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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
Wranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. Relevance. Mineral deposit development is accompanied by
significant losses of water and mineral resources and increasing environmental
impact, which necessitates the implementation of localized resource saving
technological solutions. Objective. To assess the environmental and economic
efficiency of optimizing tailings thickening processes and to substantiate their
applicability at operating mining enterprises. Methods. The study applied an
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integrated methodological approach including analysis of production data obtained
from an operating mining enterprise, laboratory and pilot-scale testing of tailings
thickening processes, hydrodynamic modeling of phase separation parameters, and
a comparative environmental and economic assessment of different technological
regimes. Experimental investigations were carried out using a laboratory
thickening unit equipped with adjustable pulp feed rate, flocculant dosing system,
and variable rake rotation speed. Process monitoring was performed using modern
analytical instruments including particle size analyzers, flow meters, density
sensors, and energy consumption monitoring systems. During the modeling stage,
particular attention was given to evaluating the influence of solids concentration,
reagent dosage, and hydrodynamic operating parameters on sedimentation
efficiency and fine particle capture rate. Results and conclusions. The obtained
results demonstrate that reagent intensification combined with optimization
of operating parameters ensures a stable increase in thickened product density
and a significant reduction in suspended solids concentration in the clarified
overflow. An increase in the recovery of fine fractions containing a considerable
proportion of valuable components was achieved, which contributed to reducing
technological losses of mineral raw materials and improving the overall efficiency
of resource utilization. Expansion of recycled water reuse significantly decreased
the consumption of fresh process water and reduced the hydraulic load on tailings
storage facilities. At the same time, a reduction in specific energy consumption
associated with thickening and slurry transportation processes was observed.
The environmental and economic assessment confirmed that implementation
of the proposed technological solutions leads to lower operating costs, reduced
environmental payments, and the formation of a positive integrated economic
effect while maintaining a relatively short payback period for the modernization
of the technological process.

