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The relevance of the work stems from the need to develop requirements for sulfonated bitumen applied in the composition of water-based
drilling fluids to control their quality when entering drilling enterprises.

Due to the presence of water-insoluble substances, sulfonated bitumens are considered to be hydrophobic bridging agents of clay rocks,
though the proportion of water-soluble substances in their composition is much higher (~70 %). Nowadays the influence of the water-
soluble component of sulfonated bitumen on clay rock in terms of inhibition and peptization is unknown. There are also no data on salf re-
sistance and resistance to alkaline earth metals (Ca?*, Mg?*) of sulfonated bitumen. All this can lead to their irrational use. The study of
these issues will help formulate requirements and select methods for assessing the quality of sulfonated bitumens, as well as improve the
efficiency of their use in drilling fluids.

The main aim of the research is to experimentally determine the functional properties of sulfonated bitumen in the composition of water-
based drilling fluids.

The main objectives of the research are to study the sulfonated bitumen effect on clay rocks and access the sulfonated bitumen re-
sistance to mineralization and divalent cations.

Objects: sulfonated bitumen samples of various brands and manufacturing plants.

Methods. The technological parameters of clay drilling fluids were determined by standard methods in accordance with SS 33213-2014
(ISO 10414-1:2008); the inhibitory and peptization properties of the research objects in relation to clay rocks were studied by the meth od of
clay swelling when they were in the sample solution (on the Zhigach-Yarov tester) and by means of sedimentary analysis (on the Figurov-
sky weight scale); salt resistance of sulfonated bitumens was determined by the method of sedimentation while placing sulfonated bitu-
mens in a mineralized environment.

Results. The authors have carried out the comparative analysis of six sulfonated bitumen samples to identify the physicochemical effect of this
group reagents on clay rocks. By assessing the degree of swelling and particle-size determination of clay while its staying in the drilling fluids of
the test samples, two groups of reagents of sulfonated bitumen were found, which are opposite in their functional effect on clay: 1) peptizing
agents (deflocculants); 2) clay inhibitors. It was experimentally proved that all sulfonated bitumens contribute to the deterioration of the thixo-
tropic, rheological, and filtration properties of fresh clay systems, while samples with inhibitory properties are more effective viscosity reducers;
in a mineralized environment, the presence of divalent cations and sulfonated bitumens are conductive to a decrease in filtration properties, but
are ineffective as viscosty reducers, and also, they are conductive to thickening due to their coagulation or solubility decrease. Experiments
proved that for determining the functional purpose of high-molecular-weight sulfonated bitumens in the composition of water-based drilling flu-
ids and controlling the quality of the samples, it is necessary to test them according to the following indicators: to determine the size of clay par-
ticles in water and in a solution of the test sample in order to identify its inhibitory or peptizing properties; to evaluate the thinning capacity and
the effectiveness of reducing the filtration characteristics when adding a reagent to a fresh clay suspension.
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Introduction filtrate, penetrating into the pores of the formation, sharp-

Many types of drilling problems which mostly depend
on the composition and properties of the drilling fluid
may occur during the well drilling. One of the types of
such drilling problems is a damage of wellbore integrity,
manifested in the form of screes and ground caving or
swelling of clay-containing rocks.

During the drilling in areas where low-permeable
mudstones and clay shales are located, the drilling fluid
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ly increases the pore pressure, which leads to rock frac-
turing and subsequently to screes and ground caving
[Z, 2].

To prevent this phenomenon, the use of bridging
agents is effective. They clog the pore space inside the
rock at the well-formation system, thus ending the pro-
cess of filtrate invasion of the drilling fluid deep into the
formation [3-6].
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Recently, sulfonated bitumen or asphalts have been
gaining wide popularity as bridging agents, which, when
ingested into the pores and clay shales microfractures and
mudstones, due to the water-insoluble component, con-
currently physically clog and hydrophobize the pores,
thereby avoiding the increasing of interior pressure, and
quickly stop fracture spreading [7-9].

