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Abstract

The report deals with the status of environmental restoration of uranium-contaminated sites and the
methods to reduce radionuclides concentration in the solid and liquid wastes as well as their utilization potential.
Attention is given to the waste utilization in agriculture and civil engineering construction. With this in view, the
paper deals with waste water purification and applicable standards for natural radionuclides content in solid waste
for utilization in construction activities. All works are carried out in accordance with the Special Complex
Programme for environmental restoration of contaminated uranium mining and milling sites caused by the
activities of the industries engaged in nuclear materials production for the Ministry of Atomic Energy of the
Russian Federation. The Programme is an integral part of the Federal Programme "Conversion of Russian
Defense Industries in 1993-2000 ".

1. INTRODUCTION

The Special Complex Programme for environmental restoration of contaminated uranium
mining and milling sites includes seven sub-programmes. Two of them are general for the
industry and relate to the development of standards and methodology applicable to rehabilitation
as well as to radiation, health and environmental monitoring of the areas under rehabilitation.
The other five sub-programmes cover focused research, design and production activities at the
Minatom sites of the Russian Federation to be rehabilitated.

Rehabilitation of contaminated land areas calls for a system of management, science and
engineering, social and medical measures directed for restoration to environmentally normal
conditions for living and production activities. It includes decontamination, removal of
radioactive and toxic materials from the sites to be restored (land, water, equipment, building,
constructions) and recultivation of disturbed land ( restoration of landscape, productivity and
agricultural value of disturbed land). An indispensable part of the rehabilitation system is
radiation/environment monitoring over the land and other entities to ascertain conditions before
and after rehabilitation, thereby making it possible to evaluate the adequacy and effectiveness of
rehabilitation measures.

^CLASSIFICATION OF CONTAMINATED AREAS

Within the sites contaminated with radionuclides, the environmental safety criterion for
humans is the extent of admissible risk. The basic dose limit for population is the effective dose
equal to 1 mSv per year, which corresponds to the individual risk level 7xlO"5 per year. The
environmental assessment of radioactive contamination of soil is to be carried out for two
indices: the exposure dose rate at 1 meter from the soil (mR/h) and radioactive contamination by
single isotopes (Ci/km ). The situation is considered relatively satisfactory at an exposure dose
rate up to 20 \iR/h and radioactive contamination due to caesium-137 up to 1 Ci/km2 and with
strontium-90 up to 0.3 Ci/km2. The environmental situation is considered as extraordinary at the
exposure dose rate 200-400 [iR/h and radioactive contamination by caesium-137 at 15-40
Ci/km2, strontium-90 at 1-3 Ci/km2 and total plutonium at more than 0.1 Ci/km2.
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The lands with a population dose exceeding 1 mSv per year require decontamination and
recultivation is to be resorted to for further productive use. The sites with the annual dose 1-3
mSv per year(hazardous sites and areas) require certain protection measures to be taken. The
sites with the effective radiation doses exceeding 5 mSv per year (over background values)
present an extraodinary ecological situation. These areas are subject to first order priority in
rehabilitation. The areas with the annual dose over 5 mSv are prohibited for living. The criteria
chosen for assessing the ecological condition of soil depend on its locality, genesis, buffer state
as well as on its utilization plan.

3. PRIORITIES AND PLANS

Priority rehabilitation order applies to the following areas:

• those with effective annual dose over 1 mSv;
• those with exceeding maximum permissible concentration of toxins in soil, water and air;
• those contaminated sites situated in densely populated areas;
• those with old radioactive waste burial sites, requiring reburial due to non conformance with

present Sanitary Standards;
• those under risk of damage due to potential adverse effect from nuclear facility to be phased

out or decommissioned;
• those where social and productive activity are worth the rehabilitation efforts, based upon

adequate feasibility study.

The total area contaminated with radionuclides and toxins from the Russian Federation
Minatom facilities and institutions previously engaged in nuclear weapon production comprises
72,000 hectares. The figure includes 12,400 hectares under production sites, 37,300 hectares
under sanitary protection zones and 22,300 hectares under surveillance zones. There are 48,600
hectares of contaminated land, 23,400 hectares of water reservoirs (including 9,500 hectares of
underground burial sites). More than 5,000 hectares are contaminated with radionuclides, the
exposure dose intensity being over 200 u,R/h.

The uranium mining and milling contaminated sites subjected to rehabilitation are the
following:

• production sites of pits and mines under working or phasing out conditions, or
decommissioned ones;

• production sites of uranium in-situ leaching;
• production sites of operable, reconstructed and decommissioned dressing mills and

hydrometallurgical plants;
• sites occupied with tailing dumps, ore stores, barren rock and off-grade ore stores, sites of

heap leaching;
• surface areas contaminated with dumped mine waters and technological solution leakages

from pipe-lines.

