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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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THE ANALYSIS OF MODERN TECHNOLOGY
AND TECHNIQUE APPLIED
IN THE COMPLETION OF GEOTECHNOLOGICAL WELLS
AND REMEDIAL WORKS IN THEM

Abstract. The issues related to the current state of conducting remedial works to recover geotechnological
wells that are operated to mine uranium ores by the technique of underground borehole leaching are considered in the
article. The essence of this method is that a chemical reagent that dissolves the ore into the liquid phase is pumped
through one well (pumping/injection), and through other wells (production) the solution is lifted to the surface. The
production wells tend to lose their initial productivity with the operation, and the injected ones - the injectivity due to
colmatation of the working zone in well screen. The causes and types of colmatationare discussed and the analysis of
existing equipment and technology for remedial works has been made. On the basis of this analysis, the promising
areas for improving technology and techniques for remedial works in geotechnological wells have been identified.

Key words: well, flow rate, recovery, remedial works, well screen, colmatation, well injectivity.

Introduction. At present, the economy of the Republic of Kazakhstan mainly depends on the ex-
traction and export of hydrocarbon raw materials, but according to many studies the world's reserves of
this type of raw materials are limited and their quantity is sufficient only for the next 40-50 years.

But on the other hand, many countries, such as France, Japan, the United States, Canada and others
have switched to an alternative source of energy —nuclear energy. For example, in France and Japan 80%
of electricity is generated from nuclear power plants.

At the same time, Kazakhstan is very rich in ores for the nuclear industry, but today they are not
consumed inside the country and the extraction of this raw material is carried out mainly for the purpose
of its export. Consumption of raw materials in the nuclear industry in the future in the Republic of
Kazakhstan as an alternative to hydrocarbon raw materials is beyond doubt.

25% of the world uranium reserves are concentrated in Kazakhstan, and about 70% of them are
suitable for extraction by the method of underground in-situ leaching (ISL). The program for the develop-
ment of the nuclear industry, approved by the Government of the Republic of Kazakhstan, envisages a
sharp increase in uranium production in Kazakhstan. The solution to this task is achievable with the
introduction of advanced technology and technique of exploration and production, with the replacement
and improvement of the existing fleet of equipment, tools andtraining highly qualified specialists.

Currently, one of the most widely used methods for developing uranium deposits is geotechnological
methods incorporating boreholes, the essence of which lies in underground in-situ leaching of uranium
ores, i.e. the useful component (uranium ore) is transferred to the liquid phase by dissolving it with
chemical reagents and then lifting the metal-saturated solution to the surface. For this purpose, a chemical
reagent is injected through the wells drilled from the surface into the mineral deposit, capable of
transferring minerals to the soluble phase and then lifting to the surface through other wells [10, 11].
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This method of mining uranium minerals has one of the greatest advantages, which lies in the fact
that it provides extraction without direct contact of man with ore.

However, with the operation of geotechnological wells, production wells lose their productivity over
time, and the injection wells — their injectivity. These wells are subjected to remedial works after a certain
period. There are thousands of such wells in the uranium deposits of Southern Kazakhstan that require
cleaning.

The technology and techniqueapplieddo not always provide high-quality cleaning and take up
considerable time. Carrying out remedial works to restore the productivity and injectivity of wells with the
least material costs and time is very urgent.

Before considering the modern technology of screen decolmatation, let us consider the causes and
types of colmatation.

Colmatationof the well screens causes an increase in hydraulic frictional pressure losses when fluid is
pumped into the well and, as a result, reduces the productivity of the well.

There are three types of colmatation: mechanical, chemical and biological [6].

Mechanical colmatation is observed in mesh, slotted, block filters due to the discrepancy between
the perforations of screen holes in the granulometric composition of the aquifer. As a result of such
colmatation, the water intake holes of the screens are wedged or overlapped by sand, clay, and therefore
the specific yield is reduced by 20-30%.

The clay filtration occurring in rotary drilling using drill mudshould also be attributedto mechanical
colmatation. Over time, the filter cake is densified by increasing the adsorption and molecular bonds
between the clay particles, and removing it presents considerable complexity.