However, the presence of a water-soluble component
and sulfogroups that impart anionic properties to these re-
agents, as well as their adsorbability on the clay's surface,
predetermine the study of them as stabilizers of water-
based drilling fluids. In addition, some researchers posi-
tion these reagents as viscosity reducers [10]. Other re-
searchers, on the contrary, note the thickening of drilling
fluids when using these reagents [11, 12]. Understanding
the effects of sulfonated bitumen impact on the operating
properties of drilling fluids can extend the range and their
effective implementation, as well as solve the issue of
quality control of the sulfonated bitumen supplied to dril I-
ing enterprises. Therefore, this research paper presents
the results of the study of effect of sulfonated bitumen

Table 1.

from different manufacturers on the filtration, rheological,
and inhibitory properties of water-based drilling fluids,
which are described from the point of view of their mech-
anism of action on clay.

Rationale for choosing research objects

Sulfonated bitumen (asphalt) is the sulfonated product
of natural or petroleum bitumen neutralized by alkaline
agents or ammonia, most of which are soluble in water
[13-16].

Nowadays, sulfonated bitumen is produced by many
foreign companies, primarily in China and India, as well
as some Russian companies, such as CJSC «Khimpart-
ners», LLC «Khimprom» and LLC «Arkhim». It is clear
that each manufacturer produces its own individual prod-
uct, the physical/chemical properties of which differ from
others. Consequently, every individual product will have
a different impact on drilling fluids.

During the research work, six samples of sulfonated
bitumen from various brands and manufacturing plants
were selected. The data are presented in Table 1.

Samples of sulfonated bitumen tested and their physico-chemical properties

Tabnuya 1. Obpaszysi cyrb@uUPOBAHNBIX OUMYMOS, HOOBEPS WUXCA UCHBIMAHUIO, U UX UUKO-XUMUYECKUe CBOCNEA

Physico-chemical properties
Sample Du3rKo-XMMHUUECKUE CBOICTBA
number Sample Manufacturer Solubility in white Solubility pH
No 06nasia O6paser IpowusBomTens spirit, % in water, % of 1 % solution, units
& obpasi PacrBopumocts B PacrBopumocts B pH
yaiit-ciupute, % Boze, % 1 %-ro pactBopa, ex.
Sulfonated bitumen «AM» LLC «Arkhim»
! CynbhupoBanssii 6utym AM| OO0 «Apxum» 16,1 70,7 8,95
Sulfonated sodium asphalt
«FT-1A»
2 CynbhupoBannslii Na 9.8 726 8,52
achanpt «FT—1A» . .
Sulfonated sodium bitumen ]S“;‘Stce(r;[imﬁed Trading
3 CynbupoBaHHbBINA 14,9 67,4 8,67
HATPHEBBIA OUTYM ?o?)?olgfgzi:ema»
Sulfonated sodium asphalt
«FT-35»
4 CynbpupoBannslii Na 11,0 69.3 8,60
achanpt «FT—35»
Sulfonated bitumen CJSC «Khimpartners»
5 Cyb(upoBaHHbIH OUTYM 3AO «XuMnapTHepbDy 20,4 72,3 8,64
«Asfasol» LLC «Khimprom»
6 «Achacom» 000 «XuMnpom» 16,2 69,1 8,60

The samples were selected based on the prevalence of
their use by various oil and service companies: some of
them are produced in China (OOO «Unified Trading Sys-
tem»), and some are produced in the Russian Federation
(LLC «Khimpromy», CJSC «Khimpartnersy and LLC
«Arkhimy).

Behavioral study of sulfonated bitumen
in fresh water systems

The results of the study of the sulfonated bitumen
capacity to inhibit the swelling of clay, conducted by a
number of researchers [17-19], have proved to be con-
tradictory. Therefore, in order to understand the mech-
anism of the physico-chemical effect of the objects of
study on clay, first of all, their inhibitory properties
were studied. For this purpose, a clay sample weighing
10 g was placed in a cell of the Zhigach-Yarov tester,

into which water or 1 % solution with a sample of sul-
fonated bitumen was poured; the change in the volume
of the clay sample in dynamics was recorded by an in-
dicating gage. The dependence diagrams in Fig. 1
shows a significant decline of the clay swelling with
all the test samples compared to water, reflecting the
binding of water molecules by the hydrophilic part of
sulfonated bitumen. At the same time, additives 1-3
suppress the clay swelling to a less extent than addi-
tives 4-6: in the first case, the increase in the height of
the clay sample is 30,82-33,56 %, in the second case -
23,49-23,94 %.