Keywords: resource conservation, tailings thickening, recycled water supply,
environmental efficiency, mining industry, techno economic assessment
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AnHOTanus. Ozexminiei. [lalinanel ka30anap KeH OPBIHIAPBIH UTEPY CY JKOHE
MUHEpaANJBIK PEeCypCTapblH eJeyial MIBIFBIHAAPBIMEH, COHAAl-aK KopIllaraH
opTara SKOJIOTHSUIBIK KYKTEMEHIH oCyiMeH Karap >Kypeli, Oy ®KepriiikTi pecypc
YHEMJICUTIH TEXHOJOTHMUIBIK IIENIMAepAl eHri3ymi Ttanan eredi. Maxcam.
BalibiTy KangplKTapblH KOIOJATy MPOLECTEPiH OHTAWIaHIBIPYABIH IKOIOTHUSIIBIK
KOHE HYKOHOMUKAIIBIK THIMJIUTITH Oarajay >koHe onapsl Konaaneictarsl Tay-Ken
KOCIMOPBIHAAPBIHAA MPAKTHKAJIBIK KOJJaHy MYMKIHZITIH Herizuey. ooicmepi.
3eprrey OapbIChIH/IA KSIIEH Il 9ICTEMEIIiK TICII KOJIJaHbUIIbI, OFAH KYMBIC iCTEI
TYpFaHTay-KEeHKoCIMOPHBIHBIH OHIIPiCTIK IepeKTepiH Ta1ay, 0aibITY KL ABIKTapbIH
KOIOJIaTy MPOLECTEPiH 3epTXaHaIBIK XKOHE MIJIOTTHIK KafAaiia CblHAaKTaH OTKi3y,
(azanbIK OeiHy MPOUECTEPiHIH THAPOANHAMHKAIIBIK TapaMeTpiiepiH MOJIECIbIEY,
COHJal-aK OpTYPJIi TEXHONOTHUSIIBIK PEKUMIEPIIH SKOIOTHIBIK-9KOHOMHUKAIBIK
THIMIUTITIH ~ CaJBICTBIPMAIIBI  Oaranay Kipli. OKCHEPUMEHTTIK 3epTTeyJep
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myiapna Oepy WIBIFBIHBIH, (DIOKYISIHT JI03aChIH JKOHE TpeOOK MeXaHW3MiHIH
aifHaITy BUITAMIBIFBIH PETTEYTe MYMKIHIIK OCpeTiH 3epTXaHalbIK KOKJIATKBIII
KOHJBIPFBICHIHAA  JKYPri3iiai. TeXHONOTHSIBIK KOPCEeTKITepai Oakpuiay
VIIH TYHIpIIIK eIIeMiH aHBIKTAWUTHIH aHallM3aTopiiap, IIBIFBIH OJIIETIITeD,
TBIFBI3/IBIK JaTYUKTEPI )KOHE SHEPTHs TYTHIHYABI TipKey JKyHenepi KOJIaHbUIIbL.
Monenbiey OapbIChiHIa KaTThl (ha3aHBIH KOHIEHTPALMSCHI, PEareHT NIBIFBIHBI
KOHE THUAPOIWHAMUKAIBIK PEXKHUM IMapaMeTpiepiHiH TYHIBIPY THIMIUTITT MEH
ycak AucrepcTi OemeKTepIi ycTay aopekecine acepi Oarananabl. Homuoicenep
JHcone KopulmuvinObliap. 3epTTey HOTIKENEpl peareHTTIK MHTCHCH(UKAIUSI MEH
TEXHOJIOTHSUTBIK ~ PEXKHM  TapaMeTplIepiH OHTAWIaHABIPY KOIOJaHIBIPBUIFaH
OHIMHIH TBHIFBI3IBIFBIH TYPAKTHI apTTHIPYFa JKOHE aFbI3bLIATHIH CyJa KaJIKbIMAaJIbl
OeJIekTep MOIIIepiH alTapibIKTall a3aliTyFa MYMKIHJIK OEpeTiHiH KepCeTTi.
KyH1pI KOMITIOHEHTTIH €719y ip YIeCiH KAMTHTBIH YCaK (hpaKIusIapab alry Topekeci
apTThl, OyJl MHHEpaNIBIK IIUKI3aTTBIH TEXHOJOTHSUIBIK JKOFAIYBIH a3aiThIIl,
pecypcTapasl THIMII TTaiiaaHyIbl KAMTaMachl3 eTTi. AHaIBIMIaFb! Cy/Ibl KaiiTa
nalanany yJCCiHIH YJIFalobl Ta3a TEXHOJIOTHSIIBIK Cy TYTBIHYBIH TOMEHJETIIL,
KaJIBIK KOMMAachlHA TYCETIH THAPABIMKAIBIK XYKTeMEHI a3aiTTel. COHBIMEH
KaTap KOIOJaTy JYKOHE IMyNbIaHbl THAPOTACKIMANIAY MPOIECTEePiHACTi MEHIIIKTI
SHEPIus LIBIFBIHAAPBIHBIH TOMEHACYI OalKaabl. DKOJOTHSIIBIK-9KOHOMHUKAIIBIK
Oaranay YCHIHBUIFAH TEXHOJOTHSUIBIK IICHIIMIEPAi E€HTi3y SKCILTyaTalHsIIbIK
MIBIFBIHAAPABI  JKOHE OKOJOTHSUIBIK — TOJEMACPIAi a3alThIN, TEXHOJIOTHSHBI
SHTI3YMlIH KBICKAa OTeNly Mep3iMiMEeH OH WHTETPaJibl SKOHOMHKAIBIK THIMILIIK
KaJIBINTACTHIPATBIHBIH KOPCETTI.

