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Abstract. Currently in situ leaching pilot tests are in progress at the Kniagda deposit, Vitim District, Russian
Federation. The deposit is of the sandstone basal channel type, or paleovalley type in the Russian classification. It
contains about 15 000 mt U at an ore grade averaging 0.05% U. Mineralization occurs in permeable
unconsolidated Neogene fluvial sediments located below the permafrost which extends to 100 m deep. The
basement rock is Paleozoic granite. Neogene-Quaternary basalts overlap the ore hosting sediments. The thickness
of the ore host horizon varies from a few meters to 120 m. The depth of mineralization averages 170 m. Ore
bodies are of lens and strataform shape. The following types of underground waters have been identified:
groundwaters of the near surface or active layer, the aquifer in the Neogene volcanics, the ore host aquifer of the
Neogene permeable sediments and fault related waters. The permeability in the ore bearing horizon varies from
0.1 to 20 m/day (averages 2 to 3 m/day). The waters of the productive aquifer are not suitable for industrial nor
potable water supply due to their initial chemical composition. The ore host horizons occur between two
impermeable horizons, which confine leaching solutions. Using sulphuric acid solutions as leaching reagent
decreases the pH and increases Total Dissolved Solids (TDS) of the groundwaters within the leaching area due to
concentration of sulphate-ion and other dissolved components. Principal components contaminating the
underground waters are sulphates of aluminium, manganese, nickel and chrome. Their content during leaching
significantly exceeds initial values. The available information on residual acid migration with the ground water
shows that the concentration of contaminants significantly decreases away from the leaching contour. This occurs
due to precipitation of contaminants during migration of the underground water from ISL sites. The external
contour of the contamination aureole is defined by sulphate-ions. Recent theoretical and experimental research
show the host rock resistance to chemical influence and also the tendency for environmental self-rehabilitation
after ISL. The estimated properties of natural geochernical media should be accounted for in environmental
monitoring and aquifer rehabilitation.

1. GENERAL

The development of the uranium industry in the Russian Federation is focussing on in situ leaching
uranium mining at three new production centers. One of them will be based on the uranium deposits
of the Vitim uranium-bearing district. It is situated in the northern part of Central Transbaikalia
(Buryatia Republic of Russia), about 160 km from Chita City, in the remote unpopulated and
economically undeveloped area of the southwestern part of Vitim Plateau. In situ leach sulphuric acid
pilot mining is in progress at the Khiagda deposit.

2. GEOLOGY

The Khiagda deposit is a part of Khiagda uranium district, which includes eight neighouring deposits
with similar geological settings (Fig. 1). They are of the sandstone basal channel type (or paleovalley
type in the Russian classification). The distance between deposits is 1.5 to 6.0 km. However, there are
no exact boundaries between deposits. Each of them includes several contiguous ore bodies.

The Khiagda deposit is the largest deposit in the district, containing about 15 000 t U at an ore grade
averaging 0.05% U. The host rocks are permeable unconsolidated Neogene grey fluvial sand-clay
pebbly sediments, filling relatively narrow paleovalleys. Paleovalleys are basal channels eroded into
the granite basement. The thickness of the ore host horizon varies from some metres to 120 m. The
basement is Paleozoic granite. Thick (45 to 100 m) Neogene-Quaternary basalt sheets overlays the ore
hosting sediments. Mineralization occurs below the permafrost zone at depths from 100 to 180 m as
lenses and lenticular (ribbon-like) ore bodies. Single ore bodies are 850 to 4100 m long, 15 to 400 m
wide and 1 to 20 m thick. Uranium minerals occur as disperse pitchblende, coffinite and sooty
pitchblende.
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FIG. 1. Geological section of the Khiagda deposit.

3. SURFACE CHARACTERIZATION

Elluvial-delluvial lumps, boulders and gravel with loam and generally basalt fragments occur at the
slopes and drainage boundary of the hills. Mixed sand-gravel and sand sediments dominate within the
channel. A 100 m thick permafrost zone is present. The depth of seasonal melting is from 0.5 to
1.5 m. Cryogenic structures such as subsidence cones, sinkholes, minor depressions and freezing
zones are widely distributed in the area.

The vulnerable environment within the permafrost zone is very susceptible to industrial impact and
requires careful environmental management.
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4. CLIMATE

Long and frosty winters (from October to April) characterize the weather in the region. The average
temperature in December and February is -30°C, reaching at some periods -56°C. Annual
precipitation totals 250-400 mm, 75% of which falls in the summer period.

5. HYDROGEOLOGY

The following types of ground water are present within the Khiagda ore district:

• Ground water of the near surface active layer (perched and meteoric water);

• Aquifer in Neogene volcanics;
• Ore bearing aquifer of the Neogene unconsolidated sediments;
• Water in fault zones.

