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 Abstract. The relevance of research into underground uranium mining is underpinned by the growing demand 
for a stable supply of nuclear raw materials for atomic energy, which is regarded as a key factor in ensuring energy 
security amid the ongoing global energy crisis. Given the scarcity of high-grade ores and the necessity to exploit 
low-grade deposits, particular attention is drawn to the implementation of advanced leaching technologies 
directly within underground ore blocks. The objective of this study was to investigate and assess the efficiency 
of underground block leaching for uranium, considering the geological conditions of Ukrainian deposits, and to 
evaluate its prospects for enhancing the economic performance of mining enterprises. The research employed 
methods including analysis of the geological and structural features of ore deposits, simulation of leaching 
processes, and techno-economic assessment of block leaching under the specific conditions of Ukrainian uranium-
bearing formations. A comparative analysis was conducted between conventional uranium mining techniques 
and advanced underground leaching technologies. The principal findings demonstrated that underground block 
leaching significantly reduces the costs associated with mining and processing of low-grade uranium ores, 
minimises environmental impact, and enhances the profitability of mining operations. Furthermore, the study 
confirmed that the geological and hydrogeological conditions of Ukraine’s uranium deposits are favourable 
for the implementation of this technology. The application of block leaching facilitates the expansion of the 
raw material base by incorporating low-grade and substandard ores that were previously not considered for 
industrial exploitation. The practical value of the study lies in its potential to enhance the economic efficiency 
of mining enterprises, reduce mining and processing costs, and mitigate the adverse effects on the environment. 
The implementation of underground block leaching will contribute to the sustainable development of Ukraine’s 
uranium industry

  Keywords: underground block leaching; mining-chemical technology; uranium deposits; low-grade ores; 
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O.A. Lysenko & A.Kh. Bakarzhyiev (2019) reviewed 
the Ukrainian uranium sector’s current state and pros-
pects, concluding that while most deposits show leach-
ing potential, but further research is needed to evalu-
ate its effectiveness across diverse geological settings. 
Additionally, the authors recommended refining reg-
ulatory frameworks to stimulate sector development. 
Similarly, the World Nuclear Association’s (2023) report 
highlighted the pre-eminence of underground leaching 
among uranium mining techniques, underscoring its 
capacity to mitigate environmental impact and lower 
mining costs compared with conventional underground 
mining methods.

Despite considerable progress in underground 
leaching research, unresolved issues remain concerning 
the long-term hydrogeological impact of this technol-
ogy and associated environmental risks. Furthermore, 
the optimisation of leaching parameters for diverse 
uranium ore types, particularly under Ukrainian geo-
logical conditions, remains understudied. Consequently, 
this study aimed to evaluate the effectiveness of un-
derground leaching for Ukrainian uranium deposits, 
considering their specific geological-structural and hy-
drogeological characteristics, and to determine optimal 
process parameters.

 Materials and Methods
This study was underpinned by a comprehensive anal-
ysis of scientific and technical literature, reports by in-
ternational organisations, statistical datasets, and the 
findings of prior research in the field of uranium ore 
mining and processing, with a particular focus on un-
derground block leaching (UBL) technologies.

The State Enterprise “Eastern Mining and Process-
ing Plant” (SE “SkhidGZK”), Ukraine’s primary and Eu-
rope’s largest uranium producer, was selected as a key 
case study for this research. The enterprise exploits de-
posits characterised by complex mining and geological 
conditions and relatively low uranium content (0.02- 
0.06%), often composed of albitite ores. Its operational 
experience and deposit characteristics provide a valu-
able contextual basis for assessing the broader appli-
cability of UBL in Ukraine. To evaluate the effectiveness 
of the UBL technologies for uranium ores, international 
best practices were reviewed. These included: the ap-
plication of leaching techniques in geologically chal-
lenging deposits in Australia; technologies adapted 
to ore bodies hosted in dense hard-rocks in Canada; 
automated leaching monitoring systems employed in 
Kazakhstan; and techno-economic considerations pre-
sented at a French symposium on block leaching. The 
comparative analysis encompassed technological flow-
sheets, process parameters, economic performance in-
dicators, and environmental implications.

