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TIpuseoera oouan XapaKmepucmuka npuxeanos.
TIoxasamro, umo HaubobiLee HUCIO OCONCHEHULL
nPOUCXOOUM 1O NPUHUNHE OUPDPEPeHUUANILHBLX
npuxeamoe.I1o0pobro paccmomper
ouppeperyuanbHbLil IPUXeam 1 cnocoowbL e2o
aureuoauuu. IIpeonoxcer Ha yposre u3oopemenis
0YPOBOIL PACMEOP € BLICOKOLL CMA3LIBAIOULCIL UL
AHMUNPUXEAIMHOLL CNOCOOHOCINBIO. BolnoIHeHHbLe
AA00PamopHbvLe UCHbUNAHUA NOOMBEPOUIL
BbLCOKOE Ka®ecmeo 6Ypo602o pacmeopa, uimo
1n0360J18em PeroMeHO08aMb €20 OJLA UUUDOKO20
8HeOperUs 8 nHaxmurxy 6yposoix pabom, 0cooeHHO
npu 6ypeHuUL HAKIOHHBIX U 20DUSOHINAIGHBEX
CKBANCUH 8 CIIONCHBLX YCILOBUSX.

Ipu COOPY>KEHUHM HAKJIOHHO-HAIIPABJIEHHBIX CKBAXKUH
C TOPUBOHTAJIBHBIM yYACTKOM CTBOJIA TPUXOIUTCS
CTAJIKUBATHCA IPAKTUYECKU CO BCEMU BUJAMU OCJIOKHEHU,
HAUO0JIEE YACTBIM U3 KOTOPBIX SABJISAIOTCA IPUXBATHL
HICTOpHUYECKU PA3AENAIOT IPHUXBATHI HA OOYCIOBICHHBIE
MEXAHUYECKUM B3aUMOICHCTBUEM U UMD DEPEHITUATIBHBIC.
CormacHO COBPEMEHHOH TEPMUHOIOT MU TPUXBATEI,
OOYCJIOBJIEHHBIE MEXAHUYECKUM BO3JEMCTBUEM, PA3JEAIOTCS
HAa IBE OTJENBHBIE KATETOPHUH, 4 UMEHHO: IPUXBATHI IIIAMOM
WIH OOBATMBILIEHCS TOPOION U 3aKITHMHUBAHUE HA YIACTKAX
CO CJIOKHOIM reOMeTpUer CTBOMA. 1071 JUPPEePEHITUATTBHBIX
IIPUXBATOB COCTABIAET 80%, a 20% NIPUXOAUTC HA IIPUXBATHI,
OOYCJIOBJIEHHBIE MEXAaHUYECKUM B3aUMOJICHCTBUEM U
HEHUCIPABHOCTBIO OO0PYAOBAHHS.

Haubonee 9acTo NPOUCXOAT MPUXBATHI IIJTAMOM HJIN
06BAJIUBIICHCS TOPOAOH. OOBIYHO OHU BO3HHUKAIOT IIPH
NOJbEME MHCTPYMEHTA, OJHAKO MPH IPOAOJIKUTEIBHOM
MNPEKPAIIEHUH HUPKYJIALINA MOXKET OBbITh IPUXBAYEHA 1
HETIOABHUIKHASA KOJIOHHA. HOTIA TAKKE IPUXBATHI BOZHHUKAIOT
MPHU CITYCKE HHCTPYMEHTA B CKBAXKUHY. [IpHXBATHI IIUIAMOM
WY OOBAIMBHIEHCS IOPOJO CO3/AAI0T HAUOOBIIYIO YI'DO3Y.
Kak mpaBuiio, 0CBOOOANTE KOJIOHHY, IPUXBAYEHHYIO IIJIAMOM
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The main characteristics of differential
sticking are described. It is shown that most
of complications are due to differential
sticking. There is a detailed description

of differential sticking and the ways

to eliminate this effect. Drilling mud

with bigh lubricating and anti-sticking
properties is proposed at the invention
level. Experimenital tests proved high
quality of drilling mud thus allowing to
recommend its large-scale implementiation
in drilling operations, especially for drilling
directional and borizontal wells in barsh
conditions.

During construction of directional wells with
horizontal wellbore drilling companies face almost
all kinds of complications. The most frequent
complication is sticking. Historically, sticking
effects are divided into mechanical and differential
sticking. According to a modern terminology,
mechanical sticking can be classified under two
separate categories: sticking caused by drilled
cuttings or cavings and jamming at intervals with
a complex wellbore geometry. Differential sticking
proportion is 80%, proportion of mechanical
sticking and sticking caused by equipment failure is
20%.

Most often sticking is caused by drilling cuttings
or cavings. Usually it happens during tripping up,
but also fixed drill string can stick when circulation
is stopped for a long period. Sometimes this
sticking occurs during tripping down into the
well. Sticking caused by drilling cuttings or cavings
is the most dangerous. Generally, it is harder to
release drill string which was stuck due to cuttings
or cavings than drill string which was jammed at



WJIM OOBAJIMBIIEHCS TIOPOAOH, TPYAHEE, YEM KOJIOHHY,
3AKJIMHUBIIYIOCS HA YYACTKE CO CJIOKHOU T€OMETPUEN
CTBOJIA, WJIN KOJIOHHY, IPUXBAYEHHYIO MO, IEUCTBUEM
JupPepeHINATBHOrO AaBaeHM. [Ipy TUKBUAALINN

TAKHUX [IPUXBATOB TEPSAETCS OOJIBIIE OOOPYIOBAHUS U

4ale NpUXOJUTCA 3a0yPUBATb GOKOBOU CTBOJL bosbmas

4aCTh IPUXBATOB ITJIAMOM WJIH OOBAJIMBIICHCS TIOPOAOH

BO3HUKAET IIPU NOABEME UHCTPYMEHTA. [IpHUNHON

IPUXBATOB IUIAMOM HMJIM OOBAJIUBIICHCS TIOPOJIOH SIBISICTCS

HEKA4YECTBEHHAsI OUMCTKA WIH /126351 yCTOUYHUBOCTD

CTEHOK CKBA’KUHBL

JuddepeHaNbHbIA IPUXBAT BOZHUKAET, KOITA

O/ IEUCTBUEM PA3HOCTH JABJICHUI B CKBA)KHHE U B

MPOHHUIIAEMOM ILTACTE HEMOABHIKHAS Oy PUIbHAS KOJIOHHA

BJIABJIMBAETCSA B (PUIBTPALIMOHHYIO INIMHUCTYIO KOPKY,

06pa30BABIIYIOCS HA OTKPBITOM HOBEPXHOCTH 3TOI'O IIACTA.

Tpenue Mexy OypUIBHON KOJJOHHOM M MTOPOJIOH IIIACTA

BO3PACTAET HACTOJIBKO, YTO CABUHYTH KOJIOHHY C MECTA

CTAaHOBHUTCS HEBO3MOXKHO. TaKMe MPHUXBATHI BO3HUKAIOT

HAMHOI'O YalIe B CKBAXKMHAX, IEPECEKAIONINX UCTOEHHBIE

NPOAYKTUBHBIE IUIACTHL M eciy 6ypriibHAsA KOJTOHHA

JIOJITO OCTAETCA HEMOABHUKHOM, TTOYTU BCET/]A BOSHHUKAET

aupdepeHITnaNbHBIN IPHUXBAT.

3aKJIMHUBAHUE HA YyYACTKAX CO CJIOKHOM IreOMETPUEI

CTBOJIA IPOUCXOAUNT TaMm, rie (popma KHBEK He cOOTBETCTBYET

¢popme crBosna. Muorpa KHBK HE MOXET CBOOOIHO IPOUTH

4Jepes TaKOM y4yacTok. Ecim ke KHBK npoaBuraroT B Takou

Y4aCTOK ITOJ] OOJIBIION HAI'PY3KOI, BO3MOKEH ITPHUXBAT.

JpyrumMu cJ10BaMu, MIPUXBATHI HA yYACTKAX CO CJIOKHOU

T€OMETPHUEN CTBOJIA BO3HUKAIOT IIPU ITEPEMEIEHUN

OyPHUIBHOM KOJIOHHBI BBEPX WJIA BHU3 I10 CTBOJTY.

IIpaBUJIBHOE ONPEAETIEHUE TPOOIEMBI ABIACTCA IEPBLIM

IIAIOM B IIPOLIECCE €€ pemeHns. [TI03ToMy IPoLecc

JIMKBUIAIIUHN IPUXBATA HAYMHAETCA C ONIPEJETIEHUS €ETO

MexaHu3Mma. ITocse onpeneneHnsa MEXaHU3Ma MOKHO

HEME/JIEHHO NPUCTYNATh K IMKBUJALUHN IPUXBATA.

COBEpPILIEHHO HEOOXOAMO KAK MOKHO OBICTPEE U ITIPABUJIBHEE

BBINIOJIHATH HAYAJIBHBIC ICHCTBUS. YTO ObI HU OBLIIO IPUYUHOM

NPUXBATA — CO BDEMEHEM CUTYAIIUA OCIOKHAETCA. 10

CTATUCTHUKE, B 50% BCEX CIIyYaAEB NIPUXBAYEHHYIO KOJIOHHY

YI4€TCA OCBOOOANTD B TEUEHHE IIEPBBIX YETBIPEX YACOB ITOCJIE

BO3HMKHOBEHM IIPUXBATA, B TO BPEMS KAK ITO UCTEYEHUH

MIEPBBIX YETBIPEX YACOB ITOT MOKA3ATENb CHHUKAETCA JJO

10%. OCBOBOXKAEHNEM KOJIOHHBI PEIIEHUE IIPOOIEMBI HE

3aKAHYMBACTCSL. 3aBEPIIAIONICH CTAIUEN ITPOLIECCA PEIICHUS

JIFOOOF IIPOBIIEMBI SIBJISIETCS AHAJIN3 U OLICHKA BBITIOJIHEHHBIX

JEUCTBU JJ11 TOT'O, YTOOBI MOXKHO ObIJIO U3BJIEYb YPOK U

YCOBEPIIEHCTBOBATH CBOIO PA60TY. IToCe TOro KaK yCTaHOBJIEH

MEXAHM3M IIPUXBATA, MOXKHO BBITIOTHSTh HA4aIbHbBIE JICHICTBU

I10 OCBOOOK/ICHUIO IIPUXBAYCHHON KOJIOHHBI.

