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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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https://www.webofscience.com/wos/author/record/1939201
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www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681
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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,
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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. The formation of dredged soil massifs as a result of
hydraulic and mining operations leads to the accumulation of large volumes of
technogenic material that influences environmental safety while simultaneously
representing a potential mineral resource for industry. Insufficient knowledge
of their engineering geological and ecological properties limits the efficiency of
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their economic involvement and secondary industrial utilization. Objective. To
summarize and systematize the patterns of formation, material composition, and
engineering behavior of dredged soil massifs and to substantiate directions for their
rational industrial development from the standpoint of resource conservation and
environmental safety. Methods. The study employed field surveys, drilling and
sampling, laboratory determination of granulometric and mineral composition,
strength and filtration characteristics, geoecological contamination assessment,
and mathematical modeling of engineering properties. Results and conclusions.
The conducted research demonstrated that dredged soil massifs are characterized
by a specific granulometric composition dominated by sandy and sandy-loam
fractions, which determines their favorable engineering-geological properties and
technological suitability for industrial use. Laboratory investigations confirmed
satisfactory density, strength, and deformation parameters, allowing these soils
to be considered a promising secondary geomaterial for the construction and
mining industries. It was established that the values of internal friction, cohesion,
and deformation modulus provide sufficient bearing capacity for the use of
these soils as foundation materials for engineering and infrastructure facilities
after standard engineering preparation. Geoecological assessment revealed
that the concentrations of mobile heavy metals and other potentially hazardous
contaminants remain within permissible limits established for industrial territories.
This confirms the environmental acceptability of involving dredged soils in
economic circulation and indicates the absence of significant risks of secondary
environmental contamination during their industrial utilization. The feasibility of
applying dredged soils in the construction sector, mining industry, and hydraulic
engineering has been substantiated, including their use in foundation engineering,
the formation of artificial platforms, and land reclamation projects. The study
also emphasizes the importance of integrated management of technogenic
soil resources as a key factor in improving resource efficiency, environmental
sustainability, and rational use of geological materials.