A wide range of sources was systematised, includ-
ing peer-reviewed scientific publications, doctoral  

 Introduction
Ensuring a stable supply of uranium raw materials is 
a strategically critical objective for nuclear energy. As 
nuclear power remains one of the world’s primary elec-
tricity sources, the demand for high-quality nuclear 
fuel continues to grow. However, conventional uranium 
mining techniques such as open-pit and underground 
mining pose substantial economic and environmental 
challenges. The depletion of high-grade uranium ores 
necessitates the exploration of more efficient and en-
vironmentally friendly mining methods. Underground 
block leaching is one such method enabling the utilisa-
tion of low-grade and sub-standard ores while minimis-
ing environmental impact and reducing mining costs.

Modern underground leaching technologies, par-
ticularly of the block type, enable the efficient exploita-
tion of low-grade deposits, a factor highly relevant to 
the Ukrainian uranium industry (IAEA, 2019). L. Guihe 
& Y.  Jia  (2024) further highlighted that in‑situ leach-
ing is the most efficient uranium recovery method. This 
approach not only significantly lowers ore processing 
costs but also ensures minimal environmental impact 
compared with conventional mining techniques. They 
additionally emphasise the necessity of detailed hy-
drogeological assessment prior to implementation to 
mitigate lixiviant loss.

R. Jin et al. (2023) analysed the formation patterns of 
uranium deposits in large sedimentary basins, conclud-
ing that hydrogeological conditions, rock porosity, and 
mineralogical composition of the ore body are the prin-
cipal determinants of underground leaching effective-
ness. The authors emphasised that in low-permeability 
formations, leaching parameters should be adapted 
to optimise the process efficiency. Y. Zhou et al. (2020) 
investigated the recovery of uranium from sandstone 
deposits by underground acid leaching, demonstrating 
that sulphuric acid concentrations of 3-5% significant-
ly enhance uranium yield, and that dissolution kinet-
ics depends on mineral composition and permeability. 
M. Donskyi et al. (2023), in their analysis of geological 
features of Ukraine’s uranium deposits, found that many 
of the deposits contain albitites that are well suited for 
underground leaching. However, the authors empha-
sised the imperative of rigorous hydrogeological mon-
itoring to prevent lixiviant migration into groundwater.

V. Verkhovtsev et al. (2023a) assessed the environ-
mental risks associated with underground uranium 
leaching in Ukraine, identifying potential lixiviant mi-
gration into aquifers and the necessity of controlling 
chemical reactions within leaching blocks, and recom-
mending real-time monitoring systems. In a separate 
study, V.  Verkhovtsev  et al.  (2023b) evaluated recent 
technological advances in uranium ore processing in 
Ukraine, asserting that combining leaching with down-
stream hydrometallurgical treatment can significantly 
increase uranium yields while reducing losses of valu-
able components.
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theses, technical reports, and documentation from 
international agencies such as the IAEA  (2019), UN-
ECE  (2019), NEA (2022), and World Nuclear Associa-
tion (2023). A critical examination of existing scientif-
ic methodologies and their relevance to the research 
topic was undertaken. Conventional uranium mining 
techniques (underground and open-pit) were contrast-
ed with the UBL method using techno-economic and 
environmental criteria. Analytical assessments were 
performed to evaluate geological, hydrogeological, 
technological, and economic prerequisites for effective 
implementation of UBL in Ukrainian uranium deposits.

The methodological framework for this study incor-
porated key scientific research methods, analysis and 
synthesis. Analysis was applied to meticulously exam-
ine various aspects of the UBL technology, geological 
characteristics of the deposits, economic factors, and 
environmental consequences. Synthesis facilitated the 
integration of the obtained data to form a compre-
hensive understanding of the method’s advantages, 
its limitations and prospects for its implementation in 
Ukraine. For instance, the mineralogical composition 
of the ores (uranite, pitchblende, coffinite, brannerite) 
and the host rocks (albitites) was analysed to assess 
their suitability for sulphuric acid leaching. A compara-
tive analytical method was also used to evaluate con-
ventional uranium ore mining technologies compared 
with the UBL method, particularly in terms of produc-
tion cost, mining efficiency, environmental impact, and 
occupational safety. Ukraine’s experience was contrast-
ed with leading international practices from Australia, 
Canada, Kazakhstan, and France. Finally, a system-based 
approach enabled the assessment of the implementa-
tion of UBL as an integrated system, considering the in-
terrelationship of geological, technological, economic, 
and environmental factors.