When installing the screen, it is necessary to tend to reduce its claying. To achieve this, it’s necessary
to lower the filter with the lower open end or with washing windows, place a cement plug above the
screen that’s further is drilled out after screen installation, to cover the screen with special compounds that
are dissolved after its installation in the well. Reduction of mechanical colmatation is also facilitated by
the creation around the screen of the correctly executed gravel dump.

Chemical colmatation is caused by a violation of the chemical composition of groundwater as a
result of changes in hydrodynamic parameters of the filtration flow.

As the water pressure decreases, the solubility of gases (mainly CO,) decreases, their release occurs
and the carbon dioxide equilibrium is violated, according to the following reaction:

2HCO3; - CO%™ + C0? 1 H,0 (1)

The presence of calcium and magnesium in water leads to the formation of sparingly soluble
precipitates of CaCO; and MgCQO;. The most intensive is the release of carbonate sediments in the filter
zone. In filters having large hydraulic resistance, pressure losses increase, which leads to a more active
release of CO, from the water and an even greater increase in the amount of carbonate precipitation.

The covering of screens and screen zones by carbonate sediments occurs mainly in wells drilled in
limestones and dolomites (1.10).

The most common colmatizing deposits are ferruginous sediments, which are released during the
production of groundwater containing ferrous iron. The transition of iron from ferrous to oxide and pre-
cipitation occurs when soluble oxygen is present in the water. This is also facilitated by the release of CO,
and an increase in the pH of the water due to a violation of the carbon dioxide equilibrium:

Fe(HCO3) > Fe(OH) + 2C0, )

The iron oxidehydrate, which has a gelatinous appearance, is deposited on the surface of the screens
and in the pore space of the screen zones of the formation. The intensity of deposition of ferruginous
sediments increases with the unevenproduction of water from the well, the use of an airlift or an ejector
pump, which promote saturation of water with oxygen.

Violation of the chemical composition of groundwater in the producing layer can occur when inter-
acting with the waters of other aquifers with insufficient capacity of the separating water retainer or the
absence of cementation of the annular space. When mixing soft and hard waters, the concentration of
carbon dioxide can increase, which causes the formation of carbonate sediments.
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The covering of screens is greatly influenced by the presence in the groundwater of hydrogen sulfide
H,S. The content of HS hydrogensulfites leads to the formation of hardly soluble and impermeable sulfur
deposits of iron, copper, zinc as a result of the reaction of groundwater with the filter framework material.
Sulphides of metals in the form of cortical outgrowths of black color form a strong film coating on grids,
wire windings, filter cages and contribute to their gradual destruction. It should be noted that sulphurous
deposits are not deposited in the screen zones of the formation.

In the presence of silicic acid in iron-containing groundwater, the formation of sparingly soluble
silicate deposits with an admixture of ferrous iron is observed.

Preventing the chemical colmatation when using waters with unstable chemical composition is
impossible, since its cause is a violation of the natural drive of the aquifer.

To reduce the intensity of colmatation, one should not allow uneven operation of wells, do not use
water lifts, during which the aerated water enters the filter zone.

In addition to precipitation, accumulation of deposits can occur as a result of corrosion of the screen
itself due to the aggressiveness of underground water with the property of an electrolyte.

Electrochemical corrosion is more susceptible to screen filters, representing a steel perforated pipe,
wound with a steel or copper wire mesh. These processes are greatly weakened in the manufacture of
screens from plastics, the use of a screen mesh of stainless steel, the use of cords of polymeric materials
instead of winding wires.

Biological colmatation is caused by the vital activity of microorganisms. The most active bacteria
multiply in screens, where precipitation is formed under the influence of chemical or electrochemical
processes. As a result of the life of bacteria (iron bacteria), iron hydroxide is liberated, which facilitates
the transfer of ferrous oxide to insoluble oxide deposited on the working surface of the screens. The
manganese bacteria present in the groundwater use the oxidation energy of the nitrous compounds and are
transferred from the poorly soluble oxide compounds. Intensive biological colmatation is typical for
groundwater with an oxygen content of 5 mg / | or more, which are located in the first aquifers from the
surface of the earth. Bacteria are also found at great depths in zones far removed from watercourses and
reservoirs.

Favorable conditions for the development of iron bacteria are found in most hydrogeological regions,
therefore, in order to suppress their vital activity, it is necessary to periodically chlorinate the wells.