Ecau mpou3olne IPUXBaT HIJIAMOM HJIH

OOBATHBUICICS IOPOJIOX, TO HEOOXOUMO:

1. CopocuTsh JaBIeHUE, BO3POCIIEE U3-32 OOPA3ZOBAHUS
IIPOOKH, 4 3ATEM CO3/[JATh HEOOJIBIIOE JABJIEHUE (CIIMIIKOM
oonpInoe gasneHue sasuHeT KHBK, Kak IOPITIEHbD, ATbIIe
B IIPOOKY). HE60JIBIIIOE JaB/IEHUE TPEOYETCS AJIs1 TOT'O,
YTOOBI BOCCTAHOBUTD ITUPKYJIAIIMIO, €CIN YAACTCS CABUHYTh
KOJIOHHY C MECTAQ).

2. TIpWIOXUTb KPYTAIUI MOMEHT U IIPOU3BECTH AP
BHU3 ICCOM. ECJTH 5ICC HE BKJTIOUEH B KOMIIOHOBKY MJIM HE

BbinonHeHHble nabopaTopHble UCMbITaHUSA
MOATBEPAMIIN BbICOKOE KayecTBO OypoBOro
pacTBOpa, YTO NO3BOJISIeT PeKOMEHA0BaTb
€ro AN LUIMPOKOTrO BHeAPEHUS B NPaKTUKY
OypoBbIx paboT, 0ocobeHHO npu bypeHnn
HaKJTOHHbIX M FOPU30HTaJIbHbIX CKBaXXMH B
CNOXHbIX YCNOBUSIX.

TECHNOLOGIES

intervals with a complex wellbore geometry or
stuck due to a differential pressure. Often, most of
drilling equipment is lost during recovering of stuck
pipes that forces drilling company to drill a side
track. The most of sticking issues caused by drilling
cuttings or cavings occur during tripping up.
The reason of this type of sticking is an incorrect
cleanout operation or poor wellbore stability.

Differential sticking is usually encountered when
drill string becomes embedded in a mud cake
that forms on the wall of a permeable formation
during drilling. Friction between a drill string and
a formation rock increases to such a high level
that it becomes impossible to move drill string.
This sticking occurs more often in wells that enter
depleted formations. Differential sticking occurs
when drill string stays immobile for a long period.

Jamming at intervals with a complex wellbore
geometry occurs in wellbore section where
BHA (bottomhole assembly) configuration is
incompatible with the wellbore shape. Sometimes
BHA can't be moved through this wellbore section
freely. When BHA is moved through this section
under high load, sticking is highly possible. In other
words, sticking at intervals with a complex wellbore
geometry occurs during drill string tripping up and
down the wellbore.

Correct problem definition is the first step in
the solution process. That is why the first step
in stuck pipe freeing process is identifying of a
sticking mechanism. After a sticking mechanism
is identified, freeing process can be started. It is
crucial to perform initial operations quickly and
correctly. The situation becomes more complex,
whatever the reason of sticking is. Statistically, in
50% of all incidents stuck pipe is freed during the
first four hours after sticking occurred, whereas
after four hours this factor decreases to 10%. The
problem is not solved after the drill string is freed.
The last step of the solution process is analysis and
evaluation of performed operations in order to
learn a lesson and improve the operations. After a
sticking mechanism is identified, stuck pipe freeing
process starts with the following operations:

In case of sticking caused by drilling
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paboTaeT, IPUIIOKUTD KPYTAIIUI MOMEHT U MAKCUMAIBHYIO
OCEBYIO HAT'PY3KY, YTOOBI CABUHYTDH OY PUIIBHYIO

KOJIOHHY B HAIIPABJICHUH, IPOTUBONOJIOKHOM TOMY, B
KOTOPOM OHA JIBUT'AJIACh IO NPUXBATA. EC/IM NONBITATHCS
NPUNIOAHATE OYPUJIBHYIO KOJIOHHY, OHA €IIIE TAJIbIIE
3aUeT B IPOOKY. LIeJIb 3aKII0OUAETCS B TOM, YTOOBI
CMECTHUTBD KOJIOHHY U BOCCTAHOBUTD LTUPKYJIALIUIO, YTOOBI
Pa3MBITh IPOOKY U BBIHECTH MATEPHAJ IPOOKH BBEPX

10 CTBOJMY) (CAEYET OTMETHUTD, UYTO €CJIU KO BDEMEHU
BO3HUKHOBEHUS [IPUXBATA KOJIOHHY IEPEMENTAIN BHU3

B CHJIbHO HAKJIOHHOI CKBA’KHHE, TO HY>KHO HOIBITATHCS
NPUINIOAHATD €€ UJIU IIPOU3BECTH y1ap ICCOM BBEPX 6€3
BpPAIllCHUA).

3. Ec/in yaacTcsa BOCCTAHOBUTD LIMPKYJ/IALIAIO B KAKOU-TO

CTENEHU, HY>KHO YBEJIMYUTD PACXOJ] IO MAKCUMYMA,
KOTOPBII BO3MOXKEH 63 rmorioiieHust. [IpojomkaTh
IIUPKYJISIUIO, TOKA CKBAYKMHA HE OY/ICT OYUINCHA.

4. TIpopaboTaTh HHTEPBAJI IPUXBATA U BEPHYTh UHCTPYMEHT

Ha 3200, IPOMBITB CKBAKUHY IIEPE]] CITYCKOM OO6CaTHON
KOJIOHHBI WJI CKBA’KMHHBIX IIPUOOPOB.

Ecau npou3somen guddepeHIiHaIbHbIN IPHXBAT,

TO HEOOXOUMO:

1.

HemeyieHHO IPHMIIOKUTh MAKCHUMAJIbHBIA KPY TA U
MOMEHT U IOBECTH €T0 IO MECTA [IPUXBATA.

. HpO,HOJDKZITb TUPKYIALIIO C MAKCUMAJIBHO JOITYCTUMbIM

PacxonoM (BBIIOIHATh OAHOBPEMEHHO C IIPUJIOKEHHUEM
KpyTamero MoMeHTa). (Ec/iv B KOMIIOHOBKY BKJIIOYEH
SICC, TO HA BPEMS YaPa BHU3 CHU3UTD ITOJja4y HACOCA IO
MHUHHMYyM4, YTOOBI HE IPOTHUBOJECUCTBOBATD YIAPY).

. IopmepxuBasg KPpyTAIUI MOMEHT, PE3KO PA3TPY3UTH

KOJIOHHY, CO3/1aBasI MAKCHUMAJIBHYIO OCEBYIO HAT'PY3Ky. Hu B
KOEM CJIYY4€ HEJIB34 MBITATHCA IPUIIOAHATD KOJIOHHY! (BTO
IIPUBEJET TOMBKO K OCJIOKHEHUIO IPUXBATA, 4 HATAKEHNE
KOJIOHHBI YMEHBIIIUT 3HAYEHHE KPYTAIIETO MOMEHTA,
KOTOPBIF MOKHO 6€30ITACHO IPHJIOKUTD K Oy pUIIBHO
KOJIOHHE).

. Ecjii B KOJIOHHE €CTB SICC, HY>KHO ITPOMU3BECTH yJap BHU3

(HE 326BIBATHh CHU3UTD [10[]Ja9y HACOCA IO MUHUMYMa,
4TOOBI HE OCIA0UTD YAAD).
Ec/iu NpOM301LJIO 3aKJIMHUBAHHE HA YYACTKE

CO CJIO2KHOM reOMeTpPHEH CTBOJIA, TO HEOOXOAUMO:

1.

ITpomn3BeCTH yap ACCOM B HAIIPABJIEHUH,
IIPOTHUBOIOJIOKHOM TOMY, B KOTOPOM JJBUT'aIACh KOJIOHHA
10 puxBata. [IpUIOKUTD KPYTAIIUH MOMEHT IIPH YAapax
BHU3, HO HUKOT/|A HE NIPUKJIAABIBATD KPYTAIIAN MOMEHT
IIPHU y1apaxX BBEPX.

. He Hy>XHO 3206bIBaTh IIPO AABJICHUE LIUPKYIUPYIONIIEIO

OypPOBOT'O pacTBOPA IIPU 3APSIKAHUU ICCA MU HAHECEHUU
yaapoB. [Ipy yBEIMUEHNU 3TOT'O AABJIECHUS yap CCA BBEPX
YCHUJIMBAETCA, 4 AP BHU3 OCIA0IAECTCA. DTO JXKE JJABIECHUE
MEIIAET 3APSKAHUIO SICCA /IS yIapa BBEPX U IIOMOT'aeT
3APSKAHUIO JUIS YIapa BHUS.
ECTb HECKOJIBKO (PAKTOPOB, CIIOCOOCTBYIOMIUX

BO3HUKHOBEHHIO UM PEPEHITNATBHOIO IPUXBATA:
IIPOHUIIAEMBIE IUIACTDI, PENIPECCU, TOJICTAA
(PUIBTPAIMOHHAA KOPKA, KOHTAKT KOJIOHHBI CO CTEHKOI
CKBAKMHBI, HENTOJBUXKHOE COCTOAHME KOJIOHHBIL, BpEMH,
NOIEpEYHAs HATPY3K4, HEBHUMATEIbHOCTb Oy PHJIBIITHKA.

