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Abstract

Mining potash deposits at great depths is associated with increasing extraction losses. Conventional room-
and-pillar mining systems that leave barrier pillars between panels prevent their subsequent recovery be-
cause of progressive stress accumulation and deterioration of excavation stability, which necessitates the
development of new technological solutions. This study proposes and substantiates a mining approach for
gently dipping potash seams at great depths aimed at reducing ore losses through secondary recovery of
barrier pillars between panels while controlling the rock mass stress state by backfilling. The study was con-
ducted using finite element modeling with a Mohr-Coulomb elastoplastic constitutive model. The model
was calibrated against field measurements of roof subsidence for mining conditions at a depth of 1100 m.
The influence of extraction thickness, chamber filling ratio, and deformation properties of backfill materials
(dry fill, hydraulic fill, and cemented backfill) on the stress state of the barrier pillar was evaluated. The re-
sults show that in the absence of backfilling, stresses in the barrier pillar at the stage of ground movement
stabilization exceed the geostatic stress level by more than six times, which precludes its subsequent ex-
traction. An empirical relationship between the stress concentration factor and the properties of the back-
fill mass was derived, enabling the prediction of safe mining conditions. A configuration of inter-chamber
pillars with variable width, increasing from the center toward the periphery, is proposed to achieve a more
uniform load distribution. A method was developed for calculating the width of first-stage pillars, ensuring
that the factor of safety remains above the regulatory threshold (>1). Simultaneous mining and backfilling
operations limit stress buildup in the barrier pillar. This creates conditions for the safe recovery of the pillar
using second-stage chambers. The proposed technology enables additional recovery of mineable reserves,
does not require major modifications to the existing development layout, and allows mining waste to be
used as backfill material.
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AHHOTauunA

Pa3paboTKa KaJauitHbIX MECTOPOKIEHMIA Ha O0IbIIMUX ITy6MHAX COTTPOBOKAAETCS POCTOM SKCILTYaTaIl[MOHHBIX
IIOTepb I10JIE3HOI'0 MCKOIIaeMOro. Tpa,HI/ILU/IOHHbIe KaMepHbIe CUCTeMBbI C OCTaBJ/IEHMEeM OITOPHBIX IIEeJIMKOB
He ITO3BOJISIOT B ,ZLaJ'IbHeI‘/'ILHeM M3BJIEKATDb 3TN 3aIllaChl M3-3a MPOTPECCUPYIOIIEro poCTa HaHpH)KeHI/[fI nIiore-
PU YCTOMUYMBOCTY BbIPABOTOK, UTO OIIpEIe/sieT He06X0AMMOCTD ITOMCKA HOBBIX TEXHOIOTMYUECKUX PeIleHMIt.
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ViccinemoBaHue CTaBUT mepeq coboii 1iesib — 060CHOBaHMe ITapaMeTPOB TeXHOJOIMM BbIEMKM ITOJIOTUX Ka-
JIMITHBIX TVIACTOB Ha OOIBIINX INTyOMHAX, 00ecIIeuMBaoIlei CHMKEHYE TTOTEPh PYOBI 38 CUET TOU3BICUEHUS
OIOPHBIX MEXKYUYaCTKOBBIX LI€JIMKOB MPU YHpaBIeHUM HANPSDKEHHBIM COCTOSIHMEM MacCHBa C IMOMOILBIO
3aknanku. VccnemoBaHue BBIMOJHEHO HA OCHOBE MOZIENIMPOBAHMS METONOM KOHEUYHBIX 37IeMEHTOB C MC-
MTOTb30BAHMEM YIIPYTO-TIACTUYECKOI Momeny Mopa—Kyrnona. Mogenb OTKaMOpoBaHa M0 HaTypPHBIM JaH-
HbIM OCeJIaHMsI KPOBJIM JJist yeiaoBuii mmy6uHsbl 1100 M. O1ieHeHO BJIMSIHME BBIHMMAeMOl MOIIHOCTH, CTeIe-
HM 3aIIOTHEHMS KaMep U JedOopMallMOHHBIX CBOJMCTB 3aK/IaJ0YHOrO MaTepuasia (cyxas, IMapaBiandeckas,
TBepIelolas 3aKaagKa) Ha HalpsoKeHHOe COCTOSIHME OMMOPHOTrO LieMKa. YCTaHOBIEHO, YTO IIPYU OTCYTCTBUM
3aKJIaIKM HAMIPSDKEHMSI B OIIOPHOM IIe/IMKe K MOMEHTY CTabMIM3aliuy COBVKEHUI ITPeBbINIAIOT re0CTaTh-
yecKuit ypoBeHb 6ojiee ueM B 6 pa3, UTO MCK/IIOUAeT ero Mmocjeayonyio oTpaboTky. [lonyyeHa sMmnupuye-
CKasl 3aBUCUMMOCTh KO3 UIMEeHTa KOHLIEHTPAIMM HaIPssKeHMIT OT apaMeTpoB 3aK/IagoYHOr0 MacCuBa,
ITO3BOJISIONIAST ITPOTHO3MPOBATh YCIOBMSI 6€30MaCHOCTM BeleHMs] TOPHBbIX pabort. IIpemioskeHa KoHUry-
pauysi MeXXIyKaMepHbBIX 11eJIMKOB IepeMeHHOl IMPUHbBI (YBEJIMYMBAIOLIENCS OT LEeHTpa K repudepun),
obecrieunBamwInasl paBHOMEpPHOe paclipefie/ieHie Harpysok. PazpaboraH crmoco6 pacueTra MIMUPUHBI LIeIN-
KOB IIepPBOi1 ouepeay, Ipyu KOTOPOM KO3 GUIIMEHT 3aIaca MPOYHOCTM COXPAHSIETCS BbIllle HOPMaTUBHOTO
3HaueHust (>1). OmMHOBpeMeHHOe BeIdeHMe OUMCTHBIX M 3aK/JIaJOUHBIX PaObOT MO3BOJISIET OTPaHUUUTh POCT
OITaCHBIX HAMIPSIKEHNI B OTIOPHOM II€JTMKE, UTO CO3aeT YCA0BMSI [IJist 6€30I1acHO BbIEMKM Ie/IMKa Kamepa-
MM BTOpoOIi ouepenu. [Ipeajaraemast TeXHOJIOIMsI 00ecieunBaeT JOIOTHUTEIbHOE M3BjIeueHye 6a1aHCOBbIX
3aracoB, He TpeOyeT KOPEHHOIT MepeCcTPONKYM IMOATOTOBUTEIbHBIX BIPAOOTOK M CIIOCOOCTBYET YTUIN3ALIUA
TeXHOTeHHBIX OTXO/IOB.

