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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 Asus axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAD Cepusicbly 2bliviMu dcypranvinviy Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRaHuscul Jcypranovl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwviioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei meH canacwin Ycvinaovl. KP YFA Xabapnapeo.
Teonocus scone mexunuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyi 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2e0n02usi JHeaHe MexXHUKAIbIK
EbLIBLIMOAD OOULIHUWA KOHMEHMKe adanoblblmbi30bl 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 npuepIHCEeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY NO 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue2o coobuecmsa.
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Abstract. Relevance. The stability of pit walls is a key factor determining the
safety and efficiency of open-pit mining operations. Excessive groundwater inflow
and the presence of water-saturated zones often lead to slope instability, landslides,
and reduced productivity. Therefore, developing effective methods for dewatering
pit wall massifs is of great practical significance for ensuring sustainable mining
operations. Objective. The objective of this study was to develop and implement
a comprehensive system for draining the pit wall massif using newly designed
horizontal and slightly inclined boreholes with camouflet cavities to enhance slope
stability. Methods. The research methodology involved advanced groundwater
interception in formation zones beyond pit boundaries and interception of surface
runoff along pit slopes using horizontal, slightly inclined boreholes with camouflet
cavities. Experimental investigations were carried out using a polarization optical
setup to analyze stress distribution within the rock mass. Field studies included
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drilling horizontal boreholes in areas of maximum groundwater accumulation,
creating camouflet cavities by controlled blasting, and assessing stress redistribution
in the dewatered rock mass. The results demonstrated that camouflet cavities formed
beyond the rock mass displacement line act as stress concentrators that effectively
unload the near-contour zone and enhance slope stability. The introduction of
horizontal, slightly inclined boreholes with camouflet cavities ensures efficient
drainage of the contour massif, reduces stress concentrations at the slope base,
