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ABSTRACT

This paper analyses the experience uranium deposits mine development under conditions of
highpressure nature of groundwater proposed technology "pumping wells" and upgrading
technological scheme unit receiving and distribution of the solution. The results of experimental
study of the use of "pumping wells" in mining deposits of uranium by in-situ leaching mine
"Karatau". It is proved that by using the proposed technology and circuits under conditions of the
high groundwater pressure reduces the cost of procurement of cables, significantly reduced the
cost of acquisition of submersible pumps, savings in the end cap. In practice, one processing unit
is equipped with one unit for receiving and distributing the solution, therefore, a leaching
solution with the same acidity is supplied to all injection wells. To avoid such cases requires
selective supply of different concentrations of acid with the different indicators pH. The
modernization of the scheme of the unit for receiving and distributing the solution was carried
out by connecting two bypass lines, where one bypass line is designed to transfer the injection
wells to the pumping one, and the second one is to transfer the pumping wells to the pumping
one. By connecting the two bypass lines, it will be possible to supply a leach solution with a
higher acid concentration, selectively to any injection well. As a result, acid consumption will
decrease due to its selective supply and pH values in wells will be balanced.
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Introduction

According to the IAEA about 19% of the world's
known uranium reserves are concentrated in the
Republic of Kazakhstan. The total reserves and
resources are estimated at 1,610 thousand tons of
uranium, including the reserves of industrial
categories (B + C1 + C2) amount to 920 thousand

tons [1].

A unique feature of uranium deposits in the

the most advanced, relatively cheap, and
environmentally preferable method of in situ
leaching (ISL). In situ leaching (ISL), also known as
solution mining involves leaving the ore where it is
in the ground and recovering the minerals from it
by dissolving them and pumping the pregnant
solution to the surface where the minerals can be
recovered. Consequently, the soil cover is almost
not disturbed, no tailings and waste rock are
formed.

Republic of Kazakhstan is that 75% of them are
concentrated in rocks associated with regional
zones of formation oxidation. This type of deposits
is not widespread in the world. It is developed by

One of the stages of development of reserves
in the operational unit is a technological step,
which includes three stages.
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e Ore deposit acidification - supply of working
solutions to the ore-bearing horizon in order to
change its state and ensure the conditions for the
transition of uranium into solution.

¢ Active leaching - formation and extraction of
productive solutions from the block.

e Modification of operating units (additional
leaching, “washing” of uranium) is the final stage of
uranium mining, which is characterized, as a rule,
by a decrease in the uranium content in productive
solutions [2].

When mining blocks at the stage of active
leaching, the hydrodynamic equilibrium (balance)
of the injected and pumped-out solutions must be
strictly observed, both for individual production
cells, as well as for blocks and areas [3]. In this case,
as a rule, provided optimal solutions hydrodynamic
filtering mode in block circuit. In the development
of deposits in the conditions of high-pressure
nature of groundwater, ensuring optimum
hydrodynamic filtering mode solutions unit circuit is
very difficult. With an imbalance towards pumping
(negative balance, pumping exceeds pumping),
productive solutions dilute due to the pulling up of
formation water due to the block contour. The
imbalance in the direction of pumping (the positive
balance exceeds injection pumping) leads to the
exit of process solutions beyond ore deposits. Thus,
there is a uranium loss due to the spreading and re-
sedimentation, increased consumption of leaching
reagents. It should also be noted that the
unbalance solutions in operational blocks may
occur overflow of process solutions between
adjacent blocks. This significantly complicates, and
often makes it impossible to account for uranium
production by block (calculation of the movement
of reserves) [4].

Hydrodynamic  equilibrium (balance) for
individual production cells, blocks and sections is
established because of data from measurements of
production rates of pumping wells and injectivity of
injection wells. As a result of mudding, the flow
rates and injectivity of wells can vary significantly
[5]. Therefore, timely measurements and repair
and restoration work is very important to ensure
the balance of injected and pumped out solutions.
In connection with the above, the studies carried
out in this work are quite relevant.

As is known, the main factors when using the
method of in-situ leaching are projection of the ore
deposit to the surface that determines the location
of the wells and infrastructure, the specified
productivity of the processing complex and the
number of pumping and injection wells. Thus,

binding process begins with arrangement of wells in
the upper portion of the exhaust well submersible
pump, which is the cause of the borehole drilling
large diameter "plant around" the larger diameter
pipes to equip the upper end of the well head part
correspondingly more expensive. In addition,
electric cables are laid to the location of the
technological unit and each well from the
transformer substation and from the distribution
units of solutions. All of these additional costs is
inevitable because of pumped well location
identified the morphology of the ore body and the
need to define solutions underground vector of
their movement with the use of a submersible
pump [6,7].

