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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 M wiiyto.

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 ofunderground 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 ofthe 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 ofthe 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
ofunderground borehole leaching ofuranium. About 25% ofthe 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
ofunderground 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

Reserves and resources

Type of deposit Category reserves B+Ci+C2 B+Ci+C2Pi
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 32 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 ofthe ore layer worked out by
the solution by the time during which a certain metal fraction is extracted from this layer. Leaching rate
Vi is related to the filtering rate Vfby a linear relationship Vi =B < Vf, where P - 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 ofthe solution to the volume
ofthe 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 1kg of metal, which is due to the reaction ofthe 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
CaCO03), 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 / | for ores with high carbonate content and 20-30 g / | for non-carbonate
ores. At the leaching stage, the concentration of sulfuric acid in working solutions ranges from 8 to
159/l

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 (aboutn * 10-5 g / | or less) and only CI", SO42-,
HCO3' CO3-, Na+, K+, Mg2+ Ca2+ SiO2are 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 U6+shape, iron is predominantly in the
shape Fe3+ and only in strongly acidic environments can Fe2+ exist. Sulfur is exclusively in form SO42-
Under certain conditions, there are VO43, SeO3-and SeO42-, Mo0O42, M0S2 ReS2

Recovery environment without H2S - water does not contain free oxygen, Eh 06bi4HO Huxe 0,48,
nHorga Huwxke Hyns. Under these conditions, iron and manganese are in the form Fe2+and Mn2+ migrate
easily. If H2S 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 U4+compounds. The presence of
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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 ofthe medium and the concentration of uranium in
water, ions may be present: UO2%*, UO20H)+, [U02(COF2 (H20)Z]22 [UO2(C0334, 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 firstten degrees.

The conditions of existence of uranium compounds in the hypergenesis zone are graphically
represented by the diagram in the parameters Eh, pH, pressure CO2, 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
b CO2the 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.

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

With noticeable ZCO2 the stability field of uranyl oxide hydrate is displaced. Such complexation
proceeds so efficiently that, at a relatively high ZCO2 value, the fields of these complexes displace the
stability field UO2 (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 Ué + If natural water contains up to
2g /1 or more carbon dioxide, then uranium migration is also enhanced.

H2S 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 ofthe water and the buffer effect of the host rocks on the pH ofthe 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 UO2S04;

colloidal solution of hydroxide composition [UO2(OH)Z]n, negative charge carrier;
- readily soluble complex carbonates composition Na4[UO2(C0O3J];

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 (4 = 1.8) and a high dielectric constant (80.0) of water [1,5,21].

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

i

nRTIna = L + TAS = L + TS

where, n - number ofions forming a molecule of uranium salt; a - saturated solution activity; L - heat of
dissolution; T - absolute temperature; AS - entropy of dissolution; Y S1 - 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
oftwo factors: the possible volume ofuranium production per unittime and the possible cost of producing
a unit ofuranium.

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

- leaching rate;

- average concentration ofuranium in productive solutions;

- reagent consumption;

- productive solution performance;

- the degree of extraction ofuranium from the bowels;

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

E. C. OpblHroXuHL H. A. Epemun2 I'. . MeTakca3, XX. H. Anuwesa3,

1ANMaThl 3HEPreTuKa XaHe 6arinaHbic yHuBepcuTeT Anmatbl, KasaxcTtaH;
2. M. Ty6KMH aTblHAArbl ¥NTTbL, MyHali XX3He ras yHuBepcutet Mackey, Peceil;
3. A. KoHaeB aTblHAarbl Tay-KeH id MHCTUTYTbI, Anmathbl, KasaxcTtaH

