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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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Abstract. One of the priority areas of economic aspects of the social life of the
republic is natural resources, among which mineral deposits play the most important
role. In recent years, one of the trends in the development of the mining industry
throughout the world is the involvement in the exploration and development
of mineral deposits characterized by more complex engineering-geological,
hydrogeological conditions and located in the deepest horizons. In this regard,
man-made complications on the geological environment increase, the consequence
of which is the development of unforeseen engineering-geological processes
(EGP), leading to technological difficulties in the exploration and development of
deposits. There are many cases when, due to insufficient study of the assessment
and forecast of fracturing and disturbance of the extracted rock mass and their
impact on stability, accidents occurred in mine workings, sometimes human
casualties and in some cases mining operations were mothballed. When developing
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solid mineral deposits, the increase in extractable volumes of rocks, depths and
underground mine workings leads to an increase in the role of technogenic factors
in the formation of hydrogeological processes. Due to the increase in drilling and
blasting operations and changes in mining schemes, the tendencies of technogenic
processes that complicate the development of deposits not only increase, but also
provoke the development of various hydrogeological and engineering-geological
processes. Natural hydrogeological conditions change: movements, formation of
underground waters, natural infiltration, dynamics of fissure waters under certain
conditions of underground mining and tunneling operations, the influx of water into
the adit face increases.

Ensuring high efficiency and operational safety at modern mining enterprises
is virtually impossible without a comprehensive study, assessment, and forecast
of the engineering and geological conditions of field development at all stages of
exploration and operation.

Keywords: fracture, process, stability, excavation, porogenesis, engineering
geology, rock
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AnHoTanus. PecnyOnuKaHbIH 91eyMeTTIK-9KOHOMHUKAIBIK AaMYyBIHBIH OachbiM
OarbITTapbIHBIH Oipi TaOMFH pecypcTapAbl THIMAI Maiaanany OOJbII TaObLIAbI,
aJl oJapAbIH ilIiHAE Mainansl Ka30anap KeH OpbIHIAphl €peKlle MaHBI3IBI poi
atkapazabl. COHFBI JKBIIIAPHI 9JIEM/IIK Tay-KEeH OHEPKACiOiHe Kypeli HHKEeHEPIiK-
TCOJIOTHSUIBIK KOHE THIPOTCOJIOTHSUIBIK JKaFlailapMeH CHUIaTTalaTblH, TEPeH
KOKKHEKTEep/ie OpHaacKaH Mmaiiajbl Kaz0anap KeH OpbIHAAPBIH Oapiay ’KoHe Urepy
ypIici keHiHeH Tapainyaa. OcblFaH 0ailIaHBICThI T€OJIOTUSIIBIK OPTaFa TEXHOTCHJIIK
ocepiiH Kymeroi OaiiKanaabl, OHBIH caljapbl PeTiHAE KYTIEreH HHKCHEPIiK-
reostorusutblk nipouectepain (OI'T]) namysl opweiH amansl. by skarpaiinap kex
OpBIH/IAPBIH Oapiiay MEH Urepy OapbIChIHA 1€y Tl TEXHOIOTUSUIBIK KUBIHABIKTapFa
oKeJesi. OHIIPINIETIH Tay-KeH MacCachiHBIH JKapblUTybl MEH OY3bUTY YAepicTepiHiH
TYPaKTBUIBIKKA 9CEPiH Oaramay jkoHe OoJrKay MaceeIepiHiH KeTKITIKCI3 3epTTemnyi
Tay-KeH >KYMBbICTapbhIHa anaTThIK KarAalinapIblH TybIHAAyblHa cebern Oonaibl.
MyHpaii anaTrap Kell jkarjaiia ajaM IIBIFBIHBIHA, Al KeHOip Karmainapnaa tay-
KEH YKYMBICTapPBIHBIH TOJILIK HEMece ilIiHapa TOKTayblHa OKeJin coraabl. KarTel
nainanel Kazoanap KeH OpbIHAAPBIH UTEPY Ke31H/IE Tay KBIHBICTAPBIHBIH KOJIEMiHiH,
urepy TepeHAIriHiH )KHE KepacThl Ka30aaapblHbIH OHIIPICTIK ayKbIMBIHBIH apTyhl
THIPOTeOIOTHSIIBIK MPOLECTEPiH KAIBINTACYbIHAAa TEXHOTCHIK (pakTOpIapIbiH
pemiH endyip kyuielTeni. Bypreutay-apy >KyMBICTApbIHBIH KOJEMiHIH YJIFaobl
KOHE Tay-KeH Kaz0alapbIHBIH CYJI0aIapblHBIH ©3repyl KeH OpBIHAApBIH Urepyi
KYpPAENEeHIPETIiH TEXHOTEH/IIK YAepicTep i KapKbIH alyblHa FaHa eMec, COHJa-
aK OPTYpil THAPOTEOJOTHSIIBIK KOHE HHIKEHEPIiK-TeOJOTHSIBIK MPOLECTEepIiH
JaMyblHa Jla bIKNan eteli. HoTmkecinae TaOUFU THAPOTEONOTHSUIBIK JKaFaimap
eNieyJIi e3repicTepre YIIbIPAHIbl: jKep acThl CYJNAPbIHBIH KO3FAIbIC PEXHUMi MEH
KaJIBIITACYbl ©3repeli, TaOUFi HHQWIBTPAHs yAepicTepl Kyleie i, >KkepacTbl Tay-
KEH yKoHE TYHHEJIb/IIK Ka30aap KaraalbIHa )KapbIKIIaK CyIapbIHBIH THHAMUAKACH
apTaibl, COHAR-aK aIUTTIK OeTTepre Cy Kemyi Kuieii.