While this study did not encompass original numer-
ical simulations, it was underpinned by an extensive re-
view of previously published leaching process models. 
These models aided in understanding the dynamics of 
chemical reactions between leaching solutions and the 
ore body, and the influence of hydrogeological condi-
tions on process efficiency. Being analytical in nature, 
this study did not incorporate original fieldwork or lab-
oratory experiments conducted by the authors. Instead, 
the research focused on in-depth interpretation of 
available geological-structural data on Ukrainian ura-
nium deposits, particularly those within albitite forma-
tions. Previous laboratory and pilot-scale leaching trials 
were also studied, including investigations into diffu-
sion and filtration dynamics within ore bodies. Sup-
plementary relevant data were sourced from academic 
articles, technical reports, and institutional databases.

Primary research materials included monographs 
and academic articles by Ukrainian, Canadian, Chi-
nese, and Kazakh scientists, doctoral theses, and data 
on the geological structure, mineralogical composition  

(including uraninite, pitchblende, coffinite, and bran-
nerite within albitite rocks), and hydrogeological con-
ditions of Ukrainian uranium deposits. Information on 
properties of leaching solutions and their interactions 
with ores was also used. The study of co-leaching of 
uranium and radium allowed for the consideration of 
the impact of accompanying processes on overall re-
covery efficiency (Bai et al. , 2023). This study analysed 
the key indicators such as uranium content in ores 
(e.g. % U3O8), uranium recovery rates, leaching rates, 
ore permeability and porosity, filtration coefficients, 
and process duration. Economic indicators, including 
production cost, capital and operational expenditures, 
profitability, and cost reduction potential were also 
examined. Attention was paid to environmental indi-
cators, including the mitigation of negative environ-
mental impact, waste minimisation, as well as to phys-
ical and mechanical properties of ores and host rocks, 
operational safety.

This study primarily relied on the consolidation 
and interpretation of findings, methodologies, and 
approaches presented in existing scholarly literature. 
Conclusions and recommendations are supported by 
numerous academic and technical publications. Data 
were extracted from authoritative information sourc-
es and the official websites of international organi-
sations such as the UNECE (2019), NEA (2022), IAEA 
(2023), and World Nuclear Association (2025), provid-
ing up-to-date statistics, analytical insights, and over-
views of uranium industry technologies. This method-
ological approach ensured a robust and reproducible 
assessment of the UBL technology and its prospects 
for deployment in Ukraine.

 Results and Discussion
The characteristics of uranium deposits in Ukraine, 
coupled with the accumulated exploitation experience 
and global uranium mining practices highlight the 
promising potential of a mining-chemical technology: 
leaching uranium from stockpiled ores within under-
ground stope blocks (IAEA, 2022). NEA  (2022) reports 
the average global uranium content in industrial ores 
at approximately 0.22% U3O8. Ukrainian deposits, as 
noted by O.A. Lysenko & A.Kh. Bakarzhyiev  (2019), of-
ten exhibit significantly lower uranium grades, typically 
0.02-0.06%. This necessitates that the Ukrainian urani-
um industry specifically adapt its mining technologies 
to these low-grade ores. Given the current production 
costs for natural uranium concentrate in Ukraine and 
the prevailing market price, the profitability of mining 
and processing operations remains critically low. This 
creates a difficult situation: current mining and pro-
cessing methods are highly capital- and labour-inten-
sive, yet they are applied to ores that are predominantly 
low- or sub-economic grade. Conventional underground 
mining and subsequent hydrometallurgical processing 
at centralised plants remain in use in 2025 and are only 
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economically viable for high-grade ore bodies. There-
fore, enhancing profitability requires the implemen-
tation of novel, cost-effective technologies for mining 
and processing low- or sub-economic grade ores. A par-
ticularly promising approach is the mining-chemical 
technology of underground leaching from monolithic 
hard-rock ores, which involves creating artificial perme-
ability within the ore massif. V.I. Lyashenko et al. (2024) 
indicate that UBL technology retains competitiveness 
even under conditions of low uranium content.

