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BYPOBBIE TEXHOJTOI'MYECKHUE XKUJIKOCTHU JJIA ITIOBBIIIEHUA
KAYECTBA 3AKAHYUBAHUSA 'OPU30OHTAJIBHBIX CKBAKUH
DRILLING FLUIDS TO IMPROVE THE QUALITY OF COMPLETION OF
HORIZONTAL WELLS

Ao60oynaoum B.A., Hyykoea M.B.
Canxkm-Ilemepoypeckuii eopnuiti ynusepcumem, Cankm-Ilemepoype
Abduladim V.A., Nutskova M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Kntouesvie cnoea: OypoBOil pacTBOp, FOPU3OHTAIBHBIE CKBAXKHHBI, 3aKaHYMBAHUE,
MPOIYKTUBHBIN ILIACT.

BaxwneiimmM tpeboBannmeM K OypoBOMY pacTBOpY, IPUMEHSIEMOMY IpH OypeHHH
CKBaXUH C TFOpHU30HTAJIbHBIM OKOHYaHHEM, SIBJISICTCA MaKCHUMaJIbHOEC COXpPaHCHHUEC
IPOHUIAEMOCTH Tpu3aboiiHOM 30HBI mnpoayktuBHoro muacra (II3I1). 3arps3nenue ee
IPOMCXOIUT 32 CUYET MPOHMKHOBEHUS B Hee (puibTpara u TBepaoil (azbl OypoBOro pactopa.
Hnst camxenus konpmarauuu 11311 TBepmoit (aszoit OypoBoro pactBopa HCHOIB3YIOTCS
KapOOHATHBIC JUCIICPCHBIC YTSHKEISIONINE U KOPKooOpasyromue 106aBku. Oco0yr0 BaXKHOCTh
npu OypeHUHM CKBaXXUH C TOPHU3OHTAIBHBIM OKOHYAHHUEM MPHOOPETAOT HHTHOMpPYIOMIHE
CBOICTBa OYPOBBIX PACTBOPOB MO OTHOIICHUIO K MTOPOJIaM, CIAraroluM CTEHKHA CKBAKHHBI, 1
OypoBomy nuiamy. CieayeT OTMETHTbh TPU OCHOBHBIX MOMEHTA, TPEOYIOIIUX MpH OypeHHH
CKBAKMH C TOPU3OHTAJIbHBIM OKOHYAaHUCM YIACINUTH 0co00e BHHMAaHHE I/IHFI/I6I/IpyIOHII/IM
cBolicTBaM OypOBOro pacTBopa: obecreyeHne yCTOWIMBOCTH CTBOJIA CKBaXKUHBI ITPU OypEeHUHN
B MHTEpBaJIaX MOPOJ, CKIIOHHBIX K THpATalliy; IPEIOTBPAIICHHE CHUKEHHS TMPOHUIIAEMOCTH
I13I1 3a cuer HaOyxaHWs TJIIMHUCTBIX YaCTHIl B MPOJYKTUBHOM ILIAcTe; MPEAOTBpALCHHUE
JTUCTIEPTUPOBAHUS U THApaTanuu OypoBOro IjlamMa, TaK KaK OTJENIbHBIE YacTHUIbI OypOBOTO
[laMa BBIHOCATCS MPH TPOMBIBKE TOPU30HTAJILHOTO CTBOJIA JIydYIlle, 4YeM Bs3Kas
rHJIpaTUpoBaHHas Macca mHuiama. Hawmmydmedl uHruOupyromeil cnocoOHOCTBIO 007a1ar0T
OypoBbI€ PacCTBOPHI Ha YTIEBOJOPOIHOI OCHOBE.

* %k %

Key words: drilling fluid, horizontal wells, completion, reservoir.

The most important requirement for the drilling fluid used when drilling wells with
horizontal completion is the maximum preservation of the permeability of the bottom-hole
zone of the reservoir. Its pollution occurs due to the penetration of the filtrate and the solid
phase of the drilling fluid into it. To reduce the mudding of the bottom-hole zone by the solid
phase of the drilling mud, carbonate dispersed weighting and crust-forming additives are
used. Of particular importance when drilling wells with horizontal endings are the inhibitory
properties of drilling fluids with respect to the rocks that make up the walls of the well and
drill cuttings. It should be noted three main points that require when drilling wells with
horizontal endings to pay special attention to the inhibitory properties of the drilling fluid:
ensuring the stability of the wellbore during drilling in rock intervals prone to hydration;
prevention of a decrease in the permeability of bottom-hole zone due to the swelling of clay
particles in the reservoir; prevention of dispersion and hydration of drill cuttings, as individual



particles of drill cuttings are carried out when flushing the horizontal well better than a
viscous hydrated mass of cuttings. Hydrocarbon-based drilling fluids have the best inhibitory
ability.

CEIMMEHTAIIMOHHO-YCTOWYMUBBIE IEMEHTHBIE CMECH JIJIS
3AKAHYUBAHMUSA HAKJIOHHO-HAITPABJIEHHBIX CKBAYKUH
SEDIMENTATION-RESISTANT CEMENT MIXTURES FOR COMPLETION OF
DIRECTIONAL WELLS

Anuee P.M. .1, baoasoe I'. b .2, /Jlasyooe H. Al
1ﬂa2€cmanc:<uﬁ 20¢cy0apcmeennblll mexHuyeckui ynueepcumem, Maxaukana
2HHcmumym npoonem eeomepmuu [lacecmancxkoeo HI] PAH, Maxauxana
Aliyev R.M.%, Badavov H.B.%, Davudov I.A*
'Dagestan state technical University, Makhachkala
?Institute of Geothermy Problems of Dagestan NC RAS, Makhachkala

Kniouesvie cnosea: HaKIOHHO-HANpPAaBIEHHAs CKBA)KMHA, IIOPOBOE JIABJIICHHUE,
CCIMMCHTAIMOHHASl YCTOMYUBOCTh, CY(P(PO3MOHHOE KaHAI000pa30BaHUE, T'C€PMETUYHOCTH
3aKOJIOHHOTO MIPOCTPAHCTBA CKBAXKUHBI, COJICBBIE CTAOMIN3ATOPHI.

Bosnb11oit pocT yucTa HaKJIOHHO HalPaBJICHHBIX M TOPU30HTAIBHBIX CKBAXHH BBUIY U
O0JbIIONW TMPOJYKTUBHOCTH IO CPaBHEHHUIO C OTHOCUTEIBHO BEPTUKAJIbHBIMHU, BbI3BAI
HEOOXOJUMOCTh YCHUJIEHMS BHHMMaHHUS K BOIIPOCY, CBS3aHHOMY C TI'€pMETHYHOCTBIO
3aKOJIOHHOT'O IPOCTpaHCTBAa CKBaXMH. OYeHb 4YacTO HErepMETHUYHOCTh CBs3aHa C
CEIMMEHTAllMOHHON HEYCTOMYMBOCTBIO [IEMEHTHBIX PACTBOPOB.

[Io Hammm wuccnenoBaHusiM Oosnee  3(P(EKTUBHBIM  CHOCOOOM  MOBBILICHUS
CEIMMEHTAllMOHHON YCTOMYMBOCTH M KO3(PPHUIMEHTa TaMIIOHUPYIOIIEH CHOCOOHOCTH
ABIIsIeTCS 0Opa30BaHME B BOJIE 3aTBOPEHUS KOJIbMaTaHTa IPU PEaKIIMKU PACTBOPUMBIX COJIEH.

bynyr npuBeneHbl JaHHbIE 1O BEIMYMHE CEAMMEHTAllMOHHOTO OTCTOA H
KO3 (UIMEHTY TaMIOHHUPYIOIIEH CIOCOOHOCTH Il COCTaBOB Ha OCHOBE TaMIIOHA)KHOT'O
nemenrta [II[T-1-50 ¢ mob6aBkamu xjopucroro sxene3a (FeCl3) um memHoro kymopoca
(CuSO4).

[Ipu pacTBOpeHHM OaHHBIX COJIEW B BOJE, 3aTBOPEHUU TAMIIOHAXXIIOIO MaTepuaa
00pa3yroTcsi MOJIEKYJIIPHBIE PAaCTBOPHBI, BSI3KOCTh M IJIOTHOCTH KOTOPBIX HECKOJIBKO BBIIIE
BA3KOCTH U INIOTHOCTH BOJIbI, YTO CYIIECTBEHHO CHIDKAET (PUIBTPALIMOHHBIE XapaKTEPUCTUKU
TaMIOHAKHBIX CYCIIEH3MM, 3aTBOPEHHBIX B 3TUX pacTBopax. B xone peakuuu 3THX coiyielt ¢

TUAPOKCUAOM  KaJIbIIUA 06p33y10TC$I YCTOﬁQHBLIC CYCIICH30HUAbl — TI'CTCPOICHHBIC
BBICOKOIUCIICPCHBIC CHUCTCMBI, CBOMCTBaA KOTOPLBIX  OHNPCACTAOTCA CHUIIBHO pa3BHTOﬁ
MMOBCPXHOCTBIO.

KOM6I/IHI/Ipy$I pas3iinuHbIC BOJAOPACTBOPUMBIC COJIM IMOJIMBAJICHTHBIX MCETAJIJIOB C
COJIIMH  OJHOBAJICHTHBIX MCTAJIJIOB B COOTBCTCTBUU C IIPUMCHACMBIM TaMIIOHAXHBIM
MaTCpHraJIOM U YCIIOBUAMH LEMCHTUPOBAHUS, 110JIy4YacM HCOGXOZ[I/IMLIC CBOMCTBA CTAOMIU3U-
pyrommx TaMIIOHA>KHBIX PAaCTBOPOB, MOBBINICHHYHO CCAUMCHTALIMOHHYHO H CY(p(I)Of&I/IOHI/IYIO
YCTOI‘/’I“II/IBOCTB; NOBBIIICHHOC CTATUYCCKOC W JUHAMHWYCCKOC HAIPSKCHUC  CIABUIA,
3aMCJICHUC 3aryCTeBaHHd U CXBAaTbIBAHUA; HCO6XO,Z[I/IMYIO INIOTHOCTL MU CKOPOCTH
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3aTBEP/ICBAHUS; MTOBBIIICHHYIO KOPPO3MOHHYIO YCTOMYMBOCTH IIEMEHTHOTO kKaMHsA. CBoicTBa
TaMIOHAXKHBIX  PACTBOPOB  OMNPEICNAIOTCS TMPU  ITOM  CIEAyIIHuMH  (pakTopamu:
AUCIICPCHOCTD TUAPOKCHUAA MOJUBAJICHTHOTO METAJIJId; PACTBOPUMOCTb T'MAPOKCHAA, CTCIICHb
aM(pOTEpHOCTH THAPOKCUAA; MOP(OIOTUS MUKPOKPUCTAILIA TUIPOKCH]IA; COJIEBOM COCTaB
cpenbl; BHJ AaHMOHA TUAPOKCHAA, BUJ W XUMHYECKHHW XapakTep IPOLYKTOB pPEaKLUH
THAPOKCHJA C IIJIACTOBBIMH JKUIAKOCTAMHU W Ta3aMu. CoieBnie CTa6I/IJII/I3aT0pr MOXHO
INPpUMCHATH C TaMIIOHA)KHBIMK HCMCHTAMH Ha HOpTHaHHHeMeHTHOﬁ, IIUIAKOBOU U
HU3BECTKOBOM OCHOBE. HpI/IBeI[eHHBIe SKCIICPUMCHTAJIBHBIC JAHHBIC IMOKA3BIBAIOT JOCTATOYHO
BBICOKYIO CCAMMCECHTAIIMOHHYIO YCTOP'I‘IHBOCTB TaMIIOHaKHbIX CYCHGH3I/II71, IIPUT'OTOBJICHHBIX
HE TOJIBKO K3 OOBIUHBIX U ClieiuaJIbHbIX TaMIIOHaXXHbIX LEMCHTOB, HO O6J'I€1"LICHHI>IX,
YTAXKCICHHBIX U IEMCHTOB HOpM&J‘IBHOﬁ IUNIOTHOCTH, a TaKXKE HIJIAKOIIECYaHbIX IEMCHTOB oe3
OTPHUIIATEIILHOTO BIMSHUS Ha (Pa30BbIi COCTaB M MUKPOCTPYKTYPY CTaHAAPTHOTO TBEPCHUS.
%k %k %k

Key words: directional borehole, sedimentation stability, pore pressure, suffusion

channeling, tightness of borehole space, salt stabilizers.

The large increase in the volume of directional and horizontal wells due to the high
productivity compared to the relatively vertical, caused the need for increased attention to the
issue related to the tightness of the well annular. Very often, leakage is associated with the
sedimentation instability of cement slurry.

According to our research, a more effective way to increase the sedimentation stability
and the coefficient of plugging ability (the value reflecting the ability of cement hardening
cement slurry resist suffusion destruction) is the formation of colmatant in water during the
reaction of soluble salts.

The data on the sedimentation sediment value and the coefficient of tampon capacity
for compositions based on portland cement -1-50 with additives of iron chloride (FeCl3) and
copper sulfate (CuSO4) will be presented.

When dissolving these salts in water, the closure of the plugging material, molecular
solutions are formed, the viscosity and density of which are slightly higher than the viscosity
and density of water, which significantly reduces the filtration characteristics of the plugging
suspensions closed in these solutions. During the reaction of these salts with calcium
hydroxide, stable suspensions are formed — heterogeneous highly dispersed systems whose
properties are determined by a highly developed surface.

Combining various water-soluble salts of polyvalent metals with salts of monovalent
metals in accordance with the applied grouting material and cementing conditions, we obtain
the necessary properties of stabilizing grouting solutions, increased sedimentation and
suffusion resistance; increased static and dynamic shear stress; slowing down thickening and
setting; the necessary density and speed of solidification; increased corrosion resistance of
cement stone.

Properties of cement slurries are determined by the following factors: the dispersion of
the hydroxide polyvalent metal; solubility of the hydroxide; the degree of being appeared
hydroxide; the morphology of the microcrystalline hydroxide; salt composition of the
medium; the type of anion of the hydroxide; form a chemical and technological nature of the
products of the reaction of hydroxide with formation liquids, and gases.
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Salt stabilizers can be applied with a grouting cement for Portland cement, slag and
lime-based products. These experimental data show a sufficiently high sedimentation stability
of grouting suspensions prepared not only from conventional and special grouting cements,
but also lightweight, weighted and cements of normal density, as well as slag-sanded cements
without a negative impact on the phase composition and microstructure of standard
hardening.

KCI-TIOJIMMEPHBIN BYPOBOI1 PACTBOP IIPM IOUCKOBO-OLIEHOYHOM 1
PA3BEJIOYHOM BYPEHUM HA APKTUYECKOM HIEJb®E POCCUIICKOMN
®EJEPALIAN
KCL-POLYMER DRILLING MUD DURING PROSPECTING AND APPRAISAL
DRILLING AND EXPLORATION DRILLING ON THE ARCTIC SHELF OF THE
RUSSIAN FEDERATION

Anopocoe B.10., /lasvioosa O.A.
000 «Apxmuueckui Hayunoui Llenmpy, Mockea
Androsov V.Y., Davydova O.A.
Arctic Research Center LLC, Moscow

Knrwouesvie cnoea: OypoBoil pacTBOp, ApKTHKA, KOHTUHEeHTanbHbIH menbd, KCI-
nosuMepHsid, PYO.

B pamkax reosoropasBeqoyHOro OypeHMsT Ha KOHTMHEHTAJbHOM LIelbde, B TOM
YHClie Ha JIMIIEH3MOHHBIX Y4YacTKax, pacloOJIOKEHHBIX B aKBAaTOPUM APKTHUECKHUX Mopei
Poccuiickoit ®@enepanuy, akTyaabHbIM BOIPOCOM SIBJISIETCS TNpPUMEHEHUEe Haubosee
HKOJIOTHYECKU O€30MacHbIX OYpPOBBIX PACTBOPOB MPH CTPOUTENHCTBE MMOMCKOBO-OLEHOYHBIX U
pa3BEJOYHBIX CKBAYKUH.

OcHOBHOM 3ajmauell MpM yCTaHOBKE TpeOOBaHMM K OypOBOMY pacTBOpY SBISETCA
oOecnieueHre Oe3aBapuiHOrO OypeHMs] CKBaKMH Orjarogapss MNPUMEHEHHUIO CHCTEMBI,
Haubosee COOTBETCTBYIOIIEH TIE€OJIOTMYECKUM YCIOBUSM MPOBOJKH CKBa)KHMHBI, a TaKXKe C
y4€TOM HAKOIJICHHOW MH(GOPMAIIUHU IO OCIIOKHEHUSIM.

B pamkax nHacrosimiel paboThl mpoBeaeH 0030p MPUMEHEHHs OypOBBIX pacTBOPOB Ha
yrineBogopoanoii ocoBe (PYO) [1] u KCl-nonmumeproro pactBopa [2] mo pesyabraTam
OLICHKM BO3JEHCTBUS HA OKPYXKAIOUIYI0 CPENy IPU CTPOUTEILCTBE MOMCKOBO-OLICHOYHBIX U
pa3BeouHBIX CKBakMH B Kapckom Mope B niepuofg 2013 -2019 rr.

[TpuBeneHbl XapaKTEpUCTUKH, IPEUMYIIECTBA U OIPaHUYEHUSI (HEAOCTATKH) KaXKIO0rO
TUINIAa PACTBOPA, OMNMCAHHME TPYAHOCTEH, BO3HHUKAKOLIMX IpH HCHojib30BaHMM PYO B
aKBaTOpUHU APKTUYECKHX MOpEH, B TOM YHCIIE BO3MOKHBIE SKOJIOTHUECKUE PUCKHU.

Ob6a Tuma pacCMOTPEHHBIX OYPOBBIX pPAcCTBOPOB MPUMEHUMBI MJii BCKPBITUS
NPOAYKTUBHBIX HHTEpBasoB. OQHAKO MpH YriIyOJIEHHOM aHajiu3e INPUBEICHHBIX THUIIOB
OypOBBIX PaCTBOPOB, KaK C IKOJIOTHYECKOW, YKOHOMUYECKOM, TaK U TEXHOJOTUYECKON TOUKU
3peHust Haubosee MPUEMIIEMbIM IPH MOMCKOBO-OLIEHOYHOM M Pa3BEJOYHOM OYpeHUH Ha
apktuyeckoM 1menbde sBisercs KCl-monumepHslit 6ypoBoii pacTBop.
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CIIMCOK MCHTOJIb30BAHHOM JINTEPATYPBI

1. IlpoextHast nokymeHTanus «['pynmoBodl NpPOEKT HAa CTPOUTENIHCTBO IOMCKOBO-
OLICHOYHBIX CKB&)XMH Ha YHMBEPCUTETCKOM CTPYKTYpE B IIpejeiax JMIEH3MOHHOIO y4yacTKa
«Boctouno-IIpunoBozemennckuii-1»  Kapckoro  mopsi», OOO «KpacHosipckraznpom
HedrerasnpoekT», M., 2013.

2. IlpoexTtHass nokymeHTauus «[pynmoBoi HpPOEKT Ha CTPOUTENHCTBO IMOUCKOBO-
OLICHOYHBIX CKBaXMH Ha CTPYKType BHKyIOBCKas Ha JMUEH3MOHHOM ydacTke «BoctouHo-
[IpunoBo3emenbckuii-1» B akBaropuu Kapckoro mopsi», OOO «Apkrudeckuit HaydHbrit
Heuntp», M., 2019.

* % %

Key words: drilling mud, Arctic regions, continental shelf, KCI-polymer, OBM.

As part of exploratory drilling on the continental shelf, including license areas located
in the Arctic seas of the Russian Federation, a challenging issue is the application of the most
environmentally safe drilling muds in the construction of appraisal and exploration wells.

The main task in setting of drilling mud requirements is to ensure accident-free well
drilling due to the application of the system, which most fully conforms with geological well
drilling conditions, as well as taking into account the accumulated information on troubles.

In the scope of this paper, we reviewed the use of oil-base muds (OBM) [1] and KCI-
polymer mud [2] based on the results of Environmental Impact Assessment in the
construction of prospecting, appraisal and exploration wells in the Kara Sea through 2013 to
2019.

The paper includes characteristics, advantages and constraints (disadvantages) for
each mud type, description of difficulties arising when using OBM in the Arctic seas,
including possible environmental risks.

Both types of analyzed drilling muds are applicable for penetration of production
formation. However, with in-depth analysis of the above drilling mud types, both from an
environmental, economic, and technological point of view, KCl-polymer drilling mud is the
most favorable for appraisal and exploration drilling on the Arctic shelf.

REFERENCES
1. Design documentation “Group Project for the Construction of Prospecting and
Appraisal Wells at the Universitetskaya Structure in the License Area of East-
Prinovozemelsky-1 of the Kara Sea”, Krasnoyarskgazprom Neftegazproekt LLC, M., 2013.
2. Design documentation “Group Project for the Construction of Prospecting and
Appraisal Wells at the Vikulovskaya Structure in the License Area of East-Prinovozemelsky-
1 of the Kara Sea”, Arctic Scientific Center LLC, M., 2019.
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INPUMEHEHUWE BOJOHABYXAIOIUX NTOJIUMEPOB IJI51 3BAKPEIIVIEHUSA
CTBOJIA CKBAXKHUHBI ITPU ITPOXOJAKE HHTEPBAJIOB
CWIBHOTPEINUMHOBATBIX ITIOPOJ
USE OF THE WATER-SWELLABLE POLYMERS TO STABILIZE A WELL BORE
WHEN PASSING INTERVALS OF INTENSELY FRACTURED ROCKS

bnunoeg I1.A., Ivizenvurwk E.IO., Caovikoe M.H., /locenxko M.A.
Canxm-Ilemepoypeckuii eopnuiii ynusepcumem, Cankm-Ilemepoype
Blinov P.A., Tsygelnyuk E.Yu. Sadykov M.I., Dosenko M.A.
Saint-Petersburg Mining University, Saint-Petersburg

Knrwuesvie cnosa: ycToMUMBOCTH CTEHOK CKBa)XKHHBI, TPEIIMHOBATOCTh, OypeHHE,
BOZIOHAOyXarom1e 100aBKH.

[Ipu OypeHun B MHTEpBajax TPEIIMHOBATBIX TOPHBIX MOPOJA OypoBblE KOMIIAHUU
YacTO CTAJKUBAIOTCS C MPOOJIEMON yCTOMYMBOCTH CTEHOK CKBaKMHBL. OJHUM U3 CIIOCOOOB
pelieHus JaHHOM MpoOJeMbl SBISETCS CO3JaHHE W3OJSIMOHHBIX COCTAaBOB HAa OCHOBE
BOJIOHAOYXAIOIIMUX TOJMMEPOB, KOTOPBIE HCIOJIB3YIOTCS CaMOCTOSITENIbBHO IpU  HHU3KOHN
MHTCHCUBHOCTU TIOTJIOIIEHUSI WM MCIOJb3YIOTCSI BMECTE C 3aKauKOW OTBEPIKIAIOLIUXCS
TaMIIOHa)XHBIX CMECeHl B cilydae KaTacTpo(UUeCKUX MMOTJIOLUICHUH.

BononaGyxatomue nonumepssie (BHII) cocraBel MMEIOT psii MpeuMyIIECTB Iepen
TaMIIOHAKHBIMM CMECSIMU Ha OCHOBE LIEMEHTOB C MUHEPAJIBHOM BSKYIIEH COCTABIIAIOLLECH!

- BBICOKas CTENEHb (PUIBTPALMH B ILIACT;

- XMMMYEcKasl CTOMKOCTb K arpeCCUBHBIM (pIIronaam;

ObICTpOJeiicTBHE;

- BbICOKas cTeneHb Ha0yxaHus B niepBble 10-15 yacos.

IIpoBenensl uccnenosanus psga cocraBoB BHII ¢ nenbro onpenenenus mpoyHOCTHBIX
XapaKTEePUCTHK TOPHBIX MOPOJI B MPUCKBAKUHHOW 30HE MpU UX ¢uibTpauuu B miact. [lpu
UCTIBITAHUAX YYMUTHIBAJICS (PAaKLMOHHBIM COCTaB, THI U pa3Mep KaHAJIOB TPEIIMHOBATOU
30HBI, COCTAaB M KOJMYECTBO BOJOHAOYXAIOILIEro nojiaumepa, tupdepeHuanbHoe TaBIeHue u
ryOMHa ero mpOHMKHOBeHUA. Takke mpeuiaraercs CcHnocod JOCTaBKM COCTaBa B
HEYCTOWYMBBIA WHTEpPBal CKBAXKMHBL. Ha OCHOBE IPOBEACHHBIX HCCIEIOBAHUM MOXHO
CeNaTh CIEAYIOLIUE BbIBOBI.

CocraB BHII Ha BogHOW OCHOBE IpH MajioM BPEMEHHM Ha PACKPBHITHE YBEIMYMBAET
CLEIUIEHWE TOPHOM MOpOJbl, HO MOHW)KAET yrojl BHyTpeHHero TpeHus. [lpu 12 ydacoBoii
BBIIEP)KKE COCTaBa YBEIMYMBAETCS, KaK CIEIJIEHHE, TaK U Yroj BHYTPEHHEro TPEHHs, UTO
MO3BOJISET CKa3aTh 00 yBelIUYeHUH K03 PUIIMeHTa yCTOMUYNBOCTH

CocraB BHII B pactBope Ha yriaeBogopoaHoi ocHoBe ([TommaxoHon-dnopa) mokaszan
cBOI0 3((PEKTUBHOCTD, YBEIUYUB KOA(D(PUIIMEHT YCTONYMBOCTH, IPU CHIKEHUU CLETUICHUS U
YBEJIMUYEHUS YIJla BHYTPEHHET O TPEHUS.

Hawnyumme pe3ynpTaThl moka3an BA3KOYNpyruil coctaB Ha ocHoBe PHPA, yBennuus
KOX(P(UIIMEHT YCTONYMBOCTH B OINACHBIX CETMEHTaxX CTBoia CkBaxuHbl Ha 50 %-60 %
(koo dumment 3amaca mpu 3eHuTHOM yrie 70-90 rpamgycoB), omnako PHPA sBnsercs
pacTBOPUMBIM B BOJE COEAMHEHHEM W IIPHU JJINTEIBHOM KOHTAaKTE€ C BOAHBIM PacTBOPOM
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OyIeT pacTBOPATHCS, CHUXKASI IPOYHOCTHBIC XaPAKTEPUCTUKHN CTCHKH CKBaXHHBI, yBEITUIHBAS
BEPOSTHOCTH OOBAJIOB.

* % %

Key words: well wall stability, fracturing, drilling, water-swellable additives.

When drilling in the intervals of fractured rocks drilling companies are often faced
with the problem of stability of the borehole walls. One way to solve this problem is to create
insulating compositions based on water-swelling polymers, which are used independently at
low absorption intensity or are used together with the injection of curing grouting mixtures in
case of catastrophic absorption.

Water-swelling polymer (WSP) compositions have a number of advantages over
grouting mixtures based on cements with a mineral binding component:

- high degree of filtration into the formation;

- chemical resistance to aggressive fluids;

- speed;
high degree of swelling in the first 10-15 hours.

A number of WSP compositions were studied to determine the strength characteristics
of rocks in the near-well zone during their filtration into the formation. The tests took into
account the fractional composition, the type and size of the channels of the fractured zone, the
composition and quantity of the water-swelling polymer, the differential pressure and the
depth of its penetration. A method of delivering the composition to the unstable interval of the
well is also proposed. On the basis of the conducted researches it is possible to draw the
following conclusions.

The composition of water-based WSP increases the adhesion of the rock with a short
opening time, but reduces the internal friction angle. At 12 o'clock exposure of the
composition increases both the grip and the angle of internal friction, which allows us to say
about the increase in the coefficient of stability

The composition of WSP in a hydrocarbon-based solution (Polyeconol-flora) has
shown its effectiveness by increasing the coefficient of stability, while reducing adhesion and
increasing the angle of internal friction.

The best results showed viscoelastic composition based on PHPA, increasing the
coefficient of stability in hazardous segments of the wellbore by 50 %-60 % (reserve factor at
the Zenith angle of 70-90 degrees), but PHPA is a water-soluble compound and prolonged
contact with an aqueous solution will dissolve, reducing the strength characteristics of the
well wall, increasing the likelihood of collapses.
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AHAJIM3 PEOJIOTTHA PACTBOPOB HA YTJIEBOJIOPOJHOM OCHOBE 115
BYPEHUS B YCJOBUSX HU3KNUX 3ABOMHBIX TEMIIEPATYP
ANALYSIS OF THE RHEOLOGY OF THE HYDROCARBON MUDS FOR
DRILLING IN THE CONDITIONS OF LOW BOTTOMHOLE TEMPERATURES

byooeckasa M.E., /leoitnukoe M.B.
Canxm-Ilemepoypeckuii eopnuiti ynusepcumem, Cankm-Ilemepoype
Budovskaya M.E., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Kniwoueswvie cnoga: Oypenue ckBaxuH, OypoBOi pacTBOp Ha yIJIEBOAOPOIHOI OCHOBE,
MHBEPTHO-3MYJIbCUOHHBIN OypOBOI pacTBOp, HU3KHE 3a00MHbIE TEMIIEPATYPHI.

[Ipu OypeHMHM B CIIOKHBIX T'€OJOI'MYECKMX YCIOBMSX, @ HMMEHHO HIpU HaIMYUU
NOTEHLIMAJIbHO HEYCTOMYMBBIX INIMHUCTBIX M XEMOTEHHBIX OTJIOXKEHHWI B YCIIOBUSAX HM3KHUX
3a00MHBIX TEMIIEpaTyp Ha NEpBbIi MJIaH BBLABUIaeTCs 3a/laua MpeylnpeskKIeHNs OCI0KHEHUN
U o0ecrieyeHns yCIeuTHOH Oe3aBapuitHON MPOBOJIKU CKBAXKHHBI. BOJIBIIMHCTBO TpymHOCTEH
BO3HUKAET CO BCKPBITHEM IUIACTOB B FOPU3OHTAIBHBIX CKBAXXMHAX C OOJBIIMM OTXOAOM OT
BEPTUKAJIM, YTO CBSI3aHO C ECTECTBEHHBIM CHUXEHHEM KOJUIEKTOPCKMX  CBOMCTB
IPOAYKTUBHBIX TOPU30HTOB. MCroIb30BaHNE B JaHHOM Clly4ae TPUBUAIbHBIX IPOMBIBOYHBIX
KHUJIKOCTEH Ha BOJAHOM OCHOBE MPUBOJIUT K YXYALICHUIO IPOHUIIAEMOCTH NPU3a00IHOM 30HBI,
B CJEJICTBUE 4YEro, BO3HHUKAET pPOCT 00BEMA paboT MO HMHTEHCUUKAIMM NPUTOKA U3
npoaykTuBHoro miacta [1]. Ha cerogusiiamii neHp HambGonee 3(pPEeKTUBHBIMU SBISIOTCS
pacTBOpBl Ha YIJIEBOJOPOAHOM OCHOBE, @ HMMEHHO WHBEPTHO-DMYJIbCHOHHBIE DPACTBOPBI
(M2P). HecmoTpst Ha CcTporHe SKOJIOTHYEeCKHE TpeOOBaHUS HCMOJIb30BAHUE ISl MPOBOIKU
CKB&KMH pacTBOPOB Ha YIJIEBOJAOPOJHONW OCHOBE HECET HEOCHOpPHMBbIE IPEUMYIIECTBA,
OTKa3aTbCsl OT MCIIOJIB30BAHMSI, KOTOPBIX HE TMPEACTABISAETCS BO3MOXKHBIM B HacTosllee
Bpems [2].

B cBs3u ¢ BbIlIECKAa3aHHBIM AKTYaJIbHBIM SIBIISIETCSI MCIOJIb30BAHNE TAKUX OYPOBBIX
pacTBOPOB, KOTOpBIE, B CBOIO OYEpelb, OYAYT COXpPaHATh MPOHMLAEMOCTh MPOAYKTHBHBIX
KOJUIEKTOPOB, MOBBIIATh YCTOMYMBOCTH CTBOJIOB CKB&)XKMH B HWHTEpBajax 3aJleraHus
TJIMHUACTBIX M XEMOTE€HHBIX MIOPOJl B YCIOBUAX HU3KHUX TEMIIEPATYp.

B naGopaTopHbIX YCIOBUSX JUIsI MPOBEIEHHS SKCIEPHUMEHTa, HALEIEHHOTo Ha
uccienopanue peosnoru WOP B ycnoBHsSX HU3KMX 3a00WHBIX TeMmrepaTryp JUis
MECTOPOKACHHUSA C XEMOI€HHBIMH OTJIOKEHUSIMU MCIIOIB30BAINCH ABa cocTaBa: CocraB Nel —
Ha OCHOBE HarypaibHoro Macia u CoctaB Ne2 — Ha OCHOBE MHMHEPAJIBHOIO, HAPTEHOBOTO
Macia. Pe3ynbrarsl mabopatopHbix uccienoBanuii Bsi3koctr CoctaBa Nel B 3aBHCHMOCTH OT
TEMIEPATYPHI C YYETOM M3MEHEHUs BPEMEHHU IOKa3all MHTEHCUBHBIA pOCT BA3KOCTH ¢ 20
MHUHYT, TIpU KOTOPOM JOCTUTaeTcsi MakcumaibHoe 3HaueHue 100 MIla*c, mpu sTom mocne
HaXO0XJIeHus pacTBopa B ycioBusix +8 °C yepe3 50 MuUHYT U3MEHEHHs] He HaOIIOJAr0TCs.
CocraB Ne2, mpumeHsieMbIN TakXe /I MOHWKEHHBIX TeMIIepaTyp, B cpaBHeHUH ¢ CocTaBoM
Nel o6mamaer nay4muM mMoOKas3aTelleM BSI3KOCTH, MaKCHMajlbHOE 3HA4Y€HHE, KOTOpPOTO
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nocturaer 45 Mlla*c npu temmeparype +8 °C. OOBICHSETCS 3TO €ro KOMIIOHCHTHBIM
coctaBoM. JlaHHas yriaeBOJOpOAHAs CHUCTEMa SBISETCS MHMHEPAIbHBIM MAacjioM C
no0aBJIeHHEM MeNKOJUCIepcHOro KapOoHaTa kanbliusg. brmarogaps sTomMy 3TOT pacTBOp
o0JyasiaeT HAUIYYIIUM MEXMOJIEKYJISPHBIM TPEHUEM U OOJbIlIE COMPOTHUBISIETCS HHU3KOM
temriepatype. OgHaKo, HECMOTPSI Ha €ro MOJIOKHUTENbHbIE cBOMcTBa, CocTaB No2 oOpa3yer
KOAryJsiIIMOHHBIA OCaJOK, YTO CBUJCTEIBCTBYET O MAaJOil CTaOWJIBHOCTH pacTBOpa C
TEYECHUEM BPEMEHH.

