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A B S T R A C T  
 

 

This study conducts a comparative geological and economic assessment of uranium resources in Russia 
and Iran, with a focus on their ability to support the development of domestic nuclear energy. Unlike 

previous research, which has predominantly examined Russian–Iranian cooperation from political or 

institutional perspectives, this work evaluates uranium availability using geological classifications and 
economic cost categories of reserves. It distinguishes between recoverable resources reported for Russia 

and in situ resources reported for Iran, with the latter converted to a comparable basis through the 

application of appropriate recovery factors. In addition to analyzing the structure and potential of the 
resource base, the study takes into account historical and projected uranium production as well as 

consumption scenarios for both countries. On this basis, long-term self-sufficiency horizons are 

estimated through 2045. The findings show that Russia possesses a vast and geologically diverse uranium 
base, capable of ensuring long-term supply if new mining projects are developed to offset the expected 

decline in production after 2030. Iran, by contrast, holds more limited and higher-cost reserves, 

concentrated mainly in metasomatite deposits, which makes the achievement of sustained self-
sufficiency unlikely without external cooperation or technological breakthroughs. At the same time, 

geological similarities between the two countries create a basis for potential collaboration in uranium 

exploration and development. By addressing a relatively underexplored aspect of the literature, this study 
provides a structured assessment of uranium supply sustainability and introduces a comparative 

perspective relevant not only to Russia and Iran but also to other countries with emerging nuclear 

programs. 

doi: 10.5829/ije.2026.39.10a.06 
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NOMENCLATURE 

Rrec Recoverable uranium reserves (tonnes U) P Annual uranium production (tonnes/year) 

Rin situ In situ uranium reserves (tonnes U) C Annual uranium consumption (tonnes/year) 

RF Recovery factor (%) X Target year 

RX/A Uranium reserves in year X/A (tonnes U) A Base year 

Rlast Last known positive level of reserves (tonnes U) Y Number of years remaining before exhaustion 

 

 

1. INTRODUCTION 
 

Uranium continues to play a key role in the global energy 

system, valued for its high energy density and its strategic 

importance in nuclear power generation (1). As global 

energy demand rises and climate targets become more 

urgent, nuclear energy is increasingly seen as an essential 

part of sustainable and secure energy strategies (2, 3). 

Many countries are expanding investments in nuclear 

capacity to ensure stable baseload electricity alongside 

decarbonization goals (4, 5). 

In recent years, the uranium market has exhibited 

notable volatility. After a prolonged period of low prices, 

uranium experienced a sharp surge between 2021 and 

early 2024, driven by renewed nuclear interest, energy 

security concerns, and speculative restocking. This was 

followed by a correction, with prices declining toward 

US$ 140/kgU by early 2025. These fluctuations highlight 

the sector’s sensitivity to short-term disruptions and its 

ongoing dependence on broader geopolitical and 

economic trends (6). 

Understanding the availability, economic 

accessibility, and geological distribution of uranium 

resources is critical for anticipating future market 

dynamics (7). However, cross-country comparisons are 

complicated by differences in exploration maturity, 

reporting standards, and evolving production costs. 

Technological advances—such as recycling, fuel 

reprocessing, and advanced reactor designs—may also 

reshape both the quantity and the quality of economically 

viable uranium resources with respect to time (8, 9). 

This study presents a comparative analysis of 

uranium resources in Russia and Iran—two countries 

with contrasting positions in the nuclear sector. Russia 

possesses one of the largest uranium resource bases 

globally, along with an integrated fuel cycle and 

substantial technological expertise. Iran, by contrast, has 

a smaller and less diversified uranium endowment but 

growing nuclear ambitions. Similar development 

barriers—such as dependence on external technology and 

institutional limitations—have been noted in emerging 

energy sectors like Mozambique’s gas industry (10). By 

examining geological structures, production and 

consumption balances, and long-term self-sufficiency 

horizons, this work aims to assess their respective 

uranium security outlooks within a changing global 

nuclear landscape. 

The aim of this research is to conduct a geological and 

economic assessment of uranium resources in Russia and 

Iran, with emphasis on analyzing absolute volumes and 

the potential of different deposit types and economic cost 

categories, determining their capacity for long-term self-

sufficiency, and identifying complementarities that could 

serve as a basis for bilateral cooperation. 

To achieve this aim, the study defines the following 

objectives: 

1. To analyze the structure of uranium resources in 

Russia and Iran by type (RAR and IR) and by economic 

cost categories (<40, <80, <130, and <260 US$/kgU). 

2. To harmonize differences in resource reporting and to 

analyze reserves by deposit type and mining method, 

applying recovery factors specific to each extraction 

technology. 

3. To assess historical and projected uranium production, 

along with consumption scenarios for both countries, in 

order to evaluate the balance between supply and 

demand. 

4. To estimate long-term self-sufficiency prospects and 

to identify complementarities that may provide a basis for 

bilateral cooperation 

 

 
2. LITERATURE REVIEW 
 
2. 1. Typology and Global Distribution of 
Economically Recoverable Uranium Resources          
As of June 2025, uranium prices remain slightly above 

US$ 140/kgU, making it especially relevant to focus on 

deposits recoverable at prices below US$ 130/kgU. 

Based on January 2023 data, global reasonably assured 

and inferred resources at this threshold total 

approximately 5.93 million tonnes, distributed across a 

wide spectrum of uranium deposit types. The most 

significant category is sandstone-hosted deposits, 

contributing around 1.90 million tonnes. These occur in 

permeable fluvial and marginal marine sandstones, 

where uranium precipitates through redox reactions with 

organic matter or sulfides, and they are particularly 

amenable to in situ recovery. Key production regions 

include Kazakhstan, the United States (notably Wyoming 

and Texas), Uzbekistan, Nigeria and Mongolia (11).  

Proterozoic unconformity-related deposits, although 

geographically limited, represent the richest known 

uranium ores by grade, with 699,000 tonnes recoverable 

at this threshold (12). Found primarily in the Athabasca 

Basin of Canada and the Alligator Rivers Province in 

Australia, these deposits form at the contact between 

sedimentary basins and older crystalline basement rocks 
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and typically exhibit uranium concentrations well over 

1% (13). Polymetallic iron oxide breccia complex 

deposits, typified by Olympic Dam in South Australia, 

contribute 1.35 million tonnes. Although the uranium 

content is low, it is economically viable as a by-product 

of copper, gold, and silver mining due to the vast size of 

the orebody (14). Ancient placer-type paleo-quartz-

pebble conglomerates, mainly in South Africa’s 

Witwatersrand Basin and Canada’s Elliot Lake District, 

contain 311,000 tonnes of uranium; despite modest 

grades, they are valued for their scale and geological 

stability (15). Metasomatite deposits—linked to large-

scale sodium or potassium metasomatism in Precambrian 

shields—yield about 573,500 tonnes and are prominent 

in Ukraine, Brazil, and Russia (16). Intrusive deposits, 

totaling 372,200 tonnes, are found in peralkaline 

complexes, anatectic granites, or carbonatites in regions 

like Namibia (Rössing, Husab), Greenland (Kvanefjeld), 

and Brazil (Poços de Caldas) (17-19). Volcanic-related 

deposits provide 233,000 tonnes and are concentrated in 

pyroclastic and caldera settings such as Russia’s 

Streltsovska Caldera, Peru’s Macusani Plateau, and areas 

of China (20, 21). Granite-related uranium systems, 

mainly in France, Germany, the Czech Republic, and 

China, add 102,900 tonnes and are associated with 

hydrothermal processes around peraluminous 

leucogranites (22, 23). Metamorphite deposits, hosted in 

high-grade metamorphic rocks, offer 87,500 tonnes and 

are especially notable in India, Canada, and Kazakhstan. 

Surficial uranium deposits contribute 209,100 tonnes, 

forming in calcrete-rich valley-fill and playa 

environments under arid conditions, with Namibia and 

Australia hosting the largest examples. Smaller but 

relevant contributions come from carbonate-hosted 

uranium deposits (19,800 tonnes), such as India’s 

Tummalapalle, and phosphate-bearing formations (7,100 

tonnes), with recoverable uranium found as a by-product 

in Morocco and Florida. Lignite- and coal-associated 

deposits, mainly in Kazakhstan, the USA, and South 

Africa, offer 30,900 tonnes through uranium 

accumulation in organic-rich layers (24). At the current 

price threshold, black shale and collapse breccia pipe 

deposits provide no recoverable uranium, though large 

low-grade resources in Sweden, the USA, and parts of 

Central Asia could gain relevance with technological 

advances or further price increases (25, 26).  

The distribution of these deposit types is shown in 

Figure 1. The uranium resource base is not only 

geologically diverse, but also unevenly distributed in 

terms of economic recoverability. This distribution 

highlights both the geological complexity and geographic 

diversity of the world’s uranium resource base, 

reinforcing the need for tailored mining and processing 

strategies aligned with deposit type and economic 

context. 

