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ABSTRACT

Oftentimes oil and gas wells can be affected to various technological as well as chemical
and natural stresses. Perforations, fracturing, side tracking from under the casings shoe, formation
integrity testings all these lead to the cement sheath fragility and the annulus integrity deterioration
causing the emergence of net of cracks in the cement sheath, which contribute to nascence
of behind-the-casing flows.

World statistics say that the issues of casing string-borehole annulus unsealing prevention,
as well as the effective restoration of the cement sheath integrity in the presence of a wide range
of water-shutoff materials and technologies for inflows bounding, do still remain open and require
non-standard solutions. In this connection, the development of “self-healing” plugging material, which
allows the cement stone to independently regenerate its integrity, thereby excluding technological
shutdowns and the intervention of repair equipment, is one of the highest priority tasks and promising
methods for eliminating behind-the-casing flows, accompanied by restoring the integrity of the well
cement sheath. An advanced alternative to the traditional plugging material is elaboration of "self-
healing" cements, which is hopeful in the line of the above-mentioned peculiarities.

Keywords: "self-healing” cement; cement sheath; modifying additives; plugging material;
behind-the-casing flows; well support durability; water influx.
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Hayu4HbIn 0630p

Pa3paboTka koHUenuuu camo3saneymBaHus Ansi NoAAepXKaHUsA LLeNOoCTHOCTH
LeMeHTHOW Kpenu CKBaXXuH. Teopus 1 npakTuka

3.P. Ucmarnnosa
HayyHo-uccnedosamenbckuli U MNPOEKMHbIU  uHCmumym  YbuMckoeo  eocydapcmeeHH020
HegpmsAHO20 MexHU4YecKkoao yHugepcumema, e. Y¢a, Poccus

AHHOTALUMUA

B HedTerazoBom pene CKBaxWHbl BCerga MNOABEPraltoTCsl pasnuMyYHbIM  TEXHOMNOrMYECKUM,
XUMUYECKUM W €CTECTBEHHbIM Harpyskam, BO3HMKaloWMM npu nepdopaumnn, bypeHnn O0KOBbIX
cTBONOB u3-nog 6Gawmaka o6cagHON KOMOHHBI, FMOPOAMHAMUYECKMX WCMbITAHUSX MNNacTos,
rmapopaspbiBa nracrta, yrnybneHun u T.4. Takue onepauum HapyLllawT LenoCTHOCTb LEMEHTHOro
KonbL@a M BedyT K MoTepe repMeTMYHOCTM CKBaXKMHbI, NPy 3TOM B LIEMEHTHOW kpenu obpasyertcs
cucTeMa TpeLuH, cnocobeTByoLLas BO3HUKHOBEHWNIO 3aKONOHHOW LMPKYNALMM BOAbI.

MuvpoBas npakTvka CBUAETENbCTBYET O TOM, YTO BONPOCHI NpeAoTBpaLleHns pasrepMeTusaumnm
3aTpyOHOro NpoCTpaHCcTBa, a Takke 3(PPEKTUBHOIO BOCCTAHOBMEHMS LIENIOCTHOCTU LEMEHTHOrO
KonbLa MpU HanmMuuM LIMPOKOrO CMekTpa BOAOM3OMNSALUMOHHBIX MaTepuarioB U  TeXHOMNOoruw
orpaHVyeHnst BOOOMPUTOKOB A0 CUX MOP OCTaTCH OTKPbITEIMU U TPEBYIOT HeCTaHAAPTHBIX PELLEHUIA.
B cBA3u ¢ aTum pasdpaboTka «camosaneunBaroLLerocs» TaMnoHaXXHOro MaTepuana, no3sonsioLLero
LlEMEHTHOMY KaMHI0 CaMOCTOSITENbHO BOCCTaHABMMBATb CBOK LIENIOCTHOCTb, UCKMOYasi TEM CaMbIM
TEXHOMOrMYeckne OCTaHOBKM W BMeLIaTeNbCTBO PEMOHTHOrO OOOpYyAOBaHUS, SABNSETCA OQHON
13 nepsoo4yepegHblX 3aga4vy M NepcnekTMBHbIM MeToaAOM nukBMaaunu 3aKONOHHOMN LnpKynauumm
BOObl, COMPOBOXOAKLENCH BOCCTAHOBMEHMEM LEMNOCTHOCTU LEMEHTHOro KofbLa CKBaXXWUHbI.
PaspaboTka «camo3aneymBalroLLEerocs» LUEeMeHTa SBSIETCA NPOrPECCUBHON  anbTepHaTUMBON
TPaguUMOHHOMY TaMMOHaXHOMY MaTtepuany, Yto obHadexuBaeT B CBETE BbllLENepeyYnCreHHbIX
ocobeHHocTeN.