KnioueBble cnoea

JI00bIYa, KaJTUIHbIN TIJIACT, LeJIVK, OTIOPHBIN 1[eIUK, 3aK/IaKa, BhIpaboTaHHOE ITPOCTPAHCTBO, IBYXCTAI M-
Has BbleMKa, 3aIachl, JOM3BIeUeH e 3aacoB, MeKIyKaMepHble 1eJIMKM, MOeIMpoBaHe, MeTolI, KOHeU-
HbBIX 3JIEMEHTOB
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Introduction

Mining potash deposits becomes increasingly
challenging as operations progress to greater depths,
where operational losses of mineral reserves increase
significantly. In global mining practice, such condi-
tions are typically addressed using room-and-pillar
mining with barrier pillars left between extraction
panels [1]. However, previous attempts to reduce loss-
es through partial extraction of pillars or reduction of
their width have not yielded positive results [2-4].

Possible approaches to increasing recovery in-
clude mining the inter-chamber pillars within the
panels, as well as recovery of reserves contained in
the barrier pillar. However, earlier studies [5] have
shown that achieving a practical reduction of losses
through secondary extraction of inter-chamber pillars
within the life of a mining block is almost impossi-
ble. In particular, it is difficult to ensure an acceptable
time lag between the secondary extraction operations
and the primary stoping activities within the panel.
By the time the technological conditions allow sec-
ondary extraction to begin, the inter-chamber pillars
have already entered a critical stress-strain state due
to rheological deformation processes.

Observations at potash mines operating at
depths of approximately 1000-1200 m indicate that
salt pillars undergo plastic deformation. As a result,
the mined-out chambers gradually close, eventually

forming a continuous technogenic rock mass. Roof
subsidence during the first year after stoping rea-
ches 150-200 mm, and after 2-3 years the excava-
tions become non-operational. At the same time,
stresses in the retained barrier pillars increase seve-
ral-fold relative to the natural geostatic stress level,
making it impossible to conduct mining operations in
their vicinity without risking instability of the entire
mining system.