Compared to conventional hard-rock mining tech-
niques, mining-chemical technologies offer several ad-
vantages: the elimination of expensive, labour-intensive 
and hazardous ore handling operations, the 70-75% re-
duction in the volume of ore haulage to the surface, the 
prevention of underground void formation, decreased 
dependence on rail transport for ore transportation and 
reduced tailings management costs. The NEA (2022) 
and the World Nuclear Association (2025) report similar 
advantages at uranium deposits in Australia, where un-
derground leaching minimised damage to surface eco-
systems while ensuring highly efficient recovery of val-
uable components. Mining-chemical technologies for 
uranium recovery enable the exploitation of previously 
sub-economic or sub-standard ore reserves. Preliminary 
estimates suggest that bringing such ores in produc-
tion could expand the raw material base of Ukraini-
an uranium mines by a factor of 1.4-1.6. According to 
V. Verkhovtsev et al. (2023b), UBL offers several advan-
tages including reduced transportation costs, dimin-
ished environmental impact, enhanced profitability, and 
the incorporation of sub-standard ores into production.

Y. Yang et al. (2023) demonstrated that the utilisa-
tion of CO2 and O2 in underground leaching processes 
can reduce greenhouse gas emissions, thereby miti-
gating the environmental impact of UBL. Canadian re-
searchers R. Jin et al. (2023) underscored the criticality of 
assessing hydrogeological conditions for the successful 
implementation of UBL. The study by E.C.  Reinisch & 
B.G. Henderson (2023) on Canadian UBL experience in 
dense hard-rocks highlighted that leaching efficiency 
depends on the permeability achieved through pri-
or blasting. Additionally, ore body morphology plays a 
crucial role in UBL performance. L. Meng et al.  (2024) 
note that hydrogeological assessment and leaching 
potential evaluation must become mandatory com-
ponents of the planning phase. Operational practices 
from Australia and Canada suggest that combined ap-
proaches may be feasible for Ukrainian uranium mines 
wherein conventional mining methods are applied to 
balance reserves, and UBL is reserved for sub-economic, 
sub-standard and isolated ore deposits.

The deposits currently exploited by the SE “SkhidG-
ZK” – Vatutinske, Michurinske, Tsentralne, and Novokon-
stantynivske – are located within Precambrian forma-
tions of the Ukrainian Shield, overlain by 30-50 m thick 
Cenozoic loose sediments. Uranium-bearing bodies are 

associated with metasomatically altered albitites. These 
albitites, being as dense as the surrounding metamor-
phic rocks, formed impermeable monoliths during ore 
genesis, thus presenting conditions conducive to UBL. 
Their high density, low permeability, and comprehen-
sively studied post-ore fracturing are advantageous for 
the implementation of this technology. Within the men-
tioned deposits, blocks prepared for leaching may be 
conceptually likened to sealed vessels filled with porous, 
permeable ore. Solution leakage is limited, particularly 
if blocks are situated beyond fractured zones. The ura-
nium minerals present include uraninite, pitchblende, 
coffinite, and brannerite. Of these, the first three dissolve 
readily in sulphuric acid solutions when an oxidant is 
present. While brannerite typically demonstrates resist-
ance to leaching, it does not occur in its pristine state in 
Ukrainian deposits; rather, it manifests as decomposed 
fine aggregates of uranium oxides and silicates with 
titanium and iron oxides. Consequently, ores contain-
ing brannerite exibit leaching characteristics compa-
rable with those containing uraninite and pitchblende.

