DNIPRO UNIVERSITY
of TECHNOLOGY

Mining of Mineral Deposits
Volume 15 (2021), Issue 2, 82-88

JOURNAL / MINING.IN.UA

UDC 622.279 https://doi.org/10.33271/mining15.02.082

Development of composition of cementing slurry
for fastening of low-cemented rocks

, Natalia Dremliukh?™“® Liliya Khaidarova®*

Hlvano-Frankivsk National Technical University of Oil and Gas, Ivano-Frankivsk, 76019, Ukraine
*Corresponding author: e-mail nataliadremluh@ukr.net, tel. +380989882487

Roman Kondrat®™*

Abstract

Purpose. Improving the producing capacity and ensuring the stable operation of gas wells that develop unstable, low-
cemented reservoirs by preventing the sand entry from the reservoir by means of creating the cement stone with the corre-
sponding values of strength and permeability in the bottomhole formation zone.

Methods. The technological characteristics of the cementing slurry and the formed cement stone are measured using stan-
dard recording equipment. The cementing slurry consistency is measured with a pycnometer, the cement mixture spread
ability — using AzNII cone, water separation is measured according to standard methods (DSTU BV.2.7 — 86-99), and the
time of the cementing slurry hardening is determined on a consistometer KTS-3. The ultimate parameters of the stone
strength during bending are determined on a special device for testing linear objects in tension, and compression — on a
PSU-10 hydraulic press.

Findings. The cementing slurry composition for creating the cement stone with the corresponding values of compression
strength and gas permeability in the bottomhole formation zone has been developed, which includes oilwell cement, ex-
panded perlite, non-ionic surfactant, plasticizer and water. Dependences of the cement stone compression strength and the
stone permeability coefficient on the proportion of expanded perlite in the cementing slurry solution have been revealed. It
is recommended to use the proposed cementing slurry for creating a cement stone with specified values of compression
strength and permeability in the expanded well shaft in the interval of the producing reservoir.

Originality. The optimal proportion of the expanded perlite in the solution has been found, at which the corresponding
values of the compression strength (up to 4 MPa) and gas permeability (up to 3.47 um?) of the cement stone is provided.

Practical implications. When using the developed composition, it is possible to increase the yield of wells with unstable
reservoirs and improve their working conditions by preventing the sand entry from the reservoir into the well.
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1. Introduction

At present, a significant amount of gas and gas conden-
sate fields in Ukraine are at the final stage of development,
which is characterized by a significant decrease in reservoir
pressure, low yield of producing wells and the presence of
factors complicating their work. The complications typical
for the final stage of field development include water flood-
ing of wells and destruction of the bottomhole formation
zone (BHFZ) in unstable (low-cemented) reservoirs.

The operation of gas and gas condensate wells with un-
stable reservoirs is accompanied by the removal of rock
particles from the reservoir and their accumulation at the
well bottom with the sand plugs formation. Most often, un-
stable rocks in domestic fields are represented by low-
cemented sandstones.
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The main reason for the sand removal from the reservoir
into the well is the bottomhole zone destruction due to high
stresses in the rock during reservoir fluids filtration through
the rock or pressure drop across the reservoir [1].

It is confirmed in the research that the rock particles re-
moval from the reservoir during the wells operation is ac-
companied by the formation along the fractures in the bot-
tomhole formation zone of highly permeable channels with
various widths and lengths, filtering gas and reservoir wa-
ter [2]. The solid phase, when carried out of the producing
reservoir, leads to instability and rock caving into the bot-
tomhole zone, the formation of caverns, stuck oilwell tubing,
collapse of the production string, abrasive wear of well
equipment, and the formation of sand plugs in faces, which
leads to additional resistance to gas movement and reducing
the well yield [3].
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One method to control the sand entry from the bottom-
hole zone is to drill a smart well equipped with deep pressure
and temperature sensors to continuously measure the dynam-
ic performance of the well and the reservoir, to control the
volume of fluid incoming to the well [4].

The main methods to prevent the bottomhole formation
zone collapse include strengthening the rock and equipping
the well bottom with filters, in particular gravel-pack filters.
Among the filters of domestic production, FS-1, FIL-1,
FIL-2, K-168-N, FSSch can be distinguished. Filters are effec-
tive when the fissure width and gravel grain diameter are se-
lected correctly. Filter parameters are determined using the
results of the rock granulometric content [5]. The method to
control plugs formation at the well bottom by setting filters is
not always expedient, economically viable and is characterized
by insufficient reliability. This is due to the fact that the crea-
tion and correct selection of structural elements of mechanical
filters depends on many factors, both technical and geological
in nature. The disadvantages of filters are their colmatation,
high cost and insufficient mechanical strength [6].