 

2. 2. Mining Methods and Geological Determinants 
of Uranium Recovery            Uranium can be extracted 

using a range of mining and recovery techniques, each of 

which is selected based on the depth, grade, geological 

setting, and geotechnical properties of the deposit. The 

primary methods include open pit mining, underground 

mining, in situ leaching (ISL), and co- or by-product 

recovery. The selection of method is closely linked to 

geological and hydrogeological factors, which influence 

not only operational feasibility but also the efficiency and 

economics of uranium recovery (27). Table 1 provides an 

overview of these major extraction methods, their typical 

ore types, and key geological and operational 

characteristics. 

Open pit mining is applied to ore bodies that are close 

to the surface and of sufficient lateral extent to 

economically justify the removal of overburden. The 

method is common for surficial, intrusive, and shallow 

sandstone deposits, as well as some metasomatite and 

lignite-associated uranium occurrences. The feasibility of 

open pit mining depends on factors such as orebody 

geometry, stripping ratio, and the mechanical properties 

of host rocks, which determine slope stability and 

excavation methods. While large-scale operations such 

as the Rössing mine in Namibia demonstrate the potential 

size of open pits, this method becomes uneconomical at 

greater depths unless justified by high ore grades or the 

presence of valuable co-products (29). 

Underground mining is chosen when ore bodies are 

located at greater depths or when surface impact must be 

minimized. It is typical for high-grade unconformity-

related deposits, granite-hosted veins, metamorphic or 

volcanic systems, and compact carbonate or 

conglomerate formations. A range of mining techniques 

is used depending on ore geometry and ground stability, 

including room and pillar, cut-and-fill, and jet boring. 

 

 

 
Figure 1. Total Recoverable Uranium Resources by Deposit 

Type (<US$ 130/kgU) (11) 
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TABLE 1. Mining Methods and Associated Ore Types (11, 27, 28) 

Mining 

Method 
Ore Types Geological/Technical Features 

Overall recovery 

factor, % 

Open Pit 

Mining 

Sandstone, Surficial, 
Intrusive, Metasomatite 

(shallow), Lignite – Coal 

Applied to shallow deposits that are laterally extensive and near surface. 
Used in calcrete-hosted surficial deposits (e.g., in Namibia and Australia), 

intrusive anatectic uranium deposits (e.g., Rössing), and some 

metasomatite or coal-related deposits when conditions allow. Preferred 
where stripping ratio is favorable and ore grade justifies large-scale 

excavation. 

80 

Underground 

Mining 

Proterozoic Unconformity, 
Volcanic-Related, Granite-

Related, Metamorphite, Paleo-

Quartz-Pebble Conglomerate, 

Carbonate, Collapse Breccia, 

Metasomatite (deep) 

Used for deep or structurally complex deposits with high grade or steep 

geometry. Ground control is essential, particularly in water-saturated zones 
(e.g., McArthur River, Cigar Lake). Common for vein-hosted, stratabound, 

or breccia-type mineralization. Also used in steeply dipping granite-related 

or carbonate strata-bound. 

75 

In Situ 

Leaching 

(ISL) 

Sandstone 

Used exclusively for certain sandstone deposits with suitable 
hydrogeological settings—permeable, saturated, confined aquifers located 

below the water table, and uranium in mineral forms amenable to leaching 

(e.g., uraninite, coffinite). Most common in roll-front and tabular deposits 

with redox interfaces. 

85 (Acid) 

70 (Alkaline) 

Co-/By-

product 

Polymetallic Fe-Oxide 

Breccia, Phosphate 

Uranium is not the primary commodity. Extracted as a by-product in 

polymetallic operations like Olympic Dam (Cu-Au-U) or potentially 
during phosphate processing. Recovery is technically feasible but rarely 

commercialized for phosphate at present. Economics depend heavily on 

the primary mineral product. 

65 

 

 

Ground conditions are critical: saturated or weak host 

rocks require grouting or artificial ground freezing, as 

was done at McArthur River (30). Emerging monitoring 

solutions—such as UAV-based image segmentation 

systems used in infrastructure diagnostics—could be 

adapted to enhance site safety and environmental 

oversight in such geotechnically demanding settings 

(31). In such settings, ventilation design and dust and 

radon management also become major cost and safety 

considerations. The method’s economic success is tied 

closely to geological complexity, rock strength, and 

access conditions (32-34). 

In situ leaching, is used primarily for uranium hosted 

in permeable, saturated, and confined sandstone aquifers. 

The process involves circulating a lixiviant—typically 

acidic or alkaline—through injection and recovery wells 

to dissolve uranium in place. ISL avoids many of the 

environmental impacts of conventional mining and is 

especially prevalent in Kazakhstan and parts of the 

United States. However, it requires specific conditions: 

the host rock must be chemically and physically suited to 

leaching, the mineralization must be accessible to fluids, 

and the surrounding formation must effectively confine 

the lixiviant. Geological heterogeneity, carbonate 

content, and permeability variations can all affect 

recovery efficiency and cost (28). 

Co-product and by-product recovery occurs when 

uranium is extracted alongside other minerals, often 

during the processing of copper, gold, or phosphate ores. 

At Olympic Dam in Australia, uranium is a by-product of 

a large-scale polymetallic mining operation. In 

phosphate-rich regions like Morocco and Florida, 

uranium recovery has been studied and piloted but is not 

practiced commercially today. In these settings, uranium 

is not the primary target, and its economic viability 

depends on integration with the main processing flow and 

the market value of the recovered uranium. Grades are 

typically low, and process design must be tailored to 

extract uranium without disrupting the primary product 

stream (35, 36). 

Geological characteristics play a decisive role in 

determining both the cost and the method of uranium 

extraction. Critical factors include orebody depth, 

thickness, geometry, host rock strength, permeability, 

chemical composition, and the mineralogical form of 

uranium (37). For instance, carbonates and clay-rich 

rocks can increase reagent consumption, and refractory 

uranium minerals complicate leaching (38-40). 

Operational parameters such as overburden removal, 

ground control, and groundwater chemistry also shape 

project design and economics. As a result, the recovery 

factor in uranium production varies significantly across 

deposits and depends strongly on site-specific geological 

and technical conditions (41, 42). 

 

2. 3. Global Leaders in Uranium Resources: 
Distribution, Costs, and Geological Profiles        
Uranium resources are categorized internationally 

according to a two-dimensional classification system 

developed by the International Atomic Energy Agency 

(IAEA), which evaluates both the geological confidence 

and the estimated production cost of known deposits. The 
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classification distinguishes between Reasonably Assured 

Resources (RAR) and Inferred Resources (IR), which 

together form the category of Identified Resources. RAR 

are defined by a high degree of geological confidence, 

based on detailed sampling and evaluation, and are 

considered recoverable under current economic and 

technological conditions. Inferred Resources are 

supported by more limited data and carry a greater degree 

of uncertainty. Resource categories are also grouped by 

cost of recovery, with thresholds set at less than US$ 

40/kgU, US$ 40–80/kgU, US$ 80–130/kgU, and US$ 

130–260/kgU. These are not market prices, but estimates 

that incorporate mining, processing, infrastructure, 

environmental management, and other associated 

expenses (11, 43). 

Using this classification, the global inventory of 

identified uranium resources currently amounts to about 

5.93 million tonnes recoverable at production costs 

below US$ 130/kgU. Several countries stand out as 

having particularly large and significant uranium 

endowments. Figure 2 presents the distribution of 

identified recoverable uranium resources by country, 

illustrating both the concentration of uranium stocks in a 

few leading countries and the broader distribution among 

other resource holders (44). Based on the most recent and 

detailed data, the leading countries by total identified 

uranium resources recoverable at costs below US$ 

130/kgU—which includes both Reasonably Assured 

Resources (RAR) and Inferred Resources (IR)—

illustrate a diverse global distribution shaped by geology, 

extraction methods, and national policy (45). 

Australia holds the world’s largest identified uranium 

resource base, with 1,236,200 tonnes of recoverable 

uranium in the < US$ 130/kgU category. This represents 

approximately 28% of global identified resources at this 

cost level. A major share of these resources—around 

68%—is concentrated in a single site: the Olympic Dam 

deposit. This polymetallic iron oxide breccia complex is 

 
 

 
Figure 2. Identified Uranium Resources by Country (11) 

primarily mined for copper, with uranium recovered as a 

co-product. While vast in scale, the uranium grades at 

Olympic Dam are low, and production is shaped by the 

economics of other metals. Other deposits, such as 

Ranger and Four Mile, contribute smaller shares to 

Australia's overall total. 