and stabilizes the overall pit wall structure. The proposed set of measures can be
widely applied at mining enterprises under similar geological and hydrogeological
conditions, contributing to improved safety and productivity in open-pit mining.

Keywords: open-pit mine, drainage, camouflet cavity, borehole, water
interception, stability, massif, rock
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AnHoTauus. Ozexminici. Kapbep OOpTTapbIHBIH TYPAKTBUIBIFBIH KAMTaMaChI3
eTy — alblK Tay-KeH >KYMBICTApbIHBIH Heri3ri MiHAeTTepiHiH Oipi OombIn
Tabbutaabl. KOHTYpFa >KaKblH MacCHBTE JKEp acThl JKOHE JKep YCTi CyJapbIHBIH
00ITybl KepHEY/IiH KOFapbllaybIHa, Tay KbIHBICTAPBIHBIH OCpiKTIriHiH TOMEHACYiHE
KOHE KyJlay BIKTHMAJIIBIFBIHBIH JKOFapbliaybiHa okeseli. COHIBIKTaH aclanThIK
MacCHUBTEpi KYpFaTyIblH THIMII 9IICTEePiH d3ipiiey Tay-KeH KOCIMOPbIHIAPBIHBIH
KayiIci3airi MeH eHIMAUIITIH apTThIPY YIIiH ©T¢ MaHbI3AbL. 3epmmeyoily MaKcamuol
Kapbep OOpTBHIHBIH TYPaKTBUIBIFBIH apTTHIPY YIUiH KamygueT KybIcTapbl Oap
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KOJIJICHEH JKOHE CAJI KoJIOey YHFhIMaIap/IbIH ’KaHa KOHCTPYKIMSUIAPBIH Maiianana
OTBIPBIIT, aCHANTHIK MACCHBTI KYpFaTy OOMBIHINA IIapanap KeIIeHiH d3ipiey *KoHe
eHrizy. Odicmepi. 3eprrey aaicremeci Kapbep amaHbIHaH ThIC Kepiepae JKep acTbl
CyJapbIH aJlIbIH-ajla YCTal alyFa, COHIal-aK KaMy(IIshK KyBICTaphl 0ap KeJJIeHEH,
CoJ Kendey YHFBhIMAIap apKbUIbl OSTKEHIepCH JKep YCTi CylapblH yCTal KalayFa
Heri3nenreH. MyHIail YHFIMalap/blH Tay >KbIHBICTApPhl MAacCHBIHAETT KepHEYIi
Kaiita Oeyryre ocepiH 3epTTey YINIH MOJSPH3ALMIIBIK ONTHKAIBIK KOHIBIPFBI
KOJIIaHBUL/IBL. J{amanbliK >KyMBICTapFa sKep acThl CyJapbl KOIl )KHHAJIATBIH JKepIiepe
YHFBIMaJIapasl OYpFbUIAY, XKapPBUIFBIIT SiCTICH KaMy(IIshk KyBICTapbIH KYpY JKOHE
KYPFaTBIIATBIH KepIe KbIHBICTAPIBIH KepHEYITi-ae(opMalsiianFal KyHiH Tangay
Kipai. Homuoicenep menKopovimuinovliap. HoTHKenep MacCUBTIHBIFBICY ChI3BIFBIHBIH
apThIHAA OpHAJACKaH KaMy(JsDK KybICTapbl KepHEY KOHIIEHTPATOpJIaphbl peTiHue
KBI3MET eTEeTiHIH, KOHTYpP MAaHBIHJAFbl alMaKThl TYCIPETiHIH >KOHE acHamlThIK
KBIHBICTAp/IBIH TYPAKTBUIBIFBIH apTTHIPATHIHBIH KopceTTi. Kamyisik KybicTapsl
0ap KeJjIeHeH coll Kenbey ¥HFbIMalap/ sl KOJNAaHy MAacCUBTIH THIMJL JpEeHaXbIH
KaMTaMachl3 €Tejli, KeJIOey[IiH TOeMEHTi OeiriHaeri KepHey KOHIEHTPAIUSCHIH
TOMEHJICTEll JKOHE Kaphep OOPTBIHBIH IKANMBl TYCIpUTyiHE BIKIIAN ETei.
O3ipJIeHTeH ic-I1apanap KelleHi yKcac THAPOreosIOTHSUIBIK JKaFaiinapel O6ap Tay-
KEH KOCIMOPBIHAAPBIHIA KEHIHEH €HTi3y YIIiH YCHIHBUIAIbI, OV AMIBIK Tay-KeH
YKYMBICTAPBIHBIH KAYIICi3/irl MEH OHIMIUTITIH apTThIpyFa MYMKIHJIIK Oepeti.