This situation creates a fundamental contra-
diction: barrier pillars are required to maintain the
stability of mining panels during extraction, yet
a substantial portion of the reserves remains locked
within these pillars and cannot be recovered using
conventional methods. One possible solution is the
implementation of a two-stage mining approach,
which allows secondary recovery of reserves while
protecting overlying aquifers through backfilling
of the mined-out space. Timely filling of first-stage
chambers with backfill material can limit stress
buildup in the barrier pillar and prevent excessive
deformation. After backfilling of adjacent panels is
completed, the barrier pillar can be mined using sec-
ond-stage chambers, leaving only the technological-
ly required inter-chamber pillars.

In this context, the paper proposes a two-stage
scheme for barrier pillar extraction, enabling secon-
dary recovery of reserves while ensuring protection of
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overlying aquifers through backfilling of the mined-
out space.

The objective of this study is to develop and justify
a mining technology for gently dipping potash seams
at great depths that minimizes extraction losses.

To achieve this objective, the following tasks were
addressed:

— forecasting geomechanical processes in the salt
rock mass under different mining scenarios and as-
sessing the influence of time-dependent factors on
the stress state of barrier pillars;

— developing methods to reduce stresses in the
barrier pillar through optimization of backfill para-
meters and inter-chamber pillar configuration;

- investigating the influence of mined-out space
backfilling (degree of chamber filling and type of back-
fill material) on the stress state of the barrier pillar;

— developing an algorithm for determining the
parameters of the proposed technology (number of
chambers and width of inter-chamber pillars) based
on numerical modeling results.

Methods

To achieve the study objective and address the
research tasks, computer-based numerical modeling
was employed [6, 7]. In modern geomechanics, nu-
merical modeling is widely recognized as an effec-
tive tool for assessing the stress—strain state of rock
masses. The simulations were performed using the
software package developed by Rocscience, which
implements the finite element method (FEM). This
software is widely used to solve a broad range of ge-
omechanical problems, including the evaluation and
justification of engineering design solutions in min-
eral deposit development [8, 9]. The selection of this
software was determined by its ability to efficiently
construct and analyze complex multistage numerical
models, requiring significantly less effort than phys-
ical modeling. This capability is particularly impor-
tant for investigating geomechanical processes in
salt rock masses.
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Model geometry and parameters

The model represents a two-dimensional frag-
ment of a room-and-pillar mining system including
the roof and floor strata as well as the main productive
seam. The model incorporates inter-chamber pillars
within the mining panel and a barrier pillar separa-
ting adjacent panels. Because the stress—strain state
is symmetric with respect to the vertical axis of the
barrier pillar, the calculations consider half of the pil-
lar width and half of the adjacent mining panel. The
model geometry and layout of structural elements are
shown in Fig. 1.

Boundary conditions and loading

At the lateral boundaries of the model, horizon-
tal displacements were constrained, while vertical
displacement was restricted along the bottom boun-
dary. A distributed load corresponding to the weight
of the overlying rock mass was applied to the upper
boundary. The initial stress state of the rock mass
was assumed to be hydrostatic, which corresponds to
the conditions of deep potash seam occurrence. The
simulations were carried out within an elastoplastic
framework using the Mohr-Coulomb strength crite-
rion, which adequately describes the mechanical be-
havior of salt rocks within the considered stress range.

Modeling of the backfill mass

To evaluate the influence of backfilling opera-
tions on the stress state of the barrier pillar, the model
includes the filling of mined chambers with material
characterized by specified strength and deformation
properties [10-12]. The variable parameters were
the degree of chamber filling (the ratio of backfill vo-
lume to the volume of the mined-out space) and the
mechanical properties of the backfill mass, which al-
lowed different backfill types to be considered, ran-
ging from dry fill to cemented backfill. Varying these
parameters made it possible to perform parametric
analyses aimed at identifying the most suitable type
of backfill material for specific mining and geological
conditions [13, 14].

Load from the weight of the overlying rock strata
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Fig. 1. Geometry of the geomechanical model used in the study:
a — without chamber backfilling; b — with chamber backfilling
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The adopted modeling approach enables quan-
titative evaluation of the influence of each factor
on the stresses acting within the barrier pillar, pro-
viding a basis for developing recommendations on
the parameters of the proposed two-stage mining
technology. The simulations used average values
of the strength and deformation properties of the
salt rocks forming the modeled stratigraphic se-
quence [15-17].

