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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. The modern development of the Vasilkovsky gold ore deposit is
accompanied by decreasing gold content in the ore, increasing mining depths,
and shrinking available reserves, all of which significantly impact production
economics. This article presents a comprehensive assessment of ore losses and
dilution, as well as their influence on the profitability of mining and processing
operations. The full production cycle from ore extraction in the open pit to
processing at the beneficiation plant is examined, taking into account geological,
structural, techno-economic, and technological parameters. Particular attention is
paid to identifying interstage relationships that demonstrate how variations in loss
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and dilution levels affect cost structures. Taking into account the variability of the
conditions for normalizing the completeness and quality of ore extraction during
the mining of complex-structured gold deposits, as well as the labor intensity of
computational work, a downhole optimization of the ratio between ore losses and
dilution during extraction is carried out. An integrated assessment methodology has
been developed, combining factor analysis and economic modeling, which enables
the identification of critical control points for ore quality management. It has been
established that process optimization and the use of internal production reserves
can significantly reduce unit costs per ton of processed ore mass and enhance
mining efficiency. The results can help develop strategies to improve enterprise
profitability and competitiveness in challenging mining and economic conditions.

Keywords: rock mass, mineral resources, mining of mineral resources, ore loss,
dilution, effect
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AnnoTtauus. Kazipri yakpITTa KypambIH/a alThIHbI 0ap K€H OpBIHAAPbIHIAFbI
KEHJIET1 aNThIHHBIH KYPaMBbIHBIH TOMEH/ICY1, OHAIpY TEPEHAIriHIH apTybl, COHIaM-
aK UTepiJIMEreH oHE TOJIBIK 3epTTEIMEreH KOpIap/blH a3arobl KapbepaeH OacTamn
OaitbITy (paOpukacbiHa JAeWiHrT OYKUT eHpmipic Ti3OeriHme THIMII IIemiMaep
o3ipieyai KaxeT eteqi. MyHaail menrimaep apoip HaAKThl Tay-KeH KOCIOPHBIHBIH
TCONIOTHSIIBIK, TEXHOJOTUSUIBIK, TEXHHMKAJBIK JKOHE YHBIMAACTBIPYIIBUIBIK
EpEeKILETKTepiHe ColiKec OeHIMICIIM, OHIPICTIK MILIFBIHIAP/B OHTAWIAHIBIPYFa
OarpITTanmysl THic. Ocbl Makanaga BacuibkoB anThlH KEH OpHBI MBICAJIBIHIIA
KOFAIBIMJIAD MEH KEHHIH KYHAapCBI3AaHybl OHMAIPIC LUK LIBIFBIHIAPBIHBIH
Ti30eriHe Kayail ocep eTeTiHi KemeH i TypAe 3epTrenred. Kypaeni KypbUIbIMIbI
QJITBIH KeH OPbIHIAPBIH OH/IeY OapbIChIH/IA TONBIKTAH Ka3blll ally MEH KeH CarachlH
3epTTey Ke3iHJIeri KeH KOFaIbIMbl MEH KYHApCBI3IbIK ACHICHiHIH apaKkaTbIHACKIH
OHTAMNMaHIBIPYABl JKY3€re achIpblly KapacThIPbUIFaH. ¥ CHIHBUIBIIT OTBIPFaH
Makaiaza >KOFajbIM MEH KeH KYHAapCHI3AbIFbI OOWBIHIIA Ke[eNl TYple HopMaiay
oJlici KeH OPBIHIAPBIH UTEPETiH Tay-KeH KCIMOPBIHIAPhIHAA KOJIAaHyFa Oomazbl.
JalipIHAanFaH aqropuTMIep, KOFaNThHIMIAp MEH KeH KYHApPCBI3ABIFBI IEHICHiHIH
OHTAMNaH/BIPBUIFaH apaKaThIHACKI MUHEPAJABIK IIUKI3aT camachblH OacKapyablH
aBTOMATTaH/BIPBUIFAH JKYHeEJIepiH eHMIpiN »KaTKaH Tay-KeH KOCiMOpbIHIapbhIHA
KongaHbelnaael. Makanana kapbepieH (aOpukara ACHIHIT WIBIFBIHAAP Ti30eriHn
KaJIBIITaCThIpyFaapHalFaH, bIFbIHIAPAbI OaFranay/blH TYPIIi 9AicTepiH OipiKTipeTiH
ABTOPJIBIK TACIJ YCHIHBUIAABL. YCBIHBUIFAH ojicTeMe (PaKTOPIBIK Taljay MeH
LIBIFBIHAP/BI €CETITeY TOCUIIEPiH KaMThII, KOFaJbIMAAp MEH KYHApChI3NaHABIPY
JICHI'eiiHiH e3repyiHe OaiIaHBICTHI IBIFBIHAAP/BIH Kajlall aybITKUTHIHBIH €CKepyTe
MYMKIHJIK Oepenti. 3epTTey HOTHKeIepi KeH CanachblHbIH KOPCETKILITEpiH OacKapy,
OHJIPICTIK MpoIecTepl KeTUIAIpy >KoHE iMIKi pe3epBTepli THIMAI MaliaanaHy
YKAJIITbI OH/TIPIC Ti30eri OOMBIHIIA Tay-KSH MAaCCAChIHBIH Op TOHHACHIHA IIIAKKAH1aFbl
LIBIFBIHAP/BI €A9Y1p a3aiiTyFa >KOJ allaThIHBIH Jasenseid anasl. COHbIMEH Karap,
Oy Tocin eHIipy THUIMALIITIH apTTHIpyFa, OHIMHIH ©3iHIIK KYHBIH TOMEHICTYTe
YKOHE KOCIMOPBIHHBIH Y3aK MEep3iM1 TYPaKThl JaMyblHA BIKIAJ €TE/l.