Tyiiin ce3aep: xapbep, Kyprary, KaMmy(JIeTTi KybIC, YHFBIMA, Cy/Ibl YCTaIl Kay,
TYPAKTBUIBIK, MACCHB, Tay JKBIHBICHI
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AnHoTauus. Axkmyanvuocms. O0ecreueHre yCTOWYMBOCTH OOPTOB KaphepoB
SBJISICTCS. OAHOW W3 KJIIOYEBBIX 33/a4 OTKPBITBIX TOPHBIX paboT. Hamnume
TPYHTOBBIX U MOBEPXHOCTHBIX BOJA B MPUOOPTOBOM MAacCHBE MPHUBOIUT K POCTY
HaNpsDKEHUH, CHIDKCHUIO MPOYHOCTH TOPOJ W TOBBIIICHUIO BEPOSTHOCTU
obpymennii. [ToaTromy paspaboTka d((GEKTHUBHBIX METOAOB OCYIICHHS MacCHBOB
UMeeT BXHOE 3HAUCHHE IS TMOBBIIICHUS] 0€30MaCHOCTH U MPOU3BOJUTEIBHOCTH
TOpHBIX TpeanpusTuil. [lens. Pa3paboTaTh W BHEAPHUTH KOMILIEKC Mep IO
OCYIICHHIO TMPHOOPTOBOTO MACCHBa C HCIOIb30BAHUEM TOPU3OHTAIBHBIX U
c1ab0 HAKJIOHHBIX CKBXHH C KaMy(QJIETHBIMH TOJOCTSAMH JJisl TOBBILICHUS
yCTOWYMBOCTH OOPTOB Kapbepa. Memoosl. ViccrnenoBanusi OCHOBaHbI Ha IPUHITHIIG
OIIEPEeXKAIOLIETO TepexBara MOA3EMHBIX BOJ B 30Hax uX (opmupoBaHus 3a
npeaesaMyd KapbepHOTO TMOJsl M TepexBaTa IOBEPXHOCTHBIX BOA C OTKOCOB
MOCPEJICTBOM TOPU3OHTAIBHBIX U CJIEeTKa HAKIOHHBIX CKBaXXHH C KaMy(JIETHBIMU
MOJOCTSIMU. BiMsHue CKBa)KMH Ha INepepachpeseieHue HanpsHKeHUH H3ydaioch
C UCTIONIb30BaHUEM TOJISIPU3ALMOHHON ONTHYECKOH ycTaHOBKH. [loeBbie paboThI
BKIIIOUad OypeHHEe CKBa)KHH, CO3JaHHE KaMy(IeTHBIX MOJOCTeH B3PBIBHBIM
Coco0OM W aHalu3 HanpsHKEHHO-e(OPMHUPOBAHHOTO COCTOSIHUSI TOPOA B
OCYIIaeMOM yuacTKe. Pe3yibmamol u 6b1600bl. YCTAHOBIEHO, YTO KaMy(IICTHbIE
MOJIOCTH, PACTIONIOKEHHBIE 38 JIMHUEH CIBU)KEHHS MaCCUBA, BHIIOIHAIOT (DYHKIIUIO
KOHI[EHTPATOPOB HANPSIKEHUH, pa3rpyKaloT MPUKOHTYPHYIO 30HY M TOBBIIIAIOT
YCTOWYMBOCTh TPUOOPTOBBIX MMOpoA. [IpuMeHeHHe TOPH30HTANBHBIX M CIado
HAKJIOHHBIX CKBaKHH C KaMy(IeTHBIMHU MOJIOCTSIMH oOecreunBaeT 3QQPeKTUBHOES
OCYILICHHE MAacCCHBa, CHIDKAeT KOHLEHTPAIMIO HANpPSKCHWH B HIKHEH YacTh
OTKOCAa M CIOCOOCTBYeT oOImel pasrpyske Oopra Kapbepa. PaspaboranHblit
KOMIIJIEKC MEPOTIPUSITHI PEKOMEH/IyeTCs K BHEIPCHUIO Ha TOPHBIX MPEATIPUATHUSIX C
AHaJIOTHYHBIMH THAPOTECOIOTHUECKUMHE yCIOBUSIMH JJIs1 TOBBIILICHHS 0€301T1aCHOCTH
1 3()(HEeKTUBHOCTH OTKPBITHIX TOPHBIX PaOOT.