B pesynbTaTe npoBeneHHBIX SKCIEPUMEHTOB MOXKHO CIENATh BBIBOJ O TOM, YTO Ha
CETOAHSIIHUKA JEHb JUIS 3alaHHBIX TEOJOTMYeCKHX YCIOBHU Tpeldyercs pa3paboTka
CTaOMIIBHOTO OYpOBOTO PacTBOpa Ha YIJIEBOAOPOAHON OCHOBE, KOTODBI, B CBOIO OYEpe.lb,
MO3BOJIUT OCYILECTBIIATH MPOBOJKY CKBAXHH 0€3 AKCTPEMAaJIbHBIX U3MEHEHHUI PEOJIOTUU BHE
3aBHCHUMOCTH OT BPEMEHHM U HHU3KUX 3a00MHBIX TemmepaTyp. Takxke Oymer obecrieunBaTh
BBICOKHE TEXHUKO-DKOHOMHYECKHE TIOKa3aTelu OypeHHs, COXpPaHATh KOJUIEKTOPCKUE
CBOICTBa MPOAYKTHUBHBIX IUIACTOB, OKAa3blBaTh MHUHHMAlIbHOE HETaTHBHOE BO3JCHCTBHE Ha

OKPYXKAIOIIYIO Cpeny.

CIIMCOK MCITOJIb30BAHHOM JINTEPATYPbBI
1. Amnrenonyno O.K. BypoBbie pacTBOPHBI [UIsl OCTIOKHEHHBIX YCIOBH/ AHTEIIOIYIIO
O.K., IToaropnoB B.M., ABakoB B.3. — M.: Henpa, 1988. — 135 c.: ui.
2. JlutBunenko B.C. OcHoBbl OypeHHs] HEPTSHBIX M Ta30BbIX CKBOKUH: Y4eOHOE
nocobue / B.C. JlurBunenko, A.I'. Kamunun. - Cepus «3onoroii ¢oun Poccuiickoit
HedTerazoBoi nureparyps». — M.: Beicur. mik., 2007.
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For drilling in difficult geological conditions, namely in the presence of potentially
unstable clay and chemogenic deposits at low bottomhole temperatures, the task of preventing
complications and ensuring successful accident-free well drilling is highlighted. Most
difficulties arise with the opening of formations in horizontal wells with a large departure
from the vertical which is associated with a natural decrease in the reservoir properties of
productive horizons [1]. The use in this case of trivial water-based muds leads to a
deterioration in the permeability of the bottom-hole zone, as a result of which there is an
increase in the volume of work to intensify the inflow from the reservoir. At present the most
effective are hydrocarbon-based muds, namely, invert-emulsion muds (IEM). Despite the
strict environmental requirements, the use of hydrocarbon-based solutions for drilling wells
has undeniable advantages, which cannot be abandoned at present [2].

As a result, the use of such drilling fluids, which, in turn, will preserve the
permeability of productive reservoirs, increase the stability of wellbores in the intervals of
clay and chemogenic rocks at low temperatures, is relevant.

Two compositions were used for the experiment to study the rheology of the IEM at
low bottomhole temperatures for the field with chemogenic in laboratory conditions:
Composition No. 1 which based on natural oil and Composition No. 2 which based on
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mineral, naphthenic oil. The results of laboratory studies of the viscosity of Composition No.
1, depending on temperature, taking into account the change in time, showed an intensive
increase in viscosity from 20 minutes at which the maximum value of 100 MPa*s is reached
and after the solution is in +8 °C after 50 minutes no changes are observed. Composition No.
2 also used for low temperatures in comparison with Composition No. 1 has the best viscosity
index the maximum value of which reaches 45 MPa * s at a temperature of +8 °C. This is
explained by its component composition. This hydrocarbon system is a mineral oil with the
addition of finely divided calcium carbonate. However, despite its positive properties,
Composition No. 2 forms a coagulation precipitate which indicates a low stability of the
solution over time.

As a result of the experiments, we can conclude that today for given geological
conditions the development of a stable hydrocarbon-based muds are required, which in turn
they will allow for drilling without extreme changes in rheology, regardless of time and low
bottomhole temperatures. It will also provide high technical and economic performance of
drilling, preserve the reservoir properties of productive formations and have minimal negative
impact on the environment.

REFERENCES
1. Angelopulo O.K. Drilling fluids for complicated conditions / Angelopulo OK,
Podgornov VM, Avakov V.E. - M .: Nedra, 1988 .-- 135 p.: lll.
2. Litvinenko V.S. Fundamentals of drilling oil and gas wells: Textbook / V.S.
Litvinenko, A.G. Kalinin. - Series “The Golden Fund of Russian Oil and Gas Literature”. -
M.: Higher. school., 2007.

OTXOJAbl KPEMHHUEBOI'O ITPOU3BOJACTBA, KAK JOBABKH
IHOBBIIMAIOINIUE D®@PEKTUBHOCTD KPEIUVIEHUA CKBAYXKUH
WASTE OF SILICON PRODUCTION AS ADDITIVES INCREASING EFFICIENCY
OF WELL FITTING

bymaxoea JI.A., Byznoe H.A, bouapnukoe M.B.
Upxymckuil HayuoHanbHulll UCCIe008amenbCKull mexHuveckull ynueepcumem, Upkymck
Butakova L.A., Buglov N.A., Bocharnikov M.V.
Irkutsk National Research Technical University, Irkutsk

Knrouesvie cnosa: mopTIaHILIEMEHT, TAMIIOHAXHBIA PacTBOp, IIEMEHTHBI KaMEHb,
MPOYHOCTH, MUKPOKPEMHE3EM, BOJIOOTACIEHUE, (PUIbTpaIIHs.

B nokmane 000CHOBBIBaeTCS BO3MOKHOCTh NPUMEHEHHUS OTXOJO0B KPEMHHEBOTO
MPOM3BOJICTBA, B KAa4eCTBE MOIUMUIMPYIONIEH T00aBKU K W3OJSIHUOHHBIM CMECSM,
WCTIONB3YEMBIM  JUIsi  MecTopoxaeHuit  Bocrounoit Cubupu. B  pesynprare
SKCIEPUMEHTA 3HAUYNTEIBHO CHUKAIOTCS MOKA3aTeN paCTEKAEMOCTH, BOJIOOTIEIECHNUS
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U (uiabTpanMy TaMIIOHAKHOTO pacTBopa. BBomoM 100aBKM ymaeTcs yBETHYUTh
IIPOYHOCTHBIE IT0KA3aTEIN LIEMEHTHOTO KaMHs.

CIIMCOK MCITOJIb30BAHHOM JINTEPATYPBI
1. bymaroB A.M., Mapuamnonsckuii H.A. PerymmpoBaHne TEeXHOJIOTHYECKUX
roKa3areJiel TaMIIOHaKHbIX pacTBOpoB - M.: Henpa, 1988. - 224 c.
2. bapanoBa A.A. MoauuiupoBaHHBIH  TEIIOM3OJSIIUOHHBIA  MEHOOETOH
MOBBIIICHHONW MPOYHOCTH C MPUMEHEHUEM MHKpOKpeMHe3éMma //ABTopedepar auccepTanuu

Ha COMCKaHHE YyYCHOM CTENEeHM KaHAMJaTa TeXHHYeCcKuX Hayk, AHrapck - ®I'bOY BIIO
AHI'TA, 2014 - 23 c.
* % %
Key words: Portland cement, cement slurry, cement stone, strength, silica fume, water
separation, filtration.

The article discusses the possibility of using silicon waste from Silicon Urals LLC as a
modifying additive to insulating mixtures used at low temperatures typical of deposits in
Eastern Siberia. As a result of its introduction, the spreadability, water separation and
filtration of grouting mortar are significantly reduced. By adding additives, it is possible to
increase the strength characteristics of cement stone.
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CKBA’KHH BO JIbY
ANALYSIS OF CHALLENGES ENCOUNTERED IN DEEP-HOLE ICE DRILLING
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[Tpu 6ypenuu ray0OKHX CKBaXXUH B AHTapKTHAE U I peHIaHIuM, UCCIIE0BaTENN BCEX
CTpaH CTOJIKHYJIHUCh C CEPbE3HBIMH OCIOKHEHUSMH YyXe Ha riryounax cseime 2500 M, a Ha
riyounax Gosee 3000 M OCIIOKHEHHS] CTaHOBHJIUCH CTOJIb 3HAYUTEIBHBIMH, YTO OypeHHe
NPAaKTUYECKH MPEKPALIaoch. JTO SBJICHUE JaXKe MOTYYHIIO Ha3BaHUE — «mpolieMa OypeHus
TEIIOr0 JbJa», TaK Kak C YyBEJIWYEHHEM TIyOWHBI Temreparypa JjbJa IOBBIIIAETCS.
OCHOBHOM MNPUYMHON CUYUTANIOCH IUJIABJICHHE JIbJa IPH pe3aHUuU. AHAIU3 PE3yJIbTaTOB
Oypenust riyOOKol ckBakuHbl SI'Ha craHuuu BoCTOK, MO3BONSIIOT CcAeNaTh BBIBOJA, UTO
OCHOBHOI MPUYMHON OCIIOKHEHUH SBJISUIOCH OOpa30BaHKME Ha MOBEPXHOCTAX YAaCTHIl LIIaMa
THJIPAaTOB (PpEOHa, YTO MPUBOIMIIO K CIUIIAHUIO IIJIaMa.

Aemopwl baazodapam Poccuiickyro anmapkmuuecKkyro dKCneouyuio 3a 102UCmuieckoe
obecneueHue OAHHLIX pabom, KOmopbvie 8bINOIHAIUCL NpU nododepiicke Poccuiickoeo ¢honoa
Gynoamenmanvuvix ucciedosanuti, npoexm Ne HK 18-55-16003\18.

* k¥

Key words: Antarctica, drilling, well, complications, sludge.

While drilling deep boreholes in Antarctica and Greenland researchers from many
countries have faced serious challenges already at the depths over 2500 m, while below 3000
m these complications turned so dramatic that further penetration was almost impossible. This
phenomenon was even given its proper name, i.e. ‘warm ice drilling issue’, as with increasing
depth the ice temperature is rising. Ice melting due to cutting was considered as the main
reason for this phenomenon. Analysis of 5G Deep Borehole drilling at VVostok Station shows
that the main cause of such complications is formation of freon hydrates on the surface of drill
cuttings causing their adhesion.

Acknowledgments. The authors are grateful for the logistic support provided by the
Russian Antarctic Expedition. This work was conducted with the support of the Russian
Foundation of Fundamental Research No. 18-55-16003\18.

CTEHAOBBIE UCCJIEJOBAHUS ITPOINECCA BYPEHUSA JIBJIA
MEXAHUYECKHUM CIIOCOBOM
BENCH TESTS OF MECHANICAL ICE CORE DRILLING
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B ce3onnsiii nepuon 64 PAD (nekadps 2018 — ssaBaps 2019 1.) B 6ypoBOM KOMIUIEKCE
CKBaXuHBl S mpoBeneHbl CTEHIOBBIE MCCIENOBaHMs Ipoliecca OypeHHs JibJa C
UCIIOJIb30BAaHUEM PA3JIMUHBIX 3JTMBOYHBIX JKUIKOCTEH. DKCIIEPUMEHTAIBHBIE UCCIICIOBAHHUS
NPOBOJWINCH HA CTEHJIE pa3padoTaHHOM B ['OpHOM yHHBEpCHTETE, KOTOPBI ObUI BIEpBbIC
npumMeHeH B 1994 r mepen HavasioM OypeHus CKBaXuHbI SI° MexaHmueckum OypoBBIM
cHapsagoM KOMC-132. DkcriepuMeHThl MPOBOJAWIUCH C MCIIOJIB30BAaHUEM KEPOCHUHA, CMECH
KepocuHa ¢ (pPeoHOM U KpeMHHHOpraHumdeckoi >kujakoctd. OcHOBHas 1enab padboT
3aKJoyanach B OLEHKE BO3MOXKHOCTH OYHCTKH 32005 OT 1UIama U cOopa 1iama B pUIbTpe
IIPU UCIIOJIb30BAHUM KPEMHUUOPIaHUYECKOU KMAKOCTH B Ka4€CTBE 3aJIMBOYHOU >KMJIKOCTH.
Ero mpennonaraercs 3aMEHUTh CMECh KepocuHa W (peoHa mpu OypeHUH HOBOW CKBa)KWHBI
J0cTyma K MOUIETHUKOBOMY 03epy BocTok aiist ero uccieoBanus.

Asmopul 6razooapsam Poccutickyio anmapkmuyeckyto 3KCHeOuyuio 3a 102UCMUYEcKoe
obecneuenue OaHHLIX pabom, KoOmopwle BbINOIHANUCL npu nooddepaicke Poccutickoco gonoa
Pynoamenmanvhvix ucciedosanutl, npoexkm Ne HK 18-55-16003\18.
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Key words: Antarctica, drilling, well, bench, filling liquids.

Bench tests of core drilling in ice with various filling liquids were performed during
the seasonal shift period of the 64th Russian Antarctic Expedition (December 2018 - January
2019) with the use of Borehole 5G drilling facilities. Experimental studies were done using
the test bench developed at the St.Petersburg Mining University, that was first applied in 1994
prior to drilling Borehole G5 with the KEMS-132 mechanical drilling assembly. The test
drilling was done with kerosene, with a mixture of kerosene and freon, and with organosilicon
fluid. The primary objective of these tests was to assess the possibility of end-of-hole flushing
and collection of cuttings in a filter unit with organosilicon fluid used as a filling liquid. This
fluid is planned to replace the kerosene-and-freon mixture in drilling a new access hole to
study Subglacial Lake Vostok.

Acknowledgments. The authors are grateful for the logistic support provided by the
Russian Antarctic Expedition. This work was conducted with the support of the Russian
Foundation of Fundamental Research No. 18-55-16003\18.
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IHHOBBIINEHUE KAYECTBA KPEIIVIEHUA CKBA’KHUH B I''IMHUCTBIX
IHOPOJAX 3A CHET OBPABOTKHU TAMIIOHA’KHOI'O PACTBOPA
IMPROVING THE QUALITY OF WELL FIXING IN CLAY ROCKS DUE TO
TREATMENT OF GROUTING SOLUTION

Boponuk A.M., Ynaweea H.M.
Yxmunckuti 2ocyoapcmeentblil mexHuueckutl yHusepcumem, Yxma
Voronik A.M., Ulyasheva N.M.
Ukhta State Technical University, Ukhta

Knrouegvle cnoea: TaMIOHaXHBIN pacTBOp, aAre3us, MIIMHUCTas MOPOJA, KA4eCTBO
KpETUJICHHUS.

Kak u3BecTHO, OJHUM U3 KPHUTEPUEB IO OLEHKE KauyecTBa KPEIUICHHS CKBAKUH
ABJISIETCS] KAYECTBO KOHTAKTA LIEMEHTa C TOpHOU nopoaoi. Ho kak moarBepxkaaeTcsi MHOTUMHU
MIPOMBICIIOBBIMH JTAHHBIMH, KAYECTBO KOHTAKTA LIEMEHTHOIO KaAMHS C INIMHUCTBIMU OPOIaMHU
3a4acTyl0 OCTaBIISIET JKEJATh JIy4yIIero, JUOO BOOOIIE OTCYTCTBYET, 4YTO OOBSCHSETCS
3HAYUTEIBHON (DU3UKO-XUMHUYECKOW AKTUBHOCTHIO TJIMHUCTBIX TOPOJA C KHIKOCTSIMH Ha
BOJHOH OCHOBe, W WX mnocienyromumu aepopmammsivu [1]. Tlpu 3TOM 3HAUUTEINBHOE
BHHUMaHUE JOJDKHO YIENSTHCS aJiIr€3MOHHOM CIHOCOOHOCTH TaMIIOHAXHOT'O PacTBOpa-KaMHS
110 OTHOUIEHUIO K TIIMHUCTOU MOPO/JIE.

B cBs3u ¢ BoimeckazaHHbiM, Ha kadeape Oypenuss Yxtunckoro ['TY mpoBeneHs
UCCIIIOBAaHMS 110 OLEHKE BJIMSHUS OOpaOOTKM TaMIIOHAXKHOT'O PACTBOpA Ha aJre3MOHHYIO
CHOCOOHOCTh K TJIMHUCTBIM MopojaM. CTeneHb U3MEHEHUs aJre3uH LIEeMEHTHOI'0 KaMHs IO
OTHOIIEHUIO K TJIMHUCTOM TIOpOJie ONpeAessulach uepe3 CUIYy, KOTOpYI HEO0OXOIUMO
OPWIOKUTh I  BBIJABIMBAHMUS LIEMEHTHBIX O0pa3loB U3 CHEHHAIBHBIX  (opM,
MPEJICTABICHHBIX CMEChIO BSDKYIIMX KOMIIOHEHTOB M MMHUTHUPYIOIIUX CKBaXuHy [2]. Jlns
BbIIaBIMBaHusl 00pa3LoB NpUMEHsJICS npecc pydHod ruiapasBnuueckuit IIPI-1-10. B
pe3ynbTare MpOBOAMMBIX HCCIEAOBaHUN pa3zpaboTaH cocTaB, 00JalarolUi MOBBILIEHHON
a/IFe3UOHHON CIIOCOOHOCTBIO K TJIMHUCTBIM ITOPOAM.

CIIUCOK UCIOJIb30BAHHOM JIUTEPATYPbBI

1. Jluxymun A. M. T'mapoauHaMu4yecKue METOMABI MOBBIMIEHUS 3(PPEKTUBHOCTH
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BHUUI'A3, 2012. — 164 c.

2. [Tlar. 2644629 Poccuiickas @enepamms, MIIK G 01 N 19/04. Cmoco6
OTIpeNIeTICHUsT aATe3Uu OT-BEPXKIACHHOTO IIEMEHTHOTO pacTBOpa M YCTPOWCTBO TSI €T0
ocymectBnenust / A. C. XKupkees, U. B. bakanos, H. W. llluranos, E. 0. Bameruna; [TAO
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bron. Ne 5. —7 c.: ui.
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As it is known, one of the criteria for assessing the quality of well attachment is the
quality of cement contact with rock. But as confirmed by many field data, the quality of
contact of cement stone with clay rocks often leaves much to be desired, or even absent, due
to the significant physical and chemical activity of clay rocks with water-based liquids, and
their subsequent deformations [1]. At the same time, considerable attention should be paid to
the adhesive ability of the grouting solution-stone in relation to the clay rock.

In connection with the above, at the Department of drilling Ukhta GTU conducted
studies to assess the impact of treatment of grouting solution on the adhesive ability to clay
rocks. The degree of change in the adhesion of cement stone in relation to clay rock was
determined by the force that must be applied to extrude cement samples from special forms
represented by a mixture of binding components and simulating a well [2]. For extrusion of
samples the press manual hydraulic PRG-1-10 was applied. As a result of the conducted
researches the structure possessing the increased adhesive ability to clay breeds is developed.
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IMPUMEHEHHWE KPEMHETI'EJISA B TAMIIOHA’KHOM MATEPHAJIE KAK OJTHO
M3 BEAYIIUX TEXHOJOTMUYECKUX HAIMPABJIEHUH UCITOJI30BAHUA
OTXO0J0B IMTPOU3BOJACTBA ®TOPUCTOI'O AIFOMUHUA
THE USE OF SILICA GEL IN THE GROUTING MATERIAL AS ONE OF THE
LEADING TECHNOLOGICAL DIRECTIONS OF THE UTILIZATION OF WASTE
PRODUCTION OF ALUMINUM FLUORIDE

I'nazvee M.B., Kynuwun A.A., /leoninuxkoe M.B.
Canxm-Ilemep6ypeckuii 2opnviii ynueepcumem, Canxkm-Ilemepoype
Glazev M.V., Kunshin A.A., Dvoynikov M.V.
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Knrouesvie cnoea: xpemHerenb, OypeHHME CKBaXUH, TaMIIOHAXKHBIA pacTBOP,
KpeTyIeHne CKBa)XMH, OTXO]T TPOU3BOICTRBA.

[TpobnemaMu CTPOUTENBCTBA CKBAKUH Ha HE(PTSHBIX MECTOPOXKIECHHUIX MPOJIOJIKAIOT
3aHMMAaTbCd BeIylUe 3apyOeHble KOMIIAHUM W OTedecTBEHHbIe mpeanpusatus. OnHako,
HECMOTpsl Ha OoJiee YeM MOJIYBEKOBOW OIBIT, MPOoOJieMa MOBBIIICHUS JOJITOBEYHOCTH Kperu
CKBaXXHMH OCTAeTCs aKTyaJIbHOW. AKTyalbHOCTb MPOOJIeMbI TpeOyeT HaydHOro 0OOCHOBAHUS U
MPAKTUYECKOTI0 PELICHHUs] BOIIPOCOB ONTUMU3ALINN MapaMeTPOB KPEMH CKBaXKHMH, Pa3pabOTKH
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nu HpOMBILHJIeHHOI‘O HpOI/ISBOIICTBa CIICIUAJIBHBIX TaMITIOHA>XHBIX MaTepI/IaJIOB JJIA
[EMEHTHPOBAHUS CKBAXXUH, YEMY U TIOCBSIIIEHA HACTOSIIIas paboTa.

I/ICHOHB3OBaHI/IC erMHeI‘eHH B TaMIIOHA>XHBIX paCTBOan II03BOJIACT YIy4qliUuTb
COCTOSHUE IIEMEHTHOTO KOJbIla 3a 00CagHOW KOJOHHOW, KayecTBO IEMEHTHPOBAHUS,
MIPOMCXOAUT TOBBIIMICHUE MPOYHOCTH M TEPMETHYHOCTH KOHTAKTHBIX 30H TaMIIOHA)XKHOTO
KaMHS, 4TO MO3BOJIAET U30€KaTh Pa3IMYHBIX OCIOKHEHHUH. [IoMIMMO MOBBIIIIEHUS POYHOCTH,
KpEMHETeIb HE OKa3bIBAaCT OTPHIATEIIPHOTO BIIMSHHS HAa CBOMCTBA pacTBOpa, HaOIIOmaeTCs
HE3HAYMUTEJIbHOE TOBBIIICHUE TJIOTHOCTH W CHUKEHUE TTOPUCTOCTH IIEMEHTHOTO KaMHS, UTO,
KakKk CJICOCTBUC, HpI/IBOI[I/IT K y.]'Iy‘IH_ICHI/IIO €ro BOIIOHCHpOHI/II_IaeMOCTI/I nu KOppO3I/IOHHOI71
CTOMKOCTH.

TexHomoruueckoe MPUMEHEHHE B 3TOM Ciydae IpeycMaTpuBaeT JiBa crocoba, a
NMCHHO: HpI/IMCHeHI/Ie erMHeFGJIH B Ka4YcCTBEC CYXOI\/JI [[O6aBKI/I UJIN B KA4YCCTBEC [IO68,BKI/I,
YaCTHUYHO 3aMEHSIONICH IieMeHT. bojiee Toro maHHOe HarpaBjeHUE MO3BOJUT HCIIOJIB30BaTh
nopsiika 25% oT o011ero KoJu4ecTBa OTX0A0B IMPOU3BOJICTBA (PTOPUCTOTO ATFOMUHUS.

CIIMCOK UCHOJb30BAHHOM JIUTEPATYPbI
1. IlIupunona /I.b. IlepepaboTka 0TX0/1a MPOU3BOJACTBA PTOPUCTOTO ATFOMUHUS HA
1eseBoi mpoaykT. // Hayka, Texauka u obpasoBanue. — MiBanoBo: Omumm, 2017. — Ne 8 (38).
—C. 33-35.
2. Sumitha, V., T. Ravichandran, P., & Krishnan K, D. Study on Behaviour of Self-
Healing Concrete Using Silica gel. // International Journal of Engineering & Technology. —
UAE: Science Publishing Corporation Inc, 2018. — Ne 7 (2.12). — C. 411-414,

k% %

Key words: silica gel, well drilling, grouting solution, well fixing, production waste.

Leading foreign companies and domestic enterprises continue to deal with the
problems of well construction in oil fields. However, despite more than half a century of
experience, the problem of increasing the durability of well supports remains relevant. The
relevance of the problem requires scientific justification and practical solutions to optimize
the parameters of well support, development and industrial production of special grouting
materials for cementing wells, which is the subject of this work.

The use of silica gel in cement slurries can improve the condition of cement behind
the casing, quality of casing, there is an increase in strength and tightness of the contact zones
of the cement stone, which avoids various complications. In addition to increasing the
strength, silica gel does not adversely affect the properties of the solution, there is a slight
increase in the density and porosity of the cement stone, which, as a consequence, leads to an
improvement in its water resistance and corrosion resistance.

Technological application in this case provides for two methods, namely: the use of
silica gel as a dry additive or as an additive partially replacing cement. Moreover, this
direction will allow to use about 25% of the total waste of aluminum fluoride production.
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TEXHOJIOI'UA BCKPBITUA NTOAJIEJHUKOBOI'O O3EPA BOCTOK C HEJbIO
ET'O UCCIIEAOBAHUA
PENETRATION TECHNOLOGY FOR INVESTIGATION OF SUBGLACIAL LAKE
VOSTOK

JImumpuee A.H. 1, Bacunvees H.H.l, bonvuynose A.B. 1, Typkeee A.B. 2, Henamuvee C.A. 1,
Bacunves /] A. g Cepoun /I.B. !
1CaHKm-Hemep6yp20Kuﬁ 2opHuuil ynusepcumem, Cankm-Ilemepbype
2Ap1<muttecxuﬁ u anmapxkmuueckui HUU, Canxkm-Ilemepoype
Dmitriev A.N.%, Vasilev N.1. %, Bolshunov A.V.*, Turkeev A.V.? Ignatiev S.A. %,
Vasilev D.A.*, Serbin D.V.*
'Saint-Petersburg Mining University, Saint-Petersburg
2Arctic and Antarctic Research Institute, Saint-Petersburg

Knroueswie cnosa: AHTapKTI/II[a, 6ypeHHe, CKBa)XnHa, 3KOJIOTHYCCKasz 6630HaCHOCTb,
3aJIMBOYHBIC )KUJIKOCTH.

Kak mokaszanu pe3ynabTaThl pabOT MO BCKPBITHIO TOJICTHUKOBOIO 03€pa, IpH
mubdepeHnmanbHoM JaBiaeHun paBHoM  -0,2 MIla Boma moaHuMaercss B CKBaXHHY B
KOJIBIICBOM 3a30p€ MEKIy IMOBEPXHOCTHIO CHApsIa U CTEHKAMH CKB2)XUHBI U OOTOHSET €ro,
MOJHMMASCh BbIIE Hero Ha 15 M. B mpormecce moabema BOIBI B KOJIBIIEBOM 3a30pe
IPOUCXOIUT aKTHBHOE NEPEMENIMBAHUE BOJBI C 3ATMBOYHON JKUAKOCTBIO, YTO MPUBOJHUT K
00pa30BaHUIO AMYIBCHU, DMYJIbCUSI 00pa3yeTcsi u3-3a MPHCYTCTBHS B CKBaKUHE (peoHa,
KOTOPBI BBICTYNAeT B POJIM MOBEPXHOCTHO aKTHBHOTO BemiecTBa. C IIETbIO MOBBIIICHUS
IKOJIOTUYECKOW O€30MacHOCTH NpU HCCIEAOBaHWM 03epa BOCTOK, MPUHATO peUIeHHe o
OypeHHU HOBOW CKBa)XKHMHBI JIOCTYIIA C UCTIOJIH30BAHUEM KPEMHHUIT OPraHU4eCKON KHUIKOCTH B
Ka4yecTBe 3aJMBOYHOW. J[Jisi yMEHbBIICHHS BBICOTHI MOJBEMBI BOJBI B CKBXKHHY IOCIE
BCKPBITHSI 03epa HEOOXOJMMO YBEIMYHTh TUAMETP HW)KHETO y4acTKa CKBaKHUHBI IEPe]]
HEIOCPEICTBEHHBIM BCKPBITHEM MUHUMYM B 2-2,5 pasa.

Aemopui brazooapam Poccuiickyo anmapkmuyecKkyro sKCneouyuio 3a 102UCmuieckoe
obecneueHue OaHHLIX pabom, KOmMopbvie GbINOIHAIUCL NpU noddepiicke Poccuitickoco ¢ponoa
@ynoamenmanvhvix ucciedosanuti, npoexkm Ne HK 18-55-16003\18.

%k %k %k

Key words: Antarctica, drilling, well, environmental safety, filling liquids.
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The results of operations to penetrate into the subglacial lake proved that with the
differential pressure of -0.2 MPa, lake water ingresses into the borehole through the annular
clearance between the drilling assembly and the borehole walls, rising up to 15 meters above
the drilling assembly. While rising through the annular space, the water mixes up with the
filling liquid. This creates an emulsion due to freon presence in the borehole, which acts as a
surfactant. In order to enhance environmental safety during investigations of Subglacial Lake
Vostok, it was decided to drill a new access borehole using organosilicon fluid as the filling
liquid. Decreasing the level of water that ingresses into the borehole upon its completion
requires that the diameter of the lower section of the borehole is increased at least 2-2.5 times
before the penetration into the lake.

Acknowledgments. The authors are grateful for the logistic support provided by the
Russian Antarctic Expedition. This work was conducted with the support of the Russian
Foundation of Fundamental Research No. 18-55-16003\18.

OCOBBIE TPEBOBAHUA K OYNCTHOMY AI'EHTY IIPUM BYPEHUU
I''IYBOKHMX CKBAKHH B ITPUITOJIAPHBIX OBJIACTAX 3EMJIN
SPECIAL REQUIREMENTS TO MUD DURING THE DRILLING OF DEEP WELLS
IN THE POLAR REGIONS OF THE EARTH

JImumpuee A.H., l{vicenvurox E IO., Cepoun /1.B.
Canxm-Ilemepbypaeckuii copuwiii ynusepcumem, Cankm-Ilemepoype
Dmitriev A.N., Tsygelnyuk E.Y., Serbin D.V.
Saint-Petersburg Mining University, Saint-Petersburg

Knroueeswvie cnoea: HuskoTeMIiepatypHbiii OypoBoil pacTBop, o3epo Bocrok, OypeHue
abAa, AHTapKTHA, APKTHKA.

OavH W3 KIIOYEBBIX BOMIPOCOB INPH Pa3padOTKE TEXHOJIOTWH OypeHHs] CKBaXHH B
JIETOBBIX TOJIIAX APKTHKH U AHTAPKTHKH SIBIISIETCSI OUMCTKA 320051 CKBKUHBI OT IIJIaMa.

[TpoOypennas poccuiickumu nosnsipunkamu n3 Cankr-IlerepOyprckoro yHuBepcureTa
ckBaxuHa 51" Ha craHiMM BocTok B AHTapKTHIe MO3BOJIMJIA B3SATh NMPOOBI JbJa MO Bcei
JUINHE CKBA)XHHBL. B3siTne nmpo0 Tomi 03épHoi BOJIBI U JOHHBIX OCAJIKOB — 11€J1b JaIbHEHIINX
uccnenoBanuid. s storo TpeOyercs pa3paboTka HOBOM 9KoJOrHyeckd Oe3omacHon
penenTypsl MPOMBIBOYHOH JKHUIKOCTH, IS BCKPBITHS PEIIMKTOBOTO TIOUIEAHOTO 03€epa.

HaunGonpmee pacnpocTpaneHue npu OypeHHHM CKBaXWUH BO JIbIY B YCIOBHSX
OTPHIIATENIBHBIX  TEMIIEpaTyp  TONYYWIH  HHU3KOTEMIIEpaTypHbIe  JKHUAKOCTH  Ha
YIJIEBOAOPOAHON OCHOBe. st yTsDKENeHHs CTo0a >KUAKOCTH HCIOJB3YIOTCS pPa3lIMIHbIC
no6aBku  xinop¢ropyrieponoB (ppeon-11, dpeon-14b) m >THICHOBBIX yTIIEBOIOPOIOB
(IepXJI0pITHIIEH, TPUXJIOPATUJIeH). VX HEelTOCTaTOK - BBICOKAs MPOHMKAIONIAs CIOCOOHOCTH
(ocobeHHO B MOPHUCTON (PUPHOBOM 30HE M TPEIIMHOBATHIX JIbJAX), a TAKKE HECOOTBETCTBUE
COBPEMEHHBIM YKOJIOTHYECKUM TPEOOBaAHUSM.
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Juist pemienust 3Toi mpoOiieMbl Ha Kadenpe OypeHHs CKBaKUH paspaboTaHa
NPUHIMIIAATFHO HOBass KOMIIO3MIMSI MPOMBIBOYHOW  KHJIKOCTH, YIOBJICTBOPSIOIIAS
TpeOOBAaHUSIM TIO OSKOJOTHMYECKOH O€30MacHOCTH, KOMIIGHCAIIMM TOPHOTO JaBJICHUS,
CKBQXMHHBIM YCJIOBHUSIM TEMIIEpaTypHOTo rpajauenta (ot +4 1o -700C), a TaKXe BO3JICHCTBUIO
BBICOKHX IUIACTOBBIX JIaBJICHUM.