Tyiiin ce3mep: Tay-keH Maccachl, maijansl Kaz0anap, mainanel Ka30amapabl
urepy, KeH KOFaIbIMbI, KEH KYHAPCBI3ABIFbI, THIMIITIK
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Annoranusi. CoBpeMeHHas pa3paboTka BacHIBKOBCKOTO 30J0TOPYAHOTO
MECTOPOXKICHUS XapaKTEPU3YeTCs YXYALUIEHUEM T'OPHO-T€O0JIOTMYECKUX YCIOBU,
BBIPKAIOMIMMCS B CHIDKEHHH COJICPKAaHUS 30JI0Ta B Pyle, YBEIHMUCHUN [TyOUHBI
TOPHBIX Pa0OT, YCIOKHEHUN MOP(OIOTUN PYIHBIX TENl M COKPAILEHUH JOCTYITHBIX
3aracoB. JTH (PaKTOPHI CYIIECTBEHHO BIIUSIOT HA CE0ECTOUMOCTh U pEHTA0EIPHOCTh
N00bIYM, TpeOysh KOMIUIEKCHOTO IMOJX0Ja K ONTHUMH3AIMH ITPOU3BOJICTBEHHOIO
mporecca U TOBBILICHUIO 3(Q(EKTUBHOCTH yHpaBieHHUs pecypcamu. B crarbe
MpOBEJICHa BCECTOPOHHSS OLICHKA BIMSHHA IOTEPh W PasyOOKMBAaHHS PYIbl
Ha 5(QQGEKTHBHOCT Pa3pabOTKU MeCTOpOXIeHHs. [IpoaHanu3upoBaH MONHBIN
MPOM3BOACTBEHHBIN IUKJI OT BBIEMKH TOPHOM Macchl B Kapbepe A0 mepepaboTku
Ha oOorarutensHOM (abpuke ¢ y4E€TOM TIeONOrO-CTPYKTYPHBIX, TEXHHKO-
SKOHOMHYECKUX U TEXHOJOTMYEecKHX mHapamerpoB. Ocoboe BHUMaHHUE YIAEICHO
MEXKCTaAUMHBIM B3aUMOCBS3AM, JEMOHCTPUPYIOLIUM BIIUSHUE YPOBHS IOTEPb
U pa3yOOKHMBaHUsI HA CTPYKTYPY 3aTpar, IPOU3BOJICTBEHHBIE PUCKH M KOHCUHBIC
TEXHUKO-DPKOHOMHYECKHE IIoKa3aTeau. B YCIIOBUAX BBICOKOM W3MEHYHUBOCTH

