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Abstract. The practice of operating technological wells in deposits with low filtration characteristics of ores shows that over time there is a decrease in
their productivity. The aim of the study is to increase the efficiency of downhole uranium production by selecting special decolmating solutions and selecting
rational parameters of the technology of influencing the near-filter zone of the formation of geotechnical wells, improving the filtration characteristics of the
formation depending on the mineralogical composition and structure of sedimentary materials. The main method of research is the sampling of sedimentation
from the productive horizon at the uranium deposits of the Shu-Sarysu and Syrdarya depressions. Quantitative and qualitative characteristics and features of
mineral compositions were determined by the X-ray phase method. A technique was developed and laboratory experiments were performed on the processing of
sedimentation samples by the drip method using selected decolmating solutions.
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Ka3zakcTaH KeH OpbIHAAPBIHAA YPaHAbl YHFBIMAJBIK OHAIPY KeHAEpiHiH Ccy3dy CHIATTAMAJapblH KAJNbIHA

KeJITIpyAiH HHHOBALMSJIBIK dicTepi

Amnparna. Kennepi cy3iny cumarraManapbl TOMEH KEH OPbIHIAPBIH/IA TEXHOIOTUSUIBIK YHFbIMAJIAPbI HaiilallaHy ToxipuOeci yaKbIT 6TKEH CaliblH OJIapIblH
OHIMJIIITiHIH TOMCHACHTIHIH KopceTeli. 3epTTey MaKCcaThl apHalibl AEKOIbMATUPIICYIII ePITIHAIICPIl IpIKTey 5KOHE Te0TEXHOTOTHSIIBIK YHFBIMATIAP KBIPTHICBIHBIH
CY3rilI aiiMarsiHa 9Cep €Ty TeXHOJOTMACHIHBIH THIMJII ITapaMeTpIIepiH TaHjay eceOiHeH ypaH bl YHFBIMAIIBIK OHIIPYAiH THIMIUIITIH apTTRIPY, MHHEPAIOTUSUIBIK
Kypambl MEH TyHOa Ty3yllli MaTepHalIap/blH KYPbUIbIMbIHA OaliIaHbICThl KbIPTBICTBIH CY3Tilll CHIIATTaMalapblH apTThIPy OOJbIN TaObUTaAbl. 3€pPTTEYNiH HETi3ri
omicrepi Ily-Capsicy sxone Chipaapusi AeMPECCHICHIHBIH ypaH KeH OPBIHAAPBIH/IA OHIMII TOPU30HTTaH TyHOA TY31JIy ChIHaMallapblH ipiKTey OOJIbIIT TaObLIabI.
Pentrenik (ha3aibik 91iCIeH MUHEPAIAAPIbIH CAHIbIK 5KOHE CallallbIK CHIIaTTaMallapbl MEH KYPAMbIHBIH €PeKIICTIKTepi aHbIKTaIAbL. TaH1aIFaH 1eKoIMaTH3a1Hs
epITIHAIIePiH KOIJaHbII, TYHJIBIPY ChIHAMAJIaPbIH TAMIIBUIATY 9/IiCIMEH OHJICY d/licTeMeci 931pIIeH Il KoHe 3epTXaHAIIBIK TIXKIpudenep »Kypriziaui.

Tyitinoi co30ep: yneoimanapobt 6HOIpY, MYHObIPY, OeKOIMAMU3AYUANAY epimiHOICL, peHmeeHOIK (azanblk manoay, MUKPOCKONUANbIK 3epmmeynep, ypaH eHOIpy.