To increase the wells deliverability and reduce the costs
of their repair, the rocks in the bottomhole formation zone
are strengthened with various chemical compositions.

In domestic and foreign practice, mixtures of cement with
various filler materials, polymer compositions, foamed and
synthetic resins, as well as their mixtures with sand, are used
for strengthening the low-cemented rocks.

In practice, hardening resins are used, such as epoxy, fu-
ran, phenol-formaldehyde. Many years’ experience of
strengthening the bottomhole zone rocks with synthetic res-
ins shows that the effectiveness of their application decreases
with an increase in the size of caverns in the bottomhole
zone. The resin hardened in the cavern reduces the conduc-
tivity of the bottomhole formation zone. Due to the gravity
forces, the resin is placed in the lower part of the cavern and
only repeated filling with resin in large volumes strengthens
the bottomhole zone. Due to the high cost of synthetic resins,
bottomhole zone strengthening with resin is more expensive
than gravel-pack placement [7].

Currently, water-based resins are used, first tested in
Egypt in 2009. The cost of strengthening the bottomhole
zone with a water-based resin is half that of using a hydro-
carbon-based resin [8].

For strengthening the low-cemented rocks, silicate-based
compositions are used, which, unlike resins, have a high
strength of rock fixing. The operational properties of silicate-
based compositions are retained for a long period (more than
one year), while the serviceable life of most resins does not
exceed 3-6 months. Silicate-based solutions have high binding
properties, stickability and increased adhesion to quartz sand [9].

To ensure long-term and efficient operation of wells with
unstable, low-cemented reservoirs, the staff of the Institute of
Oil and Gas Problems, Russian Academy of Sciences has
developed the IPNG-PLAST 2 polymer composition, which
forms an intrastratal polymer-sand filter that strengthens the
bottomhole zone and prevents sand entry into the well [10].

The authors of the work [11] have developed a method
for strengthening low-cemented sandstones in gas wells,
which consists in using a 10% aqueous solution of calcium
chloride CaCl, and a 7.5% aqueous solution of sodium hy-
drogen carbonate. When using the developed compaosition, a
minimal decrease in permeability occurs — by 1.04 times
compared to the initial value.
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The mixtures of portland cement are of greatest interest,
being the cheapest and most readily available binding
agent. It is non-toxic, easy-to-use material, which forms a
sufficiently strong stone, retaining its properties over time.
However, in the reservoirs containing clayey silt, the ce-
ment slurry introduced into the bottomhole zone does not
provide positive results when strengthening the rocks, since
a mixture of cement slurry with clay does not form a dura-
ble cement stone [12].

To reduce the amount of cement in the grout mixture, the
authors of the work [13] propose to use crushed granulated
blast-furnace slag. Research confirms that cement stone,
which contains 10% granulated blast-furnace slag as a substi-
tute for cement, does not lose strength.

Recently, much attention has been paid to the study and
use of lightweight cementing slurries. Additives such as
zeolite, tripoli, rubber and plastic foam lids, ground reed,
leather dust, mineral organic powder, lignin sludge, vermicu-
lite and its varieties have found wide application in the pro-
duction of grouting material [14].

In the work [15], authors propose to use a lightweight ce-
menting slurry filler — hollow glass microspheres ranging in
size from -50-100 to 400-500 pm, which are produced in many
countries of the world. The low bulk consistency of the micro-
spheres lightens the mixture, and the regular and rounded
shape of particles improves the solution spreadability [15]. To
increase the compression strength of cement stone, the authors
in the work [16] propose to use carbon nanofibers.

In the work [17], the results are presented of experimental
studies of oilwell cement with an admixture of nanoparticles
under the commercial name EX-RIPI in a proportion of 9%
of the cement mass. The cement stone advantage is that the
compression strength is doubled. The disadvantage of the
developed composition is the complex preparation technolo-
gy and low solubility in water.

An acid-based cementing slurry is used to strengthen the
rocks in the bottomhole formation zone of the Socar
field [18]. The strengthening creates a stable and permeable
barrier that prevents sand entry into the well.