Experimental part and discussion of results

The experimental unit is located in the section
Ne2. The area of the block is 40,500 square meters,
the ore is represented by hard rocks, the thickness
of the aquifer is 8-12 m, the depth is 670 m. The
experimental block has 30 injection wells, 14
extraction wells, the distance between the injection
and extraction wells is 30 meters. An in-line
autopsy scheme was adopted. Drilling is carried
out with the drilling machine BFU-1200m (mobile
drilling unit). Extraction wells are constructed in the
injection format, as shown in Figure 1, cased with
89 mm PVC (poly vinyl chloride) pipe, filter - KDF
118. To carry out experimental work, an improved
scheme for connecting technological wells was
proposed (Figure 1), the essence of which is the
extraction of pumping wells in the injection format;
near the transformer substations with a depth of
50-100 meters, "pumping wells" are being built,
equipped with a blind filterless column, in which
submersible pumps are located. The total power of
the pumps is equal to - optimal with a traditional
piping scheme [8].

Pumping wells connected to the extract hose
and constitute a system of communicating vessels.
Apparently, a necessary condition in this case
should be - a positive head of groundwater above
the surface and the location of the pump below the
dynamic level. The minimum number of such
“pumping wells” is one per processing unit [9].

In this case, the flow rate in the extraction wells
is regulated by means of shut-off equipment. The
use of "pumping wells", along with a direct
economic effect, makes it possible to use any
combination of injection wells in the functions of
pumping wells at different stages of block
development.
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In the new technical solution, adding "pumping
wells" to the piping, we create conditions that do
not require a pump and infrastructure for it to be
located at the desired point of the block; the
necessary vector of formation water movement at
such a point is created remotely, using "pumping
wells". This radically optimizes the operation of the
system (at any time, you can use any wells in any
ratio, both pumping and injecting ones,
constructing them in a pumping-only format),
reducing the cost of underground leaching and
reducing uranium losses by developing "stagnant"
zones.

HVTL | Proposed block diagram Extraction wells
.

o —Injection wells

TNRDS

ectrical transmission line
node reception and
n

Figure 1 - Experimental scheme of binding the unit

To implement the proposed technology, it
is necessary to modernize the scheme of the
solution receiving and distribution unit (Figure 2).
The main goal of the modernization of the scheme
is to supply the leach solution to the wells with
different acid concentrations, to minimize the
difference in pH values in the wells, as well as other
parameters for compiling the leach balance. The pH
index is of particular importance in the extraction
of uranium by the in situ leaching method [10].

For effective leaching, we need to achieve a pH in
the range of 1.5 - 2, where natural uranium
dissolves much better in this environment, but it is
not always possible to achieve a simultaneous or
gradual decrease in pH in all wells. One of the
reasons is the close location of previously operated
and new technological blocks, namely, wells that
are in close proximity to the wells of old blocks
have a lower pH value than wells located far from
the already acidified technological block.

In practice, one processing unit is equipped with
one unit for receiving and distributing the solution,
therefore, a leaching solution with the same acidity
is supplied to all wells. To avoid such cases,
selective feeding with different acid concentrations
is required considering different pH values. By
making small changes to the scheme of the unit for

receiving and distributing the solution, it is possible
to supply the leaching solution with different
acidities.

1.

if ‘ Connection of two
it LTl bypass lines

Figure 2 - Proposed scheme unit
distribution of solution

reception and

The modernization of the scheme of the unit for
receiving and distributing the solution was carried
out by connecting two bypass lines, where one
bypass line is designed to transfer the injection
wells to the extraction one, and the second one is
to transfer the extraction wells to the injection one.
By connecting the two bypass lines, it will be
possible to supply a leach solution with a higher
acid concentration, selectively to any injection well.
This can be avoided above problems.

As a result of the application of the proposed well
piping scheme, the costs of purchasing cable
products are reduced many times, the costs of
purchasing submersible pumps are significantly
reduced (the cost of a more powerful pump is
much less than the cost of several of the same
power), and funds are saved on the end caps.
Modernization of the scheme of the unit for
receiving and distributing the solution will allow to
reduce the consumption of acid due to its selective
supply and balance the pH values in the wells.

Conclusions

In the new technical solution - adding "pumping
wells" to the piping, we get a system of
communicating vessels, which does not require a
pump and infrastructure for it to be located at the
desired point of the block; the necessary vector of
formation water movement at such a point is
created remotely, using pumping wells. This
radically, ultimately optimizes the operation of the
system (at any time you can use any wells in any
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ratio, both extracting and injecting ones), thereby
working out stagnant zones in the area of blocks
and increasing the percentage of block
development - without additional costs for drilling
wells and building the necessary infrastructure.
Technically, these possibilities are realized using a
"bypass" piping line directly in the building of the
receiving and distribution unit.

