ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJITTBIK FBIJIbIM AKAAEMUACBIHBIH
Satbayev University

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMKN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Satbayev University Satbayev University
SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

4 (442)

JULY — AUGUST 2020

THE JOURNAL WAS FOUNDED IN 1940

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate

Analytics

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
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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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UNDERGROUND URANIUM BOREHOLE LEACHING

Abstract. Kazakhstan has the world's largest raw material base of proven industrial uranium reserves. The
bowels of the Republic of Kazakhstan contain about 25% of the world's proven uranium reserves. A unique feature
of uranium reserves is that 75% of them are concentrated in deposits associated with regional zones of formation
oxidation, which can be mined using a relatively cheap and environmentally preferred method of underground
leaching. The presence in Kazakhstan of significant reserves of well-explored uranium deposits, developed mining
and processing capacities of uranium, as well as the current situation on the world uranium market determine the
prospects for the development of Kazakhstan's uranium mining industryto.

Existing production technologies for the exploitation of hydrogenous uranium deposits do not meet the
requirements of market economy: low labor productivity, high unit costs, require large capital investments, the
technology is not competitive, and sulfuric acid is expensive. To create exemplary uranium mines, it is necessary and
urgent to develop an innovative technology for the exploitation of hydrogenic uranium deposits. The main
operational indicators determining the effectiveness of the application of SST include: leaching rate; average
concentration of uranium in productive solutions; reagent consumption; productivity of productive solutions; the
degree of extraction of uranium from the bowels; the volume of the solution spent on the extraction of uranium from
a unit of ore mass (ratio W: T).

The article presents the results of solving the main technical and technological problems, allowing to develop
an innovative technology for the exploitation of hydrogenic uranium deposits: we have developed a method for using
pumping wells without changing their design as injection wells; it is not intended to use an inline injection well
location system, which makes it possible to drastically reduce capital expenditure; It is planned to use an ordinary
pumping well without changing its design using the “x” method; this well can operate both a pumping well and a
pumping well. The pumping well will operate under the name “Piston Well” in the mode of pulsating flows when a
chemical solution is supplied to an array of uranium hydrogen deposits; the development of a method for intensifying
the leaching of useful components, including uranium; a way to drastically reduce the consumption of a chemical
reagent (H2SO4). With the existing technology for producing a productive uranium solution, the specific
consumption of sulfuric acid per 1 ton of uranium concentrate is 1: 100, i.e. per 1 ton of extraction of uranium
concentrate requires a consumption of sulfuric acid of 100 tons

The work performed provides economic efficiency for the listed parameters of leaching of uranium.

Key words: geological features, theoretical justification, technology, mining, borehole underground leaching,
uranium.

Introduction. The basis for the development and implementation in practice of uranium mining of
the method of underground borehole leaching were achievements in the field of geological exploration and
industrial assessment, epigenetic deposits of regional zones of reservoir and soil oxidation, advances in the
field of hydrodynamics, geochemistry, hydrometallurgy.

Over the past years, collectives of Kazakhstani uranium mining enterprises have done a lot of
work to improve uranium mining technology, increase labor productivity, reduce production costs,
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and automate production processes. Considerable work has been done in the field of drilling and
equipment of wells, improving the means of raising productive solutions, devices for their sorption-
desorption redistribution [1,2].

The development and implementation of the method of underground borehole leaching of uranium is
one of the most important scientific and technical achievements of the mining industry. The main
advantages of the underground leaching method compared to traditional mining methods of field
development are as follows [3-5]:

- the possibility of involving in the exploitation of poor and off-balance ores of deposits with complex
geological and hydrogeological conditions, but with large reserves of uranium;

- significant reduction in capital investments and terms of commissioning;

- improving working conditions, reducing the number of miners and increasing labor productivity by
2.5-3.5 times;

- reduction of the negative impact of uranium mining on the environment.

Based on the modern achievements of geotechnological science and practice, the development of
uranium mining by the method of downhole leaching goes along the path of introducing computer-aided
mining technologies based on the full automation of all production processes; optimization of opening,
preparation and mining schemes; the introduction and development of new technical means for the
construction and development of wells, new structural materials; reduction of solvent costs, ion exchange
resins; the introduction of electrodialysis plants, sorption-desorption concentration apparatuses such as
SDK, polymer washing liquids, hydraulic fracturing and hydraulic washing of formations, new methods of
electro-ultrasonic intensification of leaching and redistribution of productive solutions; the introduction of
effective methods for monitoring the hydro-geochemical parameters of underground leaching sites and
environmental rehabilitation of spent deposits [6-9].