A.A. Gadzhiev and E.K. Tolepberg have developed a ce-
menting compound for rocks strengthening, tested at oil wells
of the Neft Dashlary Field. After the operations for strengthen-
ing, the sand entry has stopped, the deliverability of wells has
increased [19]. Analysis of the scientific-and-technological
and patent literature indicates that the cementing compounds
and compositions used for strengthening the rocks in the bot-
tomhole formation zone should satisfy two main performance
criteria — the preservation of the gas reservoir permeability and
the formation of a strong stone (grouted sandstone), capable to
withstand heavy loads when producing fluid.

Despite the large number of research conducted to im-
prove the formulation of cementing slurries, the problem of
the bottomhole formation zone destruction and the removal
of the solid phase is still relevant. This is conditioned by the
fact that most of the proposed compositions for strengthening
unstable rocks do not provide a sufficiently high efficiency
of rock consolidation while maintaining the filtration charac-
teristics of the reservoir, reduce well productivity due to
deterioration of reservoir permeability, which is the basis for
additional studies.

The objective of the research is to create and study the
properties of a lightweight cementing slurry for strengthe-
ning low-cemented rocks.
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Recently, much attention has been paid to the study and
use of lightweight cementing slurries. Information about the
influence of lightweight additives on the strength properties
of cement stone and the gas permeability coefficient is insuf-
ficiently covered in the literature.

Based on the results of the analysis of recent research on
the studied issue, it is planned to conduct the research on the
development of the cementing slurry composition to create a
highly permeable and durable cement stone in the bottom-
hole zone of the well with unstable, low-cemented rocks.

2. Methods

In laboratory conditions, the cementing slurry composi-
tion has been developed to create a highly permeable and
strong cement stone in the bottomhole zone of a well with
unstable reservoirs [20]. The TS-100 grout mixture, filler
(expanded perlite of 0.16-1.25 mm fraction), non-ionic sur-
factants, plasticizer and water are used as the initial reagents
for creating the cementing slurry. For research, a composite
grout mixture TS-100 is used as the main binding material,
which in its component composition almost completely cor-
responds to the innovative material of the Schlumberger
Company. The presence in the TS-100 composition of most
of the silica component (in comparison with PTsT 1-100) and
a lower content of calcium oxide increases the corrosion and
temperature resistance of the mixture. To form the cement
stone of porous structure, an expanded perlite of 0.16-1.25 mm
fraction is used as a filler, which is obtained by heat treatment
of aluminosilicate perlitic rock of volcanic origin. Perlite con-
sists of SiO, (65-75%) and AlOs (10-16%), K20, NaO,
Fe,03, MgO, CaO are also present, the water content is 2-5%.
The peculiarity of pearlites is the expanding ability under
heat treatment with a multiple increase in volume by
5-20 times as compared to the initial volume. This is condi-
tioned by the content of water in the material, which evapo-
rates at high temperatures. Expanded perlite, produced in
Ukraine according to the two-stage technology of the SE
Ukrainian Research and Design-and-Engineering Institute of
Building Materials and Products (NDIBMV) from the
secondary-hydrated perlite of the Fogos deposit, is by
2.5-3 times stronger than perlite, which is produced by one-
stage technology from the primary-hydrated perlite from the
Greece, Turkey, Georgia, and Armenia deposits. Due to this
peculiarity, the perlite abrasion is reduced when preparing
the dry mix. Expanded perlite, in comparison with proto-
types, increases the cementing slurry stability, enhances
pumping properties, reduces the slurry consistency and in-
creases the strength of the hardened cement stone. The non-
ionic surfactants (neonol AF-09-10, stinol, savenol SWP) are
used in the research. The best results have been obtained in
experiments with the use of neonol AF-09-10, which ensures
the homogeneity and stability of the solution after mixing.
The cementing slurry acquires plasticity, which ensures its
penetration into the pores of the rock and contributes to the
high-quality strengthening of the well bottomhole zone. Non-
ionic surfactants unlike anionic surfactants, do not enter into
chemical interaction with reservoir water salts, do not lose
their surface activity, affect the wettability of the producing
reservoir rock surface and increase the permeability for hy-
drocarbons. To ensure optimal rheological characteristics of
cementing slurries and the required spreadability, the poly-
carboxylate superplasticizing agent Termit PT is used, which
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satisfies the requirements of superplasticizers EN 934-2:2001,
DSTU BV.2.7-171-2008, NEQ. The grout compound for
strengthening the low-cemented rocks in the bottomhole
zone of wells is prepared by mixing expanded perlite, dry
grout mixture TS-100, the required amount of plasticizer and
surfactant with a calculated volume of water. To analyse the
developed grout compound effectiveness, the properties of
the cementing slurry and cement stone are studied in the
laboratory conditions.