O6BIYHO /17151 BOSHUKHOBEHU S AU HEPEHITNATIBHOIO

IprUxBaTa TpC6YCTCH HAJIMYMC ICCTU IICPBBIX (baKTOpOB.
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cuttings or cavings, common field practices

include:

1. Reduction of mud-hydrostatic-pressure that was
increased due to bridging of well, then creation
of a small pressure (too high pressure will embed
BHA in a mud cake, as a swab). Small pressure
is required for circulation recovery in case driil
string was moved.

2. Application of a torque and jarring down. If there
isno jar in BHA or jar is not working - application
of a torque and maximum axial stress in order
to move drill string in the opposite direction
to that when it became stuck. If drill string is
pulled up, it will become more embedded in
plug. The purpose is to dislocate drill string and
create circulation for plug cleanout and wash
over plug material out of the wellbore. It should
be noted that if drill string was tripped down
when it became stuck in a deviated well, then it
is necessary to try to pull it up and jar up without
rotation.

3. If circulation is recovered, it is necessary to
increase rate to the maximum possible value
without circulation loss. Then circulation should
be resumed until the well is cleaned out.

4. Ttis necessary to ream the interval and trip BHA
back to the bottomhole before running the
casing or other well tools.

In case of differential sticking it is
necessary to:

1. Immediately apply 2 maximum torque and bring
it to sticking zone.

2. Resume circulation with maximum accepted
rate (simultaneously with torque application). If
there is a jar tool in BHA, it is necessary to reduce
pump rate to the minimum value when jarring
down in order not to resist jarring.

3. Quickly slack off drill string with maximum axial
load while keeping applying a torque. It is strictly
prohibited to pull drill string up! (This will lead
to a sticking complication, drill string straining
will reduce torque that can be safely applied to a
drill string).

4. In case there is a jar in BHA, it is necessary to
jar down (don’t forget to reduce pump rate to a
minimum value in order not to resist jarring).

In case of jamming at interval with a
complex wellbore geometry it is necessary to:
1. Jar down in the opposite direction to that when

drill string became stuck. Apply a torque when
jarring down, but no torque should be applied
when jarring up.

2. Ttis necessary to monitor circulating mud
pressure during the loading phase and jarring.
Increase in this pressure leads to increase in jar
up force and decrease in jar down force. This
pressure impedes the loading phase for jarring
up and helps deliver a compressive force for
jarring downward.

There are several factors assisting differential



EC/u IpUCYTCTBYIOT TOJIBKO IATh U3 HUX, TO IPUXBAT
ManoBeposATeH. CeAbMON (DAKTOP, HONIEPEYHAA HATPY3KA,
HE SBJISETCS OOA3aTEIBHBIM /151 BOSHUKHOBEHUSA
MIPUXBATA, HO OH BECbMA CIIOCOOCTBYET 3TOMY. BCe atn
(paKTOPBI OKA3BIBAIOT BIUSHUE HA OOYCJIOBIECHHYIO
JupdEPEHITUATBHBIM JABIECHUEM CIITY, HPUKUMAIONIYIO
KOJIOHHY K CTEHKE CKBA’KHUHBI C (DHJIBTPAIJMOHHON KOPKOM.
PaccMOTpHM KAk U3 3TUX (PAKTOPOB OTAEIBHO.

JuddepeHinanbHbI NPUXBAT MOXKET IPOU30HTH
TOJBKO B MHTEPBAJIE IPOHUIIAEMOTrO IUTACTA. [IpuxBaT
BHYTPH 06CAJHOIM KOJIOHHBI HEBO3MOXKEH 33 UCKIIOUEHUEM
TEX CJIYYA€B, KOIZA B HEY TTOABUJIMCh KAHAJIBI )KUJIKOCTH,
HanpuMmep, neppopartOHHBIE OTBEPCTUSA UIN
HETEPMETUYHOCTHU BCJIEICTBUE U3HOCA. [IpOHUIIAEMBIE
IIACTBI MOT'YT OBITh CJIOXKEHBI, HAIIPHUMED, IECIAaHUKAMU
U TPEMUHOBATBIMH IOPOJAMU. BO3MOXKEH NPUXBAT B
MHTEPBAJIE NIMHUCTBIX TTOPOJI, ECJIM OHHU PACCEYEHDI
TPEIMHAMHU U IPOHULIAEMBL IHOI/1a IPUXBATHI BOZHUKAIOT B
06CaJHOM KOJIOHHE, B UHTEPBAJIE NEP(MOPALIUU UIIN B MECTAX
NOTEPH FePMETHUYHOCTH BCJIEACTBUE BHYTPEHHETO U3HOCA.
Ecnn B paspese HET MPOHMUILAEMOTO IJIACTA, TO HE OyIeT
(PUIBTPAITMOHHON KOPKH U AU(D(PEPEHITNATBHOTO JABICHUA.

J1711 BOBHUKHOBEHU A JUMDPEPEHITUATBHOTO IIPUXBATA
IUTACT HE 06A3aTEJIBHO JJO/KEH UMETD BBICOKYIO
MPOHULIAEMOCTD. OH JIOJIPKEH JIUIIb OBITh JJOCTATOYHO
MPOHULIAEMBIM JIJIST OOPA30BAHUA (PUIBTPALIMOHHOI KOPKU.
OUIBTPAIIMOHHAS KOPKA IIPEJICTABIAET COOOU «3aCOPEHHDBIN
CJIMB», Y€PE3 KOTOPHBII NPOTEKAET (PUIBTPAT OYPOBOTO
pactBopa. [ToaTOMY NIPOHULIAEMOCTD IIJIACTA JOJKHA OBITh
JIMIIb TAKOH, YTOOBI OOECIEYUTD OTTOK (PUIBTPATA OT
(PHUIBTPAIMOHHON KOPKU. TAKMM 06pPa30M, HYKHO OOJIbIIIE
OECIIOKOUTHCS O IIPOHUIAEMOCTH (PUIBTPAITMOHHON KOPKH,
4€eM O MPOHULIAEMOCTH IIACTA. HEKOHCOMUINPOBAHHBIE
MJ1ACTBI OOBIYHO UMEIOT 60JIEE BBICOKYIO ITPOHUIIAEMOCTD,
U Ha UX IIOBEPXHOCTU OOPA3yeTCsI 60JIEE TPOHUILAEMAS
(PUIBTPALMOHHAA KOPKA, Y€M Hd KOHCOJTUAUPOBAHHBIX
IUIACTaX. Y€M BBIIIE IPOHUIIAEMOCTD, TEM OOJIBIIE OITACHOCTh
BO3HHUKHOBCHU S AU(PPEPEHIINATBHOIO IIPUXBATA.
OJIHAKO IIPOHUIAEMOCTb CIIOCOOCTBYET BO3HUKHOBEHHUIO
JIUPPEPEHINATBHOIO IPUXBATA B MEHBIIEH CTEIIECHU, YEM
HEKOTOPBIE IPYTHE (DAKTOPBL

Penpeccus crnoco6CTBYET BOSHUKHOBEHUIO
JIUPPEPEHIUAIBHOIO IPUXBATA B HAUOOJBIIEH CTEIIEHU. DTO
OO'BSACHSETCS TEM, YTO OHA OOJIBLIE JPYTUX (DAKTOPOB BIHACT
Ha CUITY, IPHUKHUMAIOIYIO KOJIOHHY K CTEHKE CKBA’KMUHBI C
(PUIBTPALMOHHON KOPKOU. DTA CHJIA PABHA IIPOU3BENCHUIO
I PEPEHIUAIBHOIO JABICHUS HA IVIONA/1b IIOBEPXHOCTH
KOHTAKTa:

=P

L

Sv

rae an — nprokuMaomas cuwia H, P . auddepeHuaIbHOE

JlaBieHue, I1a, S — momajb HOBEPXHOCTH KOHTAKTA, M2,
O4YeBUHO, UTO O0JIEE BBICOKOE AU(D(PEPEHIINAIID-

HOE JaBJIEHHUE CO3/A€T OOJBIIYIO IPHKUMAIONTYIO CHITY.

BakHO OTMETUTBD, YTO JUPPEPEHITNATBHOE JABICHUE,

IPUKUMAIONIEE OYPUIBHYIO KOJIOHHY K CTEHKE CKBAXKUHEI

C (PUIBTPALIMOHHON KOPKOH, HE PABHO PENIPECCUU.

Penpeccust 03Ha4a€eT IPEBBIMIEHUE JABICHHN S B CKBAKHUHE

HAa/l IUTACTOBBIM AaByieHueM. I[Tog auddepeHIinatbHbIM

sticking: permeable formations, overbalance
pressure, thick mud cake, contact of drill string and
wellbore wall, stationary drill string, time, lateral
load, driller’s poor attention.

Usually differential sticking occurs when the first
six factors are encountered. If there are only five of
them, sticking is unlikely. The seventh factor, lateral
load, is not necessarily needed for sticking but this
load assists it. All these factors influence differential
pressure force, that makes drill string stick to
wellbore wall with a mud cake. The following
specifies all these factors in more detail.

Differential sticking can only occur in permeable
formation interval. Sticking inside the casing
is impossible except for those cases when
fluid channels develop in casing, for example,
perforation holes or casing leakages due to wear.
Permeable formations can be composed of
sandstones and fractured rock. Sticking is also
possible in permeable and fractured clay rock
intervals. Sometimes sticking is encountered in
casing, perforation interval or leakages zones
that developed due to internal wear. If there is no
permeable formation, this means that there won't
be a filter mud cake or differential pressure.

Differential sticking occurs not only in highly-
permeable formations. The formation must
be permeable enough for the development of
filter mud cake. Filter mud cake is the residue
deposited on a permeable medium. Drilling fluid
filtrate passes through this mud cake. That is
why formation permeability must provide filtrate
outflow away from the mud cake. Thus, more
attention should be paid to mud cake permeability
rather than formation permeability. Usually,
permeability of unconsolidated formations is
higher and mud cake that develops on a medium
is more permeable in comparison with that
in consolidated formations. The higher the
permeability, the more probable differential
sticking is. However, permeability assists differential
sticking to a lesser extent than other factors.