The social significance of introducing the method of downhole leaching into uranium mining practice
is extremely great. Radically, for the better, the nature of the work of miners and the radiation safety of the
work have changed. A further increase in uranium production, based on the introduction of the latest
scientific and technical achievements in the practice of developing infiltration deposits, will allow
Kazakhstan to take a leading place among the world's uranium producers.

Methods. To solve this problem, theoretical substantiation methods were used for the technology
of underground borehole leaching of uranium. About 25% of the world reliably explored uranium reserves
are concentrated in the bowels of Kazakhstan. Total reserves and resources are estimated at
1,560 thousand tons of uranium, including category reserves (B + C 1 + C2) of 928 thousand tons. A
unique feature of the republic’s uranium reserves is that about 75% of them are concentrated in deposits
associated with regional zones of formation oxidation. This type of field is not widespread in the world
and is being developed by the most progressive, relatively cheap and environmentally preferable method
of underground borehole leaching.

The result of these works is the development of technology for underground borehole leaching of
uranium in Kazakhstan. Kazakhstani uranium deposits associated with regional zones of formation
oxidation are formed in the Shu-Sarysuyskaya and Syr-Darya depressions of the platform cover of the
northern part of the Tien Shan uranium megawatch (Northern, Eastern and Western group of deposits).
Deposits associated with zones of soil-layer oxidation are developed in the Ili River basin, outside the
zone of activity of industrial enterprises and in the Akmola region of Northern Kazakhstan. Uranium
deposits suitable for mining with sulfuric acid leaching through a system of wells drilled from the surface
belong to the subgroup of infiltration (hydrogen). These deposits are the basis of the raw material base of
the uranium industry of Kazakhstan and are concentrated in the Shu-Sarysuyskaya (Mynkuduk, Inkai,
Budenovskoye, Zhalpak, Sholak-Espe, Uvanas, Moinkum, Kanzhugan) and Syrdarya (Irkol, Karamurun,
Kharasan, Zarechnoye, Asarchik Kyl, Zha , Chayan, Lunar) uranium ore provinces. The largest of the
deposits of the soil-formation oxidation zone and promising for development is the Semizbay deposit
[10-14]. The distribution of reserves and resources by geological and industrial types of uranium deposits
in Kazakhstan is shown in table.
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Reserves and resources for geological and industrial types of uranium deposits in Kazakhstan

Type of deposit Category reserves B+Ci+G, Resergi%?igiii’()iurces
thous. tons % thous. tons %
Deposits associated with regional zones of reservoir oxidation 603 65 1160 75,3
Deposits associated with soil formation oxidation zones 82 8,8 97 6,0
Deposits of organogenic phosphate type 29 3,2 29 1,8
Vein stockwork deposits in folded complexes 214 23 274 16,9
Total 928 100 1560 100

The leaching rate is a value equal to the quotient of dividing the length of the ore layer worked out by
the solution by the time during which a certain metal fraction is extracted from this layer. Leaching rate
V; is related to the filtering rate V; by a linear relationship V; = § - V; where B — constant coefficient for
specific ore-solvent combinations. The most important geotechnological parameter, the ratio, is based on
this regularity L:S, that is, the ratio of liquid to solid (the ratio of the volume of the solution to the volume
of the ore mass).

The reagent consumption for underground leaching of uranium depends on the reagent capacity of
ore-bearing rocks, the type and nature of uranium mineralization, rock carbonate, productivity and
effective thickness of formations, hydrodynamic conditions for pumping solutions through ore-bearing
strata.

In the practice of underground leaching of uranium, the specific consumption of the reagent is
50-150 kg per 1 kg of metal, which is due to the reaction of the acid with other minerals and the spreading
of solutions. Carbonates almost completely react with acid (1 kg of sulfuric acid is consumed per 1 kg of
CaCO3), minerals of oxide iron, less intensely ferrous iron and some aluminosilicates (up to 10%)
dissolve well (40-50%) [15-17]. At the stage of formation acidification, the reagent (sulfuric acid)
consumption is usually 8-10 g / 1 for ores with high carbonate content and 20-30 g / 1 for non-carbonate
ores. At the leaching stage, the concentration of sulfuric acid in working solutions ranges from 8 to
15¢g/1.