KioueBble ciioBa: kapbep, ocynieHHe, KamyQueTHas TOJIOCTb, CKBa)KHHA,
nepexBar BOJbl, yCTOWYMBOCTh, MACCUB, TOPHBIE TIOPO/IbI

Introduction. In deep quarries with complex hydrogeological conditions, it is
necessary to use effective methods of protecting mine workings (Bosikov et al.,
2023; Klyuev et al., 2024) from groundwater, since the presence of a saturated
aquifer in the slope zone significantly reduces the stability of the sides, leads to
additional loads on the massif and contributes to the development of deformation
processes, including landslides and displacements. In conditions of increased
water inflow, drainage systems aimed at preemptive action are especially relevant,
allowing to minimize filtration flows even before their contact with the quarry slopes.
Currently, various drainage methods are used, including vertical dewatering wells,
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absorption and injection columns, trench drainage, as well as shallow horizontal
drainage systems placed in benches or directly in the slopes of quarries. However,
the effectiveness of traditional methods is limited by the geological and filtration
properties of the massif, as well as the possibility of clogging of filter elements
and the need for continuous operation of expensive pumping units. World practice
shows that horizontal directional drilling, especially in conditions of complex rock
mass structure, is one of the most effective approaches to marginal zone drainage
(Miiller et al., 2011; Galperin, 2003). However, even with this method, up to 40%
of groundwater can reach the quarry edge, which creates additional risks and
complicates open-pit mining (Buragohain, et al., 2024). Groundwater reaching the
slope leads to waterlogging of the edge mass, reduces the strength characteristics
of rocks and increases the likelihood of bench failure, especially during long-term
quarry operation in conditions of seasonal floods or close occurrence of aquifers.
The conducted study is aimed at solving these problems by developing and
applying a method of advanced interception of groundwater before it reaches
the slope. In particular, a system of horizontal and slightly inclined wells with
camouflage cavities is proposed, which are formed within the massif by means
of a directed blast and act as effective accumulators and concentration zones for
water outflow (Baymirzaev et al., 2023; Baymirzaev et al., 2021; Toshov et al.,
2024). This approach ensures remote collection of water from both upper and
lower horizons, reducing filtration loads on slopes, and also redistributing the
stress state of the massif due to the formation of an artificial free cavity, which is
confirmed by both field measurements and optical experiments on stress diagrams.
The borehole design takes into account the use of special explosive charges and
fast-hardening waterproofing materials, which allows not only to form camouflage
cavities of a given shape and volume, but also to exclude the reverse penetration
of water to the lower levels of the massif (Klyuev et al., 2024; Zykova et al., 2019;
Malozyomov et al., 2024). In addition, the created vacuum effect in the pear-shaped
cavity promotes active water collection due to the rarefaction effect, which further
increases the efficiency of the drainage system without the need for a constant
power supply. Based on the introduction of a new design of drying gently inclined
boreholes with a camouflage cavity, an engineering complex has been developed
that combines both proactive interception of water in places of its formation outside
the quarry (Shishkin et al., 2024) field and collection of water from the surface
of slopes. This allows almost completely eliminating the filtration penetration of
groundwater into the edge zone, restoring the stability of the massifs and ensuring
stable mining operations at long horizons (Kulikova et al., 2024; Shishkin et al.,
2024). The efficiency of the proposed scheme is confirmed by pilot tests, including
those at coal and ore quarries in Uzbekistan, where traditional drainage methods
proved ineffective in conditions of low permeability of semi-rocky rocks. The test
results indicate a significant decrease in rock moisture, a decrease in the number
of emergency areas and an increase in labor productivity. Thus, conducting
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comprehensive hydrogeological studies, point design of the drainage system,
choosing rational drilling parameters and configuration of camouflage cavities, as
well as the construction of pumping or water collection stations with the connection
of drainage pipelines are key stages in the implementation of an effective system of
preventive drainage. These measures ensure sustainable protection of the marginal
massif from flooding, allow the scheme to be adapted to various geological
conditions and make a significant contribution to improving the industrial and
environmental safety of open-pit mining.

Materials and methods. The bulk of deposits in Uzbekistan are located in
mountainous or hilly areas. In these places, water inflows are formed mainly along
the sayas, where water flows along the surface only during flood periods. That is,
on average, about one or two months a year. The rest of the time, the water forms
an aquifer under the surface of the saya, which, reaching the quarry, open-pit mine,
moistens the marginal massif.

However, in addition to this, groundwater can also be formed from other sources,
rivers, lakes, canals, etc. This water enters the open-pit mines, quarries, moistening
the marginal massif (Mekhtiyev et al., 2023; Gutiérrez er al., 2014). Moistening of
the marginal rocks reduces the stability of mine workings, reduces productivity, etc.
Currently, there are a large number of methods and ways of draining the marginal
massif. Each of them has its advantages and disadvantages.

The closest to the proposed method, in design, is the method with horizontal
drains (Fig. 1). The method consists of laying a horizontal drain, which creates an
outflow and reduces the flow pressure forces. This method of draining the massif
works well with high filtration properties of rocks. In clayey and semi-rocky rocks,
this method is ineffective, since in semi-rocky rocks the filtration properties of
rocks are not enough, and in clayey rocks, rapid silting of the drain channel occurs.
To intercept trench waters, outside the quarry field, we have developed a design of a
slightly inclined well with a camouflage cavity. At the end of a low-angle borehole,
an accumulating camouflage cavity is created in the massif by explosive means,
which, due to the special design of the explosive charge during the explosion,
compacts the lower part of the cavity and isolates it from water with a special
waterproof composition. Thus, the lower horizons are reliably protected from
flooding. Creation of a free surface allows for the accumulation of groundwater
in the camouflage cavity. Since groundwater, being in a compressed environment,
tends to fill the free capacity, acting on the principle of least resistance.