Using the AzNII cone, the diameter of the cementing
slurry spreadability is measured in two mutually perpen-
dicular directions, and the result is rounded to 1 mm. The
arithmetic mean of the results of two measurements, the
difference between which does not exceed 10 mm, is taken
for spreadability.

After reaching the required spreadability of the cementing
slurry, its consistency is determined using a pycnometer [21].

The consistency of the slurry is calculated as the arithme-
tic mean of the measurement results, which differ from each
other by no more than 20°kg/m?, according to the formula:
p="2"M 403

@)

where:

m1 — empty pycnometer weight, g;

m, — weight of the pycnometer with cement slurry, g;

V — pycnometer capacity, cm?;

p — slurry consistency, kg/m?.

The samples of the cement stone are formed using PTsK-1
and KTs-3 devices in order to determine its strength charac-
teristics. The maximum operating pressure is 40°MPa, the
temperature — 75°C. Temperature conditions, when forming
the cement stone samples, are maintained by electric heaters
operating in automatic mode with registration by potentiome-
ters. The required pressure is set using a hydraulic press and
heating the process fluid in an autoclave. The conditions for
filling the well with cementing slurry for rock strengthening
are modeled.

3. Results and discussion

The results of the experimental research on the influence
of expanded perlite on the cementing slurry spreadability by
the AzNII cone and on its consistency are shown in Table 1.

The research results indicate that with an increase in the
proportion of expanded perlite in the cementing slurry, its
consistency and spreadability decrease. If the proportion of
expanded perlite in the cementing slurry is more than 3.5%
mass, the spreadability of the slurry is below 180°mm, which
does not satisfy the requirements of DSTU and can cause
complications in the process of the grout mixture filling.

Important physical and mechanical characteristics of
grouting materials are the strength properties of cement
stone, which are characterized by the ultimate resistance to
compression and bending (DSTU BV. 2.7-86-99).

Four samples of each composition are tested for strength
(by the destructive method in bending and compression).
The bending test is performed using an MR-05 tension
testing machine, and a compression test — on a PSU-10
hydraulic press.

The research results of the cement stone compression and
bending are shown in Figure 1.
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Table 1. Results of the experimental research on the influence of expanded perlite on the cementing slurry spreadability using the AzNII

cone and on its consistency

Cementing slurry composition, % mass

Cementing slurry parameters

Experiment

No. Oil well

cement

Non-ionic
surfactants

Expanded
perlite

Plasticizer

Water separa-  Consistency,  Spreadability,

Water tion, ml kg/m® mm

68.30
65.75
65.15
64.625
64.00
63.50
62.85
62.30

05
1.0
1.5
2.0
2.5
3.0
3.5
4.0

0.20
0.20
0.25
0.25
0.30
0.30
0.35
0.40

O~NO O~ WN PR

0.05
0.075
0.075

0.10

0.10

0.10

0.10

31.0
33.0
33.025
33.05
33.10
33.10
33.20
33.20

2.0 1520 222
2.0 1450 215
1.5 1380 210
1.0 1320 200
0.5 1270 195
0.0 1210 190
0.0 1160 185
0.5 1120 175

(@)

Expanded perllte proportlon%

(b)

8
7
6
5
= 4
3
2
1 111
0

Expanded perllte proportlon%

=N
© O

3 days
|14 days

Cement stone compression
strength, MPa

R e e =

o N B~ O

O N B~ O

3days
W14 days

Cement stone compression
strength, MPa

Figure 1. Comparative histogram of a change over time in the
cement stone compression (a) and bending (b) strength

The results of experimental research indicate that an in-
crease in the expanded perlite proportion in the cementing
slurry of more than 3.5% mass leads to a loss of cement
stone strength, which does not satisfy the requirements for
strengthening the low-cemented rocks.

The maximum compression and bending strength of the
cement stone is observed when the expanded perlite propor-
tion is 0.5-1% mass and is 14.9 and 11.5 MPa, respectively.

According to the results of experimental research, the
compression and bending strength of the cement stone in-
creases with time up to 35%. This indicates the possibility
of using the composition to create a durable cement stone.
Thus, the expanded perlite proportion of 0.5-1% mass is the
most effective for maintaining the strength of the bottom-
hole formation zone, which increases the stability of rocks
in the bottomhole zone and extends the period of trouble-
free well operation.