Keywords: dredged soils, resource potential, industrial utilization, engineering
geological properties, environmental safety, construction and mining industry
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AHHoOTaumMs. Ozexminici. [uapoMexaHu3alMsUIaHFAH  KOHE  Tay-KEH
OHEPKACiO1 KYMBICTAPBIHBIH HOTHXKECIHJE KYBUIATHIH TONBIPAK MACCHUBTEPiHIH
KaJIBINTACYbl ayMaKTapJblH 3KOJOTHSUIBIK KayilCi3JiriHe ocep eTeTiH JKOHE
COHBIMEH Oipre ©HEepKocil YIIIH oJeyeTTi MHUHEepPaAbIK-IINKI3aT PecypChbiH
O1nipeTiH TEXHOTCHIIK MaTepUaiblH e19yip KOJIeMiHiH JKUHAKTAITybIMEH Karap
xypeni. OnapablH HHKCHEPIIK-ICONOTHSIIBIK JKOHE DKOJIOTUSUIIBIK KACHETTePiHIH
KETKIIIKCI3 3epTTelyl apyambUIbIK TapTyAbIH JKOHE KalTa ©HEPKOCINTIK
naijanaHyubly —THIMIUICIH — mekredai. Maxcam. JKybuiaTblH — TOTIBIpaK
MacCCHUBTEPiHIH KaJbIIITACYbIHBIH, MAaTEPHAIABIK KYpaMbl MEH HHKCHEPIIIK MiHE3-
KYJIKBIHBIH 3aH/IbUTBIKTAPBIH XKaJITIbLIAY )KOHE )KYHeIIey )KoHe O1apAbl pecypcTap/bl
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YHEMJIEY JKOHE SKOJOTHSIIBIK KAyiNCi3[iK TYPFBICBIHAH YTHIMJIIBI ©HEPKOCIMTIK
urepy OarbITTapblIH Heri3aey. Odicmepi. Jlananblk 3eprrey, Byprbiiay cblHaMachl,
IPaHyJIOMETPHSIIBIK JKOHE MUHEPAIOTHSUIBIK KYpPaM/bl 3€pPTXaHANBIK aHBIKTAY,
OEepiKTiK XKOHE Cy3y cumarramajiapbl, COHAal-aK JIACTaHYIbl T'€0IKOJIOTHUSIIBIK
Oaranmay JKOHE HWHKCHEPIIK KAacHeTTepAi MaTeMaTHKAJIBIK  MOJAECIBILY
omicTepi KONNaHBUIABL. Homuoicenep men KopvimuiHObLiap. JKyprizinreH
3epTTeyJep HAMBIBTHI TOINBIPAK MAacCHUBTEpl TI'PaHYJIOMETPHSUIBIK KYPaMBIHBIH
CpEeKIICTIKTePIMEH CHUMATTaJaThIHBIH KOPCETTi, OHJa KYM JKOHE KyMJIaK
¢dpakuusuiapsl 6ackiM Oonbin Kesemi. MyHIail KypbUIBIM OJapIblH KOJTauibl
MH)KEHEPITIK-TeOJIOT HSITBIK KACHETTEPIH aHBIKTaH bl )KOHE OHEPKACINITIK MaKcaTTa
naiiananyra MYMKIHIIK Oepeai. 3epTXaHalbIK 3€pTTEyJep TOMBIpaKTapIbIH
TBIFBI3IBIK, OCPIKTIK kKoHE AehOpMAIUSIBIK KOPCETKIINTepi KaHAFaTTaHAPIIBIK
JCHreliie eKeHiH KepcerTi. bysn mapamerpiep HaMBIBTHI TONBIPAKTAP.IbI
KYPBUIBIC J)KOHE Tay-KeH OHEPKICiOiH/e eKiHIIli TeoMaTeprall peTiHAe KOJJaHyFa
MYMKiHAIK Oepeni. CoHbIMEH Karap imki yiHkexic OypbImbl, iTiHICY XKoHE
nedopManus MOAYI KOPCETKIIITepi HHKEHEPIIK AalbIHIABIKTaH KeHiH OMapibl
opTYpii MHQPaKYPBUTBIMIBIK OOBEKTUIEpAiH HETi3fepi peTiHie MaiganaHyra
KETKIJIIKTI KOTEPTilITiK KalOileTke HMe eKeHIH noneneiimi. [eo3KoIoTusiIbIK
3epTTeyiep HOTHXKECIHIE ayblp MEeTalAapIblH KBUDKBIMAIBl (opMmaiapbl MEH
0acka Ja BIKTHMAaJ JIACTAyIIbl 3aTTaplblH KOHIICHTPALUSUIAPhl ©HEPKICINTIK
ayMakTap YIIiH OeNTiICHreH pYKCaT eTUITeH ISHIeiIeH acTIal ThIHBI aHBIKTAJIJIBI.
ByJ1 HAMBIBTBI MacCUBTEp/Ii MIAPyaIIBUTBIK aifHAJIBIMFA CHT13y Ke3iHae KOpIIaraH
OpTara eKiHIII PEeTTIK JIacTaHy KayIiHiH TOMEH eKeHiH KepceTemi. HambIBTHI
TOIBIPAKTAPIbl KYPBUIBIC MHAYCTPUSCHIHIA, Tay-KeH JKOHE THAPOTEXHHKAIBIK
cayanap/ia, COHIal-aK HHXEHEPITiK KYPhUIBIMIAPABIH HETi3epiH KaJbIITaCThIPY
KOHe OY3BUIFaH JKepyepll peKyIbTUBAlMsIAY >KYMBICTApbIHIA NaiganaHy
MYMKiHIITT  Heri3genni. TeXHOTeHIIK TOMBIpaK pPeCypcTapblH  KeIIeHIi
OackapylnblH TaOWFATTHI THIMII TMalganaHy MEH OHEPKICINTIK ayMaKTapHblH
9KOJIOTHSUTBIK TYPAKTBUIBIFBIH KAMTAaMAachl3 €Ty/Ieri MaHbI3bl KOPCETIIIII.