Kazipri 3amaHfbpl Tay-KeH OHIIPYIIi KOCIMOPBIHAAPABIH JKOFApbl THUIMALIIr
MeH Kayilnci3OiriH KaMTamachl3 €Ty KeH OpBIHAApbIH O0apiiay MEH MaiiaiaHyIbIH
0apIIbIK Ke3eHICPiH e OTapAbIH HHKEHEPITiK-Te0IOTHSUTBIK KaF1aiIapblH KeIeH 1
TYpAE 3epTTeyci3, baranaychl3 JKoHe 00JKAYCHI3 iC KY31HIEe MYMKIH eMec.

Tyiiin ce3mep: >kapbIKIIaK, NPOLECC, TYPaKTBUIBIK, Ka30a, MOporeHes,
WH)KEHEPITIK I'€OJIOTHS, Tay JKbIHBICHI
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AnHoTanus. OTHUM U3 TPHOPUTETHBIX HAITPABIIEHNH YKOHOMUYECKOTO Pa3BUTHS
U COIMAIBHON cdepbl pecmyOiaMKd SBISETCS palMOHAIBHOE HCIOJIB30BAaHUE
IIPUPOJHBIX PECYPCOB, CPEAU KOTOPBIX BAXKHEUIIYHO POJIb UTPAIOT MECTOPOKACHHUS
MOJIE3HBIX HCKOMaeMbIX. B Tocneanme Toabl OJHOM M3 KIFOYEBBIX TEHICHIIMI
Pa3BUTHUSI TOPHOPYAHOM MPOMBIIIJIEHHOCTH BO BCEM MHUPE SIBJISICTCSI BOBJICUEHUE B
pa3BeaKy U OTpabOTKY MECTOPOXKICHUH, XapaKTepu3ymooLuxcs 0osee CI0KHBIMU
HMH)KEHEPHO-TE€OJIOTHYECKMMIA M THJPOT€OJIOTMYECKHMMHU  YCIOBHSIMH, a TaKkkKe
3ajieralomux Ha OoJbIIMX TiTyOMHaX. B CBsI3M ¢ 3TUM BO3pacTaeT TEXHOTCHHas
Harpy3ka Ha IEOJIOTUYECKYI0 Cpely, CIEICTBUEM 4YEro CTAHOBUTCS PA3BUTHUE
HETPEIBUIICHHBIX HHXEeHepHo-reosornueckux mpoueccos (MI'TI), mpuBomsmx
K TEXHOJOTWYECKUM OCIIOKHEHUSM TIPH Pa3BEIKE W OTPAOOTKE MECTOPOIKIACHHI.
W3BecTHBI MHOTOYHUCIICHHBIE CIIy4au, KOTJa M3-3a HENOCTATOYHOM HW3y4EeHHOCTH,
a TaKkKe OTCYTCTBHS HAAJIEKAIled OLEHKM W IPOTHO3a TPEIIUHOBAaTOCTH U
HapyLIEHHOCTH JOOBIYHOTO MacCHUBa TOPHBIX TIOPOJI M MX BIMSHUS HA YCTOHYMBOCTh
TOPHBIX BBIPAOOTOK MTPOUCXOTUITY aBAPHH, B TOM YHCJIE C YeIIOBEYECKUMH )KEPTBAMU;
B OTJICTIBHBIX CITyYasiX TOPHBIE PaOdOThI IPUXOANIOCH KOHCEpBUpOBaTh. [Ipn ocBoeHHN
MECTOPOKACHUNA TBEPHBIX IOJIE3HBIX HCKOMAEMBIX YBEIMYEHHE M3BIEKAEMBbIX
00BEMOB TOPHON MACCHI, TITyOHHBI Pa0OT M MPOTSHKEHHOCTH MTOI3EMHBIX BBHIPAOOTOK
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YCHIIMBACT POJIb TEXHOTCHHBIX (haKTOPOB B (DOPMUPOBAHUM THAPOTCOIOTHICCKHUX
nporieccoB. [1oBbIIEHHE HHTEHCHBHOCTH OYPOB3PBIBHBIX pab0T M N3MEHEHHE CXEM
BEJICHUSI TOPHBIX pabOT HE TOJIBKO yCHIIMBAIOT TPOSIBIICHHE TEXHOT€HHBIX IIPOIIECCOB,
OCIIOKHSIFOLIMX Pa3pabOTKy MECTOPOXKICHHH, HO W TIPOBOIMPYIOT pa3BUTHE