Tyiiin ce3nep: pecypcrapasl YHEMIEY, KaJIIbIKTap bl KOIOJIATY, aifHaIbIMIaFbl
CYMEH >KaObIKTay, KOJOTHSIIBIK THIMJLUIIK, Tay-KeH OHEPKICiOl, TeXHUKAIBIK-
HKOHOMHUKAJIBIK Oaraay
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AHHOTAUUA. AxmyarbHocms. Pa3paboTka MECTOPOXKACHUN  TOJE3HBIX
HCKOMAEMBbIX  COMPOBOXKIACTCS  3HAYUTEIBHBIMH  TMOTEPSIMH  BOAHBIX U
MHUHEpAIbHBIX PECYpCOB, a TaKXE POCTOM OJKOJOTMUECKOW HArpy3Kd Ha
OKPYKAOIIYI0 CPEY, 4TO TPeOyeT BHEAPEHUS JIOKAJIbHBIX PECYypPCOCOepEraroIux
TEXHOJIOTHUECKUX perieHuil. [/ens. OUEHUTH SKOIOTHUECKYI0 B YKOHOMUYECKYIO
3¢ (HEeKTUBHOCTh ONTHUMHU3AIMU MPOIECCOB CryIIEHUsS XBOCTOB OOOTAIICHUS WU
000CHOBaTh BO3MOXXHOCTh WX IMPAKTUYSCKOIO NMPUMEHEHHWs Ha JICWCTBYIOIIUX
TOPHOAOOBIBAIONIUX TpeanpuiTusix. Memoowvl. B wuccienoBaHuu TpPUMEHEH
KOMILJICKCHBIW ITOJIXOJI, BKIIFOYAOIINUN aHaIn3 (PaKTUYSCKUX MPOU3BOJICTBEHHBIX
JAHHBIX TOPHOJOOBIBAIOIIETO MPEAIPHUITHS, IPOBEICHUE JIA0OPATOPHBIX U
MUJIOTHBIX UCTIBITAHUHN MPOLIECCOB CTYIICHUS XBOCTOBBIX ITYJbI, MOJICTUPOBAHHE
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THJIPOIMHAMHYECKUX TapaMeTpoB (ha30BOT0 pa3AeCHHUs, a TAKKE CPABHUTEIBHYIO
IKOJIOTO-IKOHOMHUYECKYIO OICHKY Ppa3iIHYHBIX TEXHOJOTHUECKUX PEKUMOB.
DKCHepuMEeHTAaIbHBIE NCCIIE0BAaHNS BBITOIHIIUCH Ha 1a00paTOpHOM Cryaromei
YCTAaHOBKE C PEryJIupyeMbIMH IapaMeTpaMu MOAAYM IIyJbIIbI, JO03UPOBAHUS
(GIOKyNIsIHTAa W CKOPOCTH BpalleHUs TIpeOKkoBoro MexaHusma. KoHTpoib
TEXHOJIOTHYECKUX IT0Ka3aTesIeH OCYIIECTBISIICS C HCIOIb30BAaHUEM COBPEMEHHBIX
W3MEPUTENLHBIX TPHOOPOB, BKITIOYas aHAIN3aTOPBITPaHyIIOMETPHUECKOTO COCTaBA,
pacxonoMepbl, JaTYUKHU INIOTHOCTH U CUCTEMBI PETUCTPALIMH SHEPTrONOTPEOICHHS.
B xone MonenupoBaHMs OLIEHMBAJIOCH BIMSHUE KOHLEHTpaUuu TBEPIOU (a3bl,
pacxona peareHTa W THIPOAMHAMHYECKUX XapaKTEpUCTHK Ha 3((eKTHBHOCTH
OCAKACHUS U CTENCHb YJIABIMBAHUS TOHKOAMCIICPCHBIX YacTUll. Pesyromamol
U 6b1600bl. YCTAHOBJICHO, YTO ONTUMU3AIMS PEKUMHBIX MMapaMeTPOB CTYIICHUS
B COYCTAHMM C PEAareHTHOH WHTEeHCU(UKanueld oOecreynBaeT yCTOWYMBOE
MOBBIIIEHUE TUIOTHOCTH CTYHMIEHHOTO TPOAYKTA W 3HAYUTEIBHOE CHIIKCHHE
COZIepP)KaHUs B3BEILICHHBIX BEIIECTB B CIMBHOW Bozae. JlocTUTHYTO yBelnueHue
CTENIEHU U3BJICUCHUS TOHKHMX (pakiuif, coxepKalluxX 3HAYUTEIbHYIO [OJIIO
LEHHOTO KOMITIOHEHTA, YTO TO3BOJIMJIO COKPAaTUTh TEXHOJIOTHYECKHE MOTepU
CBIPbsI M MOBBICUTH 3()()EKTUBHOCTH HCIOJIB30BAHUS MUHEPAIbHBIX PECYPCOB.
Pacumpenne wucmonb3oBaHHs ~OOOPOTHOW  BOJIBI  OOECIIEUWIIO  CHHIKCHHE
noTpeOJIeHUs] CBEKEH TEXHOJIOIMYECKOH BOJBI M YMEHBLICHUE T'MIIPABINYECKON
Harpy3ku Ha xBocTroxpaHwiniie. OIHOBPEMEHHO OTMEUEHO COKpAaILIeHHE
YAETBHBIX SHEpro3arpar Ha MPOLECCHl CTYIICHHS W THAPOTPAHCIIOPTHPOBAHUS
nynbnel.  [IpoBenéHHast 9KOJIOro-3KOHOMHYECKas OLIGHKAa I[oKa3aja, YTo
BHEJIpEHHE TIPEATIOKEHHBIX TEXHOJIOTMYECKUX PEUICHUH MPUBOAMUT K CHUKEHUIO
9KCITyaTallUOHHBIX PAcXOlOB, YMEHBIICHHIO OHKOJIOTHYECKHX IJIaTeXed u
(hopMUPOBAHUIO TOJIOKUTEITHFHOTO HHTETPATIEHOTO YKOHOMHUYECKOTO 3P QeKTa mpu
CPaBHUTEIBHO KOPOTKOM CPOKE OKYITAEMOCTH.