Overbalance pressure is the main factor that
assists differential sticking. This is due to the fact
that in comparison with other factors, overbalance
pressure affects the force, that makes drill string
stick to a wellbore wall with a mud cake, to the
maximum extent. This force is equal to the product
of differential pressure and area of contact:

TECHNOLOGIES

Fstzpdif ’ S’

where F - sticking force, N; P, - differential
pressure, Pa; S - area of contact, m2.

It is evident that higher differential pressure
creates higher sticking force. It should be noted that
differential pressure that makes drill string stick
to a wellbore wall with a mud cake, is not equal
to overbalance pressure. Overbalance pressure
means that well pressure is greater than formation
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TEXHOJIOI'MU

CTBOJI CKBa>KHMHBI TIponunaemas punprpa-

IJMOHHAsI KOPKA
- : / Permeabile filtration
i ra mud cake

JIaBJIEHHEM ITIOHUMAETCS PA3HOCTD JABJIEHUN ITO 06€ CTOPOHBL
HEKOTOPOM IIOBEPXHOCTHU.

JuddepeHnanbHbIN IPUXBAT IPOUCXOAUT B MTHTEPBAIAX
IIPOHULIAEMBIX IUIACTOB (IIECYAHUKOB, AJIEBPOJIUTOB, MEJI)

Wellbore /

BypuibHas KOJoHHA

npu (PUABTPALIMU 6yPOBOTO PACTBOPA. [padpryueckyt MEXAaHU3M Y|  Mponnuaembii Drill string
I1acT
BO3ZHUKHOBEHUS NIPUXBATA BO BpEMA OYPEHUS NPEACTABIEH Permeable
Ha puc. 1. OJHO U3 OCHOBHBIX YCJIOBUU BO3HUKHOBEHM S formation 1
IPUXBATA — IPEBBITICHUE 3260MHOTO (TUIPOCTATUYECKOT'O) N
JIABJIEHUS HAaZ JABJIECHUEM B IPOHUIIAEMOM KOJIJIEKTOPE, —
KOTOPOE CYIIECTBYET BCEI/A, HIOCKOJIBKY 3TO HEU3MEHHOE Hasnerne Gyposoro - R
pacTBopa T e IlmacToBoe paBnenue

YCJIOBUE 6prHI/I$I CKBA’KHHBI. BTOpOC HCIIPEMCHHOC Drilling mud pressure Formation pressure

YCJIOBHE BO3HUKHOBEHMA TU(PPEPEHITNATIBHOIO IPUXBATA

— HAXOX/IECHUE MUHCTPYMEHTA B HEMOABHUKHOM COCTOSTHUH

(IIpy HAPAIIYBAHUU 1 T.7l.) B UHTEPBAJIE IIPOHULIAEMOI'O

IUIACTA. B 3aBUCUMOCTH OT MHTEHCUBHOCTHU (DHUIETPALIUHA

JnpdepEHITNATBHBIN TPHUXBAT MOXKET BOSHUKHYTD B TEUEHHE

CYUTAHBIX MUHYT IIPYU YKA3AHHBIX YCJIOBUAX.
JuddepeHInaIbHbINA IPUXBAT ABIACTCI ABAPUITHON

CUTYALIEN IIPU CTPOUTETBCTBE CKBAYKHH, IIO3TOMY

CYHIECTBYET MHOXXECTBO HHCTPYKIINA IO NPEAYIPEKICHUIO

U O0OpBOE C IPUXBATAMHU, BKJIIOUAIOIINX CIIEAYIOUINE

MEPOINPUATHUSL:

* HCTIOJIb30BAHUE BBICOKOKAYECTBEHHBIX OYPOBBIX PACTBOPOB
C BBICOKOM CMA3bIBAIOIIEH CITOCOOHOCTHIO, JAIOIMINX TOHKHE
IUIOTHBIE KOPKH HA CTEHKAX CKBA’KHHBI;
obecrieueHnE MaKCUMaIbHO BO3MOKHOIM CKOPOCTHA
BOCXOJIAIIETO ITOTOKA 6y POBOT'O PACTBOPA;
obecTieueHHE MOIHOM OYUCTKU 6YPOBOT'O paCTBOPA OT
06JIOMKOB BBIOYPEHHOH ITOPO/bI;

* pEryaspHoOE IpOopadaTbIBAHUE B IIPOLIECCE OYPEHUS 30HbI
BO3MOXXHOI'O MHTEHCHBHOI'O OOPA30BAHUA TOJICTBIX KOPOK;

* yTsDKEJIEHHE 6ypOBOI'O PACTBOPA IPU BpAIEHUH Oy PUIIBHOM
KOJIOHHBI,

OTCJIEKHUBAHUE TEMIIEPATYPBI PACTBOPA, TAK KAK €€ PE3KOE

CHUKEHUE CBUZIETEILCTBYET O TIOSIBJIEHUH PA3MbBIBA

PE3BOOBBIX COECAMHEHU B KOJIOHHE OYPHUJIBHBIX TPYO BBILIE

JIOJNIOT4;

HCIIOJIb30BAHUE NPOPHUIAKTUYECKUX JOOABOK B

YTsDKEJIEHHBIE OYPOBbIE pACTBOPBL: HEPTH (10—-15%), rpadput

(ue 6o11ee 0,8%), TOBEPXHOCTHO-AKTHUBHBIC BEIIECTBY;

* YCTAHOBKA I'MJIPABINYECKMUX U MEXAHUYECKUX ACCOB,

* YCTAHOBKA PA3/IMYHBIX )KUJKOCTHBIX BAHH HA OCHOBE
KaK BOAHBIX PACTBOPOB COJIEN UJIN KUCJIOT, TAK U
YIVIEBOJOPOZOB [1].

IMpuHIUI TUKBUAALN JU(DPHEPEHIINAIBHOIO IIPUXBATA
3AKJIIOYACTCH B CHUKEHUH I'PaUeHTa (TIepenaja) JaBacHus
HAa CTEHKY CKBAKMHBI B HAIIPABJICHUH IIPOHUITAEMOTO IIJIACTA
IIyTEM Pa3yIPOYHEHMS U PA3PBIXJIEHUA (PUIBTPALMOHHOM
KOPKH, HAXOZSAIIEHCS B 30HE AP PEPEHIIUATBHOIO
npuxsara. Haubosee 3pPEKTUBHEBIN CIIOCOO 3AKII0YAETCS
B HpOHI/IKHOBCHI/II/I Q_HTI/IHpI/IXBHTHOﬁ KUIKOCTHU
CKBO3b (PUJIBTPALIMOHHYIO KOPKY OYPOBOI'O paCTBOPA
IyTEM PACTPECKUBAHUS, YTO IO3BOJISET CAECIATh €€
NPOHUITAEMOH /115 YITIEBOJOPO/1A 31 CYET OOPA30OBAHUS
B HEM KaHAJIOB OOJIBIIOIO AUAMETPA, U, KAK CJIC/ICTBUE,
yBEJIMYEHH S (PUIBTPALIUU SKHU/IKOCTH B 30HE IPUXBaTa. [1o
06Pa30BABIINMCS KAHATIAM YIJTIEBOIOPOIHAS JKUJKOCTD
MOCTYIIAET U3 CKBA’KUHBI B IIOPHI IIJIACTA M CHIDKACT
TIEpeIa/ JABJICHUS B CUCTEME «CKBAXKMHA — ILJIACT», YTO
MIPHUBOAUT K «OCBOOOXKJEHUIO» OT JU(PPEPEHIINATIEHOIO
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Figure 1 — Differential sticking
mechanism during drilling

pressure. Differential pressure is a pressure

difference between two sides of any surface.

Differential sticking occurs in permeable
formations intervals (sandstones, siltstones,
limestones) during drilling mud filtration. Sticking
mechanism during drilling is presented on a fig. 1.
One of the main sticking conditions — bottomhole
(hydrostatic) pressure is greater than permeable
formation pressure, which always exists. The
second essential condition is a stationary state
of BHA (during adding of drill pipe and so on) in
formation interval. In these conditions, differential
sticking can occur within several minutes
depending on filtration rate.

Differential sticking is an emergency situation
during drilling. That is why there are many
instructions for prevention and mitigation of
sticking. These instructions include the following
actions:

- Using high-quality and high-lubricity drilling
muds that develop a solid mud cake on a wellbore
wall;

- Providing maximum possible velocity of the
upward drilling mud flow.

- Providing full drilling mud cleanout from drilling
cuttings;

- Regular reaming of thick mud cake intervals
during drilling;

- Increasing mud weight during drill string
rotation;

+ Monitoring of mud temperature, since a sharp
decrease in temperature indicates that drilling
string thread joints above a bit are washed out

- Using preventive additives to heavy drilling muds:
oil (10—-15%), graphite (not more than 0,8%),
surfactants.

- Installation of hydraulic and mechanical jars;

- Performing liquid treatments based on salts, acids
and hydrocarbons [1].

Operation principle of freeing stuck pipe after
differential sticking is the reduction of pressure



OpUXBATA. JJ1 yCKOPEHUS PACTPECKUBAHUS U (PIIBTPALTUN
AHTUINIPUXBATHOM *KHUJIKOCTH HEOOXOAHUMBI CIIEITHAJIbHBIE
THOBEPXHOCTHO-AKTUBHBIE JOOABKH, ITO3BOJISIIONIHUE OOJIECIYUTh
MPOHHUKHOBEHHE YITIEBOAOPOJHOTIO HOCUTEIS YEPES
(PUIBTPALTMOHHYIO KOPKY.