Pa3IUYHBIX THIPOTEOJIOTHYECKUX M HHKEHEPHO-TCONIOTHYeCKUX sBieHui. [Ipu
3TOM TPAHCHOPMHUPYIOTCS TIPUPOTHBIE THAPOT€OIOTHIECKHE YCIOBHS: H3MEHSIOTCS
PEXUM M HanpapJICHHs JBIKCHHS MOA3EMHBIX BOJ, YCIOBUS UX (DOPMHUPOBAHUS H
€CTECTBEHHOW MHPHUIBTPALMH, & MIPU MTOJ3EMHOM CIIOCO0e OTpabOTKH - AMHAMUKA
TPEIIMHHBIX BO; B OT/ACJIBHBIX CIIyYasixX yCHIMBAETCS IIPUTOK BOJIBI B 3200€ ITOJIBHH.
OoOecrieuenne BBICOKOW 3(PPEKTUBHOCTH M 0€30MaCHOCTH PabOThl COBPEMEHHBIX
JOOBIBAIOIINX TPEANPUATHNA MPAKTHYECKH HEBO3MOXKHO 0€3 BCECTOPOHHETO
M3YYeHHUS, OIEHKH WM TPOTHO3a MH)KCHEPHO-T€OJOTHYECKHX YCIOBHH pa3padoTKu
MECTOPOKICHHUH Ha BCEX CTA/IUSX X PA3BEIIKU U IKCILTyaTaIH.

KioueBblie ci1oBa: TpemyHa, mpolece, YCTOHYNBOCTh, BEIpaO0TKa, TIPOTHO3,
MHKCHEpHas Te0JI0THs, TOpHAs IT0poIa

Introduction Some researchers indicate that the strength and deformation
properties of massifs are inextricably linked with the direction of fracturing, while
others believe that with a sufficiently large ratio of the size of the considered section
of the massif (H) to the size of the natural structural block (L), both the strength
and deformation properties will be the same in all directions and will not depend on
the direction of the crack systems (quasi-isotropy). Thus, one can cite dozens and
hundreds of works on the study of engineering and geological conditions of MTPI.
(Muller, 1971; Terzaghi, 1961.).

This study by Nekash Radouane, M. Boukelloul and M. Fred;j published in the
journal Procedia Earth and Planetary Science, “Stability Analysis of Underground
Mine Workings and its Application in the Chaabet El Hamra Mine, Algeria,”
analyzes the stability of the room and pillar mining system of the Chaabet El Hamra
zinc deposit in Algeria. It compares the pillar stress assessment method using the
tension zone method (TIM) with finite element modelling (FEM) to assess safety,
structural integrity and potential failure zones in a mine (Petukhova,1972; Radouane
et al, 2015).

Literary review. Cala, Marek; Stopkovich, Agnieszka; Kowalski, Michal;
Blayer, Mateusz; Cyran, Katarzyna; D’obyrne, Kajetan also studied the stability
analysis of underground mine workings with complex geometry in their studies
(Marek et al, 2016).