The results are explained well by the sedimentation
analysis data, that demonstrate the particle size of un-
treated bentonite in water and in solutions of sulfonated
bitumen. The results are presented in Table 2.
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Fig. 1. Height change dynamics of clay sample when it is in water and in 1 % solutions of sulfonated bitumen tested
Puc. 1. JJunamuka uzmenenus 6blcomel 00pazya 2aunbl npu HAxoxcoeHuu e2o 6 gode u 8 1%-x pacmeopax uccnedyemvix

Cybpuposantvix 6umymos
Table 2.  Size distribution of clay particles in water and
in 1 % solutions of sulfonated bitumen deter-
mined by sedimentation analysis on the Fig-
urovsky weight scale
Tabnuya 2. Pacnpedenenue yacmuy 2aunbl no pazmepam 8
600e u 1%-x pacmeopax cynvguposannwvix 6u-
MYMO8, ONPEOEeNeHHbIX MEMOOOM CeOUMEHMA-
YUOHHO2 0 aHAu3a Ha npubope Dueypoeckoe o

Solution composition/CocraB pacTBopa D50 | D10-D90
Lm/MKM
Water/Boga 8,88 | 6,88-19,02
Water +sample no. 1/Bona +o6pasger; Ne 1 8,4 5,1-11,5
Water +sample no. 2/Bozga + oopazery Ne 2 5,8 4,2-8,4
Water +sample no. 3/Bona +o6paserr Ne 3 8,5 6,8-10,2
Water +sample no. 4/Bona +o6pazen Ne 4 | 1532 | 11,52-20,88
Water +sample no. 5/Boga + oopazerg Ne 5 | 15,01 9,7-28,0
Water +sample no. 6/Bona +o6pazeryNe 6 | 17,1 9,8-32,0

D10, D50 and D90 are the sizes below which 10, 50 and
90 % of clay particles are contained.

D10, D50 u D90 obosnauaiom pasmep, Hudice KOMOpoeo
codepacumces, coomeemcmeenno, 10, 50 u 90 % uacmuy
2JIUHDL.

Table 2 shows that, samples 1-3 reduce the size of
clay particles compared with their initial size — sulfonated
bitumen molecules, adsorbed on the surface of clay parti-
cles, increase their hydrophilicity, resulting in the expan-
sion of the inter-pack layers and the clay swelling; sam-
ples 4-6, on the contrary, increase the size of clay parti-
cles, which indicates the presence of coagulating compo-
nents in the test additives, preventing water penetration
into the interlayer space. That’s why the clay swells less.
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In this way, the test samples can be divided into two
groups:

o Group | - peptizing agents (deflocculants) of clays

(samples 1-3);

o Group Il —clay inhibitors (samples 4-6).

The mechanism of action of sulfonated bitumen sam-
ples of peptising orientation is as follows. The presence
of electronegative sulfogroup — SO3H — in the structure of
hydrophilic macromolecules of sulfonated bitumen al-
lows them to be adsorbed on positively charged corners
and edges of clay particles. Due to this, the negative
charge increases and the clay hydrophilizes, which results
in the expansion of clay plates with the creation of new
surfaces and the formation of hydrophilic shell on each of
them.

In the case of using inhibitory orientation samples,
clay particles, on the contrary, will stick together under
the influence of coagulating components, and the effect
of hydrophilic macromolecules will be limited only by
hydrophilization of the outer surface of clay particles (co-
agulating components will hold clay plates together and
suppress peptization).

Diphilic macromolecules of sulfonated bitumen are
capable of hydrophobizing the clay surface —adsorbed by
sulfonated hydrophilic sites on positively charged corners
and edges of clay plates; they orient themselves with a
hydrophobic part into the dispersion medium and prevent
water penetration to the clay [20].

Analysis of sulfonated bitumen solubility in organic
solvent and water (Table 1) shows that total oil and water
solubility is less than 100 % and averages 85 % for sam-
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ples of both groups. Consequently, at least 15 % of the
sulfonated bitumen components do not dissolve either in
organic solvents or in water. These microparticles should
be colmatants of the filtration crust.