The permeability of the cement stone structure is studied
in accordance with GOST 26450.2-85. Gas is passed through
the cement stone sample with fixing the pressure drop before
and after the sample. The absolute gas permeability coeffi-
cient for stationary gas filtration along the linear direction of
the gas flow is determined by the Darcy’s formula.

The results of experimental research on determining the
cement stone permeability are shown in Table 2.

The results of experimental research indicate that with an
increase in the expanded perlite proportion from 0.5 to 4%
mass in the composition for strengthening unstable reservoir
rocks, the permeability coefficient of the cement stone in-
creases from 0.0011 to 5.5 um?. At the same time, it should
be taken into account that an increase in the expanded perlite
proportion leads to a decrease in the cement stone strength.
To determine the optimal value of the expanded perlite pro-
portion in the composition, which will provide the necessary
stone strength, provided that the permeability of the rock is
maintained, a graphical dependence is plotted (Fig. 2).

According to the results of experimental research shown
in Figure 2, the optimal range of using the proposed compo-
sition corresponds to the expanded perlite proportion 3-3.5%
mass. At such concentrations, the necessary compression
strength of the stone is obtained while maintaining the filtra-
tion characteristics of the reservoir.

Table 2. Results of research on the cement stone permeability

Cement stone composition, % mass

Experiment - - Gas permeability coefficient
pNo. Oil well Expadded Non-ionic Plasticizer Water of '?he cementZtone, um?
cement perlite surfactants
1 68.30 0.5 0.20 - 31.00 0.0011
2 65.75 1.0 0.20 0.05 33.00 0.004
3 65.15 15 0.25 0.075 33.025 0.01
4 64.625 2.0 0.25 0.075 33.05 0.08
5 64.00 25 0.30 0.10 33.10 0.15
6 63.50 3.0 0.30 0.10 33.10 2.92
7 62.85 35 0.35 0.10 33.20 3.22
8 62.30 4.0 0.40 0.10 33.20 5.50
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16 12
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Cement stone compression
strength, MPa
Gas permeability coefficient, pm?
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Expanded perlite proportion%

Figure 2. Dependences of the cement stone compression strength
(1) and the permeability coefficient (2) on the expanded
perlite proportion in the composition

The spreadability of the cementing slurry with an
expanded perlite proportion of 3 and 3.5% mass is 190 and
185 mm, respectively, which is technologically convenient
for the preparation and filling the slurry into the well. In this
case, a high sedimentation stability of the cementing slurry is
achieved, and water separation is completely absent.

Table 3 shows the generalized results of experimental re-
search on strengthening mixtures with an expanded perlite
proportion of 3-3.5% mass.

The results of experimental research indicate that the de-
veloped composition is more effective than the prototype,
since with the appropriate cementing slurry parameters, the
time of samples hardening and the ultimate compression
strength, the value of the cement stone permeability coeffi-
cient increases by 10 times.

Table 3. Generalized results of experimental research on strengthening mixtures

Conditions for

Cementing slurr Cementing - Time Ultimate -
No. compo?]ent Y slurry parameters conducting tr eiearch of samples  compression Pemf']f".at."l'ty
composition composition, - — on cement stone hardening, strength, coe |c;ent,
% mass Conk5|ste?cy, Spreadability, Pressure, Tempoerature, hour MPa pm
g/m mm MPa C
. 1210 190 0.1013 20 72 2.8 2.92
oilwell cement —63.5 1519 190 0.1013 50 48 3.2 3.18
per;"e -3 1210 190 0.1013 75 24 3.4 3.47
5 Z‘I‘;s?icctiazgtr’ i 1210 190 5 50 48 3.6 2.35
water — remaining 1210 190 10 50 48 3.7 2.07
proportion 1210 190 20 50 48 3.9 1.64
1210 190 40 75 24 4 1.25
oilwell cement — 62.85 1160 185 0.1013 20 72 2.7 3.22
perlite — 3.5 1160 185 0.1013 50 48 3.02 3.65
6 surfa_ct_ant -0.35 1160 185 0.1013 70 24 3.2 3.89
plasticizer — 0.1 1160 185 10 50 48 3.4 2.24
water — remaining
proportion 1160 185 20 50 48 3.7 1.81
0.03 (when
hardening in
. water
prototype Normal conditions 4.1 0.265 (W)hen
hardening in
oil)

Permeability in the range of 1.25-3.47 um? and compres-
sion strength of 4 MPa of the obtained cement stone make it
possible to increase the yield of the well without sand entry
after strengthening the bottomhole zone with an increased
drawdown pressure on the reservoir, as well as to increase
the overhaul period of the well operation.