30



ISSN 2224-5278 4.2025

TEOJIOTHUECKUX ~ XapaKTePUCTUK W CIOKHOCTH HOPMHPOBAHHMS  ITOJHOTHI
W3BJICUCHUS PYIbl NPEATIOKEH MOAXO0/A ONEPATUBHON CKBAKMHHONW ONTHMHU3ALMH,
OCHOBAaHHBIH Ha MOIEIMPOBAHMM B3aUMOCBS3EH MEXKIY TEXHOJIOTHYECKUMHU
napamMeTpaMi U SKOHOMHUYECKHMHM pe3ylipraTaMu. Pa3zpaboTaHHBIE aIropuTMbl
WHTETPUPOBAHBI C COBPEMEHHBIMH CHCTEMaMU aBTOMATHU3UPOBAHHOTO YIIPAaBICHHUS
KaueCTBOM MHHEPAJIBHOTO CHIPbS W MOTYT OBITH HCIIOJIB30BaHBl B PEaTbHOM
BpPEMEHH JIsl MOJJICPKKH ONepaTHBHBIX pemeHuid. [IpeacraBnena metomonorus
WHTETPUPOBAHHOW  OLICHKM, BKJIoHaromas (akTOpHBIH aHalu3, TEXHHUKO-
SKOHOMHMYECKOE MOJEIHPOBAHUE, CLEHAPHBIM MOAXOA W HIACHTUPHUKALHUIO
KPUTUYECKUX TOYEK YNPABJICHHUS KaYeCTBOM. YCTAHOBJICHO, YTO HMCIOJIb30BaHHE
MPEATOKEHHOTO TOJXO0Aa MO3BOJISIET IMOBBICUTH TOYHOCTH HPOTHO3WPOBAHHUS
MPOM3BOACTBEHHBIX MOTEPb, PALHMOHATU3UPOBATH 3arpy3Ky IHepepadaThIBArOIINX
MOIIHOCTEH, YAYUIIUTh YIPaBICHUE ONEPAMOHHBIMY TIOKA3aTeIsIMU, 00ECTIICUUTh
alaliTUBHOCTh MPOU3BOACTBEHHBIX PEIICHUN M 3HAYNTENBHO CHU3UTDH YIACIbHBIC
W3ICP)KKM Ha TOHHY mepepalarbiBaeMoli Macchl. llomydeHHbBIE pe3ynbTaThl
MOTYT OBITH HCIONB30BaHBI JJISI CTPATETMYECKOrO IIAHWPOBAHMS MOBBIIICHHUS
PEeHTA0EIbHOCTH, YCTOMYMBOCTH U KOHKYPEHTOCIOCOOHOCTH TOPHOJOOBIBAIOIIETO
OPEANPHUATHS. B YCIOBUSAX  YCIOXKHSIOMIMXCS TEXHUKO-3KOHOMHUYECKHX U
MPUPOIHBIX OTPAHUYCHHH.

Ki1roueBble ci1oBa: ropHas Macca, MMoje3Hble HCKOMaeMble, 100bIYa MoJIe3HbIC
HCKOTIaeMble, TOTePs Pyabl, pasyOoxuBanue, 3pdexrt

Introduction. In modern conditions the main development of scientific and
technical progress is a close connection between science and production. The
solution of problems facing the mining industry is unthinkable without serious
research into the physical processes of mining. Due to the constant degradation
of mining-technological conditions in exploitation of Vasilkovsky deposit steadily
increases unproductive costs for lost minerals that predetermines the importance
and necessity of improving the methods of normalization and management of the
level of qualitative and quantitative losses in mining (Nurpeissova, 2023:19).

The current regulatory documents concerning operational rationing of losses
and dilution during extraction, do not exhaust the available opportunities to
reduce losses of raw materials in situations where the formation of the extraction
flow is carried out by a set of blocks differ from each other conditions of their
development. The relevance of research on the development of methods of block-
by-block rationing of losses and dilution in gross mining is increasing with the
involvement in the development of complex mineral deposits characterized by
the presence of a network of geological discontinuities of discontinuous nature of
different orientation of amplitude and angle of incidence unevenness of contacts of
the mineral with the host rocks, a wide range of variation of the elements of deposit
occurrence, thickness and angle of their fall variability of the quality of extracted
raw materials, etc. (Rakishev, 2022:116).
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The purpose ofthe work is to develop amethodology for operational normalization
of losses and dilution for a set of mining blocks that differ from each other by
mining and geological and mining conditions of their mining. The idea of the
work is to minimize the total losses and dilution of minerals through the formation
of an optimization function that takes into account the relationship between the
completeness and quality of excavation with the technological parameters of
development of mining blocks (Moldabayev, 2020:30). Relevance of the research
topic. Transition to a market economy faced mining companies in Kazakhstan with
the problem of exhaustion and deterioration of the quality of mineral raw materials.
As the costs of exploration, mining, processing and transportation of minerals
increased, their reserves, estimated and put on the state balance 20 years ago,
became economically inactive by 20-80% and more, which led to the crisis situation
of the mineral resource base. At the same time, medium, large and unique deposits
have changed the morphology of ore bodies beyond recognition, reducing the ore
bearing capacity and increasing the discontinuity of conditioned mineralization
(Almenov, 2025:1217) This is accompanied not so much by a decrease in reserves
as a whole, but by an increase in the share of inactive reserves. This situation is
especially pronounced in the mining regions of gold-bearing ores (Moldabayev,
2020:29; Blom, 2019:318). Nowadays, more variables have been added to the
optimization process in the modern world due to advances in technology, making
it more realistic and relevant to operational data. Among these improvements are
simulated block models, i.e., multiple equal probability models that account for
grade and geologic uncertainty. A method for capturing uncertainty is to create
stochastic simulations of the resource model, where stochastic behavior expresses
the uncertainty or variability of the model properties (Dimitrakopoulos, 2002:8;
Dimitrakopoulos, 2011:138).

