTh AOCTHkeHHsI TpeOyemoit ounctku [13C mpu
OCBOEHUH CKBAKHHBI B JATHHEHIIEM BEJET K HEOOXOIUMOCTH MPUMEHEHHUS JOPOTOCTOSIIINX
noBTOpHBIX omnepauuit U KPC, 5KCTEHCHBHBIX XHUMHYECKMX M MEXaHHYECKHX CIOCOOOB
ounctku [13C. 3auactyro 3pPeKTUBHOCTH OYUCTKH CTBOJIA 3aBUCUT OT IIPABHIIBHOTO MMOI00pa
KOMIIOHEHTOB B 3aBHCHUMOCTH OT cocCTaBa (QWIbTpalMoHHON KopkHu. Ilockonbky
¢bunbTpaoHHAs KOpKa oOpa3yeTrcst B mpolecce GUIbTpaluy MPOMBIBOUYHOM KUIKOCTH IS
BCKPBITHS MPOAYKTHBHBIX IJIACTOB, TO HEOOXOJMM KPUTHYECKHM aHaIn3 KOMIIOHEHTOB,
BXOJSIIMX B COCTAaB JTOM IKHUIKOCTH. KpUTHUECKMMM KOMIIOHEHTaMH  SIBJISIOTCS:
CBOJI0OOpa3yromue marepuaibl (TBepaas (asza): kapOOHAT KalbIUsl — PACTBOPUTEIIH:
KHUCJIOTBI, X€JaThl; 3aryCTUTEIN-CTPYKTypooOpa3oBarenu (MOJMMEpHI): KCAaHTOBas cMoJia
(XC) — pacTBOpHUTEIHM: OKUCIUTEIN, PEArcHTHI Ui CHIDKEHUS (PHUabTpamuu (IMOJUMEPHI):
KpaxMaJj — paCTBOPUTEININ: KUCIOThI, OKUCIUTEH, SH3UMBbI; OypOBOM HLIaM.

Br160p cooTBeTcTBYIOIIETO Opeiikepa (pa3pymuTelb, pACTBOPUTEIb) OyJIET 3aBUCETh
OT Tuna (QUIBTPALIMOHHONW KOPKU M €€ KOMIIOHEHTOB, COCTaBa XHMJKOCTH 3aKaHYMBAHUS,
3a00iHOM TeMIlepaTypbl M CHocoba 3akaHYyMBaHHs. XUMHUYECKHE OpeiKepbl MOTYT OBITh
pazzeneHsl Ha 4 OCHOBHBIE TPYIIIbI: KUCIOThI, OKCUIAAHTBI, SH3UMBbI, X€JIaTHBIE COCIMHEHHUSL.

B oOmem cnydae, npu BbeIOOpe pacTBopa Opelikepa HEOOXOAMMO YUUTHIBATh:
HKOJIOTHYECKYI0 0€30MacHOCTh M TOKCHYHOCTh PEAareHTOB; KOPPO3UOHHYIO aKTUBHOCTh
OpelikepoB; CKOPOCTh pEaKlUUd PacCTBOPOB-PA3PYIIUTENCH; BEPOATHOCTh 3arps3HEHUS
KOJIJIEKTOPA MPOAYKTAMH PEAKIIIH.

Ha ocHoBe mpoBeneHHoro anamm3a OblT pa3paboTaH MpelnoJiaraeéMblii COCTaB
KUAKOCTU I pa3pylieHus QUIbTPAllMOHHOW KOPKHU C IENbI0 MOBBIIIEeHUS 3((EKTUBHOCTH
ounctku [13I1 — BogHBIN pacTBOp XeNaTHBIX COEAUHEHUN U SH3UMa MM KOMILIEKCAa SH3UMOB.
Pa3paborana Meronuka wuccienoBaHus dS(H(HEKTHBHOCTH BO3ACHCTBUS  pa3pylIUTENeH
(GUIBTPAITMOHHON KOPKH B 3aBUCHUMOCTH OT psiia (aKTOPOB.

**k%k

Achieving a uniform and complete wellbore cleaning from filter cake along the entire

section of the open hole is necessary and leads to high production results, especially in
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extended reach drilling. In many cases, the inability to achieve the required cleaning of the
bottomhole zone during well development further leads to the need for costly repeated
operations and workovers, extensive chemical and mechanical methods for cleaning the
bottomhole zone. Often, the efficiency of wellbore cleaning depends on the correct selection
of components, taking into consideration the composition of the filter cake. Since the filter
cake is formed during the filtration of the drilling fluid during drilling, a critical analysis of
the components the fluid make-up is necessary. Critical components are: biodegradable
materials (solid phase): calcium carbonate - solvents: acids, chelates; thickeners-viscosifiers
(polymers): xanthan - solvents: oxidizing agents; filtrate reducers (polymers): starch -
solvents: acids, oxidants, enzymes; drilling mud.

The choice of the appropriate breaker will depend on the type of filter cake and its
components, the composition of the completion liquid, the bottomhole temperature and the
completion method. Chemical breakers can be divided into 4 main groups: acids, oxidants,
enzymes, chelating compounds.

In general, when choosing a breaker solution, it is necessary to take into account:
ecological safety and toxicity of reagents; corrosive activity of breakers; the reaction rate of
solution-breaker; the probability of reservoir contamination by-products of the reaction.

On the basis of the analysis, a drilling fluid with a presumptive composition (an
aqueous solution of chelate compounds and an enzyme or complex of enzymes) was
developed to breakdown the filter cake in order to increase the efficiency of wellbore
cleaning. A technique for investigating the effectiveness of breakers on filter cakes depending
on a number of factors is developed.

HOBBIE MOJU®UKAIIUU TEXHOJIOTUH TEJEMETPHYECKHUX
KOMILJIEKCOB JIJIsI PEIIEHUS 3AJAY HE®GTET'A30BOM OTPACJIHA
NEW MODIFICATIONS OF TELEMETRY COMPLEX TECHNOLOGIES

TO ADDRESS THE ISSUES OF OIL AND GAS INDUSTRY

Huxonoe B.A., 3anamounoe A.A.
HIT OO0 «I'opuzonmy» (OO0 « VK «Tambypueghmobr), Anomemvesck

Nikonov V.A., Zalyatdinov A.A.
Scientific Industrial Enterprise Gorizont, LLC (MC Tatburneft, LLC), Almetyevsk

B noknage mpencraBieHa KpaTkash MCTOpusi pa3BUTHS OypeHust ckBaxuH B [TAO
«TaTtHe(Th» ¢ MpUMEHEHUEM TernecucTeM 3a nepuoa ¢ 1998r. mo 2016r. Bcero nmpoOypeno
MOPsIZIKAa JIBYX C ITOJIOBUHOM THICSY CKBaXXHUH, U3 KOTOPBIX 50% COCTaBIIAIOT CKBaXXMHBI C
TOPU30HTAIILHBIM OKOHUYaHHEM. J[aHO omMcaHue MpUHIMNA paboThl HAAJOJOTHOTO MOAYIIS,
MHTETPUPOBAHHOTO B 3a00WHBIN JBUraTeNb, KOTOPBINA MO3BOJISET COKPATUTH «MEPTBYIO» 30HY
MHKIMHOMETpa M JaTdyMka ramMmma-kapotaxa c¢ 12-16m go 0,5M. IlpumeHeHue naHHOrO
T€OHABUTAI[MOHHOTO 00OpYAOBaHUS TMO3BOJSET OCYIIECTBUTH NMPOBOJKY TOPH30HTAIBHOTO
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CTBOJIa II0 HamboJee HpOILYKTHBHOfI JaCTH pa3pe3a MU OTKA3aTbCad OT MPOBCACHUA
MIPOMEKYTOYHOI0 KapOTaxKa Mepe]l CIIYCKOM JKCILUTYaTallHOHHOM KOJIOHHBI.

BunroBoii 3a6oiinbiii asurarens JP3-106TC (120TC) npennasnauen s OypeHus
HAKJIOHHO-HAMPAaBICHHBIX U TOPU30HTAIBHBIX CKBOKUH J0J0TaMu nuameTpom 142.9 — 151.0
MM (155.6), u3amMepeHus u repeavn B rmpoiecce OypeHus reopu3nIecKux napaMeTpoB:

- 36HUTHBIN YIOJI,

- ecTecTBEeHHas paauoakTuBHOCTH opo (I'K),

- Kaxymeecs: conpotusienne (uuaukarop KC),

- 4aCcTOTa BpallCHHA BaJia.

B npoknage paccMarpuBarOTCS MPUMEPbl NMPUMEHEHUS] JAaHHOM TEXHOJIOTHMH Ha
CKBAXXHMHaX W PE3yJIbTaThbl UCIIOJIb30BaAHUS.

*k*

The Report summarizes a brief history of well dilling development in PJSC Tatneft
due to application of telesystems from 1998 till 2016. Approximately 2500 wells have been
drilled, and 50% of them were horizontal sidetrack wells. The Report provides the operation
principle of the above-bit module integrated into the bottomhole motor, which allows
reducing the "dead" area of inclinometer and gamma logging sensor from 12-16 m to 0.5 m.
Application of this geo-steering equipment allows horizontal drilling of the most productive
section part and refusal of interim logging before starting the production string.

DR3-106TS (120-TS) bottomhole motor is dedicated for drilling of directional and
horizontal wells by means of bits of 142.9-151.0 (155.6) mm in diameter, as well as for
measurement and transmission of the following geophysical parameters while drilling:

- inclination (zenith),

- natural radioactivity (gamma-logging),

- apparent resistivity (AR indicator),

- shaft speed.

The Report provides examples and results of application of this technology in the
wells.

CIHOCOBBI HOBBIINEHUA HAAEXKHOCTH CUCTEM YIIPABJIEHUA U
IJIEKTPOCHABXEHUSA DJIEKTPOIIPUBOJOB BYPOBBIX YCTAHOBOK
METHODS OF IMPROVEMENT OF RELIABILITY OF CONTROL SYSTEMS AND
POWER SUPPLY FOR ELECTRIC MOTORS OF DRILLING RIGS

Huxkynun O.B.
000 « YK «Tamboypuepmuy, Anbmemvesck

Nikulin O.V.
MC Tatburneft, LLC, Almetyevsk

B pabore paccMOTpeH »HIEKTPOTEXHMUYECKHH KOMIUIEKC OypoBOM YCTAaHOBKH C
PEeryaupyeMbIMH 3JIEKTPOIIPUBOAAMU OCHOBHBIX MEXaHHU3MOB. Pa3paboTaHbl KOMITBIOTEpHBIE
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MOJICIH DJIEKTPOTEXHUYECKUX KOMIUIEKCOB OypoBOW ycTaHOBKH. [IpHuBeneHBl pe3yabTaThl
MozaenupoBanus. [lnst wuccinenoBanus ucnoss3oBaHa cucreMa MATLAB. PesynbpraTs
MOJCIHUPOBAHUA KOPOTKHX 3aMBIKAHUH ITO3BOJIMIIN CKOPPCKTHUPOBATH TOKU Cpa6aTI>IBaHI/I$I
peneitHo# 3amuThl HA JACUCTBYIOMIMX OYpPOBBIX yCTaHOBKaX. J[Jis MOBBIMICHUS HAJAECKHOCTH
IEKTpOCHAOKEHHUS pa3paboTaHO JBa YCTPOMCTBA 3aIIUTHI OT MOTEPH MUTAHUS OypOBOU
nebenku. DTH YCTPOUCTBA PA3TPYKAIOT AIEKTPUICCKYIO CETh IMPH MEeperpy3kax, odecrneunBas
paboty OypoBoii 1eOeaKH.

Pa3paboTrana KoMmbplOTepHass MOJEIb CUCTEMBbl BEpXHEro mnpuBoaa. lIpuBeneHsl
PE3YIbTAThl MOACIIMPOBAHUA B PCIKHUME KOM6I/IHI/IpOBaHHOFO 6ypeHI/1$1 — C UCIIOJIb30BAHUEM B
KayecTBe MPUBOJIA J0J0Ta KaK CUCTEMbI BEPXHETO MPHUBOJA, TaK U TypOoOypa, U B pexume
6yp€HI/I$[ C HCIOJIB30BAHHMEM B Ka4dCCTBC IIPHUBOJA [J0JIOTA TOJBKO CHCTEMbBI BEPXHETO
IIpruBOJa. HCCJ‘IC}IOB&H SJICKTPOIIPUBO I 6ypOBOF0 HacoCa Ha OCHOBEC ABHUIaTEIIsI IIOCTOSIHHOI'O
TOKa TP OTKAa3aX CUCTEMBI BO30YXAeHH. PaccMOTpeHa BO3MOKHOCTh COXpaHEHHUsSI B paboTe
ANIEKTPOINPHUBOJIa OYPOBOTO HAcoca MPH aBapPUHOM HMCUE3HOBEHHH TOKAa B JBYX W3 YETHIPEX
MOJTIOCHBIX KaTyIIKax BO30ykaeHus. PazpaboTrana cucrema ympaBieHUsT OypOBBIM HACOCOM,
BKJIIOUaronasi B ceOs MyNbT yNpaBleHUs, PEICHHYI0 CXeMY M YIPaBISIIOIIYI0 IPOrpaMMy,
paccMOTpeHa CHCTeMa YIpaBIEHUS SJIEKTPONPHUBOJaMH OypOBBIX JIeOEJOK W POTOPOB.
[Ipemyioxeno wmcnosb3oBaHue (HYHKIIMOHATBLHON CXeMbl (DOPMUPOBAHUS 3aJIaHUS YaCTOTHI
BpallleHUs IIpU IIOMOINM aHAJOTOBOIO CHUITHAajla B CHUCTEME YIIpaBIECHUS THUPUCTOPHOIO
npeoOpazoBaTeyis W YCTPOMCTBO JUIsl TEPEKITIOYEHUs BXOJHBIX aHAJOTOBBIX CHUTHAJIOB
KOHTpOJIJIEPA.

**k*

The paper considers the electrotechnical complex of a drill rig with adjustable electric
drives of the main mechanisms. Computer modes have been developed for the electrical
complex of drill-ing rigs. The simulation results are presented. MATLAB software was used
for this research. The results of short circuit simulation made it possible to determine the
correct tripping currents of relay protection systems for operational drilling rigs. Two
protection devices in the event of power outage at draworks were developed to improve
reliability of power supply. These devices unload the power grid at overloading and provide
draworks operation.