Thus, Ukraine possesses a sufficient resource base 
for UBL, as the mineralogical composition and proper-
ties of ores across all deposits are favourable for this 
technology’s application. This technology is particular-
ly suited for the development of individual ore bodies 
within deposits that consist of low-grade and sub-eco-
nomic uranium ores, individual fragments of deposits 
with losses within fractured zones that cannot be mined 
by other technologies, and small deposits at shallow 
depths. A detailed analysis of the geological structure, 
mineral composition, and mining-geological conditions 
of uranium deposit formation in sodium metasomatites 
indicates that, based on a combination of characteris-
tics, they are favourable for UBL.

The solubility of uranium compounds in sulphuric 
acid solutions is primarily determined by the form in 
which uranium is present within the ore. Like other el-
ements in the Earth’s crust, uranium may occur either 
as discrete mineral phases or as isomorphic impurities 
within the crystal lattices of other minerals. Typically, 
uranium incorporated as an isomorphic impurity exhib-
its poor solubility, whereas uranium occurring in its own 
distinct mineralogical forms dissolves readily in sul-
phuric acid solutions. From this perspective, ores from 
albitite-hosted uranium deposits are deemed highly 
amenable to leaching, as uranium in these formations 
is predominantly occurs as discrete minerals such as 
uraninite, pitchblende, brannerite, coffinite, and various 
uranium hydroxides. Of particular importance to the 
dissolution process is the oxidation state of uranium in 
these compounds. Minerals containing uranium in the 
hexavalent state exhibit significantly greater solubility 
in sulphuric acid solutions. The chemical equation for 
this reaction is as follows:

UO3(s)
 + 2H+

(aq)→UO2+
2(aq)

 + H2.                    (1)
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Tetravalent uranium minerals, prevalent in the ores 
of albitite-hosted deposits, exhibit slow reactivity with 
sulphuric acid solutions. However, under practical block 
leaching conditions, the dissolution process is signifi-
cantly accelerated by the presence of trivalent iron ions 
in the productive solutions. These ions are released 
into solution from iron-bearing dark-coloured minerals 
such as chlorite, biotite, phlogopite. The reaction can be 
represented by the following equation:

UO2(s)
 + 2Fe3+

(aq)→UO2+
2(aq)

 + 2Fe2+
(aq).               (2)

Thus, uranium contained in albitite-hosted ores – 
composed predominantly of uraninite, pitchblende, and 
brannerite (minerals in which uranium is present in the 
tetravalent state) – readily dissolves under block leach-
ing conditions. This is facilitated by the presence of fer-
ric iron ions, which are leached by sulphuric acid from 
the host rocks. During underground mining operations 
that incorporate drilling and blasting, seismic shock-
waves are generated within the rock massif. Stress re-
lease tends to occur preferentially along pre-weakened 
tectonic zones that commonly host ore mineralisation. 
This process induces the opening of microfractures 
where ore mineralisation is concentrated, thereby en-
abling productive leaching solutions to access the ore 
minerals. Given that ore blasting during the preparation 
of block leaching rooms is typically performed without 
a compensatory space, the seismic energy from blasting 
exerts a more pronounced impact on the ore material, 
significantly increasing the extent of microfracture de-
velopment. Thus, the combination of ore genetic fea-
tures and the specific block leaching preparation meth-
od results in the formation of an artificially permeable 
zone within the leaching block. In this zone, the bulk of 
ore minerals are exposed to acidic solutions through an 
interconnected network of fractures and microfractures.

The physical and mechanical properties of urani-
um ores and their transformation under following sul-
phuric acid exposure are of critical importance for the 
leaching process. The presence of clay minerals in the 
input ore, or their intensive formation due to acid expo-
sure severely mitigate permeability and filtration char-
acteristics, potentially leading to the cessation of block 
leaching operations. However, P.  Goyal  et al.  (2024) 
highlight that the application of modern chemical re-
agents can significantly enhance the dissolution rate 
and completeness of uranium recovery, thereby boost-
ing the economic efficiency of the process. A detrimen-
tal factor for block leaching is ore compaction, defined 
as the tendency of loosened ore to self-compress and 
reduce permeability due to physicochemical interac-
tions with oxygen and acidic solutions.