Knrovessie crioea: camo3anequsarouulicss UeMeHm, UeEMEeHMHoe Korbuyo, Moduguyupyroujue
0obasku, mamroHaxHbIll Mamepuarsi, 3aKO/IOHHas UupKynsayusi 600bl, O0S1208e4HOCMb Kpenu
CK8aXKUHbI, 8000MPUMOK.
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Fbinbimu wony

¥HfbIManapAablH LLeMeHT GeKiTKiluTepiHiH TyTacTbIFbIH caKTay YLiH ©3iH-e3i
emaey TyYXblpbiMAamMachIiH a3ipney. Teopus xaHe npakTuka

3.P. Ucmarunosa
Ypa memnekemmik MyHal mexHUKasblK yHUBepCUMEMIHIH fbibiIMU-3epmmey XoHe xobarnay
uHcmumymel, Yeha Kanacel, Pecel

AHHOTALUA

MyHai-ra3 canacblHga yHfbiManap spaanbiM nepdopauuns kesiHge nanga bonatbiH apTypni
TEXHOMOMUANbIK, XUMUANbIK XaHe TabwuFn >xykTemenepre ywblpangpbl, wwereHaey 6araHacbiHbIH
Tocnmackl acTblHaH Oywipnik oknaHgapabl Oyprbinay, kabatTapdbl TMAPOAVMHAMUKAIbIK ChlHAY,
oMbikTap x8He T.6. MyHga onepauusinap LEMEHT CaKMHACbIHbIH TyTacTbifblH  Gy3aabl
KoHe YHFbIMaHbIH, ThIfbI3AbIFbIH KOFANTYyFa okeneni, an uemeHT OekiTKiliHAe >KapblKTap Xyheci
nanga 6onagel, cy anHanbiMbIHbIH Naiaa 6onybiHa biknan eTei.

onemaik Texipnbe kepceTkeHaen, KyOblp CbipTbl KEHICTIrHIH albNybIHbIH angbiH any, congan-
aK cy eTki3belTiH mMaTepuangap MeH Cy afblHAapblH LUEKTeY TeXHOMorMsnapbiHblH KeH ChekTpi
GonfaH Kesde LEMEHT CakMHaCbIHbIH TyTacTbifblH TUMIMAI KannblHa KENTipy Macenenepi ani ge
albIK XXeHe CTaHOapTTbl eMec Wewimaepai kaxet eteqi. OcbifaH 6annaHbICTbl LEMEHT TaCbIHbIH,
03 TyTacTbifblH Aepbec kannbiHa KenTipyre MyMKIHAIK 6epeTiH «e3iH-e3i eMAeNTiH» TaMnoHaXAbIK
mMaTepuanabl a3ipriey, ocbinaiila TEeXHOMNOrusNblK asnjamanap MeH XeHpey XabablKTapblHbIH
apanacyblH Kocnafanga, OipiHwi kesekteri MiHOeTTepaiH Oipi X8He YHfbIMaHbIH,  LIEMEHT
CaKMHaCbIHbIH, TYTACTbIfbIH KannblHa KENTipyMeH KaTtap XXypeTiH GaFaHanbl Cy aiHanbIMbIH >KOOAbIH,
nepcnekTuBanblK agici 6onbin Tabbinagel. «O3iH-63i eMOenTiH» LeMeHTTiH Aamybl ASCTYpri TaMMoH
mMatepuanbiHa nporpeccuBTi 6anama Gonbin Tabbinagpl, Oyn Xofapblaa atanfaH epekwenikrepre
BannaHbICTbI XirepneHaipeai.

Heezizzi ce30ep: e3iH-63i emOelmiH yeMeHm, UeMeHm cakuHacbl, e32epmemiH Kocranap,
mamrioHax mMamepuarbl, 6araHa CbipMbIHbIH Cy aliHanbIMbl, YHfbIMaHbl bekimyOdiH bepikmizi, cy
arbIHbI.