Experimental research has confirmed the optimal mass
concentrations of the composition for strengthening unstable
reservoir rocks: oilwell cement — 62.85-63.5%; expanded
perlite — 3-3.5%; non-ionic surfactant — 0.3-0.35%; plastici-
zer — 0.1%; water — remaining proportion. A further increase
in the components proportion does not significantly affect
the change in the permeability coefficient, and their concen-
tration below the specified limit is insufficient to obtain the
effect of strengthening the bottomhole formation zone.

Thus, using the results of experimental research, a ce-
menting slurry composition has been developed based on a
grout mixture with the addition of expanded perlite, a non-
ionic surfactant, a plasticizer and water, which bond the rock
particles together. The formed cement stone is characterized
by high mechanical compression strength (up to 4 MPa) and
gas permeability (up to 3.47 pm?). The advantage of the

developed composition in comparison with the known com-
positions is the absence of the necessity to use additional
equipment for implementing the technological process of
filling the strengthening agents into the reservoir, high relia-
bility and low cost of the used reagents.

4. Conclusions

Using laboratory research, the cementing slurry composi-
tion has been developed for strengthening the low-cemented
rocks, which includes: oilwell cement, expanded perlite, non-
ionic surfactant, plasticizer and water. The optimal propor-
tion of the expanded perlite in the solution has been found, at
which the corresponding values of the compression strength
(up to 4 MPa) and gas permeability (up to 3.47 um?) of the
cement stone are provided.

To prevent the sand entry from the reservoir into the well
with an open hole, it is recommended to expand the well
shaft in the interval of the producing reservoir according to
known technology during the well construction for filling the
formed hollow space with cementing slurry. When harden-
ing, the cementing slurry forms a cement stone with high
values of compression strength and gas permeability, fol-
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lowed by drilling of a cement stone (“sleeve”) in the well
shaft in the interval of the producing reservoir.

In wells exploited for a long time and equipped with a fil-
ter or a perforated production string in the producing reser-
voir interval, the cementing slurry is injected through the
filter holes into the casing string annulus to fill artificial
caverns formed during long-term well operation as a result of
the reservoir sand brought by the gas flow.

To intensify the operation of wells with unstable reser-
voirs, it is recommended to use the developed cementing
slurry composition in wells operating Nizhny Dashav depo-
sits in the gas fields of the GPU Lvivhazvydobuvannia
(Zaluzhanske, Svydnytske, Sadkovetske, Pynianske and
others), as well as in the fields of the eastern region of
Ukraine  (Bilske, Ostroverkhivske, Skorobahatkivske,
Zakhidno-Solokhivske and others). High values of the per-
meability and cement stone strength make it possible to in-
crease the yield of the well without sand entry after strength-
ening the bottomhole zone with an increased drawdown
pressure on the reservoir, as well as to increase the overhaul
period of the well operation.
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Po3p0o06./ieHHsI CKJIAJY TAMIOHAKHOTO PO3YMHY JIsl KPilJIeHHsI ¢J1a0K031eMeHTOBAHUX MOPi

P. Kongpar, H. Ipemitox, JI. Xaiinaposa

Mera. [ligBumieHHS BUAOOYBHHX MOXIUBOCTEH 1 3a0e3MeveHHs CTa0lIhHOT POOOTH Ta30BHX CBEPIJIOBUH, IO EKCILTYaTYIOTh HECTIHKiI,
CJTa0KO3IIEMEHTOBAHI IUIACTH-KOJIEKTOPH, NUISXOM 3aro0iraHHs HaIXOJDKEHHS IICKy i3 IUIacTa CTBOPEHHSM Y NPHUBHOIIHIN 30HI mIiacTa
[IEMEHTHOTO KaMEeHIO 3 BiMOBITHIMH 3HAYEHHSIMH MIIHOCTI Ta IIPOHUKHOCTI.