When pumping water from the camouflage cavity through an inclined well, it
can lead to a decrease in water inflow, in this case, a pear-shaped void directed
upwards is formed in the camouflage cavity, creating a vacuum effect. Under
the influence of vacuum, water begins to be sucked out of the aquifer, which
significantly increases the water outflow from it. Therefore, water leakage past the
wells is practically excluded. With a two-week flush, almost spring water will flow
out of the wells. This water can be used both for drinking and for irrigation of
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agricultural land. In the conditions of Uzbekistan, obtaining clean water is very
important, while the marginal massif will be completely drained and the stability
of the rocks will be restored (Toshov et al., 2024; Zairov, Nomdorov, Ravshanova,
2023). The drainage works start with hydrogeological studies around the quarry
field in order to detect groundwater, determine its capacity and water inflow, as
well as the chemical components of the water itself. Based on the data obtained
by hydrogeologists on the location of the aquifer, the development of a project for
draining the perimeter massif begins. According to the project, work begins on the
construction of a water intake station. At the beginning (Fig. 1), a bench is built - 1,
from which gently inclined wells are drilled - 2 to the aquifer - 3, by means of an
explosion, camouflage cavities are formed - 4, the explosions are carried out with a
delay, which does not allow the destruction of the lower aquifers.

Figure 1. Groundwater diversion project, where: 1 — bench, 2 — slightly inclined well,
3 —aquifer, 4 — camouflage cavity

The design of the casing pipe with a camouflage charge attached to (Fig. 2).
After the bench construction and well drilling, a metal casing pipe - 1 is inserted
into them, in which the camouflage charge - 2 is located, the size of which is
calculated in accordance with the thickness of the aquifer. Under the action of
the explosion, a camouflage cavity is formed with a size of the thickness of the
aquifer. Under the action of the explosion, a container with a quickly hardening
waterproof mass - 3 located under the charge is squeezed out to the bottom of
the camouflage cavity, under the action of a metal wad - 4 located between the
container and the charge, below the container with a quickly hardening waterproof
mass, a window is made in the pipe - 5, which serves for faster squeezing out of the
quickly hardening waterproof mass by the explosion, thereby creating a waterproof
layer that prevents water from penetrating to the lower horizon. In addition, under
the influence of the explosion, the pipe opens, for which purpose in its upper part,
above the explosive charge, cuts are made for the length from the beginning of the
charge to the end of the pipe, by 2/3 of the pipe wall thickness - 6, in the opened
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part of the pipe the lower part of the camouflage cavity is additionally compacted,
thereby eliminating the possibility of squeezing the pipe out under the action of
water pressure and serves to reduce silting of the camouflage cavity. In the center
of the explosive charge there is a detonator - 7. In order to isolate the explosive and
the quickly hardening waterproof mass, the pipe is covered with a waterproof shell
(polyethylene). A polyethylene wad is placed behind the charge, which protects
against gas penetration into the well and locks in water — 8. To intercept water
seeping into the well, a perforated section of the pipe is made — 9, a thread is cut
behind the perforated section of the pipe — 10. After the explosion and the formation
of a camouflage cavity, the metal pipe is unscrewed and a plastic pipe is attached to
the water-collecting section of the pipe by means of a threaded connection — 11. At
the end of the pipe, a small skirt with a cone towards the center is made — 12, which
additionally reduces water penetration into the well.

Figure 2. Casing pipe design with a camouflage charge.
1 — casing pipe, 2 — camouflage charge, 3 — fast-hardening waterproof liquid, 4 — metal wad, 5 —
window, 6 — cut, 7 — detonator, 8 — polyethylene wad, 9 — perforated section of pipe, 10 — thread,
11 — plastic pipe, 12 — skirt
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Results and discussion. Water in the aquifer, trying to fill the free cavities,
rushes from the front and sides into the camouflage cavity, from where it comes out
to the surface through the casing pipe. The casing pipes are connected to the pipe
of the bypass water conduit. Its size is calculated taking into account the maximum
flood along the sai. Along the entire length of the bench, these pipes are perforated
from above and on the sides to collect surface water during the flood. On the bench
platform, behind the pipe of the bypass water conduit, a shaft is made to collect
flood waters. On the upper part of the bench, reinforcement is mounted, on which
a chain-link mesh is stretched, which will retain debris. The advantage of this
method of advanced drainage is as follows: interception of groundwater before
the formation of an aquifer, the absence of energy-intensive equipment during
operation, no need for power grids, ease of preventive and repair work, no need for
constant monitoring. In addition, the possibility of obtaining clean drinking water,
which can be sent through pipes to neighboring cities or villages, reliable protection
of lower horizons from flooding.