Accounting for uncertainties in mine planning is a necessary task to achieve the
expected objectives, regardless of the planning stage considered. Splat stated in his
paper that one of the key risks in a mining project is geologic uncertainty because
an understanding of the geology, spatial distribution and variability of the qualities
and host minerals of the ore can only be inferred from limited data that are not
necessarily representative of the entire deposit.

The ore field is located within the Kokchetavsky median massif. There are four
systems of discontinuities (submeridional, sublatitudinal, north-east and north-west
directions). The most developed is the system of north-west faults, to which the
regional Donguliagash zone is confined.

The Vasilkovskoye ore field is localized within the Altybai synclinal structure
and is confined to the zone of intersection of the Donguliagash fault with the
north-east strike-slip fault and to the contact zone of the Donghulagash zone. It is
bounded on three sides by faults, two of which, of north-east strike, intersect in the
area of the Dalneye ore occurrence. In the south-west direction they diverge and
adjoin the north-west strike of the Donguliagash zone. faults of the Donguliagash
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zone. All faults are well recorded by magnetometer survey. Along the faults at all
stages of activation there were smaller faults with inherited elements of occurrence,
often accompanied by crushing zones (Bekbergenov, 2025:49). The most intensive
development of higher-order faults and crushing zones occurred in the block
bounded by large faults above the diorite bodies. In the southwestern part of the
ore field they are disjointed, and in the north-eastern direction they merge. These
faults are usually accompanied by smaller zones of disturbance. The Vasilkovskoye
deposit is confined to the junction of one of such zones with a similar zone of
north-east strike, where the rocks were fragmented over a large area. This object is
characterized both by a very intense degree of rock disturbance, manifested in pre-
metallic, ore and post-metallic times, and by the multidirectional of faults.
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Figure 1. Location of the Kokshetau (gold deposit)

Figure 1 shows a diagram of the generation of losses and dilution due to
complex shaped deposits. This is what determined the general structural pattern
(system of small blocks) of the deposit, the type of ore bodies and their location
in space. From the north, north-west and south-west the ore field is framed by
stratified Riphean and Ordovician formations. The oldest formations within the ore
field are the Early-Middle Riphean formations located in the form of two bands in
the north-west and south-west parts of the field, which are represented by green
and greenish-gray phyllite-like rocks of chloritesericite, epidote-albite-actinolite,
chlorite-sericite-siliceous composition, often carbonatized. Vasilkovsky deposit is
one of the largest in the gold mining industry of Kazakhstan, and in the world it
is one of the 20 largest in all parameters. The deposit is located in Akmola region,
Republic of Kazakhstan, 17 km north of Kokshetau. The region has well developed
infrastructure including roads, railroads, electricity and water supply facilities. The
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design parameters of the open pit are: width - 1,210m, length - 1,290m, depth -
450m. A gold extraction plant has been built at the deposit in accordance with the
best international standards. The plant is capable of processing up to 8 million tons
of ore and producing up to 500 thousand troy ounces of gold per year. The current
production level is on average 8 million tons of ore or about 400 thousand troy
ounces of gold per year (Torres, 2018:189).

Start Time: 02:51 01/ul/24
Stop Time: 01:50 30/ul/24

nalns)

GI00;

u2D True Vector

Figure 2. Overview scheme of the Vasilkovskoye field

Norming and planning of ore losses and dilution is one of the most difficult tasks
of the problem of rational and efficient utilization of reserves of mineral deposits.
Norms are set for the correct, cultural, passport execution of the development system
as a whole and in details, taking into account strict and accurate compliance with all
the requirements of safety rules, current technical and technological instructions,
as well as accepted for implementation recommendations of research organizations
(Birge, 2011:12).

Materials and methods of research. Research methods include technical and
economic analysis, calculation-analytical, numerical, mathematical modeling. The
relationship between the values of losses and dilution in the development of near-
contact zones with different nature of contact with the need and sufficient accuracy
is expressed analytically, which allows to set and solve optimization problems
on rationing the completeness and quality of the explosion and transportation of
minerals.

