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Abstract. ISL uranium mining is performed in Russia on two deposits, the Dalmatovskoe and Khiagda deposits. 
Each of them has its own specifics, which require individual mining approaches. Dalmatovskoe deposit is 
located in the Transural region. Deposit is of basal channel (paleo-valley) type, and occurs at a depth of 
450-600 m. Depth of mineralization is the main mining difficulty, which affects development costs. Khiagda 
deposit is located within the Republic of Buryatiya. Mineralization occurs at a depth of 160 to 180 m. Specific 
features of the deposit, which may influence mining are: presence of volcanic rocks on top of mineralized 
formation, low temperature (2-4ºC) and static levels of ground-waters, zone of permafrost within the deposit 
area. Different measures are performed by research and design organizations to improve ISL mining in these 
specific conditions: reduction of drilling costs, of acid and energy consumption, study of uranium leaching 
process at low temperature, process of pregnant solutions. Environmental issues, including aquifer restoration, 
are studied through geological and hydro-geological modelling of the deposits, and the development of new 
logging tools. 

1. Specific features of the Russian Federation in situ leaching sites

In situ borehole leaching is currently being carried out in Russia at the Dolmatovskoye 
(Transural District) and Khiagda (Republic of Buryatia) uranium deposits. 

Each deposit has a number of characteristics, which call for a special approach when 
organizing in situ leaching (Tables I and II). 

Table I. Specific features of the Dolmatovskoye deposit. 
No. Deposit features Implications of specific deposit features 

1. The deposit is located in a region with a 
protracted winter and low temperatures 
(minus 25-30° )

Process pipes need to be heated; drilling is more 
expensive in winter. 

2. Depth of mineralization: 450-500 metres Engineering difficulties in constructing 
boreholes in view of the depth; stripping of 
deposits is more expensive. 

3. High static levels leading, in specific cases, 
to self-discharge of the boreholes 

Technical resources needed to pump leaching 
solutions and oxidants into the ore horizon. 

Table II. Specific features of the Khiagda uranium deposit. 
No. Deposit features Implications of specific deposit features 

1. The deposit is located in a region with a 
protracted, severe winter. In the winter 
months the temperature falls to minus 50-
55° .

Process pipes need to be heated; laying of 
“associated pipes” containing hot water; 
difficulties drilling boreholes in winter; need for 
an energy reserve. 

2. Permafrost rocks cover the entire deposit 
area.

During drilling using a washing fluid the 
borehole walls heat up, creating drilling 
difficulties.

3. Predominance of very solid hard rock in the 
geological section. At a mineralization 
depth of 160-180 m hard rock is up to 120-

Solid hard rock in the deposit section slows 
down drilling, prolongs borehole construction 
and substantially increases drilling costs. 

130 m thick. 
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4. At low levels, submersible pumps with 
relatively little motor capacity are used to pump 
water.

5. Low groundwater temperatures (+2-4 C) Lower temperatures reduce the rate of the mass 
transfer processes. Uranium sorption by 
anionites slows down. This calls for an 
increased one-time resin loading and a 
consequent increase in total resin consumption. 

Soviet uranium companies never practised in situ leaching at such low groundwater 
temperatures. The usual temperature range for working deposits was +18–40° . The actual 
conditions at the Khiagda deposit required research to investigate uranium leaching and 
sorption processes at low temperatures. 

Parallel leaching trials were carried out in columns of sulphuric acid solution in a 
concentration of 23 g/L at temperatures of +18–20°  and +2–4° . The leaching process at 
+24°  has a number of specific features (see Figure 1). First of all, in the initial period until 
the liquid/solid ratio (L:S) reached 0.8 (duration of leaching: 3 days), uranium extraction at 
the lower temperature was substantially greater than at the usual temperature. The specific 
acid consumption in both cases was similar: 16 kg and 18 kg per tonne of ore. Extraction was 
then seen to level off and there was a reduction in the specific acid consumption in the case of 
leaching by cold solutions. The extraction level was the same (84-86%) by the end of the 
process, at a L:S ratio of 2.2. Whereas specific acid consumption during leaching by cold 
solutions did not exceed 18 kg/t, at room temperature it went up to 22 kg/t. 
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FIG. 1. Uranium concentration in pregnant solutions (1,2) and extraction (3,4) as a function of the 
L:S ratio; 1,3 - solution temperature +18–20° ; 2,4 - solution temperature +2–4° .