NHHOBALIMOHHBbIE METOAbI BOCCTAHOBJIEHHUS (PUIBTPALMOHHBIX XaPAKTEPUCTHK Py CKBAKUHHOM 100bIYM ypa-

Ha HA MECTOPOXKIACHUAX Ka3zaxcrana

AnHoTanus. [IpakTHKa SKCIUTyaTally TEXHOJIOTMYECKHX CKBaXKMH HA MECTOPOXKICHHUAX C HU3KUMH (QUIIbTPAHOHHBIMY XapaKTEPUCTHKAMHE Py/JI TOKa3bIBAET,
YTO C TEUCHHEM BPEMEHH HAOIIO[ACTCsl CHI)KEHHE UX MPOU3BOJUTEILHOCTH. 1[eIbIo HCCiIe10BaHus SIBIISSTCS IOBBIICHHE () ()EKTHBHOCTH CKBaYKMHHOM 10OBIYH
ypaHa 3a cueT moa00pa CIIeNUaIbHbIX JeKOIbMATHPYIOIIMX PACTBOPOB U BRIOOpA pallHOHAIBHBIX IIAPAMETPOB TEXHOIOTUH BO3ACHCTBUS HA IPU(HUIFTPOBYIO 30HY
IUIACTA TCOTCXHOJIOTMICCKUX CKBA)KHH, HOBBIMICHIE (HUIBTPANHOHHBIX XaPAKTEPHCTUK IUIACTA B 3aBHCHMOCTH OT MHHEPAIOrHYECKOTO COCTABA M CTPYKTYPBHI
0CaKo00pa3yIomuX MaTepuanoB. OCHOBHBIMU METOaMH HCCIICIOBAHMI SIBISAETCSI 0TOOP Mpo6 0cankooOpa3oBaHus M3 IPOIYKTUBHOTO TOPH30HTA HA YPAHOBBIX
Mectopoxaenusx Ily-Capsicyiickoii u CbIplapuHHCKii ienpeccH. PeHTreHo()a30BbIM METOIOM YCTaHOBICHBI KOJIHYECTBEHHO-KaYeCTBEHHBIC XaPAKTePHCTUKH U
0COOEHHOCTH COCTAaBOB MUHEPAJIOB. Pa3paboTana MeTOIMKa U POU3BEICHBI JIAOOPATOPHBIE OMBITHI 110 00pabOTKe MPOO 0CcaIKO0OPA30BaHHS KalleIbHBIM METOIOM
C IPHMEHEHHEeM IIOA00PAHHBIX JEKOIbMATHPYIOIIHX PACTBOPOB.

Knroueswvie cnosa: cxeasxcunnas 000viua, 0caokoobpazosanue, 0eKOIbMAMUPYIOWUL PACMEOP, PEHM2eHOPA308bll AHAAU3, MUKPOCKORUYECKUE
uccredosanus, 006viva ypana.

Introduction
Climate change due to disproportionate human

uranium mining companies. The total volume of natural
uranium production is more than 40% of the global level [5].

production activity on the planet is becoming more and more
tangible [1]. Concrete measures are being taken to protect
and preserve biodiversity and reduce the negative impact of
climate change in the World. In this regard, the recognition
of nuclear generation projects for green energy types will
double electricity generation by 2050, which will make an
important contribution to the fight against global warming
[2]. According to the IAEA research, nuclear power has a
significant potential to reduce greenhouse gas emissions
to mitigate the effects of climate change in certain regions
of Europe, Asia and Africa (IAEA) [3, 4]. The growth of
nuclear energy will lead to an increase in the demand for
natural uranium and its products. The uranium industry of
Kazakhstan, based on progressive, highly efficient borehole
extraction of uranium ores, can make a worthy contribution
to solving the issues of natural uranium supplies.
Kazakhstan has 14% of the world’s proven uranium
reserves and ranks second after Australia, with
70% of them suitable for downhole development.
Borehole development of uranium ores in the Republic
of Kazakhstan is carried out at 26 sites, united in 13

Uranium deposits in Kazakhstan are located in six
provinces: Shu-Sarysui, Syrdarya, North Kazakhstan, and
the Caspian region, Balkash, Ili regions. The first two

North-Kazakstan

Pre-Balkhash

Pre-Caspian Shu-Syrasu

syrdarya

Figure 1. Scheme of location of regions of explored
uranium deposits.
Cyper 1. BapianfaH ypaH KeH OPBIHIAPbI OHipJIepiHiH
OpHAJIAaCy CXeMachbl.
Puc. 1. Cxema pacnosnoxkeHusi periOHOB pa3sBeJaHHBIX
MeCTOPOXKACHUI ypaHa.
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Table 1
Mineralogical composition of sediments firom the uranium deposit
Kecme 1
Ypan ken opuvinsiy wiozindinepinin MunepanozusnvlK Kypamol
Taonuya 1
Mumnepanozuueckuit cocmag 0cadkos U3z MeCmopoMHcOeHus ypanda
. Syrdarya depression Chu-Sarysui depression
M 1 F 1 . .
fnerals ormuia (concentration, %) (concentration, %)
Gypsum CaSO,2H,0 52,0 81,8
Quartz Sio, 423 3,2
Potassium feldspar KAISi O, 5,7 2,2
Sillimanite AL O SiO, 12,8

provinces, located in the northern part of the country, are
currently producing oil. Kyzylorda and Turkestan regions.
They are shown schematically in Figure 1.

Downhole mining of minerals, in particular uranium,
involves the dissolution of the useful component by amoving
flow of solvent at the location of the ore body, followed
by the removal and lifting of the formed compounds to
the surface [6]. The positive aspects of using sulfuric acid
solutions at enterprises in Kazakhstan are its low cost,
widespread use in the national economy, and the possibility
of complete dissolution of uranium mineralization [7].
However, there are negative aspects, such as the high
reactivity of the interaction of sulfuric acid with carbonate
and clay minerals of ore-bearing rocks. When sulfuric
acid interacts with carbonate minerals, gypsum is formed,
and clay minerals swell and increase in size, these factors
prevent the leaching process [8].