Modern mining and processing of minerals is impossible without losses and
dilution, so to ensure rational subsoil use it is necessary to establish their normative
values. Norming and planning of ore losses and dilution is one of the most difficult
tasks of the problem of rational and efficient use of mineral deposits reserves. Norms
are set for correct, passport execution of the development system as a whole and
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in details, taking into account strict and accurate compliance with all requirements
of safety rules, current technical and technological instructions, as well as accepted
for implementation recommendations of research organizations. At present,
when assessing the completeness of subsoil reserves utilization, first of all (and
not rarely exclusively) the emphasis is placed on the indicator of mineral losses.
At gross development of complex-structured deposits or a group of deposits of
simple structure with different mining-geological and mining-technical conditions
of their working out losses and dilution is expedient and possible to rationize by
slaughter providing thus a minimum of total losses at an optimum level of quality
of the general mining flow content of harmful or useful components (Dare-Bryan,
2004:19).

Depending on the specific conditions of comprehensive development of mining
faces, the use of face standardisation methods can reduce mineral losses in the subsoil
by up to 30% compared to the standards established by current industry guidelines.
Significant research in the field of economic assessment of mineral extraction
from the subsoil, as well as in the methodology for standardising qualitative and
quantitative losses in the extraction process, has been carried out by scientists such
as A.S. Astakhov, M.I. Agoshkov, Yu.M. Adigamov, B.N. Baikov, P.P. Bastian,
M.I. Glazer, G.G. Lomonosov, A.N. Omelene, V.P. Ryzhov, N.V. Melnikov, A.A.
Sergeev, G.V. Sekisov, V.N. Zaraysky, V.P. Nurpeisova, M.B. Rakishev, B.R.
Begalinov, S.K. Moldabaev, K.A. Yusupov and others. Under the guidance of
Academician M.I. Agoshkov, standard methodological recommendations were
developed for the standardisation, accounting and economic assessment of losses
of solid minerals during their extraction. Were the basis for the development and
implementation of relevant guidance documents in all sectors of the mining industry
(Splate, 2014:13). At the same time at gross development of complex-structured
fields or a group of fields of simple structure differing from each other conditions of
development of near-contact zones and formation of the general flow of extracted
raw materials of regulated quality, the use of available methods does not allow to
establish the optimal values of excavation parameters in the faces providing the
minimum possible level of total losses in the subsurface (ZarSenas, 2016).

Results. Therefore, to achieve the above research goal the following tasks were
solved:

1) Strict analytical expressions of the relationship between the values of
dilution losses and technological parameters of excavation for various mining-
geological and mining-technical conditions of bulk mining of mining blocks
characterized by the presence of aged contacts, and for the conditions of mining
contacts of unaged character algorithms of numerical calculations to determine the
corresponding functional relationships in approximate form have been developed.

2)The methodology of downhole operational normalization of quality of excavation
forasetofminingfacesdevelopedbythegrossmethodisdeveloped(Matthews,2015:4).
In the paper, drilling operations were provided for profiles 0, 1 and -1. It is planned
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to drill a total of 6 inclined core holes, parallel to each profile on each side of the
ore stockwork. Project wells are laid at drilling angle 75-800 (from the horizon)
with further curvature up to 40-450 by analogy with previously drilled wells at the
deposits. The well information is summarized in Table 1.

Table 1-Information on project blocks

Binding Design depth, m
1 bloc 230
2 bloc 320
3 bloc 380

These profiles were chosen because they pass through the most productive and
deep part of the deposit. Next, we examine the sensitivity map, which can be
used to analyze how well the GPR line of sight corresponds to the expected offset
direction. This map is very important when selecting alarm thresholds.

The range of the sensitivity map is [0 = 1]

- Sensitivity map value = 0: this is the lowest sensitivity (slope direction is
mutually perpendicular to the GPR line of sight).

- Sensitivity map value = 1: this is the highest sensitivity (slope direction is
parallel to the GPR line of sight).

The use of this map allows to promptly assess the conditions of GPR equipment
operation and adjust the monitoring parameters depending on the geomechanical
situation in the quarry (Figures 3).

20 Trus Vector
Overiap 20 Ateas

74 78 18 80 82 84 74 78 78 80 82 84 s 74 16 78 B0 82 BA

Figure 3. IBIS ArcSAR sensitivity map (FPM configuration)

Development of complex deposits of valuable multi-grade gold-bearing ores is
associated with the difficulty of not only choosing a development system, but also to
establish the relationship between the main parameters of the systems of technical
and economic indicators of various mining and geological conditions. An example
of special complexity of development of valuable multigrade ores is Vasilkovskoye
gold-bearing deposit, represented by a thick declivity of solid sulfide, oxidized
and differently disseminated ores. The complexity of the deposit development is
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determined by the fact that the richest continuous sulfide ores mined primarily by
open pit in this deposit are faulted, confined to the bottom part of the intrusion,
disturbed by tectonic fractures and have complex hypsometry of ore body contacts
in combination with extremely unstable rocks. The thickness of rich ores within the
deposit is constant varying from 1.0 to 45 m, disseminated ores reach a thickness
of 90 m (Xingwana, 2016:149).