The results obtained show that, for the Khiagda deposit ores, a low (above zero) temperature 
does not, in general, affect the leaching rate. The lower specific acid consumption can be 
explained by the natural slowing down of the acid’s interaction with the country rock. 
However, under actual in situ leaching conditions, when leaching solutions are in contact with 
the ore for longer, the sulphuric acid consumption will most likely reach values similar to 
those at the usual temperature. 

We know that a lower temperature reduces the rate of the mass exchange processes in both 
homogeneous and heterogeneous systems, including in the “sorbent-solution” system. We 
should expect therefore that uranium sorption by anionites will be substantially slower when 

Low static groundwater levels 
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pregnant solutions are at a low temperature. We can also assume that the uranium sorbent 
capacity will be lower than the corresponding values obtained at the normal temperature. 
These assumptions were tested by means of special experiments. 

For uranium sorption using a Rossion-3 anionite solution at a concentration of 80 mg/L, 
modelled on actual pregnant solution impurities, the process was significantly slower at a low 
temperature than at the usual temperature. The volume of anionite after 24 hours of contact 
was 32 mg/t and 58 mg/t, respectively. Even more significant was the difference in kinetic 
sorption from solutions with a low uranium concentration (-5 mg/L). Sorption equilibrium in 
the “resin-cold solution” system is not achieved even after 60 hours, compared with 24 hours 
at room temperature. Thus, the most important features of uranium sorption at a low 
temperature are its significant slowing down and the reduction in the equilibrium and 
effective capacities of the sorbent. Under actual process conditions this will call for an 
increased one-time sorbent loading, and a consequent increase in total sorbent consumption.

2. Geo-ecological research

Russia’s ecological services are extremely careful about making expert appraisals of projects 
involving in situ leaching. General analysis of the impact of in situ leaching on the air basin, 
day surface and aquifers of the hydrogeological systems perforated by operating boreholes 
indicates that the underground part of local ecosystems is subject to the greatest 
contamination. Consequently, the solution to all environmental conservation problems is in 
the geo-ecological sphere. 

It is best to carry out integrated geo-ecological and geo-technological research at all stages in 
the exploitation of hydrogenous uranium deposits. A diagram of the environmental 
monitoring carried out at uranium deposits is given in Figure 2. It contains a whole set of 
recommendations on geo-ecological research and is based on the results of work done [1,2,3]. 

The “Ecology of Groundwater” application package is of great assistance in carrying out 
comprehensive geo-ecological investigation of uranium deposits as it offers a methodical 
solution to the problem of predicting the groundwater components in the dislocation area of a 
site at any point in time after the start of operation. The package comprises a mathematical 
model of the environment, a mathematical hydrodynamics model, a mathematical model of 
contaminant migration, tools for fitting the package to specific mining and geological 
conditions and on-site operating conditions for each contaminant, and for graphic 
representation of the mathematical modelling results. It plots geological sections for any given 
profile and maps the planar distribution of water physical properties at any given horizon 
level; hydrodynamic diagrams of the structure of seepage flows taking into account macro- 
and microdispersion, the dynamics of how the seepage front of the process solutions changes 
spatially over time, without taking account of the physical and chemical processes of 
solutions interacting with rock, and the zone of influence for water intake; hydroecological 
maps showing the front of the maximum permissible concentrations of the contaminant under 
investigation, both in a plane and in a section of the modelled horizon. Application packages 
were first used to model in situ leaching sites in Russia using source data for the production 
company at the Khiagda deposit. 

The Russian Federation State Committee for Construction (Gosstroj), by agreement with the 
State Committee for Ecology, has drawn up recommendations for taking environmental 
concerns into account in investment and construction projects [4]. On the basis of these, a 
basic flow diagram for the taking of environmental protection measures during a uranium in 
situ leaching project has been drawn up (Fig. 3). 
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Main environmental issues associated with the exploitation of uranium deposits.

FIG. 2. Diagram for environmental monitoring of uranium deposits. 
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FIG. 3. Basic flow diagram of environmental protection measures during a uranium in situ leaching project. 
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Thus, the industry now has the methodological documentation and standards needed to ensure 
integrated environmental protection at uranium in situ leaching companies. 