A computer model of the top drive system was developed. The results of modeling in
the mode of combination drilling when both top drive and bottom-hole motor were used for
the drill bit and also in the mode when only top drive was used for the drill bit are presented.
DC type mud pump electric motor was investigated at excitation system failures. The
possibility of maintaining the mud pump in operation in case of emergency collapse of current
in two of four polar coils is considered. A control system for the mud pump including control
panel, relay diagram and supervi-sory program has been developed and a control system for
the electric motors of draworks and rotors are considered. It is proposed to use functional
diagram of speed setting by analog signal in the thyristor frequency converter control system,
and a switching device for analog input signals of the controller.
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NHTEHCUDOUKALUSA MTPOLHECCA BYPEHUSA HE®TEI'A30OBbIX CKBAKUH
3A CUET HAJIO)KEHUS YJIbTPA3BYKOBBIX KOJIEBAHUI HA BYP
INTENSIFICATION OF THE PROCESS OF DRILLING OIL AND GAS WELLS
DUE TO THE IMPOSITION OF ULTRASONIC OSCILLATIONS ON THE DRILL

Ilanaee A.I'., Hazapoea M.H.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Palaev A.G., Nazarova M.N.
Saint-Petersburg Mining University, Saint-Petersburg

Jlokmaa mocBsiieH mpoodieMe Majioi MPOU3BOIUTEILHOCTH OYPEHUSI CKBAXKUH.

[lo Mmepe co3naHusi HOBBIX MaTepuajoB M TEXHOJIOTUH, Bce OO0Jbllle BHUMAHUS
MIPOEKTUPOBIIUKH YAESIOT HHTEHCU(PUKAIIMN 1 ONTUMH3AINH Ipoliecca OypeHus.

[Ipn MexannuyeckoMm crnocobe OypeHus, pa3pylieHUsI TOPHBIX MOPOJI OCHOBHAs JOJIs
SHEPrUH PacxoyeTcsl Ha BHEIPEHHE MOPOA0Pa3PYIIAIONINX 3JIEMEHTOB B TOPHYIO TOPOY.

VYnbTpazBykoBoe OypeHue sBiseTcsl BbICOKOA((GEKTUBHBIM, HAYKOEMKUM METOJIOM, B
KOTOpPOM  HCIOJIB3yeTCS DHEPIrHsi BBICOKOYACTOTHOTO  pe30HaHca, BbIpabaThIiBacMast
YIBTPAa3BYKOBOW OypWUIBLHOW TOJIOBKOW. 3a cuUeT BpamieHus OypWIbHON KOJOHHBI |
yIIbTPa3BYKOBBIX KojieOaHUII oOecrieuyuBaeTcsi pPaBHOMEPHOE pacHpe/ieiieHHe SHEPruu U
yAapoB paboyero Topia KOPOHKH.

Korma pezonaHncHast sHEprus yiabTPa3BYKOBBIX KOJIeOaHUH COBMAAAET C €CTECTBCHHOM
4acTOTOM KoJiebaHuii OypHIIbHOW KOJIOHHBI, BO3HUKAeT pe3oHaHc. B pesympraTe Ha TOpel
OypoBOi KOPOHKM I€peJaeTcsi MaKCHUMallbHO€ KOJMYeCTBO »JHepruu. B 1o xe Bpems
3HAYUTENILHO CHIDKAETCS TPEHUE O IMOYBY B 00JACTSAX, MPUIIETAIOLIUX HEMOCPEICTBEHHO K
OypHIBHOM KOJIOHHE.

Takum oOpazom, obecrieunBaeTcs MakCUMallbHasi CKOPOCTb OypeHHs.

[IpenmyrecTBa ynbTpa3ByKoBOTo criocoda OypeHus:

- TOTPEIIHOCTh cocTaBiseT A0 1%, 3HAUYUT MBI TOJTy4aeM TOYHBIC JTAHHBIE, C KaKOil
rIIyOUHBI ObLT B3ST KEPH U KePH OyJeT BHICOKOTO Ka4eCcTBa C 000N TITyOHHBI

- TIpH YIbTPA3BYKOBOM OYypEHUU IMOBBIIIAETCS CKOPOCTh OypeHus, Onarogaps 4emy 3a
0oJiee KOPOTKUIN MPOMEXKYTOK BPEMEHH MO>KHO BBIMIOJIHHUTH OOJbLINI 00bEM paboT. Taxke,
M3-32 MHUHUMAJIbHOTO KOJMYECTBA OTXOJOB YIy4ylIaeTCs OKOJOTHSA, U 3HAYUTEIBHO
YMEHBIIAIOTCS PACX0/Ibl HA YTUIN3ALUIO.

JlanbHelilee pa3BUTHE Pa3pyIICHUsI TOPHBIX MOPOA NMPH OYpEeHHH CKBa)KUH CBS3aHO
Kak C COBEpLICHCTBOBaHHWEM OypoOBOTO MHCTPYMEHTa, NOBbILIEHHEM 3(P(PEKTUBHOCTH
paspylLieHusl TOPHOW MOPOAbl yIapHOW HArpy3KOW, BJAaBIMBAaHUEM, CIABUIOM, IPUMEHEHUEM
HOBBIX HM3HOCOCTOMKHX MaTepualioB, TaK U C COBEPLICHCTBOBAaHMEM TEXHOJOTHMM OypeHUs.
VYibTpa3BykoBoe OypeHHE T03BOJISIET TMPOBOAUTH OypeHHE CKBaAXHH ¢  OOJbLION
3 PEeKTUBHOCTHIO, OKa3blBas BO3ACHCTBHE HAa KPHUCTATMYECKYIO PELIETKY TOPHBIX MOPOJ]
MOPOJIOpa3PyILIAIOIIEr0 HHCTPYMEHTA COBEPIIAIOIIEro KoJeOaHHs! yabTPa3BYKOBOW YacCTOTHI,
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MOBBIIIAs KAa4eCTBO W CKOPOCTh OypeHHs, a TakkKe IMO3BOJSET YBEIUYUTh CTONKOCTH
HUHCTPYMEHTA.

NCCIEAOBAHME BJIMAHUSA PA3JIMYHBIX ITAB HA KOO®DOUEHT
ABPA3ZUBHOCTHU I'OPHBIX ITOPOJ
INVESTIGATION OF VARIOUS SURFACTANTS INFLUENCE ON ROCKS
ABRASIVITY

Haumrwoxun A.A., Eeceesa /I.I., /leyweea E.JI
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Pantyukhin A.A., Evseeva D.G., Leusheva E.L.
Saint-Petersburg Mining University, Saint-Petersburg

[Ipu cTpowTenbCcTBE CKBKWHBI, TMPOIECC YIUIYONCHUsS HANpsMyK CBs3aH CO
CBOMCTBAMH OYpPHMBIX TOPHBIX TIOPOJ], OJHUM W3 OCHOBHBIX SIBIISIETCS - aOpa3suBHOCTH. Kak
M3BECTHO, aOpa3sMBHOCTh — 3TO CBOMCTBO TOPHBIX MOPOJ M3HAIIMBATH KOHTAKTHUPYIOUIHE C
HUMH YacTu OypoBOoro odopynoBanwus, B ToM yucie u aemenTel KHBK (komMmoHoBKM HU3a
OypHIIBHOH KOJIOHHBI), YTO MPUBOJUT K U3HOCY U, COOTBETCTBEHHO, BEIXOLY U3 CTPOS.

Haunbosiee abpa3uBHBIMHU SIBIISIIOTCSI KPYIMTHOKPUCTAIUTMYECKHE TIOPOIBI, COCTOSIIITUE U3
3epeH TBEP/BIX MHUHEPAJIOB, CJIa00 CBSI3aHHBIX MEXIY co00MU, U oOpa3yromiue npu OypeHuu
KPYIHBIA OCTPOYroibHBIN mutaM. [Ipy OypeHHMHM B TPEIIMHOBATHIX M MOPUCTBIX MOPOIAX
pe3ibl OypoBOW KOPOHKM OOKAIBIBAIOT OCTPBIC Kpas TPEIIUH M 00pasyroUIuecs MpH STOM
KPYITHBIC YIIIOBAThIE YaCTHIIBI TIOPOIBI MIEPETUPAIOTCS IO TOPIIOM, BBI3bIBasi HHTCHCUBHBIN
W3HOC TOPO0pa3pylIaonero uHerpymenta. Kpome toro, o0bem OypoBOro muiama mpu
OypeHUM TaKuX MOPOJ 3HAYUTEIBHO YBEIMYMBACTCS 32 CYET YaCTHYHOTO pa3pyIICHUS] KepHA
B 30HE €ro BXOJa B KOJOHKOBYI TpyOy, YTO TakXe CYIIECTBEHHO IOBBIIIAET HW3HOC
WHCTPYMEHTA

B cBsi3u ¢ 3THM, HCClIe0OBaHUS, HAIPABJICHHBIC HA CHIDKEHUE BIUSHUUA aOpa3MBHOTO
W3HOCA, SBISIOTCS aKTyallbHbIMH. [l03TOMy B JaHHOW pa0oOTe OLEHUBACTCS BIIMSIHHUC
pa3IMYHBIX BEUIECTB HA aOpa3MBHBIN M3HOC, YTO MO3BOJHUT YBEIUYUTH IPOJIOJDKUTEILHOCTh
paboTel OypoBoro ob6opynoBanus u anementoB KHBK.

B crathe mpencraBieHbl HWCCICAOBAHUS BIMSHUS pa3IMYHBIX BHUJIOB BOJHBIX
pactBopoB ITIAB Ha abpa3suBHOCTH TOPHBIX MOPOA. DKCIEPUMEHTAIbHBIE HCCIEI0BaHUS ObUIN
npoBezaeHsl Ha npudope ITOAIT-2.

AOpa3suBHOCTh TOPHOW TOPOABI 3aBUCUT OT TBEPJAOCTH MOPOJI00Opa3yIOLINX
MUHEpAJOB, OT XapaKTepa CLEIJICHHUs 3epeH APYr ¢ APYroM, OT KPYIMHOCTH U (JOPMBI 3€peH,
OT IUIOTHOCTU HOPO/Ibl M CTENEHU €€ TPELIMHOBATOCTH.

Ha ocHOBaHMM MOJY4YEHHBIX PE3yJIbTaTOB MOKHO CHETaTh BBIBOJ, YTO HauOOJIbIlee
CHIDKeHHE Kod(uireHTa abpa3uBHOCTH, B CPABHEHUH C CYXUM IIECKOM IOKa3bIBAET PacTBOP
Karamuna-Ab konnentpauueit 0,5 %.
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JlanpHeWe HCCIeOBaHMsl HANpaBiIeHbl Ha pPa3pabOTKy COCTAaBOB OypOBBIX
pactBopoB, ¢ noGaBkoit Karamuua-Ab, ans cHukeHuss aOpa3suBHOCTH TOPHBIX IMOPOJA H
MPEJOTBPAILEHHS H3HAITMBATh KOHTAKTHPYIOIINE C HUMH YacTeil O0ypoBOro 000pyaoBaHus, B
ToM yucie u dnemenToB KHBK.

BO3MOKHOCTH NPUMEHEHMWSI TEXHOJIOTMM BYPEHMSI CKBAYKAH BO
JbJIAX TOPSIUE BOJOI HA CTAHIIMM BOCTOK (AHTAPKTH/IA)
POSSIBILITY OF USING THE TECHNOLOGY OF WELL DRILLING IN ICE
LAYERS VIA WARM WATER AT VOSTOK STATION (ANTARCTICA)

Ilooonsaxk A.B., Bacunvee H.H., boavwuynos A.B., Cepoun /I.B.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Podoliak A.V., Vasilev N.I., Bolshunov A.V., Serbin D.V.
Saint-Petersburg Mining University, Saint-Petersburg

Kadpenpa Oypenuss ckBakuH [OpHOTO YyHHMBEpPCHTETa 3aHUMAETCs pa3pabOTKOU
TEXHOJIOTUU OYpeHHs CKBaXHH BO Jbaax ¢ 1967 roma. 3a 310 Bpemsi OBLIO TPOOYpEeHO
MHO>KECTBO CKB&KMH B Pa3IUYHBIX OOJACTSAX Halled IUIaHeThl. B TOM uucne Ha craHIUH
Boctok Obuto mpoOypeHO 5 CKBaKWMH, OJHA W3 KOTOPBIX JCUCTBYIOIIAsh W CTBOJI ITOM
ckBaxuHel SI° B ¢deBpane 2012 roma BHepBbIe JOCTUT TOBEPXHOCTH PEIUKTOBOTO
MOJIETHUKOBOTO 03epa BOCTOK, B pe3ynbrare 4ero ObLIM 0TOOpaHbl MPOOBI BOJBI 03epa IS
BCECTOPOHHUX JIA0OPATOPHBIX UCCIICTOBAHUA.

Texnonorus OypeHus CKBa)KHUHBI 5T IpeaIoyiaraeT  HCIOJIb30BaHUE
AJIeKTpOMeXaHuueckoro OypoBoro cHapsima KOMC-135 nHa rpy3oHecymem kabene c
3aIUBKOM CKBaXXUHBI OYpOBON JKUIKOCTBHIO Ui KOMIIGHCAIIMM TJISLHUOCTATUYECKOTO
JTABJICHHUS.

B cBA3M ¢ yHUKaNbHOCTHIO O3epa BOCTOK TEXHOJIOTHSI €ro BCKPBITHUS JOJKHA
rapaHTUPOBATh HSKOJOTMUYECKYI0 O€30MacHOCTh O3epa, HpH OSTOM OOJBIION HHTEpec
MIPEJICTaBJISAIOT MPOOBI BOBI, IPUTOAHBIE JIJIsl BCECTOPOHHUX J1a00PAaTOPHBIX UCCIIETOBAHHIA.

NMess HeOAHOKpaATHBIA OMBIT BCKPBITUS 03epa BOCTOK, aBTOpHI YTBEPKIOAIOT, YTO
CYIIECTBYIOIIAsl TEXHOJIOTHSI C 3aJIUBKOM CKBaXXHMHBI CMECBIO, COCTOSIIEH M3 KEpPOCHHA U
¢dbpeona He obecreynBaeT 3asBICHHOE KayeCTBO MPOBEICHHUS OYpOBBIX pabOT U BCKPBITUS
MOJUIETHUKOBBIX BOJOEMOB.

B cBs3u ¢ 3TMM mHpeACTaBiIsIET MHTEPEC CPABHUTENBHBIM aHAIN3 CYLIECTBYIOLINX
MPOEKTOB BCKPBITUS TMOJJIEIHUKOBBIX BOJOEMOB i BHIOOpA OMTUMAIBHOM TEXHOJOTHHU C
y4eToM crenupuyeckux yciaoBuil craHmuu Boctok. B dacTHOoCcTH, TexHONOTHS OypeHUS
CKBa)KHUH CKBO3b JIEJIOBBI MAacCUB C OBICTPHIM JIOCTYTIOM JIO MOJIOIIBBI JIETHUKA.