The significant impact of samples of both sulfonated
bitumen groups on clay suggests their significant influ-
ence on the rheological and filtration properties of clay
drilling fluids. The formation of labile hydrophilic and
hydrophobic shells on the clay surface should reduce con-
tact interactions and friction between solid particles and
contribute to the reduction of rheological parameters. Due
to the binding of free water by the hydrophilic part, the
deposition of hydrophobized clay particles in the filtra-
tion crust and additional colmatation of its insoluble mi-
croparticles, sulfonated bitumen should help reduce the
filtration performance of clay drilling fluids.

In this regard, there was studied the influence of the sul-
fonated bitumen samples on the technological properties of a
clay suspension containing 35 % by weight of untreated ben-
tonite and 0,2 % by weight of NaOH. To do this, a suspen-
sion of untreated bentonite was dissolved in tap water, to
which NaOH was previously added, and kept in a heating
furnace in a hermetically sealed container (pressure cooker)
at 80 °C for 3 days. After 3 days, by adding tap water in por-
tions, followed by stirring on a stirrer for 30 minutes, the
clay suspension was diluted to an effective viscosity of
25-30 mPa's; by adding 1 n NaOH, the pH was adjusted to
9,5-10,0 units. Thus, seven liters of solution were prepared.

Table 3.

The resulting solution was taken as the initial clay suspen-
sion (CS). 1000 ml of CS was taken, 1 % of the sulfonated
bitumen sample was added, mixed for 15 minutes on a high-
speed mixer (10000 rpm) and the prepared solution was left
at room mperature in a hermetically sealed container for
16 hours. After the time elapsed, the solution was stirred for
15 minutes on a laboratory stirrer and the technological pa-
rameters were determined (Table 3) in accordance with SS
33213-2014 (ISO 10414-1:2008) [21]; the thixotropy coeffi-
cientK, was calculated using a formula analogous to [22]:
Gel 10 min — Gel 10 sec
.=

10 min — 10 sec
where Gel 10 min and Gel 10 sec are the static gel
strengths for 10 min and 10 sec.

Since some researchers position sulfonated bitumen as
effective viscosity reducing additives, the dilution capaci-
ty of the samples was additionally evaluated, which is de-
fined as the percentage of reduction in the apparent vis-
cosity of the CS after adding a sample of sulfonated bi-
tumen to it:

100 - AV*
— e
where AVSu AV — apparent viscosity of the drilling flu-

id with the sample and the initial CS at the shear rate
1021,38 s, mPa-s.

Dilution Capacity = 100 —

Technological properties and dilution efficiency when adding 1 wt. % of sulfonated bitumen to CS

8 Yl i DICUL 71 o macc. cyi
Tabauya 3. Texnonozuueckue ceoticmea u 3¢hghexmusrnocmo pasoicudicenuss npu oobaenenuu 1 % macc. cynvghuposannozo

oumyma x enunucmoti cycnenzuu (I'C)
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[} = -
= g 10 s/c 1242:{'”
= - 144 | 968 | 43 50,9 74 | 1181 | 45 20,7 -
CSt\e 1
[C+Ne 1 9.9 9,43 | 175 17,6 7,7 43,4 3,6 26,3 11,5
CS+Ne 2 I group
T'C+Ne 2 I rpynma 13,7 9,18 8,2 29,7 36,8 1,7 4,2 23,0 22,5
CS+Neo 3
TC+Ne 3 139 | 9,74 6,9 28,9 254 | 682 4.4 214 281
CS+Ne 4
[C+Ne 4 128 | 942 | 178 74 38 | 247 2,1 21,5 27,6
CS+Ne 5 Il group
I'C+Ne 5 I rpymma 10.3 9,32 18,0 5.9 0,5 29,0 2,9 21,0 29,3
CSTN\e 6
[C+N\e 6 9.9 9,64 | 210 4,7 5,9 28,4 2,3 23,3 21,5

“I group — peptizers; Il group — inhibitors.
*I 2pynna— nenmusamopei; Il 2pynna — unz ubumopei.
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The data in Table 3 demonstrate, that all additives
contribute to a decrease in the parameters of the Gel char-
acterizing the thixotropic properties of the system, while
drilling fluids with group | reagents (peptizers) have
higher values of the thixotropy coefficient (K>3,6) com-
pared to the values of group 11 (K<3), which indicates ac-
tive structurization in the system in the presence of a pep-
tising orientation and suppression of this process in the
presence of an inhibitory orientation of sulfonated bitu-
men. Lower yield value (YP), which characterizes the
electrochemical interactions between particles of the dis-
persed phase during the flow of the drilling fluid, are ob-
served in systems with samples of group Il (inhibitors);
on average the dilution capacity is higher in reagents of
this group.