Kazakhstan ranks second globally, with 814,000 

tonnes of identified recoverable uranium in this cost 

category, corresponding to roughly 14% of the global 

total. The country's resources are dominated by roll-front 

sandstone deposits hosted in permeable aquifers, 

enabling extraction via ISL. These deposits are located 

mainly in the Chu-Sarysu and Syrdarya basins. 

Kazakhstan accounts for the majority of the world’s 

lowest-cost uranium, with 272,000 tonnes in the <US$ 

40/kgU bracket alone. State-owned Kazatomprom has 

optimized ISL techniques, allowing Kazakhstan to 

become the world’s largest uranium producer. 

Canada follows with a total of 582,000 tonnes of 

recoverable uranium below US$ 130/kgU, representing 

about 10% of global identified resources. These are 

primarily located in the Athabasca Basin in northern 

Saskatchewan and consist of high-grade Proterozoic 

unconformity-related deposits, including McArthur 

River and Cigar Lake. Although extraction is technically 

complex due to high water pressure and unstable ground 

conditions, the ore grades—often exceeding 10%—make 

these some of the most economically valuable uranium 

deposits in the world. 

Russia possesses 652,500 tonnes of identified 

recoverable uranium, of which about 73% is recoverable 

at costs below US$ 130/kgU—this corresponds to 

roughly 477,000 tonnes. Russia’s resource base is 

geologically diverse, comprising volcanic-related, 

metasomatic, and sandstone-hosted deposits. Volcanic 

and metasomatic types dominate in regions such as the 

Elkon uranium district in Yakutia and the Vitim region in 

Buryatia. Most of the country’s uranium is expected to be 

extracted via underground mining, with a smaller share 

suitable for ISL. Russia’s vertically integrated fuel cycle 

and domestic nuclear demand anchor its long-term 

production strategy. 

Namibia has also increased its resource base 

significantly in recent years. As of January 2023, it holds 

roughly 498,000 tonnes of recoverable uranium, with 

322,000 tonnes in the RAR category and 176,000 tonnes 

in the IR category at < US$ 130/kgU. Most of the 

country’s uranium comes from large open-pit operations, 

such as Rössing and Husab, where ore grades are low but 

economies of scale make mining feasible. Recent 

discoveries at Tumas, Wings, and Koppies have added to 

Namibia’s endowment. 

In summary, five countries—Australia, Kazakhstan, 

Canada, Russia, and Namibia—collectively hold the 

majority of the world's identified recoverable uranium 

resources at economically competitive cost levels. Each 
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country’s position reflects a unique interplay of 

geological endowment, extraction technology, and 

development strategy, shaping its role in the global 

nuclear fuel supply chain (46). 

 

2. 4. Iran’s Uranium Sector: Development, 
Challenges, and Strategic Outlook           It should be 

noted that Russia’s uranium sector, as one of the global 

leaders in terms of reserves and production, has been 

examined in the preceding sections of this study. This 

subsection is devoted to Iran in order to explain the 

reasons for its inclusion in the analysis and to consider its 

specific challenges and strategic outlook. Iran’s uranium 

sector has undergone substantial development in recent 

decades, but its current position in the global uranium 

landscape remains limited, both in terms of scale and 

maturity. The country reports a total of 9,851 tonnes of 

identified conventional uranium resources recoverable at 

production costs below US$ 130/kgU. This includes 

4,316 tonnes of reasonably assured resources (RAR) and 

5,535 tonnes of inferred resources (IR) (11). Iran has 

developed specific elements of the uranium supply chain, 

including exploration, mining, and processing. 

Iran’s resource base is geologically diverse, 

encompassing metasomatic, granite-related, 

metamorphite, and volcanic-related deposit types, with 

metasomatic deposits accounting for the overwhelming 

majority of both RAR and IR. However, no resources are 

reported in < US$ 40/kgU or < US$ 80/kgU cost 

categories, indicating that none of Iran’s current 

resources qualify as low-cost. Instead, all identified 

uranium resources are grouped in < US$ 130/kgU band, 

without further cost breakdowns. This cost profile, 

combined with a reliance on underground mining and 

relatively low ore grades (e.g., Saghand: 0.0552% U), 

highlights the technical and economic constraints facing 

the sector. 

Iran’s main production infrastructure consists of the 

Saghand uranium mine (mines No. 1 and No. 2) and the 

Ardakan processing plant, which began operating in 2017 

with a nominal capacity of 50 tonnes U per year. The 

Saghand operation uses both open pit and underground 

mining, depending on ore depth, and employs acid 

leaching in combination with ion exchange and solvent 

extraction for processing. A second mine, Gachin, which 

supplied uranium to the Bandar Abbas plant, ceased 

operations in 2016. Total recoverable resources linked to 

Saghand are estimated at 500 tonnes, and those from 

Gachin at 84.1 tonnes, illustrating the constrained scale 

of Iran’s currently active resource base. 

Plans for the development of additional production 

centres are underway. The Narigan and Khoshumi 

deposits have reached the conceptual and detailed design 

stages, respectively, but have not yet transitioned into 

active production. Their feasibility reflects an effort to 

diversify the portfolio beyond Saghand, though their 

technical parameters and expected outputs remain 

limited. 

Iran continues to explore a range of metallogenic 

trends across the country, including Kerman-Sistan, 

Naiin-Jandagh, Birjand-Kashmar, and Hamedan-

Marand. These areas are under evaluation for granite-

related, volcanic, sedimentary, and polymetallic uranium 

potential. Most of the work remains at the surface or early 

drilling stage. While official documents cite 9,800 tonnes 

of prognosticated resources and 48,100 tonnes of 

speculative conventional resources, these remain 

undeveloped. In addition, 53,000 tonnes of speculative 

unconventional uranium resources have been identified 

in phosphate rocks, black shales, and other non-

traditional hosts. Their extraction would require 

significant technological advances and long-term 

development. 

Details regarding recent exploration and development 

expenditures, including drilling activity and physical 

effort, are not available in publicly accessible sources. 

This absence of open data makes it difficult to assess the 

momentum or continuity of Iran’s investment in uranium 

development. While it has been reported that eight mines 

were operating in 2023, and that six more are planned by 

early 2024, only Saghand appears to have a defined and 

active production pipeline. Iran’s production forecast for 

2025 stands at 71 tonnes of uranium, a figure that remains 

modest by international standards. 

The sector is entirely state-owned, with the Atomic 

Energy Organization of Iran (AEOI) serving as both 

regulator and operator. Employment data for the uranium 

sector suggest a stable but limited industrial footprint, 

with around 280 personnel involved in production-

related activities in recent years. 

In conclusion, Iran’s uranium industry is 

characterized by a strategic intent to build self-

sufficiency, but remains constrained by modest 

geological reserves, relatively high extraction costs, and 

limited production capacity. Although exploration 

continues and speculative resources appear substantial, 

most of Iran’s uranium remains either uneconomic or 

undeveloped. The country’s ability to expand its role in 

the global uranium market will depend on the outcome of 

ongoing exploration efforts and the successful transition 

of known deposits into active, efficient production. For 

now, Iran remains a small but steadily consolidating 

player in the international uranium landscape (47). 

Current assessments of uranium resources face 

several methodological limitations. International 

comparisons often treat reported figures as directly 

comparable, despite differences in geological data 

quality, classification systems, and levels of exploration 

between countries. Additionally, resource estimates are 

typically presented as static snapshots, with limited 

integration of long-term trends in production, 

consumption, and pricing. As a result, the strategic 
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significance of uranium endowments—and the feasibility 

of turning resources into production—can be difficult to 

assess consistently across national contexts. 
 

2. 5. Comparative Position of This Study in the 
Existing Literature           Research on nuclear energy 

and uranium resources has been conducted from various 

perspectives, yet several significant gaps remain. El 

Khalfi analyzed the Joint Comprehensive Plan of Action 

(JCPOA) and highlighted the geopolitical and diplomatic 

implications of Iran’s nuclear program, emphasizing the 

challenges of international negotiations and the impact of 

sanctions. However, this study focused mainly on 

political processes and did not address the quantitative 

assessment of uranium reserves or Iran’s ability to 

maintain long-term self-sufficiency in nuclear fuel (48). 

Kalbasi (49) examined Russian–Iranian cooperation 

in the nuclear sector, emphasizing the influence of 

sanctions, bilateral agreements, and foreign policy 

discourses on the development of these relations. The 

work effectively illustrated the political context but did 

not include an evaluation of geological and economic 

indicators, particularly the structure and recoverability of 

uranium resources, which are essential for assessing the 

sustainability of nuclear programs. 

Mirgorod and Parubochaya (50) assessed Rosatom as 

a key instrument of Russian foreign policy in the Middle 

East. They emphasized the corporation’s competitive 

advantages, including technological leadership, flexible 

financing models, and the capacity to enhance Russia’s 

diplomatic influence through nuclear projects in 

countries such as Egypt, Iran, and Turkey. Nevertheless, 

their analysis remained focused on geopolitical leverage 

and external influence, without considering the 

comparative economic value of uranium reserves or the 

long-term self-sufficiency prospects of Russia and its 

partners. 