Table -2 Results of sieve analysis and distribution of gold by size class of open pit ore sample
crushed to 2.5 mm.

Coarseness classes, Output Gold content, g/t | Distribution, %
mm g %

-2.5+1.25 78.3 4.04 10.8 7.49
-1.25+0.8 600 30.02 7.2 37.11
-0.8+0.56 230 11.86 5.6 11.41
-0.56+0.40 166.8 8.0 7.6 10.50
-0.40+0.30 112.7 5.81 5.6 5.570
-0.30+0.20 126.8 6.54 5.2 5.88
-0.20+0.15 51.8 2.99 6.2 3.18
-0.15+0.1 84.0 4.38 4 2.99
-0.1+0.074 56.1 2.39 54 2.68
-0.074 seeded 73.4 3.78 4.8 3.14
-0.074washed 353 18.9 3.1 10.15

Total 1940 100 5.8 100

The level of losses and dilution of multigrade ores at advanced development is
largely determined by the complexity of the hypsometry of the soil and the roof
of the ore body and the adopted mining technology (Ebrahimi, 2013:4). The sieve
and chemical analysis of open pit ore and dump ore was carried out and the results
obtained are shown in Table 1 and 2.

Table 3 - Results of sieve analysis and distribution of gold by size class of ore sample from dumps,
from crushed to -2.5 mm

Coarseness classes, Output Gold content, g/t | Distribution, %
mm g %
-2.5+1.25 92.0 4.6 4.2 9.15
-1.25+0.8 409.8 20.49 2.8 27.4
-0.8+0.56 204 10.2 2.4 11.65
-0.56+0.40 183.2 9.16 2.5 10.9
-0.4+0.20 92.0 4.6 4.2 9.15
-0.20+0.15 70 3.5 2.0 3.28
-0.15+0.1 79 3.95 1.7 3.15
-0.1+0.074 52.6 2.63 2.2 2.8
-0.074 seeded 83 4.15 1.7 3.4
-0.074washed 576 28.8 1.2 16.85
Total 2000 100 2.1 100
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In Table 1 and 2 the same value of ore grade was obtained in different grades.
In the conditions of the deposit under consideration, the excavation of rich ores in
each block is started with the sinking of cuttings located in the soil of the ore body.
We examined it for testing under an optical microscope. The electron microscope
results are shown in Figure 4.

Figure 4. Clastogenic free native gold (size class -0.5+0.25 mm). The surface of gold particles in
back-scattered electrons

Due to the variability of elements of occurrence of the lower contact of the
ore body, during sinking there are inevitable deviations of the sub-base of the
workings from the soil of the ore body. The magnitudes of such deviations and their
frequencies are not constant. The most frequent deviations are up to 1.0 m. As an
example, let us consider the distribution of deviations of the footings from the soil.
In the section with length of 172m of horizon - 175m of the ore body.

Table 4. Static characteristics of ore body soil block deviations

Deviations, |Empirical Theoretical

m Frequencies |Probability, % Frequencies Probability, %
0-1 100 68 117 68

1-2 65 48 48 28

2-3 7 4 7 4

Comparison of the empirical and theoretical distributions allows us to consider
that the deviations under consideration obey the normal distribution law. Some
discrepancy between empirical and theoretical frequencies is explained by the fact
that in any statistical series there are always elements of randomness, violations
of the smoothness of the function under consideration. Smoothing the influence of
random deviations can be achieved only by increasing the number of observations.
To analyze and calculate the permissible theoretical level of ore losses and dilution,
which are of important economic importance for each mining enterprise, it is
proposed to allocate a conditional near-contact zone at the contacts of the ore
body, one boundary of which would exclude dilution, and the other - ore losses.
Depending on the complexity of ore body contacts and cleaning technology, the
capacity of the near-contact zone, and therefore ore losses and dilution, will vary.
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Together with technical and economic indicators, the probability of controlling the
contact of the ore body also changes. Such probability is the highest in exploration
workings, therefore, depending on the purpose of workings, the estimated boundary of
workings can be set and according to economic indicators to the required probability of
control of ore contact.

To enhance blast planning accuracy, OrePro 3D software was employed.
Integrated into production workflows, it offers functionality for evaluating financial
outcomes of various mining scenarios, particularly useful for structurally complex
deposits. Developed in cooperation with major mining companies, OrePro 3D
provides detailed modeling of rock mass displacement after blasting. It uses initial
data such as blast designs, block models, and post-blast survey results to simulate
ore redistribution and calculate displacement vectors, enabling accurate prediction
of ore content in the post-blast rock mass.