The data in table, the data can be used in the evaluation of deposits for the use of underground
borehole leaching. The developed classification system for signs of the suitability of infiltration uranium
deposits for leaching is recommended for use in the design of PSV technology in Kazakhstan deposits.

The conditions for the formation of exogenous infiltration deposits are associated with the behavior
of uranium in the upper parts of the earth's crust, in the zone of so-called hypergenesis, where the
migration of chemical elements occurs at low temperatures and pressures. The formation of exogenous
uranium deposits is associated with the epigenetic accumulation of uranium minerals during their
migration and deposition.

Under the surface conditions of the hypergenesis zone, under the influence of water, air and organic
matter, the minerals of the ore-bearing rocks are oxidized and uranium migrates (transfers) by infiltration
flows. Natural waters of the hypergenesis zone are true and colloidal solutions of various concentrations.
The intensity of migration of chemical elements depends on the acidity and alkalinity of natural waters.

In natural waters in the form of ions and undissociated molecules contains almost all chemical
elements, most of which are in a state of strong scattering (about n x 10-5 g /1 or less) and only CI', SO4*,
HCO;, COy*, Na*, K, Mg%, Ca”", SiO, are contained in significant quantities. A strong influence on the
physicochemical characteristics of natural waters is exerted by H + and OH- ions [18]. The oxidizing
environment of groundwater is characterized by the content of free oxygen, the redox potential is
Eh> 0.1 V, often above 0.4 V and can reach 0.6-0.7 V. Uranus is in U*" shape, iron is predominantly in the
shape Fe'" and only in strongly acidic environments can Fe*" exist. Sulfur is exclusively in form SO,
Under certain conditions, there are VO43', Se0;” and SeO42', M0042', MoS,, ReS,.

Recovery environment without H,S - water does not contain free oxygen, Eh o0bryno Huxe 0,48,
unorna Hwke Hys. Under these conditions, iron and manganese are in the form Fe*" and Mn®", migrate
easily. If H,S is present in water, If H is present in water, then Eh<0, iron, manganese, copper, zinc and
other chalcophilic elements precipitate. Uranium precipitates to form U*‘compounds. The presence of

— (4 ——
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dissolved oxygen in natural waters increases the solubility of primary uranium minerals in an acidic
sulfate medium, and less intensively in alkaline carbonate. The tetravalent uranium oxides and mixed
oxides are completely dissolved in the carbonate medium only in the presence of oxidizing agents.
Uranium silicates, phosphates and humates dissolve in an alkaline medium. In natural waters, depending
on the total mineralization, chemical composition, pH of the medium and the concentration of uranium in
water, ions may be present: UO,”", UOy(OH)", [UOy(CO3), (H,0),]> [UO,(COs):]*, as well as
undissociated molecules of UO2 (OH) 2. Chemical reactions in the zone of hypergenesis occur at a
pressure close to 1 atm. and temperature not exceeding the first ten degrees.

The conditions of existence of uranium compounds in the hypergenesis zone are graphically
represented by the diagram in the parameters Eh, pH, pressure CO,, since these parameters are the most
important characteristics of natural waters. The diagrams depict the equilibrium conditions, that is, the
relations between the compounds after reaching thermodynamic equilibrium. Figure by R. Garrels
[5,19] shows a diagram of the stability field of uranium compounds as a function of Eh, pH and general
¥ CO, the amount of carbonate in produced water (P=1 Atmosphere pressure, T=25°C).

Figure shows that hexavalent uranium is almost completely complexed with the formation of uranyl
dicarbonate and uranyl tricarbonate ion complexes.

\1)”“‘

Lpy & A i

Stability of some uranium compounds in formation water at 25 ° C
and 1 atm total pressure as a function of pH, Eh and amounts of dissolved carbonate components

With noticeable XCO, the stability field of uranyl oxide hydrate is displaced. Such complexation
proceeds so efficiently that, at a relatively high XCO, value, the fields of these complexes displace the
stability field UO, (uraninite). From this it becomes clear that carbonate-containing waters are strong
solvents of uranium. Watering the hypergenesis zone with water containing up to 8-10 mg / oxygen
increases the water Eh and promotes the conversion of U4 © to U6 *. If natural water contains up to
2g /1 or more carbon dioxide, then uranium migration is also enhanced.