Siddi and Silvan (51) analyzed Rosatom’s role in 

international relations through the lenses of realism, 

liberalism, and dependency theory. Their study 

demonstrated the complexity of global nuclear supply 

chains and identified Rosatom’s dominant position in 

uranium enrichment and reactor construction. However, 

their analysis was largely theoretical and institutional, 

omitting country-specific assessments of resource bases 

and calculations of self-sufficiency horizons. 

Kharitonova (52) discussed the prospects for 

Russian–Iranian energy cooperation, focusing primarily 

on oil, gas, and related infrastructure projects. While the 

study provides valuable insights into the broader 

framework of bilateral energy relations, it does not 

examine uranium resources or the nuclear fuel cycle. In 

this regard, the present study contributes by extending the 

analysis of Russian–Iranian energy cooperation to the 

strategic dimension of uranium, thereby addressing a gap 

in the literature.  

Taken together, these works highlight the gap that 

defines the novelty of the present study, which lies in its 

integrated geological and economic perspective. Unlike 

previous research, which has predominantly emphasized 

political, diplomatic, or institutional aspects, this analysis 

consolidates heterogeneous data into a single framework 

by converting recoverable resources for Russia and in 

situ resources for Iran to a comparable basis through the 

application of recovery factors. Beyond this adjustment, 

the study examines the differentiation of uranium 

resources by deposit type and their classification by 

economic cost categories, which indicate the share of 

reserves feasibly developed under specific price levels. 

Previous studies have not addressed the issue of long-

term self-sufficiency horizons, leaving a gap in 

understanding how resource availability translates into 

future supply security. While the existing literature has 

discussed Russian–Iranian cooperation primarily in the 

fields of oil and gas, uranium resources have not been 

analyzed in this context. By introducing this dimension 

and linking geological characteristics with economic and 

energy policy considerations, the present study enriches 

the literature and provides a more comprehensive view of 

the sustainability of Russia’s and Iran’s nuclear energy 

programs, including the potential for bilateral 

cooperation in the uranium sector. 

 

 

3. METHODS 
 

This study is based on a detailed comparative analysis of 

uranium reserves, production, and consumption in Russia 

and Iran. The methodology follows a structured sequence 

of stages to ensure the thoroughness and validity of the 

analysis. 

First, the uranium reserves were examined by type: 

RAR’s and IR’s. For each type, reserves were considered 

across different economic categories, based on cost 

ranges of uranium production (<40, <80, <130, and < 

US$ 260/kgU). Russia's reserves were provided as 

recoverable tonnes, while Iran's were reported as in situ 

tonnes, which required special attention during 

interpretation and comparison. 

To adjust for the difference in reporting standards, a 

standard formula was used to calculate the recoverable 

reserves for Iran: 

𝑅𝑟𝑒𝑐 = 𝑅𝑖𝑛 𝑠𝑖𝑡𝑢 ∙ (
𝑅𝐹

100
)  (1) 

The recovery factor reflects the efficiency of uranium 

extraction depending on the mining method (53, 54). For 

example, for underground mining, recovery rates 

between 80 and 90% were assumed. 

Second, reserves were broken down by mining 

methods, namely underground mining, open-pit mining, 

in situ leaching (ISL), and co-product or by-product 

mining. Each method was analyzed separately, with 
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adjustments made according to the specific recovery 

factor applicable to each mining technology. 

Third, historical uranium production was assessed, 

based on records by mining method and by year through 

2023. In addition, mid-term production projections up to 

2045 were incorporated to reflect planned production 

dynamics for both countries. 

Fourth, uranium consumption was evaluated. For 

Russia, a relatively stable forecast of annual reactor-

related uranium requirements was used. For Iran, two 

consumption scenarios—low and high—were considered 

to capture uncertainty linked to the potential expansion 

of nuclear energy use. 

To assess the dynamic change in available reserves 

over time, the following formula was applied: 

𝑅𝑥 = 𝑅𝐴 + (𝑃 − 𝐶) ∙ (𝑋 − 𝐴) (2) 

Additionally, to estimate the number of years until 

uranium reserves are exhausted once a deficit occurs, the 

following formula was used: 

𝑌 =
𝑅𝑙𝑎𝑠𝑡

𝐶−𝑃
  (3) 

Throughout the analysis, reserves for each country 

were considered from multiple perspectives—by type of 

resource and by mining method—to identify 

commonalities, differences, and potential grounds for 

cooperation. Special attention was paid to finding 

comparable structures in resource classification and 

mining practices, which could support further strategic 

alignment. 

Finally, based on the data obtained, initiatives were 

proposed for developing bilateral relations in the field of 

uranium exploration and mining between Russia and 

Iran. Possible points of contact for technological 

cooperation, joint ventures, and knowledge sharing were 

outlined, recognizing the complementarity of the two 

countries' resource bases and mining experiences. Future 

studies may consider binary discounting approaches, as 

used in hydrogen project evaluations, to better reflect 

cost-revenue risk asymmetry in uranium economics (55). 
 

 

4. RESULTS 
 

4. 1. Uranium Price Scenarios: 2025–2045          This 

section does not provide an original econometric forecast 

but rather summarizes findings from authoritative 

sources. The analysis is broadly consistent with the 

IAEA/NEA Red Book, where uranium prices are 

considered in relation to supply–demand adequacy 

without quantitative projections, and it additionally 

draws on recent analytical work, which employs a 

mathematical model to forecast the cost and volume of 

uranium production under various global nuclear energy 

development scenarios (56). The price ranges presented 

here should therefore be understood as illustrative 

scenarios that reflect different combinations of demand 

growth, supply responses, and project economics, rather 

than strictly deterministic forecasts. 

Over the past two decades, uranium prices have 

exhibited cyclical behavior, with sharp peaks followed by 

long correction phases. As shown in Figure 3, the most 

recent surge in both spot and long-term prices peaked in 

early 2024, reaching levels near US$ 190/kgU, before 

declining again toward US$140/kgU range by early 

2025. While this increase was significant, it remains 

unclear whether it reflects a durable structural shift or a 

short-term correction driven by speculative activity, 

restocking cycles, or temporary supply disruptions. What 

is clear, however, is that the current price level—slightly 

above US$ 130/kgU—brings a much broader segment of 

the global uranium resource base into potential economic 

viability, particularly those deposits situated in < US$ 

130 and < US$ 260/kgU cost categories. 

 

 

 
Figure 3. Long-term and spot uranium prices vs. production costs (57) 
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Looking ahead, several price scenarios may unfold 

depending on policy, supply chain dynamics, and 

technological developments. In a moderate-demand 

scenario, where global nuclear expansion continues at a 

measured pace and supply steadily recovers, prices are 

expected to stabilize in the range of US$ 150–170/kgU 

by 2030. This would be supported by gradual restarts of 

idled production, new capacity in countries like 

Kazakhstan and Canada, and improvements in secondary 

supply. In a high-demand scenario, driven by accelerated 

nuclear deployment for decarbonization and geopolitical 

competition over energy security, prices could rise more 

sharply, reaching US$ 180–200/kgU by 2030 and 

exceeding US$ 220/kgU by 2035. This would reflect 

constrained project pipelines and longer permitting 

timelines for new mines. 
A low-demand or oversupply scenario—resulting 

from delayed reactor construction, wider adoption of 

alternative fuels, or faster development of small modular 

reactors (SMRs) with lower uranium requirements—

could lead to a price retreat to US$ 100–120/kgU, 

particularly if new supply enters the market too quickly. 

However, even under such conditions, long-term prices 

are unlikely to return to pre-2021 lows, given higher 

input costs and a more risk-aware investment 

environment. 

For the 2040–2045 period, prices will likely converge 

in the US$ 160–200/kgU range under most realistic 

scenarios. At that point, many high-cost deposits in < 

US$ 260/kgU band may become competitive, especially 

in countries with integrated fuel cycles or stable mining 

environments. Overall, future pricing will be shaped not 

only by physical supply and demand, but also by project 

economics, geopolitical alignments, and the willingness 

of states and utilities to support uranium procurement as 

a strategic priority.  

 

4. 2. Uranium Deposit Types in Russia and Iran by 
Production Cost           To compare the geological 

composition of uranium resources in Russia and Iran, 

Figure 4 presents the distribution of deposit types in 

relative terms (%), grouped by production cost 

categories. Since Russia’s total uranium endowment is 

significantly larger than Iran’s, the data are shown 

proportionally to highlight structural differences rather 

than absolute quantities. Only < US$ 130/kgU and < US$ 

260/kgU categories are included, as no information has 

been found indicating that either country holds reserves 

in < US$ 40/kgU cost band. Although Russia does hold a 

small volume of sandstone-hosted resources in < US$ 

80/kgU category, Iran has none in this cost range, and 

therefore it was decided to limit the comparison to the 

two broader thresholds where both countries have 

meaningful data. 