Results

1. Prediction of geomechanical processes

The evolution of geomechanical processes was
evaluated using vertical roof convergence as the
primary indicator (Fig. 2). Field observations at
a Russian potash deposit, where the productive seams
occur at a depth of approximately 1100 m, show that
roof subsidence in extraction chambers during the
first year after mining reaches up to 200 mm. Since
further monitoring of chamber conditions was not
conducted, the numerical model was calibrated using
data reported in previous studies [18-20]. Earlier
investigations [21, 22] have shown that salt pillars
deform plastically, resulting in gradual closure of
the mined-out chambers and eventually forming
a continuous technogenic rock mass. Maximum roof
subsidence typically ranges from 30-40% of the
extraction thickness and depends on the ratio of
pillar area to the total panel area. To evaluate the
time-dependent evolution of stresses in the barrier
pillar, pillar deformability was varied in the model.
The results show that stresses in the barrier pillar
increase progressively as deformation of the seam
develops (Fig. 3).

The stress increase occurs gradually rather than
instantaneously. Calibration of the model using the
observed roof convergence made it possible to track
the evolution of stresses in the barrier pillar. The
simulations indicate that after one year the stres-
ses in the barrier pillar exceed the natural geostatic
stress level by approximately 1.5 times, and by more
than six times at the final stage of ground movement
stabilization.

The resulting stress distribution across the pil-
lar cross-section at the final stage of deformation
shows pronounced stress concentration near the pil-
lar edges, where maximum stresses are 1.4—1.7 times
higher than the average stress level. When evalua-
ting the potential for secondary recovery of reserves,
it is therefore necessary to consider the maximum
stresses acting within the barrier pillar, since these
highly stressed zones complicate the determination
of the required width of second-stage inter-chamber
pillars (ICPs).
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An increase in the time interval between mining
and backfilling operations leads to higher stress levels
and also complicates backfilling operations.

Results of visual and instrumental observations
conducted at the deposit on deformation processes
in ICPs and extraction chambers indicate that mine
workings become non-operational within 1-2 years
after the completion of mining operations. Other
studies [23, 24] report that pillar wall failure in deep
salt deposits occurs approximately 250 days after
chamber extraction, although in those cases no back-
filling was performed.
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Backfilling of chambers reduces the deformation
rate of the seam, decreases roof subsidence, and con-
sequently limits stress growth in the barrier pillar.

Clearly, minimizing the delay between mining
and backfilling operations is advantageous. However,
these processes must be coordinated both spatially
and temporally [25-27], taking into account that the
backfill mass does not provide mechanical support
immediately after placement.

The potential amount of secondary reserve recov-
ery (i.e., the number of chambers that can be extract-
ed) from the barrier pillar depends on the stress level
within the pillar. When the delay between mining and
backfilling operations is minimized, roof convergence
remains small and stresses in the barrier pillar do not
increase; in some cases they may even approach the
natural geostatic stress level.

To assess the influence of backfill parameters on
the stress state of the barrier pillar, the simulations
varied the seam extraction thickness, degree of cham-
ber filling, and the strength and deformation proper-
ties of the backfill material.

For the range of conditions considered in this
study, the stresses acting in the barrier pillar during
backfilling operations can be estimated using the fol-
lowing relationship:

Opp = k- Onat»
where o,, — natural stress level at the mining depth;
k — coefficient derived from numerical simulations

for estimating stresses acting in the barrier pillar o,
(Fig. 4), defined as:

k=A-x5,

where x — degree of chamber filling with backfill ma-
terial; A and B — empirical coefficients depending on
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mining parameters of adjacent panels (A is a function
of the extraction thickness, while B depends on the
deformation properties of the backfill mass).

The coefficient A can be expressed as a function of
the seam extraction thickness m (m) with a coefficient
of determination R? = 0.9241:

A = X . e0.0lm’

where X - is a coefficient depending on the type of
backfill (0.8 for cemented backfill; 1.5 for hydraulic
backfill; 2.9 for dry backfill).

The exponent B is described by a second-order
polynomial function depending on the elastic mo-
dulus E (MPa) of the backfill mass; the coefficient of
determination is R? = 0.9458:

B=-0.000002 - E*+0.0033 - E + 0.5598.