Figure 5. General position of the rock mass on the 3D image

For effective separation of ore mass and waste rocks, as well as improving
the effectiveness of subsequent mining and processing operations, an accurate
understanding of the direction and nature of the displacement of the rock mass after
blasting is of fundamental importance. This information is of significant value to
the mining company, allowing it to minimize losses and dilution of ore.

The thickness of the near-contact zone for determining theoretical indicators of
ore loss and dilution in the development of complex deposits is established by the

formula
M= 6 |62+ 6%m

where 5‘5:— standard deviation of ore body contact, m
5‘5— RMS deviation of the direction of the borehole or hole, m.

Due to the fact that the deviations of boreholes as a rule are small and do not
exceed their diameter, the value of borehole stripping can be neglected. Then the
power of the contact zone is determined by the following formula.

M, = 6d,,m
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Table 3 summarizes the thicknesses of the near-contact zone in the ore body
soil in several worked-out stripping faces. The thickness of the near-contact zone
reached the highest values of 1.5-1.9 and 2.5-2.9 where there are significant tectonic
disturbances with displacement amplitude up to 6 meters.

The cutting ledges in the blocks under consideration were cut by shallow
borehole method and strictly followed the soil of the ore body. The movement
of the ledge per cycle was about 1.6-1.8 m. With the increase in the length of
the rectilinear section of sinking and at ore stripping by boreholes, the estimated
thickness of the contact zone, as well as losses and dilution of ore, all other things
being equal, increase (Camara, 2018:8).

Table 5- Change in the thickness of the contact zone on the cleaning ledges

Design depth, | Sum of squared | Number of Mean square Capacity of the near-
m deviation m? measurements deviation, m contact zone M,m
m2

100 12.4 12 1.02 6.1

150 4.71 12 0.75 4.3

200 14.8 14 1.05 6.3

250 24.6 17 1.3 7.4

300 4.13 17 0.52 3.1

350 3.8 22 0.43 2.6

400 0.13 17 0.03 0.2

410 1.8 23 0.35 1.4

420 32 24 0.26 2.3

450 3.04 26 0.22 2.1

The data of table 5 show that in the conditions of the considered deposit at small
borehole stripping and bottom-hole movement about 10 m the average thickness of
the contact zone is 3.6 m and at stripping by wells of 16 m length it increases up to
12.6 m. But in the case if the contact of the ore body is maintained the thickness of
the contact zone is determined by formula 2 and for the conditions of ore stripping
by wells of 16 m length it would be necessary to take it equal to 3.8 m

Table 6-Variation of the contact zone power depending on the length of the rectilinear section

Length of Standard deviation, m Contact zone
rectilinear section, Contact of the ore Direction of | Total thickness, m
m body borehole or
hole

1 0.32 0.02 0.354 1.7

2 0.61 0.04 0.705 3.2

4 1.16 0.08 1.17 4.1

8 1.33 0.16 1.40 5.6

16 2.01 0.32 2.21 7.1

32 2.68 0.64 2.81 8.3
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After establishing the thickness of the near-contact zone, the permissible
theoretical values of ore loss and rock blasting are determined based on the
condition of the normal law of deviation distribution and the accepted probability
of controlling the contact of the ore body. For this purpose, Table 5 is drawn up,
where the values of ore losses and undermining of rocks are given in the values of
standard deviation. In addition to Table 5, a graph of the dependence of ore losses
and rock blasting on the thickness of the near-contact zone and the probability of
controlling the contact of the ore body was plotted.

Comparison of theoretical and actual values of rock undermining in blocks is
given in table 5, according to which the actual value of undermining reaches on
average 0.95 m with a probability of control of the ore body contact of 90%, and the
theoretical one with the same probability should be 0.8m (Figure 5), i.e. slightly less.
For calculations of theoretical indicators of losses and dilution take the probability
of control of the ore body contact about 98%, then the value of undermining of soil
rocks will reach 1.2 m. When calculating the permissible indicators of ore loss and
dilution for the conditions of Vasilkovskoye deposit, the shape of the bottom of
blocks depending on the method of ore delivery was taken into account.
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Figure 6-Definitions of the amount of losses, dilution and profit of ore

Discussion. Similarly, it is possible to determine the permissible amount of ore
loss and rock blasting in the mine; however, in the conditions of the Vasilkovskoye
deposit, with unstable rocks on the immediate side of the quarry, the use of this
technique is difficult due to significant self-collapses of rocks from the sides of the
ledge during mining operations.
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Table 7—Change in ore losses and rock blasting depending on the probability of ore body contact

Probability of monitoring ore | Ore loss Rock blasting Commercial ore mining
body contact, %

0.1 3.0 0.001 0.001
20 1.04 0.2 2.16
50 0.5 0.5 3.00
60 0.4 0.65 3.25
70 0.3 0.83 3.53
80 0.2 1.04 3.84
90 0.10 1.39 4.28
95 0.05 1.69 4.64
98 0.02 2.08 5.05

The application of the photometric method of shooting consists of photographing
the track rim of the excavation contour with a rod with two light bulbs located at
a distance of 50 cm from each other. The outer contour characterizes the profile,
and the inner one is necessary to determine the scale of the survey and calculate
the arch area.