JleTanbHOE N3yYEHUE TEXHOIOTUN OYPEHNS CKBAKUH,
TFE€OJIOTMYECKUX OCJIOXKHEHUI U aBApUIL HA SIMOYPrCcKOM
Ir'a30KOHZEHCATHOM MecTOopoxaeHus (II'KM) nossosnsaer
CJIENIATD BBIBOJ] O TOM, YTO IIPUMEHSIEMBII JJ151 IPOMBIBKU
CKBAKUHBI OYPOBOI PACTBOP HE Y OBIETBOPSET B IIOJTHOMU
MEPE BBICOKHUM TPEOOBAHUAM, HEOOXOJUMBIM /151 IPOXOJIKH
BA3KUX ITIMH, OCOOEHHO B HAKJIOHHO-HAIIPABICHHBIX U
TOPU3OHTAJIBHBIX CKBAXKHUHAX. M, KAK PE3Y/IBTAT, IPOUCXOIUT
06pA30BAHHE HA CTEHKAX CKBAKUHBI HEKAYECTBEHHON
THOJIUMEPIITMHUCTON KOPKH, O6IAAI0IEH HEBBICOKMMU
(PUIIBTPYIOIIMMHU ¥ UHTHOUPYIOIIMMU CBOHCTBAMU,

YTO U ABJIAECTCA OCHOBHOM IIPUYHMHOU BOSHUKHOBEHHU A
JnddepeHIInanbHbIX TPUXBATOB.

CortpyaHukamu Kadeapsl <HedTerazosele TEXHHUKA U
TexHoorun» IOPI'TIY (HITH) npeaioxeH KOMIUIEKCHDBIH 110
CBOUCTBAM, MHOI'OKOMIIOHEHTHBIH, BHICOKOMOJIEKY/IAPHBIN
WHTUOHPYIOMUI PACTBOP, OOJIAIAI0NI I BBICOKUMH
CMa3bIBAIOIIUMH, (PUIBTPALUOHHBIMHA, KPETTAITUMHA
CBOHCTBAMH C KAQYECTBEHHBIMU PEOJIOTHIYECKUMHU
napaMmeTpaMu. BypoBor pacTBOP NIPEIHA3ZHAYEH I
OypeHUA HEPTETA30BbIX HAKJIOHHO-HATIPABIECHHBIX U
TOPU3OHTAJIBHBIX CKBA’KHH, ITPEACTABICHHBIX MOIITHBIMH
OTJIOKEHUAMU BbICOKOBA3KHUX IVINH, CKJIOHHBIX K HA0YXaHHUIO
Y PA3YyNIPOYHEHMIO, B TOM YUCJIE C U3MEHEHUEM LIETIOCTHOCTH
CTBOJIA CKBA’KUHBL

INocTaBneHHas 325494 PENIAETCA 34 CYET TOT'O, UTO
OYpOBOI PpACTBOP 1151 OYPEHUS CKBAKHH, BKJIIOYAIOII NI
TNOJIMAHHUOHHYIO LIEJUIIOJIO3Y, XJIOPUCTBIN KAJINH, OApUT,
onmoduT, PeppoxXpOMIUTHOCYIb(POHAT, METUICHUINKOHAT
KaJIUA, ALETAT KAJIN, IEHOT ACUTEJIb, BOAY, TONOJTHUTEILHO
COAEPKUT MPAMOPHYIO KPOIIKY, OTXO/bI PACTUTEIBHOT'O
macna, TKIK-11, cynbdaHo, Ipu CIEAYIONEM
COOTHOIIEHHNH KOMIIOHEHTOB, MAC. %: MPAMOPHAsA KPOIIKA
— 5-10, noONMMaHUOHHAA NEJUII0I03a — 2—10, cynbpanon
— 2—5, XJIOPUCTBIN KA — 2—5, METHICHJIMKOHAT
Kanus — 1-4, anerar kanus — 1,5—4, 6umodgur — 2—5,
deppoxpOMIUTHOCYIbMOHAT — 1-5, TKXK-11 — 2-5, 6apur
—0,5-5, neHoracurens — 0,5—-1, ’xuaxas pasa — OCTaJIBbHOE,
MIPHUYEM KH/IKaA (PA3a BKJIIOYAET OTXOJBI PACTUTEIBHOIO
MAacCJ1a ¥ BOAIY B COOTHOIIEHUH Mac. %: 55/45—-80,20.

TeXHUYECKUTT PEIYNIBTAT — YIyUIIEHUE KPEIAIINX,
CMa304HBIX U IPOTUBOIIPHUXBATHBIX CBOYICTB OYPOBOTO
PaCcTBOPA HA MTHI'MOHPYIOLIEH OCHOBE IPH OJTHOBPEMEHHOM
VIIYUYIIEHUU KO (PULIMEHTA BOCCTAHOBJICHHU S
MIEPBOHAYAJIBHONM IPOHUI[AEMOCTH IPOJYKTHUBHOTI'O I171ACTA
ITyTEM IIOBBIIIEHS THI MO PYIOIICH U I'IPO(POOUUPYIOIIEH
CIIOCOOHOCTH (PUJIBTPATA PACTBOPA U, KAK PEYJIBTAT, —
OTCYTCTBHE O6PA30BAHUS XKEI0H60B U JU(DHEPEHITUATBHBIX
MIPHUXBATOB B CTBOJIE CKBA’KUHBI, IOBBIINIEHNE YCTOMYHUBOCTHU
CTBOJIA HAKJIOHHO-HAIIPABJIEHHBIX M BEPTUKAJIBHBIX CKBAXKHH.

B Hacrosiee BpeMs IO aHa 3351BKA Ha U300PETEHUE 110
COCTAaBY 6ypOBOT'O PACTBOPA. YAYUIIEHUE HHIHOHUPYIOMIETO
Ka4eCTBA PACTBOPA JOCTUTAECTCS 32 CUCT ITOBBIIICHUS €TI0
KpENSIIEro ACHCTBHUA. B MEXaHM3ME CUHEPTE€THYECKOT'O
3a(pdperTa 1a60PATOPHO NOATBEPKACHA COCTABIISIONIASA

difference on wellbore wall in the formation
direction. This reduction is achieved by the
loosening of mud cake in sticking zone. The most
effective method is providing filtration of anti-
sticking fluid through the fractured mud cake.
Fracturing makes the mud cake permeable for
hydrocarbons due to forming of large-diameter
channels and increase in filtration rate in sticking
zone. Hydrocarbon fluid filtrates through formed
channels from well to formation pores and
decreases pressure difference in «well-formation»
system. This leads to freeing of stuck pipe. Special
surfactants are required for speeding up fracturing
and fluid filtration processes. These surfactants
assist filtration of hydrocarbons through mud cake.

In-depth study of drilling technology, geological
complications and accidents at Yamburg gas
condensate field suggests that drilling mud applied
for well cleanout does not perfectly meet high
standards for drilling sticky clay rocks especially
in directional and horizontal wells. As a result, a
low-quality clay/polymer mud cake forms along a
wellbore wall. This mud cake exhibits low filtrating
and inhibiting properties that is the main reason for
differential sticking.

Team of “Oil and gas equipment and
technologies” department in South-Russian State
Polytechnic University (NPI) developed a complex
multi-agent high-molecular inhibiting drilling
mud with high lubricating, filtrating, consolidating
and rheological properties. This drilling mud is
designed for drilling oil and gas directional and
horizontal wells in rocks composed of thick sticky
clays that may swell and break up thus causing
wellbore stability problems.

The assigned task is solved by adding several
components to a drilling mud. Drilling mud
includes: polyanionic cellulose, potassium
chloride, barium sulphate, bischofite,
ferrochromelignosulfonate, potassium
methylsiliconate, potassium acetate, antifoaming
agent and water. Additives include: marble
aggregates, vegetable oil wastes, natural gas
liquid NGL-11, sulfanol. Components proportion
is as follows, % wt: marble aggregates — 5—-10,
polyanionic cellulose — 2—-10, sulfanol — 2-5,
potassium chloride — 2—5, potassium
methylsiliconate — 1-4, potassium acetate — 1.5—4,
bischofite — 2—5, ferrochromelignosulfonate
— 1-5,NGL-11 — 2—5, barium sulphate — 0.5-5,
antifoaming agent — 0.5—1, liquid phase — the rest.
Liquid phase includes vegetable oil wastes and
water in proportion, % wt: 55/45—80/20.

The technical result of this mud is — the
improvement of lubricating, consolidating and anti-
sticking properties of the inhibitor-based drilling
mud with simultaneous improvement of coefficient
of initial permeability recovery by enhancing
inhibiting and water-repellent abilities of mud
filtrate. As a result, there are no key seating and
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JIOJISL IEUCTBUA KAXK/IOT'O peareHTa. JJOCTUTaeTCs 3TO 34 CUET
BBE/ICHUS B PACTBOP PEAr€HTOB — MHI'HOUTOPOB HAOYXAHUS
IIH: XJ10puCThIi Kamui (KCI), 6umodut (MgCl - 6H,0),

anerar kanust (CH,COOK), KpeMHUAOPTraHUYICCKAS JKU/TKOCTh

(TKOK-11), peppoxpomnurnocynbpoHatr (PXJIC),

MeTuacrmkoHaT kanwust (CH,SiO,K). CoyeTanue UMCHHO 3TUX

IIECTU OCHOBHBIX PEAT€HTOB-UHTIMOUTOPOB IPE/ICTABIISICT
HAUIEHHYIO HAUOO0JIe€ CUHEPTETUYECKU BBITOAHYIO UX
KOMOHHAITHIO JIJIS1 OYPEHUS CKBA’KHUH B OCJIOKHEHHBIX
YCJIOBUSIX.