However, hydrogeologists do not always find all available water inflows or in
the immediate vicinity of the quarry field there are rivers, lakes, reservoirs, canals,
etc. creating additional aquifers, which are opened during mining operations with
the release of water to the surface of the bench or slope of the side. In such cases,
we propose a method of intercepting water with a horizontal (slightly inclined)
well with a camouflage cavity, which serves for the advanced interception of
water beyond the sliding plane of a possible landslide. This creates conditions
for avoiding the formation of landslides and other deformations. The condition of
limit equilibrium for the algebraic addition of forces on the most stressed surface is
written in the following form:

_ tgep -EP[ -g-cosrp[ﬂ‘_'p-E 1;

Fat

L P-g-sing;
Calculations taking into account the water content of the massif were made
using the well-known formula (Mochalov, Popov, Eremin, 2016):

E':P'[-cﬂsrp[ —D[}-l'k[':[’
EP‘[ -Fing;

Work on the creation of a water interception station begins with the development
of a project, which includes calculations and construction of the plane of
displacement of the marginal rocks. Based on the project (Fig. 3), gently inclined
wells are drilled. The length of the well is determined by adding the distances from
the slope surface to the massif displacement line (A) and the magnitude of the
seismic impact of the explosion during the formation of a camouflage cavity in the
massif (B).
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A
4

Figure 3. Determining the distance from the surface to the camouflage cavity.
1 — camouflage cavity, 2 — well, 3 — aquifer, 4 — bench

To form a camouflage cavity and drain water into the well, a casing pipe is
inserted at the end of which a nozzle made of the proposed design of an explosive
charge is located. The nozzle consists of a pipe section - 1, at the end of which an
explosive charge - 2 is placed, opposite to which a slit - 3 is made for the width
of the cumulative recess - 4. After the explosion, an elongated pear-shaped cavity
is formed due to the energy jet from the cumulative charge. To strengthen the
lower part of the pipe, a metal insert - 5 is installed under the charge. During the
explosion, the upper part of the pipe opens due to a cut - 6 from the slit to the end of
the pipe for the entire length of the explosive charge. The opened part of the pipe,
due to the energy of the explosion, is pressed into the lower part of the camouflage
cavity, thereby compacting the lower horizon. This will significantly reduce water
penetration to the lower horizons, in the opened part of the pipe it additionally
compacts the lower part of the camouflage cavity, thereby eliminating the possibility
of squeezing the pipe out under the action of water pressure and serves to reduce
silting of the camouflage cavity. In the center of the explosive charge there is a
detonator - 7. In order to isolate the explosive and the quickly hardening waterproof
mass, the pipe is covered with a waterproof shell (polyethylene). A polyethylene
wad is placed behind the charge, which protects against gas penetration into the
well and locks in water — 8. To intercept water seeping into the well, a perforated
section of the pipe is made — 9, a thread is cut behind the perforated section of the
pipe — 10. After the explosion and the formation of a camouflage cavity, the metal
pipe is unscrewed and a plastic pipe is attached to the water-collecting section of
the pipe by means of a threaded connection — 11. At the end of the pipe, a small
skirt with a cone towards the center is made — 12, which additionally reduces water
penetration into the well.
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Figure 4. Casing pipe design. 1 — metal pipe, 2 — explosive, 3 — slot, 4 — cumulative recess, 5 — metal
insert, 6 — cut, 7 — detonator, 8 — polyethylene wad, 9 — perforated section of pipe, 10 — thread, 11 —
plastic pipe, 12 — skirt

The application of the presented engineering solution (Figure 4) allows for the
implementation of a localized and targeted drainage effect, which focuses on the
point interception of groundwater within the most saturated sections of the massif.
Unlike traditional vertical or inclined dewatering wells, where the coverage area
depends on the natural distribution of filtration flows, the use of slightly inclined
wells with controlled formation of a camouflage cavity ensures precise spatial
positioning of the discharge volume. This is especially important in conditions
where the aquifer has an intermittent or variable structure, and its filtration properties
complicate the application of classical drainage methods. An additional advantage
is the possibility of geometric control over the direction of the drainage effect,
which makes this method applicable in situations where it is necessary to avoid
opening the lower horizons or contact with particularly vulnerable structural zones
of the massif. The change in the stress state near the cavity created as a result of
blasting operations has a relieving effect on the adjacent section of the edge massif,
reducing the level of horizontal and tangential stresses at the most critical points.
This ensures not only efficient water removal, but also stabilization of the structural
integrity of the massif in conditions requiring special control over slope stability.
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Figure 5. Designs of horizontal drainage wells with a camouflage cavity. 1 — well, 2 — bench,
3 — camouflage cavity