Asmopul brazodapsam Poccutickyo anmapKmuyecKkyro IKCReOUyuro 3d 102UCMUYecKoe
obecneuenue OaHHLIX pabom, Komopwvle BbINOIHAIUCL NpU noddepdicke Poccutickoco gonoa
Pynoamenmanvhvix ucciedosanutl, npoexkm Ne HK 18-55-16003\18.

* % %

Key words: low temperature mud, Lake Vostok, ice drilling, Antarctica, Arctic.

One of the key issues in the development of technology for drilling wells in the ice
sheets of the Arctic and Antarctic is bottom hole scattering.

Russian polar explorers from St. Petersburg University drilled a 5G well at Vostok
station in Antarctica and took ice samples along the entire length of the well. Sampling the
thickness of lake water and bottom sediments is the goal of further research. The development
of a new environmentally friendly drilling fluid formulation is required for opening a relict
subglacial lake.

The most common in ice drilling wells at low temperatures are low-temperature
hydrocarbon-based fluids. To weight the liquid column, various additives of
chlorofluorocarbons (Freon-11, Freon-14b) and ethylene hydrocarbons (perchlorethylene,
trichlorethylene) are used. Their disadvantage is the high penetration ability (especially in the
porous firn zone and fractured ice), as well as their inconsistency with modern environmental
requirements.

To solve this problem, a fundamentally new drilling mud composition was developed
at the Well Drilling Department Saint Petersburg Mining University, which meets the
environmental safety requirements, rock pressure compensation, well temperature gradient
conditions (from +4 to -70°C), as well as the effect of high reservoir pressures.

Acknowledgments. The authors are grateful for the logistic support provided by the
Russian Antarctic Expedition. This work was conducted with the support of the Russian
Foundation of Fundamental Research No. 18-55-16003\18.
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MNOJIMMEPI'JIMHUCTAS ITPOMBIBOYHAS ’KUJAKOCTD JJIAA BYPEHUA
CKBA’KHH B MHOT'OJIETHEMEP3JIBIX IIOPOJAX
POLYMERGLINIC FLUSHING FLUID FOR DRILLING WELLS IN MULTI-
FROZEN ROCKS

Ezopoea E.B., Munuenxo IO.C.
Acmpaxanckuii 20cy0apcmeenHulll mexHu4eckuil yrugepcumem, Acmpaxamo
Egorova E.V., Minchenko Yu.S.
Astrakhan State Technical University, Astrakhan

Kniouesvle cnosa: OypeHue CKBaXHWH, OypoBOM pacTtBop, Ouomomumep,
PEOJIOTHYECKHE CBOMCTBA.

BbeiOop NpOMBIBOYHON JKUAKOCTHM HpuU OypeHMM B KPHUOJIUTO30HE SBISETCA
BOKHEHIIMM  MEPONpPUATHEM,  ONPEACIAIOIIMM  YCIEUIHY0  IPOBOJAKY  CKBaXHH,
OCYILECTBIISICTCSI HA OCHOBE aHAJIM3a M€0JOrMUECKUX U THAPOre0I0rHYeCKUX 0COOEHHOCTEH,
C yY4eToM HakoIUlIeHHOro ombiTa. IloaTomy pa3zpaboTka U  BHEAPEHUE  HOBBIX
BBICOK09()(DEeKTUBHBIX OYPOBBIX PACTBOPOB OCTAETCS AKTYaJIbHOW 3a7aueii.

B kawectBe m00aBOK, /A IOJNYYEHHUS MPOMBIBOUHBIX JKUIKOCTEM C HU3KUM
coJiepsKaHueM TBep0oil (a3bl M MOBBIIIEHHBIMU TUKCOTPOIIHBIMM CBOMCTBaMU, HaOOJIbIIUI
UHTEpeC MPEJCTABISAIOT MUKPOOHBIE MOIHCaXapy bl — Ouornoaumepsl [1].

B3aumoneiictBue NpPOMBIBOYHOM JKUAKOCTH € MHOTOJIETHEMEP3JIBIMHU IOPOJIAMU
(MMII) B ckBaXkMHE NMPOUCXOAUT HA KOHTAKTE TBEPJIOTO Teja C KHUIKOCThIO U OIpeeNsIeTcs
THJIPOMEXaHUYECKUMHU, TEIUIOBBIMU U (PU3UKO-XUMHUECKUMH MPOLlecCaMy pa3pylleHus JIbJa,
CBSI3aHHBIMHU C SIBJICHMSMU MEXaHWYECKOM M TEIUIOBOW 3po3uu, Auddy3uu, ocMOTHYECKOTO
MaccoIepeHoca 1 Ipyrumu.

C yuéroMm BBILIIENPUBEEHHOTO HaMU Pa3pabOTaH COCTaB MPOMBIBOYHON KHUAKOCTU —
noJIMMEPTITHHUCTBIN OypoBoit pacTBop (I1I'P) ¢ opuenTarueit Ha obecrneueHre HEOOXOIUMBIX
st Oypenuss B MMII napamerpos. III'P Bkimrouaer B ce0s: Ouomonumep, IJIMHY,
CTaOMIIN3aTOp, PETYIATOP BA3KOCTH, MOHU3UTENb (PUIBTPALlMH, TEHOTACUTENb, aHTU(PHU3 U
Boay. OCHOBHBIE TapaMeTpsl pacTBopa: wioTHOCTE 1060-1250 Kr/M°, TUIacTHYECKas BA3KOCT
9,0-27,0 mlla-c, mokaszarens Quuptpamuu 3,0-7,0 eM¥/30 MUH, JUHAMHYECKOE HaIpsKEHUE
caura 25-90 nlla, crarnueckoe HampsbkeHue casura depe3 1 muH coctasisger 13-40 Ila, a
yepe3 10 mun 20-90 nlla, pH 8-9, koadpdunment nenmuueiinoctu 0,19-0,6.

Wnrpeauentsslii coctas [II'P criocoGCTBYyeT yMEHbIIEHUIO OTHOCUTEIBHON CKOPOCTH
paspymenust apga o 0,35 gl B pe3ynbTaTe CHWXEHHS WHTEHCUBHOCTH TEIJI0O0OMEHHBIX
npoueccoB. Kpome toro, mpu Oypenun ckBaxunbl [II'P ¢ BbICOKMMH CTPYKTYypHO-
PEOJIOTHYECKMMHU CBOMCTBAMH, NMOTOK y CTEHOK CKBaXKHMHBI 00pa3yeT MajoIOJIBUKHYIO 30HY,
NPEOXPAHSIONIYI0 MEp3Jble IMOpPOJbl OT PACTEeIUICHHS W MEXaHM4YecKoro aOpa3uBHOTO
paspywmenust [2]. IIpenmymiecTBa OMOMONIMMEPHOTO PAacTBOpa: MaKCHUMalIbHOE COXpPaHEHHE
YCTOMYMBOCTU CTEHOK CKBaXXMHBI, MOHMKEHHbIE (QUIBTPAIMsI M CKOPOCTh PACTEIICHHUS
MMII, co6mniofieHre ONTHUMAalIbHBIX PEOJIOTUYECKUX XapaKTEPUCTUK JJISi TPAHCIIOPTUPOBKHU
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BBIOYPEHHOH MOPOABI HAa JHEBHYIO IOBEPXHOCTh, CTaOMJIBHOCTH IapaMeTpoB, OOJIBIION
JIMara3oH BEIOOPA IUIOTHOCTH, BBICOKASI SKOJIOTUYHOCTb.
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The choice of flushing fluid during drilling in the permafrost zone is the most
important measure that determines successful well drilling, based on an analysis of geological
and hydrogeological features, taking into account the experience gained. Therefore, the
development and implementation of new highly effective drilling fluids remains an urgent
task.

As additives, to obtain washing liquids with a low solid phase content and increased
thixotropic properties, microbial polysaccharides - biopolymers - are of the greatest interest
[1].

The interaction of the flushing fluid with permafrost (MMP) in the well occurs at the
contact of the solid with the fluid and is determined by the hydromechanical, thermal, and
physicochemical processes of ice destruction associated with the phenomena of mechanical
and thermal erosion, diffusion, osmotic mass transfer, and others.

Based on the foregoing, we have developed the composition of the flushing fluid -
polymer clay drilling mud (PGR) with the focus on providing the parameters necessary for
drilling in the permafrost. PGR includes: biopolymer, clay, stabilizer, viscosity regulator,
filter reducing agent, antifoam, antifreeze and water. The main parameters of the solution:
density 1060-1250 kg/m?®, plastic viscosity 9.0-27.0 mPa - s, filter rate 3.0-7.0 cm®30 min,
dynamic shear stress 25-90 dPa, static shear stress after 1 min it is 13-40 Pa, and after 10 min
20-90 dPa, pH 8-9, non-linearity coefficient 0.19-0.6.

The ingredient composition of PGR helps to reduce the relative rate of ice destruction
to 0.35 h-1 as a result of a decrease in the intensity of heat transfer processes. In addition,
when drilling a PGR well with high structural and rheological properties, the flow near the
well walls forms a sedentary zone that protects frozen rocks from thawing and mechanical
abrasive destruction [2]. Advantages of the biopolymer solution: maximum stability of the
walls of the well, reduced filtration and the rate of thawing of the permafrost, the observance
of optimal rheological characteristics for transporting cuttings to the surface, stability of
parameters, a wide range of density selection, high environmental friendliness.
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BBIBOP CUCTEMBI BYPOBOI'O PACTBOPA J1JIs1 COXPAHEHUS
YCTONMYNUBOCTH I''TUHUCTHIX OTJIOKEHUN
CHOICE OF DRILLING MUD SYSTEM TO PRESERVE THE STABILITY OF
CLAY DEPOSITS
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Kniouesvie cnosea: OypeHue CKBaXuWH, OypoBOW pacTBOp, YCTOWYMBOCTb CTEHOK
CKBQKUHBI.

IIpu coBpeMEHHOM ypOBHE TEXHOJIOTHI HE YAAETCS MOJHOCTBIO UCKIIOUUTH 3aTpaThl
Ha Mpel0TBpallleHNe U JIMKBUIAIMIO OCJIOKHEHUH B Tpoliecce OypeHus.

CymectByer Hemanao paboT B paMKax MCCIIENOBATENbCKON  AeATeIbHOCTH,
MOCBAIICHHBIX JTAHHOW TEMAaTWKe, IEJIbI0 KOTOPBIX SBISIETCS pa3padOTKa TEXHOJIOTHMYECKHX
MEpOTIPUATHIA JJIsi CHW)KEHUS PUCKOB M MaTepUANBHBIX 3aTpar B Ipolecce OypeHus,
MIOCPEICTBOM M3y4YSHHS TPUYNH BOZHUKHOBEHUS OCIIOKHEHUH.

AKTyanbpHbIE JTAOOpATOPHBIE UCCIEIOBaHUS, a TAK)KE€ HAKOIUICHHBIM OIBIT OypeHus
MO3BOJISIIOT BBIACIUTh OCHOBHBIE BUJBI HAPYIIEHUH 1IETOCTHOCTH CTEHOK CKBa)KUH, OJHUMHU
U3 CaMBIX YaCTO BCTPEUAIOIIUXCS, SBISIOTCS OCBIITU U OOBAJIBI.

IIpu mpoBoaKe MHTEPBAJIOB, CKJIOHHBIX K 00Balo0Opa30BaHUSAM, PEKOMEHJIOBaHa K
IPUMEHEHHUIO IPOMBIBOYHAS JKUJIKOCTh HAa OCHOBE MOYEBHHO-(OPMAaNbIAECTHIHOW CMOJIBI
(M®-cmomb), SBISIOMASICS PE3yabTATOM JIA0OPATOPHBIX UcCienoBannii kadeapsl «bypenue
HEPTSHBIX W Ta30BBIX CKBaXHH» (CamMapcKoro TOCYAapCTBEHHOTO TEXHHYECKOTO
YHHUBEPCHTETA.

OcoOeHHOCThIO JTaHHOW CHCTEMBbl OYpPOBOTO pacTBOpa SBISETCS CIOCOOHOCTh
3aMeUIATh TPOILEcChl JePOPMALMOHHON HEYCTOMYMBOCTH CTEHOK CKBaXHHBL. Co3naHue
HEMPOHUIIAEMON TOJMMEPHOW TUIEHKM BOKPYI YacTHUEK TJIMHHMCTOW MOPOJbI IO3BOJISIET
NOBBICUTh HHTMOMUPYIOUIYIO CIOCOOHOCTh TPOMBIBOYHOM >kuakocTH. IlpencraBienHas
cucreMa OypoBOrO pacTBOpa OTJIMYAETCS IMPOCTOTOM IMPHUTOTOBJICHUS, HEBBICOKOU
CTOMMOCTBIO 1 COBMECTHMA C PSIOM KOMITOHEHTOB.
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PazpaboTka HOBOW pelentypsl NpPOBOJMIIACH SMIUPUYECKUM IyTeM. Perymupys
KOHLEHTPALUIO PEAareHTOB, OBbLJIO BBIBEIEHO UX ONTHMAaJIbHOE COOTHOIICHUE JUUISl HAMITYUIINX
[IapaMeTPOB UCCIIEyEeMOU IIPOMBIBOYHOM KUAKOCTH.

[Iponiecchl yBnakHeHHs, HAOyXaHUS M JAUCHEPIHPOBAHUS MPEICTABISIIOT COOOM
Ba)XKHEHNIIME (DaKTOPBI, BIUSIONINE HA YCTOMYMBOCTh CTEHOK CKBAXKUHBI. BeileacTBHE JaHHBIX
IPOLIECCOB MPOUCXOAUT OcialbIeHUe CTPYKTYPHBIX CBS3€H MEXIY INIMHUCTBHIMHM YacTHULAMH.
C yBenuueHueM IIIYOMHbI M TOPHOIO JAABJICHHUA PHCK IMOTEPU YCTOWYMBOCTH CTBOJIA
CKBAYKUHBI YBEIIMUNBACTCS.

Eciau He mpuHMMATh HMKAaKMX MeEp IO HNPEAYHNPEKACHUIO OCIOKHEHHM, OHU MOTYT
nepeiTH B aBapHio, HampuMep, OChIMM M O0Balbl HEPEOKO BEAYT K HpuxBary. BaxHo
IPEAYIPEAUTh OCIOKHEHHUsI, BbI3BAHHBIE HEYCTOMYMBOCTBIO CTEHOK CKBAaXMHBI, HA CAMOM
paHHEM JTarre.

Heo0xonuMpIM  ycliOBUEM IpH  MPOBOAKE CKBAXKHUHBI SIBJISETCS BO3MOXHOCTb
COXpPaHEHHsT YCTOMUMBOCTH TOPHBIX IIOPOJ, KOTOpas HampsMyK 3aBHCUT OT CBOMCTB
BbIOPaHHOW TNPOMBIBOYHOM >kuakoctu. PaspaboranHas cucrtema OypoBOro pacrBopa
croco0Ha C€O34aBaTh Kpersillee BO3ACHCTBHE Ha IOpPOAY, TEM caMblM, oOecreuuBas
CTaOUIIBHOCTD CTBOJIA CKBAYKUHBI.

* k¥

Key words: well drilling, drilling fluid, well wall stability.

At the current level of technology, the costs of preventing and eliminating
complications during drilling cannot be completely eliminated.

There are many works in research activities devoted to this topic, the purpose of which
is to develop technological measures to reduce risks and material costs during drilling, by
studying the causes of complications.

Actual laboratory studies, as well as accumulated drilling experience, allow us to
identify the main types of violations of the integrity of the walls of the wells, one of the most
common occurring are scree and landslides.

When conducting intervals prone to caving formations, it is recommended to use
washing fluid based on urea-formaldehyde resin (UF-resin), which is the result of laboratory
studies of the Department of Oil and Gas Drilling of Samara State Technical University.

A feature of this washing fluid system is the ability to slow down the processes of
deformation instability of the walls of the well. The creation of an impermeable polymer film
around particles of clay rock can increase the inhibitory ability of the washing fluid. The
presented mud system is notable for simplicity of preparation, low cost and is compatible with
a number of components.

The development of a new formulation was carried out empirically. By adjusting the
concentration of the reagents, their optimum ratio was derived for the best parameters of the
test wash fluid.

The processes of wetting, swelling and dispersion are the most important factors
affecting the stability of well walls. Due to these processes, structural bonds between clay
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particles are weakened. With increasing depth and rock pressure, the risk of loss of wellbore
stability increases.

If you do not take any actions to prevent complications, they can go into an accident,
for example, talus and cavings often lead to sticking. It is important to prevent complications
caused by the instability of the walls of the well at an early stage.

A prerequisite for well drilling is the ability to maintain rock stability, which directly
depends on the properties of the selected washing fluid. The developed mud system is able to
create a firming effect on the rock, thereby ensuring the stability of the wellbore.

PABPABOTKA HEMEHTHOI'O PACTBOPA HA OCHOBE MUKPOCHJIUKN
DEVELOPMENT OF CEMENT SLURRY BASED ON MICROSILICA

Sumuna /I.A, /[eéoitnuxoe M.B.
Canxm-Ilemepbypeckuii copuwiii ynusepcumem, Cankm-Ilemepoype
Zimina D.A., Dvoynikov M.V.

Saint-Petersburg Mining University, Saint-Petersburg

Knwuesuvie cnoea: KPHUOJIMTO30HA, MPOYHOCTHBLIC XapaKTCPUCTUKH, MUKPOCHUJIMKA.

PaccmatpuBaercs mpoOiema HM3KOrO  KayecTBa  KpEIUIEHMS CKBaXUH Ha
MECTOPOKACHUSX, HAXOIAIIMXCS B pallOHE pacHpOCTPAHEHUS MEP3NbIX MOpOoHd. AHaiu3
OCJIOXKHEHUH, KOTOPBIE IPOSABIIAIOTCA IIPU KPEIUICHUM CKBAKUH B HU3KUX U OTPULIATEIIBHBIX
TEMIIepaTypax, I0Ka3aj, YTO IPOCKTHBIE TEXHOJIOIMM LIEMEHTUPOBAHHUS B YKa3aHHBIX
YCIIOBHUSX MMEIOT CYILECTBEHHBIE HEIOCTATKHU, KOTOPBIE MOT'YT IIPUBECTH K BOZHUKHOBEHUIO
aBapuil Ha MECTOPOXKIACHUU.

OgauM M3  myTedl peuieHus JaHHOM mpoOieMbl  SBJISETCS  MCIOJIb30BaHUE
CIIELMAJIBHBIX TaMIIOHAXXHBIX MaTEpPHAIIOB. B yCIIOBHAX MEp3J0Thl TaMIOHAXHBIA KAMEHb
JOJKeH o001a/aTh HU3KOM NPOHUIIAEMOCTBIO M MOPUCTOCTBHIO, TOBBIIMIEHHOW aare3uen K
00caHON KOJIOHHE ¥ TOPHOM MOPO/ie, BRICOKUMHU TPOYHOCTHBIMU XapaKTEPUCTHUKAMHU.

Jns  yBeln4eHHs TNPOYHOCTH IIEMEHTHOIO KaMHsA Oblla MpeiokeHa Jo0aBka,
COCTOsAIAs U3 KOHIICHTpaTa HAaHOCTPYKTYpP Ha OCHOBE AMOKcUAA KpeMHHus. MccienoBanus
MIOKa3bIBAIOT, YTO MCMONIb30BaHue 8-12 % MUKpPOKpEMHE3eMa NMPUBOAAT K 3HAYUTEIBHOMY
MOBBIIIEHUIO TMPOYHOCTH ILIEMEHTHOro kamHsA. [Ipu 3ToM pexkomeHayercs n00aBisATH B
TaMIOHAKHBIM pacTBOp IUIACTU(UKATOP, I CHUKEHHUS CTPYKTYPHOU BSI3KOCTH pacTBOpa U
YBEIMYEHUS €ro TOJBMKHOCTU. Takke OIpefesNeHa MaTeMaTH4yecKas 3aBHCUMOCTb
pacnpeneneHus NOPUCTOCTH B [IEMEHTHOM KaMHE OT BO3JIEHCTBUS TEMIIEpATyp U KOJIMYECTBA
MUKPOCHJIUKH.

%k %k %k

Key words: cryolithozone, strength characteristics, microsilica.

The problem of poor quality of well casing in fields located in the area of permafrost
is considered. The analysis of the complications arising from cementing wells at low and
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negative temperatures showed that the design technologies for well casing under this
conditions have significant weaknesses that can lead to accidents at the field.

One of the ways to solve this problem is to use special grouting materials. Under
permafrost conditions, cement stone must have low permeability and porosity, increased
adhesion to the casings and rocks, and high strength characteristics.

To increase the strength of cement stone, an additive consisting of a concentrate of
nanostructures based on silicon dioxide was proposed. [1] Studies show that the use of 8-12%
silica fume leads to increase in the strength of cement stone. It is recommended to add a
plasticizer to the cement slurry to reduce the structural viscosity of the slurry and increase its
mobility. The mathematical dependence of the distribution of porosity in a cement stone on
the influence of temperatures and the amount of microsilica was also determined.

PABPABOTKA U UCCJIEJOBAHUE BBICOKOIIEJIOYHOT'O BYPOBOI'O
PACTBOPA )11 BE3ABAPUMHOI'O BCKPBITUS BRICOKOIIPOHUIIAEMBIX
I'OPHBIX ITOPO/J, BMEIHIAIOIIUX CEPOBOJOPOJ
DEVELOPMENT AND INVESTIGATION OF HIGH-ALKALI DRILLING MUD
FOR ACCIDENT-FREE OPENING OF HIGHLY PERMEABLE ROCKS
CONTAINING HYDROGEN SULFIDE

Kamenckux C.B., Ynawmeea H.M.
Yxmunckuti cocyoapcmeentblil mexnuueckull yHusepcumem, Yxma
Kamenskikh S.V., Ulyasheva N.M.
Ukhta State Technical University, Ukhta

Knrouesvie  cnosa:  OGe3rMTUHUCTBIA  BBICOKOIIENOYHOM  OypoBOil  pacTBOp,
BBICOKOITPHHIIAEMbIE TOPHBIE TOPObI, CEPOBOIOPOI.

[Ipu yrayOneHMM CKBa)XMH CEpPOBOAOPOJ OKa3blBa€T HEraTUBHOE BIMSHHE Ha
OypoBbIE€ PAacTBOPBI, KOTOpPbIE KOHTAKTHUPYIOT C HUM OJHMMH M3 nepBbIX. llomoxkeHue
OCJIOKHSETCS HAJIMYMEM BBICOKONPOHUIAEMBIX TOPHBIX IOPOJA, B KOTOPBIX BO3MOXKHBI
HOTJIOIIEHUsT OypOBBIX pPAcTBOPOB Pa3IMYHOM HHTEHCUBHOCTH U auddepeHununanbHble
OpUXBaThl OypHJIBHOTO WHCTPYMEHTA, a IMpPH CHU)KEHUU IPOTUBOJABICHUS Ha IUIACT —
dmonnonposiBiaenus. Ilostomy paspaboTka peuenTypbl OypoBOoro pactBopa s
CEPOBOIOPOACOECPKAIINX BBHICOKOTIPOHUIIAEMBIX TOPHBIX MOPOJ, HECOMHEHHO, SIBISETCS
aKTyaJbHOM 3a7a4ei.

B nponiecce OypeHust OypoBoi pacTBOpP MOXKET OBITh TTOJABEP)KEH BIHSHUIO HE TOJIBKO
MIPUPOTHOTO, HO U OMOTEHHOTO CEPOBOJIOPOJA, KOTOPHI B PABHOW CTEIEHH CIIOCOOCTBYET
NPaKTUYECKH HEOOpaTUMOMY YXY/IIEHUIO CBOMCTB M mMapaMeTpoB OypoBbIX pacTBopoB. Ha
kapeape Oypenuss YI'TY Obi1 uccienoBaH Mporecc MHUKPOOMOIOTHYECKOH NECTPYKIMU
MOJMMEPHBIX KOMITO3UIMi. Ha oCHOBaHMM NMpPOBENSHHBIX MCCIENOBaHUN ObLT pa3paboTaH
Oe3rIMHUCTBIN BhICOKOIIEeNouHON OypoBoi pactBop (ITlarenr RU  Ne 2691417 C1 ot
04.07.2016), BkIIOYAIOUIMII pa3BETBICHHBIH OWOMOJIMMEp, LEUIIOJI03Y, Kpaxmall, OKCHI
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KaJbLUsl W BBICOKOJUCIEPCHBIM KapOoHaTHBIM MaTepuan. Huskas marepualoeMKOCTb
pacTBopa M OTCYTCTBUE OaKTepHULMJA JENA0T €ro SKOHOMMUYECKH M IKOJOTMYeCKU Oosiee
MPEIMOYTUTENIEHBIM 10 CPaBHCHHUIO C JAPYTMMH TPOMBIBOYHBIMHU  KHUJIKOCTAMH U
MOJIMMEPHBIMU KOMIIO3UIUSAME. Y CTAHOBJICHO, YTO pa3pabOTaHHBINA OypOBOI pacCTBOP MOKHO
UCIIOJIb30BaTh B YCIOBUSAX CEPOBOJOPOAHON arpeccuu, Kak OMOT€HHOr0, TaK ¥ MPUPOJIHOTO
MPOUCXOXKICHUS U OH 00JIaZlaeT MOBBIIIEHHBIMHI KOJIBMATUPYIOIUMU cBolicTBamu. [Ipu aTom
nobaBka 0,5 % ra30noka mno3BONIAET YCWINTh J(P(GEKTUBHOCTh KOJbMATAllUK IPU
HEIOCPEICTBEHHOM 00paboTke OypoBoro pactBopa. IP(HEKTHBHOCTH HCIOIH30BAHUS
OE3TIIMHUCTOrO BBICOKOIIEIOYHOTO OypOBOTO pPAcTBOpa IOATBEPKICHA IMPOMBICIOBBIMU
OKCIIEPUMEHTAMU B YCJIIOBUSX BBICOKOTPOHHMIIAEMBIX TOPHBIX TMOPOJ, COACPKAIIUX
cepoBojiopoa, Ha Koumecckom MectropoxaeHuu Tumano-Iledopckoit HedTerazoHOCHON
IPOBUHLMU. B Xo07€e SKCIIEpUMEHTOB YCTAHOBJIEHO, YTO IIIACTOBas BOJAa KOPPO3MOHHO-
aKThBHee He(PTH, HE CMOTPS Ha MEHBIIYI0 KOHLEHTpaluio cepoBogopoaa. [locratouno
npocThiM U 3((PEKTUBHBIM CITOCOOOM OOpPBHOBI C CEPOBOJOPOIHOM KOPPO3UEH SIBIISICTCS
MPUMEHEHHE BBICOKOIIEIOYHOTO OypOBOTO pacTBOpa. YCTaHOBIEHO, YTO MPUMEHEHUE
pa3paboTaHHOTO BHICOKOIIEIOUHOTO OYpOBOT0 pacTBOpa CHOCOOCTBYET CHHIKEHUIO CKOPOCTH
KOppo3uu B 2,2 pa3a, MO CPaBHEHUIO C ILJJACTOBOW BOJOW, COJIEpIKalled pacTBOPEHHBIN
CEpOBOJIOPOA.
* k¥

Key words: clay-free high-alkaline drilling mud, highly frictionable rocks, hydrogen

sulfide.

When wells are deepened, hydrogen sulfide has a negative effect on drilling fluids that
contact it among the first. The situation is complicated by the presence of highly permeable
rocks, in which it is possible to absorb drilling fluids of different intensity and differential taps
of the drilling tool, and in case of reduction of back pressure on the formation - fluidicity.
Therefore, the development of a drilling mud formulation for hydrogen sulfide containing
highly permeable rocks is certainly a pressing task.

In the course of drilling drilling mud can be subject to influence not only natural, but
also biogenous hydrogen sulfide which equally promotes almost irreversible deterioration in
properties and parameters of drilling muds. The Department of Drilling of UGTU investigated
the process of microbiological destruction of polymer compositions. Based on the studies
carried out, a clay-free high-alkaline drilling mud was developed (Patent RU 2691417 C1
dated 04.07.2016), comprising a branched biopolymer, cellulose, starch, calcium oxide and a
highly dispersed carbonate material. The low material consumption of the solution and the
absence of bactericide make it economically and ecologically more advantageous than other
washing liquids and polymer compositions. It has been found that the drilling mud developed
can be used in conditions of hydrogen sulfide aggression, both biogenic and natural, and it has
improved colmating properties. At the same time addition of 0,5 % of gas block allows to
increase efficiency of colmatation during direct treatment of drilling mud. Efficiency of use of
clay-free high-alkaline drilling mud is confirmed by field experiments in conditions of highly
permeable rocks containing hydrogen sulfide at Kochmes field of Timano-Pechorskaya oil
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and gas bearing province. Experiments have found that formation water is more corrosive
than oil, despite a lower concentration of hydrogen sulfide. A fairly simple and effective way
to control hydrogen sulfide corrosion is to use a highly alkaline drilling mud. It has been
found that the use of the developed high-alkaline drilling mud helps to reduce the corrosion
rate by 2,2 times, compared to formation water containing dissolved hydrogen sulfide.

MMPOBJIEMbI BYPEHUSI CKBAXKAH B HEYCTOMYUBBIX MHTEPBAJIAX
PROBLEMS OF DRILLING WELLS IN UNSTABLE INTERVALS

Koesaneesa K.O., Heuaesa O.A.
Camapckuii 2ocyoapcmeenHblll mexHudeckuil ynugeepcumem, Camapa
Kovaleva K.O., Nechaeva O.A.
Samara State Technical University, Samara

Knroueswvie cnoea: Gypenue CKkBaxxuH, OypoBOii pacTBOp, HEYCTOWYHBBIC HHTEPBAJIBI.

Baxnoit ocobeHHOCThIO OypeHHsl He(pTera3oBbIX CKBaXHH B TNIMHUCTHIX WHTEpBAJIaX
SBJISICTCSI PUCK OCIOXKHEHUM TaKMX, KaKk OOBaJbl M OCHINK, C TOCIEAYIOUICH MOTepe
CTaOUJIBHOCTH  CTBOJIa  CKBaXWHBL. Jlyig  mpeaynpexaceHus JaHHBIX — OCJIOKHEHUI
pEeKOMEHAyeTCS TPUMEHSTH 3(PPEKTUBHYIO TPOMBIBOYHYIO JKHIKOCTH C ONTHMAaJIbHBIMHU
napameTpamH.

[Tanutpa npuMeHsIeMbIX OYypOBBIX PAaCTBOPOB JIS IPOBOAKU CKB)XKUHBI B YCIOBHSIX
HEYCTOMYMBOCTH IOpOJI BechbMa ILIMpoka. B HacTosiiee Bpemsl MOMYJISPHOCTh HaOUpParoT
CHJIMKAaTHBIE PacTBOPbI, HO M OHM MMEIOT PsJ HEIOCTATKOB (3arpsi3HEHHE KOJUIEKTOpa HpHU
BCKPBITHH MTPOAYKTUBHBIX IJIACTOB, HEJOCTATOYHAsI HHTMOUPYIOLIAsi CTIOCOOHOCTb).

Taxkum oOpazom pa3paboTka OypOBBIX PACTBOPOB JJii OYpPEHHUS TIMHOCOIEPKAIIUX
1opo/1 (TJIMHBI, AJIEBPOJIUTHL, APTUIJUIUTHI) SBJSIETCS aKTyajabHOU 3ajadeil. B cBoro ouepens, B
MPOLECCE HCCIEOBAaHUS CTOMT YYECTh BCE CIOKHOCTM W OCOOEHHOCTH OypeHHs
He(Tera3oBbIX CKBaXMH B HHTEpBaJIaX 3aJIETaHUsl TITIMHUCTBIX OTJIOKEHUH.

Hamu npeanoskena peuentypa 0€3rIMHUCTON MPOMBIBOYHOMN XKHUAKOCTH JJIs OypeHUs
B OOBAJIMBAIOLIMXCS MOPOAAX U BCKPBITHS MPOJYKTUBHBIX MOPOJ, B COCTaB KOTOPOU BXOZST
OouonoauMep, KpaxMalbHBIH peareHT (MOJM(UIMPOBAHHBIN), MOBEPXHOCTHO-aKTUBHOE
BELIECTBO.

CoBMecTHOE BIMSIHHE BbIOpaHHBIX KOMIIOHEHTOB B ONPEIEIECHHBIX MPOILEHTHBIX
COOTHOILIEHHUSX CKAa3blBa€TCA B YJIYYIIEHUH HWHTUOUPYIOUIMX, TUIAPO(GOOU3UPYIOIIMX U
(GUIBTPAIMOHHBIX MTAPAMETPOB pa3paboTaHHON MPOMBIBOYHOU HKHUAKOCTH.

Oco0eHHOCThIO JTaHHOM CHCTEMBI MPOMBIBOUHOM KHUIKOCTH SIBISIETCS KOMIUIEKCHOE
neiicTBue OMomojaMMepa M MOBEPXHOCTHO-aKTUBHOTO BemecTBa. [Ipu 3ToM mpuMeHsieMoe B
HaIIUX HCCIIEJOBAHMUSX IMOBEPXHOCTHO AKTUBHOE BEILECTBO COAECPKUT DPA3IUUYHBIE BOJO-,
BOJIOMACJIO- W MacjopacTBopuMble aHuOHHbIe [IAB (HaTpueBble cOMM apoMaTHUYECKUX
CyIb(OKHUCIOT Ppa3IMYHOIO CTpOEHUus, HedTsAHble cynbdoHarsl). [l MOBBIIICHUS
MoBEepXHOCTHOM akTuBHOCTH [IAB, a Takke pacmmpeHus MOJEKYIIPHO-MAacCOBOTO
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pacnpenenenuss aHuoHHblXx IIAB, B oOpasumax npoaykra coaepxarcs IIAB numepHoro
CTpOEHHMs, KOTOpble 00JIafaloT OoJiee BBICOKOM MOBEPXHOCTHOM AKTUBHOCTBIO, MO3BOJIIOT
CHHU3HUTH MeX(a3HOe HATHKEHUE U KPUTHYECKYIO KOHIIEHTPAIIUIO MULIeI000pa3oBanus [1].