H.B. Sahu, N. Prakash and S. Jayanthu considered underground mining as a
solution to environmental problems — a strategic approach to sustainable mining in
the future. (Sahu et al, 2015).

However, the above mentioned should not be noted that in recent years, the
funnel-shaped collapse of which occurred precisely during the processes of mineral
extraction has become more frequent; the study of these phenomena will require
the use of specific engineering-geological research, namely, the development of
rock fracturing in the disturbance of the rock massif; the information does not allow
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use for specific deposits, especially for deposits located in mountain-folded areas
and, in general, in the conditions of the MTPI of Uzbekistan, but gives general
directions for the study of engineering-geological and hydrogeological conditions
of the MTPI during exploration and it is possible to assess the reliability of the
information obtained by comparison.

Khandiza deposit is located on the territory of Sariasi district of Surkhandarya
region, in Surkhantau mountains (south-western spurs of Hissar range). The area
of the field is characterized by sharply dissected mountainous relief with absolute
heights of 1400-2000 m. The geological structure is mainly composed of complex-
dislocated sedimentary, volcanogenic and metamorphic rocks interrupted by various
igneous rocks. Khandizinskoye ore field includes the polymetallic deposit of the
same name, gold-silver-polymetallic occurrence of Chinarsay site and a number of
lead and zinc ore occurrences — Novasay, Chornova, Gurud, Yangaklyk and others.
It is confined to the Khandizinskaya volcanotectonic structure, located on the eastern
flank of the Effusive Fault, which controls the manifestations of Lower Carboniferous
volcanism. These rock complexes are typical of folded geosynclinal areas and
crystalline basement of platforms. The relationships of the individual rock complexes
are complex — numerous tectonic faults of different orders, significant fracturing of
rocks, and unequal extent and depth of distribution. (Agzamova et al, 2020).

In this regard, it is advisable to make a map of changes in engineering-geological,
hydrogeological conditions by degree of stability during underground development
in advance.

Materials and methods. The methodology of drawing up predictive maps
of changes in hydrogeological and engineering-geological conditions is given,
according to which we have built maps of Khandiza deposit. These maps are
recommended to be built on the basis of geological and industrial assessment of
explored and exploited deposits to take into account possible complications affecting
the cost of extracted raw materials, as well as at the stage of underground mining
for the correct choice of mining technology and measures to prevent negative
consequences caused by unfavorable processes and phenomena. (Miraslanov 2015,
Miraslanov et al, 2014)

The map identifies categories of areas with different degrees of engineering-
geological stability: stable (unchanging); medium-stable (medium-changing);
unstable (highly changing).

Analysis and generalization of engineering-geological materials allowed to draw
up maps of forecasting changes in hydrogeological and engineering-geological
conditions during field development. These maps are made in two variants. The
first variant is a zoning map, which reflects the intensity of changes in engineering-
geological conditions, where unchanging, weakly changing, strongly changing and
very strongly changing areas are distinguished during mining.

Results and discussions. The results of the conducted research allowed to use
for practical purposes the method of multifactor engineering-geological forecasting
taking into account disturbance and fracturing and their influence on the stability
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of mine workings. The peculiarities of lithologic structure of rocks, tectonic
features, hydrogeological and engineering-geological conditions during the field
exploitation were taken into account when selecting sites. The second option is the
actual forecast of changes in engineering-geological conditions of mineral deposits.

The map is prepared according to the category of engineering-geological
potentials of changes in natural conditions in connection with the proposed
mining operations, based on the identified patterns of changes in engineering-
geological characteristics of rocks, processes developed in them, as well as the
predicted elements. In addition to the main data (geological-tectonic structure,
hydrogeological conditions), such indirect data as geophysical (logging) materials,
information on the condition of the support in the mine workings were used in
drawing up this map.

When assessing the engineering-geological potential, a complex of the
following factors is taken into account: composition and properties of rocks, depth
of groundwater occurrence, engineering-geological processes and phenomena
(expected collapses and extrusions in mine workings), as well as rock disturbance
and fracturing.

The field is categorized as areas with varying degrees of engineering-geological
resistance to changes in natural and mining conditions. feature No.1

Assessment of changes in engineering and geological conditions during
underground mining (using the Navasai deposit as an example). scale 1:1000.
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Let’s consider categories with high engineering-geological potential (EGP),
which means the sensitivity of the site to external impact, its margin of stability in
relation to the engineering load.