The investment effect from the introduction of
the new technical solution in the process of

to achieve cost savings for the implementation of
mining and preparatory work (piping of wells of
technological blocks).
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TYRIHAEME

Byn KymbiCTa ep acTbl Cy/napblHbIH, XOfapbl KbICbIMAbI CUMATTaFbl KaffanblHAA YpaH KeH
OpbIHAAPbIH Urepy Taxipubeci TangaHFaH, «COPFbl YHFbIMANAPbI» TEXHONOTMACHI XKIHE epiTiHAiHI
Kabblngay KaHe TapaTy KOHAbIPFbICbIH KaHapTy (mogepHu3aumanay) cbizbacbl YCbIHbINFaH.

Makana kenai: 30 kaymap 2021 «KapaTay» KeHiwiHae yHFbIManapapl *KepacTbl Waimanay a4iCiMeH ypaH KeH OpbiHAAPbIH Urepy

PevueHseHTTeH oTTi: 15 aknax 2021
KabbingaHapl: 24 aknaH 2021

Ke3iHAe «COPfFbl YHFbIMANApPbIH» KONAAHYAbl SKCNEPUMEHTTIK 3epTTey HITMXenepi KenTipinreH.
YCbIHbINFAH TEXHONOMMA MeH Cbi36aHbl ep acTbl CyNapblHbIH, XOfapbl KbICbiMAbl CUMATTafbl
)KafoaWbliHOA KONZaHFaH Ke3ge Kabenb eHiMAepiH caTtbin  anyfa KeTeTiH  LWbIFblHAAP
a3anATbIHAbIFbLI, CY aCTbl COPFbINAPLIH CaTbIN aNyfa KETeTiH LWbIFbIHAAP eAaYip a3anaTbIHAbIFbI KaHe
YHFbIMa 6acblHa KyMcanaTblH KaparkaT yHemaeneTiHAiri fanenpeHai. Toxipubene 6ip
TEXHOMOTMANBIK BNOKTa 6ip faHa Kabblngay KoHe TapaTy KOHAbIPFbiCbl 60nafbl, COHABIKTAH
6apnblK aaay yHFbIManapbiHa Wwarimanay epitiHaici 6ipaeit KblwKkbinapikTa 6epineai. OcbiHAaN
Kafparnapabl 6onabipmay  YWiH ipiKTen KplWKbINAbl 3P TypAi KOHUeHTpauusnapmeH pH
KepceTKilwiHe baiinaHbIicTbl 6epy KaxeT. Kabblngay XKaHe TapaTy KOHAbIPFbICbIHbIH, KaHapTblaFaH
cbi3bacbl eki barnacTbl MHMANApAbl 6ip-bipiHe »Kanfay apKpblabl iCKe acTbl, OHAAfbl 6ip Halnac
JIMHUACHI aiifay YHFbIManapblH COPFbIll YHFbIMaNapbiHa aybICTbipy YLiH, an eKiHWici copfbiw
YHFbIManapblH anlfay yHfbiManapbiHA aybICTbipyFa apHanfaH. Eki 6alinac AnHuAanapbiH Kocy
apKbl/ibl WaKmanayLbl epiTiHAiHI }KoFapbl KOHLEHTPALMANAHFAH KblLUKbIIMEH Ke3 KeareH aingay
YHFbIMAcbIHA ipikTeMeni Typae xibepyre 6onaapl. HoTuxKeciHAE KbIWKbINAbIH, WbIFbIHBI a3anabl
»KaHe pH KepceTKili 6apblK COpFbil YHFbIMANAPbIHAA TEHrepineai.

TyihiH ce3gep: epacTbl LialiManay, »Oofapbl KbICbIMAbl CUMMNAT, «COPFbl YHFbiManapbi», pH

KepceTKilli.

Aemopnap mypanel aknapam:

- TexHUKa folaeiMOapbiHelH 00Kmopsl, H.B. MenbHUKO8a amblHOGFbl Hep KOUHaybiH KeweHOi
ueepy npobaemanapsl uHcmumymel, Peceli foinbiM  akademuscel, Mackey, Pecel;
https://orcid.org/0000-0002-3699-8322, Email: alsamat@gmail.com

Anues Camam bukumaesuy

- Satbayev University PhD dokmoparHmel, Aamamei, KazakcmaHn; https://orcid.org/0000-0003-

Omapbekoe EpHyp Ypaszanuesuy 1317-1303, Email: 13s_yernur88@mail.ru; y.omarbekov@stud.satbayev.university