Difficult-to-dissolve sediments and swollen clay
particles in the productive horizon increase hydraulic
resistance and form impenetrable sections of geochemical
barriers that overlap the solution flow lines. As a rule,
decrease in the filtration characteristics of the productive
horizon leads to a decrease in the uranium content in the
productive solution, and a decrease in the flow rate and the
period of uninterrupted operation of wells. This increases
the development period of technological units, as a result
of which the consumption of sulfuric acid, electricity, and
other operational components increases [9, 10]. In some
cases, it is necessary to carry out costly, heavy complex
treatments using drilling rigs, including washing, chemical
treatment, swabbing and compressor pumping.

Laboratory research methods

Detailed determination of the physical and chemical
characteristics of sediments will make it possible to
develop more effective reagents and methods for restoring
the filtration characteristics of ores in the borehole zone
of the formation, ensuring an increase in productivity
and uninterrupted operation of geotechnical wells. To
determine the quantitative and qualitative characteristics of
sedimentation, sediment samples were taken from the Shu-
Sarysu and Syrdarya depressions.

X-ray diffractometric analysis was performed on an
automated DRON-3 diffractometer with Cu, -radiation,
p-filter. Conditions for shooting diffractograms: U =35 kV;
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1 =20 mA; shooting 6-26; detector 2 deg/min. X-ray phase
analysis on a semi-quantitative basis was performed based
on diffractograms of powder samples using the method
of equal weightings and artificial mixtures. Quantitative
ratios of crystal phases were determined. Interpretation
of diffraction patterns was carried out using data from the
ICDD card file: Powder diffraction data base PDF2 (Powder
Diffraction File) and diffractograms of minerals free of
impurities. For the main phases, the content was calculated.
Figures 2 and 3 show diffractograms of samples in which
crystal phases were identified by the radiation intensity.

Research results

According to X-ray phase analysis, the sediments have
high crystallization in several phases. B Table 1 shows the
results of X-ray phase analysis of sedimentation from the
Shu-Sarysu uranium deposit and The Syrdarya depression.

Table 1 shows that the basis of the sample from the
Syrdarya depression deposit was made up of chemical
compounds Ca(SO,)(H,0), (52%) and SiO, (42%),
minerals — gypsum and quartz. About the steel part of the
sample is potassium feldspar (5,7%). The characteristics
of samples from the Syrdarya depression indicate a
combined origin of sedimentation, chemical-gypsum,
and mechanical-quartz and potassium feldspar. The bulk
of the sample from the Shu-Sarysu depression consists
of the chemical compound Ca(SO,)(H,0), (81,8%), the
mineral gypsum. The rest of the sample consists of quartz
(3,2%), potassium feldspar (2.2%), sillimanite (12,8%).
The data of the samples of the Shu-Sarysu depression
show the predominance of the chemical origin of gypsum
sedimentation and the presence of mechanical impurities
of quartz and potassium feldspar.

Analysis of X-ray images of samples from different
deposits shows that the main sedimentary component of
colmatant is calcium sulfate CaSO,2H,0. In this regard,
it can be said that the main cause of colmatation is the
interaction of a leaching solution of uranium leaching with
calcium carbonate, which proceed according to the formula:

CaCO, + H,50,=CaSO0,| + H,CO,

For effective destruction and prevention of such
sedimentation, it is necessary to develop a decolmating
solution using hydrofluoric acid with the addition of
surfactants with complexing properties. To improve the
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solubility, sulfamic acid was used as a surfactant, which
has the properties of lowering pH and binding metal ions.

Laboratory experiments on the selection

of chemical reagents

Experiments on the treatment of sediments were carried
out on samples from the same sample with different
compositions of chemical reagents of decolmating
solutions. To determine the effective composition of
the solution, the most solvent properties were selected.
The experiment included treatment with a solution of
ammonium bifluoride (5,0%) and sulfuric acid (10,0%),
Surfactant (1,0%) and industrial water (84%). The choice
of ammonium bifluoride as the main component is due to
its high ability to exchange reactions with mineral acids
(sulfuric, hydrochloric, nitric acids) and the formation of
hydrofluoric acid according to the formula:

NH HF,+ H,S0,= NH SO, + HF.
CaSO,2H,0 + 2HF = CaF, + H,SO,+ 2H,0.

CaAl,SiO, + 16HF = 2AIF, + 2SiF, + 8H,0 + CaF,

6HF + Si0, = SiF ,+ 2HF + 2H.0.