**kk

Well drilling department of Mining University is developing technology of drilling in
ice since 1967. During this time, we had drilled numerous wells in various areas of our planet.
Including at Vostok station drilled 5 wells, one of which is currently in the trunk of the
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borehole 5G in February 2012 for the first time reached the surface of subglacial lake Vostok,
the result of which was sampled lake water for extensive laboratory studies.

Technology of drilling borehole 5G involves the use of an Electromechanical drill
string KEMS-135 in the load-bearing cable with the fill of the well drilling fluid to
compensate for glaciochemical pressure.

In connection with the uniqueness of lake Vostok, the technology of its opening must
guarantee the environmental safety of the lake, with great interest samples of water suitable
for extensive laboratory studies.

Having repeated experiences of the opening of lake Vostok, the authors argue that
current technology with filling the wells with a mixture of kerosene and freon does not
provide the stated quality of drilling and the opening of the subglacial reservoirs.

In this regard, it is of interest to compare the existing projects of opening subglacial
reservoirs to select the optimal technology, taking into account the specific conditions of the
station Vostok. In particular, the technology of drilling wells through the ice array with rapid
access to the bottom of the glacier.

TEXHOJIOT A HATIPABJJEHHOI'O TUIPOYJIAPHOI'O BO3JIEVICTBHS HA
MPU3ABOMHYIO 30HY IUIACTA C PET'YJIMPYEMOM JJUTEJIBHOCTBIO
UMITYJbCA
THE TECHNOLOGY OF DIRECTIONAL HYDRAULIC IMPACTS ON THE
BOTTOMHOLE FORMATION ZONE WITH AN ADJUSTABLE PULSE WIDTH

Pozauee M.K., Ilempaxoe /I.I'., Kynasvix K.C., Kynasvix A.C.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Rogachev M.K., Petrakov D.G., Kupavikh K.S., Kupavikh A.S.
Saint-Petersburg Mining University, Saint-Petersburg

Cpeny MHOIMX NPUMEHSEMBIX B HAcTOsIEee BPeMs METOJOB HAIpaBICHHBIX Ha
yIydllleHue KOJUIEKTOPCKUX CBOMCTB mpu3aloitHoil 30Hbl Iutacta (II3II) ocoboe mecto
3aHUMAOT UMIYJbCHbIE MeETOAbl 00paboTku. OTiMyasch NPOCTOTOW IMPOBEICHUS
TEXHOJIOTUYECKUX OIepalui, IPOCTOTOM U JOCTYHHOCTBIO NMPUMEHSEMOro 000pya0BaHMUS,
JOITYCKAIOLIEr0 €ro MHOIOKPaTHOTO MCIIOJIb30BaHMS, HE3HAYUTEIbHOCTbIO TPYIOBBIX,
SHEPreTUYECKUX U MaTepHalbHBIX 3aTpaT, HMIYJIbCHblE TexHosnoruu oOpadotku I13I1
BBICTYIAIOT KaK ONEepaTUBHbIE METO bl MHTEHCU(PUKAIIUN paOOThI CKBAXKUH.

C uenpl0 TOATBEPXKICHHUA TEOPETHUECKMX OOOCHOBAaHMHM Ha HarHeTaTeIbHOMN
ckBaxkMHe TylMa3MHCKOTO HE(TIHOTO MECTOPOXKAEHUS MPOBEACH MPOMBICIOBBIN
OKCIEPUMEHT, B XOJ€ KOTOporo uemMeHTHpoBouHbli arperar AHII-320 co3gaBan
TUIPOUMITYJIBCHI BBICOKOTO JaBJICHUS.

Ilepenaua pgaBieHHMs K IUIACTY OCYIIECTBISIACh HMMITYJIbCAMHU  ITOBBIIIEHHOTO
JaBlIEHUs,  CO3/laBaeMbIMH B  HacocHO-KomrpeccopHblix  Tpybax (HKT) myrem
KpaTKOBPEMEHHOI'O OTKPBITHSI THEBMO3AIBUKKH HA YCThE CKBAYKUHBI.
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Ananus3upys JaHHbIE IPOMBICIIOBOTO IKCIIEPUMEHTA, MOKHO CZENIaTh BBIBOJ, YTO MpU
CO3/IaHUM HMMIyNbca AaBieHHs paBHbIA 16 MIla Bo3MOXkHO mosyueHne Ha 3a00€ ymapHOM
Harpy3ku ©Ha [I3I1 ¢ naBmenmem 21-22 MIla. OpHako AIUTEIBHOCTH HPUIIOKEHHOTO
BO3AeHCTBUS cocTaBisieT auib 0,15 c.

[Ipennaraercss  TEXHOJIOTHS ~ HAIpPABJIEHHOTO  HMIIYJbCHOTO  THAPOYJApHOTO
BozzaeiictBusi Ha [I3Il ¢ mpumeHeHHMEM TUIPOAKKYMYJSATOpa JIaBJICHUS, IO3BOJISIONIETO
PETYIIMPOBATH JUIUTEIHHOCTh HMITYJIbCA BO3/IelcTBUA B npeaenax no 0,5-0,8 c. OcobeHHOCTH
IpeaIaraéMoro MeToJa BO3JCHCTBUS 3aKiIO4aeTcsi B TOM, YTO BMECTO HPUIIOKEHUS
BbIcokoro masnenus I3[ noasepraior cepusM KOPOTKUX yIapOB, IPU KOTOPBIX KUAKOCTH B
MOJIHOM o0OBbeMe He ycrneBaeT (QUIbTPOBATHCS B TPEHIMHBI IJJacTa M 3HAYUTEIBHO
YBEJIMYUBATh UX JUIUHY.

Takum oOpa3oM, BapbHpyd aMIUIMTYAY, YacTOTy M JUIMTEIbHOCTh HMIIYJbCa
JIABJICHUS, BO3MOXHO MUHUMH3UPOBATH 3aBUCHUMOCTb MOJYYEHHOTO 3(dexra oT TriyOuHBI
3aJieraHysl MPOJYKTUBHOIO IUIaCTa W BOBJEYb B pa3pabOTKy BCIO CIOHMCTO-HEOJIHOPOIHYIO
TOJIY He(TEHOCHOTO IIacTa.

NCCIEAOBAHUE JOBABKU «IIETPOCOPBH» K BYPOBBIM PACTBOPAM JIJISA
OINEPATUBHOI'O TAMIIOHUPOBAHUS 30H NOT'JIOIEHU ITPU BYPEHUU
CKBAKHUH
THE RESEARCH OF «PETROSORB» ADDITIVE FOR OPERATIONAL
PLUGGING LOST CIRCULATION ZONES WHILE DRILLING

Pyosesa E.IO., Hyuykosa M.B., Cmpaynnux HU.A.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Rudiaeva E.Yu., Nutskova M.V., Straupnik |.A.
Saint-Petersburg Mining University, Saint-Petersburg

OaHuM W3 aKTyalbHBIX HANpaBICHUN  pelleHHus OpoOJeMbl  MOTJIOLICHUS
MIPOMBIBOYHOM KHUAKOCTU NMpU OypeHUU CKBaXKMH SIBISETCS pa3pabOoTKa BOJAOHAOYXaOIUX
MOJIMMEPHBIX COCTABOB C LIEIbIO OMEPATUBHOIO TAMIIOHUPOBAHHUS.

Ha mnepBom »sTame wuccnenoBaHus ObUIM TMPOBENEHBI OMBITHI YIS OMpEACTCHUS
xapakrepa noBeneHus nouumepa «llerpocopd» B BogHo# cpeze. Ilo pesynpraram ananmza
rpaduKOB M3MEHEHUS TMIACTUYECKON BA3KOCTH M TUHAMHYECKOTO HAMPSKEHHUS CABHUra IO
BPEMEHHM BOJHOTO pacTBOpa MOJMMEpPA MOJIyY€H BBIBOJ, YTO KHCJAs Cpela, B KOTOPOM
HaOyxanue yactuil «llerpocop0a» MPOMCXOIUT MEHEe MHTEHCHBHO B TEUYCHHE BpPEMEHH,
sBisgeTcs Ooyiee MOAXOJAIICH, YeM HeWTpanbHas W IeJouHas cpelbl. Takke MpoBEICHO
uccieoBaHue H3MeHeHus1 muactuyeckod Bsizkocth U JJHC B MOMEHT NpPOHMKHOBEHUS
pacTBOpa B 30HY MOIIONIAIOUIETO MJ1aCTa U CMEIINBAHUS C IJIACTOBBIMU BOJIAMU.

AHaJOTMUYHO MCCIEIOBAHUSIM B BOJHOW CpeAe MPOBEIEH aHAIN3 PEOJIOTMUECKHX
nmokasaresyieil OypoBOTrO pacTBOpa PpazIUYHON KHUCIOTHOCTH C J0OaBICHHEM MoJIMMepa U
MOCTPOCHBI Trpaduku W3MEHeHus 1iactTudeckod Bsskoctn U JIHC mo Bpemenw,
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XapaKTEpU3YIOLIHNE OIPEACICHHbIM BHUJ IPOMBIBOYHOW KUJIKOCTH. Jlamee mpoBeneHbl
HaAOIOJICHUS IS IBYX CIIy4aeB: KUCIBIA OypOBOI pacTBOpP — HICIIOYHBIC TUIACTOBBIC BOJIBI,
IIEJIOYHON OYpOBO# paCTBOP — KHUCIIBIC IJIACTOBBIC BOJIBI, B OCHOBHBIC BPEMEHHBIC MOMECHTHI.

Ilo MMPOBCACHHBIM HCCIICAOBAHUAM CACIAHbI BBIBOABI U PCKOMCH AU H.

*k*

One of the relevant solution of the fluid loss while drilling is the development of well-
swellable polymer-consist combinations in order to plug-back of lost circulation zone.

Firstly, the experiments of fluid behavior ways of «Petrosorb» polymer in water
medium were made. The results of the plots analyses show that acid medium has more
benefits then water and alkaline mediums because of slower swelling of «Petrosorby
polymer. Also, there was made a research of plastic viscosity and dynamic shear stress
changes while fluid penetrate to loss formation zone and mingle with layer water.

Analogic to researches in water medium there was made an analysis of rheological
characteristics of drilling fluid (with polymer) with different sourness. Also, there were
plotted charts of changing the plastic viscosity and dynamic stress changes with time. Then
the next supervisions were made: acid drilling fluid — alkaline formation water, alkaline
drilling fluid — acid formation water.

After this research, the main consequence and recommendations were made.

POJIb BY®EPHOM )KUJIKOCTH ITPU MOBBIIIEHUA KAYECTBA
HEMEHTHUPOBAHUA ObCA/ITHBIX KOJIOHH
ROLE OF SPACER FLUIDS TO INCREASE THE QUALITY OF CASING PIPES
CEMENTING

Taoamabau Mopaou C.111., Hukonaes H.U.
Canxm-Ilemepbypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Tabatabaee Moradi, S.Sh., Nikolaev N.I.
Saint-Petersburg Mining University, Saint-Petersburg

BaxHbIM HampaBieHHEM OOecleYeHUs] KaueCTBEHHOIo LEMEHTHPOBaHMs 0OCaIHBIX
KOJIOHH SBISieTCA pPa3paboTKa cOCTaBOB Oy(epHBIX KHUIKOCTEH, MOBBIIIAIOUINX CTEHNCHb
OUYUCTKHM CTBOJIA CKB@)XUHBI OT TJIMHUCTOM KOpKU. BydepHble KUAKOCTH 3aKauMBalOTCs B
CKBRXXHMHY C IIEJIBIO pa3[eJIeHUs] JIBYX PAacTBOPOB Pa3sHOPOJHBIX MO (DU3HMKO-XUMUYECKUM
cBoiictBaM. OtcyrcTBHE Oy(epHBIX >KHUIKOCTEH MNpUBEAET K KOarymsauud OypoBOro u
TaMIIOHa)XHOTO PAacTBOPOB B 30HE MX cMmemeHus. Kpome Ttoro, cmemieHue OypoBOro u
TaMIIOHAKHOT'O PacTBOPOB MPUBOIUT K IOTEPE MOJBUKHOCTH TAMIIOHAKHOTO PACTBOPA U €T0O
HEJONOABEMY JIO IIPOEKTHON BBICOTHI.

OcHoBHOM (hyHKIKEH OypepHO KUIKOCTU ABISETCS BBITECHEHHE OCTATKOB OYpOBOTO
pacTBopa U3 3aTpyOHOTO MPOCTPAHCTBA U yJalleHUE TIMHUCTOW KOPKU CO CTEHOK CKBAXKHMHBI.
Ecnmu Ha moBepXHOCTH OOCAagHBIX KOJIOHH W/WJIM HA CTEHKE CKBAXKMHBI OCTAHETCS CIION
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OypoBOTo pacTBOpa, TO aJre3us LEMEHTHOIO KaMHS C MOPOJOW M TpyOamMH CYIIECTBEHHO
CHUXKACTCA.

B kauectBe Oy(epHBIX )KHIKOCTEH Yallle BCEro MCHOIB3YIOTCS BOa, HE)TEIPOTYyKTHI
W BOJHBIC PACTBOPbI Pa3JIMYHBIX XUMHUUYCCKHUX PEArcHTOB. BOIIa IMPUMCHACTCA, KOIrJa B
reOJIOrHYCCKOM pPa3pe3€ CKBAXXUHBI CYIICCTBYIOT YCTOﬁHHBLIe IMOpoOabI. XoTs BOJa crocoOHa
BBITIOJIHATE OCHOBHBIE (YHKUIUU Oy(pepHOH >KHIKOCTH, HO OHAa MMEET HH3KYI0 MOIOIIYIO
COCOOHOCTh, OCOOCHHO TPU €€ HACHIIEHHH TIAMHUCTOW (a3oil. C Heabio MOBBIIMICHUS
JAHHOW CMOCOOHOCTH B psJ€ CIIydaeB B BOJIE pPAacTBOPSAIOT IOBEPXHOCTHO-AKTHUBHbBIE
BemecTna (IIAB).

C IICJIBKO ITOBBIIICHUS MOIOHlefI CIIOCOOHOCTH BBICOKOBSI3KMX U BBICOKOIUIOTHBIX
YTSDKETIEHHBIX Oy(EepHBIX CHCTEM IPUMEHSIOTCSI SpO3UOHHbBIE OY(EpHbIE )KUJIKOCTH, KOTOPbIE
YIIy4IIAIOT OYHMCTKY MOBEPXHOCTH TOPHBIX MOPOJA OT TJIMHUCTON KOPKU M TypOyJH3aluio
IMOTOKa IIPHW HHU3KHUX CKOPOCTIAX ABHKCHHUA. A6paSI/IBHBIe YaCTULbl ABJIAKOTCA LEHTpaMU
TypOynu3anuu B BoJie. Bo Bpemsi mpuMeHeHUs! S)pO3UOHHBIX Oy(QEepHBIX KUIKOCTEH BaskHOE
3HAYCHHUE UMCCT U3YYCHUC Ce)II/IMeHTaHI/IOHHOI\/II yCTOfI'—IPIBOCTI: CHUCTCMHEI.