When first-stage chambers are filled, a mono-
lithic backfill structure is formed that prevents fur-
ther stress accumulation in the barrier pillar and
allows it to remain in a relatively unloaded state.
The obtained relationships are valid for typical con-
ditions of gently dipping potash seams occurring at
depths of about 1100 m, with extraction thickness
ranging from 5 to 20 m, provided that the required
pillar loading conditions are maintained.

The stress level in the barrier pillar depends
strongly on backfill characteristics. Dry backfilling of
chambers has little effect on pillar stability [5, 28].
Hydraulic backfill provides some improvement but
does not fully realize the potential of the proposed
technology. Maximum recovery of second-stage
chambers, with stresses in the barrier pillar reduced
to the natural geostatic stress level, can only be
achieved when cemented backfill is used.
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Fig. 4. Stress concentration coefficient as a function of backfill deformation properties and chamber filling ratio
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Fig. 5. Configuration of ICPs with variable width
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2. Development of a mining technology tween them. The width of these pillars is calculated
for gently dipping seams based on the stress level acting in the barrier pillar

The concept of limiting stress growth in the  after backfilling.
barrier pillar can be implemented when mining and The proposed technology involves a pillar con-

backfilling operations are conducted simultaneously. ~ figuration in which the width of inter-chamber pillars
The proposed method for mining deep potash seams  decreases from the panel boundaries toward its cen-

is implemented as follows!. tral part (Fig. 5).

The mining field is divided into extraction pa- The minimum width of ICPs is determined based
nels, separated by inter-panel barrier pillars. The  on the degree of pillar loading, taking into account
width of the barrier pillars is calculated for condi-  the time lag between mining and backfilling opera-

tions of complete undermining, in which the pillars  tions within the block, and is calculated using estab-
are subjected to the load of the entire overburden lished empirical design relationships.

column extending to the surface. Within each pa- The width of the intermediate ICPs bjc, increases
nel, mining is carried out using first-stage cham-  linearly from the center toward the boundaries of the
bers, leaving rib pillars between them. These pillars ~ mining panel, while the average loading coefficient of
are subjected to the load of the overlying rock mass  ICPs within the panel C,,, must not exceed the maxi-

within the natural arch of equilibrium. mum value permitted by regulatory guidelines:
As each first-stage chamber is completed, back- b C

filling operations are initiated, so that mining and C,, :L@"

backfilling proceed simultaneously within the panel. ¢ Zbﬂ:p

After adjacent panels have been backfilled, the
inter-panel barrier pillar is mined using second-stage
chambers. The number of second-stage chambers is
determined by the width of the barrier pillar while
accounting for the required width of the ICPs left be-

The presence of a zone with variable pillar width
smooths the roof subsidence curve and reduces the
stress level in the barrier pillar compared with the
case where ICPs of uniform width are left within the
mining panel. At the same time, the factor of safety

1 Kovalsky E.R., Kongar-Syuryun Ch.B., Sirenko Yu.G., of ICPS in the p.roposed conﬁgura.t ion is not lower
Karpov G.N. Method for mining potash seams at great depths. than in the baseline case and remains greater than 1

Russian Federation patent application No. 2025136780; filed (Fig. 6), indicating that the proposed method does not
December 18, 2025. reduce the level of operational safety.
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The backfill material is selected so that the calcu-
lated value of the empirical function k is minimized,
which allows the stresses in the barrier pillar to be re-
duced as much as possible.

Based on the results of numerical modeling and
current regulatory and technical standards gover-
ning potash mining operations, a methodology was
developed for determining the parameters of the
proposed technology for mining gently dipping po-
tash seams at great depths with reduced ore losses.
The algorithm of the proposed methodology is pre-
sented in Fig. 7.

Discussion

A key issue in assessing the feasibility of the
proposed technology is the need for backfilling op-
erations, which has traditionally been regarded as
a factor increasing both capital costs and the or-
ganizational complexity of mining operations [29].
Indeed, the construction and operation of a back-
filling system require additional investment and are
associated with a number of technological challen-
ges [30, 31]. However, under modern deep potash
mining conditions, backfilling of the mined-out
space is no longer merely a desirable improvement
but has become a practical necessity.