H,S hydrogen sulfide present in water, which reduces uranium to the tetravalent state, contributes to
its precipitation from solution.

When uranium minerals are dissolved by natural waters in the hypergenesis zone, especially under
oxidizing conditions, the state of chemical equilibrium between the solid and liquid phases is practically
not achieved due to the mobility of the water and the buffer effect of the host rocks on the pH of the water.
The forms of uranium in natural waters are very diverse. According to V.V. Shcherbina [5,20], in the zone
of hypergenesis, uranium in aqueous solutions can be transported in the following forms:
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- soluble uranyl sulfate UO,SOy;

- colloidal solution of hydroxide composition [UO,(OH),],, negative charge carrier;

- readily soluble complex carbonates composition NasUO,(CO;)s];

- readily soluble complex alkaline humate compounds.

The possibility of migration of uranium in aqueous solutions in the form of compounds arises from
the chemical properties of uranium, its ability to react with other elements, form ions of different
valencies, form soluble complexes and be sorbed by colloids.

Natural waters have a high dissolving power. The dissolving ability of water is caused by large dipole
moments of molecules (u = 1.8) and a high dielectric constant (80.0) of water [1,5,21].

There is a relationship between solubility, heat and dissolution entropy:

L
nRTIna = L + TAS = L + TZS
L

where, n — number of ions forming a molecule of uranium salt; a — saturated solution activity; L - heat of
dissolution; T - absolute temperature; AS — entropy of dissolution; Y.S'; - the sum of dissolution entropy
ions equal to the change in the entropy of an ion upon its transition from the crystal lattice to a solution
with an activity equal to 1.

Discussion. A prerequisite for the implementation of underground leaching technology should be
good permeability of the medium containing uranium mineralization for the solution. With fairly good
permeability indicators, even deposits of poor uranium ores prove to be profitable for mining. Each
uranium deposit is always individual in its natural features, the technical and economic indicators of the
exploitation of deposits by underground leaching depend on these features. Moreover, the feasibility of
using underground leaching technology for mining a particular uranium deposit is based on the parameters
of two factors: the possible volume of uranium production per unit time and the possible cost of producing
a unit of uranium.

The main operational indicators that determine the effectiveness of the use of UBL include:

— leaching rate;

— average concentration of uranium in productive solutions;

— reagent consumption;

— productive solution performance;

— the degree of extraction of uranium from the bowels;

— the volume of solution spent on the extraction of uranium from a unit of ore mass (ratio L:S).

E. C. Opbinroxun’, H. A. EpeMl/lHZ, I. II. Merakca®, 7K. H. Aaumesa’,

' Anmarer SHepreTuka skoHe OaiimaHsic yHUBepcuTeTi, Anmatel, Kazakcran;
WM. I'yOxun aTeiHAarsl ¥ITTHIK MYHAil J)KoHE Ta3 yHHBEpCcHTETi, Mockey, Peceit;
3]1. A. KoHAeB aThIHIAFbI Tay-KeH ici HHCTUTYTHI, AnMaTsl, Kasakctan

YPAHJIbI ’KEPACTBI YHFBIMAJIAPBIH IIAVIMAJIAY

Annoranusi. Kazakcran onemjeri eH ipl ypaH eHEpKOCINTIK KOPBIHBIH MIMKi3aT 0a3aceiHa ue. Kaszakcran
PecriyOnukachiHBIH JKep KOWHayblHIA oNeMJIK OapiaHFaH ypaH KOpbIHBbIH mamameH 25 %-b1 Oap. Ypan
KOpJIapbIHbIH Oiperei epekiieiri, onapasiy 75 %-bl )KepacTbl YHFbUIAI IaiMalIay/IbIH CaIbICTBIPMAIIbl ap3aH HKOHE
9KOJIOTHSUTBIK JKaFbIHAH KOJIAIIIBI TOCUIMEH OHAETyl MYMKIH KaOaTTBHIK TOTHIFy aifMakTapbIMeH OailIaHBICTBI KEH
OpBIHAApHIHAA MIOFBIpIanFad. Kazakcranna Kopiap OOHBIHINA eneydli, XKakchl OapiaHFaH ypaH KeH OpBIHIAPBIHBIH,
JAMBIFaH OHIIPYIIi XOHE OHIEYINl ypaH KyaTTapblHBIH OOJYbI, COHOAH-aK SJIEeMIIK ypaH HapbIFBIHBIH Ka3ipri
3aMaHFbl KOHBIOHKTypachl Ka3akCTaHHBIH YypaH ©HIIpY ©HEpKAICiOiH JaMbITy MEepCIeKTUBAChIH AJJIBIH  ana
alKbIHAANIBI.