B xome paboTsl mpoBeneHbl J1a0OpaTOpHBIE MCCIIEIOBAaHUS, H3y4YCHBI CBOMCTBA
OypoBOIro pacTBOpa M €ro BIMSHUE Ha HaO0yXaroUle INIMHUCTbIE OPO/Ibl. DKCIEPUMEHTAIBHO
HNOJATBEpPXKIEHA LEJIeCO00pa3HOCTh IPUMEHEHUs KOMIUIEKCHOIO JAEHCTBHS KOMIO3MLIUU
«buonomumep + ITAB aumepHoro crpoeHusi», cHocoOCTBYIOLIas CHHKEHMIO I10Ka3aTelis
¢GwibTpanun 1 ko3¢ ¢uUIMEeHTa TpeHUs NPOMBIBOYHOHN >xuakoctu. Mccnenyemas cucrema
OypoBOro pacTBOpa CO3[aeT TOHKYIO 3JaCTUYHYIO (MIBTPAIMOHHYIO KOPKY Ha CTEHKax
CKBaXHMHBI, TO3BOJSIET NPEIOTBPATUTH MPOHUKHOBEHHE OypoBOro (onaa B MaTpHily
NOpOJbl U M30eXKaTh PazyNpOYHSIOMIEr0 BO3JCHCTBHUSA HA IUIACT, TEM CaMbIM CIIOCOOCTBYET
COXpPaHEHHIO CTaOMIIBHOCTH CTBOJIA CKBAXKHHBI.

OtmeueHo, 4To J100aBKa MOBEPXHOCTHO AKTUBHOI'O BEILECTBA BIMSET HAa CHIKEHHE
IOBEPXHOCTHOT'O HATsDKEHUS (puiibTpaTa OypoBOI0 pacTBOPa, YTO CIIOCOOCTBYET COXPAHEHUIO
(GWIBTPALlMOHHO-EMKOCTHBIX CBOMCTB Iutacta. CrenoBarenbHO, HcCcleayemas cucreMa
IPOMBIBOYHON JKUAKOCTH MOXET OBITh TaKXKe PEKOMEHJJ0BaHAa B KaueCTBE >KUIAKOCTH IS
BCKPBITHSI TPOYKTUBHOTO TUIACTA.

B pe3ynbraTe KOMIUIEKCHOrO 1oAOOpa pPEAarceHTOB MOJYy4YeHAa  KOMIIO3ULIMS
IPOMBIBOYHOW KHUIKOCTH WHTHOMPYIOIIETO JEHCTBHSI, C MHHHMAJIBbHBIM II0Ka3aTelIeM
GWIbTpauy,  BBICOKUMH  PEOJIOTUYECKUMHU  XapaKTEPUCTHKAMH, C  IOHMKEHHBIM
KO3 QULIUEHTOM TpeHUsl, KOTopass MUHUMHU3UPYET PUCK OChINeld M 00BaloOB B INIMHUCTBIX
HEYCTOMYMBBIX UHTEpBaJIax.

k% %

Key words: well drilling, drilling mud, unstable intervals.

An important feature of drilling oil and gas wells in clay intervals is the risk of
complications such as cavings and talus, with subsequent loss of wellbore stability. To
prevent these complications, it is recommended to use an effective washing fluid with optimal
parameters.

The range of drilling fluids used for drilling a well in conditions of rock instability is
very wide. Currently, silicate solutions are gaining popularity, but they also have a number of
disadvantages (reservoir pollution during the opening of reservoirs, insufficient inhibitory
ability).

Thus, the development of drilling fluids for drilling clay-containing rocks (clays,
siltstones, mudstones) is an urgent task. In turn, the study process should take into account all
the difficulties and features of drilling oil and gas wells in the intervals of occurrence of clay
deposits.

We have proposed a formulation of clayless drilling fluid for drilling in crumbling
rocks and opening productive rocks, which include a biopolymer, starch reagent (modified),
and a surfactant.
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The combined influence of the selected components in certain percentages affects the
improvement of the inhibitory, hydrophobizing and filtration parameters of the developed
washing fluid.

A feature of this washing fluid system is the integrated action of the biopolymer and
surfactant. Moreover, the surfactant used in our studies contains various water-, water-oil, and
oil-soluble anionic surfactants (sodium salts of aromatic sulfonic acids of various structures,
petroleum sulfonates). To increase the surface activity of surfactants, as well as expand the
molecular weight distribution of anionic surfactants, product samples contain dimer
surfactants that have a higher surface activity and can reduce interfacial tension and the
critical micelle concentration [1].

In the course of the work, laboratory studies were carried out, the properties of the
drilling fluid and its effect on swelling clay rocks were studied. The feasibility of applying the
complex action of the composition "Biopolymer + surfactant dimeric structure™, which helps
to reduce the filtration rate and the coefficient of friction of the washing fluid, has been
experimentally confirmed. The studied drilling fluid system creates a thin elastic filter cake on
the walls of the well, prevents the penetration of the drilling fluid into the rock matrix and
avoids softening effects on the formation, thereby contributing to maintaining wellbore
stability.

It is noted that the addition of a surfactant affects the decrease in the surface tension of
the mud filtrate, which helps to maintain the reservoir properties of the reservoir. Therefore,
the studied system of washing fluid can also be recommended as a fluid for opening the
reservoir.

As a result of a comprehensive selection of reagents, an inhibitory washing fluid
composition was obtained with a minimum filtration rate, high rheological characteristics, and
a reduced friction coefficient, which minimizes the risk of talus and cavings in clayey
unstable intervals.

HNEPCIHHEKTUBBI IPUMEHEHUSA YIVIEPOAHBIX MATEPUAJIOB B KAYECTBE
JTOBABKHW B TAMITIOHAXKHBI PACTBOP JIJISI HEMEHTUPOBAHMS
CKBAKUH
PROSPECTS OF CARBON MATERIALS USE AS AN ADDITIVE TO PLUGGING
SLURRY FOR WELL CEMENTING

Koeanvuyk B.C., Hukonaes H.U.
Canxm-Ilemepoypeckuii eopnuiti ynusepcumem, Cankm-Ilemepoype
Kovalchuk V.S., Nikolaev N.I.

Saint-Petersburg Mining University, Saint-Petersburg

Knwouesvie cnoea: OypeHne CKBaXWH, TAMIIOHA)XHasg CMECh, IIEMEHTHBI KaMeHb,
rpaduT, yriopoHble MaTepHallbl, KpeljieHHe CKBaXXHH, TpadeH.
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ITocne otkpeiTusi rpadgena B 2004 romy B Mupe Hayanach TOHKAa 3a HAy4YHO-
TEXHUUYECKOE IPEBOCXOACTBO B pa3IMUHBIX OTpaciisix mpomselnuieHHocTH [1]. Ceronus
00J1aCTH MPUMEHEHHS YTJIEPOAHBIX MAaTEpHUAIOB B OYpEHHHU BKIIOYAIOT B CE0S MOBBILICHUE
CMa3bIBAIOUINX CBOMCTB OypOBOTO pacTBOpa, CO3AAHHUE AHTUKOPPO3MOHHBIX ITOKPBITHIA,
LIEMEHTUPOBAaHUE CKBaKMH, ApMUPOBAHKE MOPOJOPA3PYILAIOIIEr0 HHCTPYMEHTA, OT/AEIECHUE
BOJIbI OT HE()TH, OUUCTKY OT Pa3IMBOB HE(PTH, 3aKaHUMBAHUE CKBAKUH U MHOTO€ JIpYyroe.

TpexmepHas Mogudukanus yriepoaa - rpa@uT MOXKET HCIOJIb30BaThCsl B KaueCTBE
HaHOPAa3MEPHOI'0 ApMHPOBAHUSA LEMEHTHOIO KaMHsS JUIsl YJIy4IIEHUs €ro MeXaHHMYeCKUX
XapaKTEPUCTHK, TEPMETUYHOCTH U JoiroBeuHocTH. s oueHku s¢¢exra BHEAPEHHS
rpaduTOBOTO MaTrepuaia B IIEMEHTHBIE PACTBOPHI ISl KPETIJICHNSI CKBAYKUH OBLTH TPOBEICHBI
OKCIEPUMEHTAIbHBIE HCCIICAOBAHUS, PE3yIbTaThl KOTOPHIX BBIABHIM COaJlaHCUPOBAHHBIN
POCT CBOICTB TaMIIOHA)KHOT'O pacTBOPa U KaMHs IIPU BBEIEHUHU I'paduTa U €ro Mporu3BOIHBIX.

AHanmu3 TNpOBEJIEHHBIX MCCIEJOBAHUN 3a pPyOeXKOM IO3BOJIMI 3aKIIOYHUTh, YTO
IOPUCYTCTBUE YIJIEPOJHBIX MaTE€pHAJIOB YIIydllaeT IMOPOBYIO CTPYKTYpPY LEMEHTHUpPYIOLIEeH
MaTpHIbl, YBEJIUUMUBACT IPOYHOCTh HA CKATHE M U3rHO 110 CPABHEHUIO C YUCTHIM LIEMEHTOM.
CornacHo pe3yibTaTaM MCCIE€JOBAHUM, TEKy4yeCTb HOBOTO TMAPO(GOOHOr0 M 3KOJIOTMYHOIO
IIEMEHTHOTO pPAacTBOpa YBEIWYMBAETCA, KaK M TBEPAOCTh IIEMEHTHOro Kamus [2, 3].
[TosyueHHblE aBTOpaMU IPEIBAPUTEIBHBIE pPE3YyIbTaThl JIAOOPATOPHBIX HCCIEIOBAHUI
PEOJOTHYECKNX U (PU3UKO-MEXaHUYECKUX CBOWMCTB IIEMEHTHOTO PAacTBOpAa W KaMHS TaKKe
CBUJIETEJILCTBYIOT O HEOOXOMMOCTH IPOAOIKEHUS SKCIIEPUMEHTOB B 3TOM HalpaBiICHUH.
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After the opening of graphene in 2004, the race for scientific and technical superiority
began in the world [1]. Today applications of carbon materials in drilling include improving
lubricating properties of drilling fluids, creating anti-corrosion coatings, cementing wells,
reinforcing rock destruction tools, separating water from oil, cleaning of oil spills, well
completion etc.
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Three-dimensional carbon modification - graphite can be employed as a nano-scale
reinforcement of the cement stone to enchance the mechanical characteristics, tightness and
durability. To assess the effect of the introducing graphite material into cement mixtures for
fixing wells, experimental studies were conducted. The results revealed a balanced increase in
the properties of the cement slurry and stone by introduction of graphite and its derivatives.

The analysis of the scientific publications and patents allowed to conclude that the
presence of carbon materials improves the pore structure of the cementing matrix, increases
the compressive and bending strength in comparison with pure cement. According to the
results, the fluidity of the new hydrophobic and environmentally friendly cement slurries
increases, as well as the hardness of the cement stone [2, 3]. The preliminary results of
laboratory studies of the rheological and physico-mechanical properties of cement slurry and
stone obtained by the authors also indicate the need for further experiments in this direction.
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COBPEMEHHBIN MOAXOJ K U30JISIIIUA IIJIACTOB C AHOMAJIBHBIMH
JABJIEHUAMMU NTPU BYPEHUUN HE®TEI'A30BbIX CKBAYKUH
MODERN APPROACH TO ISOLATION OF RESERVOIRS WITH ABNORMAL
PRESSURES DURING DRILLING OF OIL AND GAS WELLS

Kyuun B.H., /[eéoiinuxoe M.B., Hyykoea M.B.
Canxm-Ilemepbypeckuii 2opnuviii ynueepcumem, Cankm-Ilemepoype
Kuchin V.N., Dvoynikov M.V., Nutskova M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Knwouesvie cnosa: Bonon3omsiys, TpyIHO-U3BIEKaeMble 3anachl, OypeHHEe CKBaXHH,
OCJIO’)KHEHUS, BOJIONPUTOKH, OOBOTHEHHOCTb, BA3KOYIPYI'HE COCTAaBbl, TEXHOJIOTHUS OypeHuUs,
71abopaTOpHbIE UCCIIE0BAHNS, AaHOMaJIbHbIE [1ACTOBBIC TABICHUS.

CoBpeMEeHHOE COCTOsSIHHE pa3pabOTKH OOJNBIIMHCTBA MECTOPOXKIEHUN 3amajaHoi

Cubupu xapakTepu3yeTcsi BBICOKOH 0OBOJHEHHOCTHIO J100bIBAEMOM MPOIYKLIMU, U BOIPOCHI
OTpaHHYEHUsI BOJOMPHUTOKOB MpHU 100bue HepTH nmpuoOpeTaroT Bce OOBIIYI0 3HAYHMMOCTD.
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Tak, HarpuMep, ToJIbKO Ha CaMOTIIOPCKOM MECTOPOXKICHUH €XKET0THO u3BiekaeTcst 450 MitH
M nonyTHou BoAsl [1].

W3 mpuBeeHHOr0 MpuMepa BUIHO, YTO CHHKEHHE OTIEpAIlMOHHBIX 3aTpaT Ha J00bIay
BOJIbI SIBIISICTCS BEChbMa aKTYaJbHOW 3ajadeil, KOTOpas MOXET pEelaTbCs BBINOJHECHHEM
BOJIOM30JISILIMOHHBIX PA0OT B 10OBIBAIOINX CKBAXKUHAX.

Bbicokoe KkauecTBO TrepMeTH3alud HEQTSIHbBIX M Ta30BbIX CKBaXWH, CHU)XXEHUE
MEXIUIACTOBBIX ~ IIEPETOKOB  OCTAETCS  BAXXHEMIIMM  yciaoBHeM HUX  3((HEKTUBHOTO
UCIOJIb30BaHUs, KaK JIOJITOBPEMEHHBIX coopyxeHHi. Ilpumensemple mpu  3TOM
repMETU3HUPYIOLINE YCTPOMCTBA JOJDKHBI IMO3BOJATH O€3aBapUiHO TMPOBOAUTH PA3IUYHBIC
paboThl B CKBaXHMHE M 00€CHEUYMBATH BBHINOJHEHHWE TEXHUYECKHX, OJKOJIOTUYECKUX U
HKOHOMHUYECKUX TPEOOBAHHIA.

AHanmm3 HayYHO-TEXHUYECKOW JUTEepaTypbl B 00JAaCTH OTpaHUYEHUS BOJIOIPUTOKOB
npu J0o0blye HepTH, a TaKKe H30JSIIMU BOJOHOCHBIX TOPH30HTOB Npu OypeHHH U
9KCIUTyaTalldd  IIOKa3bIBACT, YTO CHIJKAETCS TEHJAEHIMS HWCIOJIb30BAaHUS LIEMEHTHBIX
pacTBOpoB mpu mpoBeaeHuun PUP, pacter n0oias KOMIUIEKCHBIX TEXHOJOTMH M METOJIOB
CEJICKTUBHOU M30JIALIMU, TEM HE MEHee, IPAKTUYECKH HE yAesseTcs BHHMaHHe paboTam 1o
NPEIYIPExICHUIO 3aKOJIOHHBIX TIEPETOKOB.

Hnsi  obecrieuernnss paboOT, HaNMpaBICHHBIX Ha TOBbIIEHHE d3()(EeKTHBHOCTH
3aKaHYMBaHHUS CKBAXMH B HWHTEPBAIAaX HEKOHTPOJIUPYEMOTO IPHUTOKA, IpeaIaraeTcs
UCITIOJIB30BaTh B Ipoliecce OypeHHs pa3pabOTaHHBIA THIPOMEXaHMYECKHU makep (mamee-
Hakep) ¢ OJHOBPEMEHHBIM 3aKauMBaHUEM OJOKHPYIOLIEH KHUJIKOCTH INpU IMEPBUYHOM
BCKPBITUM aHOMAJIBHOTO Tj1acTa [2].

Jnst 5pPeKTUBHOrO NPUMEHEHUs NaKepa, MpU UCIOJIb30BaHUM MapaMeTpoB OypeHus
3aJJaHHOM CKBa)KUHBI, IOCTPOEHBI 3aBUCUMOCTH Ha 0cHOBe (opMmyisl Jlapcu-Beiicbaxa.

KoppekTrpoBka rujpoAMHaMHUYECKOTO JIABICHUS U SKBUBAJICHTHOM LIMPKYISALIMOHHON
TUIOTHOCTH OCYILECTBIISIETCSI M3MEHEHUEM MEXaHWYECKOH CKOPOCTH OypeHWs, BIMSIONICH Ha
KOHIICHTPAIUIO 1IIJJaMa B KOJIBIIEBOM IPOCTPAHCTBE M PACX0JIOM IPOMBIBOYHOMN YKHUIKOCTH.

Ha  ocHOBaHMM  pe3ynbTaTOB  aHalW3a  HCCICNOBaHWH  OBUTM  CHETAHBI
npeBapUTeNIbHBIE BBIBOJBI, YTO NMPUMEHEHHWE TEXHOJIOTUH H3OJSIHH C HCIOJIB30BAaHHEM
npejyiaraeMoro 000pyZOBaHUs TpU MOCTOSHHOW CKOPOCTH OypeHHs, C H3MEHEHHEM
3(pPEKTUBHON BS3KOCTM W OJHOBPEMEHHBIM DETYJIMPOBAHHMEM 3a30pa B KOJIBIEBOM
IPOCTPAHCTBE MO3BOJIUT 00ECTIEUUTh U3OJISALUIO BOAOIPOHUIIAEMOTO KOJIJIEKTOPA.
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The current state of development of most fields in Western Siberia is characterized by
a high water cut of the extracted products, and the issues of limiting water inflows during oil
production are becoming increasingly important. So, for example, 450 million m® of
associated water is extracted annually only at the Samotlor field [1].

It can be seen from the above example that reducing operational costs for water
production is a very urgent task that can be solved by performing waterproofing works in
production wells.

High quality sealing of oil and gas wells, reduction of inter-reservoir flows remains
the most important condition for their effective use as long-term structures. The sealing
devices used in this case should allow accident-free carrying out various work in the well and
ensure the fulfillment of technical, environmental and economic requirements.

An analysis of the scientific and technical literature in the field of limiting water
inflows during oil production, as well as the isolation of aquifers during drilling and
exploitation shows that the tendency to use cement mortars during R&D is decreasing, the
proportion of complex technologies and methods of selective isolation is growing, however,
practically no attention is paid attention to the prevention of behind-the-casing flows.

To ensure work aimed at improving the efficiency of well completion in the intervals
of uncontrolled inflow, it is proposed to use the developed hydromechanical packer
(hereinafter referred to as the packer) with the simultaneous injection of blocking fluid during
the initial opening of the abnormal formation [2].

For the effective use of the packer, using the parameters of drilling a given well,
dependencies based on the Darcy-Weisbach formula are constructed.

Correction of hydrodynamic pressure and equivalent circulation density is carried out
by changing the mechanical drilling speed, which affects the concentration of cuttings in the
annular space and the flow rate of the flushing fluid.

Based on the results of the research analysis, preliminary conclusions were made that
the use of insulation technology using the proposed equipment at a constant drilling speed,
with a change in the effective viscosity and at the same time adjusting the gap in the annular
space, will allow the isolation of a permeable reservoir.
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BJIUSAHUE ®PAKIIMOHHOI'O COCTABA TBEPJIOM ®A3bI PACTBOPA HA
PUJIbTPAHMOHHBIE XAPAKTEPUCTUKHU BYPOBOI'O PACTBOPA
EFFECT OF THE SOLID PHASE'S FRACTIONAL COMPOSITION ON THE
FILTRATION CHARACTERISTICS OF THE DRILLING MUD
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Knwuesvie cnosa: xombMaTaHt, OypoBOH pacTBOp, mOKas3aTeldb (QHUIbTPALHH,
YTSDKEIUTEND.

@OunpTpanusi OypoBOro pacTBOpa OJMH W3 BaKHEHIIMX TapaMeTpoB OypoBOTO
pacTBopa OCOOCHHO IMPH BCKPBITUU MPOJYKTUBHBIX IIacToB. CHMKEeHUE (DUIBTPAIIMOHHBIX
XapaKTEPUCTHK TTO3BOJISIET YMEHBIIUTh 30HY IPOHHUKHOBEHUS KaK TBEPOW TaK XKHUIKOH (a3bl
B Imiact. M3ydenue BiIMSHUS (PAKIMOHHOTO COCTaBa YTSDKCIUTENS - KOJBMATaHTa Ha
MoKa3areNb (QUIBTPAIUN TIO3BOJUT BHIOPATH ONTUMAIIBHBIN COCTaB TBEPAOW (a3bl B COCTABE
OypoBoro pactBopa. B paboTe mnpencTaBieHBl HCCIEAOBAaHUS IOKAa3aTels CTAaTHYECKOU
¢unbTpauu OypoBOTO pacTBOpa C JOOABKAMH PA3IMYHBIX YTSHKCIUTENICH KOJIbMATaHTOB.
[TonydeHHBIH pe3ysibTaT CBHICTEIBCTBYET, YTO HMHTECHCHBHOE CHW)KCHUE IIOKA3aTells
GwIbTpauK HaOJIOJACTCs TPU BBEIACHUU B PACTBOP KapOOHATa KajbIMs CO CPEIHUM
pazmepoM uactun, Ao 50 Mkwm. JlanmpHeilmue ucciaenoBaHUs HEOOXOAMMO HANpPaBUTh Ha
W3y4eHHE TOKas3aTels JAWHAMUYeCKOW (UIbTpAllMd, BO3MOXHOCTH 'cMmelnBaHus"
pa3nuuHbIX (GpakIuii B COCTaBe OJHOTO PAcTBOpa M OLEHKH UX BIHMSHHUS Ha IOKa3aTelb
bunpTparmu.

* %k ¥

Key words: bridging agent, drilling mud, filtration rate, weighting agent.

Filtration of the drilling mud is one of it's most important parameters, especially when
drilling-in producing formation. Decrease of filtration characteristics allows reducing both
solid and liquid phases's penetration zone into the formation. The study of the effect of the
weighting-bridging agent's fractional composition on the filtration rate allows selecting of
optimal composition of the solid phase in the the drilling mud. This paper presents studies of
the static filtration rate of drilling mud with addition of various weighting-bridging agents.
The obtained result indicates that an intensive decrease in the filtration rate is observed at
calcium carbonate's introduction into the solution with an average particle size of up to 50
um. Further studies should be directed to investigate the dynamic filtration rate, the
possibility of "mixing" of various fractions in the composition of one solution and the
evaluation of their influence on the filtration rate.
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3KOJIOTMYECKHA PEJIEBAHTHBIE COJIECTOMKHUE SMYJIbCUM THUIIA
«MACJIO B BOAE» 1JIs1 CTPOUTEJBCTBA HE®TAHBIX U I'A30BbIX
CKBAKUH
ENVIRONMENTALLY RELEVANT OIL-IN-WATER SALT-RESISTANT
EMULSIONS FOR OIL AND GAS WELL CONSTRUCTION

Ma3zvikun C.B., Ho30pa B.U., benenko E.B., Ilonuuyuenko B.I1.
000 «Cepsucnvuii Llenmp CEM», OO0 «HIIK « Cneybypmamepuansiy»
Mazykin S.V., Nozdrya V.I., Belenko E.V., Polyschuchenko V.P.
LLC «Service center SBM», LLC «NPK Special Drilling Materials»

Knwouesvte cnosa: OypoBOWl pacTBOp, 5SMYJBbCHS, MOBEPXHOCTHO-aKTHBHOE
BEIIECTBO, JKUPHBIC KUCIIOTHI, PACTUTEIBHOE MAacio, SMYJIbIaTop, IUCIEPCHOHHAs cpena,
OKpY’Kalomias cpefa, IKOJIOoruIeckas 6e30nacHOCTb.

B HacTtosdmee BpeMs, B CBA3M C HCYEPIIAHUEM JIETKOM3BJICKAEMBIX 3aI1acoB
YIJI€BOAOPOAOB, OCHOBHBIE 00BEMBI OypeHUsI HEPTAHBIX M ra30BbIX CKBAXKUH IPOU3BOISATCS B
KECTKUX TOPHO-TEOJIOTMYECKUX ycioBUsAX. Haubonee TEXHONIOTHYECKH COBEpIIEHHON
CHUCTEMOUN  SIBIISAIOTCS  OypoBBIE  pacTBOpPHl Ha  yriaeBojopoaHoir ocHoBe (PYO),
NpEeCTaBISIOMKE CO00H BOIHO-YITIEBOIOPOIHBIE SMYJIBCUU MHBEPHOTO ThMa. B mporecce
9KCIUTyaTalli OBbLIM BBISBIEHBl HEJOCTaTKH, OIpaHUMYMBaroliue npumeHeHue PYO:
sKosiornyeckas HecoBMectuMocTb PYO u orxonoB Oypenus (OypoBoro muiama, OypoBBIX
CTOYHBIX BOJI) C OKpYXKaroIlel cpeol, Tak Kak B coctaB PYO BXondT yriaeBo10opoabl U COJIH,
OTHOCsIIMECA K 3 KJIacCy ONAacCHOCTH.

Takum o0pazoM, akTyalbHOM 3amadell siBiseTcsl pa3paboTKa CTPYKTYpHUPOBAaHHBIX
HKOJIOTHUECKU O€30IacCHBIX AMYJIBCHOHHBIX COCTABOB THIA «Macjio B BoJe» i OypeHus,
OCBOCHMS U IIIyIIEHHs HEPTAHBIX U Ta30BbIX CKBAXUH YCTOMUYMBBIX MPU HACHIIIEHUU BOJIHON
¢da3pl  MUHEpalbHBIMM  coisiMU. Jlnsg nOpuMeHeHus B NPUPOAOOXPAHHBIX — 30HAX
pa3pabarbiBaeMble COCTaBbI JTOJKHBI UCIOJIb30BaTh B KAaue€CTBE MAcClIHON (a3bl MPOTYKTHI
PaCTUTENBHOTO TMPOMUCXOXKIACHUS: TPUTTULEPUIbl U aJKUIOBBIE 3(QHUpPHl Ha HMX OCHOBE.
Y CTONYMBOCTE MPSIMOM AMYIIBCHH, MPEACTABIAIONICH COO0W MUKPOIUCTIEPCHYIO MACIISHYIO
dazy (M®) (c xucnotaeiM yuciom 80 Mr(KOH)/r), pacnpeneneHHyr0 B MpecHOW BOJE,
JOCTUraeT Makcumyma B uHtepBasie pH = 9 — 9,5, coorBercTByrOLIEM HanOObIIEH CTENEHH
IIEKTPOCTATUYECKOW 3amuTel. B orcyrctBue smynerupyromero IIAB  ycroitunBocTh
smynbcuu M@, nucneprupoBaHHON B BOJIHOM (a3e, BecbMa HU3Kast. Karmu macistHol ¢asbl B
MIPSIMBIX OMYJIbCHSIX HE00X0IMMO CTaOMIN3UPOBATH no0aBKoOM HENOHHBIX
OKCUITUIUPOBAHHBIX [IOBEPXHOCTHO-aKTUBHBIX BEILIECTB (HITAB). Coueranue
AIIEKTPOCTATUYECKOr0 (haKTOpa CTaOMIM3AIMK SMYJIbCUN 32 CUET HAJIUYMS Ha TOBEPXHOCTH
MULEIT OTPULATEIBHO 3apsDKEHHBIX KapOOKCHIIATHBIX TPYMI U COPOLMOHHO-COJIBBATHOTO
3alIUTHOTO 3 eKTa THAPaTUPOBaHHbIX aacopOunoHHbIx cioeB HIIAB mo3Bonser co3nats
JIOCTaTOYHBIM TMOTEHLIMAIBHBIA SHEpreTHYeckuii Oapbep, YBEIMUYUBAIOMIMN IOJYNIEPUOJ]
YKU3HU MacCJISTHOM KaIlIM 1O HECKOJIbKUX JIET.
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VYcraHoBIEHO, YTO ISl MOBBIICHUS] YCTOMUYMBOCTU MPSIMBIX SMYJIBCUI U PACIIUPEHUS
TEMIIEPATYpPHOTO JUana3oHa WX NPUMEHEHHUS CIEAyeT MOBBICUTh KOI(PPHUIMCHTHI
CTEpUYECKOW W JHTPONMUUHON YCTONYMBOCTH CHCTEMBI. JlOTIOJIHUTENbHAS COJIOOMITH3AIMS
MOJIIPHBIX MAaCJIOPACTBOPUMBIX KOMIOHEHTOB (KHPHBIC KUCIOTHI M A(UPHI PACTHTEIBHBIX
Macell) IPUBOJAUT K Pa3BUTHUIO KOAJECIECHIMU U TMOHWKEHHUIO TeMIlepaTypbl MHBepcuu a3
(TUD) »smynbcuu. HampoTtuB, BBeIeHHE B OSMYJIbCHIO MHOTOATOMHBIX  CIIUPTOB
(TPUATUIICHTIIUKOIIb, TPONUJICHIJIMKOIb, TIUIEpUH) obecrieunBaeT ymepeHHblid poct TUD B
pe3yNbTaTe peanus3aliy ruApoTPOnHOro 3¢ ekra.

Ha ocHOBe mpoBeAECHHBIX HCCIENOBaHUN ObUla pa3paboTaHa TEXHOJIOTUYECKU
s dekTuBHAsS dMyIbCUOHHAs cuctema «GreenMudy», Bce KOMIOHEHTHI KOTOPOH  SIBISIFOTCS
OKOJIOTMYECKH  O€30MacHbIMM W  I[IUPOKO  HCIONB3YIOTCS B KOCMETHYECKOH W
CEIBCKOXO035MCTBEHHOU OTPACIISAX TPOMBIIIVICHHOCTH.

* k¥

Key words: drilling mud, emulsion, surfactant, fatty acids, vegetable oil, emulsifier,
dispersion medium, environment, environmental safety.

Currently, due to the exhaustion of easily recoverable hydrocarbon reserves, the main
volumes of oil and gas drilling are carried out in harsh mining and geological conditions. The
most technologically advanced system is hydrocarbon-based drilling muds (HBM), which are
water-hydrocarbon emulsions of the invert type. In the process of operation, shortcomings
were identified that limit the use of ore: environmental incompatibility of ORE and drilling
waste (drilling sludge, drilling waste water) with the environment, as the composition of ORE
includes hydrocarbons and salts belonging to the 3rd class of danger.

Thus, an urgent task is to develop structured environmentally friendly emulsion
compositions of the "oil in water" type for drilling, development and silencing of oil and gas
wells resistant to saturation of the water phase with mineral salts. For use in protected areas,
the developed formulations should use vegetable products as the oil phase: triglycerides and
alkyl esters based on them. The stability of the direct emulsion, which is a microdispersed oil
phase (OPh) (with an acid number of 80 mg (KOH)/g), distributed in fresh water, reaches a
maximum in the pH = 9 - 9.5, corresponding to the highest degree of electrostatic protection.
In the absence of an emulsifying surfactant, the stability of the OPh emulsion dispersed in the
aqueous phase is very low. Drops of the oil phase in direct emulsions must be stabilized by
the addition of nonionic oxyethylated surfactants (NSf). The combination of the electrostatic
factor of stabilization of emulsions due to the presence of negatively charged carboxylate
groups on the surface of micelles and the sorption-solvate protective effect of hydrated
adsorption layers of NSf allows to create a sufficient potential energy barrier that increases
the half-life of the oil drop to several years.

It is established that in order to increase the stability of direct emulsions and expand
the temperature range of their application, it is necessary to increase the coefficients of steric
and entropic stability of the system. Additional solubilization of polar oil-soluble components
(fatty acids and esters of vegetable oils) leads to the development of coalescence and a
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decrease in the phase inversion temperature (PIT) of the emulsion. On the contrary, the
introduction of polyatomic alcohols (triethylene glycol, propylene glycol, glycerin) into the
emulsion provides a moderate growth of PIT as a result of the hydrotropic effect.

On the basis of the conducted researches the technologically effective emulsion
system «GreenMud» was developed, all components of which are ecologically safe and are
widely used in cosmetic and agricultural industries.

TEXHOJIOI'M OBPAIMEHUA C OTXOJAMU BYPEHUA
DRILLING WASTE MANAGEMENT TECHNOLOGIES

Ma3zvikun C.B., Ho30pa B.U., bvizoe A.1O.
000 «Cepsucnvuii Llenmp CEM», OO0 «HIIK « Cneybypmamepuanoi»
Mazykin S.V., Nozdrya, V. I., Byzov A.Y.
LLC «Service center SBM», LLC «NPK Special Drilling Materials»

Knrwuesuwie cnosa: 6ypeHHe CKBa’XHH, OTXOJbI 6ypeHI/IH, OKpYyKaromias cpeaa.

B Hacrosimee BpeMsi pasBUTHE He(TEra3zoqo0BIBAIONIETO KOMIUIEKCA CTHMYJIUPYET
pocT 00beMOB OYpOBBIX paboT, 4TO, B CBOIO OYEpe/lb, HE MOXKET HE OKa3bIBaTh HETATUBHOTO
BJIUSHUS Ha BCE KOMIIOHEHTHI OKpY)KaloIIeW cpeiabl OOBEKTOB HEAPOINOIb30BaHUS.
HauOonpiieMy TEXHOT€HHOMY BO3ACHCTBHIO B IIPOLECCE CTPOUTENLCTBA  CKBAaXHH
HOJBEPraloTcs HPUPOJHBIE SKOCHCTEMbl Ha TEPPUTOPUAX XPaHEHHs U CKJIAJUPOBAHUSA
OTXOJIOB OYpEHUs, UTO SIBJIETCS CIEJCTBHEM HECOBEPILICHCTBA CYILECTBYIOIIUX TEXHOJIOTHH
OYHUCTKH U YTHIIN3ALUHU OTXO0/10B OypeHHUs.