As a result of the analysis of a large number of literature sources, it was established [2] that the rea-
sons for failure are (by the specific gravity of each of the following factors): filter collation - 40.9%;
siltation and sanding of the well 37.77%, wear of pumping equipment - 12.52%; other reasons - 8.81%.
Thus, the developed funds should be directed to the periodic decolmatation of screens and the fight against
sanding and siltation of the well (together, these reasons amounted to 78%).

Therefore, depending on the type of colmatation, there are various ways of decolmatizingscreens and
productive horizons. These include circulatingwellbores (through the washing window, with the help of
packers and hydro-suckers, hydro- and pneumopulse, electric pulse, chemical, using explosives, etc.). The
essence of these methods is described in some detail in various literary sources [1, 3, 9]. The analysis of
the above-mentioned methods made it possible to determine their advantages and disadvantages. The
disadvantages are:

- the complexity of the designs of technical products, which reduces their operational reliability;

- the overall dimensions of some technical devices do not always allow their descent into the screen
column due to its small diameter, with which geotechnological wells are equipped;

- in carrying the chemical method of remedial works, certain safety measures are required when
working with various types of chemicals, as well as the high cost of chemical reagents;

- with the electric pulse method of cleaning the screen surfaces, the disadvantages include the high
cost of the equipment, observance of safety measures when working with high voltage;

- the use of explosive effect with the use of explosives in wells equipped with plastic screens can
result in their destruction, the need for a special permit for blasting operations, as well as the high cost of
explosives.

It should be noted here that the methods of conducting remedial works are similar to the methods of
development at the stage of completion of wells.
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Of greatest interest is the use of cavitated liquid for cleaning screens and the screen zone of the
productive formation.

Cavitation [2, 4, 5, 7] (from Latin cavita - emptiness) - the process of vaporization and subsequent
collapse of vapor bubbles with simultaneous condensation of vapor in the liquid flow, accompanied by
noise and hydraulic shocks, the formation of cavities (cavitation bubbles, or caverns ) filled with the vapor
of the liquid itself. Cavitation occurs as a result of a local decrease in the pressure in the liquid, which can
occur either with an increase in its velocity (hydrodynamic cavitation) or during the passage of an acoustic
wave of high intensity during the half-life of rarefaction (acoustic cavitation), there are other causes of the
effect. Moving with the flow into the area with a higher pressure or during the half-period of compression,
the cavitation bubble collapses, while emitting a shock wave. The phenomenon of cavitation is of a local
nature and arises only where there are conditions. It cannot move in the environment of origin. Cavitation
destroys the surface of propellers, hydraulic turbines, acoustic radiators, shock absorber parts, hydraulic
couplings, etc. Cavitation also benefits - it is used in industry, medicine, military equipment and other
related fields. However, more recent studies have shown that the leading role in the formation of bubbles
during cavitation is played by gases released into the emerging bubbles. These gases are always contained
in the liquid, and when local pressure decreases, they begin to vigorously separate into the inside of these
bubbles. Since under the influence of alternating local pressure the bubbles can contract and expand
sharply, the temperature of the gas inside the vesicles varies widely, and can reach several hundred de-
grees in Celsius. There are computational data that the temperature inside the bubbles can reach 1500 °C.
It should also be taken into account that the dissolved gases in the liquid contain more oxygen in
percentage than in air, and therefore the gases in the bubbles are chemically more aggressive than the
atmospheric air, resulting in the oxidation (reaction) of many normally inert materials. Cavitation is used
for ultrasonic cleaning of surfaces of solids. Special devices create cavitation using sound waves in a
liquid. Cavitation bubbles, collapsing, generate shock waves that destroy contaminant particles or separate
them from the surface. Thus, the need for hazardous and unhealthy cleaning agents is reduced in many
industrial and commercial processes where purification is required as a production step.

The number of cavitation. The cavitation flow is characterized by a dimensionless parameter (the
number of cavitation) [2]:

K = Py—P, )

v2
9

where Py — hydrostatic pressure of the oncoming stream, Pa; P, — pressure of saturated vapor of liquid at a
certain ambient temperature, Pa; p is the density of the medium, kg/m?; v, is the flow velocity at the
entrance into the system, m/s.
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Diagram of formation of a cavitated liquid
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The number of cavitation can take different values, but cavitation occurs only in the range K = 0.1-0.6.
It is known that cavitation occurs when the flow reaches the boundary velocity, when the pressure in the
stream becomes equal to the vapor pressure (saturated vapor). This speed corresponds to the boundary
value of the criterion of cavitation.