Tyiiin ce3aep: Xyy TONBIpaKTapbl, PECYPCTHIK OJEYeT, OHEPKACINTIK
naiianany, WHXEHEPIIK-TeOJOTHSIBIK KaCHETTEp, DKOJOTHSIIBIK Kayilci3Iik,
Kypsuisic xoHe Tay-KeH oHepKaciOi
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AnHOTAmMsA. Axmyanronocms. DOPMUPOBAHME MAaCCHBOB  HaMBIBHBIX
TPYHTOB B PE3yJIbTaTe TI'MAPOMEXAHU3UPOBAHHBIX M TOPHOIPOMBIIIIEHHBIX
paboT compoBOKAAECTCS HAKOIJIEHUEM 3HAYUTENBHBIX OOBEMOB TEXHOT€HHOTO
MaTepuasia, OKa3blBAIOLUIETO BIHUSHHE Ha OKOJIOTMYECKYI0 Oe30MacHOCTh
TEPPUTOPUI U OHOBPEMEHHO MPEACTABIIAOLIErO IOTEHIUAIbHBI MUHEPAJIbHO-
CBIPbEBOM pecypc I IpoMbllUIeHHOCTU. HepocratoyHas U3y4eHHOCTH
UX WHXCHEPHO-T€OJIOTUYECKUX M HKOJIOTMYECKUX CBOWCTB OIPaHUYUBACT
3G PEKTUBHOCTD XO3SHUCTBEHHOTO BOBJICUCHUS U MOBTOPHOTO MPOMBILIIEHHOTO
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ucnoib3oBanus. [leny. OOGOOMMTE W CHCTEMATU3UPOBAaTh 3aKOHOMEPHOCTHU
(hopMHUpPOBaHMS, BELIECTBEHHOIO COCTaBa M MH)KEHEPHOTO IMOBEACHUS MaCCUBOB
HAMBIBHBIX TPYHTOB, a Takke€ OOOCHOBaTh HANpPaBICHHS HMX PAaLUOHAIBLHOTO
MIPOMBINIJICHHOTO OCBOCHUS C MO3UIUNA PECYypCcOCOEPEIKECHUS U DKOJOTUUCCKOU
Oe3onacHoCcTH. Memoowi. VIcronb30BaHBl METOIBI TOJNEBBIX 00CIIEOBaHUH,
OypoBoro OnpoOOBaHMS, TA00PATOPHOTO OMPEIEICHHS TPaHyIOMETPHICCKOTO U
MHHEPAJIOTHYeCKOT0 COCTaBa, MPOYHOCTHBIX U (PHIIBTPAIIMOHHBIX XapaKTEPUCTHK,
a TaKXKe TE0IKOJOTMYECKOM OLIEHKH 3arpsA3HEHHOCTM W MAaTeMaTH4eCKOIro
MOJIEJIMPOBAHUSI HHKCHEPHBIX CBOUCTB. Pesynvmamul u 6v1600u1. IIpoBenénubie
HCCICAOBaHMs IMOKa3ajiu, 4YTO MACCHBbI HAMBIBHBIX I'DYHTOB XapaKTCPHU3YIOTCA
cnenuGUUecKUM  TPaHYJIOMETPUYECKHM  COCTaBOM €  Ipeo0iajaHueM
MeCUYaHBIX W CyNeCYaHBIX (paKIHi, 9TO OOYCIOBIMBAET WX OJIATOTPHITHBIC
WHXEHEPHO-TE0JIOTHYECKUE CBOMCTBA M TEXHOJOTHYECKYIO MPHUTOJHOCTH IS
MPOMBILIJIEHHOTO HCIOJIb30BaHMs. JlabopaTropHble HCHBITaHUS TMOATBEPIMIN
YAOBJIETBOPHUTEIbHBIE TIOKA3aTEIH MIIOTHOCTH, IPOYHOCTH U Ae(POPMUPYEMOCTH
IPYHTOB, IO3BOJIIOLIME PACCMaTPUBaTh HUX KAK IEPCHEKTUBHBIA BTOPUYHBIN
reoMarepuall sl CTPOUTENbHON U TOPHOTEXHUUECKOW OTpaciie. YCTaHOBJIEHO,
YTO TMapaMeTphl BHYTPEHHErO TPEHWUsS, CIEIUIEHUS W MOAyis AedopManun
o0ecreynBalOT  JOCTATOYHYKO  HECYNIyl0  CIOCOOHOCTh TPYHTOB  IIpH
WCIOJB30BAHUM HX B KayecTBE OCHOBAHUI WH)KEHEPHBIX COOPYXKEHUH U
HHQPACTPYKTYPHBIX OOBEKTOB MOCIE CTAaHIAPTHOM HMHKEHEPHOW MOATOTOBKU.
PesynbraThl T€0’KOJIOTMYECKOW OLEHKH I[OKa3ald, YTO KOHIIEHTpALUu
IIOABUMXXHBIX (1)OpM TSDKEJIBIX METaljJoB | APYrux IMOTCHOUAJIbHO OIaCHBIX
3arps3HSIONINX BEMIECTB HAXOASTCS B Tpeaenax IOIMyCTUMBIX HOPMAaTHBHBIX
3HAYEHUH I IPOMBIIIUICHHBIX TEPPUTOPHI. DTO OATBEPIKIAET IKOIOTHIECKYIO
0€3011acHOCTb X034 CTBEHHOIO OCBOCHHUSI HAMBIBHBIX MaCCUBOB M BO3MOXKHOCTb
WX BOBJICUCHHUSI B MPOMBILIUICHHBIH 000pOT 0€3 prcKa BTOPHUYHOTO 3arps3HEHUs
oKpy>karotmieil cpeapl. O00CHOBaHA MEPCTIEKTUBHOCTh MPUMEHCHHSI HAMBIBHBIX
TPYHTOB B CTPOUTEIHHOW WHAYCTPHU, TOPHOOOBIBAIONIEH ¥ THAPOTEXHHYECKON
oTpacisaxX, BKIOYass (OpMHUpOBaHHE OCHOBAHWH HWH)XEHEPHBIX COOPYKEHUH,
CO3/IaHHE€ TEXHOTEHHBIX TIaT()OPM U PEeKyIbTUBAIIUIO HAPYIICHHBIX TEPPUTOPHUH.
[loguépkHyTa HEOOXOIMMOCTh KOMIUIEKCHOTO YIIPAaBJICHUS TEXHOT'€HHBIMU
TPYHTOBBIMH peCypcamMH Kak Ba)KHOTO (akTopa MOBBIMIECHHUS 3PPEKTUBHOCTU
MIpUPOAOII0JIL30BaHNsA, PAITMOHAJIBHOI'O MCITIO0JIb30BAHNA MUHCPAJILHBIX PECYPCOB
1 o0ecredeHns IKOJIOTHIECKON YCTOWIMBOCTH POMBIIUIEHHBIX TEPPUTOPHIA.
KuioueBble ciioBa: HaMBIBHBIE TPYHTHI, PECYpPCHBIM MOTEHITHAN, TTPOMBIIII-
JIEHHOE HWCITOJIb30BAHKE, MHXEHEPHO-TEOJIOTHYECKHE CBOMCTBA, HKOJIOTHYECKas
0€e3011acHOCTb, CTPOUTEILCTBO U TOPHOAOOBIBAIOLIAS] TPOMBILIUIEHHOCTD