Takum o6pazom, aktyanbHo# 3amaueit OOO «Cepsuchselii Llentp CbM» sBnsercs
pa3paboTKa CTPYKTYpPHUPOBAHHBIX 3KOJOTMYECKH 0€30MacHBIX TEXHOJIOTUN MO OOpAIEHUIO C
OTXO/JaMU TIPU CTPOUTENHCTBE HE(TAHBIX M Ta30BBIX CKBaXHMH. B pamkax peanuzanuu
IIPOM3BOJICTBEHHBIX 33/1a4 OOIIECTBO MPECIEYET CAEAYIOIIHNE LIETH:

e lIHTerpupoBaHHbIH 01X0 B 00;1acTH OypOBBIX PACTBOPOB U YTUIIU3ALIUY;
e JlomHblii cOOp W M3OMALMSA OTXONOB OypeHMs, OOpa3yloIIMXCs B Ipolecce

CTPOUTENIbCTBA CKBAYKUH;

e Onrumusanus oOpa3oBaHuUs OTX0/10B OypeHHUS;
e [lepepaboTka OTXO0/IOB OypeHHUsS C TIOJIYYCHHEM  DKOJOTHYECKH  YHUCTOTO

CTPOMTENLHOTO MaTepHana;

e CHmKeHHe HETaTUBHOTO aHTPOIMOTEHHOTO BO3/IEHCTBHUS HA OKPYKAIOIIYIO CPEeay;
e VIIydlIeHHE dKOJOTMYECKOrO COCTOSHUS TEPPUTOPHIL;

e CokpallleHue II0Ia/Iel Mo/1 3aXOPOHEHHUE H HAKOTUICHHE OTXOI0B OYpeHUS;

e BHeapeHue U COBEPIIEHCTBOBAHNE HOBEHUIINX TEXHOJIOTHHM U 000py10BaHUS;

e BopieueHue Nojae3HOro NpoayKTa B IPOM3BOACTBEHHBIE 1IETHU 3aKa3UHKa.

B nokname paccMaTpuBarOTCS  CIENYIOIIME TEXHOJIOTUYECKHE IPOLECChl IO
oOpallleHHI0 ¢ OTXoJaMH OypeHusi, KOTOpble TPUMEHSIOTCS NpU NPOEKTUPOBAHUU U
peanu3anuu mpou3BoAcTBEHHBIX 00beKTOB OO0 «CepBuchbiii Llentp ChbM»:
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e  VYTunusauus oTX0A0B (METOJ OTBEPHKACHU);

e (OOGe3BpeKMBAaHHE OTXOJ0B (METOJ TEPMUUECKOMN JECTPYKLIUN);

e besomacHas wM30/A1Us OTXOMOB B TIJIyOOKO3al€raroliue IOJ3€MHbIE TI'OPHU30HTHI
(Hpe,IIBapI/ITeJIBHO MMOATOTOBJICHHAA ITYJIbIIa 3aKa4YMBACTCA I10J HaBJICHUCM B ILJIACT,
HaJCcXHO I/I3OJII/Ip0BaHHLII71 OT BOOOHOCHBIX U NPOAYKTHBHBIX I‘OpI/ISOHTOB).
Pa3mernienne oTX0/10B B MOJA3EMHBIX pe3epByapax (00beM OTXOJIOB HANpaBIISAETCS B

HNOJ3€MHBI  pe3epByap, BMELIAIOIIME IOPOJbl KOTOPOrO HMEIT OTPHULATEIbHYIO
temneparypy. Ilo ncreueHMM BpeMEHH OTXOJbl IEPEXOAAT B TBEPAOMEP3IOE COCTOSHUE,
coCTaBJIsAs OOIIUNA MOHOJIUT C IPUPOIHBIM MAaCCUBOM).

* % %

Key words: well drilling, drilling waste, environment.

Currently, the development of the oil and gas complex stimulates the growth of
drilling operations, which, in turn, cannot but have a negative impact on all components of the
environment of subsoil use facilities. Natural ecosystems in the areas of storage and storage of
drilling waste are exposed to the greatest technogenic impact during the construction of wells,
which is a consequence of the imperfection of existing technologies for cleaning and disposal
of drilling waste.

Thus, the actual task of LLC «Service center SBM» is the development of structured
environmentally friendly technologies for waste management in the construction of oil and
gas wells. As part of the implementation of production objectives the company pursues the
following objectives;

e Integrated approach in the field of drilling fluids and disposal;

e Complete collection and isolation of drilling waste generated during well construction;
e Optimization of drilling waste generation;

e Recycling drilling waste to produce environmentally friendly building material,

¢ Reduction of negative anthropogenic impact on the environment;

e Improvement of ecological condition of territories;

e A rreduction in the area under the disposal and accumulation of drilling waste;

e Introduction and improvement of the latest technologies and equipment;

¢ Involvement of the useful product in the production goals of the customer.

The report discusses the following technological processes for the treatment of drilling
waste, which are used in the design and implementation of production facilities of LLC
«Service center SBM»:

e Waste disposal (curing method);

e Waste disposal (thermal destruction method);

e Safe isolation of waste into deep underground horizons (pre-prepared pulp is pumped
under pressure into the reservoir, which is reliably isolated from aquifers and
productive horizons).
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Placement of waste in underground tanks (the volume of waste is sent to an
underground tank, the containing rocks of which have a negative temperature. At the end of
time, the waste passes into a frozen state, forming a common monolith with the natural
massif).

PAZPABOTKA NOJIMMEPIEMEHTHBIX I'A30KHAKOCTHBIX
TAMIIOHAKHBIX CMECEH
THE DEVELOPMENT OF POLYMERCEMENT GAS-LIQUID CEMENT
MIXTURES

Mep3znakoe M.10., Cmpaynnuk U.A., Hukumuna A.A.
Canxm-Ilemepoypeckuii eopnuiti ynusepcumem, Cankm-Ilemepoype
Merzlyakov M.Y., Straupnik I.A., Nikitina A.A.
Saint-Petersburg Mining University, Saint-Petersburg

Knrwuesvie cnosa: KPCIUICHUC CKBAXXHH, TI'a30KUAKOCTHBIC TaMIIOHAa>XHBIC CMCCH,
MOJIMMEPLUEMCHTBI, CJIOKHBIC T'OPHO-TCOJIOTMYCCKUEC YCIIOBHA.

B coBpeMeHHBIX yCIOBHSAX pacTeT MOTPEOHOCTh B Pa3padOTKE HOBBIX TAMITOHAXKHBIX
cMeceil M TEXHOJIOTMH WX NPHUMEHEHUs Uil OOecleyeHUs KayeCTBEHHOrO KperIeHUs
CKB&XMH B CIOXHBIX T'OPHO-TEOJOTHYECKHX YCIOBHUSX, OOYCIOBIEHHBIX HAIMYUEM
AQHOMAJbHO HU3KHMX TIUIACTOBBIX [ABJICHUN, 30H TOMVIOMIEHUNA WM MHOTOJETHEMEP3JIbIX
nopoa. OmuuM w3 Haumbonee 3G EKTHBHBIX pEIICHUH OTMEYEHHOH 3aladyd SBISETCS
UCIIONIb30BaHUE Ta30KUAKOCTHBIX TaMmoHaxXHbIX cMmeceil (IDKTC). [lanHble TaMIOHaXKHBIE
cMecH 007aal0T YHHMKAJIBHBIMU CBOMCTBAMHU 3a CYET CBoed ocoboit cTpykrypsl. [lpexne
Bcero, Heobxoaumo otmeTuth, yto [DKTC mmeror manytro miaotHocts (10 360 KF/M3) "
HU3KYIO0 TeruonpoBoaHocTh (okono 0,25-0,7 Bt/(M°C)) [1]. [Tomumo 3TOrO, CTOUT TakKke
MOMYEPKHYTh HUX BBICOKYIO KOJBMATHUPYIONIYIO (3aKYMOPUBAIOIIYIO)  CIHOCOOHOCTb,
HECYIIECTBEHHYIO BOJIOOTAAUY, 00Jiee 3HAYUTENbHYIO CIOCOOHOCTh BBITECHSTh HAXOISAIIHIICS
B CKBa)KHMHE OYpOBOil pacTBOp MO CPAaBHEHUIO C OOBIYHBIMU TAMIIOHAXXHBIMU CMECSIMH.

CdopmupoBannbii u3 [DKTC 1eMeHTHBIM KaMeHb MMEET BBICOKHE MEXaHWYECKHE
XapaKTepUCTUKHU, NPOSBISAIOUIMECS B HUX OOJBIION 3JIaCTUYHOCTH, COKMMAEMOCTH U
YCTOMYMBOCTH K BO3HUKAIOIIMM II€pEMEHHBIM Harpy3kaM. HapyliieHue 11e10CTHOCTH
CTPYKTYpPhl KaMHs, BBI3BAaHHOE TEMIIEPATYPHBIMH KOJEOAHUSMU WA IUKIXICCKUMU
Harpy3kaMu MOJi JACMCTBHEM H3MEHSIOUIETOCs THIPOCTATHUECKOTO JABJIEHUS B CKBaXKUHE,
MOKHO n30exaTh myTéM ucnonbzoBanusi [JKTC, mopucras cTpykTypa KOTOPBIX MO3BOJSET
MpeIyNpeanTh Pa3BUTHE TPEIIUH 10 BceMy o0bemy kamHs [2]. Takum oOpa3om, CHIKAIOTCS
PUCKH BOSHUKHOBEHHUS OCJIOKHEHHH M aBapHil W MOBBIMIAIOTCS CPOKU CIYXKObI CKBKUH. Tem
HE MEHee, [IEMEHTHbBIN KaMeHb, oOpazyeMsiii [JKTC, obnagaer Gonee HU3KUMU 3HAYCHUSIMU
OPOYHOCTH M aare3uu. OTYacTU JaHHbIE HEAOCTAaTKW MOTYT OBITh YCTPaHEHbI MYTEM
BBeneHns B coctaB [JKTC mommmepoB, CMOCOOHBIX YIYYIIUTh MEXaHMYECKHE CBOWCTBA
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LIEMEHTHOIO0 KaMHs. B kadyecTBe NOJMMEPHBIX BSKYIIMX IPEANOJIAracTcsl MCIOIb30BaTh
pa3IMYHbIE CMOJIBL, JJATEKCHl HA OCHOBE CUHTETUYECKUX Kay4yKOB U T.II.

[Inanupyemble ucciegoBaHus OyqyT HampaBlieHbl Ha pa3pabdOTKy HOBBIX JIETKUX
TaMIIOHAXXHBIX CMECEH, COAEpPKaIUX IOJHUMEpHI, Ul CO3JaHUs KadyeCTBEHHOU H3O0JISILUU
3aTpyOHOIr0 MPOCTPAHCTBA CKBAXHH B CII0’KHBIX TOPHO-T€0JIOTHYECKUX YCIOBHSIX.

CIIMCOK UCITOJIb30BAHHOM JINTEPATYPBI

1. Merzliakov, M.Y. Improving the efficiency of well cementing in permafrost
regions by using gas-liquid cement mixtures / M.Y. Merzliakov, A.V. Podoliak //
International Journal of Applied Engineering Research. — 2017. — 1. 9. — V. 12. — P. 1879-
1882.

2. llep6akos, /. B. CymecTBytoniie npo0ieMsl Mpu IeMEHTHPOBAHUN CKBAXHH /
. B. lllep6axos // Hedts. I'a3. HoBammu. — 2013. — Ne 3. — C. 41-45.
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geological conditions.

In our days, there is an increasing need to develop new cement mixtures and
technologies for their application to ensure high-quality of wells lining in difficult geological
conditions, due to the presence of abnormally low reservoir pressures, absorption zones or
permafrost. One of the most effective solutions is the use of gas-liquid cement mixtures
(GLCM).

GLCM have unique properties due to their specific structure. First of all, it is
important to notice that GLCM have low density (less than 360 kg/m®) and low thermal
conductivity (0,25...0,7 W/(m-K) [1]. On the other hand, this liquids have high colmatation
(clogging) ability, insignificant water loss and greater ability to displace drilling fluid in the
well compared to conventional cement mixtures.

The cement stone formed from GLCM has high mechanical characteristics, manifested
in their great elasticity, compressibility and resistance to emerging variable loads. The
destruction of the stone structure integrity caused by temperature fluctuations or cyclic loads
under the influence of changing hydrostatic pressure in the well can be avoided by using
GLCM. Theirs porous structure prevents the development of fractures throughout the volume
of the stone [2]. So, the risks of complications and accidents are reduced and the well life time
IS increased.

However, cement stone formed by GLCM has lower strength and adhesion values. In
part, these shortcomings can be eliminated by including polymers into the composition of
GLCM. These polymers are capable of improving the mechanical properties of cement stone.
It is possible to use different resins, synthetic rubber latexes, etc. as polymer binders.

The planned research will be aimed at the development of new light cement mixtures
containing polymers to create high-quality isolation of the well annular space in difficult
geological conditions.
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IKOJIOI'MYECKHU BE3OITACHBIE XUMPEAT'EHTBI U BYPOBBIE PACTBOPBI
ENVIRONMENTALLY FRIENDLY CHEMICALS AND DRILLING FLUIDS

Moiica IO.H.
000 «HIIO «XumbypHegpmoy
Moisa Yu.N.
NPO Khimburneft LLC

Kniouesvie cnoea: OpraHoMHHEpalibHOE  HMHTMOMPOBAHUE  TJUH, CKOPOCThb
YBIIQ&XXHEHUs, OypOBOH pacTBOp Ha BOJHOHW OCHOBE, CKHH-()aKTOp, OTHOCHTEIbHA
MPOAYKTUBHOCT.

000 «HIIO «XumOypHedTh» pa3paboTaHbl M MPOMBILIUIEHHO BBITYCKAIOTCS
JKOJIOTHUYECKH Oe3omacHple cMazouHble no0aBku cepun «PK-2000» u opraHuveckue
uHruouTopsl rauH cepun «XBbH» s OypoBbIX pacTBOpoB Ha BOAHOHM ocHoBe. dusmko-
XMMHUYECKHE CBOMcTBa XMMpeareHToB u3Mmepsuin B cooTBerctBuH ['OCT P 56946-2016
«HedTsHass wu ra3oBas NPOMBIIIEHHOCTb. Marepuansl OypoBbIX pacTBOopoB». C
NPUMEHEHHEM YKa3aHHBIX XHMPEAareHTOB MPUIOTOBIEHBI HKOJIOIMYECKH Oe30MacHble
owonosmMepable  OypoBele  pactBopel  «HBN  BIO PRO»  opranommHepalibHOTO
unruouposanus («XBH» + KCI) u «<HBN NC PRO» Ha ocHOBE a30THOTO yJIO0OpCHHUS -
autpara kanbims («XBH» + Ca(NOs),) [1, 2]. OueHky U ONTHMHU3AIMIO WHTHOUPYIOIIMX
CBOWCTB XMMpEAreHTOB M OYpOBBIX pacTBOPOB MPOBOAMIHN B cooTBeTcTBHM ¢ P 39-2-813
BHUUKPHedTs 1o mokazatemto Ilp (cm/uac) - CKOPOCTM  YBJIQXHEHUS TJIMHBIL.
WNurubupyroiye cBONCTBA XUMPEAreHTOB M OypOBBIX PAacCTBOPOB B CpaBHEHHMU 3% BOJHBIM
pactBopom KCI npencrasnienst B Tadmuiie.

Ne [Mpeamer Tectuposanus, T =20 °C Bpewms tecra, yac Io, cm/gac
1. | 3% KCI (KOHTpOJIBHBII TECT) 4 0,96
2. | 5% «XBH» 4 1,76
3. | 5% «XBH Ilmroc» 4 1,33
4., | «HBN BIO PRO» 1050 xr/m3 4 0,95-1,15
5. | «<HBN NC PRO» 1420 xr/m3 4 0,10-0,43

Pe3ynpTaThl aHanm3a KayecTBa COXpaHEHHS KOJUIEKTOPCKHX CBOMCTB MPOAYKTHBHOTO
rutacta B coorBercTBum PJI 39-0147001-742-92 nHa npumepe MpsIMBIX KEPHOBBIX MCTIBITAHUN

49




U pacdera nokasareneil R, S u ornocurensHol npoxyktuBHOCTH (OIl) mpuMeHHTENBHO K
mwiacty Typaelickoro sipyca Pomamkuackoro wmecropoxnaenus I[TAO «TatHedTh» mnpu
ucnonb3oBanu «HBN NC PRO» mokasbBaioT, 4To MpH MPOJOJIKUTEIBHOCTH BCKPBITHS
rutacrta 3a nepsbie U Ha 20 cyTku panuyc punstpanuu cocrasiset ot 0,306 go 1,295 m, ckuH-
daktop yBenmmuuBaercs ot 0,015 mo 0,029, a oTHOcuTENbHAS MPOTYKTUBHOCTh CHMIKACTCS
Bcero ot 0,998 no 0,995.

Dxonorudecku Oe3oracHple xumpeareHThl cepur «XBbHy», «DK-2000» u OypoBbie
pactBopsl: «<HBN BIO PRO» u «HBN NC PRO» obecrieunBaroT MUHUMaIbHOE HETaTHBHOE
BO3/ICHCTBUE HA TUAPOIUTOCHEPY U MPOTYKTUBHBIEC TUIACTHI HEPTETA30BBIX MECTOPOXKICHUN
JUISL YCIIEITHOTO CTaOMIIBHOTO Pa3BUTHS TOTLUTUBO-9HEPT€TUIECKOTO KOMILIEKCA.
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Khimburneft has developed and manufactures environmentally friendly products:
series of lubricants named FK-2000 and organic inhibitors of clay HBN and HBN Plus for
water-based drilling fluids. Physico-chemical properties of products were measured in
accordance with State standard (GOST R 56946-2016) «Oil and gas industry. Drilling Fluid
Materials». Based on these chemical products, an environmentally friendly biopolymer
drilling fluid called HBN BIO PRO capable to inhibit clays, which contains HBN and KClI,
and drilling fluid HBN NC PRO, based on nitrogen fertilizer - calcium nitrate Ca(NO3), and
HBN [1, 2], were made. Quality control of inhibitory properties of products and drilling fluids
were carried out in accordance with standard of Scientific Research Institute VNIIKRneft
(RD 39-2-813) by Ilp index (cm/h) - the clay-moistening rate. Table 1 shows inhibitory
properties of products and drilling fluids compared to 3% water solution of KCI.

Ne Subject of testing, T = 20 °C Testing time, hour [Ty, cm/h
1 3% KCI (control test) 4 0,96

2 5% «HBN» 4 1,76

3 5% «HBN Plus» 4 1,33

4 «HBN BIO PRO» 1050 kg/m® 4 0,95-1,15
5 «HBN NC PRO» 1420 kg/m® 4 0,10 - 0,43
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According to standard (RD 39-0147001-742-92) direct core tests of the Turneiskiy
layer of the Romashkinskoye field of Tatneft were carried out using HBN NC PRO solution.
The quality of preservation of the reservoir properties of the field was estimated by indicators
Rd, S and relative productivity. Tests have shown that during the period of opening the
formation on first and on 20 day the filtration radius increased from 0.306 to 1.295 m, the skin
factor increased from 0.015 to 0.029, but the relative productivity decreased only from 0.998
to 0.995.

The environmentally friendly chemicals HBN, HBN Plus, FK-2000 series and drilling
fluids: HBN BIO PRO and HBN NC PRO provide minimal negative impact on the hydrolyte
sphere and productive formations of oil and gas fields, ensuring sustainable development of
the fuel and energy complex.
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HCCJEJTOBAHUE BJIUSHUS ®PAKIITMOHHOI'O COCTABA KAPBOHATHBIX
YTSIKEJIMTEJIEN HA PEOJIOT IO BE3IJIMHUCTHBIX BYPOBBIX
KUJKOCTEHR
INVESTIGATION OF THE FRACTIONAL COMPOSITION INFLUENCE OF THE
CARBONATE WEIGHTING AGENTS ON THE RHEOLOGY OF THE CLAYLESS
DRILLING FLUIDS
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Knwouesvie cnosa: xonpMaTaHT, OypOBOH pacTBOp, PEOJOTMYECKHE MapaMeTphl,
YTSDKETTUTEb.

B pabote paccmaTpuBaeTcs BOIPOC CHUKEHUS BIIMSHNS KOMIIOHEHTOB O€3TJTIMHUCTOTO
OypoBoro pactBopa Ha (UIBTPALMOHHBIE MapaMeTpbl MPOAYKTHUBHOrO Iiacta. B cocras
TaKUX PAaCTBOPOB B KaueCTBE YTSDKEJSIOIIEH U KOJIbMAaTHPYIOLIEH 100aBKH 4acTo J00aBISIOT
KapOOHAaT KanblMs pa3nuuHbX (paknuil. [IpuHATO CUWTaTh, YTO YTSDKENIUTENH -
KOJIbMATaHThl JJOCTATOYHO WHEPTHBIE BEIECTBA U MX J00aBKa HE BIIUSAET HA PEOJIOTHYECKUE
napameTpsl OypOBBIX paCTBOPOB.

51



Ha ocHOBaHWU BBINIECKA3aHHOTO ObLIA MPOBEJCHA OILEHKA BIUSHUS (PAKIIMOHHOTO
cocraBa KapOOHATHBIX  YTSDKEIUTENCW Ha  CTPYKTYPHO-PEOJIOTHUECKHE  TapaMeTphl
OHMOIOJIMMEPHOTO OYPOBOTO PAaCTBOPA, IPUMEHSIEMOTO Ik OypeHUs: MPOYKTHUBHBIX TUIACTOB.
B xone uccrnenoBaHusi OIEHUBAIUCH MIECTh BUIOB KapOOHATHBIX YTSDKEIUTENEH CpeaHUM
pasmepom yactuil ot 5 10 150 Mkm. [locTpoeHbl peosiornyeckue KpuBbIE M JaHa OLICHKa
MOJIyYEHHBIM pe3ysibTaTaM. Takke pacCMOTPEHBI YeThIpe METO/Ia M0 M0A00py PpaKIIMOHHOTO
cocTaBa KOJIbMAaTaHTOB.

* k¥

Key words: bridging agent, drilling mud, rheological properties, weighting agent.

The article considers the issue of reducing the influence of clayless mud components
on the filtration parameters of the reservoir. In the composition of such solutions, calcium
carbonate of various fractions is often added as a weighting and colmatizing additive. It is
generally accepted that weighting bridging agents are sufficiently inert substances and their
addition does not affect the rheological parameters of drilling fluids.

Assessment of the fractional composition effect of carbonate weighting agents on the
structural-rheological parameters of the biopolymer drilling mud used for drilling productive
reservoirs was made in the paper. Six types of carbonate weighting agents with an average
particle size of 5 to 150 um were evaluated during the study. Rheological curves were
constructed and the obtained results are analyzed. Also reviews four main methods for
selecting fractional composition of the weighting agents.

BJUAHUE YJIEJbHON NOBEPXHOCTHU TAMIIOHAXKHBIX IEMEHTOB HA
NX KOPPO3HOHHOCTOMKOCTH U TIPOYHOCTHBIE U XAPAKTEPUCTHUKH
INFLUENCE OF SPECIFIC SURFACE OF GROUTING CEMENTS ON THEIR
CORROSION RESISTANCE AND STRENGTH AND CHARACTERISTICS

Huxonaes H.HU., Kanxanoaes 4. A.
Canxm-Ilemepbypeckuii copnuviii ynueepcumem, Canxkm-Ilemepoype
Nikolaev N.I., Zhapkhandaev Ch.A.
Saint-Petersburg Mining University, Saint-Petersburg

Knrwuesvie cnoea: HCMCHTHBIfI KaMCHb, INOPUCTOCTb, TOHKOCTH IIOMOJIA, YyACJIbHAaA
IMOBEPXHOCTDh, MPOYHOCTh, KOPPO3U-.

Ha ceropHamHuii J€Hb CYIIECTBYET psi HEpEIICHHBIX MpoOJieM, CBS3aHHBIX C
O0COOEHHOCTSIMM ~ IIEMEHTHUPOBAHUS CKBKUH, B pa3pe3e KOTOPBIX IMPHUCYTCTBYIOT
CEpOBOJOPOACOAEPKALINE TOPHBIE TOPOIBL.

IIpoBeneHHBIH aHAIM3 HAayYHBIX PAa0OT MO3BOJHMJ YCTAaHOBUTH, YTO B YCIOBHAX
CEpOBOJIOPOJAHON  arpecCMM  MOXKHO ~ HCIOJb30BaTh  ONPEIEJCHHBI  aCCOPTUMEHT
TaMIOHAKHBIX MaTE€PHAJIOB: TIMHO3EMHUCTHIM IIEMEHT, U3BECTKOBO-KPEMHE3EMUICTYIO CMECh,
MOJIMMEPLIEMEHTHBIE CUCTEMbI, KOPPO3HOHHOCTOIKKE Matepuainbl, obneryeHusie (L{ITOK) u
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yrsoxenennsle (UTYK), mmakonecuansie cmecu coBmectHoro nomona (IOTTHC, VI,
OMILl). Cro#KOCTh NEMEHTHOTO KaMHs OT KOPPO3UH TIJIaBHBIM 00pa3oM 3aBHCUT OT
XUMHUYECKON CTOMKOCTH €r0 KOMIIOHEHTOB 110 OTHOIIEHUIO K KOPPOAUPYIOIIEMY areHTy.

OnHOM W3 OCHOBHBIX XapaKTEPUCTHK LEMEHTHOTO KaMHS ONPEACISIOMUX €ro
MPOYHOCTh U CTOMKOCTb K BO3JEHCTBUSM KOPPO3UH, SIBISETCS TOHKOCTH IIOMOJIA IIEMEHTA.
YucneHHOe TMpeAcTaBiIeHUE TOHKOCTH IIOMOJAa IIEMEHTa BBIPAXKAETCS 4Yepe3 IOHSATHE
yIEIbHOW IMOBEPXHOCTHU ILEMEHTa — CyMMapHas BHEUIHSS MOBEPXHOCTh YaCTUI[ B OJHOM
rpaMme IIeMEHTa (CMZ/F). CrnenoBaTenbHO, yACJIbHAS MOBEPXHOCTH OOJBIINE, YeM OOJbIIe
TOHKOCTh IIOMOJIa IIEMEHTAa. YBEJIWYCHHE TOHKOCTH IIOMOJa YBEIUYMBACT IJIOTHOCTh H
YMEHBIIAET OOIIYI0 MOPUCTOCTh LIEMEHTHOTO KaMHA. YMEHBLICHHE [OPUCTOCTU
CIOCOOCTBYET YBEITUYCHHUIO KOPPO3HOHHOM CTOMKOCTH IIEMEHTHOTrO KaMmHs. Ho HeoOxommmo
y4ecTh OJUH (DaKT, YTO MPHU JOCTHIKCHUH ONPEACICHHOTO 3HAYCHUS YACTbHON MOBEPXHOCTH
MPOYHOCTH KaMHSI MOKET YIAaCTh.

ToHKOCTB MOMOJIa — BayKHEHIIIEe CBOWCTBO LIEMEHTA, TIOATOMY €€ CleAyeT TUIATeNbHO
KOHTPOJIMPOBATh IOCKOJbKY OHa BIMAET Ha CKOPOCTb TBEPJCHHS, BOJOIEMEHTHOE
COOTHOIIIEHUE, KOHTPAKIIIO, KOPPO3SHOHHYIO CTOHKOCTH M IPOYHOCTb.

Taxum 06pa3om, Ha JAHHBIA MOMEHT HET ONPEICICHHO TOYHOTO MOAX0/a K PEIICHHIO
poOJIeMBI CEPOBOJOPOIHON KOPPO3HH IIEMEHTHOTO KaMHs. JTO CBSI3aHO, B IEPBYIO OYepeib
C TEM, YTO HET OJHO3HAYHBIX BBHIBOJIOB O MEXaHHM3ME M TOCJIECTBHAX STOTO BHIA KOPPO3HH.
O4eBHIHO, YTO OCHOBHBIM CIIOCOOOM TIOBBIIICHHS KadeCcTBA IIEMEHTHPOBAHUS CKBAXHH
ABIISIETCS. N3MEHEHHUE CBOWCTB TAMIIOHAKHOTO PAacTBOPA.
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To date, there are a number of unresolved problems associated with the peculiarities of
well cementing, in the context of which hydrogen sulfide-containing rocks arise.

The analysis of scientific works allowed to establish that in the conditions of hydrogen
sulfide aggression it is possible to use a certain range of plugging materials: alumina cement,
lime-silica mixture, corrosion-resistant materials, light and weighted, slag-sand mixture of
joint grinding. In some cases, allowed to use plugging Portland cement, resistant to sulfate
corrosion, grade G (ptst I-G CC-1) and H (ptst I-H CC-1), having high strength
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characteristics. Resistance of cement stone from corrosion mainly depends on chemical
resistance of its components in relation to the corroding agent.

One of the main characteristics of cement stone determining its strength and resistance
to corrosion is the fineness of grinding cement. A numerical representation of the fineness of
cement grinding is expressed through the concept of the specific surface of cement - the total
external surface of the particles in one gram of cement (cm? / g). Consequently, the specific
surface is greater, the greater the fineness of the grinding of cement. Increasing the fineness of
grinding increases the density and reduces the overall porosity of the cement stone. The
decrease in porosity increases the corrosion resistance of the cement stone. But it is necessary
to take into account one fact that when a certain value of the specific surface is reached, the
strength of the stone can fall.

Thus, at the moment there is no definitely accurate approach to solving the problem of
hydrogen sulfide corrosion of cement stone. This is primarily due to the fact that there are no
unambiguous conclusions about the mechanism and consequences of this type of corrosion. It
is obvious that the main way to improve the quality of well cementing is to change the
properties of the grouting solution.
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BaxxHBpIM TE€XHOJOTrHYECKUM pemICHUCM TI0 COKpAIICHUIO CPOKOB CTPOUTCILCTBA
CKBOXUH U CHIDKEHUIO 00BHEMOB O6paSOBaBHII/IXC$I OTXO0J0B 6ypeHH51 ABJIICTCA BHCAPCHUC
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0OE3BOIHBIX CHUCTEM OypPOBBIX PACTBOPOB B KOMILIEKCE C Oe3aMOapHBIM OypeHHEM W MOJHBIM
PELIMKIMHIOM PacTBOPOB.

Kommanuss OOO «CepBucusiii Llentp CBM» npuMeHsieT JTuHeHKy cucteMm OypoBBIX
pactBopoB Ha He BoaHOW ocHoBe «llommdkonon @mopayn, «Ilomubyp Typ6o»,
«[lonmudmynbcan». JlaHHBIE CHCTEMBl MAaKCHUMaJbHO IOJIHO OTBEYAIOT 3KOJOIMYECKUM U
TEXHOJIOTUYECKUM TPEOOBaHUM IS OBBIIIEHUS KA4eCTBA CTPOUTENIBCTBA U MUHUMAIILHOMY
BO3/ECHUCTBUIO Ha OKPYXKAIOILYIO cpely. DKOoJoruueckas 0e301acHOCTh OCHOB JAHHBIX CHCTEM
HO3BOJMJIM ILIMPOKO IIPUMEHSTH JaHHbIE CHUCTEMbl B KOMIUIEKCE C pereHepauueil u
nepepabdoTKOi 0TX0/10B OypeHusl.

Cucrema OypoBoro pactBopa «llommskonon @nopa» paspabortana s OypeHHS
ckBakuH Ha Yasumuackom HI'KM u mpencrasisier coOoli O€3BOMHYIO CHCTEMY Ha OCHOBE
METHJIOBBIX J(HUPOB JKUPHBIX KHCIOT, MOJUCIUPTOB. I[IpuMEeHEeHWEe MTaHHOH CHCTEMBI
HO3BOJIMJI CYIIECTBEHHO CHHM3UTh KOJMYECTBO OCJIOKHEHHH, BBI3BAHHBIX MOIJIOIIEHUSAMH U
COKpAaTHUTh IJIAHOBOE BpeMs OypeHUs Ha 15 CyTOK. TOPU30HTAJIBHBIX CKBRXHUH C OTXOAOM JI0
2000 m. B mactosmee Bpems Ha cucteme llommdkonon ®dmopa npoOypeHo cwimie 200
TOPU30HTAJIBHBIX CKBa)KUH.

Cucrema O0ypooro pactBopa «I[lomubOyp Typ6o» paspaboran ist OypeHUs CKBaKHH
KOBBIKTUHCKOTO MECTOpPOXKJIEHUSI U IPEICTaBiIsieT cO00i OE3BOJHYIO CHUCTEMY Ha OCHOBE
KOMIUIEKCAa METHJIOBBIX 3(HUpPOB KUPHBIX KUCIOT U anbda onepuHoB. «Iloaudyp TypOo»
MO3BOJIICT PEaIN30BaTh OYPEHHE B YCIOBHSX ¢ HU3KUMHU KOX(P(PHUIIMEHTAMH aHOMAJIBHOCTH,
UMEET 3HAUUTENBHBIH pecypc MO YTSDKENEHHUIO, IOCTYIUIEHHIO parbl, yCTOWYMBa K
CEpOBOJIOPOAHON arpecCMd M MHOTOKPAaTHO MOBTOPHO MCIOJB30BAaThCA HA MOCIETYIOLIUX
CKBaXXMHaX.