This conclusion is supported by the negative ex-
perience of several potash mines where the absence
of backfilling operations in the past resulted in seri-
ous geomechanical and hydrogeological problems,
including uncontrolled ground movements, brine
inflows, and loss of excavation stability [32-34]. Pre-
venting such phenomena at newly designed and op-
erating mines requires the use of backfilling systems
regardless of the selected mining method. In this
context, the costs associated with the construction
of a backfilling system, as well as the related organi-
zational and technological challenges, should not be
regarded as disadvantages of the proposed two-stage
extraction method. Rather, they should be considered
inevitable conditions for ensuring the safe and sus-
tainable mining of deep potash seams.

An important advantage of the proposed techno-
logical solution lies in its compatibility with existing
mine development and panel layout schemes. Imple-
mentation of two-stage extraction with backfilling
does not require the development of a large number of
additional access or development workings and does
not imply a fundamental restructuring of the techno-
logical scheme adopted at the mine. This considerably
reduces the barriers to practical implementation and
allowing the proposed method to be implemented at
operating mines with minimal changes to existing in-
frastructure.
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Another important advantage of the proposed
technology is the possibility of using large volumes
of processing waste and waste rock in backfill mix-
tures. This approach makes it possible not only to
address the problem of waste storage at the surface
but also to reduce the negative environmental impact
associated with mining operations. Consequently,
the benefits of the proposed technology are multifa-
ceted and consist of two main components. The first
is a direct economic benefit resulting from the addi-
tional recovery of mineable reserves from barrier pil-
lars. The second is an environmental and economic
benefit associated with reducing the area occupied by
waste storage facilities and preventing environmental
contamination [35]. Taken together, these considera-
tions indicate that the proposed technology, despite
the objective challenges associated with the need for
backfilling, represents not only a geomechanically
justified but also a technologically feasible solution.
Its implementation makes it possible to increase the
completeness of reserve recovery while simultane-
ously addressing the tasks of industrial safety and en-
vironmental protection.

Conclusion

As a result of this study, a method for mining
gently dipping potash seams at great depths has been
developed and substantiated. The proposed method
makes it possible to reduce operational losses through
the secondary recovery of inter-panel barrier pillars.
A key condition for implementing the proposed ap-
proach is the simultaneous execution of mining and
backfilling operations, which limits stress growth in
the barrier pillars and creates favorable conditions
for their subsequent extraction using second-stage
chambers.

For typical conditions of potash mining (depth
1100 m, seam extraction thickness 5 m), the results
show that the use of cemented backfill reduces stress
concentration in the barrier pillar to a level characte-
rized by a coefficient k = 1.2. In contrast, when back-
filling is not applied, this coefficient reaches k = 5.0.
The resulting fourfold reduction in stresses makes it
possible to carry out second-stage chamber mining
within the boundaries of the barrier pillar, thereby
enabling additional recovery of mineable reserves.
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Based on the results of the study, the following main
conclusions can be drawn:

1. Stress in barrier pillars increases gradually
over time. According to the modeling results, one
year after mining operations the stresses exceed the
natural stress level by approximately 1.5 times, and
at the final stage of ground movement stabilization
they exceed it by more than six times. Increasing the
time interval between mining and the start of back-
filling results in irreversible stress growth. Therefore,
mining and backfilling operations should be synch-
ronized within 1-2 years of excavation, while the
workings still remain operational.

2. The stress state of the barrier pillar is con-
trolled by two key factors: the use of inter-cham-
ber pillars with variable width (increasing from the
center toward the boundaries of the mining panel)
and the simultaneous execution of mining and back-
filling operations. Under these conditions, the factor
of safety of inter-chamber pillars remains greater
than 1, which confirms the stability of the proposed
method.

3. The stress level in the barrier pillar after back-
filling of first-stage chambers is described by an em-
pirical function obtained from numerical modeling.
This function takes into account the deformation
properties of the backfill material (elastic modulus
from 100 to 1000 MPa) as well as the degree of cham-
ber filling (0-100%). The reliability of the obtained
relationships is confirmed by coefficients of determi-
nation R? = 0.9241 for parameter A and R? = 0.9458 for
parameter B.

4. The developed algorithm for determining the
parameters of two-stage extraction is based on calcu-
lating stresses in the barrier pillar, which determine
both the allowable number of second-stage chambers
and the width of the inter-chamber pillars left be-
tween them.

Thus, the proposed method represents a geome-
chanically substantiated solution aimed at increa-
sing the completeness of reserve recovery while en-
suring safe mining operations. An additional bene-
fit of the technology is the possibility of utilizing
processing waste in backfill mixtures, which contri-
butes to reducing the environmental impact of mi-
ning activities.
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