Waters of near surrfce active layer have seasonal supply and discharge regimes. The layer is 2 to
3 m thick. Waters are ultra fresh with 0.1 g/1 mineralization (rarely to 0.5 g/1), hydro-carbonate with
various cation composition and oxygen-nitrogen gas composition.

Aquifer of Neogene volcanics occcur in water saturated basalts. The depth of its top depends on the
lower border of the permafrost rocks. Ground water is concentrated in intraformational weathering
crusts, in fracture zones and faults. The horizon is of the artesian type and the pressure level is from
some meters to 300 meters above the top of the formation. Water conductivity is from 50 to
500 m2/day and averages 200 m2 /day. Specific wells yield 0.5-1.5 1/sec, springs yield 0.5-1.0 1/sec.
Waters have a hydrocarbonatic, calcium-magnesium composition with 0.12 to 0.3 g/1 total
mineralization (TDS), total hardness 2-3 mg-ekv/1, pH 7-8. The gas composition is usually oxygen,
rarely oxygen-nitrogen. The radon content is 5-10 eman, uranium «-10~7g/l {Note: In this and
following equation n=l to 9), Ra-n-10"13 g/1. The horizon water supply comes from atmospheric and
fault waters.

The ore bearing aquifer occurs between two water confining horizons: the overlying basalt and
underlying granitic crystalline basement. It consists of up to 80 m thick of unconsolidated alternating
sands, gritstones, siltstone and rare clays occurring at the depth 100 to 280 m in the main paleovalleys
of the first order and 80 to 300 m wide in tributaries. The aquifer usually has a strata-band shape.
Aquifer isolation by the channel edge is indicated by the difference between their static water levels.
The hydraulic gradient averages T?-10~3.

Water saturated layers are hydraulically connected. The gradual transition from unsaturated sediments
to a water table aquifer and then to a confined aquifer can be observed frequently. The water pressure
head is 0 to 300 m over the horizon. Intrinsic permeability is from 0.1 to 20 m/day, and averages 2 to
3 m/day and changes roughly in the vertical direction due to variation in the sediment.

The aquifer water supply comes from infiltration basement fractures and is probably due to partial
flow from the basalts. There is no ground water discharge to the surface and no direct connection with
the basalt aquifer, whose level is usually 2 to 60 m higher. This was demonstrated during pump tests.

Water in the ore bearing aquifer contains hydrocarbonatic calcium — (or rarely sodium) magnesium
and a TDS from 0.5 to 0.8 g/1, rarely to 0.4 g/1. Total hardness is 9-14 mg-eqv/1, reaching
60 mg-eqv/1. The uranium content is wlO"6 - wlO"4 g/1.

It is not possible to use underground waters for water supply due to their pre-leach composition. The
seasonal stability of static levels in productive horizons was determined during systematic
observations. It does not depend on the depth or on the amount of precipitation.
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Fault zone water: Cold carbonate waters penetrate from the surface through regional faults. They are
distributed in the sediments of various paleovalleys within the ore district. Total mineralization (TDS)
reaches 800 mg/1 and the carbon dioxide 500 to 4000 mg/1. When summarizing the hydrogeological
characteristics of the Khiagda deposit we can denote that the productive aquifer occurs between two
water confining horizons, which prevent leaching solution seepage from spreading through the
geological section.

6. ENVIRONMENTAL ASPECTS

ISL involves extracting the ore mineral from the deposit with minimal disturbance of the existing
natural conditions. In contrast to underground and open pit mining, there are no rock dumps nor
tailings storage, and much smaller volumes of mining and hydrometallurgical effluents that could
contaminate the surface, air and water supply sources. Therefore the impact of ISL on the
environment is much less than for other mining methods, as long as projects are properly planned and
operated.

The principal environmental impacts during Khiagda deposit ISL mining are:

• Contamination and disturbance of the geological environment, soil-vegetal cover and surface
waters;

• Potential radiation risk for working personnel;
• Ground water contamination.

Spills and leaks of leaching solutions on the surface during operation will remain near the surface due
to the permafrost zone screen effect, and will migrate with atmospheric precipitation in the surface
water system and contaminate it. This should be considered by constructing protective dams on the
drainages of stream that could become contaminated.

Systematic environmental-geochemical monitoring should be performed to control the contamination
of the soil-vegetal layer and water sources. It includes the study of:

• Soil;
• Bottom sediment;
• Water sources;
• Flora and fauna.

The radiation risk is monitored within sanitary-protective zone by systematic gamma-measurements.
Results of environmental-geochemical studies within the pilot ISL site of the deposit show that
environmental contamination can be successfully controlled and managed when monitoring is
performed in a proper way. During ISL mining of the Khiagda deposit, primary attention should be
paid to groundwater contamination.