Danekces KenTipy yLWiH:

Wcmarunosa 3.P. ¥HfbiManapablH UeMeHT OekiTKilTepiHiH TyTacTblfblH CakTay YLWiH e3iH-e3i emaey
TYXblpbiMAamMachlH a3ipney. Teopusi xaHe npakTuka /| KasakcmaHHbIH MyHali-ea3 canacbiHbiH xabapuwbiChbl.
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Introduction

The cement sheath of a well is the main barrier
protection of the casing string from an aggressive
environment influence and the prevention
of reservoir fluids migration. However, under
the influence of regular technological loads,
the integrity of the cement stone is oftentimes lost,
which leads to flooding of the well due to the behind-
the-casing flows. At the same time, statistics
depict that in most cases cement stone, prepared
according to non-additive formulation, is not able
to withstand significant operational loads and thus
does not meet expectations for maintaining
the integrity of the cement sheath. Moreover,
there are many modern water-shutoff materials
and technologies aimed at limiting water influx.
However, all of them have low duration of process
effect, and are also rarely aimed at restoring
the well support integrity [1].

Many Russian and foreign scientists
focus on improving the quality of cement stone
capability to effectively (reliably and continuously)
seal the space between the wall of the well
and the casing string, as well as eliminating
channeling until the system of cracks and behind-
the-casing flows occur. Nowadays, an advanced
alternative direction in the field of improving
plugging material and one of the promising
solutions to these problems are the development
and application of "self-healing" cements, which
in general are ‘"intelligent" cement systems
with controlled properties [2].

The theory of self-healing in relation
to polymeric materials has been revealed since
the 1980s. It outlines the opportunities for healing
micro-cracks in various set of materials for much
more sustainability and safety of the polymeric
components [3].

As it is known, self-healing ability may occur
in autogenous and autonomous way. Autogenous
healing of a cement stone is primarily achieved
by further hydration and carbonation [4], besides
it contributes to the closure of cracks with certain
limited sizes. The autonomous healing of a cement
stone can be achieved by initial incorporation
of healers, which are some specific components
meant to subsequently recover the cement sheath
integrity and maintain well support durability
efficiently.

The author has extensively investigated a wi-
de variety of autonomous healers, thus in the next
proposes a "self-healing" concept of the affected
cements, which consists in sealing the water
supply channels with chemically inert modifying
additives previously introduced into the cement
powder, meant to be activated and acquire
the ability to block cracks in the cement stone
only after interaction with reservoir water [5, 6].
The principle of the "self-healing" cement operation
is to start the water-absorbing mechanism

of the additives integrated into regular cement
powder. The additive consists of an active water-
swelling core covered with a solid water-soluble
shell (fig. 1), which temporarily prevents a contact
of the water-swelling core with water. Besides,
the shell must prevent premature hydration within
a cementing time — a time after injecting cement
slurry into the well and its setting [7].

Materials and Methods

The recommended formulation of the "self-
healing" cement technology is as following: plug-
ging material including a binder (99.0-99.5%)
and modifying additives (0.5-1.0%) [8].
Portland plugging cement CEM-I (Class G,
sulfate-resistant) is used as a binder. Granules
of water-swellable polymer material based
on anionic polyacrylamide, so-called super-
absorbent, (active core) coated with a water-
soluble film of a polymer complex (preventive
sheath) [91, made from components
of carboxymethyl cellulose and polyvinyl alcohol,
are used as modifying additives [8].

Figure 1. A model of the modifying additive [7]

After justifying the composition and im-
plementing the "self-healing" cement slurry basic
studies, an experimental batch of modifying ad-
ditives was produced. The method of the modi-
fying additive test samples manufacturing inclu-
ded preliminary mechanical activation of the acti-
ve water-swellable core and its coating,
i.e. the application of a film shell by structural
granulation in fluidized bed apparatuses.
The viscosity of the polymer complex solution
was close to the atomization limit and empirically
selected to ensure a uniform layer during
dispersion of the solution. The thickness
of the applied shell was verified in accordance
with the rate and degree of its solubility depending
on temperature, mineralization of reservoir water
as well as the contact time. Thus, all the trigger
factors of the "self-healing” mechanism which
are vital in order to exclude premature swelling
of the modifying additive and ensure its chemical
inertia to the liquid phase during the entire cycle
of preparation and injection of cement slurry
into the well, are taken into account.