The ores and host rocks of the deposits exploited by 
the SE “SkhidGZK” are composed of considerably strong 
albitites with natural bulk densities of 2,650-2,660 kg/
m³ and loosened densities of 1,660 kg/m3. Due to the 

minimal carbonate content and complete absence of 
clays, these ores are not prone to compaction. The po-
rosity of blasted ore reaches up to 37%, which supports 
high permeability, and the leached ore massif main-
tains stable filtration characteristics throughout the 
block leaching process. From both a technological and 
environmental perspective, the success of block leach-
ing operations is critically dependent on inundation of 
the deposit and permeability of host rocks. High inun-
dation leads to dilution of productive solutions, thereby 
increasing acid consumption and diminishing econom-
ic viability. Furthermore, excessive permeability in host 
rocks can result in solution losses, uranium migration, 
and aquifer contamination by sulphates and other lea-
chate components.

Challenges associated with controlling the perme-
ability of the ore massif and preventing the leakage of 
productive solutions underscore the need for advanced 
monitoring systems. B. Yang et al. (2023) highlight that 
uranium adsorption by sandstones beyond the leach-
ing zone can compromise environmental safety, thereby 
requiring enhanced hydrogeological monitoring dur-
ing block leaching operations. As demonstrated in the 
study by B. Tsoy et al. (2021) on the application of this 
technology in Kazakhstan and Canada, the integration 
of automated monitoring systems can lead to signifi-
cant improvements in both the efficiency and safety of 
leaching processes.

The uranium-bearing crystalline host rocks in ura-
nium deposits consist of albitites, albitic-microcline 
rocks, granites, migmatites, and gneisses. Their min-
eralogical composition is primarily feldspars (90%), 
quartz (up to 30%), and mafic minerals (e.g., aegirine, 
chlorite, phlogopite, riebeckite, epidote, biotite), which 
may account for 15-20%. These formations are natural-
ly water- and acid-resistant, rendering natural leaching 
unfeasible. Consequently, artificial permeability zones 
with filtration coefficients of several metres per day 
should be generated by blasting. M. Stupnik et al. (2020) 
confirmed that the stress-strain state induced by blast-
ing at the SE “SkhidGZK” deposits enhance microfrac-
ture development, thereby improving artificial permea-
bility for block leaching.

The substantial filtration coefficient gradient at 
the interface between the rock massif and an artifi-
cially permeable zone prevents productive solutions 
from filtration into undisturbed crystalline rocks. Only 
diffusion processes occur across this boundary. Labo-
ratory and pilot-scale studies demonstrated that the 
maximum depth of diffusion penetration for productive 
solutions into undisturbed host rock at albitite deposits 
does not exceed 0.2 m. These findings confirmed that 
the natural geological and hydrogeological conditions 
of Ukrainian uranium deposits provide reliable contain-
ment of leaching solutions within artificially created 
permeable zones, ensuring minimal dilution and loss 
while protecting aquifers from contamination.
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In their report at the 1970 São Paulo symposium, 
M.  Harel & P.  Suqier  (1970) addressed the technical 
and economic aspects of block leaching. They provid-
ed a comparison with conventional mining methods 
and described the specific techniques for the prelimi-
nary destruction of the ore massif. The blasted ore was 
stockpiled with an average uranium content of 0.102 
conventional units. The amount of ore in the stockpile 
was 2,540 t, and the uranium recovery rate was 82.5%. 
The method of leaching from a preliminary destructed 
ore mass in underground blocks proved to be promising 
based on its techno-economic indicators. Subsequent-
ly, a significant portion of the uranium at one of the 
mines was planned to be recovered using this method. 
Extensive experimental research on block leaching of 

uranium ores was also undertaken by Canadian scien-
tists. X. Luo et al. (2022) demonstrated that leaching can 
be successfully applied to steeply dipping ore bodies, 
while B. Tsoy et al.  (2021) noted that shallow-dipping 
bodies may lead to suboptimal solution distribution in 
blasted ore. Infiltration leaching processes are charac-
terised by a rapid increase in uranium content in the 
initial stages of spraying, followed by a decline after 
reaching a peak. During the final stage, uranium con-
centrations remain low and stable for a prolonged pe-
riod. Theoretically, this behaviour is attributed to the 
molecular diffusion of uranium from dispersed mineral 
phases to the surface of solid ore fragments or the ore 
massif – a conclusion corroborated by empirical results 
from block leaching operations, Figure 1.