VYpaHHBIH THIAPOTEHIl KEH OpBIHAAPbIH MaiJanaHyIblH Ka3ipri TEXHOJIOTHsJIAPbl HAPBIKTHIK AKOHOMHKA
TajanTapblHa cali eMec: eHOEK OHIMIUIriHIH TOMEHIITri, oHIM OipJiriHiH ©31HAIK YKOFapbl KYHBI KOI MeJIIepae
TaMIIbUIAHABIPY/IBI TaJIall €Te/li, TEXHOIOTHS OoceKkere KabiieTcis, KYKipT KbIIIKBUIBIHBIH MIBIFBIHEI KOM. YJITLT ypaH
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KEHIIITePIH KYpY YIIiH THIPOreH i ypaH KeH OpPbIHAAPbIH IaianaHyAblH HHHOBALMIIBIK TEXHOJIOTHSCHIH d3ipiiey
KaxeT xoHe e3ekTi. JKepactbl yHrbuian maimanaynsl (OKYII) komgaHyIblH THIMIUICH aHBIKTAWTBIH HEri3ri
naiijanany KepceTKilITepiHe MbIHANIAP JKATabl: CUITLICY KbULIAMIBIFBI;, OHIMII epiTiHIUIeper] ypaHHbIH OpTalia
KOHLIEHTPALUSICHI; PEareHTTIH LIbIFbIHBL, OHIM/I epiTiHaiiep OOWbIHIIA OHIMALIIK, )Kep KOWHAYbIHAH YpaHIbl aly
JIOPE)KECT; Tay-KEeH Maccachl OIpJIiriHeH ypaH/bl allyFa xymcanaTbid epitiainiz kejemi (C:K kaTbiHachr).

Makanajga ypaHHbIH THAPOTEH/I KeH OPbIHAAPBIH MalijaiaHyIblH MHHOBAIMSIIBIK TEXHOJOTHSCHIH d3ipiieyre
MYMKIH/IIK O€peTiH HeTi3ri TeXHHKAaJbIK-TEXHOJIOTHUIBIK MIHISTTepAl eIy HOTHXKENepi KenTipiireH: 0i3 aiinay
YHFbIMaJIapbl peTiH/ie KOHCTPYKTHUBTIK peciMeyiH e3repTiel, copy YHFbIMaJapblH MaiaigaHy TOCUIIH d3ipleliK;
aiiay YHFbIMaJNapblH OPHANACTHIPY/BIH OipKaTap KyieciH KongaHy Ke3AeiMereH, OyJl KaluTall cajy LIbIFbIHbIH
KYPT KbICKapTyFa MYMKIHZIIK Oepeli; KapamaiibiM COpy YHFBIMACBIH «X» TOCUIIHIH KOMETriMeH KOHCTPYKTHBTI
pacimzieyiH e3repTiieil KonJaHy KapacThIpbUIFaH, OYJl YHFbIMA COpPY OHE aiijiay YHFBIMACBI PETIHJE KYMbIC iCTei
ananpl. Copy YHFbIMAChl YpaHHBIH THAPOTEHII IIOFBIPBIHBIH MAaCCHBIHE XHMUSUIBIK epiTiHal Oepy KesiHje
MyJIbCAIMSUTANTBIH  aFbIH  PEXKHMIH/E «IOPUICH/I YHFbIMA» aThIMEH JKYMBIC ICTEHTIH Ooiaibl, mnaiaasibl
KOMITOHEHTTEp/Ii, OHBIH IIIiHAE YypaHIbl IIaiManay yIepiciH KapKblHIATy TOCUIIH o3ipiey; XUMHSJIbIK peareHt
WIBIFBIHBIH KYPT KbIcKapty Tocimi (H2SO4) kapacTeipbuiibl. YpaHHBIH OHIMJI epITIHAICIH eHIIpYyIiH Kasipri
TEXHOJIOTHSICHI Ke3iHze | T ypaH KOHIEHTpAThIHA KYKIPT KbIIIKBUIBIHBIH Yiiec MWbIFbIHbI 1: 100 KaThIHACKIH KYpanabl,
SIFHU YPaH KOHIIEHTPAThIH OHAIPYIiH | T KYKIPT KbIIKbUIBIHBIH WIBIFBIHB 100 T O0Ja bl