An additional feature worth noting is that Iran’s  
 

 
Figure 4. Comparison of uranium mining costs in Russia 

and Iran by deposit type (11) 
 

 

uranium resource composition does not change between 

< US$ 130/kgU and < US$ 260/kgU categories, 

indicating that all currently identified reserves fall within 

the lower-cost band. This may suggest that either Iran’s 

resources are uniformly moderate in extraction cost, or 

that higher-cost reserves have yet to be discovered or 

disclosed. In contrast, Russia’s profile expands 

significantly in < US$ 260/kgU range, incorporating a 

wider array of deposit types and highlighting the 

economic scalability of its uranium base. 

The chart reflects that Iran’s uranium resources are 

overwhelmingly metasomatite in origin, while Russia 

shows a more diverse distribution that includes not only 

metasomatite, but also significant shares of volcanic-

related, intrusive, and sandstone-hosted deposits. This 

contrast highlights the broader geological base 

supporting Russia’s uranium sector, in contrast to Iran’s 

heavier reliance on a single deposit type. 
 
4. 3. Russia and Iran: Uranium Supply and 
Demand Outlook            In Russia, uranium consumption 

is projected to increase only slightly over the coming 

decades—from 4,400 tonnes in 2021 to 4,900 tonnes by 

2045—indicating a stable demand outlook based on 

long-term reactor operation and planned capacity 

additions. In contrast, production follows a non-linear 

path. It rises from 2,635 tonnes in 2021 to a peak of 4,900 

tonnes by 2030, achieving full domestic supply coverage 

at that point. However, this is followed by a sharp decline 

to 1,500 tonnes by 2040, a level that remains unchanged 

through 2045 (11). This creates a projected shortfall of 

over 3,000 tonnes per year by the end of the period. The 

pattern reflects the expected depletion of existing 

deposits and the absence of new capacity being added in 

the model. The corresponding production and 

consumption figures are shown in Figure 5. 
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Figure 5. Dynamics of uranium production and 

consumption in Russia (2021-2045) 

 

 

Iran, by contrast, faces a different type of imbalance. 

Uranium consumption is projected under two alternative 

demand scenarios, depending on the pace of reactor 

development. In the high scenario, consumption rises 

from 160 tonnes in 2021 to 1,390 tonnes by 2040. In the 

low scenario, it reaches 1,230 tonnes over the same 

period. Meanwhile, production increases only 

modestly—from 21 tonnes per year in 2021–2022 to 71 

tonnes from 2025 onward—and then remains flat (11). In 

both scenarios, the gap between demand and domestic 

supply widens steadily, indicating that Iran will remain 

heavily dependent on imports or cooperation to meet its 

future needs. These projections are presented in Figure 6. 

Taken together, the Russian and Iranian cases illustrate 

two distinct challenges. Russia risks a supply deficit after 

2035 despite currently strong production, while Iran will 

face chronic underproduction relative to even modest 

growth in demand. These dynamics underscore the 

strategic value of cooperation in uranium development, 

particularly in areas such as reserve expansion, 

exploration technology, and long-term supply 

agreements. 

 

 

 
Figure 6. Dynamics of uranium production and 

consumption in Iran (2021-2045) 

4. 4. Uranium Self-Sufficiency Horizons in Russia 
and Iran          An important outcome of this study is the 

estimation of how long Russia and Iran can meet their 

domestic uranium demand using their own identified 

resources, differentiated by cost categories and resource 

classifications (RAR and RAR+IR). The results provide 

a direct timeline for potential resource depletion under 

current consumption projections. 

For Russia, two cost-based resource thresholds were 

considered. In the < US$ 80/kgU category, where the 

country holds a moderate reserve (18,224 tonnes RAR 

and 14,168 tonnes IR), calculations show that reasonably 

assured resources (RAR) alone will be depleted by 2036, 

while RAR+IR combined will last until 2041. These 

dynamics are illustrated in Figure 7, which shows a steep 

decline in both reserve types over time, especially 

beyond 2030. When evaluating the broader < US$ 

130/kgU category—which includes a significantly larger 

resource base (202,304 tonnes RAR and 274,269 tonnes 

IR)—the self-sufficiency horizon expands substantially.  

As shown in Figure 8, reserves in this category 

remain relatively stable across the period 2021–2045. In 

this case, RAR would suffice until 2093, and RAR+IR 

would extend the timeline until 2174. Since the < US$ 

130/kgU band already provides such long-term coverage, 

additional analysis of higher-cost categories was deemed 

unnecessary for Russia. 

For Iran, no reserves exist in the < US$ 80/kgU range, 

and the < US$ 260/kgU category does not add any new 

resources beyond what is already classified under < US$ 

130/kgU. Therefore, only the < US$ 130/kgU category 

was analyzed. Given Iran's much smaller resource base 

and growing projected demand, self-sufficiency 

timelines are significantly shorter. As illustrated in 

Figure 10, under the low consumption scenario, Iran can 

meet its needs using RAR alone until 2033, and with 

RAR+IR until 2039. Under the high consumption 

scenario, these timelines shorten further: until 2031 for 

RAR and 2038 for RAR+IR. 

 

 

 
Figure 7. Russia’s uranium self-sufficiency timeline (<US$ 

80/kgU) 
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Figure 8. Russia’s uranium self-sufficiency timeline (<US$ 

130/kgU) 

 

 

 
Figure 9. Iran’s uranium self-sufficiency timeline (<US$ 

130/kgU) 

 

 

These results highlight a key structural difference 

between the two countries. While Russia has sufficient 

domestic reserves to support its nuclear program for 

decades—particularly at cost levels under US$ 

130/kgU—Iran’s limited resource base, especially in the 

context of rising demand, leads to a much earlier 

depletion horizon. This calculation of specific depletion 

years represents a core methodological feature of the 

study and provides a clear benchmark for assessing long-

term uranium security under varying economic and 

policy scenarios. 

 

 

5. DISCUSSION 
 

The analysis of uranium price dynamics and resource 

self-sufficiency provides a clear framework for assessing 

national vulnerability and long-term planning needs. 

However, the practical impact of future price changes—

despite their potential volatility—is likely to be limited 

for both Russia and Iran in the near to medium term. For 

Iran, the reason is straightforward: the country’s uranium 

reserves are modest in size, concentrated in a narrow 

geological category, and largely insufficient to meet 

future demand under either low or high consumption 

scenarios. As such, even if uranium prices were to shift 

significantly, the overall strategic position of Iran’s 

domestic supply would remain largely unchanged. The 

issue is not one of cost, but of scale. 

In contrast, Russia possesses a substantial uranium 

endowment, including large volumes of reasonably 

assured and inferred resources at < US$ 130/kgU. This 

suggests that price increases would not pose an 

immediate threat to supply security, as sufficient reserves 

are already technically and economically viable at 

current market levels. However, the analysis also shows 

that only a small share of these reserves is actively being 

developed. As production is expected to decline after 

2030, Russia’s long-term self-sufficiency will depend not 

only on the size of its reserves but also on its ability to 

bring new capacity online. Without proactive 

development, even large resource bases can become 

bottlenecks—particularly if geopolitical uncertainty or 

global market tightening reduces access to foreign supply 

chains (58, 59). 

It is also important to acknowledge that the presented 

figures and forecasts are based on conventional uranium 

fuel use and do not account for potential shifts toward 

MOX fuel or broader implementation of closed fuel cycle 

technologies. As these technologies continue to evolve, 

they may fundamentally alter the economics of resource 

use, extending the effective lifespan of current reserves 

and introducing new recovery pathways from previously 

uneconomic or unrecoverable sources (60). Similarly, 

improved processing, modular mining systems, or 

environmental permitting innovations could lead to a 

reclassification of existing reserves across price tiers (61-

63). In this sense, today’s marginal resources may 

become tomorrow’s baseline supply (64). 

Altogether, while the current outlook favors Russia in 

terms of scale and buffer capacity, and poses more urgent 

concerns for Iran, both countries face important 

challenges. For Iran, these relate to securing external 

partnerships or developing alternative technologies (65). 

For Russia, the challenge lies in converting its geological 

potential into timely, sustained production. Addressing 

these asymmetries will require long-term strategic 

planning that goes beyond price forecasting and into 

active resource policy and technology integration (66-

68). 

An additional consideration is the geological 

similarity of uranium reserves in both countries. As 

shown in the deposit-type analysis, metasomatite-hosted 

deposits dominate the resource base in Iran and also form 

a significant part of Russia’s uranium portfolio. This 

commonality may offer technical advantages for bilateral 

cooperation, particularly in the areas of ore processing, 

exploration techniques, and mine planning. Given 
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Russia’s greater experience in developing metasomatite 

resources, shared geological challenges could serve as a 

practical foundation for deeper collaboration—not only 

in fuel cycle agreements, but also in joint field 

development, personnel training, and technology transfer 

(69). 