KiroueBbie cioBa: pecypcocOepexeHHe, CrylleHHE XBOCTOB, 00OpPOTHOE
BOJIOCHA0)KEHHE,  JKoJormueckas  A(QQEeKTUBHOCTh,  TOPHOAOOBIBAIOIIAS
MPOMBIIIJICHHOCTb, TEXHUKO-9KOHOMHUYECKAasl OLIEHKA

Introduction. With increasing global demand for mineral resources,
issues of rational subsoil use are becoming increasingly important from both
an environmental and economic perspective. Increased mineral extraction is
accompanied by increased environmental impacts, including land disturbance,
waste accumulation, water and air pollution, and increased energy and water
consumption. Globally, the mining industry remains one of the most resource-
intensive and environmentally stressful sectors of the economy, necessitating the
search for balanced solutions that simultaneously ensure industrial development
and reduce the negative impact on natural ecosystems.

Modern scientific and industrial practice offers various approaches to addressing
this issue. One key area is the implementation of best available technologies for
mineral extraction and processing, which reduce waste and increase the recovery
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rate of useful components. The advantage of this approach is a comprehensive
increase in production efficiency; however, its implementation often requires
significant capital investment and the modernization of existing infrastructure.
Another important approach is the development of recycled water supply systems
and closed-loop process systems, which help reduce water consumption and
pollutant discharges. However, such solutions often involve more complex process
flow diagrams and additional operating costs (Abbas et al., 2025; Bosikov et al.,
2023; Zaalishvili et al., 2024).

Significant resource conservation potential lies in the recycling and reuse of
mining waste, including overburden and tailings. The use of waste in construction,
land reclamation, and backfill operations simultaneously addresses environmental
and economic challenges (Tananykhin et al., 2026; Myrzakulov et al., 2024).
However, the variability of waste composition, logistical constraints, and the
need for additional processing hinder the widespread adoption of these practices.
Particular attention is being paid to the digitalization and automation of mining
operations, which optimize production modes and reduce raw material losses and
energy costs. Despite their high efficiency, such solutions require a developed
technological base and qualified support (Smee et al., 2010; Kozhukhova et al.,
2018).

In this regard, the integration of environmental and economic assessment tools
in the design and development of deposits is particularly relevant. Traditionally,
the effectiveness of mining projects was determined primarily by technical and
economic indicators, while environmental considerations were fragmented.
Modern sustainable development requires a transition to ecological-economic
models that account for the total costs of environmental management, including
environmental restoration, waste management, and compensation measures. This
approach allows for a more objective assessment of the effectiveness of applied
technological solutions and facilitates long-term management decisions (Nayak et
al., 2024; Kulikova et al., 2023; Shabanov et al., 2023).

The relevance of this research area stems from the need to develop and adapt
practice-oriented resource conservation mechanisms applicable to specific mining
facilities. This issue is of strategic importance for enterprises in the mineral resource
sector of the Republic of Kazakhstan due to the significant role of the mining
industry in the national economy and the simultaneous vulnerability of natural
ecosystems in arid regions. The implementation of even localized resource-saving
solutions can provide a significant cumulative effect by reducing raw material
losses, lowering environmental charges, and optimizing production costs (Filina
et al., 2024; Tynchenko et al., 2024; Northey et al., 2016).