Low efficiency of reducing rheological parameters by
group | reagents (peptizers) is apparently due to an in-
crease in the degree of the clay phase dispersion and, ac-
cordingly, an increase in the surface area of clay on
which sulfonated bitumen macromolecules can be ad-
sorbed. The adsorption of macromolecules on new sur-
faces leads to a lack of them, as a result of which some
clay particles do not have hydrophilic and hydrophobic
shells that reduce contact interactions and friction be-
tween solid particles. Thus, effective viscosity reducing
agents in fresh systems are samples of sulfonated bitumen
with inhibitory properties.

The addition of sulfonated bitumen to the CS helps to
reduce the filtration rate, but there is no significant differ-
ence between the samples of both groups.

Table 4.
ralized reservoir water

Tabnuya 4. Texnonoeuneckue ceoticmea l'C, cooeparcawyeii no 1 % mac. o6pazya ucnvimyemozo cynb@uposarnoeo bumyma,

Investigation of sulfonated bitumen behavior
in mineralized systems

Often, drilling fluids with a high degree of mineraliza-
tion or containing alkaline-earth metals (Ca**, Mg’") are
used in drilling technology. In this case, the requirements
for reagents to maintain their effectiveness in the pres-
ence of salts and bivalent cations increase. The research
[23] shows high resistance to strong electrolytes (KCl,
CacCl,) of Na-salts of sulfonated humic acids. This gave
us reason to assume that a similar salt resistance may be
characteristic of sulfonated bitumen.

In this regard, clay solutions with samples of the test-
ed sulfonated bitumen (1 wt. %), the description of the
preparation of which is presented above, were polluted
with highly mineralized reservoir water. To do this,
450 ml of the finished solution was taken, 50 ml of highly
mineralized reservoir water was added, stirred for
15 minutes on a high-speed mixer (10000 rpm) and the
prepared solution was left at room temperature in a her-
metically sealed container for 16 hours. Similarly, the ini-
tial CS was polluted with reservoir water. After the time
elapsed, the solution was stirred for 15 minutes on a la-
boratory stirrer and the technological parameters were de-
termined (Table 4).

It can be seen that under conditions of high minerali-
zation, samples of sulfonated bitumen of both groups
(peptizers and inhibitors) provide lower values of the fil-
tration index compared to the initial CS, but at the same
time, the values of the Yield Point significantly increase
and the thixotropic properties of the solutions deteriorate.

Technological properties of CS containing 1 wt. % sulfonated bitumen, when adding 10 % vol. of highly mine-
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FCCS - 44,6 7,86 4.4 8 11,4 14 0,26 8,4 -
CS+Ne 1
ICNe 1 31,2 7,75 2,6 35,3 30,6 36,6 0,61 20,2 -139,9
CS+Ne 2 I group
[C+No 2 I rpymma 30,8 7,77 9,9 17,8 17,6 14,5 -0,32 18,8 -124.,4
CS+Ne 3
[C+Ne 3 40,5 | 7,86 3.4 20,3 19 17 -0,20 13,5 61,1
CS+Ne 4
TCNo 4 34,2 8,24 10,3 13,1 13,8 12 -0,18 16,8 -100,1
CS+Ne 5 Il group
[CNe 5 Il rpynma 35,0 8,03 0,4 30,2 27,6 26 -0,16 15,5 -84,6
CS+Ne 6
[C+Ne 6 32,2 8,18 3,9 26,2 17,9 14,3 -0,37 17 -102,6

“I group — peptizers; 11 group — inhibitors.

*I 2pynna— nenmuszamopui; Il 2pynna— unzubumopei.
When mixing equal volumes of pre-filtered 1 % solu-

tions of sulfonated bitumen with saturated sodium chlo-
ride solution (26 wt. %) in a test tube, sedimentation was
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observed in all test samples (Fig. 2), which indicates co-
agulation or a decrease in the solubility of sulfonated
samples in a mineralized environment. A similar pattern
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was observed when equal volumes of 1 % solutions of
sulfonated bitumen were mixed in a test tube with 0,5 %
calcium chloride solution (Fig. 3); in terms of Ca** ions,
this corresponds to 900 mg/l.