The diagram in Figure 5 demonstrates the versatility of the technology in
field conditions where it is impossible to organize fixed benches or where prompt
intervention is required without large-scale engineering preparation. Unlike the
previously described option, this method can be used regardless of the current
stage of mining development, which is especially important when there is a need
for a quick response to local filtration zones or unexpected water shows. The
ability to drill horizontal or gently inclined wells with an outlet to the desired
aquifer allows you to vary the intervention parameters taking into account the
actual hydrogeological conditions. Due to the autonomy of the design, a closed
and targeted water interception system is created, where the groundwater flow is
stabilized due to the free cavity and the created vacuum. This arrangement makes it
possible to not only drain the edge massif, but also ensure its long-term protection
from over-moistening without the need for constant maintenance or power supply.
In addition, the system is easily adapted to the existing pumping infrastructure of
the quarry, and in some cases can function by gravity, reducing operating costs. All
this makes this method particularly effective in mountainous regions with seasonal
instability of aquifers and developed rock fracturing, where traditional drainage
methods demonstrate limited effectiveness.

4,
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a b
Figure 6. Pattern of bands in the presence of a camouflage cavity in the massif (a) and stress
diagrams (b)
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The results of laboratory studies, visualized in Figure 6, allow us to quantitatively
and qualitatively evaluate the effect of redistribution of the stress state of the massif
in the presence of a camouflage cavity. Under conditions of high massif stress,
typical of quarries with steep slopes and significant development depth, the key
stability factor is the reduction of tangential stresses in the zones of potential sliding
planes. The presented patterns of bands and diagrams show that the creation of a
closed cavity within the massif leads to the formation of an unloading zone covering
both the volume immediately adjacent to the cavity and the lower part of the slope.
This leads to a redistribution of stresses from potentially dangerous zones to more
stable areas of the massif. The most pronounced effect is observed in the case of
placing the cavity outside the shear line, which contributes to the destruction of
equilibrium conditions in the zone of a possible landslide and the rupture of the
hydraulic connection between the aquifer and the bench surface. Thus, the proposed
technology works not only as a drainage element, but also as a geomechanical
stabilizer, forming a protective barrier against the development of deformations. As
a result, a complex effect is achieved: a reduction in water content, redistribution
of internal forces and an increase in the overall stability of the rock mass, which
is especially important in conditions of intensive development of minerals at great
depths and in unfavorable geological conditions.

Conclusion. The study presented in the article is aimed at developing and
substantiating a set of engineering and technical solutions that ensure effective
drainage of the edge massif in deep quarries with complex hydrogeological
conditions. Unlike traditional methods of dewatering based on vertical or shallow
horizontal drains, the proposed technology includes the use of slightly inclined
boreholes with the formation of camouflage cavities in the massif, which makes it
possible to implement the principle of advanced interception of groundwater before
it reaches the quarry slopes. Analysis of experimental and theoretical data showed
that camouflage cavities located outside the massif displacement line perform a dual
function: firstly, they serve as reservoirs for the accumulation of groundwater and
points of effective drainage, and secondly, they act as stress concentrators, forming
an unloading zone inside the massif and thereby contributing to an increase in its
stability. This is confirmed by the results of modeling the stress state of the massif,
performed using optical and geomechanical methods, as well as full-scale tests
demonstrating a decrease in the level of filtration loads and shear stresses near the
lower edge of the slope.

The developed method not only allows avoiding the use of energy-intensive
pumping units and complex engineering infrastructure, but also adapts to various
engineering and geological conditions of deposits. Due to the design flexibility and
targeted nature of the impact, the system can be implemented both in conditions of
active quarry production and in areas with limited access to the surface. The economic
efficiency of the method is manifested in reduced operating costs, increased cycles
between repairs and increased labor productivity due to stabilization of the mining
situation.
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Thus, the implementation of a set of drainage measures using gently inclined
wells and camouflage cavities is a progressive and scientifically sound approach
to solving the problem of quarry drainage. The technology has a high potential for
wide practical application in mining enterprises, especially in areas with active
water inflow and heterogeneous structure of the massif. The obtained results can
be used as a basis for new design solutions for managing hydrogeomechanical
risks during open-pit mining and form the basis for further applied and theoretical
research in the field of slope stability and filtration-strength properties of marginal
rocks.
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