B nannoit pabote pa3paboTaH cocTaB yTshKeNeHHON Oy(dhepHOH KUIKOCTHU C BBICOKOM
MormomIen crnocobHocTrio. [IpumMenenne pa3pabOTaHHOTO COCTaBa MPHUBOJMUT K TTOBBIIIEHUIO
KaueCTBa HEMCHTUPOBAHUA 06C3,I[HBIX KOJIOHH B PE3YJIbTATC YBCIWYCHHUA CTCIICHU OYUCTKH
CTBOJIa CKBOKUHBI OT TNIMHUCTOW KOPKU U OCTaTKOB OYpOBOTO pacTBOpa.

**k*

An important direction to increase the quality of casing cementing job is to develop
the composition of spacer fluids, which are capable of increasing the degree of wellbore
cleaning from the drilling mud remaining. The spacer fluids are pumped inside well mainly to
separate two fluids, which are physically and chemically incompatible. The absence of the
spacer fluid may lead to the coagulation of the drilling mud and cement slurry in the zone of
their mixture. Besides, the mixture of the drilling mud and cement slurry leads to the decrease
in the slurry movability, as a result of which the annular space is not fully filled by the
cement.

The main function of the spacer fluid is to displace the drilling mud remaining from
the annular space and remove the mud cake from the well walls. Remaining of the drilling
mud on the surface of casings or on the rock surface will results in a decreased adhesion of
the cement o the casings and the rock surface.

Most often the water, oil products and the water solution of different chemical
reagents are used as the spacer fluid. When the stable rocks are present in the geological
section of the well the water is used as the spacer fluid. Although the water is capable of
performing the main functions of the spacer fluids, but it has a low cleaning ability, especially
in the clay and shale zones. To increase the given property of the water, different surfactants
can be solved in the water.

To increase the cleaning ability of the high-viscosity and high-density spacer fluids,
the erosive spacers are used, which can improve the cleaning of the rock surfaces from the
drilling mud remaining and are capable to flow turbulization in low flow velocities. The
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abrasive particles serve as the turbulization center in the water. It is of great importance to
study the system seimentation stability during the application of the erosive spacer fluids.

In this work, a high-density spacer fluid composition with a high cleaning ability is
developed. Application of the developed composition leads to increase of the casing
cementing job as a result of increase in the well cleaning from the remaining of the drilling
mud.

ABTOHOMHBII TEPMOBYPOBOW CHAPSII JIJIsI UCCJEJOBAHUS
HOJJIEAHUKOBBIX O3EP B AHTAPKTUIE
AUTONOMOUS THERMAL SONDE FOR EXPLORATION OF ANTARCTIC
SUBGLACIAL LAKES

Tananau IL.I., Cyn U, Hao II., Mapxoe A.H., Ban P., /Kan H., @an C., An A., Ban T.
THonapuwiii nayuno-uccredosamenvekull yenmp, Lzununckui Ynusepcumem, Kumaii

Talalay P.G., Sun Y., Cao P., Markov A.N., Wang R., Zhang N., Fan X,, Yang Y., Wang T.
Polar Research Center, Jilin University (China)

K mnacrosmemy BpemeHun B AHTapkTHiae oOHapyxeHo Oosiee 400 OTHOCHUTEIHHO
HEOOJIBIIINX TMOJUICTHUKOBBIX BOJIOEMOB M HECKOJILKO KPYITHBIX 03ep. B mociemanue roasr Bce
OOJIBIIUK HMHTEPEC MPOSBIBIETCS K HEMOCPEACTBEHHOMY IMPOHUKHOBEHHUIO B 03€p0 NpH
MOMOIIIM OypOBOW CKBaKHUHBI. TOJBKO TaK MOKHO OIPEICIUTHh COCTaB IMOIJICTHON BOJBI U
MOJIYYUTh HEMOCPEJCTBEHHBIE J0KA3aTeIbCTBA CYIIECTBOBAHUS J>KM3HU IOJO JIBIIOM WIIH
ONPOBEPrHYTh 3Ty TUNOTe3y. Ilo/uIeMHUKOBBIE BOJHBIC TOPU30HTHI B AHTapKTHIIE ObLIH
BCKPBITBI HECKOJIBKO pa3 AJIEKTPOMEXaHWYECKUMH CHapsIaMUd Ha TPY30HECYIIeM KaOee
(cranmus bepa, 1968 r.; 6aza Konen, 2006 r.; cranuus Bocrok, 2012 u 2015 rr.), oxHako
MOJTy4CHHBIC MPOOBI OBLIN 3arpsA3HEHBI UCITOJIH3YEMOW ITPOMBIBOYHOM JKUIKOCTHIO.

MHoOrHe CHenuaaucThl CYHMTAOT, YTO BCKPBITHE IOJJICAHUKOBBIX BOJOEMOB IIPH
oMoy OypOBBIX YCTAHOBOK, MUCTOJIB3YIOIIUX TOPSAYYIO BOJY JJIs IUIABJICHUS Jba, KaKk 3TO
6b110 ocymiecTBieHO B mpoekTe WISSARD (niequukoBsiii motok Yumnanca, 2012 u 2014 rr.),
SIBJISIETCS. HanOoJIee IKOJIOTMYECKH YUCTHIM HA COBPEMEHHOM 3Talle Pa3BUTHS TEXHOJIOTHH
OypeHust ckBakuH BO Ibay. OnHako, gaxe npu HarpeBanuu a0 90 °C, dunbtpanuu mo 0,45
UM U yapTpaduoneToBoit 00paboTke, MUKPOOPraHU3MBI U3 CHera, UpHa U JIbJa MOTYT
MOMNACTh B LUPKYJIUPYIOLIYIO TOPSYYIO BOJLY M PACHPOCTPAHATHCS B OTPOMHOM KOJIMYECTBE
10 CKBayKHHE.

C uenpl0 TOBBIIEHUS 3KOJOTHUYHOCTH NPOHUKHOBEHHUS B TMOJUIETHUKOBBIE 0O3€pa
AnTapktunsl, B L[3unmuHckoM YHUBEpcUTETE pa3padaThiBaeTCsi aBTOHOMHBIN TepMOOypOBOit
cuapsn RECAS (RECoverable Autonomous Sonde), mo3BOJISFOLIMEA MOMYYHTh AOCTYIT K
MOJUIETHUKOBOM BOJE B YCIIOBHSIX MOJIHOM M30JBSILIMM OT MOBEPXHOCTH JeaHHKa. BypoBoil
CHapsJl OCHAIIEH JIBYMS TEIIOBBIMH T'OJIOBKAMU C MPOTHBOIOJIOKHBIX KOHIIOB JJIsi OypeHus
JbJia TJIAaBJIEHUEM B HAIMPABIICHWU K 03€py U U3BJIEUYEHHS CHapsa Ha MOBEpXHOCTb. Ilepen
HavyaioM OYpeHHUs CHapsij TMOJHOCTHIO CTEPUIIM3YETCS C HCIOJIb30BAaHHEM KOMOWHAIUU
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XHUMUYECKUX METOJIOB M yibTpaduosieToBoir oOpaboTku. Tamas Boma HE U3BIEKaeTcs M3
CKBA)XMHBI U CHOBA 3aMECp3acCT 103aJid CHapdaa. HpI/I 3TOM Kalellb AJId rogavu SHEpPIruu u
KOHTpOJIsI BBITpaBIMBaeTCs ¢ OapabaHa jeOenku, pa3MenieHHOW BHYTpu cHapsga. [locne
IIPOHUKHOBCHHA B 0O3€PO U OHp06OBaHI/I$I CHapsAd H3BJICKACTCA 3a CUCT TATrOBOI'0 YCHIIMA
Kabens mpu ero 0OpaTHO HaMOTKe Ha OapabaH 3a00iTHOM eOeaKH.

B macrosimiee Bpems mpoBeaeHAa KOHCTPYKTOpCKash MpopaboTka oOiiero Buia
IIpoOTOTHUIIA 6yp0BOFO CHapsaa, HpOBCACHBI MAPKCTHHIOBBLIC HCCICAOBAHWA ABTOHOMHOI'O
3HGpFOO6€CH€‘I€HI/I$I, npopa60TaHa CHUcTreMa KOHTPOJIA n MMpeaAIoKCHA CucreMma
JMCTAHLIMOHHOTO YIPaBJIEHUs, CKOHCTPYUPOBAHBI JIBa albTEPHATUBHBIX BapUaHTa 3a00MHOI
J'IG6G)1KI/I, MPOBCACHBI HUCIBITAHUA HECKOJBKHX THUIIOB Ka6en51, HCIIbITaHa CCpUSA TCIJIOBBIX
HarpeBareiel — TEPMOUIIT U CUCTEMbl OOKOBOTO 00OrpeBa, MpopabOTaH ACKU3HBIN MPOEKT
MTOBEPXHOCTHOTO 00OpYyIOBaHUs, CKOHCTPYUPOBAH CTEH] /Ul UCIIbITaHUM cHapsaa. [lepBeie
JabopaTOpHBIC MCTBITAHUS MPOTOTUIIA TEPMOOYPOBOTO CHapsia 3alJTaHWPOBAHBI HA HAYAIIO
2018 r., moneBble HcHbITaHUA IUTaHUpPYeTCs mpoBecTH B ce30He 2018-2019 rr. B paiione
KUTalCKOW aHTapKTUYECKOW cTaHIuu JKOHIIaH.

**k*

To date, more than 400 relatively small subglacial reservoirs and several large lakes
were discovered in Antarctica. In recent years, different approaches were taken to access,
measure in situ properties and directly sample subglacial Antarctic water environments. That
is only one to determine composition of sub-ice water and to obtain direct evidence for the
existence of life beneath the ice or refute this hypothesis. Subglacial water reservoirs in
Antarctica were reached several times by electromechanical drills suspended on cable (Byrd
station, 1968; base Kohnen, 2006; Vostok station, 2012 and 2015), but recovered samples
were contaminated with used drilling fluid.

Many experts believe that on the modern stage of ice-drilling technology development
penetration into subglacial reservoirs with hot-water drilling systems, as it was practiced in
the WISSARD project (Whillans Ice Stream, 2012 and 2014), is the most environmentally
friendly penetration method. However, even when heated to 90 °C, filtered to 0.45 um and
UV-treated at the surface, hot water could pick up microorganisms from snow, firn and ice
and circulate them in large numbers through the borehole.

With a view to increase environmental sustainability of penetration into Antarctic
subglacial lakes, Jilin University has started to develop autonomous thermal drill RECAS
(RECoverable Autonomous Sonde), allowing to access subglacial water when subglacial lake
remains isolated from the surface during sampling. The thermal drill can melt a hole to ice
sheet bottom and is able to move upwards. It includes two electrically powered thermal drill
bits, heated body, and coiling system. Two thermal bits are located at the upper and lower
ends of the sonde. All down-hole RECAS components will be sterilized using a combination
of chemical wash, hydrogen peroxide vapor (HPV) and ultraviolet (UV) sterilization prior to
deployment. The melted water is not recovered from the hole and it refreezes behind the
sonde. The power and signal line is released from the coil inside the sonde. When sampling
and monitoring are complete, the coil motor is activated and the top drill bit is powered. The
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sonde begins to recover himself to the surface by spooling the cable and melting overlying ice
with the help of the upper drill bit.

Currently, the following activities have been done: the general view of thermal drill
prototype have been designed; autonomous power supply have been searched on the market;
general concept of control system and remote control system have been examined, two
alternative downhole winches were designed; several types of cable have been tested; series
of drill head heaters and side heating system have been tried; preliminary design of surface
equipment have been elaborated; testing stand have been developed. The first laboratory tests
of thermal drill prototype are scheduled for early 2018, field tests are planned in season 2018-
2019, in the area of Chinese Antarctic station Zhongshan.

O IMPOBJIEME BYPEHUSA CKBA’KUH CAMOXOJHBIMU BYPOBbIMU
YCTAHOBKAMM B YCJIOBUSX KPAMHET'O CEBEPA
ON THE PROBLEM OF DRILLING WELLS WITH SELF-PROPELLED DRILLING
UNITS IN THE CONDITIONS OF THE ARCTIC

Tumodgheee H.I'., Ckpaoun P.M., Tamapunoe /.M.
Cesepo-Bocmounwiii pedepanvuwiii ynusepcumem um. M. K. Ammocosa, SAxymck

Timofeev N.G., Skryabin R.M., Tatarinov D.M.
North-Eastern Federal University, Yakutsk

B paitonax Cesepo-Boctoka u Apkruku Poccuiickoit ®expepanuu  npu
reoJIOropa3BeIOYHbIX U HHXKEHEPHBIX paboTax MIUPOKO BOCTPEOOBAHBI CAMOXOAHbBIE OYpOBbIE
YCTAaHOBKM Uil OYypeHHs CKBaKHMH pa3JIMYHOrO II€JIEBOrO Ha3zHaueHusa. B cBsizu ¢
TPYAHOJIOCTYITHOCTBIO yYacTKOB pabOT B TEIUIOE BpeMsl rojia, OCHOBHOW 00beM OypOBBIX
paboT NpUXOIUTCS B 3UMHEE BpEeMs ToJa.

bypenue ckBaXMH CaMOXOJHBIMU OYypOBBIMH YCTaHOBKaMH B 3MMHEE BpeMs roja
UMEET PAll CEepbe3HBIX OCIO0XHEHUU, CBS3aHHBIX C OTPHUIATENHLHON TeMIleparypoit
okpyxammieid cpenpl. OnmHON U3 Takux MpoOJieM SABIAETCS OKCTPEMAbHO HU3Kas
temreparypa (Huxe -40 C), koTopas MPUBOAUT K 3aMEP3aHUIO0 THUAPABIUYECKHX PYKABOB
CaMOXOJIHBIX OypOBBIX YCTAaHOBOK, B MOCIJIEJICTBHH K pa3pbhiBy B MECTax U3ruda pykaBoB Mpu
CIYCKO-TIOABEMHBIX W BCIOMOTATEIbHBIX OMEpalusiX, 4YTO CIOCOOCTBYET BBITEKAHUIO
TUAPABINYECKOMN KHUJIKOCTH B HAPYXKY U MPEKpalleHHIo OypoBhIX paboT, C CO3TaHUEM JIaJIeKO
He KOM(OPTHBIX CUTYallMi 00CITyKHUBAIOIIEMY ITEPCOHATY.