Most often, cavitation is formed in the zone located on the pump's pressure line, in case of its narro-
wing i.e. the pressure of the liquid decreases after contraction (according to the Bernoulli law), since los-
ses and kinetic energy increase. The saturated vapor pressure becomes greater than the internal pressure in
the liquid with the formation of bubbles/caverns. After passing through a narrow part (it may be a slightly
open gate, local constriction, etc.), the flow rate drops, the pressure increases and the bubbles of gases and
vapors collapse. Moreover, the energy released in this case is very, very large, as a result of which (espe-
cially if it occurs in bubbles located on the walls) micro-hydro impacts occur that entail damage to the
walls. At the same time, if you do not take measures, then the process will reach the complete destruction
of the walls of the pump part. Vibration and increased noise in the pump and pipes are the first signs of
cavitation.

The main weaknesses in the hydraulic systems are the places of narrowing, sudden changes in the
flow velocity of the liquid (valves, cranes, latches) and impellers of pumps. They become more vulnerable
when the roughness of the surface increases.

Serdyuk carried out large-scale studies on the use of cavitated liquid for decolmatation of screens and
screen zones [2]. The experimental investigations carried out by the author were as follows. In the wells
equipped with screens, the screenswere cleaned with a conventional uncavitated fluid and another
cavitated liquid. The appearance of filters obtained after treatment in cavitation and non-cavitation modes
is presented in the photo (photo).

Appearance of the cavitatedscreens after their treatment by the liquid flow in various modes:
a) uncavitated; b) cavitated

As can be seen from photo, the appearance of the screen, after its treatment in the cavity-free regime,
has not changed, the thickness of the mud cake has remained the same. After treatment in cavitation mode
for 15 minutes, the screen completely cleared of the mud cake. Visible in the photo, the remains of clay, in
the author's opinion, are caused by contamination of the screen during its extraction.

Thus, the use of cavitated liquid for screen cleaning is a promising solution.
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Conclusions. The analysis of methods and means of decolmatation of screens and aquifers, even with
their positive effects, allows us to draw the following conclusions:

- the complexity of the designs of technical products, which reduces their operational reliability;

- the overall dimensions of some technical devices do not always allow their descent into the screen
column due to its small diameter, with which geotechnological wells are equipped;

- in carrying the chemical method of remedial works, certain safety measures are required when
working with various types of chemicals, as well as the high cost of chemical reagents;

- with the electric pulse method of cleaning the screen surfaces, the disadvantages include the high
cost of the equipment, observance of safety measures when working with high voltage;

- the use of explosive effect with the use of explosives in wells equipped with plastic screens can
result in their destruction, the need for a special permit for blasting operations, as well as the high cost of
explosives.

- the use of cavitated liquid for screen cleaning is a promising solution and demands the improvement
of the technology and technique used in conducting remedial and workover operations in geotechnological
wells.
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I'EOTEXHOJIOT'UAJIBIK YHIFBIJIAPJIA UTEPYITH TEXHOJIOT'USICBIH,
TEXHUKACBIH )KOHE ) KOHJIEY-KAJIIIBIHA KEJITIPY ) K¥MBICTAPBIH XKYPI'I3Y I
3AMAHAYMU 3EPTTEY