A number of laboratory studies of slurry
and stone made of "self-healing" cement, which
included the study in accordance with the regulatory
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Figure 2. The bench equipment [10]

documentation for plugging materials of the main
indicators of rheological, strength and filtration
properties, demonstrated a complete absence
of the swelling additives influence on the rheo-
logical properties of cement slurry during mixing,
thickening and setting of slurry. The tests also
showed that the swelling additives did not worsen
the mechanical properties of the cement stone.

To test the validity of the concept
and the proposed "self-healing" cement for-
mulation, a technique was developed using
specially manufactured test-bench equipment [10].
The stand was mounted on the testing site
of NIPIUSPTU LLC, which provided an opportunity
to observe the behavior of the hydraulic system,
toinvestigate the filtration properties of the modified
cement stone, as well as to study the effect
of the modifying additives on the technological
properties of the cement slurry and the cement
stone over time, observing them in conditions
close to the ones of a well (fig. 2).

The method of conducting the bench
experiment was as follows: the working agent
(water) was pumped through a flexible hose into
a working cylinder containing a stone made of "self-
healing" cement. The agent was released from
a hermetically sealed pressure vessel under a set
pressure from the compressor, while the volume
of the liquid entered and filtered through the stone
was fixed [10].

In order to physically simulate the process
of cracking in cement stone, the operating cylinder
with the cement stone inside was subjected
to mechanical stress, loading up to the formation
of a system of cracks using a pneumatic hammer.
After creating artificial cracks in the cement
stone, the operating cylinder was piped
with the circulation system. The circulation system
was started by turning on the compressor with
a gradual increase in the water injection pressure
up to 4 atm, according to the calculations and taking
into account the design features of the operating
cylinder, this figure corresponds to the pressure
of the water break through the cement stone.

The study of the throughput of the cement
stone modified with the additives was carried out
by passing different types of associated water

produced from the deposits of the Republic
of Bashkortostan. Thus, three types of water
were used: fresh water, bicarbonate-type water
and chlorocalcium-type water.

The bicarbonate-type water had a degree
of mineralization up to 1g/l, was produced
from a well with a depth of 2173 m and located
on Uzybashevskaya site, which uncovered Namur-
Serpukhov deposits. The chlorocalcium-type water
had a degree of mineralization up to 262.33 gl/l,
was produced from a well with a depth of 1420 m
and located at the Shelkanovskoye field, which
uncovered the Tournaisian deposits.

In order to test the "self-healing" cement
on a real site, a small-scale field experiment
was modeled and conducted shortly afterwards,
what made it possible to thoroughly investigate
the functional activity of an unconventional cement
system and observe its behavior in real reservoir
conditions.

Results

Onwards, a comparative analysis
of the water-carrying capacity of three cement
stone samples was carried out, the first of which,
being modified with the "self-healing" additives,
filtered bicarbonate-type water; the second, being
modified with the "self-healing" additives, filtered
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Figure 3. Study of reservoir water filtration
through the cement stone samples
at a temperature of 60°C and the minimum
degree of mineralization
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Figure 4. Study of reservoir water filtration
through the cement stone samples
at a temperature of 20°C and the maximum
degree of mineralization
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chlorocalcium-type water; the third one from non-
additive neat cement filtered fresh water.

When filtering reservoir water at a tem-
perature of 60°C, the most rapid dissolution
of the preventive sheath and the maximum
activation of the water-swelling core occurred.
The filtration mode was established in 6 hours,
and after another 9hours there was a complete
cessation of liquid filtration (fig. 3).

When filtering reservoir water at a temperature
of 20°C through a sample of the "self-healing"
cement, the dissolution of the preventive sheath
occurred at a minimum rate. It took 10 hours
to establish the liquid filtration mode. Complete
termination of filtration occurred after another
12 hours (fig. 4). In the third sample, made of non-
additive neat cement, no change in the nature
of filtration going under the steady filtration mode
observed.