Introduction. With increasing anthropogenic impact on the natural
environment, issues of rational use of geological space and man-made territories
are becoming increasingly global. The rapid development of mining, hydraulic
engineering, urban areas, and transport infrastructure is accompanied by the
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formation of significant volumes of reclaimed soils, accumulating in waste dumps,
reclamation maps, and man-made massifs for various purposes. Such formations
represent complex ecological and geological systems whose functioning is
determined by a combination of natural and man-made factors. Globally, the
issue of their safe placement, condition monitoring, and potential economic use
is considered an important element of sustainable nature management, resource
conservation, and the minimization of environmental risks (Abbas et al., 2025;
Filina et al., 2024; Shabanov et al., 2023).

Modern research shows that alluvial soil massifs not only pose potential
hazards associated with deformation processes, dust generation, seepage, and
environmental pollution, but also hold significant resource potential. Various
countries are implementing approaches aimed at their reuse in construction,
reclamation of disturbed lands, the formation of man-made landscapes, and
the creation of engineering foundations. One of the most common solutions to
this problem is the mechanical and technological processing of alluvial soils
to produce secondary mineral raw materials. The advantage of this approach is
the ability to return significant volumes of material to economic circulation and
reduce storage space (Al Smadi et al., 2025; Nayak et al., 2024; Zaalishvili et
al., 2024). However, such technologies are often characterized by high energy
consumption, the need for complex sorting and beneficiation, and are only
economically feasible with a specific granulometric and mineral composition of
the feedstock (Zhou et al., 2016).