MeToauka. BuMmipioBaHHs TEXHOJOTIYHUX XapaKTEPUCTHK TAMIIOHA)KHOTO PO3YHHY Ta CHOPMOBAHOTO IEMEHTHOTO KaMEHIO MPOBO/IMIN
i3 3aCTOCYBaHHSAM CTaHIAPTHOTO PEECTPYIOUOro obnanHaHHs. ['yCTHHY TaMIIOHaXXHOT CyMillli BUMIPIOBaIU MIKHOMETPOM, PO3TiUHICTh TaM-
MOHAXXHOTO pO34KMHYy — KoHycoM A3H/II, BOIOBIAIiINCHHS TaMIOHa)XHOTO PO3YMHY BHUMIPIOBAIM 3a CTaHAAPTHOIO METOAMKOIO 3TiJHO 3
JCTY BB.2.7 — 86-99, uac Ty»aBiHHS TAMIOHa)XHOTO PO34YMHY BU3Havanu Ha koHcuctometpi KII-3. I'pannyni mapaMeTpu MIllHOCTI Kame-
HIO TIiJ] YaC BUTMHAHHS BH3HAYAJIH Ha CIEHiATLHOMY MPHIaji sl BUIPOOOBYBAaHHS JIIHIMHNX 00’€KTIB HA PO3TATYBaHHS, a ITiJ Yac CTUCKY-
BaHHS — Ha rixpasinigHomy npeci [ICY-10.

PesyabTaTtu. Po3pobiieHo ckita] TaMIOHAKHOTO PO3YMHY JJIsl CTBOPSHHS y MPUBUOIMHII 30HI TTacTa IIEMEHTHOTO KaMEHIO 13 BiIMOBI-
HHMH 3HAYCHHSIMH MII[HOCTI Ha CTUCKYBAHHS Ta HIPOHUKHOCTI 110 a3y, M0 BKIIOYAE: TAMIIOHAXHHUIT [IEMEHT, CITyYeHHHl MepJIiT, HeIOHOTeHHY
MOBEPXHEBO-aKTUBHY PEUOBHHY, IIACTU(IKATOP 1 BOLy. BusiBleHi 3aneXHOCTI MIIIHOCTI [IEMEHTHOI'O KAMEHIO Ha CTUCKYBaHHS i KoeQilieH-
Ta MPOHUKHOCTI KAMEHIO Bi/l BMICTY CIIyY€HOTO MEpIITy y CKJIaJi TAaMIIOHAKHOTO PO34YHMHY. PeKOMEHI0BaHO CTBOPIOBATH Y PO3LIMPEHOMY
CTOBOYpi CBEpJIOBHHH B iHTEpBaJli MPOJYKTHBHOIO IJIACTa LIEMEHTHHUH KaMiHb i3 3aJJaHMMH 3HAYEHHSMH MIllHOCTi Ha CTHCKYBaHHS i Mpo-
HHUKHOCTI i3 3aIIpOINIOHOBAHOTO TAMIIOHAYKHOTO PO3YHHY.

HayxoBa HoBH3HA. BcraHOoBIEHO onTHMaibHE 3HAUCHHS BMICTY CITy4EHOTO HEPIITY y pO34MHI, 32 SIKOTO 3a0e31edyIoThCs BiIIOBIIHI
3HAYEHHS Mil[HOCTi Ha CTHCKyBaHHS (10 4 MIIa) i npoHUKHOCTI 10 rasy (10 3.47 MKM?) IIEMEHTHOTO KAMEHIO.
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IMpakTHuna 3HAYNMIicTh. BukopucTaHHs pO3pOOICHOr0 CKIIaay JO3BOJISIE MiABUIIUTH Ae0IT ra30BUX CBEPIIOBUH 3 HECTIHKUMHU KOJICK-
TOpaMH 1 MMOKPALIUTH YMOBH iX pOOOTH 3a paXyHOK 3armo0iranHs HaJXOPKSHHIO IICKY i3 IJIacTa y CBEpAJIOBHHY.
Kniouosi cnosa: ceeponosuna, niacm, 2as, niwjanuii KOpox, YyeMeHmHUl Kamitb, MIYHICMb KAMEHIO, 2a30NPOHUKHICMb, HANOBHIOEAY

Pa3pa60TKa COCTaBa TAMIIOHAYKHBIX PAaCTBOPOB /ISl KPENJICHUSA CJIaﬁOCIIeMeHTHpOBaHHLIX mopox

P. Kongpar, H. Ipemmox, JI. Xalinaposa

Leas. [ToBbimenye 1o0OBBAOIINX BO3MOKHOCTEH M o0ecriedeH s CTaOMIbHOM pabOThI Fa30BBIX CKBaKUH, KCILUTYaTHPYIOIINX HEYCTOH-
YHBBIE, C1a00CIIEMEHTHPOBAHHBIE [UIACTHI-KOJUIEKTOPBI, IyTEM MPEIOTBPAIIeH s MOCTYIIEH S MeCKa U3 IU1acTa CO3JaHUeM B MPpHU3a00HHOI
30He IJIacTa EMEHTHOTO KaMHS ¢ COOTBETCTBYIOIIMMH 3HAUSHUSIMU ITPOYHOCTH U MPOHULIAEMOCTH.