Fig. 2. Coagulation of sulfonated bitumens in the presence
of NaCl (13 wt. %)

Puc. 2. Koaeynayus cymguposannvix d6umymos ¢ NaCl
(13 % mac.)

Fig. 3. Coagulation of sulfonated bitumens in the presence
of CaCl, (900 mg/l Ca*")

Puc. 3. Koacynayua cymguposannvix oumymos ¢ CaCl,
(900 mz/1 Ca®*)

Thus, sulfonated bitumen is ineffective as a viscosity
reducing agent in mineralized systems and in the presence
of divalent cations, such as Ca’", due to their coagulation
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1 YhumckuiA rocysapcT BEHHbIA HE(T SHON TEXHUYECKUI YHUBEPCUTET,
Poccus, 450062, r. Yoha, yn. KocmoHasTos, 1.

AxkmyanbHocmb uccriedosaHusi obycrnosneHa Heobxo0umocmbio pa3pabomku mpebogaHull K CynbguposaHHbIM Gumymam (achanib-
mam), npum eHsiembiM 8 cocmage OyposbIX pacmeopos Ha 80OHOU ocHOse, Ans KOHMPONs UX Kayecmea npu nocmynineHuu Ha 6yposbie
npednpusimus.

Bcnedcmesue Harmuy usi 8000HEPacme OpUM bIX 8ELECM8 CYITbghUPOBaHHbIe GUMYMbI cyumaromes 2udpogh 06HLIMU KonbMamarmam u a1 u-
HUCmbIX nopod, xoms Ha camom dene 005 6000 pPacme OPUMBIX 8ELIEC8 8 UX COCmase 3HaqyumenbHo gbiwe (~70 % ). Ha ce200HsawHUl
OeHb HeU38eCMHO erusiHUe 800opacme opuMoll cocmasnsirouell CymbhupogaHHbIX GUMyMO8 Ha 2luHUCMYo nopody ¢ MOYKU 3PEHUS U H-
eubuposaHus U nenmusayuu. Takxe omcymcmeytom OaHHbIe O conecmolkocmu U ycmolyugocmu K WenoYHO3eM eflbHbIM Memasiiam
(Ca?*, Mg?*) cynbehuposaHHbIx Gumymos. Bce amo moxem npusodumb K HepauyuoHaib HOMY UX NpUMEHEH UK. M3ydeHue amux 8onpocos
nomoxem cghopmynupogams mpebosaHusi u nodobpamp MemoOb! O eHKU Kayecmea CynbghupogaHHbIX bUmyMos, a makxe yiy4wums
3¢hghekmueHOCMb UX UCNOMb308aHUsT 8 cocmase byposbix pacmeopos.

Lenb: sxcnepumermarnsHo onpedenums (yHKYUOHabHbIe ceolicmea cynbguposaHHbix Gumymog 8 cocmage byposbix pacmeopos Ha
800HoLI OCHoge.

3adayu: uyyums 8rUSIHUE CyTbGHUPOBaHHBIX BUMYMO8 Ha 2/UHbI U OLEHUMb UX YCMOUYUBOCMb K MUHEpaLBaUUU U 08YX8areHMHbIM KamUOHaM.
06Bexmbl: 06pa3yb! CybMUPOBaHHbIX BUMYMOB PasfiudHbIX MapoK U 3a8odos-npoussodumenedll.

MemodkI. TexHomoeudeckue napamempsl uHUCMbIX BYposbIX pacmeopos onpedensnuck cmaH0apmHbiMu memodamu 8 coomee m-
cmguu ¢ FOCT 33213-2014 (ISO 10414-1:2008); uHeubupyrouyue u nenmusupytouiue ceolicmea 06bexmos uccedosaHus N0 OMHoOW e-
HUIO K 2nuHucmoli nopode usyyanu Memodom HabyxaHus 2fuHbl Npu HaxoxdeHuu ee 8 uccredyemom pacmeope (Ha npubope XKueaya—
fposa) u nocpedcmeom cedum eHMayUoHH020 aHau3a (Ha eecax @ueyposckoz0); conecmolkocme CynbhuposaHHbIX bumymog onpe-
Oensnu memodom 0cadkoobpa3oBaHUs NpU HaXOXOeHUU UX 8 MUHepanu3osaHHoU cpede.