In the cement stone modified with the ad-
ditives, 75% of the passing through water was
bound within 8 hours of the steady filtration
(12 hours at 1t mineralization and | temperature),
while 25% of the water has been passed through
the stone for the next 7 hours (10 hours at 1
mineralization and | temperature) until the water
passing complete cessation. The total time
from the start of the stone hydration to the comp-
lete stop of the water filtration was equal to 15 hours
(22 hours at 1t mineralization and | temperature).
In the stone made of non-additive neat cement,
the cracks fusion did not occur even after several
days, while after the specified time, 92.5% of water
turned out to be in free circulation, and only 7.5%
of the water was bound by previously non-hydrated
cement.

The studies of the solution temperature
and the mineralization degree effect on the ac-
tivator mechanisms of the modifying additive
revealed, that the fastest possible water absorption
with an increase in the granules by 550%
from the initial volume within 1 hour is observed
in hot (from 60°C) fresh water. In hot (from 60°C)
mineralized water the maximum water absorption
with an increase in the granule by 490%
of the original volume is also observed within
1 hour.

At the same time, an attempt to estimate
the size of the pore channel was made, thus
the filtration of the reservoir water with a constant
flow through a conditional capillary and pores
of the intergranular porosity of the cement matrix
were taken into account.

The permeability of the cement stone
during the liquid filtration through the capillary
is estimated from the ratio of the Darcy
and Poiseuille equations:

Q

_ kxFxAp
uxL

1

_ RZxFxAp
Q= 8uxL &)
from
RZ
=— 3
k o (3)

Where k is the permeability of the rock, m?;
F — filtration area, m?;

Ap — pressure drop, Pa;

U - viscosity, Pa-s;

L —length, m;

R — radius of the capillary, m.

After converting the permeability coefficient
and the capillary radius to one dimension,
an empirical equation for estimating the per-
meability coefficient when filtering a liquid through
a capillary is obtained:

k=0,125x R? (4)

®)

Before substituting the known values of all
parameters into the Darcy equation and expres-
sing the capillary radius from it, it is necessary
to convert them into the [SI] system.

F=m X R?,

Ap
T° 2 MPa/m = 2x10° Pa/m;

=1.55x10° m?/s = 1.8x10° Pa-s;

IJ reservw
Q = 150 ml/min = 2500%10° m?/s;

_ 0,125RZxmR2ZxAp

Q ) (6)

uxL

0,125RZxmR%x400

2500-10°= i
1,8:107°x0,2

) @)

R*=5.7326x10"5;
R =0.000275 m = 0.275 mm;
D =0.55 mm.

Having calculated the maximum diameter
of the capillary (or the total size of the capillaries)
involved in the filtration, it follows that the pore
channel belongs to the supercapillary sizes, so
that the fluid is free to move as there is no influence
of capillary forces.

The volume of the water supply channel
having the shape of a regular cylinder can
be calculated using the following formula
by substituting the known values:

V=Fxh=m X R? X h, (8)

V =47.5 mmé3.
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Thereby, the modifying additive in the pro-
cess of its hydration is able to block conducting
channels with a cross-sectional area of up
to 0.237 mm? and a diameter of up to 0.55 mm
al this under the conditions of a high degree solu-
tion mineralization and a moderate temperature
of the liquid. Thus, it can be argued that the ela-
borated modifying additive with a size in the range
of clinker grain particle size has the necessary
potential to block channels of 500 microns
in conditions of moderate temperatures and a high
degree of reservoir water mineralization.

At the beginning of 2021, a water-supply
well was drilled to a depth of 300 m on a land
plot allocated for a test site with a location
in KhMAO-Yugra to exploit the waters of the At-
lymsky aquifer complex. The design of the well
and the procedure during its construction inclu-
ded drilling for a surface casing string, drilling
for a flow string and the aquifer exposing, which
were carried out according to the Certificate of Act
No. 1 "Completed works on drilling a water-supply
well" [11]. The surface casing string and the flow
string were cemented in one-step using direct
cementing technology with the rise of cement
slurry with a density of 1.83 g/cm? based on CEM-I
(State Standard 1581-96 for PCT1-50 cement)
up to the wellhead. According to the technical
specification, the exposed interval of the water-
bearing horizon was cemented with the "self-
healing" cement [8] overlapping the roof
of the aquifer by 6 m.