Another approach is engineering-geological stabilization and conservation
of the massifs, followed by the subsequent use of the land for construction or
infrastructure projects (Kulikova et al., 2023). The advantage of this approach is
the reduction of environmental risks and the possibility of reintegrating previously
disturbed lands into economic use. However, it requires long-term monitoring
and significant investment in foundation stabilization, drainage systems, and
seepage barriers. Environmentally oriented solutions, including biological
reclamation and the creation of natural-technogenic ecosystems, improve the
landscape and sanitary characteristics of areas, but do not always realize the full
resource potential of man-made soils as a geomaterial (Myrzakulov et al., 2024;
Malozyomov et al., 2024; Goltsev et al., 2020).

In this regard, an integrated ecological-geological approach is particularly
relevant. This approach considers reclaimed soils not only as waste storage sites,
but also as multifunctional systems with specific natural resource, engineering,
and environmental potential. Assessing their properties, stability, degree of
transformation, and potential for targeted use allows for the substantiation of
rational management and technological decisions. Given increasing demands for
the environmental safety of subsoil use and the limited availability of natural
construction resources, such research is becoming increasingly relevant for both
scientific and applied applications (Sherov et al., 2021; Sherov et al., 2023).
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The relevance of this approach is reinforced by the need to develop scientifically
sound methodological approaches to assessing the resource potential of reclaimed
soils, taking into account their genesis, lithological structure, hydrogeological
conditions, and technogenic evolution. Despite the significant number of studies
devoted to the stability of hydraulic structures and the geomechanics of man-made
soils, their comprehensive resource assessment remains understudied, particularly
in relation to specific regional conditions and localized sites. However, even
small-scale studies aimed at clarifying the properties and potential uses of such
systems contribute to the development of a general scientific basis for rational
environmental management (Mashekov et al., 2018; Smee et al., 2010; Chen et
al., 2020).

The objective of this study is to assess the resource potential of ecological-
geological systems of alluvial soil massifs based on an analysis of their material
composition, engineering-geological characteristics, and ecological status, and to
substantiate approaches to their rational and safe economic use.

Methods and Materials. In accordance with the stated objective, the resource
potential of ecological-geological systems of alluvial soil massifs was assessed
using a combination of experimental and analytical studies aimed at solving a
local applied problem related to the feasibility of their rational economic use. The
overall work plan included field surveys of the studied alluvial massif, collection
of representative samples, laboratory determination of the material composition
and engineering-geological characteristics, as well as office processing of the
results with subsequent interpretation in the context of the industrial significance
of the studied site. The authors conducted the research on a site of man-made
alluvial deposits formed as a result of hydromechanized operations. This site is
characterized by relatively uniform formation conditions and a limited area of
distribution, which allowed for a detailed study of specific system parameters
without resorting to large-scale regional generalizations.

The field stage included a visual and instrumental examination of the massif's
surface, recording morphometric parameters, microrelief elements, and signs of
modern exogenous processes. Sampling was carried out using a 70 mm diameter
auger geological drill from depths of up to 6 m, which ensured the collection of
data reflecting the vertical lithological heterogeneity of the alluvial deposits. The
drilling points were coordinated using a Leica GS14 satellite geodetic receiver in
static mode. The moisture content and density of the soils in their natural location
were further determined using the cutting ring method followed by laboratory
weighing.

Laboratory studies were conducted in a certified engineering-geological
laboratory using standard and proven equipment. Particle size distribution was
determined using a combined sieve and hydrometer method using a Retsch
AS 200 vibrating sieve and AG-3 hydrometers, which allowed us to assess the
degree of dispersion and potential suitability of the material for construction
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and reclamation purposes, which are of significant industrial significance. The
mineralogical composition was refined by X-ray phase analysis on a Bruker
D2 Phaser diffractometer at 30 kV and 10 mA, over a 20 angle range of 5 to
70°, enabling the identification of the main rock-forming and clay minerals.
Engineering and geological properties were assessed by determining yield and
plasticity limits using a Casagrande instrument, filtration coefficients using a KF-
00M laboratory filtration column at pressure gradients of 0.5-1.0, and strength
parameters using the single-plane shear method using a PSG-3M unit. Loading
conditions were selected taking into account the natural moisture content of the
samples, allowing the experimental conditions to approximate the actual state
of the rock mass. The obtained parameters were examined for their impact on
the stability of man-made bodies and the potential for their industrial use as
secondary geomaterials.