Pesynbmamsi. [lpogedeH cpasHUMenbHbIl aHanu3 wecmu 06pa3yog CcynbupogaHHbX bumymos Ofsi ebiFgneHus hu3UKo-
XUMUYECKO2 0 8NUSHUS peaz eHm o8 OaHHoU epynnbi Ha anuHucmyto nopody. lMocpedcmeom oueHKu cmeneHu HabyxaHus u onpedeneHus
pasmepa Yacmul 2iUHbI NPU Hax OXAeHUU ee 8 pacmeopax uccredyembix 06pa3y08 ycmaHoeIeHo, Ymo cywecmsyem dge epynnbl pe a-
26HMO8 CynbgUPOBaHHbIX 6UMYMOB, NPOMUBONONOXHBIX NO (hyHKYUOHaTbHOMY 803delicmsuto Ha anuHy: 1) nenmuzamopsi (Oeprioky-
naHMbl); 2) uHe ubumopsi HabyxaHus. SkcnepumeHmarnbHO A0K a3aHo, Ymo ece CynbguposaHHble 6umyMbi cnocobemeyrom yxyow eHuo
MUKCOMPONHbIX, PEOTO2 UYECKUX U (hUrbm palUOHHbIX C8OLCMS NPECHBIX 2lTUHLUCMbIX C ucmeM, npu amom bonee aghghekmugHbIMU NOH U-
3umensamu easkocmu sensomesi 0bpasubl, obnadatowue UH2UOGUPYOWUMU C8OUICMBaM U; 8 MUHEPaTU308aHHbIX cpedax U Npu Hamuyuu
08yx8aieHMHbIX KamuoHO8 CyrnbuposaHHble bumyMbl makxe cnocobemeyrom yXyOw eHuto hunbmpayuoHHbIX €8olicms, HO Hed ¢ hex-
MUBHbI KaK NOHU3UMeENU 8s3Kkocmu, u Oaxe Haobopom, cnocobemeyom CUTLHOMY 3a2yUieHUID, YMO C8A3aHO C UX Koazynsyuel, wiu
CHUXEHUEM pacmeopumMocmu. YcmaHoeneHo, Ymo 015 onpedenneHusi ¢hy HKLUOHaTbHO2 O NPUMEHEHUST 8bICOK OMOMEKYSPHbIX Cynbghup o-
8aHHbIX 6uMyMog 8 cocmage byposbix pacmeopos Ha 80OHOLU OCHOBE U KOHMPOMS Kayecmea 0bpasy08 He0bX00UM O UCnbIMbIBame UX
no cnedyruum nokasamensm: onpedensmb pasmep Yacmuy enuHbl 8 8ode U 8 pacmeope Ucnbimyemoeo 0bpasya ¢ U enblo 8bISBNeHUs
€20 UHeUBUPYWUX UnU nenmu3upyioujux ceolicme; OUeHUBamb Pa3XUKarouwyto cnocobHOCMb U 3¢hhekmuBHOCMb CHUKEHUS (hurb-
mpayuoHHbIX ceolicme npu 0obagneHuU peageHma K NPecHol 21uHUCMOoU CyCneH3uu.

Kniovesnble cniosa:
byposbie pacmeopbl, CynbuposaHHbIl 6uMyM, CynbgupoBaHHbIli acgharnbm,
UHeubupogaHue HabyxaHus 2/1uH, nenmu3ayusi 2/1uH, Koaey sy us.

CMUCOK NUTEPATYPbI 2. Ilupokos M.H. MckatounTenbuas cTabuibHO CTh CTBONA CKBAK U-
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J.Bryla, F. Ditlevsen // SPE/IADC Drilling Conference and  ° Rei:i F;.I.,dSantgs HiléJItra'-Io;Nbi.r}ytasior& dri(ljling ghlnds; apra;lctt)ical
Exhibition. - The Hegue, The Netherlands, 2017. - P. 1-24. route to redu ced welIbore Instability, reduced mud fosses, wetibofe
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