Site “A” — stable unchanging, composed of sandstone, intersected by tectonic
disturbances with zones of faults of coarse-grained porphyritic rocks, groundwater
porosity is 0.35%, water yield 0.5-1.0%. Water flow rate of wells varies in the range
Q =0.004-0.007 I/s; specific flow rate q = 0.001-0.003 1/s; filtration coefficient Kf
=0.00035 m/day; water conductivity Km = 0.049-0.11 m3/day.

The rocks are massive strong, weakly and moderately fractured, characterized
by high strength indices 6sj = 49.4-70.2 MPa. The fracture void ratio (FDR) is
1-2.5%. Around the mine workings in some intervals, groundwater outlets of
0.001-0.094 1/s are possible.

Measures to improve hydrogeological and engineering-geological situation: it
is necessary to carry out preventive works in some areas to centralize groundwater
in separate, closely located sections, to use them as reservoirs for accumulation of
groundwater with subsequent withdrawal to the surface (elimination of long-term
accumulation of water). In the zones of fragmented and disturbed sections, it is
necessary to fix them.

Site “B” — medium stable, medium-altered, with average engineering-geological
potential, composed of rhyolite porphyries, in some intervals (sections) sandstones
and siltstones, in the upper horizon weak and medium-altered massif with weak
fracturing, monolithic, massive, there are numerous open fractures with CTP 2.5%,
sediments poorly watered with occasional manifestation of fracture water, aquifers
with poor water yield. Porosity is 0.37-0.95%, water yield is 1-3%. Water flow
rate of wells is Q = 0.008-0.1 1/s; specific flow rate q = 0.004-0.006 U/s; filtration
coefficient Kf = 0.00036-0.00087 m/day; water conductivity Km = 0.12-0.29 m3/
day; groundwater yields from 0.012 to 0.1 I/s. There are developed longitudinal and
diagonal according to falling cracks, compressive strength from 40.5 to 60.2 MPa.

Measures to improve the hydrogeological and engineering-geological situation:
it is necessary to prepare troughs for groundwater drainage in the nearest mine
workings, sections, serving as containers for temporary accumulation of mine water
in some areas; from the structural measures: strengthening of some weakened,
highly fragmented areas in some intervals, systematically carry out works to
centralize groundwater for drainage to the surface to prevent infiltration down to
deep horizons.

Site “B” — unstable (highly variable) with low engineering-geological potential
(EGP), composed of highly altered, wrinkled and fractured tuforiolite porphyries,
intersected by tectonic disturbances with fault zones, in some intervals often
interbedded sandstones, siltstones, siliceous-carbonate rocks. Porosity is 1.08-
2.56% and water yield is 3.0-8.6%. Fractured groundwater, represented by several
horizons and lenses, is confined to the zones of tectonic disturbances and crushing
zones, cavernous rocks are water-bearing with strong water seepage, the flow rate
of water seepage is up to 15 I/sec. Water flow rate of wells is Q = 0.015-0.055
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I/s; filtration coefficient Kf = 0.00085-0.00088 m/day; fracture void ratio (FDR)
3-6.0%. The strength values are 3.25-3.31 MPa.

Measures to improve the hydrogeological and engineering-geological situation:
it is necessary to develop ore deposits with consolidation of the excavated space
in certain areas, as well as to concentrate groundwater and drain it to the surface,
to prevent long-term accumulation. In the zones of fragmented and tectonically
disturbed areas it is necessary to fix. Expected water inflow at this site (interval) is
from 7.0 to 15.0 Is.

Changes in the predicted main components of the geological environment in
natural conditions are as follows: exogenous geological processes, fracturing and
rock disturbance, physical and mechanical properties of rocks and hydrogeological
conditions.

Of the exogenous geologic processes in natural conditions, the most common
are weathering, crumbling, and blowing of rocks. They are confined to exposed
areas under abundant precipitation in the valleys of sai valleys.

The construction according to the methodology is focused on taking into account
important criteria and factors identified as a result of the conducted studies, as well
as the relationship between the intensity of fracturing and core yields.

Significant difficulties in studying fracturing by core often arise when determining
the core. Currently, there are several methods for orienting the core when it is torn
off from the well bottom. However, in geological exploration work, as a rule, one
has to deal with a core that is not oriented at the well bottom.