Figure 1. Variation in uranium leaching indicators as a function of process duration
Source: P.M. Kucha (2013)
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Under conditions of lixiviant application to blasted 
ore, uranium minerals in a readily soluble state dissolve 
first. This is followed by the leaching of uranium from 
minerals remaining on the surfaces of rock fragments, 
and finally from impregnated zones. These specific 
characteristics of uranium leaching from stockpiled 
ore masses in blocks were successfully used to man-
age and optimise the underground leaching process, 
thereby enhancing its efficiency. The analysis of accu-
mulated experience from enterprises engaged in block 
leaching revealed several technical, economic, and so-
cial advantages of this method. Primarily, it allows for 
the expansion of the raw material base of mining en-
terprises through the inclusion of low-grade uranium 
deposits, including significant reserves of sub-econom-
ic and sub-standard ores. It also contributes to labour 
productivity per unit of final product, improves working 
conditions and occupational safety, and mitigates the 
environmental impact.

These advantages of block leaching contribute to 
lower production costs, improved profitability of enter-
prises, and enhanced competitiveness of the final prod-
uct. According to the IAEA (2023), the implementation 
of combined approaches for the extraction of balance 

and sub-standard ores will facilitate process optimisa-
tion and cost reduction. The economic efficiency of UBL 
is a key factor in its implementation. Research indicates 
that this method can reduce uranium production costs 
and improve operational profitability. The analysis by 
K. Yussupov et al. (2024), which examined the econom-
ic parameters of uranium deposits in Ukraine, confirms 
the feasibility of applying block leaching to low-grade 
deposits. The cost-benefit evaluation revealed that the 
cost of uranium obtained from underground leaching 
is 30% lower than that from conventional underground 
mining. Moreover, the use of advanced reagents can 
mitigate the consumption of chemical agents and en-
hance metal recovery, positively impacting the financial 
performance of enterprises.

The economic analysis indicates that achieving 
total uranium recovery from solutions at a level of 75-
80% compared with that obtained via conventional 
underground mining is sufficient to ensure compet-
itiveness. When advantages of block leaching – spe-
cifically, reduced losses, the inclusion of low-grade 
and sub-standard ores in development, and lower 
mine preparation costs – are considered, an accept-
able overall recovery rate may be as low as 65-72% 
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or less. The review of experience and outcomes from 
mining-chemical uranium recovery technologies re-
vealed three main directions for the effective use of 
leaching from stockpiled ores in blocks. The first is the 
recovery of balance reserves and existing sub-econom-
ic ores left after mining the deposit when their extrac-
tion by conventional means is unprofitable. The second 
is a combined mining-chemical scheme for uranium 
deposit development that integrates conventional 
methods for mining balance reserves with chemical 
recovery of sub-economic, sub-standard ores and indi-
vidual ore bodies. The third is utilising block leaching 
as a principal method for developing both balance and 
sub-standard ores.

Under the specific conditions of Ukrainian uranium 
deposits, the second technological approach is entirely 
feasible. This would allow for uranium recovery from 
in-situ stockpiled ores, if not entirely, then from a sig-
nificant proportion of balance reserves in run-of-mine, 
sub-economic and even off-balance ores. This would 
contribute to securing a stable uranium supply for nu-
clear energy needs, enhance the industry’s competitive-
ness, and support sustainable economic development. 
UNECE (2019) underscores the necessity to modernise 
uranium resource utilisation strategies, including the 
implementation of UBL to ensure sustainable develop-
ment of the industry in Ukraine.