An environmental assessment of the soils was also conducted. The content of
mobile heavy metals was determined using the atomic absorption method on a
Kvant-2AT spectrometer after acid extraction, and the level of water-soluble salts
was determined using conductometric methods. These studies were fundamental
for establishing environmental limitations for the potential industrial use of
alluvial soils, including their use in planning and industrial reclamation.

Office processing of the results included a statistical analysis of parameter
variations, the construction of correlations between particle size distribution,
filtration, and strength characteristics, as well as an integrated assessment of
the resource potential of the studied ecological-geological system. The use of
specialized Statistica and GeoStudio software allowed us to model changes
in engineering properties under potential industrial impacts. The applied
methodology, focused on a detailed study of a limited area of alluvial soil,
yielded representative data sufficient to address the applied problem. The results
obtained are of significant industrial significance, as they allow for the rational
use of man-made soils, reduce storage costs, and improve the efficiency of
reclaiming disturbed areas without the need for capital-intensive and large-scale
technological projects.

Results. A combination of field, laboratory, and analytical studies yielded new
data on the material composition, engineering-geological, and environmental
characteristics of the studied alluvial soil massif, considered a local ecological-
geological system with potential industrial significance. Within the surveyed area,
the thickness of man-made deposits ranged from 4.2 to 6.8 m, with an average of
5.6 m (Table 1). Morphometric analysis of the surface revealed gently undulating
microrelief with relative elevations of up to 0.7 m, indicating hydromechanized
formation and subsequent partial consolidation of the soils. Zones of localized
waterlogging associated with depressions were visually observed, indirectly
indicating heterogeneity in filtration properties.
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Table 1. Integrated Engineering-Geological and Environmental Characteristics of the Dredged
Soil Massif and Its Resource Potential.

Parameter Unit | Minimum | Maximum | Average | Industrial Relevance
Thickness of dredged m 42 6.8 56 Determines usable
deposits resource volume
Bulk density (natural glom® 178 1.93 1.86 Foundatlon.bearlng
state) capacity
Bulk density 5 Heavy industry
(compacted) g/em 1.94 2.01 1.98 foundations
Natural moisture % 146 223 131 Compaction anfi handling
content properties
Porosity coefficient — 0.54 0.71 0.63 Settlement behavior
Deformation modulus MPa 18 27 22 Structural load resistance
Deformation modulus MPa 32 35 33.4 Tanks, energy facilities
(compacted)
Internal friction angle | degrees 24 28 26 Slope stability
Cohesion MPa 0.018 0.026 0.022 Earth structure design
Filtration coefficient | m/s x10™* 1.4 3.8 2.6 Drainage design, dams
Sand fraction (>0.1 % 58 66 62 Construc;tlop materlal
mm) suitability
Silt fraction % 24 31 28 Compaction behavior
Clay fraction % 7 12 10 Sealing capacity
Quartz content % 54 58 56 Mechanical strength
Feldspar content % 17 21 19 Weathering resistance
Clay minerals (total) % 11 16 14 Plasticity, filtration
Carbonates % 2 5 3.4 Chemical stability
Iron oxides % 1 3 2.1 Environmental interaction
Lead (mobile forms) | mg/kg 6.2 9.5 7.8 Environmental compliance
Zinc (mobile forms) mg/kg 18 27 22.4 Industrial reuse safety
Copper (mobile mg/kg 7 11 8.9 Soil reclamation use
forms)

Petroleum . .
hydrocarbons mg/kg 31 52 42 Industrial land use limits
Water extract oL 0.6 1.1 0.84 | Hydrochemical impact
mineralization

Stability coefficient
(natural) - 1.28 1.36 1.32 Slope safety
Stability coefficient . .
(saturated) - 1.05 1.12 1.08 Drainage requirement
Usable soil volume mlrlrlllson 0.76 0.88 0.82 Resource valuation
Suitability coefficient | — 0.69 0.78 0.74 Integrated industrial
potential