Cucrema «Ilommamynbcan» npejncTaBiseT co00i 3MyJIbCHIO0 BTOPOTO POjia HA OCHOBE
MHUHEpaJIbHOTO U CUHTeTHYecKoro mMacen. Ha otaenbHbix o0bekTax «PH-IOranckuedreras» B
Ka4ecTBe OCHOBBI cucTeMbl «[loMaMybcan» MPUMEHseTCsl cuHTeTHYeckoe Macio Driltec B2
C kuHemaTuueckol BsizkocThio MeHee 2 cCrt. [Ipumenenue cuctemsl «llonmusmynbcan» B
KOMIUIEKCE C IIOJIHBIM PELMKIMHIOM TIO3BOJIIET JOCTUraThb PEKOPAHBIX CKOpOCTEH
CTPOUTENIbCTBA CKBAYKUH.

Tak ¢ wucnonb3oBanuem cucremsl «llonusmynbcan» mnpoOypeHa TOPU3OHTAIbHAS
ckBaknHa 61161 CanbIMCKOro MecTOpokIeHUs ¢ 3a0oeM 3643M 3a pekopaHbie 7,79 cyTok,
JOCTUTHYTa KOMMepueckasi ckopocTb 14029m/ct.mec.

Takum 006pa3oM HCHOIB30BaHHE KOMIUIEKCHOTO MOJXO0/a MO UCIOJIb30BAHUIO HOBBIX
cuUCTeM OypOBBIX pacTBOpPOB Ha O€3BOAHONM OCHOBE HX OJKOJOTHYECKYIO aJanTalluio,
HCIIOJIb30BAaHUE IOJIHOTO PELMKIMHTAa U CXEM IMepepaboTKU OTXOJ0B OypeHMsI B LIEJIEBbIC

MIPOJTYKTHI.

* k%

Key words: tubeless drilling, non-water based systems, full recycling.
An important technological solution to reduce the time of construction of wells and

reduce the volume of drilling waste is the introduction of anhydrous drilling fluid systems in
combination with tubeless drilling and complete recycling of solutions.
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The company «Service center SBM» applies a line of drilling fluid systems on a non-
aqueous basis «Polyekonol Floray, «Polybur Turbo», «Polyemulsan». These systems fully
meet the environmental and technological requirements to improve the quality of construction
and minimal impact on the environment. The environmental safety of the foundations of these
systems made it possible to widely use these systems in conjunction with the regeneration and
processing of drilling waste.

The drilling fluid system «Polyeconol flora» is designed for drilling wells at the
chayandinsky NGKM and is an anhydrous system based on methyl esters of fatty acids,
polyalcohols. The use of this system allowed to significantly reduce the number of
complications caused by absorption and reduce the planned drilling time by 15 days.
horizontal wells with waste up to 2000 m. Currently, more than 200 horizontal wells have
been drilled in the Polyeconol Flora system.

The drilling mud system «Polybur Turbo» is designed for drilling wells of Kovykta
field and is an anhydrous system based on a complex of methyl esters of fatty acids and alpha
olefins. «Polyburr Turbo» allows drilling in conditions with low anomaly coefficients, has a
significant resource for weighting, brine intake, is resistant to hydrogen sulfide aggression and
repeatedly reused on subsequent wells.

System «Polyemulany is an emulsion of the second kind on the basis of mineral and
synthetic oils. Synthetic oil Driltec B2 with kinematic viscosity less than 2 cSt is used as the
basis of the Polyemulsan system at separate facilities of RN-Yuganskneftegaz. The use of the
«Polyemulsan» system in combination with full recycling allows to achieve record speeds of
well construction. Thus, with the use of the «Polyemulsan» system, a horizontal well 6116g
of the Salym field with a face of 3643m was drilled for a record 7.79 days, a commercial
speed of 14029m / MES was achieved.

Thus, the use of an integrated approach to the use of new systems of drilling fluids on
anhydrous basis, their environmental adaptation, the use of full recycling and recycling
schemes of drilling waste into target products.

IKOJIOI'MYECKH BE3OITACHBIE TEXHOJIOI'MYECKHUE COCTABBI AJI51
CTPOUTEJIBCTBA U PEMOHTA CKBA’KHH B OCJIO’)KHEHHBIX YCJIOBUAX
ENVIRONMENTALLY SAFE TECHNOLOGICAL COMPOSITIONS FOR WELL
CONSTRUCTION AND WORKOVER OPERATIONS IN COMPLICATED
CONDITIONS

Ho3opa B.U., Mapmuinoe b.A., Cmenanoseuu A.Il., Bymxo U.A.
000 «HIIK Cneybypmamepuanvly, Kykosckuii
Nozdrya V.I., Martynov B.A., Stepanovich A.P., Butko I.A.
LLC «NPK Special Drilling Materials», Zhukovsky

Kniouesvie cnosa: TEeXHOIOTHYECKUE KHUAKOCTU 3aKaH4YHMBaHHA, OCJIIOXHCHHA,

TJIyLIEHUE, MOTJIOIICHHE, paroInposBICHUE, OBICTPOCXBATHIBAIOLITUECS COCTaBblI,
TaMITOHA)KHBIE MaTepUaJIbl, BOJOHAOYXAIOIHNE COCTABHI.
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B noxnane npuBOJSATCS OCHOBHBIE TEXHOJOTUYECKHE XAPAKTEPUCTUKU IKOJIOTHUUYECKU
0e30MacHBIX COCTAaBOB M pabouux IKUAKOCTEH, paspaboranHsix B 000 «HIIK
CrienfOypmaTepuanbl» ISl PEIICHUS aKTyalbHBIX 3aad HpPU CTPOUTEIBCTBE M PEMOHTE
He(TEra3oBbIX CKBaKHH.

Jlnst pemieHust mpo0OJieM TiymieHus: CKBakuH B ycioBusax AHIIJL Ha mo3mHe# craauu
pa3paboTKH MECTOPOXKJEHUM IMpeajaraeTcsi B KayecTBE KHUAKOCTEH IIylieHus (B T.4. B
KayecTBe OJIOKHMPYIOLIMX COCTAaBOB) HCIOJNb30BaTh [lonmasporens. CocTaBel Ha OCHOBE
[Tonmasporenst NpeACTaBIsIOT COO0H BRICOKOIUCIIEPCHBIE CUCTEMBI, BKIIOYAIOIIIE ITY3bIPbKU
ra3a, Orpy>€HHbI€ B PACTBOP MOJUMEPHOIO I'elisl, UMEIOIINE IHUPOKUM CIIEKTP pa3MeEPOB OT
KOJUIOUJIHBIX J10 1 MM.

Texnonornueckass kuakocTh I[lommdkonon Axa TP mpencraBiser  coOoi
MaJIOIUIOTHYIO OE3TVIMHUCTYIO CYCIIEH3UIO0 Ha BOJAHOW OCHOBE C JUCIEPCHON (a3oil B BHUIE
topdo-menounoro pearenta [omuTILP.

Texnonoruueckass XUIKOCTh llOMMKOppPEKT mpeAHa3HAueHa MJi UCIBITAHUS,
OCBOGHHUSI M TIIyIIEHUS HEPTEra3oBbIX CKBAXKWH, MPOOYPEHHBIX C HUCMOJIb30BAHUEM, KaK
BOJIHBIX, TaK M HEBOJHBIX pacTBOpoB. CocTtaB [10JMKOPPEKT XapaKTepU3yeTcs OTCYTCTBUEM
TBEpAOH (a3bl B paCTBOPaX M HU3KUM MEK(Da3HBIM HATSHKCHHUEM, YTO IMO3BOJISIET COXPAHSATH
ucxoubie ®EC mopoa-KoJIeKTOpOB.

TexHonornueckas *)uaKocTh Ha ocHoBe [lonuaeruapar npeacrasiser coboil cocTas ¢
perynupyemoii miotHocteio (1,0 — 1,1 F/CM3), KOTOpBIM MpeHa3HAYCH MJiS IPOU3BOJICTBA
paboT Mo TIYyIMIEHUIO, OCBOEHUIO CKBAKMH MPU HU3KHUX TeMIIepaTypax OKpYXKarollel cpelbl,
obecrieunBaeT MpeaynpexaeHie BOSHUKHOBEHUS U TMKBUIAIIMIO THAPATHBIX 00pa3oBaHUi B
CKB@)KMHAX, a TAKKe TEXHOJIOTUYHOCTh padoT.

* %k %

Key words: completion fluids, workover fluids, complication in the course of drilling,
killing, lost circulation, brine ingress, quick-setting compositions, plugging materials, water-
swellable compositions.

The report provides the main technological characteristics of environmentally safe
compositions and technological fluids, which were developed by LLC «NPK Special Drilling
Materials» for solving actual problems in the course of well construction and workover
operations.

It is proposed to use Poliaerogel as Killing fluid and blocking composition for solving
problems of killing wells in the conditions of abnormally low formation pressure at the late
stage of field development. Polyaerogel-based compositions are highly dispersed systems and
consist of gas bubbles, which are immersed in a polymer gel solution and have a wide range
of sizes from colloidal to 1 mm.

Technological fluid (Polyeconol Agua TR) is a clay-free, water-based suspension with
low density. Dispersed phase of this composition is a peat-alkali reagent PolyTSChR.

Technological fluid (Polycorrect) is intended for testing, development and killing of
oil and gas wells, which were drilled using water-based and oil-based drilling fluids. The
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composition of Polycorrect is characterized by the absence of a solid phase in solutions and
low interfacial tension. Thanks to this fact the initial reservoir porosity and permeability could
be saved.

Technological fluid based on Polydehydrate is a composition with an adjustable
density (1.0 - 1.1 g/cm®). This fluid, which was designed for killing and development of wells
at low ambient temperatures, can provide the effective gas hydrate control as well as
workability.

CHUWXEHUE SJHEPTOEMKOCTHU INTPOLNECCA CTPOUTEJIBCTBA CKBAKUH
IIYTEM IPUMEHEHMUSA PACTBOPOB C YJIYUIIEHHBIMHA
TPUBOTEXHUYECKHUMMU XAPAKTEPUCTUKAMU
REDUCING THE ENERGY CAPACITY OF THE WELL CONSTRUCTION
PROCESS BY APPLYING SOLUTIONS WITH IMPROVED TRIBOTECHNICAL
CHARACTERISTICS

Hyuxkoea M.B., Jlazapes E.A.
Canxm-Ilemep6ypeckuil copuwiii ynusepcumem, Canxm-Ilemepoype
Nutskova M.V., Lazarev E.A.

Saint-Petersburg Mining University, Saint-Petersburg

Knrouesnie cnoea: Gypenue ckBaxuH, 0ypoBble pacTBOPbI, SHEPT03PHEKTUBHOCTD.

[Torpebnenue >Heprum ABISIETCA CEPbEIHBIM (PAKTOPOM, OKA3bIBAIOIIMM BIUSHHE Ha
HKCIUTyaTal[MOHHbIE pacXoJibl Ha OypeHue, MOCKOJIbKY Ha Hero mpuxoautcs ot 10 mo 30%
DKCIUTYyaTallMOHHBIX PACXOJO0B, MOITOMY CHHM)KEHHE DHEPro3arpar SBISETCS aKTyaJbHBIM
HalpaBJI€HUEM UCCIEeNOBaHUM U pa3paboTok. OCOOEHHO 3TO BaAXKHO MPU OCBOCHUH H
pa3paboTKe KPYMHBIX MECTOPOXKIAEHHM, OCOOEHHO — C TPYAHOMU3BIIEKAEMBIMH 3aracaMu, K
KOTOPBIM OTHOCSITCSI MPOEKThl OYpeHMs] CKBa)XMH C OOJBIIMMHU OTXOJaMHU OT BEpTUKAIH, B
TOM YHCIIE Ha Ieabde APKTHKH.

[Ipu cTpouTenbcTBE HAKIOHHO-HANPABIEHHBIX CKBAXKUH, OCOOCHHO € OOJBIIMMHU
OTXOJJaMH OT BEPTUKAIM, HAa NPOCTPAHCTBEHHO-UCKPUBJICHHBIX Y4YacCTKaxX CTBOJIA MMEIOT
MecTO 0OJIbIlINE KOHTAaKTHbIE Harpy3KH U OTPOMHBIE COTIPOTUBIICHUS IBHKEHUIO OYpUILHON
KOJIOHHBI TIPU MOJbEME, YTO MPUBOJIUT K MPOTHPAHUIO 00CATHON KOJOHHBI, OBBIILIEHHOMY
M3HOCY OYpPHIIBHBIX TPYO U BHICOKHM 3HEPro3aTparaMm.

OpHO 13 HalpaBJIEHUH MOBBILIECHUS SHEPT003(PPEKTUBHOCTH OypEHUS TAKUX CKBAXHUH
— CHU)KEHHE TPEHUS Ha PaHulaX «MEeTaJll - MEeTall», «METaJlJl - TOpHasi MOpo/ia» U «MEeTasll
- (QuIbTpalMOHHAs KOpKa», 00ECNeYUTh KOTOPOE MOYKHO MpPU HCIOJIb30BAaHUM OYPOBBIX
pPacTBOPOB C yIy4IIEHHBIMU TPHOOTEXHUYECKHMMHU XapaKTEPUCTUKAMHU.

CoctaB W CBOMCTBa NPOMBIBOUHBIX JKUAKOCTEH CcrocoOHBI oOecneuuTh Oolee
yCIIEHIHBIM Tporuecc OypeHHs CKBaKWH, TaK, HalpUMep, MpU CHIDKEHUH Koddduuumenra
tperust ¢ 0,34 go 0,2, mpu 3eHuTHBIX yrinax ot 30 mo 90° obecriedmBaeTCsl CHIKEHUE
sHepro3arpaT Ha TpeHHe OypHIIbHON KOJIOHHBI 00 00caanyto ot 7 10 40%.
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HccnenoBanusi, TpoBelAcHHBbIE Ha Kadeape OypeHUss CKBAXHH TIOKA3aJHd, YTO
BKIIIOUEHUE B COCTaB TPOMBIBOYHBIX JKUJKOCTEH CMa3bIBAOIIMX J00aBOK WJIM 3aMeHa
pacTBopa Ha YTIIEBOJOPOIHBIA MOXKET MPUBECTU K CHUKEHHIO Kod(duiimenta Tpenus Ha 35-
75%, 4TO TIpHUBENET K MHHHUMHU3AIMH KOJIHMYECTBA OCJIIOKHECHHI, CBA3aHHBIX C U3HOCOM TPYO,
YMEHBIICHUIO KPYTSIIEro MOMEHTA MPH BPAICHHH KOJIOHHBI, @ TAKXKE YBEIHMUYCHHIO CPOKa
CITY>KOBI OYpHUIIBHBIX M OOCaHBIX TPYO.
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Energy consumption is a serious factor affecting operating costs for drilling, since it
accounts for 10 to 30% of operating costs, so reducing energy costs is an important area of
research and development. This is especially important in the development and development
of large fields, especially with hard-to-recover reserves, which include drilling projects with
large waste from the vertical, including on the shelf of the Arctic.

During the construction of directional wells, especially with large waste from the
vertical, spatially curved sections of the trunk have large contact loads and enormous
resistance to the movement of the drill string during lifting, which leads to rubbing of the
casing string, increased wear of drill pipes and high energy costs.

One of the ways to increase the energy efficiency of drilling such wells is to reduce
friction at the boundaries «metal — metal», «metal — rock» and «metal - filter cake», which
can be achieved by using drilling fluids with improved tribotechnical characteristics.

The composition and properties of flushing fluids can provide a more successful
drilling process, for example, by reducing the friction coefficient from 0.34 to 0.2, at zenith
angles of 30 to 90 °, energy consumption for friction of the drill string on the casing from 7 to
40%.

Studies conducted at the department of well drilling showed that the inclusion of
lubricating additives in the composition of washing liquids or the replacement of a solution
with a hydrocarbon can lead to a decrease in the friction coefficient by 35-75%, which will
minimize the number of complications associated with pipe wear, and reduce torque when
rotation of the string, as well as increased service life of drill and casing pipes.
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PA3PABOTKA COCTABA-PA3PYIHIUTEJISI ®UJIbTPAIIMOHHON KOPKHA
DEVELOPING THE COMPOSITION OF A FILTER CAKE BREAKER

Ilempoe A.A., Hukonaee H.H.
Canxm-Ilemepbypeckuii copuwiti ynugepcumem, Cankm-Ilemepoype
Petrov A.A., Nikolaev N.I.

Saint-Petersburg Mining University, Saint-Petersburg

Knrwouesvie cnoesa: MNEPBUYHOC BCKPBITHUC I1J1aCTa, CI)I/IJII)TpaIII/IOHHaFI KOpKa,
IMPOHUIACMOCTD.

B mponecce BCKpBITUS NPOIYKTUBHOIO IUIACTA B pe3yJbTaTe BO3AECUCTBUS OypOBOI0O
pactBopa Ha ero mnpuzaboitnyto 3o0Hy (II3II) yxynmieHue ecTeCTBEHHOM NPOHUIIAEMOCTH
KoJIeKTopa Heu30exHo. OOpa3oBaHHe ke IIOTHON (unbTpanuoHHo kopku (PK) Ha
MIOBEPXHOCTU CTBOJIA CKBa)XKMHBI MUHUMH3UPYET BIUSHUE pacTBOpa Ha Kosulektop. Ho Ha
CTaJuM OCBOEHMsI, OCOOEHHO B MPOTSDKEHHBIX T'OPU3OHTAIBHBIX cTBONax, @K BbIcTymaer B
KayecTBe Oapbepa, KOTOpPBIH MPUBOJUT K CHIDKEHUIO IPOHUIAEMOCTH  TOPOJBI,
3aKylOpPUBaHUIO CKBOXHMHHBIX (WIBTPOB M KaK CJIEICTBUE — K  YMEHBIIEHUIO
IPOAYKTUBHOCTH CKBaXuHbl. K onHOM U3 omepauui npu MnpoBeneHUHn paboT Ha
3aKJIIOYUTEIBLHON CTaJMU CTPOUTENBCTBA CKBRXKMH OTHOCHUTCS TEXHOJOIMUECKHUH IMpolecc
ylaJeHus] €O CTEHOK CKBaXUHBI cdopmupoBaHHoii @K mocpeacTBoM mNpUMEHEHUs
CIIEIUATBHBIX CHUCTEM-pa3pylmuTesied. DTo O0O0YCIOBJIEHO HEOOXOIMMOCTHIO TPOBEACHHUS
paboT B npu3abOiHON 30HE TOPU3OHTAIBHBIX YYAaCTKOB CTBOJIOB C Y)K€ YCTAHOBJIEHHBIMH B
HUX (PUITBTpaMHU.

Bo160p TOM MM MHOM CHUCTEMBI AJis pa3pylieHus: PUIbTPallMOHHOW KOPKU HAMIPSAMYIO
3aBUCUT OT YCJIOBMM Ha 3a00€ CKBaKMHBI, KOMIIOHEHTHoro cocraBa ®K u cmocoba
3aKaHYMBaHUA (B TOM YHCJIE M COCTaBa KUIKOCTEH 3aKaHUUBAHUS).

JlaGopaTopHbIe UCCIIEOBAHUS C LIENbI0 pa3paboTKu Hanbosee 3 (HEeKTUBHOTO COCTaBa
JUIs pa3pyleHus GuiIbTpalMoOHHON KOPKU OBLTH MPOBECHBI B J[Ba dTAara.

Ha nepBom srame ObLIO HCCIEOBAaHO M OLEHEHO JEHCTBHE TPEX 3apyOexHbIX
JECTPYKTOPOB C LENbI aHalIM3a BIUSHUS PA3IMUHBIX 110 OCHOBE pa3pyLIMTENell Ha
COOTBETCTBYIOIIME KPUTHUECKUE KOMIOHEHTH! (PHIBTPAMOHHONW KOPKU M 1MoA00p Haubosee
ONTUMAJIBHBIX U 3(PPEKTUBHBIX COCTABISAIONIMX pa3zpabaTbiBaeMoi kommno3uimu. Haunbomee
apdexTUBHBIM OpelikepoMm 1o aectpykuuun PK okazancs cocTaB Ha OCHOBE XENAaTHBIX U
SH3MMHBIX COEJIMHEHUH, YTO TAK)KE MOATBEPIKIACT aHAIN3 JIUTEPATYPHBIX UCTOYHHUKOB [ 1].
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Llens BTOpOrO 3Tama J1abOpaTOPHBIX HCIBITAHUN — WCCIEAOBAHHE MPOHULIAEMOCTH
KEepaMHUYECKHUX JTUCKOB MOCIEe 00paOOTKU COCTaBOM Pa3pyIIUTENs UId (PUKCAIIMH U3MEHEHUS
uX (UIBTPAMOHHO-EMKOCTHBIX CBOUCTB. [10 pesynbTaTaM sTamna j1adopaToOpHBIX WCIBITAHUN
POHHUIIAEMOCTh KEPAMUYECKOTO AHMCKA IIOCJIE BBIIEPKKA B JKUAKOCTH pa3pabOTaHHOTO
pa3pyLIMTeNs yBEINYMIACh B HECKOJIBKO pas.

CIIMCOK UCHOJb30BAHHOM JIUTEPATYPbI
1. Brad Todd. Laboratory Device for Testing of Delayed-Breaker Solutions on
Horizontal Wellbore Filter Cakes. SPE 68968.

* % %

Key words: primary opening of the reservoir, filter cake, permeability.

The deterioration of the natural permeability of the reservoir is inevitable in the
process of drilling into the reservoir as a result of the impact of the drilling fluid on the
bottom-hole zone. The formation of a dense filter cake on the walls of the wellbore minimizes
the effect of the drilling fluid on the reservoir. But at the development stage, especially in
extended reach wells, the filter cake acts as a barrier that leads to a decrease in rock
permeability, clogging of downhole filters and, as a result, a decrease in well productivity.
One of the operations during the final stage of well construction includes the technological
process of removing formed filter cakes from the walls of the well through the use of special
breaker systems. Due to this there is the need to carry out works in the bottomhole zone of
horizontal sections of the well with filters already installed in them.

The choice of the particular system for the breakdown of the filter cake depends on the
conditions at the bottom of the well, the composition of the filter cake and the completion
method (not forgetting about the composition of the completion fluids).

Laboratory studies in order to develop the most effective composition for the
breakdown of the filter cake were carried out in two stages.

At the first stage, the effect of three foreign breaker systems was studied and evaluated
in order to analyze the influence of different-based breakers on the corresponding critical
components of the filter cake and select the most optimal and effective components of the
developed composition. The composition with chelating and enzymatic compounds turned out
to be the most effective breaker for the breakdown of filter cake, which also confirms the
analysis of literature [1].

The purpose of the second stage of laboratory experiments is to study the permeability
of ceramic disks after treatment with the composition of the breaker and to record the changes
in their formation reservoir properties. According to the results of this laboratory test, the
permeability of the ceramic disk increased several times after being exposed to the developed
breaker.
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METOJAKA PEOJIOTHUYECKHUX UCCJEIOBAHUHA MMOJIUMEPHBIX
COCTABOB
METHOD OF POLYMERIC COMPOSITIONS RHEOLOGICAL STUDIES

Paynoe HU.P., Munuu H.
Canxm-Ilemepoypeckuii eopnuiii ynusepcumem, Cankm-Ilemepoype
Raupov I.R., Milich J.

Saint-Petersburg Mining University, Saint-Petersburg

Knwuesvie cnosea: CUINTBHIA TOJMMEPHBIM COCTaB, PEOJIOTHUYECKUE HCCIICIOBAHUS,
3¢ PeKTUBHAS BAZKOCTh, HAPSKEHUE CABUTa, CKOPOCTh C/IBUTA.

OnHOI U3 rIaBHBIX 3a]1a4 B UCIOJB30BAHUU CIIUTHIX MoUMepHbIX coctaBos (CIIC) B
Ka4yeCcTBE TEXHOJIOTMYECKON >KUAKOCTH SIBJISETCS NMPaBUIBHBINA BBIOOP €ro KOHLEHTpAaLud u
TEXHOJIOTUYECKUX [TapaMeTPOB PEKUMa 3aKauKH, JJIs peIIeHUs] KOTOPOH HEOOX0UMO:

- IpOBeCTH J1abOpaTOpHbIE HCCIEAOBaHMS  PEOJOIMYECKHX  XapaKTepPHCTUK
[IOJIMMEPHBIX COCTABOB B YCIIOBUAX HanboJiee OJM3KUX K 3aKAaUKE UX B CKBAKUHY;

- m0100paTh ONTHMAaJIbHbIE KOHIIEHTPALMM KOMIIOHEHTOB MOJMMEPHOIO COCTaBa U
PEXXHUMBI €0 3aKaYKU B CKBKUHY.

B pabore mnpemiokeHa MeTOAMKA JTa0OPATOPHOTO MCCIECAOBAHUS MOJIMMEPHOTIO
COCTaBa, OIMCHIBAaIOLIAs HM3MEHEeHus peojoruueckux xapakrepuctuk CIIC B mpouecce
3aKaYKU B CKBa)XXUHY, U MIPEJCTABICHBI pe3yJIbTaThl peojoruueckux ucciueposanuii CIIC.

VYCTaHOBIIEHO, YTO YBEJIMYEHHE KOHILEHTpauuu nonuMepa u cmmsarens B CIIC
CHOCOOCTBYeT K 0osiee OBICTPOMY MPOLIECCY CIIMBKU MOJMMEPHOTO COCTaBa MPU OJHUX U TeX
K€ YCIIOBHAX €ro 3aKauykKu. JTO MOXET NMPHUBECTH K Pa3pblBy U K PA3PYLICHUIO CLIMTON
CTPYKTYpbI, YTO TIOATBEPXKJAETCS YMEHbIIEHHEM BA3KOCTM M CTAaTHYECKOIro Ipenesa
tekyuectu CIIC. B 3ol cBsI3u mpeanaraercss yMEHbIINTh KOHIIEHTPALMIO oJuMepa U (HIIn)
cumBarenss B CIIC, nub0 H3MEHUTh TEXHOJOTMUECKUHM PEXUM 3aKauKd TakK, 4YTOObI
00pa30BaHUE CIUIOIIHON CTPYKTYpPBI IPOUCXOAMIIO TIOCIIE TEXHOJIOTHYECKON OIepaltu.

YcTaHOBIIEHO, UTO MU3MEHEHHE peKUMa 3aKaukd (yBeJIMYEHHE pacxona B 3 paza) Juis
cocraBa CIIC mpuBeno k TOMy, YTO CIUIOUIHAs CTPYKTypa oOpa3yercss He B Ipolecce
3aKa4KH, a HEMOCPEACTBEHHO B CKBakKMHE. IIpn 3TOM KOMIUIEKCHAsE BSA3KOCTb M CTaTUYECKU
npenen tekydectu CIIC okaszamace moutd B 2 U 3 pa3a COOTBETCTBEHHO BBIIIE, YEM IIPH
3aKayKe C pacXxoJioM B 3 pa3a MEHBbIIE.

[IpennoxkeHHy0 METOAMKY MOXKHO TPUMEHATh M THPAXKUPOBATH [UIS JPYTUX
TEXHOJOTMYECKUX  KMJIKOCTEH B COOTBETCTBYIOIIMX TI€0J0ro-(U3HMUEecKUX  YCIOBMSIX
pa3paboTKU MeCTOpOXXKIeHMH He(pTH M rasa. llpennoxeHHas MeTOAMKA MCCIEIOBAHUSA
PEOJIOTHYECKUX XapPAKTEPUCTUK CUIMTHIX TMOJUMEPHBIX COCTAaBOB B JAJIBHEHIIEM IO3BOJIUT
ONITUMHU3UPOBATH COCTAB MPUMEHIEMbIX U pa3padaThIBaeMbIX CIIUTHIX MOJUMEPHBIX COCTaBOB
KOPPEKTHO pacCYMTaTh TEXHOJOTWYECKHE MapaMeTpbl 3aKaukW, YTO TO3BOJIUT Hambosee
3 (PEKTUBHO TMPOU3BOAUTH TEXHOJIOTMYECKHE OIEepaluu Mo padoTe €O CKBAXHHAMU B
OCJIO)KHEHHBIX YCIOBUAX Hedrerazomoosun [1].
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Key words: cross-linked polymer composition (CPC), rheological studies, effective

viscosity, static yield strength, shear stress, shear rate.

One of the main purposes of the use of cross-linked polymeric compositions (CPC) as
a technological fluid is the right choice of its concentrations and technological parameters of
the injection mode. In order to reach this purpose we need to:

- conduct laboratory studies of the rheological properties of the polymer compositions
in conditions closest to their injection into the well;

- find the optimal concentrations of the components of the polymer composition and
the modes of its injection into the well.

In this work we propose the methods of the laboratory studies of the polymer
composition which describe the changes of the rheological properties of CPC in the process of
its injection into the well and present the results of the rheological studies of the CPC.

We found out that the increasing polymer and CPC cross-linker concentration
accelerates polymer composition cross-linking process under the same conditions of its
injection. This can lead to the rupture and destruction of the cross-linked structure which is
confirmed by decrease in viscosity CPC static yield strength. In this regard we propose to
reduce the polymer and/or cross-linker concentration in the CPC, or change the technological
injection mode so that the solid structure was formed after the completion of the technological
operation.

We found that due to the injection mode change (3 times increase in consumption) for
the CPC the solid structure was formed not during the injection but in the well. Together with
this the complex viscosity and the static yield strength of CPC were almost 2 and 3 times
respectively higher than at the injection rate with a 3 times lower consumption.

This method can be applied and replicated for other technological fluids in appropriate
geological-and-physical conditions of oil and gas fields development. The proposed research
methods of the rheological characteristics of the cross-linked polymer compositions will let us
optimize the composition of the applied and developed cross-linked polymer compositions,
calculate correctly the technological parameters of injection, which will let us conduct the
technological operations in the wells under the complicated oil and gas production conditions
in the most effective way [1].
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PASPABOTKA XUMHNYECKHUX PEAI'EHTOB 1 COCTABOB
TEXHOJIOTMYECKHUX KUJIKOCTEM JJIS1 IPOIIECCOB JJOBbIYM HE®TH
DEVELOPMENT OF CHEMICAL REAGENTS AND COMPOSITIONS OF
PROCESS LIQUIDS FOR OIL PRODUCTION PROCESSES

Pozauee M K.
Canxm-Ilemepbypeckuil copuwiti ynugepcumem, Canxm-Ilemepoype
Rogachev M.K.
Saint-Petersburg Mining University, Saint-Petersburg

Knrwuesvie cnosa: xmmmueckue pe€arcuTbl, IIOBCPXHOCTHO-dKTHBHBIC BCIICCTBA,
TCXHOJIOTHYCCKUC X KNAKOCTH, ,I[O6BI‘Ia He(bTI/I.

B noxnane npencraBiieHbl pe3ysbTaThl UCCIIEIOBAHUM, IPOBOJUMBIX HA MPOTSKEHUU
psina et Ha Kadenpe «Pa3paboTka M dKCIUTyaTanuss HEQTAHBIX U TA30BBIX MECTOPOKIACHUI
Cankr-IlerepOyprckoro TOpPHOTO YHUBEPCHUTETa W IOCBSIIEHHBIX pa3paboTke (QH3UKO-
XUMHYECKHX METOJOB W TEXHOJIOTHUH pErylnpoBaHUS (WIBTPALMOHHBIX XapaKTEPUCTUK
HOPOJ-KOJIEKTOPOB.

Pa3zpaGoTan KOMIUIEKC TEXHOJIOTHI, HAIPaBJICHHBIX Ha IOBBILIEHUE HEPTEOTIAuU
IUIAaCTOB, C HCIOJb30BAHUMEM pa3pabOTaHHBIX XMMHUYECKMX pEareéHTOB M COCTaBOB
TEXHOJIOTUYECKUX KHUJIKOCTEH, BKIIIOYas:

®  TEXHOJOTHIO BHYTPHUIUIACTOBOW BOJOM3OJISIIMYA B HU3KOIIPOHUIIAEMBIX HE(PTSIHBIX

KOJIJIEKTOPAX C UCMOJIb30BaHUEM I'MJIpO(OoOHN3NPOBAHHOIO MOJIUMEPHOTO COCTABA;

® TEXHOJOTHIO TIJIYIIEHHWS HEPTSIHBIX CKBAXXUH MpPHU TMOJ3EMHOM PEMOHTE C

UCIIOJIb30BaHUEM THIPO(OOHBIX SMYIBCHOHHBIX COCTABOB;
® KOMIUICKCHYIO TEXHOJIOTMIO TIOBBIIIEHHUS He(PTEeoTHayu TIIMHOCOAEP KALIUX
KOJJIEKTOPOB C MCIOJIb30BaHHEM ITOBEPXHOCTHO-aKTUBHBIX BEIIECTB.

Pa3paboranbl, 10BeIeHBl A0 HMPOMBIIUIEHHOIO MPOM3BOACTBA U PEKOMEHAYIOTCSA K
BHEJIPEHHUIO:

e  ruApopoOU3NpPOBaHHBIN MOIUMEPHBIN cocTaB (maTeHT PD Ne2524738);

® XMMUYECKMHA peareHT Ui NPUTOTOBJICHUS >KUIAKOCTEH TIIyIIeHUS CKBaXHUH -

SMYJBraTop 0OpaTHBIX BOJOHEPTIHBIX 3MyJNbcuit (mateHT PO No2414290);
® KOMIIOHEHTHI COCTaBa IIOBEPXHOCTHO-AaKTHBHBIX BELIECTB [UI1 3aKauyku B
TJIMHU3UPOBAHHbIN HeTsIHOM macT» (mateHT PO Ne 2655685).

* k%

Key words: chemical reagents, surfactants, process liquids, oil production.

Results of the researches conducted for a row of the years at "Development and
Operation of Oil and Gas Fields" department of the St. Petersburg Mining University and
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devoted to development of physical and chemical methods and technologies of regulation of
filtrational characteristics of breeds collectors are presented in the report.

The complex of the technologies directed to increase in oil recovery of layers, with
use of the developed chemical reagents and compositions of process liquids is developed,
including:

e technology of intra bedded water isolation in low-permeability oil collectors with

use of hydrophobic polymeric structure;

e technology of muffling of oil wells at underground repair with use of hydrophobic

emulsion structures;

e complex technology of increase in oil recovery of clay-containing collectors with

use of surfactants.