OpbIHAaNFaH KYMbIC ypaH[Ibl CUITIICYIIH araifaH napamerpiiepi OOWBIHIIA 3KOHOMHMKAJIBIK THIMALTIKTI
KaMTaMachbl3 eTel.

Tyiiin ce3aep: reoOrusyIbIK EPEKIIETIKTED, TEOPUSUIBIK HETi3/Iey, TEXHOJIOTHS, OHIIPY, YHFBIMAJIBIK KepPacThl
curriney, ypas.

E. C. Opbinroxun’, H. A. EpeMl/lHZ, I. II. Merakca >, 7K. H. Ainmea®

' AnvaruHCKui YHHBEPCHUTET SHEPTeTHKH U CBsI3HU, AnMaTtsl, Kazaxcran;
’PI'Y nedrr 1 raza (HUY) um. U. M. I'ybxuna, Mocksa, Poccns;
*UncruryT roproro gena uM. JI. A. Kynaesa, Anmarsr, Kazaxcran

HOJ3EMHOE CKBA’KHHHOE BBIIIEJJAYNBAHUE YPAHA

Annoranusi. Kazaxcran oOnajgaer kpymnHeileld B MHpe ChIpbeBOW 0a30# pa3BeNaHHBIX MPOMBIILICHHBIX
3amacoB ypaHa. Hempa PecnyOmukm Kaszaxcran comepxar oxoio 25% MHPOBBIX pa3BeZaHHBIX 3allacoB ypaHa.
YHUKaNbHOW 0COOEHHOCTBIO 3aIIacoB ypaHa SABISETCA TO, 4TO 75% W3 HUX COCPENOTOYEHBI B MECTOPOXKICHUSX,
CBSI3aHHBIX C PETMOHAIBHBIMHA 30HAMH IUIACTOBOTO OKHCIICHHS, KOTOPBIE MOTYT OBITh OTPaOOTaHBI OTHOCHUTEIHHO
JIEIIEBBIM M SKOJIOTHYECKH MPEAIOYTUTENFHBIM CIIOCOO0M IMOI36MHOT0 CKBKMHHOTO BhIIeNadnBanus. Hannane B
Kazaxcrane 3HaYMTENBHBIX IO 3aracaM, XOpOIIO Pa3BeIaHHBIX MECTOPOXKICHHN ypaHa, Pa3BHTHIX TOOBIBAIONINX U
nepepadaThIBAIOIINX ypaH MOITHOCTEH, a TakkKe COBPEMEHHass KOHBIOHKTypa MHUPOBOTO PBIHKA ypaHa Mpeorpe-
JIENIAIOT IEPCIEKTHRY Pa3BUTHS ypaHOA0O0BIBatoIIel mpoMbInuieHHoCcTH Ka3axcTana.