Thus, of scientific and practical interest is the study of the environmental and
economic aspects of resource conservation at the level of individual technological
processes and production units, which does not require large-scale enterprise
reconstruction but provides measurable environmental and economic benefits.
The objective of this study is to evaluate and substantiate local resource-saving
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solutions for mineral deposit development based on an environmental and
economic analysis of their effectiveness and applicability in production conditions.

Methods and Materials. In accordance with the stated research objective,
the experimental work was aimed at testing localized resource-saving solutions
applicable to specific process areas during mineral deposit development and
assessing their environmental and economic effectiveness under production
conditions. The overall work plan included an analysis of the mining facility's
existing process flow diagram, selecting the node with the highest specific resource
losses and environmental impact, conducting pilot tests of the resource-saving
solution, and comparatively assessing the process, environmental, and economic
indicators before and after its implementation. The authors conducted the research
at an operating mining facility using actual production data, ensuring the practical
nature of the results obtained and their significant industrial significance.

The study site was the hydrotransportation and storage of enrichment tailings,
characterized by significant water consumption and losses of the fine fraction
of the useful component. To address the local resource conservation challenge,
a modification of the pulp thickening regime was proposed using reagent
intensification and optimization of hydrodynamic parameters. The methodology
involved conducting a series of experiments on a laboratory-scale thickening pilot
plant, followed by verification of the results in a pilot plant.

The experimental studies utilized a 1.5-meter-diameter cylindrical thickener
equipped with an adjustable rake drive, an automatic flocculant dosing system,
and a thickened product density control unit. Additionally, slurry pumps with
variable feed rate, providing a variable pulp flow rate in the range of 20—60 m?/h,
were used, as well as electromagnetic flow meters. Particle size distribution was
monitored using a laser particle size analyzer, while density and solids content
were determined gravimetrically. Energy parameters were recorded using
multifunctional energy consumption analyzers, which made it possible to take into
account the resource-saving effect not only in terms of water and raw materials, but
also in terms of energy consumption, which is of significant industrial importance.

The equipment operating modes varied according to the following key
parameters: feed pulp flow rate, feed solids concentration, high-molecular-weight
anionic flocculant dosage, rake speed, and thickened product discharge depth. The
reagent dosage range was 20—80 g/t of solids, and the drive speed was 0.05-0.25
rpm. The duration of each test ensured steady-state thickening. The resulting
clarified overflow was fed into a closed water circulation system, enabling an
assessment of the potential for reducing water intake from natural sources, which
is of significant industrial and environmental significance for mining operations
in arid regions.

Experimental data processing included calculations of the water recovery
coefficient, fine particle capture rate, specific reagent consumption, and energy
costs per unit of processed pulp. The environmental and economic assessment was
conducted by comparing the avoided environmental damage, reduced water usage
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charges, and savings in fresh process water treatment with additional operating
costs for reagents and energy consumption. This approach allowed for quantitative
justification of the industrial feasibility of the proposed solutions.

The reliability of the results was ensured by the reproducibility of experimental
series, the use of calibrated measuring equipment, and the comparison of
the obtained data with actual production site data. The practical focus of the
methodology and its adaptability to existing process flow charts emphasize the
significant industrial significance of this study, which addresses the local yet
practical challenge of resource conservation in mineral deposit development.

Results. Experimental and pilot-scale studies yielded a set of results
characterizing the technological, environmental, and economic efficiency of the
proposed local resource-saving solution implemented in the tailings thickening
section. Under the initial operating conditions recorded at the start of work, the
mass fraction of solids in the thickened product averaged 48-50%, while the
suspended solids content in the discharge reached 3.8—4.2 g/L.. These indicators
resulted in increased losses of the fine fraction of the useful component and limited
the possibility of returning the clarified water to the recycling cycle without
additional post-treatment. During the experimental optimization of hydrodynamic
parameters and flocculant dosage, stable conditions were achieved, in which the
density of the thickened product increased to 58-60%, and the suspended solids
concentration in the discharge decreased to 0.9—1.2 g/L (Table 1).

Table 1. Technological, Environmental and Economic Performance Indicators of the Resource-
Saving Thickening Process Optimization.