As a result of the interaction of hydrofluoric acid
with sedimentation, both the colmatant and part of the
terrigenous component of the sands are dissolved, which
increases the effective porosity of the ore block massif.
The addition of surfactants increases the interaction of
hydrofluoric acid with sedimentary minerals. At the
same time, hydrofluoric acid is completely utilized due
to the large amount of quartz contained in the sands.

Discussion of the results of laboratory tests

After carrying out laboratory experiments on the
processing of samples by the drip method with a different
composition of decomposing solutions, the sedimentation
was dried at room temperature. A scanning electron
microscope was used for a detailed examination of the
sample surface. A comparative analysis of the images after
processing with a particular solution and comparing it
with the original image allowed us to visually establish the
effectiveness of the composition of the decollating solution.

Images of the precipitation surface before and
after treatment with various solutions were recorded
using a high-resolution analytical scanning electron
microscope. It is manufactured for a wide range of
research tasks and quality control at the submicron
level of Tescan MIRA 3 FEG-SEM. SEM TESCAN
MIRA electron column, electron source: Schottky auto-
emission cathode. The energy range of the electron
beam incident on the sample is from 200 eV to 30 keV
(from 50 eV with the option of braking the BDT beam).
To change the beam current, an electromagnetic lens is
used as an aperture changer. Beam current: from 2 nA
to 400 nA with continuous adjustment. Maximum field
of view: more than 8 mm at WD = 10 mm, more than
50 mm at maximum WD. Electron column resolution,
high vacuum mode 1.2 nm at 30 keV, detector SE. 3.5
nm at 1 keV, In-Beam detector SE. 1.8 nm at 1 keV,
beam braking option BDT. Figure 4 shows images

of samples from the Syrdarya and Shu-Sarysu depressions
before and after treatment with special solutions.

It can be seen from Figures 4a and 4b that the surface
of the initial sample is formed of dense lamellar crystals
with sizes from 5 um to 30 um with a characteristic frame
structure without breaks and cracks in the body. The crystal
shapes are elongated with a chaotic arrangement and
uniform surface relief. It can be seen from Figures 4c and 4d
that after treatment with decollating solutions, there was a
noticeable destruction of the structure and a change in the
shape of crystals with a decrease in their size and density
with the formation of small loosened flakes. It can be seen
the rounded edges of the crystals and the formation of cracks
in the bodies. The arrangement of crystals has become less
dense with the formation of voids and gullies in the pore
space. Partial dissolution of the sample is noticeable, the
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SEM HV: 10.0kV.
View fleld: 131 pm :
SEM MAG: 3.87 kx _ Date(midly): 07/01721

SEMHV:100kV  WD:11.18mm |
View fleld: 108 ym [
SEM MAG: 4.72 kx _ Date(midy): 07/02721

SEM HV: 10.0kV.
View field: 93.7 ym E
SEM MAG: 542 kx _ Date(midly): 07/01/21

Figure 4. Image of surface samples of Syrdarya and Shu-Sarysu depression:
a and b — initial samples; c and d — after the experiment.
Cypert 4. Coipaapus koHe Illy-Cappicy nenpeccusichl CbIHAMAJAPBIHBIH YCTIiHTi OeTiHiH OeliHeci:
a ’KoHe b — 6acTankKbl cbIHAMAJIAP; ¢ sKoHe d — TIKipuOeaeH KeuiH.
Puc. 4. M300pa:xenue nopepxHoctu npod Cripaapbunckoii u llly-Caproicyiickoii nenpeccumn:
a u b — ucxogHbIX NpPo0; ¢ U d — mocJie onbITA.

crystal sizes decreased from 30 pm to 15 um. This is due
to the dissolution of part of the sample in hydrofluoric acid.

The application of the decollating solution must be
carried out according to a special method on special
technological equipment. The innovative method
provides for the treatment of the filter area of the well
with a decomposing solution directly and the maximum
destruction and prevention of sedimentation in the
formation. The method provides an increase in the
productivity of operational units and the completeness
of metal extraction from them by removing and
preventing sedimentation in a porous medium. In
addition, a reduction in the specific costs of sulfuric
acid, electricity, labor costs and other production costs
is achieved in the process of borehole extraction of
uranium from various mining and geological blocks.

Conclusions

The quantitative and qualitative studies of the
sedimentation composition of the deposits of the Shu-
Sarysu depression indicate that the main part of the sample
is gypsum (81,8%). The rest of the sample consists of quartz
(3,2%), potassium feldspar (2,2%), sillimanite 4/,0,-SiO,
(12,8%). The basis of the sample of the Syrdarya depression
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