 Conclusions
The UBL technology for uranium ores presents a 
promising trajectory for the development of the min-
ing industry, as it combines economic efficiency with 
a mitigated environmental impact. The findings of this 
study confirmed that the geological and hydrogeologi-
cal conditions of Ukrainian deposits are conductive for 
the implementation of this technology. This allows for 
a substantial reduction in both extraction and process-
ing costs, as well as the minimisation of environmental 
pollution. To sustain the competitiveness of the tech-
nology, the total uranium recovery rate from solutions 
of 75-80% is typically required. Nevertheless, consid-
ering the comprehensive benefits of UBL (reduced 

material losses, the capacity to exploit low-grade and 
sub-standard ores, and lower mine preparation costs), 
an acceptable total recovery rate can make 65-72% or 
even less, while retaining economic viability.

A primary economic benefit of UBL is the significant 
reduction in operational expenditure. Research demon-
strates that uranium produced via underground leach-
ing incurs production costs that are approximately 30% 
lower than those of conventional underground mining. 
This substantial cost saving directly enhances the prof-
itability and competitiveness of enterprises operating 
in the uranium sector, particularly those processing 
low-grade ores. UBL also optimises the mining process 
by reducing the volume of ore that needs to be brought 
to the surface by 70-75%. This considerable decrease 
obviates several costly, labour-intensive, and hazardous 
operations associated with conventional ore handling, 
including ore drawing, haulage, and surface handling. 
Consequently, this also mitigates expenditures on rail 
transport to processing facilities and on the long-term 
maintenance of tailings facilities.

Future research should focus on the development 
and justification of specific geological-technological 
models tailored to Ukrainian deposits. These models 
should aim to practically achieve and optimise key per-
formance indicators for UBL identified in this analysis, 
which include a potential 30% reduction in production 
costs, a 1.4-1.6-fold expansion of the mineral resource 
base, and uranium recovery rates of 65-80%. Based on 
these findings, the implementation of underground 
block leaching will enhance the efficiency of Ukraine’s 
uranium mining industry and guarantees a stable sup-
ply of nuclear raw materials for the energy sector.
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Огляд технологій та перспективи підземного видобутку  
уранової сировини

  Анотація. Актуальність дослідження підземного видобутку урану зумовлена зростанням потреби у 
стабільному постачанні ядерної сировини для атомної енергетики, яка розглядається, як один із ключових 
факторів енергетичної безпеки в умовах глобальної енергетичної кризи. Враховуючи обмеженість 
високоякісних руд та необхідність розробки низькосортних покладів, особливу увагу привертає впровадження 
сучасних технологій вилуговування урану безпосередньо в підземних блоках. Метою роботи було дослідження 
та оцінка ефективності блочного підземного вилуговування урану з урахуванням геологічних умов 
родовищ України, а також визначення перспектив застосування цього методу для підвищення економічної 
ефективності гірничодобувних підприємств. У процесі дослідження використано методи аналізу геолого-
структурних особливостей родовищ, моделювання процесів вилуговування, а також техніко-економічне 
оцінювання застосування блочного вилуговування в умовах українських родовищ. Застосовано порівняльний 
аналіз традиційних методів видобутку урану та новітніх технологій підземного вилуговування. Основні 
результати показали, що блочне підземне вилуговування дозволяє суттєво знизити витрати на видобуток 
та переробку низькосортних уранових руд, мінімізувати екологічний вплив на довкілля та підвищити 
рентабельність підприємств. Дослідження підтвердили, що геологічні та гідрогеологічні умови уранових 
родовищ в Україні є сприятливими для впровадження цієї технології. Застосування блочного вилуговування 
дозволяє розширити сировинну базу за рахунок залучення бідних та некондиційних руд, які раніше не 
розглядалися для промислової розробки. Практична цінність роботи полягає у можливості підвищення 
економічної ефективності гірничодобувних підприємств, зниженні витрат на видобуток та переробку руд, 
а також зменшенні негативного впливу на навколишнє середовище. Запровадження підземного блочного 
вилуговування сприятиме сталому розвитку уранової промисловості України

  Ключові слова: блочне підземне вилуговування; гірничо-хімічна технологія; уранові родовища; 
низькосортні руди; ядерна енергетика
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