B pesynbraTe BOZHMKHOBEHHUS JaHHBIX CUTYallUid, HAOIIOJAIOTCS MPEKICBPEMEHHBIN
BBIXOJ] U3 CTPOSI OCHOBHBIX y3JIOB KHHEMAaTUKH YCTAaHOBKH, YacCThIii peMOHT 000pYA0BaHUS,
3aKyIKa 3aMacHbIX YacTeil U Ap., 4TO CO3/AaeT Jalieko He KOM(OPTHBIE YCIOBHS MAIIMHUCTAM
OYpOBBIX yCTaHOBOK, WH)KEHEpPaM U MacTepaM MPeInpHsITHid 10 00CTYKHUBAHUIO
000pynOBaHUs B 3UMHEE BPEMSL.

BoJIbIIMHCTBY MPOMBIIIIEHHBIX OpPraHU3alMi, B CHIIy OTCYTCTBHUSI CIELUAIBHBIX
TEXHOJIOTUYECKUX YKPBITUA W 3allUThl OCHOBHBIX Y3JI0B THJIPOCHUCTEMBI CaMOXOIHOU
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OypoBOIl YCTaHOBKHM, IMPHUXOIUTCS OCTaHABIUBATh pabO4YMii TMpOLECC MPU TEMIIEpaType
okpyxartoien cpepl Hike -40°C, 4To B MOCIEICTBUHU CIIOCOOCTBYET MPOCTOIO U OTCTABAHUIO
OT IMPOU3BOACTBCHHOT'O ITJIaHA.

PabGouemy mnepcoHany NOCTOSHHO MNPUXOAMUTCS KOHTPOJIMPOBATh YCIOBUSA pPabOThHI
Y37I0B THAPOCUCTEMBI OypOBOTO 000PYI0OBAHUS:

- Ha IpeaMeT U30bITOYHOTO U3ruoa;

- neexra pykaBoB BeicoKoro naBieHus (PB/l) runpaBindeckoil cuCTEMBI;

- IOCE30HHAas 3aMeHa paboyei KUIKOCTH I'HAPABIMYECKON CHCTEMBI;

- IPeIBApUTETHLHOE MPOTPEBAHUE TUIPOCUCTEMBI TIEpeT paboTOM;

- HeoOXOJMMO TOCTOSIHHAsI LUPKYIALUS pabdoyell KUAKOCTU B THJIPABINYECKOU
CHCTEME IPH OCTAaHOBKE Mpoliecca OypeHHs U JIpyrue GpakTopbl KOTOPbIE MPSIMO 3aBUCAT OT
OKpYXarolen cpeibl paboThl CaMOXOTHOW OYpOBOH YCTAHOBKH C THIPABINYECKOM MO 1a4ei.

B »stoii cBsasu, B paitoHax Cesepa-Boctoka m Apktukmu Poccuiickoit @enepannu
MIPOBEJIEHUE HCCIIEOBAaHUM M pa3pabOTKa MHHOBAIIMOHHBIX METOJIOB YIYULIECHHUS YCIOBUI
Tpyda paboyero nepcoHanga U TEXHOJIOTHH 3alUThl THAPABINYECKON CUCTEMBI CAMOXOHOTO
OypoBOTO 000PYIOBaHHUS, YIUTHIBAIOIIEH CYpOBbIE OCOOCHHOCTH KJIMMaTa PErHoHa, SBIISIETCS
aKTyaJlbHOM Hay4YHO-TEXHUYECKOW 3ajaueid Bcero OypoBOTO MPOU3BOJACTBA KPYIHBIX
PEruoHaJIbHBIX KOMIIaHUH.

**k*

In the areas of the Northeast and the Arctic of the Russian Federation, geological
exploration and engineering works are in great demand for self-propelled drilling rigs for
drilling wells for various special purposes. Due to the inaccessibility of work sites in the
warm season, the bulk of drilling operations occur in the winter season.

Drilling of wells by self-propelled drilling rigs in the winter season has a number of
serious complications related to the negative temperature of the environment. One of such
problems is the extremely low temperature (below -40 C), which leads to the freezing of
hydraulic hoses of self-propelled drilling rigs, subsequently to the rupture in the bend points
of the hoses during the lifting and auxiliary operations, which helps to drain the hydraulic
fluid outwards and to stop drilling works, with the creation of far from comfortable situations
for the personnel.

Because of these situations, premature failure of the main units of the plant
kinematics, frequent repairs of equipment, purchase of spare parts, etc. are observed, which
creates far from comfortable conditions for drivers of drilling rigs, engineers and masters of
equipment maintenance enterprises in the winter.

For most industrial organizations, due to the lack of special technological shelters and
the protection of the main components of the hydraulic system of the self-propelled drilling
rig, it is necessary to stop the working process at an ambient temperature below -40 ° C,
which subsequently contributes to the idle time and the backlog from the production plan.

The working personnel constantly have to control the working conditions of the
hydraulic system components of the drilling equipment:

- for excessive bending;

- Defect of high pressure hoses (HPH) of the hydraulic system;
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- Seasonal replacement of the working fluid of the hydraulic system;

- preliminary heating of the hydraulic system before work;

- it is necessary to constantly circulate the hydraulic fluid in the hydraulic system
while stopping the drilling process and other factors that directly depend on the environment
of the operation of the self-propelled drilling rig with hydraulic feed.

In this regard, in the areas of the North-East and the Arctic regions of the Russian
Federation, research and development of innovative methods for improving the working
conditions of workers and the technology of protecting the hydraulic system of self-propelled
drilling equipment, taking into account the harsh climatic characteristics of the region, is an
urgent scientific and technical task of the entire drilling production of large regional
companies.

MPOBJEMA ITIPUMEHEHWS 3HAHUI BBICIIEN MATEMATHUKHA ITPHA
PEIIEHUH 3AIAY B TIPO®ECCHOHAJBHOMN CPEPE
THE PROBLEM OF USING THE KNOWLEDGE OF HIGHER MATHEMATICS AT
PROFESSIONAL SOLUTIONS

Toponoe T.M., bvikosa O.I.
Canxm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Toropov T.M., Bykova O.G.
Saint-Petersburg Mining University, Saint-Petersburg

bypenne — mpouecc NpOXOAKH CKBaKUHBI (IIyT€M pa3pylIEHUs TOPHOW MOPOIbI
OypOBBIM MHCTPYMEHTOM) M BBIHOCA IlIJJaMa Ha IIOBEPXHOCTh OypoBBIM pacTBopoM. bypenue
BKJIIOYAeT B ceO0sl CJEIyIOLIUMe TEXHOJIOTHYECKUE IPOLECChl: YriyOlleHHe CKBAaXKUHBI,
KpeIuieHue ee 00caqHOoi KOJOHHOW, TAMIIOHHPOBAaHUE CKBAYKUHBI, 3aKaHUYMBAHUE CKBAXXHHBI U
ee MpOMBIBKY. [l McciaenoBaHMsS KaXAO0ro U3 IPOLECCOB NPUMEHSAIOT MaTeMaTHYECKUe
pacueTbl. MaTemaTudeckass MOJEIb U pacyeT IMpolecca MPOBEAECHUS CKBAXUHBI BKIIOYAET
CTOJIb MHOTO (DaKTOpPOB, YTO JO CHUX HOp HE HMMeeTcsl OOIIECNPHHATOW MaTeMaTH4ecKOMH
Mozenu. UM ¢opma cKBaKuMHBI IpeanojaraeT JUii OINMCAaHUS IHPOLECCOB NPUMEHATH
LWIMHAPUYECKYIO CUCTEMY KOOPJIMHAT, KOTOPYI0 OOBIYHO HE H3y4aloT B Kypce BbICIIECH
maTematuku. Ilocie 3HakOMCTBa ¢ 3TOM cHcTeMOW KOOpAMHAT BO3HMKIIA JApyras mpobiema:
YacTh BXOJAIIMX B (OPMYIJBl BEJIWYMH OIPENENSIOTCS W3 HOMOTpaMM — TpaHuuecKoro
npencrapieHus GyHkuu. Takas npoGnemMa yxe BO3HHMKaJa NP pacyere 3aaa4 OypeHus. Ml
UCKAJIM aNMpOKCUMAIMIO 3aBUCUMOCTH KO3((UIMEHTa CONPOTUBJICHUS IpPH OOTEKaHWUU
YacTHUIbI I1IJJaMa OypOBBIM PacTBOPOM OT 3HaueHus uucia PeifHonbca.

PexuMm TedeHus KUAKOCTH, XapaKTepU3YHOIIMMcs dnucioM PeliHosblca, 3aBUCUT OT
CKOPOCTH €€ MoToKa. [103ToMy BaXKHO yMETh IIPABUIIBLHO ONPENEIATh CKOPOCTH YAaCTHIBI U
BUTaHUS , (CKOpOCTh MOTOKa mpu ,=0), 4ToOBl BBHIOpATH CPETHIOD CKOPOCTh MOTOKA,
KOTOpast 00ecleuynuT TPAHCHOPT YacTHIl B KOJIBIIEBOM MpocTpaHcTBe. [Ipu skcrepumMeHTax
MOJIYYAIOTCSL PA3JIMYHBIE 3HAUEHUS HUCKOMBIX BEJIMYMH, OJHAKO JUIsl JAJbHEWUIIEro
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HUCITOJIB30BaHUA UX H€O6XOI[I/IMO AIMpPOKCUMHUPOBATD. AHHpOKCI/IMaLII/ISI IMO3BOJIACT IOCTPOUTDH
npUOIIMKEHHYI0 (DYHKIHIO, HanboJiee OIU3KO MPOXOAALICH OKOJIO NaHHBIX TOYeK. B maHHON
pabore Obuta m3ydeHa KpuBas comnpoTuBiieHHS Penes. OCOOCHHOCTHIO AMIPOKCHMAIIMH B
3TOM Clydae OKa3ajiach HE0OXOMMOCTh OTOOPAKEHUS PEIICHUS B JIOTapu(PMHUUSCKON MIKae,
MOCKOJIbKY JlaHHAs IIIKajga OYeHb yI0OHa B MaTreMaTHKEe MpU paboTe ¢ OYEHb OOJIBIIUMHU
Auarra3oHaMu 3HAUYEHUU HCCIICAYCMbIX BCJIMYHMH.

*k*

Drilling is the process of well excavation (by rock destruction with a drilling tool) and
removing the sludge to the surface with drilling mud. Drilling includes the following
technological processes: deepening the well, borehole fastening by casing string, cementing
the well, completing the well and washing it. To study each of the processes mathematical
calculations apply. The mathematical model and the calculation of the process of well
excavation include so many factors that until now there is no generally accepted mathematical
model. And the well form assumes a cylindrical coordinate system for describing processes,
which is usually not studied in the course of higher mathematics. After getting acquainted
with this coordinate system, another problem arose: a part of the quantities entering into
formulas are determined from nomograms - the graphical representation of the function. Such
a problem already arose in the calculation of drilling problems. We were looking for
approximation of the connection between coefficient of resistance in the flow of a mud
particles and t the value of the Reynolds number.

The fluid flow regime, characterized by the Reynolds number, depends on the speed of
its flow. Therefore, it is important to be able to correctly determine the velocitie of the particle
w and the velocitie of its waving v, (when the flow speed v,=0) in order to choose the
average flow speed that will ensure the transport of particles in the annular space. In the
experiments, different values of the unknown quantities are obtained, but for further use they
must be approximated. Approximation allows us to construct an approximate function that
most closely passes around these points. In this paper, the Rayleigh resistance graph was
studied. A feature of the approximation in this case was the need to display the solution in a
logarithmic scale, because this scale is very convenient in mathematics when working with
very large ranges of values of the investigated quantities.

AHAJIN3 YCTAJIOCTHOTI'O PASPYHIEHUSA HEMEHTHOI'O KAMHSA
ANALIZING CEMENT SHEATH FATIGUE FAILURE

Tcuknnony /1.3., /léouinuxoe M.B.
Canxm-Ilemepbypackuii copnuiii ynueepcumem, Cankm-Ilemepoype

Tsikplornu D.E., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

VYcranocTHas MMPOYHOCTDH OEMCHTHOI'O KaMHs1 npu MMOBTOPHO-IICPEMCHHOM
Harpy’>x€Huu BO MHOTOM 3aBHCHUT OT 3HAYCHUH IICﬁCTBy’[OH.IHX HaHpH)KCHI/Iﬁ 1 HUX 4YacCcToTa.
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Kak mpaBuiio, Kpemnb CKBaXHUHBI pabOTaeT MMEHHO B aCCUMETPUYHOM LUKJIE HArpyKeHHUS.
Pa3pymeHHe npu pacTsHKCHUU BO3HHUKACT, KOIZJa HAIIPAKCHUEC Ha LNEMCHTC IIPCBLIIIACT
npeaci MpOYHOCTU Ha Pas3pbiB WM PACTSHKCHHUEC NEMCHTA, a paspymiCcHUC IpU CIABUTC
MMPOUCXOJUT, KOI'Ja HAMPsKCHUC MPEBBIIIACT CTATHUYCCKOC HAIPsSIKCHUC CABUTa HCMCHTA.
OTKaSI)I, BBI3BAaHHBIC TEIUIOBOU U Harpy>x€Hu€M, MOTI'YT BO3HHKATb B PE3YyJIbTaTc
HaHpﬂ)KeHI/Ifl, BBI3BAHHBIX TeMnepaTypoﬁ 1 JaBJICHHCEM, CO3JaBaCMbIX COOBITHSIMH
CKBa’XHWHBI, TAKMMH KaK FI/II[paBJII/ILIGCKI/Iﬁ PpasjioM, HUKIMYCCKOC 3aKa4WBaAHHUC I1apa, JPCHAXK C
FpaBHTaHHCfI napa, I[06I>I‘~Ia, 3aKaHYMBAHUC HJIKM PCMOHT CKBAaXXHH. TepMI/I'-Ie()KI/Ie U IUKIIbI
HAIpsOKCHUA MOI'YyT HAaHCCTH PHCK p3306HIeHI/15[ HHTCPBAJIOB W INPUBCCTH K 3aJICPKKEC B
no0brye  yrieBoaopoioB. M3ydenuwe Takux 3¢pdexToB MOTIIO OBl MOMOYHL B pa3paboTke
JydlIiero nmoHUMMaHusd 1mopora paspymeHusa OEMEHTHOIO KaMHA W, 1O CYTH, MOTJIO ObI OBITH
AOIMOJIHCHUEM K USMEPCHUIO MCXaHNYCCKUX CBOMCTB.