BbIsABIE€HBI 3aBUCUMOCTH IVTACTUYECKON BA3KOCTH,
JUHAMHYECKOI'O HATIPSI)KECHU S CABUT'A U (PHIIBTPALTUN
PACTBOPA OT KOHIICHTPAIINH B HEM IIPUMECHSIEMBIX
UHTUOHPYIOMUX peareHToB: KC1, BUmo@uT, aleTaT Kaausi,
[KK-11, metuncunukoHat kanus, GXJIC, B kauyectse
PACTUTEIBHBIX MACEJ MOI'YT UCIIOIb30BATHCS OTXO/BI,
OJIyY4€MBIE TIPH U3TOTOBJIEHHUH COEBOT'O, HIOACOTHEYHOTO,
XJIOIIKOBOI'O, KYKYPY3HOT'O, PAIICOBOI'O U JIPYTUX MACEJL.
Cynb(haHOI BBIMTOMHAET (PYHKITUIO SMYJIbIaTOPd, KOTOPBIA

OPEACTABISIET COOOM CHHTETUYECKOE [TAB aHMOHAKTUBHOTO

THUIA B BUJIE TTOPOIIIKA, XOPOIIO PACTBOPUMOE B BOJIE,
obpasyromiee NPOYHYIO AMYJIbCHIO. MpaMOpPHAas KPOIIIKA
ABJIAETCS CTPYKTYpPOOOpasosaresieM. [TonnaHnoHHasA
nesmonosa (ITAIL 85/700) Ciiy KT peryisaTopoM
(punbpTpanuu. B KaueCTBE NEHOIACUTEIA YAIllE BCETO
HUCHONb3yeTCs «IleHTa- 465> BAPUT KaK YTsDKETUTENb
IIpUMEHsETCA B KonuuecTse oT 0,5% 1o 10%.
Peonornyeckne nNoKa3aTenau pacTBOpa CIOCOOCTBYIOT

VAYUYIIEHUIO COCTOSHUA CTBOJIA CKBAXXUHBI U 3(D(PEKTUBHOMY

BBIIIOJTHEHUIO TH/IPABINYECKON ITPOrPAMMBI IPOMBIBKH
CKBAXKUHHI [2, 3, 4].

IIpennoxeH KOMIJIEKCHBIM 110 CBOMCTBAM,
MHOTI'OKOMIIOHEHTHBII, BBICOKOMOJIEKYJIAPHBIA
UHI'UOHPYIOIINI PACTBOP, 001a1AI0IIUI OYEHb BHICOKUMU
CMAa3bIBAIOMUMH, (DHUIIBTPALIUOHHBIMH, KPETIAIIUMHA
CBOMCTBAMM C KA4E€CTBEHHBIMU PEOJIOTUYECKUMHU
napaMeTpaMu. Pe3ynbrarhl 1a00PaTOPHBIX UCCIETOBAHUN
IPEACTABJIEHBI B TA0I. 1.

IIpeaiiaraeMplii 6ypOBOH PACTBOP I'OTOBUTCS
HEIOCPEACTBEHHO B ITOJIEBBIX YCJIIOBUAX, HA UMEIOIIEMCS
060pyAOBAHNH. Bce HEOOXOAIMBIE XUMPEATCHTHI
PEABAPUTEIBHO 3aBO34TCS HA OypoByIo. CHaua1a
MPUTOTABIUBAETCA PACTBOP U3 MPAMOPHO KPOIIIKH
U BOJIBI, KOTOPBIX O6Pa6aTBIBAETCS ITOJTUAHUIOHHOM
LIEJITIONIO30U. BCe OCTA/IbHBIE XUMPEATEHTHI BBOJATCA B
PaCcTBOPOMEMIAJIKY C TOCTOSHHBIM IIEPEMENTUBAHUEM.
TTOpAIOK 3arPy3KU XUMPEATEHTOB CJIEAYIONNHI: IIPOAYKT
[IePEPabOTKH PACTUTEIBHOrO Macia, KCI, PXJIC, CH,COOK,
CH,SiO,K, MgCl * 6H, O, cynbdanosn, TKXK-11, neHoracures,
6apuTt. Onpee/IeHUE PEOIOTNYECKUX XAPAKTEPUCTHK
OypOBOTr'O pACTBOPA OCYUIECTBIIAETCS IO CTAHAAPTHBIM
METOAUKAM. BypOBOH pacTBOP HEOOGXOAUMO OOPAOATHIBATH
PEKOMEHAYEMBIMU XUMPEAT€HTAMU IIOCJIE 4-CTYyIIEHYATOMN
OUYMCTKH. /ISl IPUTOTOBJIEHUS PACTBOPA IPUMEHSETCS
JUCIIEPTaTOP BBICOKOT'O JABJICHUSL.

MexaHN3M UHI'HOUPOBAHUSA 3AKIIOYAETCS B CJIENYIOMEM:
MPU BBEJIECHUU B OYPOBOU PACTBOP UHTUOHUPYIOMIIX
JI0H6ABOK IIPOUCXOIUT (PUBUKO-XMMUYECKOE BO3/ICHCTBUE
IJIMHBI U KATHOHA, KOTOPBIN 3AMEIIAET CBOOOHEIE,
OTPULIATEJIBHO 3APSXKEHHBIE YIACTKU B KDUCTAJUIMYECKOHN
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differential sticking problems, as well as wellbore
stability is enhanced in directional and vertical
wells.

At present time the application for a patent for
the invention of drilling mud composition is filed.
Inhibiting properties improvement is achieved by
enhancement of consolidating ability. Laboratory
tests proved synergistic effect of each component.
It is achieved by adding the following agents - clay
swelling inhibitors: potassium chloride (KCl),
bischofite (MgCl - 6H,O), potassium acetate
(CH,COOK), organosilicon fluids (NGL-11),
ferrochromelignosulfonate (FCrLS), potassium
methylsiliconate (CH,SiO,K). Combination of
these six main inhibiting agents is the most
efficient for drilling wells in harsh conditions.

The team identified how plastic viscosity,
yield point and mud filtration depends on
concentration of inhibiting agents: KCI,
bischofite, potassium acetate, NGL-11, potassium
methylsiliconate, FCrLS. Wastes obtained
during manufacturing of soya-bean, sun flower,
cottonseed, corn, rubsen and other oils can be
used as vegetable oils. Sulfanol acts as an emulsifier
which is a synthetic anionic surfactant in the
form of powder which is very soluble in water and
creates stable emulsion. Marble aggregates act as a
gelling agent. Polyanionic cellulose (PAC 85/700)
serves as a filtration controller. Penta-465 is a
widespread antifoaming agent. Barium sulphate
as a mud weighting agent is used in the ratio
of 0.5-10%.

Rheological properties of the mud assist in
enhancing wellbore stability and effective well
cleanout operation [2, 3, 4].

Authors proposed a complex multi-agent
high-molecular inhibiting drilling mud with
high lubricating, filtrating, consolidating and
rheological properties. Laboratory tests results are
presented in Table 1.

The proposed drilling mud is prepared in the
field using available equipment. All required
chemical agents are delivered to the drilling rig in
advance. In the first place marble aggregates and
water are used for preparation of a mud which is
then treated with polyanionic cellulose. All other
agents are added into mortar-mixing machine
with constant mixing. The adding order of
chemical agents is as follows: vegetable oil
waste, KCl, FCrLS, CH,COOK, CH,SiO,K,

MgCl - 6H,O, sulfanol, NGL-11, antifoaming agent,
barium sulfate. Rheological properties of drilling
mud are determined by standard methods. It is
recommended to treat drilling mud with chemical
agents after 4-stage purification. High-pressure
dispersing agent is used for mud preparation.

Inhibiting mechanism is as follows: adding
inhibiting agents in drilling mud leads to a
chemical reaction of clay and cation that replaces
free anionic parts of crystal lattice of clay particles.



pENIETKE NIMHUCTBIX YaCTHULL,. [Ipy KATUOHHOM

OOMEHE AKTUBUZHUPYIOTCS PAHEE MTACCUBHBIE YIACTKU

IVIMH. AACOPOLNS HA INIMHUCTBIX YACTULAX KATUOH
MHTHOUPYIOHIETO PEAT€HTA MOBBIIIAET UX YCTOMYUBOCTD K
YBJIA)KHEHUIO, CHUKAET HAOYXaHUE U PA3yIIPOYHEHUE [JIMH.

OQHHUM U3 OCHOBHBIX YCJIOBUM COXPAHEHUS YCTONYMBOCTH
CTEHOK CKBAKHHBI SIBJISIETCS OOECIIEYEHUE MUHUMATIBHO
BO3MOXKHOT'O ITOKA3aTe s (PUAbTpanuu 1o 0 cm?/30 MuH.

DTO yCIIOBUE BBIIIOIHAETCA C IIOMOLIBIO ITOJIMAHUOHHONU
nesmonossl (ITAL] 85/700).

VCTAaHOBJIEHO, UYTO OCHOBHYVIO POJIb B MHTEHCHU(DUKAITUH
IIPOLIECCA PA3YIIPOYHEHU IVIMH UT'PAET HE UCXOJHA
BJIQXKHOCTB, 4 HACBIIIIEHUE (PUIBTPATOM OYPOBOI'O PACTBOPA
IO ACHICTBUEM PENIPECCHUU HA ILIACT. [Tornomenue
(punsrpaTa 6ypoBOro PacTBOPa IPOUCXOAUT HE CTOJIBKO O]
JIECTBHUEM NEPEIA/IA AABJICHUS B CUCTEME «CKBAXKHMHA —
IIACT», CKOJIBKO B PE3YJIBTATE (PUIUKO-XUMUYECKOTI'O
BO3/IEHICTBU S, PA3BUBAIOIIETOCA B CAMON ITTMHUCTOM IIOPOJE.
Haunbosee onTuMaabHBIMU C TOYKH 3PEHUS YCTOHYHUBOCTH
CTEHOK CKBAKMHBI ABJIAIOTCA CJIYIaH, KOTIJJd B CUCTEME
«CKBAKMHA — IUIACT» YCTAHABIMBAETCA OCMOTUYECKOE
PaBHOBECHE JIMOO OCMOC HATIPABJIEH U3 IIJIACTA B CKBAXKHHY.
HecMOTpst HA TO 4TO B CJIy4ae JEUCTBUA OCMOCA U3 IVIACTA B
CKBAXKUHY IPOUCXOAUT U3MEHEHUE MTOKA3ATENEN OYPOBOIO
pacTBOPA, rOPA3/0 JIErYe YIPABIATh UMH U OAJIEPKUBATD
UX B 33/IAHHBIX IIPEJIEIAX, Y4EM OOPOTBHCA C OCTOKHEHUAMU
YoKE MOCJIE AECTAOMIN3A N CTBOJIA CKBAKHUHBL
CI1e1I0BATENBHO, yCTOHYHUBOCTD IVIMH OY/IET 3aBUCETH OT
MPAaBHJIBHO BEIOPAHHBIX XUMPEATEHTOB U B IIEPBYIO OYEPED
OT UHT'UOMPYIOIIETO PACTBOPA. DTO U €CTh IIEPBOOYEPESHASA
3a/1a4a, TpeOyIoas pEeuIeHUsL.