After WOC of the screen pipe, the well was
deepened with the help of a chute by a churn-
line method for the construction of a settling pit.
To create a filtering part, an AP-6M hydroperforator
equipped with hydromonitor nozzles was lowered
on a stand of pipes into the production hole located
opposite the aquifer. Perforation of the well walls
was carried out by pumping a pressurized abrasive
liquid with a pumping unit through a stand of pipes
and hydromonitor nozzles of a hydroperforator.
The well was tested after the completion
of the perforation work. A running airlift was in-
stalled to trigger the influx of reservoir water
and to flush filters from washed out and settled
sludge. Drilling rods were used as water lifting
pipes. Clean water was continuously poured
into the well simultaneously with air being supplied
to the airlift. After the water level in the well had
been raised, the running airlift was removed,
the water in the well was pumped out. Further,
the opened aquifer hole was covered by a packer
for 7 days.

The geophysical studies were carried
out immediately after the cleaning and flushing
of the exploratory borehole and cavernometry.
The purpose of the geophysical research was
a detailed dissection of the geological section,
and the choice of the installation interval

for the better screen operating part. This included
a set of standard logging methods and radio-
active logging.

To conduct geophysical research, a geo-
physical laboratory with an electric winch LG-500
with a logging single-core or three-core cable
KGL 1-3 was used. To identify water interlayers,
a standard electrical circuit was performed
by the resistivity log method.

According to the technical assignment,
the opened section of the aquifer +50 m were
investigated using a small-sized deep flow
meter (MGR-2) in order to detect the behind-
the-casing flows, leakages and places of casing
string violation, as well as cross-feeds. Thus,
thermometry of the well was performed in a ca-
sed non-perforated well, then on the 1st day,
on the 3rd day and on the 7th day after
the perforation work (fig. 5).

Figure 5. Thermogram of the water intake well

During the thermometric studies in the cased
hole, a regular temperature increase of up
to 15°C was observed at the bottom hole
mark. After the perforation, a deviation
of the thermogram was recorded on the 1st day
in the zone of the opened aquifer, which reflected
the thermal disturbance caused by the influx
of water from the horizon. Carrying out a thermal
logging on the 3rd day and obtaining a tortuous
curve reflected the presence and intensity
of water circulation in the bore hole annulus, which
apparently found a breach appeared in the wall
as a result of the settling pit construction.
On the 7th day, thermometry demonstrated
a significant decrease in intensity, and then
a flattening of the values of thermal fluctuations,
which was due to the absence of water influx
at a fixed measurement distance from the initial
thermogram taken as zero. These features
of the thermographic analysis curves behavior
are associated with the use of "self-healing"
cement used as a plugging material for the interval
of the aquifer bed overlapping.
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Discussion

The full-scale experiment with the use
of the bench equipment, as well as the modeled
field experiment demonstrated the actual
elimination of water cross-flows and indicated
the cement stone integrity restoration during
the studied time.

Eco-orientation of the applied technology
is in the use of environmentally friendly
materials, as well as in ensuring a technological
process that excludes any negative impact
on the environment. Thus, the elimination of heavy
repair equipment from the repair process prevents
the release of pollutants into the atmosphere
- combustion products during the combustion
of fuel and lubricants. The absence of a working
crew, the exclusion of equipment transportation
and materials do not allow the risk of spontaneous
harmful effects on the local area with characteristic
plant and animal species. It also includes
the prevention of noise and vibration pollution
during downhole operations that carry the risk
of negative effects on biota.

The environmental safety of the used
materials, and in particular the additive, which
is a synthetic flocculant obtained as a result
of the synthesis of nitrile acrylic acid saponified
in the presence of sulfuric acid, is mainly
confirmed by its time-regulated chemical inertia
due to confinement in a preventive inactive sheath
that excludes the corrosive activity of the additive.

The experimental work was carried out
to identify destructive reactions of the polymers,
factors leading to undesirable changes
in the structure of the polymers during their
operation in downhole conditions were considered.
Thus, the effects of elevated temperatures,
pressure, mechanical load, humidity, salinity,
as well as possible ionic reactions were studied.

Regarding temperature limitations, the gra-
dual destruction of the polymer core granules
occurs at temperatures of more than 100°C,
as well as with direct and prolonged exposure
to sunlight, which is not provided by the conditions
of its operation.

Discussing the topic of all-round compres-
sion acting on the additive, so it can be assumed
that the pressure will be minimal, since during
the hardening of the cement stone, the hydrostatic
pressure on the formation will decrease due
to the suspension of the solution and contraction
of the volume of actively hydrating cement material.