YPAH[AbI XEPACTbI ¥LUTbIMANAPBIH WWAVNMANAY

AHHOTaumaA. KasaxcTaH anempen el ipi ypaH €HEpK3CLUK KOpbIHbIL, WKUW3aT 6asacbiHa Me. KasaxcTaH
Pecny6nmnkacbiHbIL, >Xep KOMHayblHAa 37eMX 6GapnaHraH ypaH KOpbIHbIL, LWamaMmeH 25 %-bl 6ap. YpaH
KOpnapbIHbIL, Gipereil epekwwenT, onapabiy, 75 %-bl XXepacTbl yUrbiian wanmanayfbll, canbiCTbipManbl ap3aH X3aHe
3KONOTUANBIK XKarblHaH KONainbl TICLWIMeH euaenyi MyMKW KabaTTblK TOTbIry aimMakTapbiMeH 6ainaHbICTbl KeH
OpblHAapbIHAA WorbipnaHraH. KasakctaHga kopnap 60iibiHLIa eneyn” Xakcbl 6apnaHraH ypaH KeH OpblHAapbIHbIL,
JamblraH eHAipyLWi 3He eudeyli ypaH KyaTTapblHbIl, 60Mybl, COHAai-ak 3nemfik ypaH HapbIrbIHbIL, Ka3ipri
3aMaHrbl KOHBIOHKTypacbl KasakCTaHHbIL, ypaH eHAipy €eHepKacibiH [amblTy nNepcrnekTUBachbiH anfblH ana
ankblHOaNabI.

YpaHHbIL, TUAPOreHAI KeH OpblHAApblH NaijanaHygpll, Kasipri TeXHONOrmsnapbl HapbIKTbIK 3KOHOMMKKA
TananTapblHa cail emec: eubeK el ML NHL, TeMeHAiri, eHiMm OipniriHiy e3iHAIK >Korapbl KyHbl Ken Menwepae
TaMLWblNaHAbIpYAbl Tanan etei, TeEXHoNormsa 6acekere KabineTcis, KyLWpPT KblLWKbIMbIHbIL, WbITbIHLI Ken. YArini ypaH
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KewwTepw Kypy YLWiH rugporeHii ypaH KeH opblHAapbiH naiifanaHyabliH MHHOBALWAMbLL, TEXHONOTUACKIH 33ipiey
KaXXET >X3He e3eKTi. >XepacTbl YHrbinan waimanayabl (OK¥LU) kongaHyfblH TWIMAINITIH aHbIKTAATbIH HEri3ri
naiifanaHy KepceTKiluTepiHe MblHanap »atabl: Cinriney »XbingaMAabirbl; eHiMAI epiTiHAinepaeri ypaHHbIH opTalla
KOHLLEHTPaLMACKI; peareHTTiH WbIFbIHbI; eHIMAI epiTiHAinep G0MbIHIWA eHIMAINIK; )Xep KOoliHayblHaH ypaHabl any
[l3pexeci; Tay-KeH mMaccachbl 6ipfiriHeH ypaHabl anyraXymcanatblH epTHA W W, Kenemi (C:K| kaTbiHachl).

Makanaga ypaHHbIH TMApPOreHAi KeH opblHAapblH MaifanaHyiblH MHHOBALUSANbIK TEXHOMOTMUACLIH 33ipaeyre
MYyMKLWALW 6epeTiH Hen3n TeXHUKa/bIK-TEXHONOTMANbIK MIHAETTEPAI Lely H3TUXenepi KennpLireH: 6i3 aligay
YHrbIManapbl peTiH4e KOHCTPYKTUBMK peciMfeyiH e3repTheil, copy YHrbiManapblH NaiifanaHy TICLWIH 33ipnegik;
aiifjay yHrbiManapbiH OpHanacTbipyfblH Gipkatap XYWeciH kongaHy KesgenmereH, 6yn KanuTan Cany LWbIMbIHbIH
KYPT KbiCKapTyra MYMKiHAIK 6epefi; kapanaibiM COpY YHrbIMacblH «X» T3CifliHiIH KemeriMeH KOHCTPYKTMBTI
psamjeyLl e3repTneii KONLaHY KapacTbipblaraH, 6yn YHrbIMa COpY >3He aiiaay yHrbiMachbl PeTLle XKYMbIC iCTei
anafbl. Copy YHrbiMacbl YpaHHbIH TUAPOreHAl LIOrbIPbIHBIH MaccuBiHE XUMUAMLIK epiTiHAI 6epy KesiHge
nynbcauusnaiTelH arblH PeXWUMiHAE «MNOPLUEHAI YHrbIMa» aTbiMEH >KYMbIC HOTeATW 60onafdbl; nNaigans
KOMMOHEHTTEPAl, OHbIH iwWiHAe ypaHAbl Wwaimanay Y/epiciH KapKblHAATY T3CiNiH 33ipney; XUMUSANbIK peareHT
WbITbIHBIH KYPT KbicKapTy Tacini (H2SO4) kapacTbipbligbl. YpaHHbIH eHimgi epiTiHAiCiH eHAipyaiH Kasipri
TEXHONOrUACHI Ke3iHA4e 1 T ypaH KOHLUeHTpaTbiHa KYKIPT KbILUKbIIbIHBIH Y/IEC LWbITbIHbI 1: 100 KaTblHACLIH Kypaigbl,
AFHW ypaH KOHLEeHTPaTbIH eHAIPYAIH 1 T KYKIPT KbIWKbIIbIHbIH WbITbIHBI 100 T 601agp!.