IIpruMeHEHHUE MPEIATA€EMOIO PACTBOPA MO3BOJISAET OYPUTD
WHTEPBAJIBI IOPOZ, PECTABIEHHBIE HEYCTONYHBBIMU,
BBICOKOIUIACTUYHBIMH, PA3YIIPOYHAIOIIUMUCS [NTMHAMU, U
COOPY’KATb BEPTHUKAJIbHBIE CKBA’KHUHBI, 4 TAKXXE HAKJIOHHO-
HAIMPABJIEHHBIE U TOPU3OHTAJIbHBIE.

IIpepnaraeMele /11 THTUOMPOBAHUSA YKA3AHHBIE PEATEHTHI
MO3BOJAIOT OCYIMIECTBIIATD YIIPABIAEMYIO KOAT YIIALUIO,
HOAJIEPKUBATD IIOKA3aTeNb PH-Cpebl B TPEOYEMBIX
peJeIax, PEryaInpOBaATh CTPYKTYPHO-PEOIIOTUYECKHE,
(PUNBTPALTUOHHBIE ITOKA34TEIN U OIITUMAJIbHBIN YPOBEHD
JMO(MPUABHOCTH. TEXHUUYECKU PEZYIBTAT — YJIYUIICHHE
KPEMAMNX, CMA30YHBIX U IIPOTUBOIIPUXBATHBIX
CBOMCTB 6ypOBOI'O PACTBOPA HA YIVIEBOJOPOAHOM OCHOBE
IIPU OJJHOBPEMEHHOM YJIy4YIICHUU KO3(PPUIIUEHTA
BOCCTAHOBJIEHH A ITIEPBOHAYAJIBHON IIPOHUIIAEMOCTH
NPOAYKTHUBHOI'O IUIACTA ITyTEM ITOBBIIIEHUA HHI'UOUPYIOIIEN
U ruipopoOH3UPYIOLIEH CIIOCOOHOCTH (PUIBTPATA PACTBOPA
U, KK CJIEJCTBUE, — OTCYTCTBUE OOPA30BAHUS )KEJIOO0B B
CTBOJIE CKBA’KUHBI.

BrInToTHEHHBIE JTAGOPATOPHBIE UCCIIETOBAHUA IIOMOITIA
YCTAHOBUTD, YTO IIPUMEHEHUE MIECTU UMEHHO TAKUX
UHI'MOUTOPOB HAOYyXaHU [TIMH OJHOBPEMEHHO B OJTHOM
PaCTBOPE MO3BOIUIIO JOOUTHCS CHHEPIETUYECKOI'O
adeKTa, T.€. yCUIEHU S HHIMOU PYIOIIEHN COCTABJISIONMICH
IIPOMBIBOYHOM JKUJIKOCTH, IPH 3TOM KAXKJbIA pEareHT
JOIIOJHAET APYT APYTra, YCUJIMBACT KPEIIAIINE CBOMCTBA
OypoBoro pacrsopa. Kpome Toro, 3a cuet nogoopa
XHUMPEATEHTOB B TAKOM COCTABE IIPOUCXOANUT BBITECHECHUE
HﬂTpI/ICBbIX KAaTHUOHOB M3 ITTHHUCTBIX OTJIO)KCHI/Iﬁ, HanI/ICBaH

During cationic exchange inactive clay parts
become active. Adsorption of inhibiting agent on
clay particles enhances clay water-repellent ability
and prevents clay from swelling and break-up.

One of the main conditions of wellbore stability
control is providing minimum possible filtration
factor, up to 0 sm3/30 min. This is accomplished by
means of polyanionic cellulose (PAC 85/700).

It is found that the main factor in clay break-
up is not an initial clay moisture, it is a mud
filtrate saturation under the effect of overbalance
pressure. Mud filtrate loss occurs not due to the
difference in pressure in “well-formation” system.
This is due to physical-chemical reaction inside
the clay rock. The ideal case for maintaining
wellbore stability is when osmotic equilibrium is
established in “well-formation” system or osSmosis
is directed from the formation to the well. In
this case drilling mud properties are affected by
osmosis direction, but it is easier to manage these
properties and maintain them within the assigned
limits rather than mitigating complications after
wellbore collapse. Consequently, clay stability
will depend on the correctly selected chemical
agents and in the first place it will depend on the
inhibiting agent. This is the high-priority task that
needs to be solved.

Application of the proposed drilling mud makes
possible drilling rock intervals composed of
unstable, highly-plastic clays and drilling vertical,
directional and horizontal wells.

The above mentioned inhibiting agents enable
performing and controlling coagulation process,
maintaining pH-value within the required limits,
managing rheological, filtration properties and the
optimum liophilic behavior. The technical result
is — the improvement of lubricating, consolidating
and anti-sticking properties of the hydrocarbon-
based drilling mud with simultaneous
improvement of coefficient of initial permeability
recovery by enhancing inhibiting and water-
repellent abilities of mud filtrate. As a result, there
is no key seating in the wellbore.

Laboratory researches established that the
application of six clay swelling inhibitors
simultaneously in one drilling mud leads to a
synergistic effect — inhibiting ability of the drilling
mud is enhanced. Each component complements
one another and enhances consolidating ability
of the drilling mud. In addition, combination of
chemical agents in this composition displaces
sodium cations from clay formations and sodium-
ionized clay becomes calcium clay. This prevents
clay from hydration and swelling, reduces clay
warping and flowage and prevents rock cavings.

The advantage of the developed mud is that
during reaction between the mud and the clay
under study, concentration of K+ ions increases
from 800 to 1299 mg/1. This shows that the
osmotic process is directed from the formation to
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Taonuua 1 — Bypoeoii pacmeop
Table 1 - Drilling mud

Coc’raxg;ll:lenligggcmx PacTBOp PacTBOp PacTBOp PacTBOp PacTBOp PacTBOp PacTBOp PacTBOp
Chpm ical - Mud Mud Mud Mud Mud Mud Mud Mud
c?)msgsﬁ Sn Nel Ne 2 Ne3 Ne4 Nes5 Ne 6 Ne7 Ne8
Mpanopras Kporixa 50 60 6,0 70 80 90 90 10
Marble aggregates
TTA
1185/700 5,0 6,0 6,5 7,0 7,0 8,0 9,0 10
PAC 85/700
KCl 2,0 2,0 2,0 3,0 35 40 45 5
DX
Ac 1,0 1,5 2,0 25 3,0 4,0 4,5 5
FCrLS
CHSSiOZK 1,0 2,0 2,0 2,5 3,0 3,5 3,5 4
CH,COOK 1,5 1,5 1,5 2,0 25 3,0 3,0 4
MgCl - 6H,0 2,0 2,0 25 2,0 3,5 4,0 4,0 5
Cymsarion 20 20 25 30 30 45 45 5
Sulfanol
TKX-11
2,0 25 ,0 R 5 4,0 4,0 5
T 5 3 35 3
Ilenoracurenb 05 05 05 1 1 1 1 1
Antifoaming agent ’ ’ ’
Bapur 05 1 1 2 2 3 4 5
Barium sulphate
JKunpxkas pasa — ocTanbHOE,
Maca0/BO/IA c -
Liquid phase — the rest, 55/45 60/40 65/35 65/35 70/30 75/25 75/25 80/20
oil/water
IUIOTHOCTB, I/CM?
(apeo_MeTp) 1,16 1,18 1,19 1,20 1,20 1,21 1,21 1,22
Density, g/cm?
3 (areometer)
g & | askocts, ¢ (CIIB-5)
S © |Viscosity,s 30 32 33 34 35 36 37 40
;* E | (March funnel)
—
& g |Bomootmaua, cm?/30
5] -
N (BM-6) 35 2,5 1,5 1,5 1,5 1,0 0,5 0
8, = | Water loss,
= cm?/30 min
Koadduipent
Tpenms (KTK-2) 0,15 0,14 0,17 0,12 0,12 0,08 0,09 0,06
Friction coefficient