When studying the nature and degree of fracturing of rocks using drill hole
cores, special attention is paid to the number of cracks per meter of core (specific
fracturing), the height of core columns, the amount and nature of crushed material,
and the presence or absence of a slip surface. These data are subsequently used as
the basis for quantitative assessment (Golodkovskaya et al, 1975).

According to L.I. Petukhova (1972), when cores are not preserved and there is
no quantitative description, the only reliable indicator is the core yield, which is
recorded for each run for all wells, i.e., the material represented by the full volume
of exploratory drilling can be used to predict fracturing. As a result of the study, a
correlation was established between the intensity of fracturing and the core yield.
This dependence is described in the range of 60<K<100% by the equation:

[=6,9-0,21K+0,0017 K2,
where K — is the core yield, %; | — is the average size of the units along the
borehole axis, m.

The correlation ratio in the equation is 0.81.
The following relationship is recommended for copper-pyrite deposits:

L= ().

26



ISSN 2224-5278 1.2026

In the guidelines for predicting fracturing (R.A. Takranov, 1977), a relationship
was established between the intensity of fracturing and the yield of core for coal
deposits in Kuzbass:

H:

2

W Il®

where I — is the intensity of fracturing; b — is the core yield; a is the coefficient:
for coals — 25, for host rocks — 10.

It follows from the above that different authors have described the corresponding
dependencies for different rocks. The latter need to be clarified with differentiation
by rock types that differ in drillability indicators, using a large amount of factual
data and modeling results.

The borehole core can be used in another direction, as hairline cracks (under
a binocular microscope) and microcracks. Since the elements of occurrence of
macro- and microcracks mutually correlate (meaning that the genesis of cracks of
the corresponding systems is the same), the occurrence of large disturbances can
be used to preliminarily identify the main crack systems. And their intensity will be
determined by the intensity of microcracks. However, quantitative relationships in
this regard have not been developed.

Thus, the issues of studying rock fracturing are the subject of many scientists’
works. The issues of the influence of fracturing on a number of engineering-
geological indicators have been resolved. It follows from the review that the most
poorly studied issue is the forecast of disturbance and fracturing during exploration.

Changes in the predicted main components of the geological environment under
natural conditions are as follows: exogenous-geological processes, fracturing
and disturbance of rocks, physical and mechanical properties of rocks and
hydrogeological conditions.

Of the exogenous geological processes in natural conditions, the most common
are weathering, crumbling, and blowing of rocks. They are confined to exposed
areas with abundant precipitation in the valleys of the sais.

The analysis of the results of studies of engineering-geological characteristics
of rocks shows that changes in physical and mechanical properties of lithological
homogeneous rocks do not vary by area and depth. Their changes are connected with
disturbance, fracturing and watering of the rock massif. The rock massif, depending
on tectonic disturbance and the degree of fracturing, is divided into categories of
areas: monolithic, weakly fractured, moderately fractured and strongly fractured.

1. Weakly fractured is characterized by the minimum density of cracks: 1-3
cracks per linear meter of core, 1-2 cracks per 1x1 m? of site. Fracture void ratio
(FDR) is 0.1-0.3%. There are no changes in engineering and geologic conditions.

2. Medium fractured areas are located near discontinuities and in the zones of
lower-order leading faults that do not have a crushing zone, where the density of 2-3
fractures per linear meter of core, 3-5 fractures per 1x1 m? of the site. The fracture
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void ratio is 0.5-0.8%. The fracturing and physical and mechanical properties of
rocks change, new cracks are formed, and the area of moisture around the mine
workings increases.

3. Strongly fractured areas are located directly in the crushing zone, disturbances
where the rocks are mostly fine-blocky. The fracture void ratio is 1-5.0%. The
following characteristics are studied: stress, fracturing, physical and mechanical
properties, hydrogeological conditions, stress concentration of the roof of the mine
workings, reduction of block sizes, filling of cracks with water.

Analysis of changes in physical and mechanical properties of rocks shows that
physical properties of rocks, except for ore, change within small limits. Specific
gravity varies within 2.60 to 2.67 g/km?, volumetric — within 2.57 to 2.65 g/km?®.

Thus, in natural conditions, the study area can be divided into two categories
of areas of relatively safe mining operations: favorable and unfavorable. The first
and second zones, i.e. massive and weakly fractured areas, where rocks are highly
resistant, belong to the favorable territory. In these zones, no significant deformation
in mine workings is observed. The second, unfavorable, area includes medium-
and highly fractured areas where the rocks are medium-strength. Mine workings in
these zones may develop cave-ins, rock falls and rock dome.