[lenmpro 3TOTO WCCIIENOBAHUS SIBISETCS BBEACHHE JIAOOPATOPHOTO METOJa M METO/aa
KoHe4HbIX 37eMeHTOoB (MKD), KoTopwlifi uccieayeT BIUSHUE YCTAJOCTH (LMKIMYECKOMN
Harpy3Kku) Ha LIEMEHTHBIM KaMeHb. BeposTHOCTh pa3pylieHHs EMEHTHOTO KaMHsS TaKke
BO3pacTacT, KOraa HNPHMCHCHUE CBA3AHO C YCIOBHUAMH BBICOKOTO daBJICHUSA / BBICOKOM
TEeMIIEpaTypbl; MOATOMY TECTOBAasi ycTaHOBKa OyzaeT paccuutana Ha 170 Mlla u 230 °C. B
OTOM METOJAEC UK YCTAJIOCTHBIX OTKAa30B U BCIIMYHMHA HAIIPAXKCHUA MOTYT PACKPBITE CTCIICHD
TOJICPAHTHOCTH K YCTaJIOCTH PA3TMYHBIX KOHCTPYKIUM IEMEHTHBIX paCTBOPOB OTHOCUTEIHLHO
apyr apyra. MosxHO ObLIO OBl 3aITpOrpPaMMHUPOBATh U OTPETYJIUPOBATH JIaBIICHUE B 00CaIHON
KOJIOHHE, IMOPOBOEC AABJICHUEC, TEMIICPATYPY, HHTCPBaAJIbl HHUKJIA U CKOPOCTHU OTCIIC)KHBAHUA
rpaduka Harpy3Ku JJi1 aBTOMAaTHIECKOTO TECTUPOBAHUS ITUKINICCKON HATPY3KH.

TaK)I(e, IJIs1 IIPOBCACHUA HCCHCHOB&HHﬁ, HaITpaBJICHHBIX Ha HM3YYCHUE HAACKHOCTHU
(TOTOBEYHOCTH) IIEMEHTHOTO KaMHS B paboOTe HCIOIB3YIOTCSA (PaKTHYECKUE BBIOOPKHU
,Z[aBJ'IeHI/Iﬁ U TEMIICPATYPhI HeﬁCTBYIOHIHX CKBa)XKMH. BEIsSBIIEeHUE KPUTCpHUA HAACKHOCTHU
HEMCHTHOTO KaMHA OnpeaciIsa€Tca C IIOMOIIBIO rpa(bnquKoﬁ JAuarpamMmbl CMI/ITa,
HOCTpOCHHOfI II0 TpEM pCXKUMaM HArpyXxeHusd, AJId KaXA0I'0 M3 KOTOPBIX OIPEACIACTCA
npeaci  BbBIHOCIUMBOCTH. HpI/I‘leM INIOTHOCTb  pacClpCACIICHUA CﬂyqaﬁHbIX BCIIMYNH
HeﬁCTBYIOHlHX HaHpH)KeHI/Iﬁ onpeaAcIsACTCs € UCIIOJIb30BAHUEM METOIOB HenapaMeTqueCKoﬁ
CTaTHUCTHUKU.

***k

The fatigue strength of cement sheath under a repeatedly variable load depends largely
on the magnitude and frequency of the acting stresses. Generally, the support of the well
works precisely in an asymmetrical loading cycle. Tensile failure occurs when the stress on
the cement exceeds the tensile strength, whiles shear failure occurs when the stress exceeds
the shear stress of the cement. Well events, such as hydraulic fracture, cyclic steam injection,
steam gravity drainage, production, completion or well repair generate temperature and
pressure-induced stress. This results in failures caused by thermal and stress loading. Thermal
and stress cycles can lead to a risk of zonal separation, hereby causing a delay in the
production of hydrocarbons. The study of such effects could help in developing a better
understanding of the threshold of cement sheath failure and, could be an addition to the
measurement of mechanical properties.
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The aim of this study is to introduce a laboratory method and the finite element
analysis (FEA), which examines the effect of fatigue (cyclic loading) on cement sheath. When
the application is associated with high pressure/high temperature (HP/HT) conditions, the
likelihood of cement sheath failure also increases; so, the test setup will be rated at 170 MPa
and 230 ° C. In this method, fatigue failures cycle and the magnitude of the stress can reveal
the threshold of fatigue tolerance of various designs of cement slurries relative to each other.
Cylinder pressure, pore pressure, temperature, cycle intervals, and ramp rates could be
programmed and adjusted to carry out cyclical load testing automatically.

Also, to conduct studies aimed at studying the integrity of cement sheath, actual values
of the pressures and temperatures of operating wells are used in the work. The determination
of the criterion for cement sheath integrity is determined using Smith chart, constructed
according to three loading regimes, for each of which a fatigue strength is determined. The
frequency density of random values of acting stresses is determined using nonparametric
statistics methods.

MHNOBBIINEHUE JOJI'OBEYHOCTHU NEPEBO/IHUKOB U BYPUJIBHBIX TPYB
JEKTPOMEXAHUYECKON OBPABOTKOM
INCREASING THE DURABILITY OF ADAPTER BUSHINGS AND DRILL PIPES
BY ELECTROMECHANICAL PROCESSING

Deoopos C.I('.,1 Deooposa .]I.B.,llleauoea 10. C.,1 Boponuna AM.B.,2 Caooenukos A.B.,3
Huxumun B.H.*
"MITY um. H.O. baymana, Mockea
2 Canxm-Ilemepbypeckuti copuviil ynusepcumem, Cankm-Ilemepoype
3000 «Mamepuanwt Texnonoeuu Cepsucy», Mocksa,
000 «HUnmexnoy, Husxxcnesapmoeack

Fedorov S.K.*, Fedorova L.V.%, Ivanova Yu.S.', Voronina M.V.? Sadovnikov A.V.?,
Nikitin V.N.*
'Bauman Moscow State Technical University, Moscow
2 Saint-Petersburg Mining University, Saint-Petersburg
*Materials Technologies Service LLC, Moscow
*Intechno LLC, Nizhnevartovsk

VYBenuuenue n0aroBeqyHocTd bT M NepeBONHUKOB SBISIETCA AKTYyaJbHOM 3ajadei,
pelieHre KOTOPOW TMO3BOJIUT MOBBICUTH 3((HEKTUBHOCTH pPabOThl HEPTIHBIX KOMIAHUM.
HaubGonee xapaxtepubimMu aedekramu BT u mepeBOJAHHUKOB SIBISIOTCS HM3HOC HApYKHOTO
IaMeTpa 3aMKOB U MOBPEXICHHE pe3bObl. Hu3kas MOJTrOBEYHOCTh YKa3aHHBIX Y4acTKOB
neraneil 0ObSCHSIETCS HEBBICOKOW TBEPAOCTHIO MOBEPXHOCTHOTO CIIOS, HE TMPEBBIMIAIONIEH
32...36 HRC. Kpome TOro0, HeJjocTaTO4YHAsE M3HOCOCTOMKOCTH PE3bObI BHIIIENEPEUHCICHHBIX
JeTaneil cBsi3aHa ¢ OCOOCHHOCTSIMU KOHCTPYKIIUU, TEXHOJIOTUYECKUMU CIOKHOCTSIMH TIPH €€
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M3TOTOBJICHUH U BOCCTAHOBJICHUH, CXEMbl HArpY>KEHHs U YCIOBHA SKCIUTyaTallMd Pe3bOOBBIX
COCJIMHCHUH.

HpOBGI[GHI:I CPaBHUTCJIbHBIC UCIIbITAHUA U3HOCOCTOUKOCTH PA3JIMYHBIX HAIlJIABOYHBIX
MaTepuasioB (xapaoenauHr) Poccuiickoro u 3apyOeKHOTO MPOM3BOJICTBA MEXKITY COOOM H IO
OTHOIIEHUIO K 3aMkaMm BT 0e3 HamuiaBok (MccieaoBaHMsI MPOBEAEHbI IO WHULMATUBE U
¢dbunancosoit noguepxkke AO «Cubupckas CepBucHas Komnanusy).

Ha ocHoBe MHOrojeTHuUX HCCIEIOBaHUNA pPa3pabOTaHbl PEKOMEHAALMU IO
MOBBIIEHUI0 HM3HOCOCTOMKOCTH pe3b0OBBIX CcOeAMHEHHH cnocobom OMO, koTOopbie
OTPEENSAI0T MyTH MOBBIIIEHUS pecypca U HaAexkHocTH BT u nepeBoHUKOB, popMUpOBaHUS
YHUKAJIBbHBIX CBOMCTB )IeTaneﬁ, CHMXXCHUA TPYAOCMKOCTH HU3TOTOBJICHUA W BOCCTAHOBJICHHA
neraneil, MmoBbllIeHUs 3(PPEeKTUBHOCTH pPAOOTHI MPEANPHUATHI U OpraHu3alMid, 3aliuThl
OKPYXaIoIel Cpeibl U CO3/IaHUsI KOHKYPEHTOCTIOCOOHOM MPO YKITHH.

Meramiorpapudeckue ¥ METPOJIOTHYECKHE  HCCIEJOBAaHUS  TEPEBOJIHHKOB,
W3TOTOBJICHHBIX B YCJIOBUAX «AJIEKCAaHIPOBCKUU 3aBOJ OypoBOTO OOOpYIOBAHHS,
CTEHJIOBBIE HCHIBITAHWS, TPOBEICHHBIX Ha 0Oaze «KoBpoBckmii 3aBoj  OypoBOTO
obopynoBaHus» TOATBEpAUIN 3PGEeKTHBHOCTh TexHojgorun OMO Tpu HaBUHYMBAHWUH-
CBUHYMBAHUN pCSB6OBLIX COG)II/IH@HI/Iﬁ.

B ycnosusix OO0 «YK«TatOypHedTh» MpoBOAITCS IKCIUTyaTallMOHHBIC UCTIBITAHUS
nepeBogaukoB  [1-133/133, T11-147/147 mpomsBoactea OO0 «IIT® HUI'MAIy,
n3rotoBieHHBIX U3 cranu 40XH2MA, ¢ pe3pboii moaseprayroit OMO. [IpomexyrodHbie
pe3ynbTaThl UCMIBITAHUN CBUICTEIBCTBYIOT, YTO NMPU OYpEHHHU CKBaXKHH mocie 978 IUKIOB
(mopmatuB 500) HaBMHUMBaHUSA-CBUHUMBaHMS miepeBonHuka [1-147/147, usHoca pe3pObI HE
3a()UKCHPOBAHO.

**k*

Increasing the durability of DP and adapter bushings is a topical problem, the decision
of which will increase the efficiency of the oil companies. The most characteristic defects of
DP and adapter bushings are the wear of the outer diameter of the locks and damage to the
threads. Low durability of these parts of the parts is due to the low hardness of the surface
layer, which does not exceed 32 ... 36 HRC. In addition, the insufficient wear resistance of the
threads of the above-mentioned parts is associated with the design features, technological
difficulties in the manufacture of it and recovery, the loading scheme and operating conditions
of threaded joints.

Comparative tests of the wear resistance of various surfacing materials (hardbanding)
of Russian and foreign production with each other and with respect to DP locks without
surfacing were carried out (the studies were conducted on the initiative and financial support
of Siberian Service Company JSC).

Based on years of research, recommendations have been developed for increasing the
wear resistance of threaded joints by the EMP method, which determine ways to increase the
life and reliability of DP and adapter bushings, form unique properties of parts, reduce the
complexity of manufacturing and restoring parts, improve the efficiency of enterprises and
organizations, environmental protection and the creation of competitive products.

63



Metallographic and metrological studies of the adapter bushings made under the
conditions of the «Alexandrovsky drilling equipment plant», bench tests carried out on the
basis of the «Kovrov Drilling Equipment Planty», confirmed the effectiveness of the EMP
technology for screwing-unscrewing of threaded joints.

In the conditions of LLC «AC “Tatburneft”» operational tests of P-133/133, P-
147/147 adapter bushings produced by LLC «PTF “NIGMASH”» made of 40KhN2MA steel
with EP threaded are carried out. Intermediate test results indicate that when bore-hole
drilling after 978 cycles (500 standard) of screwing-unscrewing operations of P-147/147
adapter bushings, wear of the thread is not fixed.

COBEPHIEHCTBOBAHUME METOJOB KOHTPOJISA U OITIEPATUBHOI'O
YHPABJIEHUSA TPAEKTOPUUN CKBAKHUH C BOJIBIIUMHU OTXOJAAMHU OT
BEPTUKAJIN
THE IMPROVEMENT OF METHOD CONTROL AND OPERATIONAL
MANAGEMENT OF THE EXTENDED-REACH WELL

Dunamos C.A., /[eoiitnuxoe M.B.

Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Filatov S.A., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

CKBaXHHBI C OOJIBIITUM OTXOJIOM OT BEPTUKAIHU (OTHOLIEHUE TOPU30HTAIIBHOTO 0TX0/1a
K IyOouHe 1o BepTukaiu 2:1 u 6osee) SABISIOTCS NEPCIIEKTUBHBIM HAPaBJIEHUEM B OCBOCHUU
menb(oBbIX 3alexell HepTH M raza, a TakKe B YBEJIMYECHUU MPOIODKUTEIHLHOCTH
AKCIUTyaTallMl MECTOPOXKACHUN, HAXOAALIMXCS Ha TO3/IHEN CTauu pa3pabOTKH.