OpblHAanraH XyMbIC ypaHAbl CLUTLIeYAlW aTanraH napaMmeTpriepi 60MblHIIA 3KOHOMMKaNbIK TLIMALW KA
KamTamachbI3 eTefi.

TYWiH ce3gep: reonormsanbiK epekLlenKTep, TEOPUANBIK HErisaey, TEXHONOTUS, eHAIPY, YHIbIMAbIK XepacTbl
cinTiney, ypaH.

E. C. OpblHroXuHl H. A. Epemun2 I'. . MeTtakca 3, XK. H. Anuwesa3s

IANIMaTUHCKUIA YHUBEPCUTET 3HEPTETUKU U CBA3M, AnMaThl, KasaxcTaH;
Pry Hedptn n raza (HNY) um. N. M. I'ybkunHa, Mockea, Poccus;
INHcTuTyT ropHoro gena um. . A. KyHaesa, Anmartbl, KasaxcTaH

MOA3EMHOE CKBAXWHHOE BbIWE/TAYNBAHWE YPAHA

AHHoTauus. KasaxcTaH o6n1afaeT KpynHeiweid B Mupe cbipbeBoii 6a30ii pa3BefaHHbIX MPOMbILIAEHHbBIX
3anacoB ypaHa. Hefpa Pecny6nmku KasaxcTaH cofepxaT 0Kofo 25% MUpOBbIX pPa3BefaHHbIX 3amacoB ypaHa.
YHVKanbHOW 0COGEHHOCTbIO 3aMacoB ypaHa ABASETCS TO, YTO 75% W3 HWUX COCPEAOTOUEHbl B MECTOPOXAEHUSX,
CBSI3aHHbIX C PErMOHaNbHBIMW 30HAMW MJACTOBOTO OKUC/IEHUs, KOTOpPble MOFYT 6bITb 0TPaGoTaHbl OTHOCUTE/LHO
OELLEBbIM U 3KOMIOTMYECKM NPEANOUTUTENbHBIM CMOCOGOM MOA3EMHON0 CKBXMHHOTO BbilenaumBaHus. Hanvuuve B
KasaxcTaHe 3HauMTeNbHbIX MO 3anacam, XOPOLLO pa3BefaHHbIX MECTOPOXAEHWI ypaHa, pasBUTbIX [06GbIBAIOLUX U
nepepabaTtbiBalOLLMX YpaH MOLLHOCTEN, a Tak)Ke COBPEMeHHas KOHbIOHKTypa MWPOBOFO pbiHKA ypaHa npegonpe-
OEeNnsT NepcrekTMBY PasBUTUS YpaHo406biBatoLLel MPOMbILINEHHOCTM KasaxcTaHa.