 

 
6. CONCLUSIONS 
 

The results of this study provide a detailed response to 

the stated aim and objectives. The analysis of uranium 

resources in Russia and Iran by type (RAR and IR) and 

by economic cost categories (<40, <80, <130, and < US$ 

260/kgU) reveals significant differences in scale and 

composition. Russia possesses one of the world’s largest 

uranium resource bases, with a substantial share of 

reserves classified in categories below US$ 130/kgU. In 

absolute terms, Iran’s endowment is much smaller, and 

although its reserves also fall within these cost 

categories, their limited volume constrains the country’s 

long-term supply potential. 

Since Russia reports recoverable resources while Iran 

reports in situ values, recovery factors specific to each 

mining method were applied to adjust the Iranian figures. 

This adjustment enabled a comparable assessment of the 

resource bases of both countries. Based on this, a 

structural analysis by deposit type shows that Iran’s 

uranium resources are concentrated mainly in 

metasomatite deposits, whereas Russia’s reserves are 

distributed across a broader spectrum, including 

metasomatite, sandstone, volcanic, and other deposits. 

Geological diversity strengthens Russia’s resilience, 

while Iran’s reliance on a single deposit type increases its 

vulnerability to domestic constraints. 

The evaluation of production and consumption 

further underscores these differences. Russia has 

traditionally maintained substantial uranium output, but 

a decline is projected after 2030 if new projects are not 

developed. Forecasts to 2045 indicate that Russia can 

remain self-sufficient provided additional capacity is 

commissioned. In Iran, current uranium production 

remains limited, reflecting both the smaller scale of its 

resource base and institutional barriers to development. 

At the same time, the country is preparing feasibility 

studies for additional deposits such as Narigan and 

Khushumi, which may expand its production potential in 

the future. However, under both low and high 

consumption scenarios, the currently identified resources 

are insufficient to sustain demand beyond the 2030s. 

The analysis also reveals complementarities between 

the two countries. Both possess significant metasomatite-

hosted deposits, and Russia’s broader experience in the 

exploration and development of such deposits could 

provide a basis for bilateral cooperation in exploration, 

mining, processing, and technology transfer. This creates 

a practical foundation for strengthening uranium security 

through joint initiatives, while also underscoring the 

broader strategic implications of geological similarities. 

Overall, the findings demonstrate that Russia’s 

extensive and geologically diverse uranium base can 

ensure long-term self-sufficiency with timely investment 

in new projects, whereas Iran’s more limited endowment 

makes external cooperation and technological 

breakthroughs essential for sustaining its nuclear 

program. These results address the stated objectives by 

delivering a comparative geological and economic 

assessment, establishing data comparability through 

recovery factors, analyzing resource structures by deposit 

type and cost category, evaluating production and 

consumption balances, and estimating long-term self-

sufficiency horizons together with opportunities for 

bilateral collaboration. 

In contrast to earlier works, which primarily focused 

on the political, diplomatic, or institutional dimensions of 

Russian–Iranian cooperation or emphasized Rosatom’s 

foreign policy role and global positioning, the present 

study provides a quantitative geological and economic 

perspective. It takes into account that Russian uranium 

resources are reported as recoverable while Iranian 

resources are presented in situ, and it applies appropriate 

recovery factors to bring them onto a comparable basis. 

By examining reserve volumes by deposit type and 

economic cost category and by estimating long-term self-

sufficiency horizons, this study presents findings that 

have not been addressed in previous literature and 

thereby broadens the understanding of uranium supply 

security in both Russia and Iran. 

 

Acknowledgements 
 

The authors express their gratitude to colleagues and 

reviewers for their valuable comments and suggestions, 

which contributed to improving the quality of this 

manuscript. 
 

Funding 

 

This research received no external funding. 
 

Ethics Approval and Consent to Participate  
 

This article does not involve any studies with human 

participants or animals performed by any of the authors. 

Therefore, ethics approval and consent to participate are 

not applicable.  

 

Competing Interests  

 

The authors declare no financial or organizational 

conflicts of interest. 
 



O. A. Marinina and E. V. Kildiushov / IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)   2419-2433                       2431 

 

Data Availability  
 

The data that support the findings of this study are 

available upon reasonable request. 

 

Declaration of Generative AI and AI-assisted 
Technologies in the Writing Process  
 

During the preparation of this manuscript, the authors did 

not use generative artificial intelligence or AI-assisted 

technologies in the writing or preparation of the 

manuscript. The authors take full responsibility for the 

content of the published article. 

 

Authors Biosketches  
 

The authors are researchers in the field of sectoral 

economics, focusing on the analysis of industrial sectors 

and the assessment of their economic performance. Their 

research interests include quantitative methods, 

comparative analysis, and applied economic evaluation. 

 

 

REFERENCES 

 

1. Degueldre C. Uranium as a renewable for nuclear energy. 

Progress in Nuclear Energy. 2017;94:174-86. 

10.1016/j.pnucene.2016.03.031. 

2. Nguyen M. P., Ponomarenko T., Nguyen N. Energy Transition in 

Vietnam: A Strategic Analysis and Forecast. Sustainability. 

2024;16(5). 10.3390/su16051969. 

3. Babyr N. V. Topical Themes and New Trends in Mining Industry: 

Scientometric Analysis and Research Visualization. International 
Journal of Engineering Transactions B: Applications. 

2024;37(2):439-51. 10.5829/ije.2024.37.02b.18. 

4. Taylor R., Bodel W., Banford A., Butler G., Livens F. 
Sustainability of Nuclear Energy—A Critical Review from a UK 

Perspective. Sustainability. 2024;16(24). 10.3390/su162410952. 

5. Marinina O. A., Ilyushin Y. V., Kildiushov E. V. Comprehensive 
Analysis and Forecasting of Indicators of Sustainable 

Development of Nuclear Industry Enterprises. International 

Journal of Engineering Transactions B: Applications 

2025;38(11):2527-36. 10.5829/ije.2025.38.11b.05. 

6. Lyócsa Š., Todorova N. What drives the uranium sector risk? The 

role of attention, economic and geopolitical uncertainty. Energy 

Economics. 2024;140:107980. 10.1016/j.eneco.2024.107980. 

7. Ilyushin Y. V., Nosova V. A. Development of Mathematical 

Model for Forecasting the Production Rate. International Journal 
of Engineering Transactions B: Applications. 2025;38(8):1749-

57. 10.5829/ije.2025.38.08b.02. 

8. Monnet A., Gabriel S., Percebois J. Long-term availability of 

global uranium resources. Resources Policy. 2017;53:394-407. 

10.1016/j.resourpol.2017.07.008. 

9. Pashkevich N. V., Khloponina, V. S., Pozdnyakov, N. A., 

Avericheva, A. A.  Analysing the problems of 

reproducing the mineral resource base of scarce strategic 
minerals.  Journal of Mining Institute. 2024;270:1004-23. 

EDN HNTQBF. 

10. Semenova T., Churrana N. Assessment of the Projects’ Prospects 
in the Economic and Technological Development of the Oil and 

Gas Complex in the Republic of Mozambique. Resources. 

2025;14(7). 10.3390/resources14070106. 

11. Nuclear Energy Agency (NEA). Uranium 2024: Resources, 

Production and Demand. Paris: OECD Publishing; 2025. 

12. Agarwal D. K., and Sreenivas B. An appraisal of uranium deposits 

of India and their style of deposition with reference to the 

Paleoproterozoic great oxidation event. International Geology 

Review. 2021;63(5):571-84. 10.1080/00206814.2020.1728583. 

13. Hillacre S., Ansdell K., McEwan B. Geology, Structural Analysis, 

and Paragenesis of the Arrow Uranium Deposit, Western 
Athabasca Basin, Saskatchewan, Canada: Implications for the 

Development of the Patterson Lake Corridor. Economic Geology. 

2021;116(2):285-321. 10.5382/econgeo.4797. 

14. Groves D. I., Bierlein F. P., Meinert L. D., Hitzman M. W. Iron 

Oxide Copper-Gold (IOCG) Deposits through Earth History: 
Implications for Origin, Lithospheric Setting, and Distinction 

from Other Epigenetic Iron Oxide Deposits. Economic Geology. 

2010;105(3):641-54. 10.2113/gsecongeo.105.3.641. 

15. Stepanov V. A. Witwatersrand composite paleoplacers. 

Proceedings of higher educational establishments Geology and 

Exploration. 2021;63(4):8-22. 10.32454/0016-7762-2020-63-4-

8-22. 