Sulphuric acid is used as the leaching reactant in ISL mining. Leaching solutions usually have an acid
concentration of 5-25 g/1. This reduces the pH in the aquifer and increases the amount of total
dissolved solids (TDS) due to accomodation of sulphate ion and other components in the leaching
solutions. The main components which determine ground waters contamination during sulphuric acid
ISL are ions of sulphate, Al, Mn, Ni, Cr, etc. Their concentration in the leaching solution is
significantly higher than the initial value. The pH of productive solutions decreases to 1-2, and TDS
reaches 10 g/1. A comparison of the chemical composition of the ISL production solution and natural
ground water is illustrated in Table 1.
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TABLE I. CHEMICAL CHARACTERISTICS OF NATURAL GROUND WATER AND ISL LEACH SOLUTIONS AT THE KHIAGDA DEPOSIT
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The available information on migration of residual acid solutions away from active ISL sites show
that the concentration of all contaminants decreases significantly depending on the distance from the
leaching site. Schematic distribution of the plumes for various components can be presented as the
following zonation (in the direction of plume migration):

U -> Fe3+ -> Al3+ -> Ca2+ -» NO3" -> SO*2"

Complete neutralization of solutions to pH=6-8 occurs as a rule at the distance of 10 to 15 m from the
ISL operating site limit, depending on the thickness of host aquifer, its physical properties and the
permeability of the host rock. In most cases precipitation of components and the decrease in their
concentration to the background value takes place in association with increasing pH and decreasing
Eh. For uranium and selenium it depends on the reducing properties of the host media; for strontium
and radium it occurs at pH = 2.0-2.5; for iron (III) - pH~3; for thorium and chrome pH=3.5;
aluminium pH=5.5-6; iron (II) pH=6.5 (Eh=+50 mV); Pb, Cd, Mn - pH>7.0. This also depends on the
presence of sulphate producing microflora in the media. Cations of alkaline metals are intensively
adsorbed by the clay fraction of the host rocks in neutral media.

Generally, the complexes of contaminants in low concentration precipitate during ground water
migration away from depleted ISL sites. This outcome has been confirmed by
lithological-geochernical considerations, thermodynamic calculations and on site observations at ISL
deposits in Kazakhstan and Uzbekistan (i.e. the Uvanas, Kanzhugan, South Bukinai, Ketmenchi,
Northern Karamurun ISL mines).

The analysis of the residual leaching solution shows that the external contour of contaminated zone is
defined by sulphate ion, which has the highest migration capability. According to theoretical and
experimental studies the mineralization of the hosting media is relatively inert to the chemical impact;
even to such an aggressive chemcial activity as sulphuric acid ISL mining. It relates to environmental
resistance to the contaminants, which were formed during ISL operation, and to the tendency for
natural attenuation and self-restoration. It has been concluded that after an ISL operation is stopped a
slow but irreversible neutralization and deraineralization of contaminated waters takes place in all
aquifers containing plumes of residual leaching solutions. In this aspect, the ground water
composition returns to the state which existed before the operation started.

The characteristics of natural geochemical media should be determined during special environmental
investigations, and the monitoring and rehabilitation of aquifers affected by ISL mining.

Calculations were made to predict the migration of residual leaching solution in the ore host aquifer
of the Khiagda deposit. It is anticipated that the plume of contaminated waters will migrate 260 m in
10 years under the influence of natural flow, dispersion and gravitational settling of the more dense
acid bearing solution. However, these analytical calculations for migration do not account for all
physical and chemical interactions between host rocks and residual solutions, because information on
rock properties regarding the sorption capacity and conductivity is not now available.

Based on the experience from ISL mining in Kazakhstan and Uzbekistan, and accounting for the
displacement length of natural flow, we can confidently predict that the complete neutralization of
residual leaching solutions will occur, and that the groundwaters of the productive aquifer will return
to their initial composition.

The following procedures for ISL mining of the Khiagda deposit will provide environmental safety
for the ore host aquifer:

• Temporary mining lease registration for the period accounting for ISL pilot site mining and
10 year monitoring;
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• The sorption and water conducting properties of the rock in conditions of natural
demineralization, (attenuation) as well as a study of the kinetics of the demineralization
process;

• The final method for aquifer and ground waters rehabilitation will be selected after pilot ISL
mining is completed taking into account the results of monitoring the residual leach solution.

Summarizing the above information the schedule for environmental monitoring at the Khiagda deposit
is recommended as shown in Fig. 2.

Environmental Issues during ISL mining of the Khiagda deposit
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FIG. 2. Figure showing environmental issues during ISL mining of the Khiagda deposit.
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