CyLlecTByIOLME TEXHONMOTUKU A06bLIUN 3KCMyaTaluMU FUAPOTEHHBIX MECTOPOXKAEHMI ypaHa He OTBeYaoT
Tpe6oBaHMAM PbIHOYHON 3IKOHOMUKM: HW3Kas MPOU3BOAWTENbHOCTL TPYAA, BbICOKas Ce6ECTOMMOCTb eAMHMLbI
NPoAYKUMKM, TpebyloT B GOMbLUMX pa3Mepax KamBlOXEHWUs, TEXHOMOrMSi He KOHKYPEeHTOCMOCOGHas, 6o/blune
pacxofibl CEPHOI KUCNoThl. [ns co3faHns 06pasLioBbiX YpPaHOBbIX PYAHWKOB HEOGX0AMMa W akTyanbHa paspaboTka
WHHOBALMOHHOW TEXHOMOTMM 3KCMyaTaUuuU rMAPOTeHHbIX YPaHOBbIX MECTOPOXAeHUIA. K OCHOBHbIM 3KCyaTa-
LMOHHBIM MOKa3aTensMm, onpeaensiowmm sdpeKTUBHOCTL NpuMeHeHns CIB, OTHOCATCA: CKOPOCTb Bbilena-
UMBaHUS; CPeAHss KOHLEHTpauus ypaHa B NPOAYKTUBHbLIX PacTBOpax; PacxXof peareHTa; NMpou3BOAMTENbHOCTb MO
MPOAYKTUBHbIM pacTBopam; CTeneHb WM3BMEUYEHUs ypaHa U3 Heap; 06bEM pacTBOpa, PacXofyemoro Ha W3B/euYeHue
ypaHa ¢ eJUHNLbI FOPHOPYAHOM Macchl (OTHOLLEeHMe XK:T).

B cTaTbe npuBefeHbl pe3ynbTaTbl PELUEHUS] OCHOBHbLIX TEXHWUKO-TEXHOMOTMYECKUX 3adad, MO3BOMSOWMUX
paspaboTaTb WMHHOBALMOHHYIO TEXHOMOTMI0 3KCMyaTaluu TUAPOreHHbIX MeCTOPOXAeHWUl ypaHa: Hamu Gbin
paspaboTaH CMnoco6 MCMOMb30BaHWS OTKAYHLIX CKBaXWH G€3 WM3MEHEHWS UX KOHCTPYKTMBHOMO OOPMJIEHUS B
KauecTBe 3aKauHblX CKBaXWH; He MNpeAyCcMOTPEHO MNPUMEHEHWe PSAHOW CUCTEMbl PACTONOXEHUs 3aKauHbIX
CKBaXWH, 4TO [aeT BO3MOXHOCTb PE3KO COKPaTUTb Pacxof KamuTanoB/OXEHWS; MpesycMOTPEHO NpUMeHeHne
06bIKHOBEHHO OTKauHOW CKBaXKMHbI 6€3 U3MEHeHUs ee KOHCTPYKTUBHOFO OOPMIIEHUS C MOMOLLLI0 «X» Crnoco6a
3Ta CKBaXKMHA MOXET paboTaTb Kak OTKauyHas, Tak W 3aKayHas CKBaXUHa. OTKauHas CKBaXkKuMHa GyaeT paboTaTb nop
MeHeM «[TopLUHEBAs CKBAXWHA» B PEXMMe MyNbCUMPYHOLLIMX NOTOKOB MPU Mojaue XMMUYECKOro pacTeopa B MaccuB
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TMAPOreHHOM 3anexu ypaHa; npegycmoTpeHa pa3paboTKa crnocoba MHTeHCU(MKALMK MpoLecca BblllenaunmBaHus
Mone3HbIX KOMMOHEHTOB, B TOM YMC/e ypaHa; CMoco6 pesKoro COKpalleHWs pacxofia XWMWUUYecKoro peareHTa
(H2S04). Mpu cyuiecTBytoLel TEXHOMOTMI A06LIUM MPOAYKTUBHOTO PacTBOpPa ypaHa Y/Ae/bHblli pacxop CepHoii
KUCNOTbI Ha 1 T KOHLIEHTpaTa ypaHa COCTaBAseT 1:100, T.e. Ha 1 T 406GblUM KOHLEHTpaTa ypaHa TpebyeT pacxop
CEPHOI KUCNOTbI 100 T.

BbinonHeHHass pab6oTa 06GecreuymBaeT IKOHOMMUYECKYID S((EKTUBHOCTL MO MEPeYMC/IeHHbIM MapameTpam
BblLLENIAYMBAHMS YpaHa.

KntoueBble CNOBa: reonornyeckne oCo6eHHOCTU, TeopeTnyeckoe 060CHOBaHNE, TEXHOMON S, [06bIYa,
CKBaXXMHHOE MOJ3eMHOE BblLLe/launBaHue, ypaH.
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