CyImecTByIOnMe TEXHOJOTHH JOOBIYM SKCIUTyaTallil THAPOTEHHBIX MECTOPOXICHHH ypaHa HE OTBEYAIOT
TpeOOBAaHUSAM PHIHOYHON SKOHOMHKH: HHU3Kas MPOW3BOAMTENBHOCTh TPYIHa, BBICOKAas CEOECTOMMOCTD E€IWHUIIBI
NPOMYKLUH, TPeOYIOT B OOJIBIIMX pa3Mepax KallBIOXKEHHs, TEXHOJIOTHs He KOHKYPEHTOCIOCOOHas, OOJblIne
pacxofbl CepHOit KUCIOThI. J[iisi co3nanus o0pa3loBbIX YPaHOBBIX PYJHUKOB HEOOXOAMMA M aKTyalibHa pa3paboTka
WHHOBAIIMOHHON TEXHOJOTHMHU SKCIUIyaTallud THAPOTEHHBIX YPAaHOBBIX MECTOpOXxIeHHH. K OCHOBHBIM 3KcILTyaTa-
LUOHHBIM TOKazaTessiM, onpexaensomuM 3¢ dextuBHocTh npumeneHus CIIB, OTHOCATCs: CKOPOCTH BhIIIEa-
YMBAHWSA; CPEIHSS KOHIEHTPAINsI YpaHa B MPOAYKTUBHBIX PAacTBOpax; Pacxo]l pearcHra; MpOM3BOIUTEIHHOCTD 110
MPOAYKTUBHBIM PAacTBOpaM; CTEICHb M3BJICUYCHHUS ypaHa W3 HeAp; 00BEM pacTBOpa, pacXoAyeMOro Ha M3BIICUCHUE
ypaHa ¢ eIMHUIIBI TOpHOPYAHOI Macchl (oTHOMmEeHHE JXK:T).

B crarbe mpuBeneHBI pe3yNbTaThl PEIICHUS OCHOBHBIX TEXHHKO-TEXHOJIOTWYECKHX 3a/ad, ITO3BOJISIOLINX
pa3paboTaTh MHHOBAIIMOHHYK) TEXHOJIOTHIO O3KCIUIyaTallMd THAPOr€HHBIX MECTOPOXKICHHWH ypaHa: HamH ObuI
paspabotaH crnoco0 HCHOJB30BAHUS OTKAYHBIX CKBOKHH 0€3 M3MEHEHHsS WX KOHCTPYKTUBHOTO O(QOpMIICHHS B
KayecTBEe 3aKAauHBIX CKBAXKHH, HE MPEIYCMOTPEHO IpPHUMEHEHHE PSAHOM CHCTEMBI PACTONOKEHHUS 3aKadyHBIX
CKB2XHH, YTO JaeT BO3MOKHOCTH PE3KO COKPATUTh PACXOJ KAIMMTAJIOBIOXKEHHS, MPEIyCMOTPEHO NPHUMEHEHHE
OOBIKHOBEHHOHM OTKAYHOM CKBAKHHBI 0€3 M3MEHEHHS €€ KOHCTPYKTHBHOTO O(GOPMIICHHS C IOMOIIBIO «X» CIIOco0a
3Ta CKBa)KMHA MOXeT paboTaTh Kak OTKa4yHas, TaK M 3aKayHas ckBaknHa. OTKayHasi CKBakKWHa OyzaeT paboTaTh HOf
nmereM «lloprrHeBast CKBa)XHHA» B PEKUME IMyJIBCHPYIONINX MOTOKOB IIPHU MOJade XUMHYECKOTO PacTBOpa B MACCHB
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THJIPOTCHHOM 3alIe)KH ypaHa; npeaycMoTpeHa pa3paboTka criocoba MHTEHCH(UKAIMU MpoLecca BbIIEIaunBaHUs
MOJIE3HBIX KOMIIOHEHTOB, B TOM 4YKCJE ypaHa; CIOcO0 PE3KOro COKpAllleHHs pacxoja XHMHUYECKOro peareHTra
(H2S04). IIpu cymecTByoOmeil TeXHOIOTHH JA00BYN MPOAYKTUBHOTO PAacTBOpa ypaHa YIENbHBIH pacxoj CEepHOI
KHCIOTH Ha | T KoHmeHTpaTta ypana cocrapiser 1:100, T.e. Ha 1 T 10oOBYM KOHIEHTpaTa ypaHa TpeOyeT pacxon
cepHoit kucaotel 100 T.

BrinonHeHHass paboTa oOecrednBaeT 3KOHOMHUYECKYIO 3()(EKTHBHOCTh [0 IEPEYMCICHHBIM [apaMeTpamM
BBILIEJIaYMBAHUS ypaHa.

KuroueBble cj10Ba: reooTHIECKue 0COOCHHOCTH, TEOPETHUECKOE 000CHOBAaHUE, TEXHOJIOTHS, T00bIYa,
CKBO)XMHHOE TI0I36MHOE BbIIIEJIaYMBAHUE, YPaH.
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