AHHOTanmsi. Makanazia ypaHpyJajnapblH JKep acThl YHFBUIBIK IO 9IICIMEH OHIIPETIH I'€0TEXHOJIOTHSIIBIK
YHFBUIAP/Ibl peaHUMaLsIay MaKCaThIH A XKOH/IEY-KaTIbIHA KeJITIPY dYMBICTAPbIH KYPIi3yliH Ka3ipri )KarIaibIHbIH
CypakrTapbl KapacThIpbUIFaH. by onicTiH MoHI 0ip yHFbUIapaaH (aiinay) KabaTka pylaHbl CYHBUITATBIH XUMHUSUIIBIK
peareHT aiijananel, an Oacka YHFbUIapAaH (Copy) epiTiHAiHI xep OeriHe aiimam mibiFapansl. [laiimanany kesiHme
YakbIT ©T€ KeJle COpy YHFbUIAphl OacTanKbl OHIMIUIINH KOFAITAbl, ajl aiifiay YHFBUIAPHI Cy3Tiiey Ti30eriHiH Ky-
MBICTBIK OOJIITiHIH KOJbMaTalusicel eceOiHeH KaObuinay KaOuneriH jxkorantaisl. KombMmaranus cebentepi joHe
TYpJIepi KapacThIPbLIIIbI, COHAM-aK XKOHIEY-KaJIbIHa KEJITIPY )KYMbBICTApBIHBIH Ka3ipri YaKbITTaFbl TEXHUKACHI MEH
TEXHOJIOTUsCHI capanTtanabl. Ockl capanTayJblH HETi3iH/Ae FeOTEXHOJOTHSIIBIK YHFBUIAPIBI KOHJIEY-KalllblHa Kejl-
TipY KYMBICTapbIHBIH TEXHOJIOTUSICHl MEH TEXHUKACBIH JKETUIIIPY/IiH THIMI1 OaFbITTaphl aHBIKTAJI/IbI.

Tyiiin ce3mep: YHFBL, 1e0UT, KAIBIHA KENTIPY dKYMBICTaphI, Cy3rijiey Ti30eri, KoJapMaTaius, Kaobuinay.
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AHAJIA3 COBPEMEHHOM TEXHOJIOT 1N,
TEXHUKHW OCBOEHMUS U TPOBEJEHUSA
PEMOHTHO-BOCCTAHOBUTEJIBHBIX PABOT
B 'EOTEXHOJIOTMTYECKHNX CKBA’KMHAX

AnHHOTanus. B crathe paccmaTrpuBaroTcs BOIPOCHl COBPEMEHHOTO COCTOSIHUSL IIPOBEIACHHSI PEMOHTHO-BOCCTA-
HOBHTENBHBIX pab0T C IEThI0 PEaHHMAIMH T€OTEXHOIOTHIECKHX CKBAXKUH, KOTOPBIC AKCIUTYaTUPYIOTCS C IETBI0
OOBIYM YPAaHOBBIX Pyl METOAOM MOI3€MHOTO CKBaXHHHOTO BhIMeNadnBanusa. CyIIHOCTh MaHHOTO cIocoda
3aKIIF0YAaETCsl B TOM, YTO Yepe3 OJHHU CKBAKWHBI (3aKadHBIE) 3aKaYMBACTCS B IUIACT XMMHYECKHIA PEareHT, pacTBO-
psOmui pyay B KHUIKYIO ¢a3y, a depe3 Apyriue CKBaKMHBI (OTKAYHBIC) OTKAYMBAIOT PAaCTBOP HAa MOBEPXHOCTH. B
mporiecce IKCIUTyaTallii CO BPEMEHEMOTKAYHBIE CKBAKHMHBI TEPSAIOT MEPBOHAYAIBHYIO NPOU3BOAMTENBHOCTH, a
3aKa4yHble — MPUEMHUCTOCTh 33 CYET KOJIbMATallui pabouell 4acTu GpuibTpOBOI KOJOHHBI. PaccMOTpeHbI IPUYHMHBI U
BUJIbI KOJIbMATallUM, & TaKKe MPOBEJECH aHalIW3 CYNIECTBYIOIIEH TEXHUKU M TEXHOJOTHHU MPOBEACHUS PEMOHTHO-
BOCCTaHOBUTEIILHBIX paboT. Ha ocHOBe 3TOro ananm3a OIpee/iCHbl MEPCICKTHBHBIC HAMPABICHHUS COBEPIICH-
CTBOBAaHHUS TEXHOJOTMH W TEXHUKU TIPOBEICHHUS PEMOHTHO-BOCCTAHOBHUTEIBHBIX Pa0OT TE€OTEXHOJIOTHYCCKUX
CKBaXXVH.

KiaroueBbie cjIoBa: CKBaKUHA, ICOUT, BOCCTAHOBIICHUE, PEMOHTHO-BOCCTAHOBUTEILHBIC PaOOTHI, (PHIIETPOBas
KOJIOHHA, KOJIbMATAIHs], IPUEMICTOCTb.
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