3. Avenues of scientific R&D in the field of uranium in situ leaching

The primary consideration when planning scientific R&D is to select an area, which will help 
reduce acid and oxidant consumption, energy consumption and the cost of drilling. Scientific 
R&D to improve in situ leaching techniques and technologies is grouped as follows: 

(a) Development and introduction of technologies which increase performance, reduce 
drilling costs, and improve filtration properties around the seepage area of boreholes; 

(b) Study of the geological, hydrogeological, mineralogical, geochemical, and geotechnical 
features of deposits exploited using in situ leaching; 

(c) Research into the chemical interaction of reagents with the rocks of the ore-bearing 
horizon, with a view to raising the rate of transfer of useful components to pregnant 
solutions; 

(d) Improving the technology for processing pregnant solutions; 
(e) Improving logging methods in investigation; 
(f) Geo-ecological research. 

Avenues of research and expected results are given in Table III. 

Table III. Avenues of scientific R&D for in situ uranium leaching and expected results. 

No. R&D avenues Expected results 
1. Development and introduction of 

technologies which increase 
performance, reduce drilling costs, 
and improve filtration properties 
around the seepage area of boreholes; 

1.1. Development of specialized borehole drilling 
equipment, taking into account in situ leaching 
specifications up to depths of 300 and 
500 metres. 

1.2. Choosing the most effective oscillators, 
developed by Russian design organizations, to 
increase the permeability of productive 
horizons

2. Study of the natural properties of 
deposits exploited using in situ 
leaching

Using deposit properties to model leaching at all 
stages of the process, from acidification to restoration 
of aquifers. 

3. Research into the chemical 
interaction of reagents with the rocks 
of the ore-bearing horizon with a 
view to raising the rate of transfer of 
useful components to pregnant 
solutions.

Selecting effective oxidants for in situ uranium 
leaching, regulations for extracting associated useful 
components. 

4. Improving the technology for 
processing pregnant solutions 

4.1. Establishing an improved sorption system for 
processing pregnant solutions using high-speed 
sorption apparatus, increasing sorption 
efficiency by a factor of 2-3 and reducing 
sorbent loading by 20-30% 

4.2. Creating electromembrane apparatus to process 
desorbates and obtain a higher quality 
concentrate

5. Improving logging methods in 
research 

Widespread introduction of hydrochemical probes to 
solve a number of geological, hydrogeological, 
hydrogeochemical and engineering problems 
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Hydrogeochemical logging is a new avenue of development. A hydrogeochemical probe is a 
complex measuring device comprising five measurement methods: thermometry, barometry, 
conductometry, amperometry and potentiometry. 

It is very important for the study of the restoration of groundwater quality through natural 
neutralization and demineralization of residual in situ leaching solutions. 

Table IV lists the hydrogeological, hydrogeochemical and process parameters that can be 
measured using a hydrogeochemical probe. 

Besides Russia, this work is being carried out in Kazakhstan. The leading scientific research 
organization in this area is the Institute for Ore Deposit Geology, Petrography, Mineralogy 
and Geochemistry, Russian Academy of Sciences (IGEM RAN). 

Table IV. Hydrogeological, hydrogeochemical and process parameters of groundwater and in situ 
leaching processing solutions that can be measured using a hydrogeochemical probe (device diameter 
- 42 mm). 

Parameters Conventional symbol 
1. Depth to which device lowered, m H 
2. Hydrostatic pressure, m 
3. Temperature, C T
4. Specific conductance E 
5. Acid-base indicator pH 
6. Oxidation-reduction potential Eh 
7. Dissolved oxygen concentration O2
8. Nitrate ion concentration NO 3

9. Sodium ion concentration Na+

10. Calcium ion concentration Ca2+

11. Ammonium ion concentration NH 4

12. Dissolved hydrogen sulphide concentration H2S
13. Hydrogen concentration H2
14. Carbon dioxide concentration CO2
15. Carbonate anion concentration CO3

2-; HCO3
-

16. Sulphate ion concentration SO4
2-

17. Nitrite ion concentration NO 2

This R&D will help to improve the technical and economic indicators for uranium deposit 
exploitation and make uranium extraction environmentally friendly and profitable. 
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