[JIMHA IEPEXOJUT B KAJIBIIUEBYIO, 4 3TO CHOCOOCTBYET
CHIDKEHHIO TU/IPATALINY U HAOYXAHUS, YMEHBIIIAET
BBINYYHUBAHUE U TEKYUECTh, OOBAJIBI U OCBIIIU TOPO/I.
IIpenMyImECTBO PACTBOPA PA3PAOOTAHHOM PELIEITYPHI
34KJIIOYAETCSA B TOM, YTO B PE3YJIBTATE B3AUMOCHCTBUSA
€ro C UCCJIEYEMBIMHU ITTMHAMU KOHLIEHTPALIMa HOHOB K
Bospacraer o1 800 1o 1200 Mr/;1 MOHOB. DTO CBUJETEILCTBYET
O TOM, TO OCMOTHYECKHH NPOLECC HAIPABJICH U3 IJIACTA
B CKBA’)KHHY IIPU CPABHUTEIBHO HEBBICOKOM 3HAYEHUU
M30TOHHYECKOro Ko PurpenTa: K, =1,31. Hamune
B PACTBOPE UOHOB KAJIHS U MATHUS CIIOCOOCTBYET
3HAYUTETBHOMY POCTY H30TOHHUYECKOTO KOA(PPULTUEHTA IO
4,7. TakuM 06pa30M, IPOUCXOJUT YBEIMUECHUE KOJIMUECTBA
OCMOTHYECKH AKTUBHBIX YACTHUIL B PACTBOPE BCIEACTBUE
JUCCOLUALIUY AJIEKTPOIUTA. [IpUMEHEHHE 3TOT'O PACTBOPA
MO3BOJIUT YCIIEITHO COOPYKATb CKBA’KHUHBI INTYOMHOU /10
3000 M Ha y4aCTKAX, IPEACTABIECHHBIX HEYCTONYUBBIMU,
BBICOKOIUIACTUYHBIMU INIMHUCTBIMH OTJIOKEHUSIMU.
ONTUMAJIBHBIM BJISETCSI OYPOBOU pacTBOP Ne 8,
MMEIOMUI TAPAMETPBL: INIOTHOCTD — 1,22 1/CM?,
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the well while isotonic coefficient is not high:
K., = 1.31. The presence of potassium and
magnesium ions in the mud makes isotonic
coefficient increase significantly up to 4.7. Thus,
the number of osmotically active particles
increases due to the electrolyte dissociation. The
application of this mud will make possible to

drill wells with depth up to 3000 m at the rock
intervals composed of unstable highly-plastic clay
formations. The optimum drilling mud Ne 8

will have the following properties: density —

1.22 g/cm?, viscosity — 40 sP, water loss — O cm? per
30 min, friction coefficient — 0.06 (table 1). The
proposed mud exhibits high inhibiting properties
and zero filtration, as well as improved rheological,
anti-sticking and ecological behavior for drilling
in harsh conditions. Experiments in laboratory
(table 1) proved the synergistic effect of a complex
treatment of the drilling mud with several
inhibiting agents.




BA3KOCTD — 40 ¢, BogooTtaaua 0 cm? 32 30 MUH,

ko3 dunment rperust — 0,06 (rab. 1). [Ipeqmaraemslit
pacTBOP 06/12AAET OYEHD BBICOKUMU HHTUOHPYIOIIUMU
CBOMCTBAMH, HYJIEBOIH (DUIIBTPALIUEN, UMEET YIyYIIEHHbBIC
CTPYKTYPHO-PEOJIOTUUECKUE, AHTUIPHUXBATHBIE U

Mixing of components in the optimum
proportion enhances the efficiency of inhibiting,
filtrating, lubricating, anti-sticking and antiwear
properties of separate components in the
proposed mud. These properties do not change at
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OPUPOJOOXPAHHBIE CBOHCTBA /I OCJIOKHEHHBIX

YCIOBUI 6ypPEHUS. DKCIIEPUMEHTAIBHO IOATBEPAKIEHO

B JIAOOPATOPHBIX YCIOBUAX (TA6L 1) ABIEHME
CHUHEPreTUYECKOT0 3(P(PEKTA TPH KOMIIJIEKCHON O6pabOTKE
OypOBOI'O pACTBOPA HECKOJIBKMMH PEATEHTAMHU-
UHT'UOUTOPAMU.

B nipeyiaraeMom pacTBOPE IPU ONTUMAJIbBHOM
COOTHOIIEHUH KOMIIOHEHTOB ITPOUCXOANT CUHEPIETUYECKOE
ycuieHHe 3(PPEKTUBHOCTH MTHTUOU PYIOLIETO,
(PUIBTPALTMOHHOT'O, CMa3049HOTO, TPOTUBONPHUXBATHOI'O U
NPOTHUBOU3HOCHOTI'O IEUCTBUSA OT/AE/IBHBIX KOMIIOHEHTOB,
MPH 3TOM PACTBOP COXPAHAET CBOU CBOUCTBA IIPU
Temneparype 10 80 °C.

IpeanoxeHHbI 6ypOBOM PACTBOP HA YITIEBOAOPOIHOM
OCHOBE C BBICOKMMH HHT'HOUPYIOMIUMH, (DHUIBTPALTMOHHBIMU
Y CMAa3bIBAIOIIUMH CBOMCTBAMH UMEET ITAPAMETPDL:
punsrpanua pactsopa — 0 cm?/ 32 30 MUHYT, IMIIKOCTb KOPKU
paBHa 0, K0O3dpueHT TpeHus MeHbIIe 0,1, TOMINHA KOPKU
menblne 0,5 MM, OTHOIIEHUE MACJIO/BOAA B % COCTABIIAET
oT 55/45 1o 80/20, 1OTHOCTb pacTBOpa OT 1,1 10 1,2 r/cm?,
YCJIOBHAS BA3KOCTb 110 CIIB-5 — 35—40 CeKyH[I, INIACTUYeCKas
BA3KOCTb —20—-40 M ITa - C,CHC 1/10 munyt — 15-20/

20-30 plla, conepxkanue necka Meuslie 0,5%, copepkaHue

Ca++ 6onbite 16 000 mry, conepsxatue Cl — 6osbine 30 000 M/

BBINOITHEHHBIE UCCIEAOBAHM S TTO3BOINIIN CAECNATD

CJIEYIOUIUE BBIBOBI:

* MNPHUMEHEHUE 3TOI'O PACTBOPA NO3BOJISET YCIIEIIHO
COOPYXKATb PA3BENOYHBIE CKBA’KMHBI HA HE(PTh U I'a3
1y6uHOM 6051ee 3000 METPOB C TOPUZOHTAJIBHBIM
OKOHYAaHUEM HA YIACTKAX, IPEACTABICHHBIX
HEYCTOUYUBBIMU BBICOKOIIJIACTUYHBIMU ITTHHAMH 1
CaMOJIMCIIEPTUPYIOMUMUCH CIAHIIAMUY;

* BKCMEPUMEHTAJIBHO MOATBEPKIEH CHHEPIE THYECKUI
3 PEKT AENUCTBHA KOMIIOHEHTOB PACTBOPA — KOMILIEKC
PEAreHTOB PAOOTAET JIYUIIIE, YEM KAXK/IbIF KOMIIOHEHT B
OTJENBHOCTY;

* TIPEJJIATA€MBIA COCTAB HOBOTI'O PACTBOPA OONIAIAET
BBICOYAMIIIEH UHT'HOUPYIOMICH CTOCOOHOCTBIO,
CIIOCOOCTBYET 3aMEJIJIEHUIO ITPOLECCA TUAPATALIMN 1
HAO6yXaHUA ITIMHUCTBIX OTJIOKEHULT,

* NPEATIOKEHHOE COYETAHUE PEATEHTOB MO3BOJIAET PACTBOPY
YCIENTHO NPEAYIIPEXAATD, IPUOCTAHABIUBATD U ITOABIATD
Je(POPMAITMOHHBIE ITPOLIECCHL B OKOJIOCTBOJIBHOM
IIPOCTPAHCTBE CKBA’KUHBI, YMEHBIIAET KABEPHO3HOCTH;

* NPEAIATAEMBII PACTBOP OONIAAAET YITYIIIEHHBIMH
CMa3bIBAIOIUMHU U AHTUIIPHUXBATHBIMU CBOUCTBAMHU
IIPH CYIIECTBEHHBIX SHEPIOCOEPETAIOMUX
[IOKA3aTEJISIX U IOCTATOYHOM YPOBHE 3KOJIOTMTYECKOM
6€30I1aCHOCTU BCEX JOOABOK, IIPH 3TOM YMEHBIIIACTCS
PHUCK JupdePEHIINAIBHBIX IPUXBATOB, YIIYYIIAETCS
PEOIOrnYeCcKuH Npo(UIb CKOPOCTEH IIPOMBIBOYHOMN
SKM/IKOCTU B KOJIBIIEBOM ITPOCTPAHCTBE U ITOBBIIIACTCS
CTA0WJIBHOCTB 3MYJIbCHU. BCE 3TO CrIOCO6CTBYET
3(pPEKTUBHOMY BBIITOJHEHUIO THPABINYECKON
MIPOIPAMMBI IPOMBIBKY CKBA)KHUHEBEL  ©

temperature up to 80 °C.

The parameters of the proposed hydrocarbon-

based drilling mud with high inhibiting, filtrating
and lubricating properties are as follows: mud
filtration — O cm?per 30 min, mud cake adhesion
factor — O, friction coefficient is lower than 0.1,
mud cake thickness is lower than 0,5 mm, oil/
water ratio — from 55/45 to 80/20 %, mud density
—from 1.1 to 1.2 g/cm? Marsh funnel viscosity —
35-40 s, plastic viscosity 20—40 mPa-s, static shear
stress 1/10 min — 15—20/20—-30 dPa, sand content
is lower than 0,5%, Ca++ content is higher than

16 000 mg/1, Cl — content is higher than

30 000 mg/1.

During research it was concluded that:

the application of this mud will make possible
to drill wildcat oil and gas wells with horizontal
sections at depth up to 3000 m in the rock
intervals composed of unstable highly-plastic
clay formations and self-dispersing shales;
experiments proved the synergistic effect

of drilling mud components — combination

of several agents works better than each
component separately;

new mud composition exhibits the highest
inhibiting ability thus preventing clays from
hydration and swelling;

the proposed combination of agents prevents
and diminishes deformation processes in the
immediate vicinity of the wellbore and reduces
cavern porosity;

the proposed drilling mud exhibits higher
lubricating and anti-sticking properties with
high energy-efficiency factor and environmental
compatibility of all additives. The mud reduces
the risk of differential sticking, improves
rheological mud velocity profile in annulus and
enhances emulsion stability. All this assists the
effective execution of well cleanout program. ©
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