CTpouTenbCTBO JTaHHBIX CKBAXKMH CBSI3aHO C OOJBIIMMH pUCKaMH OOYCIOBJICHHBIMU
OCIJIO’)KHEHHEM U aBapUITHOCTHIO, KaK B Ipoliecce OypeHHs, TaK U CIO0XKHOCTHIO peanu3aliu
9TaNnoB UX 3aKkaHYuBaHUsA. OCHOBHBIC TEXHOJIOTHYECKHE TPOOIEMbI, KOTOPbIE BO3HUKAIOT MPU
Oypenun — oOecredyeHHe BBICOKOTO KpYTAILIErO MOMEHTa CHCTEMOU CHIIOBOTO BEPXHEro
MpPHUBOJIa HAa TMOBEPXHOCTH C COXpaHEHHWEM TpeOyeMOl CKOpOCTH BpalleHus OypuiIbHOI
KOJIOHHBI. DJTO TPOUCXOAMUT BCIEACTBUE OONBIION JMUHBI OYypUIBHOW  KOJIOHHBI,
KO3 (GUIIMEHT COMPOTHUBIICHUS BPAIICHUIO KOTOPOW B 3aBUCHUMOCTH OT THIIa OypOBOTO
pacTBopa, TPAeKTOPUU CTBOJIA, €T0 U3BMUIIMCTOCTH U APYrUX (PakTopoB Bapwupyercs oT 0,12
no 0,65. ComnpoTuBI€eHHE JBW)KEHUIO HWHCTPYMEHTa MPUBOAUT K  YBEIMUYEHUIO
MPOJOJIKUTEIIBHOCTH CITYCKO-TIOABEMHBIX ONEpPalMid U HEJOCTaTOYHOM KOHTPOJIUPYEMOCTH
npu OypeHUH yriia ero 3aKpyuyMBaHUS U KaK CIEACTBHE OPHUEHTUPYEMOCTH HIIKHEH 4YacTh
KOMIOHOBKH OypuibHOM konmoHHbI (KHBK). Takke Ha ~ KOHTpPONb M OMNEPaTUBHOE
yIpaBJIeHUE TPACKTOPUEH CKBaXUHBI OOJBIIOE BIWSHUE OKAa3bIBAET CKOPOCTh TMepeaayvu
JAHHBIX TI0 KaHallaM CBSI3U B CHUCTEMBl 3a00H-yCThe M MOTPEIIHOCTh H3MEPHUTENBHBIX
npubOpOB.
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B cocraBe TenmeMeTpuueckol CHCTEMBI BCE MPUOOPHI HMEIOT OMPEICIICHHYIO
MOTPEUTHOCTh M3MEPEHHUH, HanboJblIell M3 KOTOpBIX oOnagaeT MarHUTOMeTp. B cpennem
MOTPEITHOCTh JaHHBIX MPUOOpoB coctaBisgeT oT 50 mo 70HT. OHa BO3HUKAET MO MPUYUHE
MOJIBEP’)KEHHOCTH MAarHUTOMETPOB, MHTEP(PEPEHIIMU CO CTOPOHBI OKPYKAIOUICH Cpenbl, U
HEINOCTOSIHCTBA T'€OMAarHUTHBIX Mojeil. B coBpeMeHHOM IporpaMMHOM OO€CIEYEeHHM IPHU
IMPOCKTUPOBAHNHN CKBAXXHHBI, CYIICCTBYCT BO3MOXHOCTH pacCUUTAaTb BCPOATHOCTHYIO
TPAEKTOPUIO CTBOJIA CKBAKMHBI. Pe3ynbTaToM 3TOr0 pacyera siBisieTcs HEKU 00beM, BOKPYT
I‘GOMGTpI/ILIGCKOI\;I TPACKTOPHUU CKBAXWHBI, WA J3JIJIMIIC HCONPCACICHHOCTH. On YUYUTBIBACT
BCC BO3MOKHBIC ITOJIOKCHUSA CTBOJIA CKBAXXWHBI C YUCTOM IOTPCITHOCTU, C TOCTOBCPHOCTHIO
99 mpo1eHTOB.

B paborte paccMoTpeH MeTOa YCOBEPIICHCTBOBAHHOW T'€OMAarHUTHOW MPUBS3KU,
Onarojapss KOTOpOMY TMOTPEIIHOCTh U3MepeHui ymenbiaercs A0 70 %, Mo cpaBHEHHIO CO
CTaHAAPTHBIMU HU3MCPCHUAMU. HpI/IBe)IeHI)I MIPpUMEPBI UCIIOJB30BaHUA JAHHOTO MCTOJA JJIA
CTPOUTENIbCTBA CKBAKUH € 00JBIIMM 0TX0/10M 0T BepTukanu (bOB), u 1yist OypeHusi CKkBaKuH
C MaJIbIM KpyroM J0IycKa (pa3rpy304HbIe CKBaXKHHBI).

**k*

Extended-reach well (horizontal to vertical ratio of 2:1 and more) are a promising area
in the development of offshore oil and gas deposits, as well as in the increase in the duration
of operation of the fields that are at a late stage of development.

The construction of these wells is associated with high risks due to complications and
accidents, both during the drilling process and the complexity of implementing the stages of
their completion. The main technological problems that arise during drilling are the provision
of high torque by the power top drive system on the surface while maintaining the required
rotation speed of the drill string. This is due to the large length of the drill string, the
coefficient of rotation resistance depending on the type of drilling mud, the trajectory of the
trunk, its sinuosity and other factors varies from 0.12 to 0.65. Resistance to movement of the
tool leads to an increase in the duration of the down-hole operations and inadequate ability to
control the angle of its twisting when drilling and as a consequence of the orientation of the
lower part of the drill string assembly (BHA). Also, the control and operational control of the
well trajectory is greatly influenced by the speed of data transfer through the communication
channels to the face-hole systems and the error of the measuring instruments.

As part of the telemetry system, all instruments have a certain measurement error, the
largest of which is the magnetometer. The average error of these devices is from 50 to 70nT.
It arises because of the susceptibility of magnetometers, interference from the environment,
and the inconsistency of geomagnetic fields. In modern software when designing a well, it is
possible to calculate the probable trajectory of a well-bore. The result of this calculation is a
certain volume, around the geometric trajectory of the well, or an ellipse of uncertainty. It
takes into account all possible positions of the well-bore, taking into account the error, with a
confidence of 99 percent.

The method of improved geomagnetic binding is considered in the paper, due to which
the measurement error is reduced to 70%, in comparison with standard measurements.
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Examples of the use of this method for the construction extended-reach well (ERD), and for
drilling wells with a small tolerance range (unloading wells) are given.

CHUCTEMA MHTEHCU®UKAIIMA ®UIIBOYH3 (PBIBUI CKEJIET)
FISHBONES STIMULATION TECHNOLOGY

Xacanos I'.B.
000 « VK «Tambypregpmso», Anomemvesck

Khasanov G.V.
MC Tatburneft, LLC, Almetyevsk

B noxmane mpencraBieHa KpaTkas HCTOpUS pa3BUTHs cucTeM «PpiOMit xBOCT» B
Poccun. Jlano onucanue npuHIuna padboThl OJHOW U3 COBPEMEHHBIX CHCTEM, IMO3BOJISIONIEH
CbOpMI/IpOBaTI) MHOTOYHCJICHHBIC OTBCTBJICHUSA B CTBOJIC CKBAXXHWHBI IJIA I/IHTeHCI/I(i)I/IKaHI/II/I
MPUTOKA HeTH.

Texnonorust ®umboyHs (PeiObsi KOCTb) SBISIETCS COBPEMEHHOM albTEpPHATUBOM
TUAPOPA3pBIBY IUIACTA, HO TIPU 3TOM BO3CHCTBHE HA TUTACT OOJIEe YIPaBIIEMOE U IIasIIee.
CYI_HHOCTB nmponecca 3aKIro49acTCs BO BKIIIOYCHHUHU B KOMIIOHOBKY XBOCTOBHKaA CIICIHUAJIBHBIX
MEPEBOJHUKOB, M3 KOTOPBIX IMOJI BO3JACHCTBUEM JABJICHUS *UJKOCTH B IIACT BHEAPSIOTCS
TUTAHOBBIC UTJIbI, (OPMHUPYIOIIHE MPOTSKEHHBIE OTBEPCTHUS MEPIEHANKYIIPHO OCHOBHOMY
CTBOJIY CKBA>KMHBI.

HpI/IHI_[I/IHI/IaJ'II)HO MO3HUIUOHHUPYIOTCA JABE TEXHOJIOIMHM — «THUAPOMOHHUTOPHAaA» IJId
Kap6OHaTHBIX KOJIJICKTOPOB U <<6ypeHHeM>> JJId BCEX THUIIOB I'OPHBIX IIOPO.

B AOKJIaae€ pacCMaTpUBAOTCA KPUTCPUU IPUMEHUMOCTH TOM MJIM UHOM TEXHOJIOTHH B
3aBUCUMOCTH OT CJIOKHOCTHU KOH(bI/Il"ypaHI/II/I CTBOJIAa, TEXHHUYCCKHUX W TEXHOJIOTHYCCKHX
0COOEHHOCTEN CKBaYKUHBL.

[IpuBenena nunpopmanus o pe3yapTaTax IPUMEHEHUs CUCTEMbl B MUPOBOI1 MPaKTHKE.

***k

The Report summarizes the history of the Fishbones system application in Russia.
Described is the operation principle of one of the advanced systems allowing multiple side
hole drilling in the well to stimulate oil production.

Fishbones technology is a modern alternative to hydraulic fracturing but featuring the
controlled and sparing effect on the formation. The concept of the process is to incorporate
special subs into the liner assembly that are used to force titanium needles into the formation
under the fluid pressure and to form long holes perpendicular to the main wellbore.

There are two technologies - “water jetting” for carbonate reservoirs and “drilling” for
all types of rocks.

The Report deals with criteria of applicability of a particular technology depending on
the wellbore configuration complexity and technical and process features of the well.

Included is information on system application worldwide.
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TPAHCOOPMAIIUA CUCTEMBI YITIPABJIEHUA B OO0 «YK « TATBYPHE®Tb»
MC TATBURNEFT, LLC MANAGEMENT SYSTEM TRANSFORMATION

Xycuymounog A.T.
000 «VK «Tambypuegpmoby, Anvmemvesck

Khusnutdinov A.T.
MC Tatburneft, LLC, Almetyevsk

B nmoknane mpencraBieHa mHGOpMAIMs O CO3JAHUW €IUHON IMPOIECCHON MOJENH B
000 «YK «TarOypuedpth» u €€ TNPUMEHEHUH JJII COBEPIICHCTBOBAHHS CHUCTEMBI
yIIpaBJICHUS.

[lepBeIii dTam — omucaHWEe OW3HEC-TIPOIECCOB KOMIAHWUU M WX PErIAMEHTAIUs
(ycTpaHeHue pa3phIBOB MEXIY OHM3HEC-TIPOIECCAMH; CTPYKTYpUPOBAHHE, BBICTPAMBAHHE W
ONTHUMH3ANKsT  WHPOPMAIMOHHBIX  TIOTOKOB;  YCOBEPIICHCTBOBAHWE  HOPMATHBHO-
periiaMeHTHOW JOKYMEHTAIMH, paclpeelieHue pPOJeii W 30H OTBETCTBEHHOCTH MEXITY
YYaCTHUKAMH TPOIIECCa).

Crnenyromuii 3tan — MPOEKTHpPOBaHWEe HWH()OPMANMOHHBIX CHCTEM (OIpeIeIcHue U
omHcaHne (PYHKIIMOHAIBHBIX TpPeOOBaHMIA, OINMMCAaHUE, KAaK JOJDKHBI OBITh PEaTM30BaHBI
(GYHKIIMM B CHCTEME: apXUTEKTypa, MpaBuja U alropuTMbl padoTel (yHkuwmii). Co3nanue
WH(POPMAIIMOHHBIX CHCTEM, TTOIICPKUBAIONITNX OU3HEC-TIPOIIECCHl KOMITAHHH.

Takum 00pa3oM, repapxus MPOIECCOB CHHXPOHU3UPOBAaHA C UEpApXHEH yIPaBICHHS
B Kommanuu. LleneBbie mporecchl HOCIT XapaKkTep OMHMCAHUS CKBO3HOW B3aUMOCBSI3H MEKIY
OM3Hec-TpolieccaMy U MEXIY mojpasaeneHusiMu Kommnanuu.

B nmoxmame paccmarpuBaroTCS TPEANOCHUIKH, TPUMEHSEMbIC TIOIXOJBI, JTaIlbl
peanmu3aruu [IporpaMMbl TPOEKTOB MO TpaHCPOPMAIMK CUCTEMBI ynpasieHus. [IpuBeneHa
uHboOpMaIKs O pe3yibraTax peainu3anuu 1npoekroB [Iporpammer Tpanchopmanuu B OO0
«YK «TarOypuedTb».

**k%k

The Report summarizes information on development of Tatburneft integrated process
model and its application for management system improvement.

The first phase is to describe and regulate the company’s business processes (eliminate
gaps between the business processes; structure, form and optimize the information flows;
improve the standard and regulatory documentation; define process participants’ roles and
responsibilities).

The next phase is to design the information systems (determine and describe the
functional requirements; describe how the functions are to be implemented in the system:
architecture, rules and algorithms of function operation). Develop the information systems
supporting company’s business processes.

Thus the process hierarchy is synchronized with the management hierarchy in the
Company. Target processes describe the interfaces between the business processes and
between the Company business units.

The Report deals with the prerequisites, approaches applied and phases of
Management System Transformation Program. It contains results of Transformation Program
implementation in Tatburneft.
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HOAbOP UHI'MBUPYIOIIUX PEAT'EHTOB /IUISAA IIOBBIIIEHUSA
CTABMJIBHOCTHU PACTBOPA ITPU BYPEHU S B I'NIMHUCTBIX ITIOPOJAX
SELECTION OF INHIBITOR FOR INCREASING STABILITY OF BOREHOLE IN
SHALES

Yyounoea U.B., Huxonaes H.U., Pozenyeem A.B.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Chudinova 1.V., Nikolaev N.I., Rozentsvet A.V.
Saint-Petersburg Mining University, Saint-Petersburg

B crarbe paccMoTpeHbl BOMPOCHI MPUMEHEHHS] UHTHOUPYIOIINX PEareHTOB OypOBBIX
PacTBOPOB JIsA IMOBBIIICHUA yCTOﬁ‘IHBOCTH CTBOJIa CKBAXWHBI IIPHU 6yp€HI/II/I B TJIMHUCTBIX
nopoax. [Ipoananu3upoBaHbl (HaKTOPHI, BIUSIONINE HA YCTOMYUBOCTh CTBOJIA, B YaCTHOCTH,
THUII 6ypOBOFO pacTtBOpa, THUAPOCTATHYCCKOC U TIIOPOBOC MOABJICHHE, T'COMCXaHUYCCKUC
CBOWCTBA TJIMHHUCTBIX NOPOJ, @ TAK)KE XAPAKTEp B3aUMOJCUCTBUS MEXIY IUCHEPCHOHHOU
cpenoit OypoBOro pacTBopa U IIIMHHCTON nopojoi. [lpuBenensl pe3ynbTaThl 1a00pPaTOPHBIX
UCCIIEIOBAaHUI 1O OLIEHKE YCTOMYMBOCTU 00pa3loB INIMHUCTBIX MOPOJ Hpu 00paboTKe HX
BOJIHBIMHU PacTBOpaMH peareHToB. Takxke B paboTe celaHa MOMBITKA PACKPBITHSI MEXaHU3Ma
IIOBBIIIICHU L YCTOP'I‘IHBOCTH INTIAaCTUYHBIX W HCIUIACTUYHBLIX TJIMHUCTBIX IIOPOA IIpU HX
WHTUOMPOBAHHUH peareHTaMu MOJU(PYHKIIMOHAIBHOTO JIEHCTBHSL.