—— 43 ——


https://doi.org/10.31643/2021/6445.05
https://orcid.org/0000-0002-3699-
https://orcid.org/0000-0003-1317-
https://orcid.org/0000-0003-1317-

Complex Use of Mineral Resources. Ne1 (316), 2021 ISSN-L 2616-6445, ISSN 2224-5243

MopepHu3sauma cxembl y3na npuema u pacnpeaeneHma pactsopa B yCa0BUAX

BbICOKOHAMOPHOIO XapaKTepa noAa3eMHbiX BOA,

*
1Anues C.B., ¥ Omap6ekos E.V.
1 lHcmumym npob6nem KomnnekcHo20 oceoeHus Hedp um. akademura H.B.MenbHukosa Pocculickoli akademuu Hayk UIMKOH PAH,
Mockea, Poccua

2Satpayev University, Aamamel, Kazaxcman

* dnekmpoHHaa noyma aemopa: 13s_yernur88@mail.ru; y.omarbekov@stud.satbayev.university

AHHOTALMUA

B AaHHoi paboTe NpoaHann3vpoBaH OMbIT Pa3paboTKN YPaHOBOTO MECTOPOXKAEHUA B YCNOBUAX
BbICOKOHAMOPHOTO XapaKTepa NoA3EMHbIX BOJ, NPEAJIOKEHbI TEXHONOMMUA KHACOCHBIX CKBAKMUH»
M CXeMa MOAEpHM3aLMM y3ia npuema u pacnpegeneHus pactsopa. MNpuseseHbl pesynbTaTbl
9KCMEPUMEHTA/IbHbIX  UCCNef0BaHUM MPUMEHEHUA «HACOCHbIX CKBaXXMH» npu oTpaboTke
MECTOPOXKAEHUI ypaHa METOAOM MOA3EMHONO CKBAXKMHHOTO BblLENAYMBAHMA Ha PyAHUKe

Cratbs noctynuna: 30 sHeapa 2020 «Kapatay». [lokasaHa, 4To Mpv UCMO/Ib30BAHWMM NPeLIaraemMoi TEXHOIOTMM U CXEMbI B YCIOBUAX
PeueHsvposaHue: 15 geapans 2021 BbICOKOHAMOPHOTO XapaKTepa MOA3EMHbIX BOZ YMEHbLIAIOTCA 3aTpaTtbl Ha 3aKymnKy KabenbHoW
MpuHATa B Nevatb: 24 hespans 2021 NPOAYKUMM, CYLLECTBEHHO YMEHbLUAKOTCA 3aTpaTbl Ha MNpUOBpPEeTeHMEe MOrpyMKHbIX HACOCOoB,

SKOHOMATCA CPeACTBAa Ha OroNOBHMKaX. Ha npakTMKe Ha OAMH TEeXHONOrMYeckuin 6nok
YyCTaHOBNEH OAWMH y3en NnpuemMa M pacrnpedesneHnA pacTBopa, MNOITOMY Ha BCe 3aKauHble
CKBaXXMHbl MOJAETCA BbILLESAYMBAIOWNIA PACTBOP C OAHOM M TOW Ke KUCAOTHOCTbIO. Bo
nsberkaHne Takux cnyvaes, TpebyeTcA BbIOOPOYHAA Mofa4a C PasHbIMU  KOHLEHTpauuAMMU
KMCNOTbl C Y4eTOM pasHbIX MOKasaTenei pH. MopgepHM3auma CxXembl y3en npuvema U
pacnpepeneHus pactsopa bblna ocyLecTBieHa 3a cHeT coeaMHeHUA AByX 6alnacHbIX IMHWIA, rae
oaHa bainacHas NMHWMA NpefHasHayeHa A1 NepeBOAa 3aKaYHbIX CKBAXKMH B OTKayHylo, a
BTOpas-A/1A NepeBoAa OTKAYHbIX CKBAXKMH B 3aKauHyto. CoeanHAA ABe 6alinacHble IMHWUU, MOXHO
bypeT nopaBaTh BbllENauMBaloWMin pactBop C 60/see BbICOKOW KOHUEHTpauuWen KucaoTbl,
BbIGOPOYHA Ha NtOBYI0 3aKauHyl CKBaKMHY. B pesynbTaTe CHU3WTCA pacxof KWUCAOTbl 3a cyeT
Bbl6OpOYHO ee nogaumn n cbanaHcupytoTca pH nokasaTenu B CKBarKMHax.

Knroueswle cnoea: [0oA3€MHO-CKBaXXMHHOE BblleNaunMBaHWe, BbICOKOHAMOPHbIW XapakTep,
«HACOCHbIE CKBAXKMHbI», NOKasaTesb pH.
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