16. Mishra P., Sati M., Krishnamurthi R. A Review on Uranium 

Mineralization Related to Na-Metasomatism: Indian and 
International Examples. Geosciences. 2024;14(11). 

10.3390/geosciences14110304. 

17. Lapido Loureiro F. E. D. V., Dos Santos R. C. The intra-intrusive 
uranium deposits of poços de caldas, Brazil. Ore Geology 

Reviews. 1988;3(1):227-40. 10.1016/0169-1368(88)90020-0. 

18. Shanyengana S. H., Fan H., Xue C., Shanyengana E. S., Mapani 

B., Shilongo E., et al. An example of uraniferous leucogranites in 

the Rössing South-West deposit, Namibia. Journal of African 

Earth Sciences. 2020;162:103698. 

10.1016/j.jafrearsci.2019.103698. 

19. Steenfelt A., Kolb J., Thrane K. Metallogeny of South Greenland: 

A review of geological evolution, mineral occurrences and 
geochemical exploration data. Ore Geology Reviews. 

2016;77:194-245. 10.1016/j.oregeorev.2016.02.005. 

20. Pek A. A., Malkovsky V. I., Petrov V. A. Mineral System of the 
Streltsovka Caldera Uranium Deposits (East Transbaikalia). 

Geology of Ore Deposits. 2020;62(1):31-48. 

10.1134/S1075701520010055. 

21. Yu H., Deng J., Tang B., Egbert G., Chen H. Electrical image of 

magmatic system beneath the Xiangshan volcanogenic uranium 

deposit, southeast China: Linking magmatic evolution and 
uranium metallogenesis. Geology. 2023;51(9):870-4. 

10.1130/G50783.1. 

22. Bonnetti C., Liu X., Mercadier J., Cuney M., Deloule E., 
Villeneuve J., et al. The genesis of granite-related hydrothermal 

uranium deposits in the Xiazhuang and Zhuguang ore fields, 

North Guangdong Province, SE China: Insights from 
mineralogical, trace elements and U-Pb isotopes signatures of the 

U mineralisation. Ore Geology Reviews. 2018;92:588-612. 

10.1016/j.oregeorev.2017.12.010. 

23. Ballouard C., Poujol M., Boulvais P., Mercadier J., Tartèse R., 

Venneman T., et al. Magmatic and hydrothermal behavior of 

uranium in syntectonic leucogranites: The uranium 
mineralization associated with the Hercynian Guérande granite 

(Armorican Massif, France). Ore Geology Reviews. 

2017;80:309-31. 10.1016/j.oregeorev.2016.06.034. 

24. Cuney M. Evolution of Uranium Fractionation Processes through 

Time: Driving the Secular Variation of Uranium Deposit Types. 

Economic Geology. 2010;105(3):553-69. 

10.2113/gsecongeo.105.3.553. 



2432                     O. A. Marinina and E. V. Kildiushov / IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)   2419-2433 

 
25. Vind J., Tamm K. Review of the extraction of key metallic values 

from black shales in relation to their geological and mineralogical 

properties. Minerals Engineering. 2021;174:107271. 

10.1016/j.mineng.2021.107271. 

26. Tillman F. D., Anderson J. R., Unema J. A., Chapin T. P. 

Assessing uranium and select trace elements associated with 

breccia pipe uranium deposits in the Colorado River and main 
tributaries in Grand Canyon, USA. PLOS ONE. 

2020;15(11):e0241502. 10.1371/journal.pone.0241502. 

27. Osmanlioglu A. E. Uranium Mining Techniques and Waste 
Management. European Journal of Sustainable Development 

Research. 2022;6(4):1-4. 10.21601/ejosdr/12273. 

28. Li G., Yao J. A Review of In Situ Leaching (ISL) for Uranium 

Mining. Mining. 2024;4(1):120-48. 10.3390/mining4010009. 

29. Alrawashdeh R., Altiti A., Alnawafleh H. Open Pit Mining. In: 
Soni AK, editor. Mining Techniques - Past, Present and Future. 

Rijeka: IntechOpen; 2021. 

30. Tien D. L., Trung T. V., Anh S. D., Babyr N. V. Ground Pressure 
and Methods to Enhance Roof Stability in Mechanized Coal 

Mining. International Journal of Engineering Transactions A: 

Basics. 2026;39(4):862-9. 10.5829/ije.2026.39.04a.05. 

31. Tulyakov T. F., Afanaseva O. V. Comparative Analysis of Image 

Segmentation Methods in Power Line Monitoring Systems. 

International Journal of Engineering Transactions A: Basics. 

2026;39(1):1-11. 10.5829/ije.2026.39.01a.01. 

32. Toews K. L., Takala J. M. Radiation protection strategies in high-

grade underground uranium mines. Annals of the ICRP. 

2024;53(1_suppl):296-300. 10.1177/01466453241283931ap. 

33. Ilyushin Y., Nosova V., Krauze A. Application of Systems 

Analysis Methods to Construct a Virtual Model of the Field. 

Energies. 2025;18(4). 10.3390/en18041012. 

34. Sidorenko S., Trushnikov V., Sidorenko A. Methane Emission 

Estimation Tools as a Basis for Sustainable Underground Mining 
of Gas-Bearing Coal Seams. Sustainability. 2024;16(8). 

10.3390/su16083457. 

35. Mudd G. M., Weng Z., Jowitt S. M., Turnbull I. D., Graedel T. E. 
Quantifying the recoverable resources of by-product metals: The 

case of cobalt. Ore Geology Reviews. 2013;55:87-98. 

10.1016/j.oregeorev.2013.04.010. 

36. Michael A., Varnava N., Ioannidis I., Pashalidis I. Uranium 

recovery from phosphate rocks/minerals – A comprehensive 

review. Sustainable Chemistry for the Environment. 

2024;5:100055. 10.1016/j.scenv.2023.100055. 

37. Shklyarskiy Y. E., Skamyin A. N., Jiménez Carrizosa M. Energy 

efficiency in the mineral resources and raw materials complex. 

Journal of Mining Institute. 2023;261:323-4.  

38. Zhao J., Liu C. Unlocking the microscale secrets: A 

comprehensive study on uranium occurrence and eco-friendly 
processing techniques in Lanhe granite-type uranium deposits, 

Northern Guangdong Province, China. Minerals Engineering. 

2024;215:108817. 10.1016/j.mineng.2024.108817. 

39. Wang Z., Song H., Chen Y., Song J., Hou M., Li Q., et al. 

Uranium resource of Europe: Development status, metallogenic 

provinces and geodynamic setting. Energy Strategy Reviews. 

2024;54:101467. 10.1016/j.esr.2024.101467. 

40. Togizov K., Kenzhetaev Z., Temirkhanova R., Muzapparova A., 

Omirgali A., Altaibayev B. The Influence of the Physicochemical 
Characteristics of Ores on the Efficiency of Underground Well 

Leaching of Uranium Deposits in Kazakhstan. Minerals. 

2024;14(4). 10.3390/min14040381. 

41. Ye Y., Fan B., Qin Z., Tang X., Feng Y., Lv M., et al. 

Electrochemical removal and recovery of uranium: Effects of 

operation conditions, mechanisms, and implications. Journal of 

Hazardous Materials. 2022;432:128723. 

10.1016/j.jhazmat.2022.128723. 

42. Langanay J., Romary T., Freulon X., Langlais V., Petit G., 
Lagneau V. Uncertainty quantification for uranium production in 

mining exploitation by In Situ Recovery. Computational 

Geosciences. 2021;25(3):831-50. 10.1007/s10596-020-10018-x. 

43. Bruneton P., Cuney M. 2 - Geology of uranium deposits. In: Hore-

Lacy I, editor. Uranium for Nuclear Power: Woodhead 

Publishing; 2016. p. 11-52. 

44. Wang Z., Xing W. Study on the Characteristics and Evolution 

Trends of Global Uranium Resource Trade from the Perspective 

of a Complex Network. Sustainability. 2022;14(22). 

10.3390/su142215295. 

45. Sadiq M., Shinwari R., Wen F., Usman M., Hassan S. T., 
Taghizadeh-Hesary F. Do globalization and nuclear energy 

intensify the environmental costs in top nuclear energy-

consuming countries? Progress in Nuclear Energy. 

2023;156:104533. 10.1016/j.pnucene.2022.104533. 

46. Egorova I. Prospects for the natural uranium world market. Ores 

and Metals. 2023;1:6-16. 10.47765/0869-5997-2023-10001. 

47. Bahl B. Iranian nuclear energy: history and advancements. Jindal 

Journal of International Affairs. 2022;10(1):77-89. 

10.54945/jjia.v1i6.108. 

48. El Khalfi M. A. Agreement on the Joint Comprehensive Plan of 

Action (JCPOA) Between Iran and The United States. Jurnal 

Pembaharuan Hukum. 2020;7(2):183. 10.26532/jph.v7i2.11296. 