Granulometric studies revealed a predominance of sandy and sandy loam
fractions. The average content of particles larger than 0.1 mm was 62%, silt
fraction 28%, and clay fraction 10%. The heterogeneity coefficient varied
between 3.1 and 5.4, characterizing the soils as moderately sorted. This fraction
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ratio indicates the potential suitability of the material for use in the construction
industry, primarily as leveling and reclaimed foundations for the construction of
industrial sites, warehouse complexes, and transport infrastructure. The industrial
significance of these results lies in the possibility of partially replacing natural
sand quarries with man-made raw materials without significantly degrading the
performance characteristics of the foundations. Mineralogical analysis revealed
that the bulk of the solid phase consists of quartz (54—58% on average), feldspars
(17-21%), hydromica and illite (up to 9%), kaolinite (5—7%), and minor amounts
of carbonates and iron oxides. This composition is typical of reworked alluvial
and deluvial sediments subjected to hydromechanized transport. The presence of
clay minerals explains the identified plastic properties and influences filtration
permeability. From an industrial perspective, the mineral composition is favorable
for the use of the soils as reclamation and insulating materials, particularly in the
mining industry during the technical stage of remediation of disturbed lands.

Determination of natural moisture content revealed values ranging from
14.6 to 22.3%, with an average of 18.1%. The soil density in its natural location
was 1.78-1.93 g/cm?, indicating partial self-compactness of the massif over its
history. Plasticity limit values varied: yield strength was 27-31%, plasticity limit
was 18-21%, and the plasticity index averaged 9-10, classifying the soils as low-
plasticity. These parameters indicate satisfactory processability of the material
for its potential industrial extraction and processing, for example, for the needs
of the construction and road transport industries.

Filtration tests revealed a permeability coefficient in the range of (1.4-3.8)x107*
m/s. Higher values are associated with sandy interlayers, while sandy loam and
silty varieties exhibit lower permeability. From an engineering perspective,
these characteristics allow the massif to be considered a potential foundation
for industrial infrastructure facilities, provided drainage systems are installed.
Simultaneously, it was established that when using the material in hydraulic
engineering, it can be used in dams and reclamation beds as a screening layer
after additional compaction. This underscores the significance of these results for
the hydraulic engineering industry and companies operating tailings ponds and
sludge storage facilities.

Strength tests revealed an internal friction angle of 24-28° and a specific
cohesion of 0.018-0.026 MPa. The deformation modulus, according to
compression tests, was 18—27 MPa. The obtained values characterize the soils
as moderately compacted, suitable for use as man-made foundations after
engineering preparation. Estimated settlements under a load of 0.2 MPa did not
exceed 6.5 cm, which is within acceptable limits for lightweight warehouse and
industrial buildings. The practical industrial significance of these data lies in the
possibility of developing reclaimed land for logistics facilities, processing plants,
and energy infrastructure without the need for expensive imported soil.

The vertical lithological differentiation of the massif is manifested in the
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alternation of sand lenses 0.4—1.2 m thick and sandy loam strata up to 2.5 m
thick. In the lower part of the section, denser and more water-saturated horizons
were recorded, associated with the primary stages of reclamation (Figure 1). The
porosity coefficient decreased with depth from 0.71 to 0.54, confirming natural
consolidation processes. This factor has a positive impact on the long-term
stability of the massif and increases its industrial value as a potential site for the
placement of heavy equipment, including mining and metallurgical facilities.
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Figure 1 - Engineering-geological cross-section of the dredged soil massif showing lithological
layering, density variation, filtration properties, and zones of industrial resource potential.

Geoecological studies revealed that the content of mobile forms of lead
ranged from 6.2-9.5 mg/kg, zinc from 18-27 mg/kg, and copper from 7—11 mg/
kg, which do not exceed the established maximum permissible concentrations
for industrial soils. Concentrations of petroleum products averaged 42 mg/kg,
which also complies with standards for industrial areas. The mineralization
of aqueous extracts ranged from 0.6—1.1 g/L. The data obtained indicate the
absence of critical environmental restrictions for the economic development
of the massif. This is of particular importance for the construction industry and
mining companies interested in using secondary georesources without the risk of
secondary environmental pollution.

An integrated assessment of the resource potential was conducted taking into
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account a combination of granulometric, strength, filtration, and environmental
indicators. The estimated suitability factor for construction use was 0.74, with
a maximum possible value of 1.0, characterizing the site as promising for local
industrial development. The potential volume of usable material within the
18.6-hectare surveyed area was estimated at 0.82 million m*. Even with partial
extraction, this provides significant economic benefits by reducing the costs of
developing natural quarries and transporting inert materials.