Particularly dangerous are the places where faults and watered crushing zones
are crossed. In these areas, when approaching underground mine workings, cave-
ins and dumps with high flow rates are possible, cases of groundwater breakthrough
occur, and sometimes mining and tunneling operations are suspended.

Here the main question should be aimed at determining the state of the rock
massif in connection with development, i.e. to assess the state of stability of mine
workings and to predict the zones of formation of engineering-geological processes
with possible types and places of formation. For these purposes, calculation
methods are used. When selecting design characteristics of underground mining of
rock massif, the main engineering-geological characteristics and their variability
are taken into account.

The stability of the roof and walls of mine workings is assessed qualitatively
and quantitatively. Qualitative assessment is based on the analysis of the identified
factors affecting the behavior of rocks after mining. These factors are mainly
unfavorably focused on the fracture system and discontinuities: weakened zones
and sections, weakened mechanical properties of rocks, water cut and presence of
karst voids. In addition, the mining and technical conditions of development, type,
size, speed, method of penetration, etc. are of great importance for the intensity of
development of various types of deformations and changes in equilibrium within
the rock massif.

Quantitative assessment of the stability of underground mine workings is based
on the classification of their roof by conditions (signs) of stability or collapse,
which are based on the coefficient of potential stability, not fixed roof in the mine
workings (S). This coefficient is determined by the formula:
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_ m*3sj*R

H¥*y*q °

where m — thickness of the layer or layer separateness having the smallest
connection with other blocks; dsj — limit of rock compressive strength in natural
or water-saturated state, MPa; R — value inverse to the number of square meters of
exposed and unfastened roof (1m?); H — depth of rock occurrence (the block under
consideration) from the ground surface, m; y — average density of rocks above the
roof, g/km?; q — rock fracturing coefficient equal to the square root of the crack
density (number of cracks per 1m?).

where m — layer thickness or layer separateness having the smallest connection
with other blocks; dsj — compressive strength of rocks in natural or water-saturated
state, MPa; R — value inverse to the number of square meters of exposed and
unconfined roof (1m?); H— depth of rock occurrence (the block under consideration)
from the ground surface, m; y — average density of rocks above the roof, g/km?; q
— rock fracturing coefficient equal to the square root of the crack density (number
of cracks per 1m?).

According to the typification of P.V.Vasiliev and S.I.Malinin, the following
stability categories are distinguished (Table 1).

Tablel.Stability Category Table

Stability Category Value of Potential Stability Coefficient “S”
Highly Unstable Upto 0.8
Unstable 0.8-1.1
Low Stability 1.1-2.0
Moderately Stable 2.0-3.0
Highly Stable 3.0-5.0

To calculate the stability of the roof, characteristic in terms of rock disturbance
and the most weakened areas are selected, as well as possible locations of operational
mine workings.

Conclusion. To issue a forecast of engineering-geological conditions and, most
importantly, disturbance and fracturing of the massif it is recommended to establish
the type of the explored field according to the proposed typification and to find a
similar developed field and study its conditions.

When selecting the analogous deposit, the following indicators for assessing the
similarity of deposits are proposed: structural and tectonic structure of the massif,
physical and mechanical properties of rocks, intensity of fracturing and the size of
blocks according to the core.

On the basis of the analog deposit not only disturbance and fracturing, but
also a number of other engineering-geological and mining-tectonic parameters
are predicted (angles of laying of pit sides and ledges, engineering-geological
processes, drilling and blasting parameters, oversize yield, losses and dilution, etc.).
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There are three systems of fractures around each fault: concordant, normal-
sectional and oblique-sectional. The strike of the latter and the fault differs on
average by 30°.

Using exploration materials, typing and analogues, the following are predicted:
the number and occurrence of fracture systems, the intensity of fracturing in depth,
the presence of fracture propagation, as well as data on the length and width of
fractures.

It is established that if there are no faults in the area, then there are three systems
of cracks, if the faults are oriented in two or three directions, then we have to talk
about 5-7 systems of cracks, and, finally, if the field has a series of differently
oriented faults, there are 8-12 and more systems of cracks.

At the deposits layered, large fractures are developed mainly at the contacts of
layers and rocks at right angles to the layering. At the boundary of ore, ore-bearing,
different-type and different-age rocks, an increase in the intensity of fracturing is
observed.
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