49. Kalbasi R. A. Prospects for Russian-Iranian relations in the 

nuclear Field. Post-Soviet Issues. 2019;6(2):195-202. 

10.24975/2313-8920-2019-6-2-195-202. 

50. Mirgorod D., Parubochaya E. Nuclear Energy as a Russian 

Foreign Policy Instrument in the Middle East. Vestnik 

Volgogradskogo gosudarstvennogo universiteta Serija 4 Istorija 

Regionovedenie Mezhdunarodnye otnoshenija. 2023;28(2):214-

25. 10.15688/jvolsu4.2023.2.18. 

51. Siddi M., Silvan K. Nuclear energy and international relations: 
the external strategy of Russia’s Rosatom. International Politics. 

2024. 10.1057/s41311-024-00618-0. 

52. Kharitonova D. V. Prospects for Russian-Iranian Energy 
Cooperation. Geoeconomics of Energetics. 2024(4):77-100. 

10.48137/26870703_2023_24_4_77. 

53. Malozyomov B. V., Martyushev N. V., Babyr N. V., Pogrebnoy 
A. V., Efremenkov E. A., Valuev D. V., et al. Modelling of 

Reliability Indicators of a Mining Plant. Mathematics. 

2024;12(18). 10.3390/math12182842. 

54. Golovina E. I., Tselmeg B. Cost Estimate as a Tool for Managing 

Fresh Groundwater Resources in the Russian Federation. 

Geology and mineral resources of Siberia. 2023;a(4):81-91. 

10.20403/2078-0575-2023-4a-81-91. 

55. Galevskiy S., Qian H. A Binary Discounting Method for 

Economic Evaluation of Hydrogen Projects: Applicability Study 
Based on Levelized Cost of Hydrogen (LCOH). Energies. 

2025;18(14). 10.3390/en18143839. 

56. Mirkhusanov U. T., Semenova D. Y., Kharitonov V. V. 
Forecasting the Cost and Volume of Uranium Mining for different 

World Nuclear Energy Development Scenario. Izvestiya 

Wysshikh Uchebnykh Zawedeniy, Yadernaya Energetika. 

2024(1):119-31. 10.26583/npe.2024.1.10. 

57. Uranium price. Cameco Corporation. Available online: 

https://www.cameco.com/invest/markets/uranium-price 

(accessed on 06.04.2025). 

58. Semenova T., Sokolov I. Theoretical Substantiation of Risk 

Assessment Directions in the Development of Fields with Hard-
to-Recover Hydrocarbon Reserves. Resources. 2025;14(4). 

10.3390/resources14040064. 

59. Golovina E., Karennik K. Modern Trends in the Field of Solving 

Transboundary Problems in Groundwater Extraction. Resources. 

2021;10(10). 10.3390/resources10100107. 



O. A. Marinina and E. V. Kildiushov / IJE TRANSACTIONS A: Basics  Vol. 39, No. 10, (October 2026)   2419-2433                       2433 

 

60. Galevskiy S. G., Qian H. Developing and validating 
comprehensive indicators to evaluate the economic efficiency of 

hydrogen energy investments. ORESTA. 2024;7(3). 

10.5281/zenodo.15093154. 

61. Kukharova T. V., Utkin, V. A., Pershin, I. M. Modeling of a 

Decision Support System for a Psychiatrist Based on the 

Dynamics of Electrical Conductivity Parameters.  2021 IEEE 
Conference of Russian Young Researchers in Electrical and 

Electronic Engineering (ElConRus): IEEE; 2021. p. 975-8. 

10.1109/ElConRus51938.2021.9396273 

62. Martirosyan A. V., Martirosyan, K. V., Grudyaeva, E. K., 

Chernyshev, A. B. Calculation of the Temperature Maximum 
Value Access Time at the Observation Point.  2021 IEEE 

Conference of Russian Young Researchers in Electrical and 

Electronic Engineering (ElConRus); St. Petersburg, Moscow, 

Russia2021. p. 1014-8. 10.1109/ElConRus51938.2021.9396287 

63. Martirosyan A. V., Martirosyan, K. V., Chernyshev, A. B. 

Calculation of the First Switch-on Time of Distributed Object’s 
Control Action.  2020 IEEE Conference of Russian Young 

Researchers in Electrical and Electronic Engineering 

(EIConRus); St. Petersburg and Moscow, Russia2020. p. 750-4.  

64. Kukharova T., Maltsev P., Novozhilov I. Development of a 

Control System for Pressure Distribution During Gas Production 

in a Structurally Complex Field. Applied System Innovation. 

2025;8(2). 10.3390/asi8020051. 

65. Semenova T., Martínez Santoyo J. Y. Determining Priority Areas 
for the Technological Development of Oil Companies in Mexico. 

Resources. 2025;14(1). 10.3390/resources14010018. 

66. Farkhutdinov I. M., Khayrullin R. R., Soktoev B. R., Zlobina A. 
N., Chesalova E. I., Farkhutdinov A. M., et al. Uranium in man-

made carbonates on the territory of Ufa. Journal of Mining 

Institute. 2023;260:226-37. 10.31897/PMI.2023.4. 

67. Cherepovitsyn A. E., Dorozhkina I. P., Solov’eva V. M. Forecasts 

of Rare-earth Elements Consumption in Russia: Basic and 

Emerging Industries. Studies on Russian Economic 
Development. 2024;35(5):688-96. 

10.1134/S1075700724700229. 

68. Kongar-Syuryun C., Babyr N., Klyuev R., Khayrutdinov M., 

Zaalishvili V., Agafonov V. Model for Assessing Efficiency of 

Processing Geo-Resources, Providing Full Cycle for 
Development—Case Study in Russia. Resources. 2025;14(3). 

10.3390/resources14030051. 

69. Kotov D., Pervukhin D., Davardoost H., Afanaseva O. Prospects 
for the Use of Autonomous Underwater Vehicles (AUV) to Solve 

the Problems of the Mineral Resources Complex (MRC) of the 

Russian Federation. Journal of Maritime Research. 2024;21:309-

17. 

 

 

 

 

 

 
 

 

 
 

COPYRIGHTS 

©2026  The author(s). This is an open access article distributed under the terms of the Creative Commons 

Attribution (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, as long 

as the original authors and source are cited. No permission is required from the authors or the publishers . 

 

 

 

 

Persian Abstract 

 چکیده 
 .دهد می انجام داخلی ای هسته انرژی توسعه از حمایت در آنها توانایی بر تمرکز با را ایران و روسیه در اورانیوم منابع اقتصادی و  شناسی زمین  ای مقایسه ارزیابی مطالعه این

 های بندی طبقه از استفاده با را اورانیوم بودن دسترس در کار این ، است کرده بررسی نهادی یا سیاسی دیدگاه از را ایران و روسیه همکاری عمدتا که قبلی تحقیقات  برخلاف

 تمایز ایران  برای  شده گزارش  داخلی  منابع و روسیه  برای  شده گزارش  بازیابی  قابل  منابع بین  روش این  .کند می  ارزیابی  ذخایر اقتصادی هزینه  های  بندی دسته و شناسی  زمین 

 این ، منابع پایگاه پتانسیل و ساختار تحلیل و تجزیه بر علاوه .است شده تبدیل مقایسه قابل پایه یک به بازیابی مناسب عوامل از استفاده طریق از دوم مورد این و است قائل

 سال تا خودکفایی مدت  بلند های افق ، اساس  این  بر .گیرد می نظر  در  را کشور دو هر  برای مصرف سناریوهای همچنین و شده بینی  پیش و  تاریخی اورانیوم تولید مطالعه

 پروژه اگر  است مدت  بلند عرضه تضمین به قادر که است  متنوع شناسی  زمین  و گسترده اورانیوم پایگاه یک دارای روسیه که دهد می  نشان ها یافته .شود می زده تخمین   2045

 ، است شده متمرکز متاسوماتیت ذخایر در عمدتا که دارد گرانتر و محدودتر ذخایر ایران ، مقابل در .یابد توسعه 2030 سال از پس تولید کاهش جبران برای جدید معدن های

 برای ای پایه کشور دو بین  شناسی زمین های شباهت  ، حال عین در .کند می بعید تکنولوژیکی های پیشرفت  یا خارجی  همکاری بدون را پایدار خودکفایی به دستیابی که

 ارائه را اورانیوم عرضه پایداری از ساختاری ارزیابی مطالعه این ، ادبیات  شده کشف کم نسبتا جنبه به پرداختن با .کند می ایجاد اورانیوم  توسعه و اکتشاف در بالقوه همکاری

 .کند می معرفی نیز ظهور حال در ای هسته های برنامه دارای کشورهای سایر  برای بلکه ایران و روسیه برای تنها نه را ای مقایسه دیدگاه و دهد می
 