Modeling showed that with additional compaction to a density of 1.98 g/
cm?®, the deformation modulus can be increased to 32-35 MPa, expanding the
range of industrial applications, including foundations for oil and gas tank farms
and energy facilities. This underscores the practical value of the study for heavy
industry, where foundation load-bearing capacity requirements are particularly
high.

An analysis of the correlations revealed a stable relationship between the
clay fraction content and the permeability coefficient (r = -0.68), as well as
between density and deformation modulus (r = 0.74). These relationships allow
us to predict changes in the engineering properties of the rock mass under
anthropogenic impact, which is important when designing industrial sites. The
practical significance of these results lies in the possibility of quickly performing
an engineering assessment of reclaimed areas without conducting a full range of
expensive tests.

Special attention was paid to assessing slope stability. The calculated
stability factor at natural moisture content was 1.32, while at water saturation it
decreased to 1.08. This indicates the need for drainage measures during industrial
development, but does not preclude the operational suitability of the rock mass.
For mining companies, such data is of practical importance when planning
the expansion of reclaimed areas and the placement of process equipment. A
summary of the obtained results showed that the studied ecological-geological
system is characterized by a combination of satisfactory engineering properties,
environmental acceptability, and a significant volume of man-made material.
This creates a high resource potential for local industrial nature management
tasks. The use of reclaimed soils in the construction of industrial facilities,
quarry reclamation, and the formation of man-made foundations and hydraulic
structures allows for the simultaneous resolution of resource conservation and
environmental optimization issues.

Thus, the conducted research confirmed that even limited-scale reclaimed
soils can be considered an independent object of industrial interest. The
obtained numerical indicators of material composition, strength, filtration,
and environmental safety create a scientifically sound basis for their practical
application in the construction, mining, hydraulic engineering, and energy
industries, emphasizing the significant practical significance of the conducted
work.
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Conclusions. The conducted research made it possible to comprehensively
assess the resource potential of ecological-geological systems formed by
dredged soil massifs and to substantiate the prospects for their rational industrial
involvement. Generalization of field observations, laboratory testing, and
analytical modeling demonstrated that technogenic alluvial deposits should be
considered not merely as waste storage formations but as multifunctional geo-
systems possessing measurable engineering, environmental, and economic
value. The integrated methodological approach applied in the study ensured
the acquisition of representative data on material composition, structural
heterogeneity, strength parameters, filtration properties, and geoecological safety,
thereby forming a reliable scientific basis for applied decision-making in the
sphere of subsoil use and disturbed land development.

Itwasestablished thatthe studied massifis characterized by stable morphometric
configuration, moderate lithological differentiation, and a predominance of sandy
and sandy-loam fractions, which determine its favorable technological properties.
The average thickness of technogenic deposits reaches 5.6 m, providing a usable
material volume exceeding 0.8 million m* within the investigated site. Physical
and mechanical testing confirmed sufficient bearing capacity, with deformation
modulus values ranging from 18 to 27 MPa in the natural state and increasing
to 32-35 MPa after compaction. Strength characteristics, including an internal
friction angle of up to 28° and cohesion reaching 0.026 MPa, allow the soils to
be classified as suitable for industrial foundation engineering following standard
preparation procedures. Filtration coefficients on the order of 10* m/s indicate
the feasibility of controlled drainage design and potential application in hydraulic
engineering structures.

Mineralogical analysis revealed a quartz-feldspar composition with
subordinate clay minerals, explaining the combination of satisfactory strength
and moderate plasticity. Environmental assessment confirmed the absence of
critical contamination: concentrations of mobile heavy metals and petroleum
hydrocarbons remain within permissible limits for industrial land use. This
eliminates major ecological restrictions for large-scale utilization and supports
the environmental acceptability of involving dredged soils in construction and
reclamation processes.

Correlation and stability modeling further showed that natural consolidation
and density growth positively influence deformation resistance and slope safety,
with stability coefficients remaining above regulatory thresholds even under water
saturation. The calculated integrated suitability coefficient of 0.74 characterizes
the massif as a promising secondary geo-resource.

In summary, the study substantiates that dredged soil massifs possess significant
resource potential combining engineering reliability, environmental safety, and
economic efficiency. Their targeted use in industrial construction, hydraulic
facilities, land reclamation, and infrastructure development enables simultaneous
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resolution of resource conservation and environmental optimization tasks,
confirming the expediency of their integrated ecological-geological management.
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