Indicator Unit Basgline Optil.nized Change

regime regime (%)

Solids content in thickened underflow % wt. 49.2 59.1 +20.1

Suspended solids in overflow g/L 4.0 1.05 -73.8

Solids capture efficiency % 91.4 97.6 +6.8

Fine fraction recovery (<40 um) % 84.7 90.5 +6.9

Losses of valuable component kg per 1000 t ore 18.6 7.9 -57.5

Return water share in recycling system % 72 86 +19.4

Fresh water consumption m? per 1000 t ore 112 64 —42.9
Annual fresh water saving thousand m*/year — 420 —
Specific flocculant consumption g/t solids 0 58 —

Thickener drive power consumption kW 18.5 19.7 +6.5

Pumping energy consumption kWh/t solids 3.9 34 -12.8

Total specific energy consumption kWh/t solids 5.6 5.1 —8.9

Underflow density fluctuation + % 4.5 1.8 —60.0

Tailings slurry volume to storage thousand m?/year | 3,480 3,070 -11.8

Environmental damage payments €/ year 1,26 mln | 1,14 min -9.5
Operating cost increment (reagents & service) €/tore — 0.37 —
Resource saving economic benefit €/tore - 0.96 —
Integrated eco-economic effect €/tore - 0.59 —
Annual economic effect mln € / year — 3.0 —
Payback period years — 1.4 —
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The obtained results demonstrate a significant increase in the efficiency of
the phase separation process. The solids recovery rate increased from 91.4% in
the base mode to 97.6% in the optimized mode. Furthermore, the recovery of
the fine fraction (less than 40 pum) increased by 6.8 relative percent, which is of
significant industrial significance for non-ferrous metallurgy and uranium mining
enterprises, where fine fractions often contain a significant proportion of the
valuable component. The additional return of useful material to the process cycle
reduced irrecoverable raw material losses by an average of 0.42 tons per 1,000
tons of processed ore.

Reagent optimization showed that the best process parameters are achieved
with a flocculant dosage of 55-60 g/t solids at a specific rotation speed of the rake
mechanism of 0.12 rpm. At lower dosages, deterioration in effluent clarification
was observed, while further increases in reagent consumption did not result
in a proportional technological effect and were accompanied by an increase in
operating costs. Thus, a rational range of reagent intensification was determined,
ensuring a balance between technological and economic efficiency, underscoring
the applied industrial significance of the conducted research.

An important result was a reduction in specific water consumption. By
increasing the degree of clarification and involving the effluent in the recycling
cycle, the proportion of return water increased from 72 to 86%. When calculated
for the annual productivity of the study site, this is equivalent to a savings of
approximately 410,000—430,000 m?® of fresh process water. For mining companies
operating in conditions of limited water resources, including those in Kazakhstan
and Central Asia, this indicator is of fundamental industrial and environmental
significance, as it directly impacts the stability of the water management balance
and the amount of water use fees (Figure 1).

Comparison of Baseline and Optimized Thickening Regimes
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Figure 1 - Comparative performance indicators of the baseline and optimized tailings
thickening regimes.
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The energy component of the process also underwent positive changes. Despite
the additional energy consumption of the reagent dosing system, the total specific
energy consumption for thickening and subsequent hydrotransport decreased from
5.6 to 5.1 kWh per ton of solid. This reduction is explained by the increased density
of the thickened product and, consequently, the reduced volume of pumped liquid.
For iron ore, copper ore, and uranium mining enterprises, where tailings facilities
are characterized by significant hydrotransportation distances, such a reduction in
energy consumption has a significant industrial effect.

The environmental effectiveness of the implemented solution is confirmed
by the reduced load on the tailings storage facility. Due to the increased pulp
density, the annual volume of liquid phase entering the storage facility decreased
by 11.8%. This resulted in a smaller tailings storage area, reduced filtration losses,
and a reduced risk of secondary groundwater contamination. Calculations of the
prevented environmental damage showed a reduction of 9.4% compared to the
baseline operating scenario. This effect is of significant industrial significance,
particularly for companies operating near vulnerable natural areas and populated
areas.