Metoauka. M3MepeHHs TEXHOIOIHYECKUX XapaKTePUCTUK TaMIOHAKHOTO PacTBOPa U c()OPMHUPOBAHHOTO IIEMEHTHOTO KaMHS POBOIH-
JM ¢ IPUMEHEHUEM CTAHJAPTHOTO PETHCTPHPYIONIETO 000pyA0oBaHHs. [ITOTHOCTh TAMIOHAXKHOI CMECH M3MEPSUTH ITMKHOMETPOM, pacTeKae-
MOCTh TaMIIOHaKHOTO pacTBopa — KoHycoM A3H/IU, BomooTneneHne TaMIOHAKHOTO PACTBOPA M3MEPSIM MO CTAaHAAPTHOM METOAMKE CO-
riacHo 'OCT BB.2.7 — 86-99, Bpemst cXxBaThIBaHUS TaMIIOHAKHOTO pacTBOpa omnpenesuti Ha koHcuctomerpe KII-3. [IpenensHble mapaMer-
PBI IPOYHOCTH KaMHSI BO BpeMs M3rH0a ONpeessiId Ha CIIeIHaIbHOM NIPHOOpe JUTS NCIIBITAHMS JIMHEHHBIX 00BEKTOB Ha PACTSHKEHHE, a BO
BpeMsl CKaThs — Ha ruapasindeckoM npecce [ICY-10.

Pe3yabTatsl. Pa3zpaboTan cocTaB TaMIIOHRKHOTO pacTBOpA Ul CO3MAaHMS B MPU3a0O0HHON 30HE ITacTa EMEHTHOTO KaMHS C COOTBET-
CTBYIOIIMMH 3HaYEHHUSMH IPOYHOCTH Ha CXKATHE U NMPOHUIAEMOCTH MO Ta3y, BKIIOYAIOIIUN: TaMIIOHAXKHBIN LEMEHT, BCIyYEHHBIH MEPIIUT,
HEHOHOT€HHOE ITOBEPXHOCTHO-aKTUBHOE BEILECTBO, IIACTU(HUKATOP U Bogy. OOHapyKEHBI 3aBHCHMOCTH NIPOYHOCTH IEMEHTHOTO KaMHs Ha
ckatue U Ko3((HUIUEeHTa TPOHUIIAEMOCTH KaMHs OT COJepKaHuUsI BCITyUSHHOTO MIEpIINTa B COCTaBE TAMIIOHAKHOTO pacTBopa. Pekomenmyert-
sl cO3/aBaTh B PacHIMPEHHOM CTBOJIE CKBa)KUHBI B HHTEPBAJIE MPOAYKTUBHOTO IIACTA IIEMEHTHBIN KaMEHb C 33laHHBIMH 3HAYCHUSMH [IPOY-
HOCTH Ha C)KaTHe U IPOHULIAEMOCTH U3 MPEAJI0KEHHOIO TAMIIOHAXXHOT'O PacTBOPA.

Hayunasi HoBH3HA. Y CTaHOBIICHO ONITHMAaJIbHOE 3HAYCHUE COJEPIKaHUs BCIyYEHHOTO IEPIINTa B pacTBOpE, IPH KOTOpoM obecnednBa-
I0TCSl COOTBETCTBYIOIIME 3HAYCHHS TPOIHOCTH Ha ckaThe (10 4 MI1a) M IpOHUIIaeMOCTH MO Ta3y (10 3.47 MKM 2) IEMEHTHOTO KaMHs.

IIpakTnyeckasi 3HAYMMOCTB. Vcronbp3oBanue pa3pabOTaHHOTO COCTaBa MO3BOJIIET HOBBICHTH 1€OUT CKBaKHH C HEYCTOWYMBBIMHU KOJI-
TOpaMU U yIydIIUTh YCIOBHUS UX PaOOTHI 3a CUET MPEI0TBPALICHHS ITOCTYILUICHHUS [IECKa U3 IJIacTa B CKBAXKUHY.

Kniouegvie cnosa: cxsadcuna, nnacm, 2as, necuanas npooKa, yemeHmublil KameHs, HPOYHOCHb KAMHSA, 2a30NPOHUYAEMOCHb, HANOTHUMENb

88