Are developed, brought to industrial production and are recommended for
introduction:

e hydrophobic polymeric structure (patent of the Russian Federation No. 2524738);

e chemical reagent for preparation of liquids of muffling of wells - emulsifier of the

return water oil emulsions (the patent of the Russian Federation No. 2414290);
e components of composition of surfactants for downloading in the mudded oil
layer" (the patent of the Russian Federation No. 2655685).

BYPOBBIE PACTBOPBI HA YIJIEBOJOPOJTHOI OCHOBE JJISI TIEPBUYHOI'O
BCKPBITHUSA TPOAYKTUBHbBIX IIVIACTOB
OIL BASED MUDS TO PRIMARY OPENING OF PRODUCTIVE FORMATIONS

Cuoopoe /I.A., Hyukoea M.B., Tcuknaony /[.9.
Canxm-Ilemepbypeckuii copnuviii ynueepcumem, Cankm-Ilemepoype
Sidorov D.A., Nutskova M.V., Tsikplornu D.E.
Saint-Petersburg Mining University, Saint-Petersburg

Kniouegvie cnosa: 6ypenne CKBaXUH, CHHTETHIECKUH acabT, THIBCOHUT, PACTBOPHI
Ha yriieBoaopogHoi ocHoBe (PYO), sMynbCHOHHBIE paCTBOPHI.

B pabote mpoBeneHbl OLIEHKAa BIUSHUS COAEpXaHUS BOAHOW (a3bl Ha M3MEHEHHE
pPEOJIOTUYECKUX MapaMeTpOB pacTBOPOB, OIEHKA BIMSHMS BHJA TuiabcoHuTta B PYO Ha
CTPYKTYPHO-pEOJIOruyeckue 1 (UIbTPAMOHHBIE MapaMeTphl pacTBOpa Ha YIJIE€BOJIOPOIHON
OCHOBE.

3aKkaHUYMBAHME CKBAXXUH C INPUMEHEHHEM DPACTBOPOB Ha YIJIEBOJOPOJHON OCHOBE
HanOosee 11e1eco00pa3HO C ILENbI0 COXpaHEHHs (HIBTPAMOHHO-EMKOCTHBIX CBOMCTB
IIPOJYKTUBHOTI'O IIACTA, OJIHAKO TAaKWUE€ PAaCTBOPBI TOCTAaTOYHO noporocrosdmue. C Hensro
CHU)KEHUSI CTOUMOCTH TaKUX CUCTEM ObUIM pa3paboTaHbl SMYJIbCHOHHBIE PACTBOPHI, KOTOPHIE
HaXOJAT Bce OoJblliee MPUMEHEHUE NMPU MEPBUYHOM BCKPBITUH, HO IS 3()(PEKTUBHOTO UX
UCIIOJIb30BaHUsI HEOOXOJUMO OOOCHOBAaHHO MPOBOAUTH BHIOOP KOMIIOHEHTHOI'O COCTaBa,
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IMOCKOJIBKY  JaKC HEOOJIBIIINE KOJIEOAHHUS KOJIMYECTBA pcarcHToB, OTBCYAIOIIHUX 34
CcTaOUIBHOCTH CHUCTCMbI, MOT'YT IPUBOJUTH K KOAJICCUCHIIUN SMYJIbCUN U PA3ACIICHUTIO (baz

BCKpHTI/Ie IMPOAYKTUBHBIX INJIACTOB € SMYJIbCMOHHBIM PACTBOPOM MOKET IPUBECTU K
MHOXCCTBY OCJIO)KHCHI/If/i, BCC M3 KOTOPBIX YMCHBIIAIOT CBA3b KOJUICKTOpa C CTBOJIOM
CKBAXXMHBI WJIM YMCHBUIAIOT IIPOHHUIAEMOCTD IlIacTa. O,Z[HO W3 TAKUX OCJIOKHEHHUH SBIISETCS
MoTepsl LUPKYJISAIUA OypoBOTO pacTBopa. PacTBop, MpUMEHSEMbIN JUIsl BCKPBITHS IUIacTa
JOJDKEH IPEACTABIIATH coboit pPacTBOD, KOTOpBII71 npe€aHasHady€H Ojid TOoro, YTOOBI
MMPAKTUYCCKHU HEC yXyAIIaTh CCTECCTBCHHYIO IPOHUIAEMOCTD ITPOAYKTHBHBIX 30H 1 00eceunTh
MIPEBOCXOAHYIO IIPOMBIBKY CTBOJIA M JIETKO OYMIIATHCS.

CyliecTBYIOT pa3InyHble MaTepUaibl, TAKUE KaK TWIBCOHUT (IIPUPOJHBIN achaibT)
wii OuTyMmM, W 00paOOTaHHBI aMUHOM JIMTHHUH, a TaKXXe MOJUMEpPHbIC HAIOJHHUTENH,
npUMeHsieMble JUIsi TPO(UIAKTHKH TOTJONICHHH 3a CYeT CHIDKeHHA (uibTpanuu u
00pa3zoBaHus HEMPOHUIIAEMON (DUIIBTPAITMOHHON KOPKH.

HccnenoBanus, mpoBeieHHBIE B paboTe, mokazaiu A()PEeKTUBHOCTh MPUPOIHBIX H
CHUHTCTHNUYCCKUX aC(I)aJ'IbTOB B CHCTEMax PyO, da TAKXKC OTKPBUIM IIOJIC IJIA ,Z[aJIbHeﬁHJHX
I/ICCJ'IG,I[OBaHI/Iﬁ C LICJIIbKO BBISBJICHUA SaKOHOMepHOCTeﬁ, BO3HI/IKaI-OI_I_[I/II‘/’I IIpu HU3MCHCHUU
KOMITIOHCHTHOT'O COCTaBa.

%k ok

Key words: well drilling, synthetic asphalt, gilsonite, oil based muds (OBM), emulsion

solutions.

In this paper have been conducted assessment of the effect of the content of the
aqueous phase on the change in the rheological parameters of solutions; assessment of the
influence of the type of gilsonite in the OBM on the structural-rheological and filtration
parameters of the hydrocarbon-based solution.

Completion of wells with the use of hydrocarbon-based solutions is most appropriate
in order to preserve the reservoir properties of the reservoir, however, such solutions are quite
expensive. In order to reduce the cost of such systems, emulsion solutions have been
developed, which are increasingly being used during the initial dissection, but for their
effective use it is necessary to reasonably choose the component composition, since even
small fluctuations in the number of reagents responsible for the stability of the system can
lead to emulsion coalescence and separation phases.

Opening the formations with an emulsion solution can lead to many complications, all
of which reduce the connection of the reservoir with the wellbore or reduce the permeability
of the formation. One of these complications is the loss of drilling fluid circulation. The
solution used for the opening of the reservoir should be a solution that is designed to
practically not impair the natural permeability of the production zones and to provide
excellent washing of the barrel and easy to clean.

There are various materials, such as gilsonite (natural asphalt) or bitumen, and amine-
treated lignin, as well as polymeric fillers used to prevent takeovers by reducing filtration and
forming an impermeable filter cake.
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Studies conducted in the work have shown the effectiveness of natural and synthetic
asphalt in the OBM of the precautionary zone, as well as opened the field for further research
in order to identify patterns that occur when changing the component composition.

AHAJIU3 ITIPUYUH HECTABWJIBHOCTHU TPEHIMHOBATBIX APTHJIJINTOB
ANALYSIS OF THE CAUSES OF INSTABILITY OF FRACTURED MUDSTONES

Cooones A.H., Hyuykoea M.B.
Canxm-Ilemepoypeckuii eopnuiii ynusepcumem, Cankm-Ilemepoype
Sobolev A.N., Nutskova M.V.

Saint-Petersburg Mining University, Saint-Petersburg

Kniouesvie cnoea: OypeHne CKBaKWH, TPEUIMHOBATbIE aprUJUINThI, HECTAOUIBLHOCTD
CTBOJIa CKBa)KUHBI.

B mHacrosimee BpeMs B pOCCHMHCKOM U 3apyOeXHOW JMTEepaType mpoodiema
CTaOUJIPHOCTH TPEIIMHOBATBIX aprUJUIMTOB HE TaK IIUPOKO packpbiTa. IIpu 3TOoM ocHOBHOE
BHHUMaHUE YJENSETCS OINHCAHUI0O BO3MOXKHBIX IPUYMH HECTAOMJIBHOCTH TPEIMHOBATBIX
apTHJUTMTOB U TIpeiaraetTcs psa Mep it 60pb0bl ¢ HUMU. OHAKO HE CYIIECTBYET YETKOTO
MOJAX0Ja K TMOHSATHIO MPHUYMH MOTEpU CTAOUIBHOCTU TPEIIMHOBATHIX ApPTHIUIMTOB U, KaK
CJIEJICTBUE, MyTEH PEIIeHUs STOU MPOOIEMBI.

HecmoTpss Ha cOBpeMEHHBbIE IMOAXOJbI, MPOBOAMMbBIC HCCIEAOBAHUS U HCIBITAHMUS,
npobiieMa COXpaHEHUS YCTOWYMBOCTU TJIMHHUCTBIX TOPOJ HE perieHa, a 3(P¢GEeKTUBHOCTh
PEKOMEH/IyeMbIX pacTBOPOB OY€Hb HU3Ka. BuaeHMs pemieHus 3agauyd 1O CcTaOMIM3alMU
CTBOJIA CKB&KHUHBl B HEYCTOWYMBBIX TIJIMHUCTBIX OTJIOKEHUAX MHOIMX OTEUECTBEHHBIX
UCCIJIE0OBATENEH PACXOMATCA M MPOTUBOPEUYMBBl. OCHOBHOW NPUYMHONW HEYCTONYMBOCTH
[JIMHUCTBIX TOPOA PSAJ MCCIIeoBaTeNle CUMTAa0T COBMECTHOE JeicTBUE JBYX (PaKTOPOB:
HalpsOKEHHOE COCTOSHUE TOPHBIX MOPOJ Ha CTEHKAaX CKBAXHH M (U3UKO-XUMHUYECKOE
BO3/IeHCTBUE (DUIBTPATa IPOMBIBOUHBIX JKUAKOCTEH.

AHalnu3 TEOPETUYECKUX U TPOMBICIOBBIX HCCIEAOBAaHUM MO3BOJIUI BbLACIUTH
OCHOBHbIE MEXaHU3MbI, BIUSIONINE HA CTAOMIIBHOCTD apTUJUIUTOB!

1. MexaHuueckoe HalpsDKeHHE, KaK pe3yJbTaT 3aMEIlleHUs BBHIOYPEHHOH MOpPOJIb
OYpOBBIM PacTBOPOM OIPEACIEHHON TIJIOTHOCTH.

2. @unbTpanus 0ypoBOro pacTBOpa B €CTECTBEHHBIE TPEUIMHBI U MEX/1Y MIOCKOCTSIMU
HAIUTACTOBAHMS 3a CUET KaWJISIPHOTO WK AUPPY3HOHHO- OCMOTUYECKOTO MAacCOMEePEHOca.

3. HaOyxanue (rumpataiusi), BOSHUKAIOIIEE B PE3yJIbTaTe B3aUMOJCHCTBHUS BIArd C
YacTULIAMU TJUHBl (JAHHBIA MEXaHW3M 3aBHCUT OT MMHEPAJIOTMYECKOr0 COCTaBa
apTUJUIUTOB).

4. Muddy3usa u n3MeHeHUs JaBleHUs B pU3aboitHON 30HE (C TeUeHHEM BpEMEHH) 10
Mepe TOro, Kak OypoBO#l pacTBOp CXKMMAET MOPOBBIH (IIOUT U paccenBaeT GPOHT JaBIICHUS B
I1acTe.

[IpoHUKHOBEHNE BOJAHOIO pacTBOpa B TPEUIMHBI M MEXKIY IUIOCKOCTSIMH
HAIJIACTOBAaHMUSI MOJKET UrpaTh JOMUHHUPYIOIIYI0 pPOJb B CTa0MJIBHOCTH OTJIOKEHHH
TPEINHOBATBIX APTHJIMTOB.
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Key words: well drilling, fractured mudstones, borehole instability.

Currently, the problem of stability of fractured mudstones in Russian and foreign
literature is not so widely disclosed. The main attention is paid to the description of the
possible causes of instability of fractured mudstones and a number of measures are proposed
to combat them. However, there is no clear approach to the concept of the reasons for the loss
of stability of fractured mudstones and, as a result, ways to solve this problem.

Despite modern approaches, ongoing research and testing, the problem of maintaining
the stability of clay rocks is not solved, and the effectiveness of the recommended solutions is
very low. Visions of the solution to the problem of stabilizing the wellbore in unstable clay
deposits of many domestic researchers diverge and are contradictory. The main reason for the
instability of clay rocks, a number of researchers consider the combined action of two factors:
the stress state of the rocks on the walls of the wells and the physico-chemical effect of the
filtrate of the washing fluids.

The analysis of theoretical and field studies has allowed us to identify the main
mechanisms that affect the stability of mudstones:

1. Mechanical stress as a result of the replacement of cuttings by drilling mud of a
certain density.

2. Filtration of the drilling fluid into natural cracks and between the bedding planes
due to capillary or diffusion-osmotic mass transfer.

3. Swelling (hydration) resulting from the interaction of moisture with clay particles
(this mechanism depends on the mineralogical composition of mudstones).

4. Diffusion and pressure changes in the bottom-hole zone (over time) as the drilling
fluid compresses the pore fluid and disperses the pressure front in the formation.

Penetration of an aqueous solution into cracks and between bedding planes may play a
dominant role in the stability of deposits of fractured mudstones.

AHAJIM3 OTKA3A HEMEHTHOM OBOJIOYKHU ITPU PA3BEYPUBAHUU
HOEMEHTHOI'O CTAKAHA
ANALIZING CEMENT SHEATH FATIGUE FAILURE WHILE DRILLING OUT
THE SHOE TRACK

Tcuknaony /I.E., /1éoitnukoe M.B.
Canxm-Ilemep6ypeckuii 2opnviii ynueepcumem, Canxkm-Ilemepoype
Tsikplornu D. E., Dvoynikov M.V.
Saint-Petersburg Mining University, Saint-Petersburg

Knrouesvie cnoea: ycranoctHas NpPOYHOCTh, OOKoBas BHOpauus, paspylleHHE MHpu
CABHTE, IIEMEHTHBIN KaMeHb, pa3pylieHHe, pa300IleHrne HHTEPBAJIOB, IEMEHTHBIN CTaKaH.

[Ipu OypeHuu CKBaXMHBI LIEMEHT IIOMENIaeTcs MeXAy oOCagHOW KOJOHHOM H

npoOypeHHON MOpPOAOH. DTOT 1IEMEHTHBIM KaMeHb JOJKEH BbILACPKHUBATh BCE HArpy3Ku B
TEUYEHUE BCEr0 CPOKa CIYKObl CKBa)KMHBI, CBA3BIBAs M MOAJEPKUBasi 00CaIHYIO KOJIOHHY U
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obecrieunBasi pa3oOuieHre WHTEpBaoB. OQHAKO NEMEHTHBIA KaMEHb pa3pyllaeTcs, Koraa
MOJBEPracTCs MHOTOKPATHO M3MEHSIIOLICHCS HAarpy3Ke, B 3HAUUTENbHOM CTENEHU 3aBUCSIIECH
OT BEIMYMHBI U YaCTOTHI JNCHCTBYIOMUX HampspDkeHWi. M3yueHue takux 3QpQPexToB MOKET
MOMOYh B pa3pabOTKE JIYYIIEro MOHUMAHHS IMOpOra pa3pylieHUs [IEMEHTHOTO KaMHsS U
MOKET CTaTh JJONOJHEHUEM K U3MEPEHNIO MEXAHUYECKUX CBOUCTB. [1].

[lenpto JaHHOTO WCCIEAOBAHUS SIBISETCS BHEAPEHHE JIaOOpaTOpPHOIO METoa,
MpeIHAa3HAYEHHOTO JJIi M3y4YeHUS BIUSHUA YCTAIOCTH (LUKIMYECKOW Harpy3ku) Ha
LEMEHTHBIA KamMeHb. Pa3paboTaH HOBBINA SKCIEPUMEHTANIBHBIN CTEH JIJIsl aHAINU3a BIUSHUS
napaMeTpoB OypeHHs, KOTOPhIE UTPAOT OOJIBIIYIO POJIb B BO3IACHCTBHH OOKOBOW BHOpaIuu
Ha [EMEHTHBIA KaMEHb, ITyTEM HU3MEpPEHHUS OOKOBBIX BUOpAIIUi, MPOSBISIONIUXCS BO BpPEMS
OypeHwust 3 IIEeMEHTHOTO crakaHa. Omnpenenenue npeapacnoioxennoctn KHBK k 6onbom
OOKOBBIM KOJICOQHHSIM, TaKWe TapaMeTpbl, KaK TIyOWHAa CKBa)XKHHBI, OTHOIICHHE pa3Mepa
OTBEpCTHS K AUAMETPY OYpPHIIbHON KOJIOHHBI, TAK)Xe OBLIIM MPUHSATHI BO BHUMaHHE.

Kpome Toro, pasnuyHbie COCTaBbl IIEMEHTHBIX PAaCTBOPOB OBUIM H3y4Y€HBI, YTOOBI
ONpPENENUTh ONTUMAJIBHYIO  PELEenTypy LEMEHTHOIO pacTBOpa, KOTOpas  MOXKET
MPOTUBOCTOATH yJapaM U BUOpPALIUU.

PesynbTarhl 3TOrO0 McCciaenoBaHUS IMOMOTYT OypWIIBIIMKY BbIOpaTh ONTHUMAaJIbHbIE
napameTpbl OypeHHUs U MOJXOIAIINNA COCTaB IEMEHTHOT'O PACTBOPA, KOTOPBIM MOXKET MPUAATh
yAapOIPOYHBIM CBOMCTBAM LIEMEHTHOMY KaMHIO.

CIIMCOK UCHOJb30BAHHOM JIUTEPATYPbI
1. Bailey, J. R., E. A. O. Biediger, V. Gupta, D. Ertas, W. C. Elks, and F. E.
Dupriest. “Drilling Vibrations Modeling and Field Validation.” IADC/SPE Paper
112650 presented at the 2008 IADC /SPE Drilling Conference, Orlando FL, Mar. 4-6.
%k %k %k
Key words: fatigue strength, lateral vibration, shear failure, cement sheath, failure,
zonal isolation, shoe track.

When drilling a well, cement is placed between the casing the rock being drilled. This
cement sheath should be able to sustain all stresses throughout the lifetime of the well by
bonding and supporting the casing and providing zonal isolation. However, the cement sheath
fails when subjected to repeatedly variable load depending largely on the magnitude and
frequency of the acting stresses. 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. [1].

The aim of this study is to introduce a laboratory method aimed at examining the
effect of fatigue (cyclic loading) on the cement sheath. A novel experimental stand was
developed to analyze the effect of drilling parameters which play a great role in the impact of
lateral vibration on the cement sheath by measuring the lateral vibrations manifested during
the drill out of the shoe track. The determine the susceptibility of the BHA to large lateral
vibrations, parameters like the depth of the well, ratio of hole size to drill collar diameter were
also taken into consideration.
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Also, different compositions of cement slurries were studied to determine the optimal
formulation of a cement slurry that can make the cement sheath resist shocks and vibrations.

The results of this study will assist the driller to choose optimal drilling parameters
and a suiting cement slurry composition that can provide shock-resistant properties to the
cement sheath.

REFERENCES
1. Bailey, J. R., E. A. O. Biediger, V. Gupta, D. Ertas, W. C. Elks, and F. E.
Dupriest. “Drilling Vibrations Modeling and Field Validation.” IADC/SPE Paper 112650
presented at the 2008 IADC /SPE Drilling Conference, Orlando FL, Mar. 4-6.

WHT'UBUPOBAHHBIN BYPOBOM PACTBOP AJIbTAUP HA OCHOBE
ITOJIMKATHOHHOI'O KPAXMAJIA
POLYCATIONIC STARCH INHIBITED ALTAIR MUD

Yemanoe P.A., Muxens A.A.
Anbmemvesckuii 2ocyoapcmeerHulll He(hmanou uHcmumym, Anvmemobesck
Usmanov R.A., Mikhel A.A.
Almetyevsk State Oil Institute, Almetyevsk

Knroueeswvie cnoea: vHrnOMpoBaHHBINA OYPOBOIl pacTBOP, MOJTUKATHOHHBIN KpaxMal.

B Hactosmmii MOMeHT mpoOieMa HEeCTaOMJIBHOCTM CTBOJA CKBA)XXHUHBI, IPH
obecrieyeHUH FPPEKTUBHOTIO SKOJIOTMUECKOTO PELIeHUs CyIecTBYeT yxxe 6onee 170 et u 1o
CUX MOp HEeT 3(PQPEKTUBHOIO ONTUMAIBHOIO pEIIeHUs M0J00pa BBHICOKOMHTHOMPOBAHHOU
penentypsl OypoBOTO pacTBOpa, OTBEYAIOIIETO COBPEMEHHBIM TPEOOBAaHHUSM CTPOUTEIHCTBA
CIIO)KHO-apXUTEKTYPHBIX CKB&XWUH B  YCJIOBUSIX TIOBBIICHHBIX OJKOJIOTMYECKHX U
reousnveckux TpeOoBaHUM.

Jns  pemieHus TakMx 3ajad, HaMu ObUla  pa3paboTaHa CHCTEMa MPECHOTO
MHTUOMPOBAHHOTO JIECTAOUIM3UPOBAHHOTIO OypOBOI0 pacTBOpa AJbTaup.

CocTaB u KOHLIEHTpalMK OypoBOIro pacTBopa AJbTaup:

Peareur Konuentpanus Exn. n3m.
KansuuaupoBanHas cona 0,5 KT/M®
Kcanranoas cmoiia 0,5-1,5 KI/M°
[TonukaTnoHHbIN kpaxman Anbraup | 18-20 Kr/m°
ITAB ariimkoHOBOMW IpyIIIbI 1-2 Kr/m°
MpamopHast KpoIka Jlo noctrxenus TpedyeMoi INIOTHOCTH Kr/m°

['MaBHBIM KOMIIOHEHTOM CHCTEMBbI AJbTaup SBISETCS MPUMEHEHHE KaTHOHHOTO
Kpaxmajia MOJu(GUIUPOBAHHOTO OMBAJIEHTHHIMU KATHOHAMHU.
OCHOBHBIMHU IIPEUMYILIECTBAMHU PACTBOPA AJbTaUp ABISIOTCS:
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1) Dxojoru4HocTh. Bce KOMITIOHEHTBI KOTOpBIE BXOJAT B COCTAaB OYpOBOrO pacTBOpa
OTHOCATCA K 4 M 5 Kiaccy ONAacHOCTH, TO €CTh OTHOCATCS K MAaJOONAacHBIM H
NPAaKTUYECKH HEOMACHBIM BEIIECTBAM, 32 MCKIIOUYEHHEM KaJbIIUHHUPOBAHHOW COJIBI,
OHa OTHOCHUTCS K 3 KJIacCy OMacHOCTH.

2) Uurubupyromias crnocoOHOCTh. CMOCOOHOCTh K CHHIKCHHIO THIpPATAIMH TJIUHBI Y
JTAHHOTO OYPOBOTO PacTBOpPA COXPAHSETCS Ha YPOBHE OJTHOTO U3 CaMbIX MOMYJISPHBIX
MHTHOUTOPOB XJIOPHIA KaJIusl, YTO MOATBEPIKIaeT NaHHBIN rpaduxk.

3) IpeumymecrBa mpu mposeacauu LWD (logging while drilling) tak kak manHas
cHCTEMa MMEET CHIKEHHOE CONPOTHUBIICHHE JAUCIEPCHOHHON CPE/Ibl 10 CPAaBHEHUIO C
cucTeMoi OypoBOTO pacTBOpa Ha OCHOBE KaJIMil XJiopa.

4) BO03MOXXHOCTh HCHOJB30BaHMsI TPU OypeHUH B MPOIYKTUBHBIX Iuiactax. Cucrema
ANbTaup HE CHIKAET KOJUIEKTOPCKUX CBOWCTB MPOJYKTUBHOTO IJIACTA M HE BBI3BIBAET
3aKyMOPKY MUKPOIIOP IJIaCTa HEPACTBOPSIEMON AUCTIEPCHOM (ha30H.

5) B03MOXHOCTH IPHUMEHSTD JaHHBIA OYPOBOW PACTBOP HA CKBAKMHAX C MOBBIIICHHBIMH
9KOJIOTHYECKUMHU TpeboBaHusMU 6e3 npumeHenus 610koB OCY, uTo Takxke CHUXKAET
3aTparhl Ha BIIAJICHHE JAHHOW CUCTEMbI IPOMBIBOYHOM KUIAKOCTH.

BriBogbl: HOBasi WHTHMOMpPOBAaHHAs cHCTEMa MO OypOBBIM pacTBOpaM AJbTaup
oOnamaeT BCeMHM HEOOXOMUMBIMH MPEUMYIIECTBAMH, 4YTOOBI CTaThb HOBOW CHCTEMOM
MHTUOMPOBAHHOTO OYpOBOTO pacTBOpa IJIi MAacCOBOro OypeHHs B HHTEpBajaX aKTHBHBIX
[JIMH KaK U caMble MOIMYJISIpHbIe MHIMOMPOBaHHbBIE CHCTEMBl IPUMEHsEMbIE B HaIllel CTpaHe
Ha OCHOBE MOJHAKPUIAMHUIOB U XJIOpUAA KallUs.

* k¥

Key words: inhibited drilling fluid, polycationic starch.

At the moment, the problem of wellbore instability, while providing an effective
environmental solution, has existed for more than 170 years and there is still no effective
optimal solution for selecting a highly inhibited drilling fluid formulation that meets modern
requirements for the construction of complex architectural wells in conditions of increased
environmental and geophysical requirements.

To solve such problems, we have developed a system of fresh inhibited destabilized
drilling fluid Altair.

Composition and concentration of drilling fluid Altair:

Reagent Concentration Unit of measure
Soda ash 0.5 kg/m®
Xanthan gum 0.5-1.5 kg/m®
Polycation starch Altair 18-20 kg/m®
Aglycon group surfactant | 1-2 kg/m®
Calcium Carbonate Before reaching the required density kg/m®

The main component of the Altair system is the use of cationic starch.
The main advantages of Altair solution are:
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1) Environmental friendly. All components that are part of the drilling fluid belong to
hazard class 4 and 5, that is, they refer to low-hazard and practically non-hazardous
substances, with the exception of soda ash, it belongs to hazard class 3.

2) Inhibitory ability. The ability to reduce clay hydration in this drilling fluid remains at
the level of one of the most popular potassium chloride inhibitors.

3) Advantages in conducting LWD (logging while drilling) since this system has a
reduced dispersion medium resistance compared to a potassium chlorine based mud
system.

4) The ability to use when drilling in reservoirs. The Altair system does not reduce the
reservoir properties and does not cause clogging of micropores in the insoluble
dispersed phase.

5) The ability to use this drilling fluid in wells with increased environmental
requirements without the use of FSU blocks, which also reduces the cost of ownership
of this drilling fluid system.

Conclusion: the new inhibited drilling fluid system Altair has all the necessary
advantages to become a new inhibited drilling fluid system for mass drilling in active clay
intervals, as well as the most popular inhibited systems used in our country based on
polyacrylamides and potassium chloride.

CTABMWJIM3ALMSA BYPOBBIX PACTBOPOB, COAEPKAIIUX ITIOJIUMEPHBIE
PEATEHTBI PA3JIMYHOM IIPUPO/JIbI
STABILIZATION OF DRILLING FLUIDS CONTAINING POLYMER REAGENTS
OF DIFFERENT NATURE

Ilyxanoea A.H., Ynawesa H.M.
Yxmunckuti cocyoapcmeenuwlil. mexnuyeckull ynugepcumem, Yxma
Tsukanova A.N., Ulyasheva N.M.
Ukhta State Technical University, Uhta

Knwuesvie cnosa: BBICOKOIIOJINMEPHBIE COEJIUHEHMS, CTaOMIIN3aTOPHI,
(depMeHTaTUBHAs  CTOMKOCTb, (DIOKYNISHTHI, T[OKa3zaTelb (QUIbTpAlMM, CTPYKTYpPHO-
MeXaHUYECKUeE U PeoJIOTHYeCKHe CBOMCTBA, OypOBOI pacTBOp, OEHTOHUTOBAsI CYCHICH3US.

OKOJIOTUYHOCTh, B3aMMO3aMEHSEMOCTb, BBICOKAs CTAOMJIM3HUPYIOIIas CIOCOOHOCTD,
Xopolasi pacTBOPUMOCTh B BOJIe ¢ 00ecreueHreM ONTHUMAJIbHOM BSI3KOCTH, YCTOWYMBOCTH K
kosebanusM pH 1 K arpeccuBHOMY BO3AE€MCTBHIO AJIEKTPOIIUTOB, COBMECTUMOCTD C IPYTUMHU
XUMUYECKMMH  pEareHTaMH, CTPYKTYpPHO-MEXaHHWYeCKass CTOMKOCTb, M  COXpaHEHHUE
KOJUIEKTOPCKUX CBOMCTB IJIacTa — JIMIIb MaJjlasg 4acTb TOTO, YTO ONPEAENAET ‘“‘JIMAEPCTBO”
MOJIMMEPHBIX PEAreHTOB B XWUMHUHU IPOMBIBOYHBIX JKMJIKOCTEM. 3a4acTyl0 OLIEHKa
TEXHOJIOTHYECKUX XAPAKTEPUCTUK MOJIMMEPHOIO peareHTa HalpaslieHa TOJIbKO Ha KOHTPOJIb
peareHTa B OINpPEAEIEHHBIX YCIOBUSAX, YTO HE MOXET AaTh IOJHOW KapTUHBI W3MEHEHUH,
MPOUCXOSAIMINX KaK C CTPYKTYPHO-MEXaHMUYECKHMH, TaK W PEOJOrMYEeCKMMU CBONCTBAMU
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OypoBOTrO pacTBOpa B MPOMBIIUICHHBIX YCIOBHUsIX. CTpPO€HHE BBICOKOMOJIEKYISIPHBIX
pPC€arcHTOB Ha OCHOBC IIOJUCAXapUAOB OHNPCACIACT COBOKYIMHOCTb MAKPOMOJICKYJIIAPHBIX
LIGHGfI, O6p&30BaHHBIX AHT'UAPOTTIIOKO3HBIMU LUKIJIIAMU PA3JIMYHBIX YIJICBOAHLIX OCTATKOB,
CKPCIUIAIOMUXCA 3a CUCT TJIMKO3UIHBIX CBSI3€I71, HCIMIPOYHLIX OT HOPUPOABI, IPH I3TOM
CKPCIUICHUE MaKpPOMOJICKYJIAPHBIX ueneﬁ o0ecneunBaroT BaH-CpP-BaaJlbCOBBIC CHUJIBI,
BOOOPOJHBIC CBA3HU WJIM IOICPCUYHBIC MOCTUKH. HpI/Ipoz[a YIJI€BOAHBIX MOHOMEPOB, CTCIICHB
MMOJIMMEPpHU3allM U BETBJICHHA, @ TAKXKC XapaKTEp CBSI3EH MCXKAY 3BCHBSAMHU, OINPCACIIAIOT
KOJNIOUTHO-XUMHUYECCKHUEC CBOMCTBa p€arcHTOB Ha OCHOBE IIOJIMCaxapuJ0B, pPaspylHiCcHUC
CBsI3eH, BO3HMKAIOLIEE IO/ JCHCTBUEM pa3IMYHBIX (PAKTOPOB MPUBOIUT K JECTPYKLIUU
IMMOJIMMEPHOTO pcarcHra. KomiiekcHoe HUCCICOJOBAHUC TEXHOJIOTUYCCKUX CBOMICTB
(paCTBOPI/IMOCTB B BOJC; arperaTuBHas CTa6I/IJIbHOCTB; KHHEMAaTHUYCCKas BA3KOCTbh BOIHBIX
pacTBOPOB  ONPENEJICHHON  KOHILIEHTpPalUWW; TEPMHUYECKAs CTOMKOCTb; JJIUTEIbHOCTH
(bepMeHTaTHBHOﬁ CTaOMIILHOCTH B pa3IMYHbIX CPCAax; BIUAHHUC ITOJIUMCPOB Ha PCOJIOTHUIO H
mapamMeTp (1)I/IJIpraI_II/II/I OEHTOHUTOBBIX CyCHCH?»HfI; YCTOﬁqHBOCTb K BOS,Z[GI;'ICTBI/IIO
QJICKTPOJIMTOB U KI/ICJIOT) Hauboiee BOCCTpe6OBaHHLIX MapoOK IOJIMMEPOB OTCUCCTBCHHOT'O U
3apy6e>KHor0 IMPOU3BOJCTBA, a TaAKXKC HNX BJIUAHHA HA OCHOBHBIC TCXHOJIOIMYCCKHC
napaMeTpsl OYPOBBIX PACTBOPOB IMPOBOIMIOCH B UMeHHOM Jaboparopun 3A0 «IKOAPKTHKA»
«bypossie pactBoprel» nMmenu b.H. Knemnepra, YI'TY. Uccnenyembie o0pa3ipl NOIMMEPOB
OTHOCATCA K IBYM KJIaCCaM: OPraHMYCCKUC IMOJIMMEPHI U3 KilacCa IMOJIuCaxapua0B pa3m/1qH0ﬁ
npupoabl 1 CUHTCTUYCCKHUEC aKPHUJIOBBIC ITOJIMMEPHI.
%k %k %k

Key words: high-polymer compounds, stabilizers, enzymatic resistance, flocculants,
filtration index, structural-mechanical and rheological properties, drilling mud, bentonite
suspension.