Experiments to determine the kinetics
of the polymer swelling included preliminary
immersion of the additive in a mineralized
medium using a paddle mechanical agitator
operating at maximum speeds. This demonstrated
the additive coated with a multilayer shell has
a high mechanical strength, which is sufficient
to withstand the mechanical load that occurs

during mixing and pumping cement slurry
into the well.
The deterioration of the absorbent

properties of the additive is facilitated by high
water mineralization, which makes it impossible
toachieve the maximum possible size ofthe granule,
but this does not affect the service life of the ma-
terial. Speaking of syneresis, the drying and water
loss of the selected water-swellable polymer
is possible under the condition of an increase
in temperature, an increase in the electrolyte
concentration in the system, the introduction
of desolvating agents into the system,
and an increase in the mobility of the elements
of the coagulation structure. Due to the fact,
that the cement stone works in a closed system,
while maintaining the conditions of hygrometric
equilibrium, the phenomenon of syneresis
with the subsequent resumption of water flow
is excluded.

Further, it is necessary to mention
the presence of salt ions present in natural waters.
Thus, CI- is a corrosion activator anion of concern
in this case. However, the selected flocculant does
not enter into a corrosive reaction when in contact
with calcium chloride water, moreover, it perfectly
absorbs organic impurities, in particular humic
substances, while the polymer does not affect
the pH of the water.

Based on the field test of the presented
technology of "self-healing" cement, an attempt
was made to conduct an elementary comparative
analysis of the economic efficiency of the most
popular technologies for restricting water influx
to the well [11]. For comparison, water-proofing
activity and the cost of repair and insulation works
were analyzed, data on the most successful
technologies were used [1]. The main idea of cost
reduction was to thin the number of interventions,
the number of which, under the combination
of fortunate circumstances, reaches at least
five during the depreciation period of an oil well.
It should be noted that during the operation
of the water supply well, which participated
in the model field experiment, there was no need
to carry out water shut-off works due to the non-
detection of behind-the-casing flows.

Speaking about the economic costs,
in order to minimize the expenses for the "self-
healing" cement manufacturing and the usage
it is proposed to take a rational approach by using
the “self-healing” cement only for bandaging
intervals overlapping the contact area of oil-bearing
and water-bearing formations [12]. In addition,
the use of the "self-healing" cements will increase
profits by eliminating well downtime during
workovers and insure additional oil production
by limiting water cut due to behind-the-casing
flows elimination. All these will eventually reduce
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the cost of oil produced and achieve a significant
economic effect [13].

Conclusion

The results of physical experiments
and auxiliary methods show the viability
of the approach in achieving the goal of restoring
the integrity of the well support using the "self-
healing cement".

In the present research, the intrinsic
autogenous healing of cement matrix is realised
by embedding superabsorbent polymer at bat-
ching, thus appearing one of the most pro-
mising sustainable material in cracks repair
mechanisms [14].

The elaborated plugging material for im-
proving the quality of well casing based on Por-
tland cement and modifying additives introduced
into its composition is promising as "self-healing”
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OOMONHUTENBHO

UcTouHuk ¢uHaHCupoBaHus. ABTOp

technology aimed at selective cementing
of the most dangerous well support sections,
which may overlap the contact intervals
of oil-bearing formation and aquifer. Providing
local placement of the "self-healing" cement
in the areas of probable existence of through-open
cracks, leading to behind-the-casing circulation,
the cement sheath is being strengthened
with a special plugging material, which is ready
to begin autonomous restoration of the well sup-
port integrity when free water appears.

Thus, it can be argued that "self-healing"
cement is not only restoration but also prophy-
lactic technology aimed at well cement support
self-maintenance, what was confirmed by
the results of the research, including the test bench
experiment and modeled field test, which proved
the ability of the devised technique to prevent loss
of the cement sheath [15].

3asBnseT 06 OTCYTCTBUM BHELLHEro
(PUHaHCUpOBaHUA  MpW  MpPOBEAEeHUM  u1ccre-
[0BaHus.

KoHdnukT nHTEepecoB. ABTOp Aeknapupyet
OTCYTCTBUE SIBHBIX M MOTEHLMANbHbBIX KOH(IMKTOB
WHTEpPEeCOB, CBSI3@aHHbIX  C nybnukaumen
HacTosiLLe cTaTby.
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