Table 8 - The amount of soil rock blasting in the mining blocks depending on the probability of
monitoring the contact of the ore body

Blocks Thickness of the contact | Theoretical Actual deviation | Actual probability
zone, m erosion of soil of the base of of ore body contact

rocks at =0.98 the ore body, m | control
m’/m?

1.5-1.9 6.0 2.1 0.7 091

2.0-2.4 4.2 1.5 1.55 1.01

2.5-2.9 6.2 2.2 2.4 1.02

3.0-3.9 7.2 2.5 2.1 0.81

4.0-5.5 3.0 1.05 0.81 0.82

6.0-8.0 2.5 0.9 0.55 0.72

8.5-11.0 0.2 0.1 0.45 0.62

11.5-13.0 |15 0.5 0.81 1.02

13.5-16.0 [2.2 0.8 0.61 0.82

16.5-21.0 |2.0 0.6 0.55 0.85

Comparing the obtained cross-sectional profiles of blocks for rich (6) and
disseminated (a) ores, one can see that rich ores are more suitable for mining in
blocks 8 m wide, while unstable disseminated ores collapse and cause high dilution
of rich ores (Camara, 2018:487). To reduce the dilution of rich ore and increase the
safety of work, a temporary protective ore crust with a thickness of 0.5 to 2.5 m is
often left in the working benches at the mine (Roldao, 2012:423).

During the experimental work, studies were carried out on the collapse of rocks
of the immediate roof with bench widths of 4 and 8 m. In blocks 4 m wide, rock
collapse averaged about 1.0-1.2 m, in blocks 8 m wide they reached 2.0-2.5 m with
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the formation of a vault with a height of 1/4 to 1/3 of the width of the blocks. When
calculating the amount of losses and dilution, the theoretical area of the arch was
taken

5 =(0.196 — 0.26) B*

where B— ledge width.

Theoretical permissible indicators of dilution of rich ores during the development
of the Vasilkovskoe deposit using a block system for an ore body with a thickness of
10 m were % for the extraction of benches 15, for the extraction between benches
21, for the system as a whole 18. Losses of rich ores should not exceed 2%.

The region groups indicators of ore dilution for various development system
options; in area 2 - with mining systems with ore breaking from under block
workings without leaving an ore crust in the quarry bench; in area 3 - with layered
ore extraction and in area 4 - with systems with ore breaking from under bench
workings and a temporary ore crust in the benches. Currently, when mining ore
bodies with a thickness of 6 to 14 m in benches, the actual dilution of ore using
the direct accounting method is 10-12%. When assessing the permissible level of
losses and dilution of ore, it is very important to establish the maximum dilution at
which the development of rich ores is still economically feasible.

=k b Gk
th o th St

Figure 7- Determination of profit, dilution and losses in ore deposits
where 1-ore profit 2 - ore dilution, 3- ore loss

Figure 7 shows profit dilution and ore loss. First of all, this relates to the
excavation of a temporary ore crust at the base of the ledge. The maximum dilution
of ore depends on the value of rich ores and diluting rocks, the thickness of the ore
crust, and the additional production costs required for the extraction and processing
of ores.

Conclusions. The purpose of this study was to develop a methodological
approach to assess the impact that engineering factors have on the production cost
chain from ore mining to processing. The study set the following objectives:
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D)theoretical analysis and identification of the strengths and weaknesses of the
“quarry-plant” concept, substantiation of the lack of a detailed methodological
basis for assessing the effectiveness of monitoring ore mining parameters;

2) development of methodological recommendations for assessing the impact of
losses and dilution indicators on the cost chain from ore mining to its processing;

3) practical assessment of the guidelines for the case of gold deposits. Based on
the stated objectives, the study substantiates: the principle of economic evaluation
based on continuous planning, analysis and control of the production process from
the stage of ore mining to processing of the mineral product

Analytical and empirical dependences of the values of dilution losses and
adjustable technological parameters of excavation on mining-geological and
mining-technical parameters have been established development conditions that
allow the formation of optimization functions, the use of which expands the
capabilities of the methodological provisions existing in the mining industry for
operational regulation of losses in the quality and quantity of raw materials during
mining. A method has been developed for face-to-face optimization of the ratio of
the level of losses and dilution, taking into account the effect of averaging quality
indicators in the overall flow of extracted raw materials formed by the totality of
the working faces.
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