An economic analysis demonstrated the overall positive impact of the proposed
approach. Additional costs for reagents and equipment maintenance amounted to
€0.37 per ton of processed ore. At the same time, savings from recovering the
useful component, reducing water intake, and lowering energy consumption
reached €0.96 per ton. The overall environmental and economic impact amounted
to €0.59 per ton, which, with an annual capacity of 5.2 million tons, provides
savings of approximately €3.0 million per year. Even taking into account capital
investments in upgrading the thickening unit, the payback period did not exceed
1.4 years, confirming the high industrial attractiveness of local resource-saving
measures.

Additional observations revealed increased process stability. Density
fluctuations in the thickened product decreased from +4.5% to =1.8%, simplifying
the management of subsequent hydrotransportation and storage operations. The
reduction in emergency shutdowns of pumping equipment amounted to 12%,
which is also of great industrial significance, especially for continuous production
in the mining and metallurgical complex.

The obtained results were compared with production data from similar plants
where thickening is carried out without reagent optimization. A comparative
analysis showed that the proposed approach provides higher water recovery and
sludge density at comparable operating costs. This confirms the versatility of the
solution and its potential for replication in various segments of the mining industry,
including gold mining, polymetallic ores, and rare metals.

It should be noted that even with localized implementation, the achieved effects
are systemic across the entire industry. Reduced water consumption, reduced
raw material losses, and optimized energy costs result in cumulative resource-
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saving results that impact the sustainability of the entire mining enterprise.
Such solutions are particularly significant for existing facilities, where large-
scale reconstruction is economically challenging, but there is a need for gradual
improvements in environmental and economic efficiency. Thus, the conducted
studies confirmed that optimizing tailings thickening modes using reagent
intensification and hydrodynamic equipment adjustments provides measurable
technological, environmental, and economic benefits. The obtained numerical
indicators demonstrate a reduction in resource consumption, an increase in the
extraction of useful components, and a reduction in the environmental impact.
Practical feasibility, a short payback period, and significant industrial value
allow the proposed solution to be considered an effective tool for local resource
conservation during mineral deposit development in various mining sectors.

Conclusions. The conducted research made it possible to comprehensively
assess the environmental and economic potential of localized resource-saving
solutions implemented at specific stages of mineral deposit development. Based
on the analysis of theoretical provisions, experimental studies, and pilot-industrial
testing, it was established that even point optimization of technological processes
can ensure a measurable integrated effect without the need for large-scale
modernization of mining enterprises. The study confirmed the high relevance of
combining geotechnological, hydrodynamic, and organizational measures aimed
at reducing resource losses and minimizing environmental impact within operating
production systems.

Generalization of the obtained results demonstrated that optimization of tailings
thickening regimes through reagent intensification and hydrodynamic parameter
control leads to a significant increase in phase separation efficiency. The achieved
growth in solids content of the thickened product, accompanied by a multiple
reduction in suspended solids concentration in the overflow, ensured an increase in
valuable component recovery and a decrease in irrecoverable raw material losses.
This technological effect directly influenced both production efficiency and the
rational use of mineral resources, confirming the feasibility of integrating local
process improvements into the overall resource conservation strategy of mining
enterprises.

Particular significance was established for the water management component of
the proposed solution. Increasing the share of recycled water supply substantially
reduced freshwater withdrawal, which is critically important for mining operations
located in regions with limited water resources. The reduction in hydraulic load
on tailings storage facilities, together with decreased filtration losses, contributed
to lowering the risks of secondary environmental contamination and reducing
payments for environmental damage. At the same time, the increase in pulp
density improved hydrotransport efficiency and reduced the total volume of slurry
directed to storage.

The energy assessment showed that, despite additional consumption associated
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with reagent dosing systems, the overall specific energy intensity of the process
decreased due to the reduction in pumped liquid volume. Economic calculations
confirmed the industrial attractiveness of the proposed solution: the integrated
ecological and economic effect ensured stable annual savings and a short payback
period for modernization investments.

Thus, the research substantiated that localized technological optimization of
tailings thickening processes represents an effective tool for resource conservation
in mineral deposit development. The obtained scientific and practical results
confirm the possibility of simultaneously increasing extraction completeness,
reducing water and energy consumption, lowering environmental payments,
and improving production sustainability, which together form the basis for
environmentally balanced and economically efficient subsoil use.
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