Environmental friendliness, interchangeability, high stabilizing ability, good solubility
in water with optimal viscosity, resistance to pH fluctuations and aggressive effects of
electrolytes, compatibility with other chemical reagents, structural-mechanical resistance, and
preservation of reservoir properties are only a small part of what determines the "leadership™
of polymer reagents in the chemistry of washing liquids. Often, the evaluation of the process
characteristics of the polymer reagent is aimed only at controlling the reagent under certain
conditions, which cannot give a complete picture of the changes occurring with both the
structural-mechanical and rheological properties of the drilling mud in industrial conditions.
The structure of high molecular weight polysaccharide-based reagents determines a set of
macromolecular chains formed by anhydroglucose cycles of various carbohydrate residues
bonded by glycoside bonds that are fragile from nature, with the bonding of macromolecular
chains providing van der Waals forces, hydrogen bonds or cross bridges. The nature of
carbohydrate monomers, the degree of polymerization and branching, as well as the nature of
the bonds between the units, determine the colloidal-chemical properties of the
polysaccharide-based reagents, the breakdown of the bonds resulting from various factors
leads to the destruction of the polymer reagent. A comprehensive study of process properties
(water solubility; Aggregate stability; Kinematic viscosity of aqueous solutions of a certain
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concentration; Thermal resistance; Duration of enzymatic stability in different media; Effect
of polymers on rheology and filtration parameter of bentonite suspensions; Resistance to the
effects of electrolytes and acids) of the most rebranded grades of polymers of domestic and
foreign production, as well as their influence on the main technological parameters of drilling
fluids was carried out in the named laboratory of ZAO "Eco-Arctic” Drilling fluids "named
after B.N. Klempert, UGTU. The test polymer samples belong to two classes: organic
polymers from the class of polysaccharides of different nature and synthetic acrylic polymers.

BYPOBOI PACTBOP HA OCHOBE ITPUPOTHOI'O OTEYECTBEHHOI'O
CbIPbA
DRILLING MUD BASED ON NATURAL DOMESTIC RAW MATERIALS

Yemeepmnesa H.A.l, Ho3opa B.I/I.z, Ma3zvikun C.B.l, benenxo E.B.l, Honuwyuenxo B.IL!
000 «Cepsucnniii L{enmp CbM», Mockaa,
2000 «HIIK Cneybypmamepuanory, Kykosckuil
Chetvertneva I.A.}, Nozdria V.12, Mazykin S.V.}, Belenko E.V.}, Polishychenko V.P.
ILLC service center SBM, Moscow, 2LLC «NPK Special Drilling Materials», Zhukovsky

Kniwouesvie  cnoea:  OezaBapuiiHoe  OypeHMe,  TONMCAxXapuIbl,  Kpaxmad,
JUTHOCYJB(OHATHI.

AxTyanpbHOM 3amadeil mpu OypeHUHM HE(PTEra3oBBIX CKBAXHH B CIOXXHBIX TOPHO-
Te0JIOTUYECKUX YCIOBHUSX SIBISETCS NMPUOPUTETHOCTh NPUMEHEHMSI 3KOJOTHYECKH YHUCTBIX
cucteM OypoBBIX pPAacTBOPOB Ha OCHOBE OTEUYECTBEHHBIX pPEAreHTOB IPHPOJHOIO
npoucxoxaeHus. Hanbosee pacnpocTpaHEHHBIM M3 HHUX SIBISETCA Kpaxmall — MPUPOAHBINA
HOJIMMEp, JAJIi KOTOPOTO. BOBMOXKHBI PEAKILIUH, XapaKTepHbIe JUIsl MHOTOATOMHBIX CITUPTOB, B
YaCTHOCTH, 00pa30BaHUE MPOCTHIX U CIOXKHBIX 3GUPOB. [IpyrumM NpHpOIHBIM MaTepHaIoM
ABIIIOTCS JIMTHOCYIb(OHATH — CYJIb()ONPOU3BOJHBIE IPUPOJHOTO MOJIMMeEpa JUrHUHA [1].
O6nagast CXOQHBIMU TEXHOJOTUYECKUMH XapaKTEPUCTUKAMHU, JTaHHBIE MOJIMMEPbI CIIOCOOHBI
B3aUMOJICMCTBOBaTh MEXIy €000 ¢ oOpa3oBaHueM MOHO(A3HONW  KOMIO3UIUU—
cynbokapObokcudPupa Kpaxmajga IO peakuu dTepuduranuu. ITUM  TOJIYYEH
cUHepreTuueckuii »>¢p¢dexkT B BUIAE  YCUJICHHUS CTPYKTYPHO-PEOJIOIMYECKUX CBOWCTB,
OPOSIBIISIONIUXCS B pE3yJbTaTe MPOXOXKACHUS peaKUMid B3aMMOAEUCTBUS MPUPOIHBIX
NOJMMEPOB Kpaxmaja M JurHocyinbdonara. JlanpHellnee pa3BUTHE CHHEPreTUYECKOTO
apdexTa CBA3aHO ¢ OOpa3oBaHHEM IMPOCTPAHCTBEHHO CTPYKTYPHUPOBAHHOM CETKU C
MakpoMOJIeKyJaMHd Kpaxmana, 4YTO peaJid30BaHO B CHCTeMe OypoBOro pacTBopa
«[Tonudopm», OTINIUTETEHBIM CBOMCTBOM KOTOPOT'O SIBJISI€TCS MOBBIIIEHHAs CTAOMIBHOCTD K
BO3/ICIICTBHUIO arpeCCUBHBIX (PAKTOPOB.

Bypogoii pactBop «llomudopm» Ob1T ycrienmHOe MPUMEHEH MPpU OypEeHUH CKBKUH Ne
628 u Ne 6611 Actpaxanckoro 'KM, obecnieunB cTaOUIBLHOCTH CTBOJIA, TPEICTABICHHOTO
TEPPUTEHHBIM Pa3pe3oM C IMOBBIIIEHHBIM COJECpP)KaHUEM TOJMBAJICHTHBIX KAaTHOHOB U
AKTUBHOM TTIMHUCTON (ha30il paHHETO U MO3JHETO KaTareHes3a, a TaKkKe MepeciianBaroIIUMUCs
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TEPPUTEHHBIMU U XEMOTECHHBIMH MTOPOJIAMH, XapaKTEPU3YIOIIUMHUCS BHICOKMMHU TUIACTOBBIMU
JIABJICHUSIMH, PAIONpPOSBICHUSAMHU, CEPOBOJOPOIHON  arpeccueif, a TakXe  BBICOKHMMHU
TEMIIepaTypoil U MUHEpaIu3aiuei [2].

Takum 00pa3om, /Jisi TOBBIIICHUS KA4eCTBA CTPOMTEIbCTBA HE()TETa30BbIX CKBAKHH
U COKpallleHuss 00beMOB 00pa30BaHUsI OTXOJOB, MEPCHCKTUBHBIM SIBISICTCS MCIOJIb30BAHUE
9KOJIOTMYHBIX PACTUTEIBHBIX MATCPHAJIOB OTCUCCTBEHHOTO MIPOU3BOICTRA.

CIIMCOK MCITOJb30BAHHOM JIUTEPATYPBI

1. TlepcnexkTuBBl MPUMEHEHHS MOOOYHOTO MPOIYKTa MEpepadOTKH IEIUIIOI03bI-
CyIb(UTIEIUTIONO3HOTO IKCTpakTa B HeTssHON mpombinuieHHocTH / I A. Tentepesa,, N.A.
UYerBepTHEBA, 3.M.Moscym3ane//HeprenpompiciioBass — XUMHUSL. Marepuanst VI
MexnyHapoaHON HaydyHO-TIpakTHueckod koHpepennuun (XIV Bcepoccuiickoii Hay4HO-
npakTuieckor koHpepenun). Mocksa: PI'Y nwedtu u raza (HY) umenu U.M. ['yOkuHa,
2019. C 59-61.

2. BHeapeHue DOKOJOTHYHBIX CTPYKTYPHUPOBAaHHBIX THUAPOTEIEBBIX  OypPOBBIX
pacTBOpPOB Ha OCHOBE pacTuTenbHOro chipbs / B.M.Ho3apsa, C.B. Massikun, E.B. benenko,
B.IT. Ionmumy4enko, B.A. Muamakanos // Bypenue u nedts, 2017, Ne 10, C. 38-43.
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An urgent task when drilling oil and gas wells in difficult mining and geological
conditions is the priority of using environmentally friendly drilling fluid systems based on
domestic reagents of natural origin. The most common of these is starch-a natural polymer for
which. possible reactions characteristic of polyatomic alcohols, in particular, the formation of
esters and esters. Another natural material is lignosulfonates — sulfonates of the natural
polymer lignin [1]. Having similar technological characteristics, these polymers are able to
interact with each other to form a monophase composition-starch sulfocarboxyester by
esterification reaction. This obtained a synergistic effect in the form of strengthening the
structural and rheological properties, manifested as a result of the reactions of the interaction
of natural polymers of starch and lignosulfonate. The further development of the synergistic
effect is associated with the formation of a spatially structured grid with starch
macromolecules, which is implemented in the system of drilling mud "polyform", the
distinctive property of which is increased stability to aggressive factors.

Drilling fluid "polyform™ was successfully used in the drilling of wells No. 628 and
No. 6611 of the Astrakhan GKM, providing stability of the trunk, represented by a
terrigenous section with an increased content of polyvalent cations and an active clay phase of
early and late catagenesis, as well as interstitial terrigenous and chemogenic rocks
characterized by high reservoir pressures, rapoprojections, hydrogen sulfide aggression, as
well as high temperature and mineralization [2].

Thus, to improve the quality of construction of oil and gas wells and reduce waste
generation, the use of environmentally friendly plant materials of domestic production is
promising.
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KOMITIO3UIIMOHHBIE UHTUBUPYIOIIUE JOBABKA HA OCHOBE COJIEM
KPEMHUSA U JIMTHOCYJb®OHATOB
COMPOSITE INHIBITORY ADDITIVES BASED ON SILICON SALTS AND
LIGNOSULFONATES
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Knwuesvie cnosa: unnrubupoBanue, OypoBOl  pacTBOp, COMUM  KpEMHMS,
JUTHOCYb(OHATHI.

B ocnoxHEeHHBIX yCIOBUSAX HePTEeIO0O0BIYM (HAKIOHHO-HAIPABICHHBIE CKBAKUHBI,
CKB2XHHBI C TOPH30OHTAJIBHBIM OKOHYAHHEM) MPOOJIEMBI YCTOWYMBOCTH CTBOJIA CKBAXKHH,
CJIOKEHHBIX MTOPOJIaMH, CKIIOHHBIMH K 00BaJlaM M OCBIIISIM BO3MOXKHO peIIaTh MPUMEHEHHEM
OypOBBIX PAaCTBOPOB C TOBBINIEHHONW WHTHOUPYIOMIEH CMOCOOHOCTHIO. Takke Ha3BaHHBIC
pacTBOpPhl JOJDKHBI 00JIaAaTh JOMOJHHUTEIbHBIMU TEXHOJIOTMYECKUMHU XapaKTePUCTUKAMU:
YCTOMYMBOCTBIO K BO3/IEHCTBHIO COJIEBOM U TEMIIEPATypHOM arpeccusim.

B paGote nnrubupyromiee neicTBrEe KOMIO3UIUN COe KpeMHUs (CHIIMKATOB HATPHS
¥ MarHus) W JUrHOCYIb(poHaTOB HeiTpanpHbix (pH 7-7,4) u cymbdurtabix (pH 4,5-4,8)
UCCIIEIOBAHO M0 METOAMKE ONPEACICHUS CKOPOCTH YBIAKHEHHS CIEIHATBHO
MPUTOTOBJICHHBIX TIMHUCTHIX 00pa3uoB (II, %/yac) B COOTBETCTBHM C METOAUKOW OLIEHKH
WHTUOHMPYIONINX CBOWCTB OYpOBBIX pPacTBOpPOB coriacHo TpeboBanusm PJI 39-00147001-
7730-2004.

YcTaHOBIEHO, YTO MAaKCHUMaJbHOM HWHTHOMpYIOIIEH CcHocoOHOCThIO —00Janaer
KOMITO3UIIUS CHJIMKATa MarHus U CyJb(UTHOTO JIMTHOCYIb(OHATA, KOTOpas cocTaBiseT 85-
90%.

[Tpu no6aske 1% cunukara maraus K pactsopy HeiTpanbHoro JICT, uHruOupyromas
CHOCOOHOCTH KOMITO3HIIHS 3HAYUTEILHO MEHBIIIE U cocTaBiaseT He oomnee 40-45%.
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Hns xommosunmii 1% cunmkara HaTpust ¢ HEHTpPaJbHBIM M CYJIb(QHUTHBIM
JUTHOCYAb(OHATAMH, HWHTUOMpPYIOLIas CIIOCOOHOCTD coctapmia 63% u 48 %
COOTBETCTBEHHO.

Takum oOpaszom, Hanbomnee >PPEeKTUBHON MHTHOUPYIOLIEH CIIOCOOHOCTHIO 00JamaeT
KoMIo3uIus cuiukara marausi ¢ cynbdutaeiM JICT. BaxHo, 4To 1o creneHu BO3AEHCTBUS
Ha nepcoHan u OC, naHHas KOMIIO3ULMS HAaXOAWUTCS Ha OJHOM YPOBHE CO CTaHAApPTHBIMU
MHTHOMPOBAHHBIMU PACTBOPAMHU Ha BOAHOI OCHOBE.

OpHako, N0 SKOHOMHUYECKHM M TEXHOJIOTMYECKMM I[10Ka3aTeNIIM ONTUMAlIbHbBIM
SIBJISICTCS MCIIOJIb30BaHUE B COCTaBe OYpPOBBIX pPAacTBOPOB HE MAarHMWEBOM, a HATPUEBON CONU
KPEMHHUS B COYETAaHUH C HEUTPAJIBHBIM JIUTHOCYIIb(HOHATOM.

CIIMCOK UCITOJb30BAHHOMN JJUTEPATYPBI

1. Drtanbl pa3BUTHS HW NPUMEHEHHS KPEMHUHOPTaHMYECKUX COCJUHEHHH B
Heprenodsiue / I'.A. Tenrepesa, B.I'. Koneces, FO.W. 3arunymnmun // CoBpemeHHasi HayKa:
aKTyalibHbIe TpobseMbl Teopun U mpakTuku. Cepus ['ymanutapusie Hayku. — 2018. — Ne 1. —
C. 43-46.

2. Cozmanwe W  pa3BUTHE TMPAKTHKH XUMHYECKOW 00paboTKH  OypOBBIX
IIPOMBIBOYHBIX JKUAKOCTEH I noBbIIeHus 3 dexruBocTn HepTenoosrun/ Tentepesa I'.A.,
[aBmrykosa C.10., YerBeptHeBa U.A. // Hedrel'azoXumus. — 2019. — No 1. — C. 25-27.
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In complicated oil production conditions (directional wells, wells with horizontal
completion), the problems of the stability of the wellbore, composed of rocks prone to
collapses and talus, can be solved by using drilling fluids with increased inhibitory ability.
Also, these solutions should have additional technological characteristics: resistance to salt
and temperature aggression.

In this work, the inhibitory effect of compositions of silicon salts (sodium and
magnesium silicates) and neutral lignosulfonates (pH 7-7.4) and sulfite (pH 4.5-4.8) was
studied by the method of determining the rate of wetting of specially prepared clay samples
(N, %/h) in accordance with the method of assessing the inhibitory properties of drilling
fluids according to the requirements of RD 39-00147001-7730-2004.

It was found that the composition of magnesium silicate and sulfite lignosulfonate,
which is 85-90%, has the maximum inhibitory ability.

With the addition of 1% magnesium silicate to a neutral LST solution, the inhibitory
ability of the composition is significantly less and is not more than 40-45%.

For compositions of 1% sodium silicate with neutral and sulfite lignosulfonates, the
inhibitory ability was 63% and 48 %, respectively.

Thus, the composition of magnesium silicate with sulfite LST has the most effective
inhibitory ability. It is important that the degree of exposure to personnel and OS, this
composition is on par with standard inhibited water-based solutions.
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However, according to economic and technological indicators, the optimal use in the
composition of drilling fluids is not magnesium, but sodium salt of silicon in combination
with neutral lignosulfonate.
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BJIMAHUE CMA30OYHBIX TOBABOK HA TIAPAMETPBI BYPOBBIX
PACTBOPOB
EFFECT OF LUBRICATING ADDITIVES ON PARAMETERS OF DRILLING
FLUIDS

Yyounoea U.B., byknakoe E.A., Poouonoe P.II.
Canxm-Ilemep6ypeckuil copuwiti ynusepcumem, Canxm-Ilemepoype
Chudinova 1.V., Buklakov E.A., Rodionov R.P.
Saint-Petersburg Mining University, Saint-Petersburg

Knrwoueswie cnosa: 6ypoBoii pacTBOp, TyOPUKaHT, PEOJIOTHS.

CHwxkenue KOdPGUIIMEHTa TPEHUS OCYIIECTBISAETCS BBOJIOM B IPOMBIBOYHBIN
pacTBOp CMa304YHBIX JI00ABOK, KOTOPHIE HE TOJBKO CHMIKAIOT M3HOC OYPUIIBHBIX U 00CaIHBIX
TpyO, a B OOJBIIMHCTBE CIIy4acB CHIDKAIOT BEPOSITHOCTh BO3HUKHOBEHHUS IpPUXBaATa
OypHIIBHBIX TPYO B CKBaXKMHE M 00JIETYalOT OCBOOOK/IEHNE TPUXBAYCHHBIX KOJIOHH [2].

B nuteparype orMeuaercs, 4TO BO3MOXKHOCTh OYpEeHUsI CKBXKUH C TOPU3OHTATIBLHBIMHU
y4acTKaMy OOJBIION TMPOTSHKEHHOCTH B 3HAYMTENBHOM CTENEHH 3aBUCUT OT KadecTBa
MPUMEHSIEMBIX CMa30uHbIX J100aBok [2]. WX mnpuHATO paccMaTpuBaTh KakK JOCTATOYHO
WHEpTHbIE J00aBKM K OypOBBIM pacTBOpaM. VIcmbITaHHEe CMa30uYHBIX J100aBOK OOBIYHO
MPOBOJST C HCIONBb30BAHHEM TIIMHUCTBIX OypOBBIX PAacTBOPOB [2], XOTs JaHHBIE PEareHTHI
ceiyac BKIIIOYAIOTCS B COCTaB MPAKTUYECKH BCEX OYpOBBIX pAacTBOPOB, B TOM YHUCJIE M HaA
YTIJIEBOAOPOJHON OCHOBE.

[lenpto pabOTHI SBISATIOCH TECTUPOBAHUE CMA30YHBIX J00ABOK C HCIOJIb30BAHHEM
JIBYX THTIOB COCTABOB (TJTMHUCTO-TIOJTUMEPHOTO ¥ OMOTIOTMMEPHOTO OE3TITMHUCTOTO), a TAKKE
WCCJICIOBAaHNE WX BIMSHUS Ha OCHOBHBIE MTapaMeTphl OYpOBOTO pacTBOpA.

TecTupoBaHHe TMATH CMa304YHBIX J100ABOK B YCIOBHSIX TIMHHCTO-TIONUMEPHOTO H
0OE3rITMHUCTOTO0 OMOMOIMMEPHOTO0 OYpPOBBIX PACTBOPOB IMOKA3ajo, YTO CMAa304YHBIE JT0OABKU
MOTYT SIBJISITbCSl «aKTUBHBIMHM» KOMIIOHEHTAMHM PAacTBOpa, T. €. MOTYT 3aMETHO BIIUATH Ha
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CTPYKTYpPHO-MEXaHUYECKHE U TUKCOTPOIIHBIE CBOICTBa OypOBBIX PACTBOPOB, a TaKXe Ha
BOJIOOT/Ia4y, YTO OOBSICHAETCS UX aJIcOpOLMeii Ha TOBEPXHOCTH TBEP/IBIX YACTHIL B PACTBOPE.
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Reduction of friction coefficient is carried out by introduction of lubricating additives
into drilling mud, which is not only reduce wear of drilling and casing pipes, but in most
cases reduce probability of formation of drilling pipes in well and facilitate release of stuck
strings [2].

It is noted in the literature that the possibility of drilling wells with long horizontal
sections depends to a large extent on the quality of the lubricating additives used [2]. They are
generally considered to be quite inert additives to drilling fluids. The test of lubricating
additives is usually carried out using clay drilling fluids [2], although these reagents are now
included in almost all drilling fluids, including those on a hydrocarbon basis.

The purpose of the work was to test lubricating additives using two types of
compositions (clay-polymer and biopolymer clay-free), as well as to study their effect on the
main parameters of the drilling mud.

Testing of five lubricants under conditions of clay-polymer and clay-free biopolymer
drilling fluids showed that lubricants can be "active" components of the mud, i.e. can
significantly influence the structural-mechanical and thixotropic properties of the drilling
fluids, as well as water recovery, due to their adsorption on the surface of the solids in the
mud.
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HCCJEIOBAHHUE CBOMCTB BYPOBOI'O PACTBOPA JIJIsI BYPEHUA
CKBA’KHUH B I'V'IMHUCTBIX TIOPOJAX
RESEARCH OF DRILLING FLUID PROPERTIES FOR DRILLING WELLS IN
SHALES
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Knrwoueswie cnosa: 6ypoBoii pacTBOp, INIMHUCTAS IOPOJa, UHTHOUTOp HaOyXaHHS.

B omnbiTe npoMbICIOBBIX pabOT Ui MHIMOMPOBaHUSA HAOyXaHUS M JAUCIEPIUPOBAHUS
[JIMHUCTBIX ~ TOPOJ,  IIMPOKO  HCHOJB3YIOTCS  XJIOPKaJueBble  OYpOBbIE  PACTBOPHI.
Konnentpanus KCl B pactBope B mpemenax oT 3-20% mMmO3BOJSET MHHMMHU3HPOBATH
HaOyxaHue U paspyuieHue nopoj. OJHAKO, C YKECTOYEHHEM 3KOJOIMYECKHX TpeOOBaHUiA,
0coOeHHO B oOsacTH Mmenb(hOBOrO M MOPCKOTO OypeHHs, BBOISATCS OTrPaHMYCHHS Ha
UCIIOJIb30BAHUE BBICOKOKOHIICHTPUPOBAHHBIX COJEBBIX pacTBopoB. [1] Tem He Mmenee, 10
HACTOALLIET0 BPEMEHH MPHUMEHSIIOT XJIOPKAJIMEBbIE PAacTBOPbI € J00aBJIEHUEM YacCTHUYHO
ruposan3zoBaHHoro nonuakpuamuaa (PHPA), xotopblii cTabuin3upyer riIMHUCTBIE OPOJIbI
nyTeM (OpPMUPOBAHMS 3AIUUTHOIO CJIOS HAa CTEHKaX CKBAXMHBL. Takxke A 3¢G(EeKTUBHOIO
WUHIHOMPOBAHUSI TIIMHUCTBIX MTOPOJI IPUMEHSIFOTCSI PACTBOPBI HA YIIIEBOAOPOIHOM OCHOBE. [2]
WX wucnonp30BaHHE TapaHTUPYET OTCYTCTBHE HaOyXaHHs TMOpPOJA, a TakXke OTIMYHbIC
cMa304HbIe CBOMcTBA. OJHAKO MCIOIB30BAaHUE PACTBOPOB Ha YIJIEBOJOPOIHON OCHOBE TaKXkKe
CBSA3aHO C DKOJOTMYECKUMHU OTPaHUYEHUSMU U BBICOKUMH MAaTE€pUAJIBHBIMU 3aTpaTaMH Ha UX
nepepaboTKy U yTHIIN3ALIUIO.

[lonbop peareHTOB-MHTHOMTOPOB MPOBOJAWICA HCXONId W3 aHauu3za padboT
uccienoBareNied M pe3yJabTaTOB  MpOMBICIOBOro  ombita.  Jms  pa3paboTku
BbICOKOA()()EKTUBHOTO, HE TOKCUYHOIO MHruOMTOpa HaOyXaHUs TJIMHHUCTBIX TOPOJ
HE00X0/IMMO UMETh MPEICTaBICHUE O B3aUMOICHCTBUSX, POUCXOASIINX MEXKy peareHTaMu
u nopojoi. CymiecTByeT JBa MeToJa MNpeAoTBpalleHuss HaOyXaHUs U JAUCHEPrHpOBAHUSA
[JIMHUCTBIX TMOPOJI: IPOHMKHOBEHHWE YaCTHI] HMHTHOUTOpa B CTPYKTYpY HOpOJBI U
o0pa3oBaHUe KalCYJIMPYIOUIMX CJIOEB BBICOKOMOJEKYJSPHBIX COCIUHEHUH Ha CTEHKax
CKBaKUHBI. J[J1s1 TAKOTO poJia MOJIMMEPTIMHUCTBIX PAaCTBOPOB MpeAiaraeTcs psJl peareHToB U
UX KOMOMHaIMii Ha OCHOBE MOJIMAKPUIAMMIIOB, MOJMBUHUIMHUPOINUIOHOB, aKPHIOBBIX
MOJIMMEPOB, T'yapa, aMUHOB, OuTyMa U T. m. OOpa3oBaHHE HEMPOHHUIAEMBIX IUIACTUYHBIX
KOPOK Ha CTEHKaX CKBa)KHUHBI CHOCOOCTBYET CHIDKEHMIO THUIpAaTallid W MOBBIIIEHUIO HX
YCTOMYUBOCTH.

Takum  oOpa3oM, TpU  OJHOBPEMEHHOM  HCIHOJB30BAHWU  JBYX  METOOB
MHTUOMPOBAHUS TONYyYWId OypoBOi pacTBOp MOJMM(YHKIMOHAIBHOTO JIEHCTBHS, KOTOPBIN
CHIDKAeT aKTUBHOCTh BOAHOM (haszbl pacTBOpa 3a CUYET BBICOKOMOJEKYJSPHBIX COEIMHEHUH,
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o0OecrieunBaeT HU3KYH0 CKOPOCTb T'MIpaTalliyd [NIMHUCTBIX HOPOJ U IO3BOJISIET YacTHIAM
MHIHMOUTOpA IPOHUKHYTH B CTPYKTYPY IOPOJBI.
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KCI drilling fluids are widely used in field work to inhibit swelling and dispersion of
clay rocks. Concentration of KCI in solution in the range from 3-20% makes it possible to
minimize swelling and destruction of rocks. However, with the tightening of environmental
requirements, especially in the field of offshore and offshore drilling, restrictions are imposed
on the use of highly concentrated salt solutions. [1] However, to date, KCI solutions with the
addition of partially hydrolyzed polyacryamide (PHPA) are used, which stabilizes the clay
rocks by forming a protective layer on the well walls. Hydrocarbon-based solutions are also
used to effectively inhibit clay rocks. [2] Their use guarantees non-swelling of rocks, as well
as excellent lubricating properties. However, the use of hydrocarbon-based solutions also
involves environmental constraints and high material costs for their processing and recycling.

The selection of inhibitor reagents was carried out on the basis of analysis of
researchers works and results of drilling experience. In order to develop a highly efficient,
non-toxic clay swell inhibitor, it is necessary to have an understanding of the interactions
occurring between reactants and rock. There are two methods of preventing swelling and
dispersion of clay rocks: the penetration of inhibitor particles into the rock structure and the
formation of encapsulating layers of high molecular weight compounds on the well walls. A
number of reagents and combinations thereof based on  polyacrylamiles,
polyvinylpyrolidones, acrylic polymers, guar, amines, bitumen, etc. are provided for such
polymeric clay solutions. Formation of impermeable plastic crust on well walls helps to
reduce hydration and increase their stability.

Thus, with the simultaneous use of two inhibition methods, a polyfunctional drilling
fluid has been produced that reduces the activity of the aqueous phase of the fluid by high
molecular weight compounds, provides a low rate of hydration of the clay rocks, and allows
the inhibitor particles to penetrate the rock structure.
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JKUJIKOCTEM JIJIA PETYJIUPYEMOI'O YIIPABJIEHUS X CBOMCTBAMM C
HEJBIO TPEAYIPEXIEHAA OCJIOKHEHUM B ITPOIIECCE BYPEHUS
CKBAKUH
DEVELOPMENT OF SUPRAMOLECULAR SYSTEMS OF PROCESS FLUIDS FOR
ADJUSTABLE CONTROL THEIR PROPERTIES TO PREVENT COMPLICATIONS
DURING DRILLING

IHlepoaxosa K., Conoeves H.B.
Poccutickuii cocyoapcmeernnulii 2e01020pa3ee00uHblll YHUBEpCUnem
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Knwuesvie cnosa. CynpamMoOJICKYJIAPHBIC CHUCTCMbI, ITOJHUMEPBLI, TCXHOJOTMYCCKHUEC
KHUIKOCTH.

Ha ceronusmHuil 1eHb PHIHOK XMMHUYECKUX PEareHTOB KakK 3apyOeXHbIH, Tak U
OTEYECTBEHHBIN IpeiaraeT 0oJIbIIoi nepedyeHb MOJIMMEPHBIX PEareHTOB MPUPOoJa KOTOPbIX,
a TaK)Ke UX CBOWCTBA MOJHOCTHIO HE U3YYEHBI.

Hcxons U3 3TOro mpou3BOAUTENN OYpOBBIX PadOT MPUMEHSIOT OOJIBIIOE KOJIUYECTBO
MOJIMMEPHBIX PEAareHTOB B COCTAaBE PEKOMEHAYEMBIX pPELeNnTyp TakuxX pacTBopoB. Ilpu
(GOpMUPOBAHUM TAaKUX PELENTYp HE YUUTHIBAETCS XUMUYECKOE CTPOCHHE MaKpOMOJIEKYJI
MOJIMMEPHBIX PEareéHTOB, UX B3aUMHOE BIMSHHE HA 3(PPEKTUBHOCTH NEHCTBHS KaXKIOro U3
HUX TPU B3aMMOJIEHCTBHM KOMIIOHEHTOB OYpOBOTO PacTBOpa M MX BIHMSIHHME Ha cllaraeMble
AJIEMEHThl TEXHOJOTHYECKUX (YHKIMHA C y4eTOM COCTaBa M CBOMCTB TOPHBIX TOPOI.
[TonmumepHBlE peareHThl B COCTaBe OYpOBBIX PACTBOPOB JIOJKHBI YCHUJIMBATh JieHiCTBHE
KaXx/10ro (cuHepretudeckux 3¢dexr) npu obieM nonoxuTeabHoM 3ddexre npu peanusanuu
TOM UM MHON (QYHKIIMHM TaKUX PACTBOPOB.

Hcxons U3 3TUX 3a7jad HaMHM IPOaHAIM3UPOBaHbl HanboJee MHUPOKO MPUMEHSIEMbIE B
MpaKTUKE OypeHHs] CKBaKUH IOJHMMEpPHbIE XUMHUYECKHE pPEareHTbl, KOTOpPhIE COCTABIISIOT
OCHOBY TNOJIMMEPHBIX OYPOBBIX PaCTBOPOB.

B ocHOBYy pa3paboTku cynpamMoJeKyIspHBIX CHUCTeM OypOBBIX pPacTBOPOB HaMHU
MOJIy4EeHbl OCHOBHBIE 3aKOHOMEPHOCTH (hopMupoBanus Takux cucreM [1]. [Ipu HaxoxxneHun
B BOJHOM DAacTBOPE HECKOJBKHX TOJMMEPHBIX BELIECTB OHU CO3AAIOT ACCOLMAIMAThI
KOMIUIEMEHTaPHBIX MOJIEKYJISIPHBIX KOMIIOHEHTOB, CBSI3aHHBIX C ITOMOLIbI0 HECKOBAJIEHTHBIX
B3aMMOJICHCTBUII - TO €CTh MEXMOJEKYISIPHBIX B3auMoAeucTBUNA. OObEKTaMH TaKHUX
UCCIICIOBAaHUM  SIBIISIFOTCS.  CYyNPaMOJIEKYJISIpHbIE  aHCaMOJIM, COCTOSIIIME M3  HMMEROIINX
F€OMETPUUECKOE U XUMUYECKOE COOTBETCTBUE (PParMEHTOB TAaKUX CHCTEM.

VYcranoBnenue 3aKOHOMEPHOCTEN caMOOpraHu3au CyNPaMONEKYISIPHBIX
MOJMMEPHBIX OYpOBBIX PACTBOPOB MO3BOJIUT TOJYYHUTh TJIABEHCTBYIOIME MapameTphbl
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MexaHu3mMa  MemOpaHo  oOpasoBanuss (MMO) 1npu  B3aUMOJCHCTBUM  HX  C
MIIMHHOCOJAp>KalllMMU TOPHBIMU TTopoaamu [2].
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Today, the market of chemical reagents, both foreign and domestic, offers a large list
of polymer reagents whose nature, as well as their properties, are not fully understood.

On this basis, drilling manufacturers use a large number of polymer reagents as part of
the recommended formulations of such solutions. In the formation of such formulations, the
chemical structure of the macromolecules of polymer reagents, their mutual influence on the
effectiveness of each of them during the interaction of the components of the drilling fluid
and their influence on the components of the technological functions taking into account the
composition and properties of rocks are not taken into account.

Polymeric reagents in the composition of drilling fluids should enhance the effect of
each (synergistic effect) with a general positive effect in the implementation of a particular
function of such fluids.

Proceeding from these problems we have analyzed the most widely used polymer
chemical reagents that are the basis of polymer drilling fluids that are most widely used in
drilling practice.

The basis for the development of supramolecular drilling fluid systems we have
obtained the basic laws of the formation of such systems [1]. When several polymeric
substances are in an aqueous solution, they create associates of complementary molecular
components connected by non-covalent interactions - that is, intermolecular interactions. The
objects of such studies are supramolecular ensembles consisting of fragments of such systems
having geometric and chemical correspondence.

Establishing patterns of self-organization of supramolecular polymer drilling fluids
will make it possible to obtain the dominant parameters of the membrane formation
mechanism (MMO) when they interact with clay-producing rocks [2].
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