**k*

The article deals with aspects of using inhibitors for increasing stability of borehole in
shale rocks. According to the article authors analyze forces causing of borehole instability,
such as type of drilling fluid, hydrostatic and pore pressure, geomechanical properties of
shales, and interaction between dispersive phase of drilling fluid and shale rocks. Laboratory
tests results of definition of shales samples stability on treatment with water solution of
inhibitor are reported. Assumed mechanism of enhancement of shale rocks competence on
treatment with multifunctional inhibitors is described.

COCTOSTHUE MATEPHAJIA DJIEMEHTOB KOMIIOHOBKHU BYPWJIBbHOM
KOJIOHHBbI ITPU BYPEHHUH B OCJIOKHEHHBIX YCJIOBUAX
STATE OF MATERIAL ELEMENTS BHA DRILLING IN THE COMPLICATED
CONDITIONS

1 2 1 2
Hlaxupoea A.H.”, Hazaposa M.H.”, Hcmaxoe P.A", Ilanaee A.T'.
Y Vpumcruii 2ocyoapemeennoiii negpmsnoii mexnuueckuii ynusepcumem, Ya
2 . .
Canxm-Ilemepbypackuii copnuiii ynueepcumem, Cankm-Ilemepoype

Shakirova A.l. %, Nazarova M.N.?, Ismakov R.A.%, Palaev A.G.?
! Ufa State Petroleum Technological University, Ufa
2 Saint-Petersburg Mining University, Saint-Petersburg

W3BecTtHO, uYTO KOMIOHOBKa Hu3a OypuibHOM kojoHHbl (KHBK) paGortaer B
OKCTPEMAJIBHBIX YCJIOBHUSX HAarpykeHHs - BBICOKME TEMIIEPATypbl, BBICOKOE IIJIACTOBOE
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JaBJICHUE, ILIOKOBBIE HAarpy3KH, arpecCUBHBIE CPEIbl, YTO B COBOKYIHOCTH IPUBOJIUT K
Jerpajallii MeTaa, NOSBICHUIO U Pa3BUTHIO Ae()EKTOB U B KOHEUHOM HTOTE Pa3pyILICHUIO
o0bekTa. COrjacHO CTAaTHCTUYECKAM JaHHBIM 32 TIOCIEOHHE IISATh JIET, KOJIUYECTBO
paspymennit KHBK yBenuuminocr B Tpu paza. Hacrosimas pabora Obuia moCBAIIEHA
uccnenoanuto oopazno marepuasioB KHBK cramu 40XM®A. U3 paznuyHbIX 3JIEMEHTOB
KHBK Obutn BbIpe3ansl 00pasipl Ui HCCIEIOBAHUN XMMHUYECKOTO COCTaBa, Makpo M
MUKPOCTPYKTYpPBI, @ TaKK€ HM3MEpPEHUN MEXaHMYECKUX CBOMICTB: MHUKPOTBEPIAOCTH (CXxeMa
M3MEpEHUs: MUKPOTBEPIOCTHU NPECTABIEHA HA KPACHOW CTpeNnKoi) 1 TBEpAOCTH. Pe3ynbTaThl
uccienoBaHuil Mmexannueckux cBoicTB 40XM®DA mnocie Tpex JeT 3KCIlyaTaluu MoKas3aly,
4yT0 Habmogaercs usmMeHenue B 10% OT HayalbHBIX TApaMETPOB CTAJIH.

N3ydeHne noBepXHOCTH U3JIOMOB CTaJIM MOCJE YIApHOTO pa3pylieHust oOpa3uos (mpu
MIPOYUX PaBHBIX YCIIOBUSAX: pa3Mep 3€pHa, MEXaHHMYeCKHE CBOMCTBA), HaOIroJaemMble HpPU
paspymiennn pa3nuuHbix 31neMeHToB KHBK, yka3plBaroT Ha TO, 4TO Ba)XKHYIO POJIb UTPAET
HaNpsDKEHHO-1e(OPMHUPOBAaHHOE  COCTOSIHME — CTalld,  OOYCJOBJIGHHOE  YCJIOBHUSIMHU
JKCIUTyaTalluyd U pa3MepoM 3epeH MmeTaiuia. COriacHO MCCIENIOBAHMIM HM3MEHEHHUE pa3Mepa
3epeH 110 0,1-1 MKM U3MEHsIeT Kak (pu3nyecKue, Tak 1 MEXaHUYECKHUE CBOMCTBA: 3HAUUTEITHLHO
MOBBIIIAETCSI MPOYHOCTh M IUIACTUYHOCTh MeETalljla, KOPPO3UOHHAs CTOWKOCTb, MOJYIU
YIPYTrOCTH, HAMarHU4E€HHOCTb HACBIIEHUS U JIP.

B Hacrosimee BpeMs MHTEHCHBHO pa3palaThIBAIOTCS U M3Y4alOTCA  CIOCOOBI
MIOJIyYEHUSI  YNBTPAMEJIKO3EPHHUCTBIX ~ MATE€pUAIOB M3 YK€  CYIIECTBYIOUIMX H
UCIOJb3YIOUIMXCS CIUIABOB Ul HW3TOTOBIEHMsA OypoBOoro uHcTpyMeHTa. Mcxons w3
BBIIIEU3JI0)KEHHOTO BUIHO, YTO ISl CO3JAHUS JIOJIOBEYHOTO MHCTpPyMEHTa Tpebyercs
U3YyYUTh 3aKOHOMEPHOCTU (popMupoBaHust YM3 CTpYKTypsl B COOTBETCTBYIOLIMX CTAJSAX, a B
MOCIIEYIOIEM HcCcieloBaTh BiusHUEe YM3 cTpyKTypsl U (pa30BOro cocraBa Ha pa3MuHbIE
[IOKa3aTeIM MEXaHMYECKHMX CBOMCTB M IPOLIECChl M3HOCA, TE€M CaMbIM CIIOCOOCTBOBATH
CO3/IaHUIO BBICOKOIIPOYHOI'O U M3HOCOCTOMKOro OypOBOIO MHCTPYMEHTA JJIsl AKCIUTyaTallu
€r0 B OCJIOKHEHHBIX YCIIOBHAX JJIUTEIBHOE BPEMS.

PACYET CJIOKHOI'O MIPO®NJISI MHOTI'O3ABOMMHOM CKBAKHWHBI C
BO3MOXXHOCTBHIO IPUMEHEHUS CTAHJIAPTHBIX KHBK
CALCULATION THE COMPLEX SHAPE OF MULTILATERAL WELL AND
APPLYING THE STANDARD BOTTOM HOLE ASSEMBLY

Hlananun /1. B., /[éoiinuxos M.B.
Canxm-Ilemepbypeckuii copnuiii ynueepcumem, Cankm-Ilemepoype

Shalyapin D.V., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Ve MHOTHE T'OJIbl B He(I)TCFaSOBOﬁ oTpaciii Poccun O6OCTp$IIOTC$I HpO6JICMBI IIO6BI‘II/I

YIJIEBOJOPOAHBIX PEcypcoB (pacTeT OOBOAHEHHOCTh MPOJYKIWH, CHHKEHHE OOBEMOB
IIPUPOCTA 3aMacoB U T.[.).

69



OpaHuM W3 pemIeHH 3TOW TPOOJIEMBI SBJISETCS CTPOUTEIHCTBO MHOT03a00WHBIX
CKBaXHH.

B pabote xe mpemnaraeTcsi COCIUHUTH TEXHOJIOTHU 3ape3Kd OOKOBOTO CTBOJIA U
CTPOUTENHCTBA MHOTO3a00MHBIX CKBAXHUH.

Pacyer mpodmiiss TOPH3OHTAIBHOTO  y9acTKa IPOM3BOJUTCA TI0  METOJHKE,
npeanoxeHHon bakupossim [.JI. 1 @aTraxoBeiMm M.M:

1. Omnpenenenne oNTUMAIBHOTO KOJMYECTBA OOKOBBIX OTBETBIeHU B M3C;

2. Briasnenne MOTCHIUAJIBHBIX TOYCK 3aPE3KU OOKOBBIX OTBGTBJ'ICHI/II\/'I;

3. O0ocHOBaHME MECTOTIONOKEHUI 3a00€B OOKOBBIX OTBETBICHHU IPH YCIOBHH
CBCIACHUA K MHHUMYMY BJIUAHUA CTBOJIOB [Apyr Ha JApyra WM Ha COCCIHHUC
CKBa’XHHHEI,

4. IlpoBeneHune MHXEHEPHBIX PacueToB MO OLieHKe puckoB OypeHust M3C TUIIOBBIM
HHCTPYMEHTOM.

WNnxeHepHble pacyeThl, Kacalolluecs TEXHOJOTMH OypeHHs U cIlycka oOcaaHoi

KOJIOHHBI, TPOBEJIEHBI B TPOrpaMMHOM npoaykTe Landmark.
BypoBoit pactBop BBIOpaH, HCXOAS W3 MNPAKTHUYECKUX JAHHBIX KOMITAHUH
CyprytHedreras.
**k*
The Russian oil and gas industry has problems with the production of hydrocarbons
(increasing of the water’s contents, the falling of the volume new oil and gas recourses etc.).

The one of way to solve this problem is the multi-lateral wells.

My suggestion is to connect technology of the construction sidetrack and multi-lateral

wells.

The profile of the horizontal section is calculated according to the procedure proposed

by D.L. Bakirov and M.M. Fattakhov:

The determination of the optimal quantity of the laterals;

The determination of the potential points of the laterals;

The substantiation of the location bottom with the minimal interference;
The engineering calculations to choose the typical BHA.

The engineering calculations were done by Landmark (the technology of drilling, the

tripping of casing).

The drilling mud was selected by the recommendation of Surgutneftegas.

HwN e
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NCCIEAOBAHUMSA BUHAPHBIX COCTABOB ITAB VIS TIOJTYYEHUSA
T'A30KHUJIKOCTHBIX TIPOMBIBOYHBIX U TAMIIOHAKHBIX CMECEM
INVESTIGATION OF THE BINARY SURFACTANT STRUCTURES FOR GAS-
LIQUID MUD AND CEMENT MIXTURES

Axoenee A.A., Hyykoea M.B.
Canxkm-Ilemepoypeckuti copuuiil ynusepcumem, Cankm-Ilemepoype

Yakovlev A.A., Nutskova M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Jia  pa3pabOTKM KOMIUIEKCHOM TEXHOJOTMM OYpEeHHs U KpEIUIEHHUS CKBaXXUH
MPEJICTABISICT 3HAYUTENBHBIA TPAKTHUECKUH WHTEPEC BBIOOP TaKOTO IMOBEPXHOCTHO-
aKTHBHOTO BEMIECTBA, KOTOpoe OBl 0OecrmeynBaio TIONyYeHHE KaK KadeCTBEHHBIX
Ta30KHIKOCTHBIX POMBIBOYHBIX, TAK M TAMITOHAKHBIX CMECCH.

N3BeCTHO, 4YTO KOMIIO3WIIMHM ITOBEPXHOCTHO-aKTUBHBIX BEIIECTB JIAIOT JIyYIlINe
TEXHOJIOTHYECKHE II0KA3aTelM Ta30KUJAKOCTHBIX TPOMBIBOYHBIX CMeced, dYeM IpHu
npuMeHeHnH oauHOYHBIX [IAB. Tloaromy wmccnenoBanus ObLTH HamNpaBlICHBI HA H3YUYCHHE
OMHAPHBIX COCTABOB NIOBEPXHOCTHO-aKTUBHBIX BELIECTB.

Uccnenosanace OMHaApHBIN COCTaB, COCTOSIIINN u3 HEMOHOTCHHBIX
neHooOpazoateneii: cuaTaHosna ALICD-12 (TY 6-14-19-473-83), npenacrasmustomero codoi
Oenyi0 WJIM JKEeNTOBATyI0 MMacTy, C COJAepKaHHeM aKTHBHOIO BemiecTBa mo macce 99% wu
O6uosnorudeckoi pasnmaraemoctbio 92% u T-80, sBisromerocst ¢raoTopeareHTOM (cMech
TOMOJIOTOB M HPOU3BOJHBIX TE€TEPOLMKINYECKHX CIUPTOB), BBITYCKAEMOIO B BHUJE
JIETKOTIOJABM>KHOM JKUIKOCTH OT YKEJITOTO 0 KOPUYHEBOTO LIBETA.

[IpoBenensl wuccieOBaHMUS YKa3aHHOTO BbIlIe OuHapHOro coctaBa I[IAB s
MOJIyYEHHUSI Ta30KUIKOCTHOM MpPOMBIBOUHOM cMecu. OIleHHBAIUCh TNEHOOOpa3yrolmast
cnocobnocts (no Pocc-Maiincy) m kuHetuka ee paspyuieHus. I[lomydeHHble pe3yabTaThl
COTOCTABJISUIUCH C JaHHBIMHU Ui cyabhanona HIT-1.

Pa3paboTanHbpie cOCTaBbI JUISl MOJYYEHHUs Ta30’KUAKOCTHBIX MPOMBIBOYHBIX CMecel
PEKOMEHAYIOTCS 7Sl pealu3alii B Te0JIOTOPa3BeI0YHOM MPaKTUKE: MEPBBIA - IpU OypeHuu
MOHOJUTHBIX U CIA0OTPEIIMHOBATHIX MOPOJ, @ BTOPOH - MpPU MPOXOJKE HEYCTOWYHBBIX U
YCTOWYMBBIX TPEUIMHOBATHIX MOPOJ, 30H MOTJIOMIEHUN U COOPYNKEHUH TEXHUYECKHX CKBAKHUH
00JIBIIOTO AMAMETpa.

Jns  pa3paboOTKM COCTAaBOB Ta30KUIKOCTHBIX TaMIIOHAXXHBIX cMecedl  ObLIu
UCCIEIOBAaHbl TE€ >K€ OWHAapHBIE COCTaBbl IMOBEPXHOCTHO-AaKTUBHBIX BemiecTB. OlleHKa
ra30’KUJIKOCTHBIX TAMIIOHAXKHBIX CMeced MPOU3BOAMUIACH MO CIEAYIONINM TOKa3aTeNsIM:
CTaOMIBHOCTD, PACCTEKAEMOCTh, MIIOTHOCTh, MpEAeN MPOYHOCTH HA CKAaTHE TaMIIOHA)KHOTO
KaMHs (uepe3 7 CyTOK).

Ucnonb3oBanue OuHapHoro cocraBa I[IAB (AILICD-12 + T-80) obecneunBaer
MOJTy4eHHUE Ta305KUIKOCTHBIX TAMITOHAXKHBIX CMECe, 00JIaaroX BEICOKON CTaOUILHOCTHIO
U PacTeKaeMOCThIO, U TAMIOHAKHOTO KaMHs ¢ OOJIBIIINM COJIep:KaHUEM Iy3BIPHKOB raza Ha
€IMHUILY TUTOIIAIN TIPY UX MaJIOM JAUAMETPeE.
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