From the total allotted land area which was 22 000 hectares, 32 % were disturbed by
dumps, 25 % - by open pit excavation, 21 % - by production sites, 12 % - by tailing dumps and
10 % - by other kinds of waste generating facilities. Regardless of the fact that the disturbed land
areas are not very large in comparison with other branches of mining facilities, rehabilitation
measures should be undertaken for the reasons of threat that radiological contamination could
spread to the adjacent areas. The growing land cost should also come into consideration.
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4. REHABILITATION PROGRESS

4.1. Restoration works on uranium plants

In 1993 1,042 hectares of contaminated areas were rehabilitated, in 1994 - 800 hectares,
in 1995 - 985 hectares and in 1996 - 763 hectares. Special attention was given to restoration
works on largest uranium plant in Russia now, "Priargunskyi mining-chemical
enterprise"(Krasnokamensk city, Siberia). Area rehabilitated was 24 hectares and the unit for
purification of mine waters was commissioned during this year. At the old closed uranium
mining-chemical enterprise "Almaz" (Lermontov city, Stavropolskyi krai) all rehabilitation
works on mine and tailing dump have been completed.

4.2. Decontamination and utilization of wastes

4.2.1. Solid Wastes

All technological operations in mining and processing uranium ores leave solid, liquid
and gaseous wastes liable to enter the environment. At present, uranium is obtained by mining
uranium ores followed by processing in hydrometallurgical plants or by recovering it by
underground (in-situ) leaching of uranium ores. In the first case, the ensuing wastes are solid
rocks with uranium concentration below economically viable treatment level and mine water.
The activity of solid rock is mainly determined by uranium. The impact of solid wastes on the
environment in uranium mining is due to the fact that they are usually stored in open dumps or
heaps. The natural radionuclides (NRN) migrate as ore dust or can be washed out from the
dumps by atmospheric precipitation. In spite of the fact that uranium content in the dumped
waste comprises mere hundredth fractions of one per cent, its concentration in the wash-out
waters can still exceed the permissible concentration value.

Solid wastes originating from mining operations are recommended for recycle in the
following ways thereby reducing the chances of radioactivity entering the environment and
causing environmental impact:

• utilization of the wastes for grout fillings, embankments, etc.;
• filling holes in disturbed surface of lands, ravines, etc. followed by recultivation of land;
• construction of ore storage, industrial buildings foundation;
• construction of motor roads and railways.

In Russia, the specific activity of NRN in construction materials used for residential
community buildings should not exceed the values: 226Ra - 0.37 Bq/g, 232Th - 0.26 Bq/g, ""K - 48
Bq/g. The solid wastes can be recycled in industrial and civil construction without limitation if
the uranium concentration is below 0.003%, the radium equivalent below 0.37 Bq/g or total
alpha activity less than 22.2 Bq/g.

This classification is a reliable basis for the development of reasonable reuse criteria of
wastes. However, this will require changes in the mining technology for more precise separation
of the rocks according to their activity level and separate storage. Still, the expenditure on
technological changes to achieve radiometric separation will pay off, since the solid waste
storing is rather expensive. Large quantities of solid wastes can be utilized as filling. The main
problem here is the selection of grouting materials and abatement of radon emitted into the mine
atmosphere.
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The All-Russian Research Institute of Chemical Technology has developed a unique
technology for treatment of solid uranium waste (dump fields) generated as a result of uranium-
processing. This has been tested on commercial scale. The end results of this development are
construction materials and decontaminated and recultivated land are suitable for further civil use.

4.2.2. Liquid Waste from Uranium Mining and Milling Facilities

Recycling of waste water from uranium mining and milling activity has proven to be
economical and a means of saving resource in support of environmental preservation. The water
recycling systems installed at an uranium processing facility is on an average 10 times cheaper
than a set-up for sanitary water cleaning of similar capacity. The fresh water required by a
facility that has changed to water recycling system would be 8-10 times less. The mine liquid
wastes can be cleaned by the adsorption method in plants with a capacity of 100 to 3600.m3/h.
The uranium concentration in mine water reaches several mg/1, and that of radium and other
NRN - about 3.7 Bq/1, which is much higher than permissible concentration level and hence
requires decontamination. The major factors having influence in decreasing the mine water
impact on the environment are the local decontamination and control over its use in industrial
and community water supply. The uranium can be recovered from water using various types of
ionites. The ionites are characteristic of high capacity for uranium in low concentration range.
AM-10XII anionite is preferable. At the uranium concentration of 5 mg/1 in 2 g/1 sodium
sulphate solution, the AM-10X11 capacity reaches 25-30 mg/g, exceeding the AM and AMII
capacities by 1.5-2 times. The increased selectivity of these anionites for uranium leads to some
deceleration of adsorption rate, but the adsorption front remains still active enough for effective
recovery of uranium under dynamic conditions up to a residual concentration level of 0.1 mg/1.
Utilization of carboxyl cationites of CF-1 type from water with pH=7.0-7.5 and calcium content
100 mg/1 seems hardly expedient, since these cationites absorb large amount of calcium and
magnesium, which transit into regenerants and an additional cleaning of the same would be
required. On the basis of data obtained, integrated schemes have been developed for cleaning
mine water from uranium deposit with complex salt content, the NRN cleaning efficiency
reaching 90%. The technological schemes have been developed taking into account the mine
water type and the NRN form present. The major operations of the developed schemes and the
sequence of steps are as follows:

• cleaning from suspensions, NRN and bacterial impurities in a mixer and thickener using
barium chloride, polyacryl amide, aluminium sulphate and tri-sodium phosphate, followed
with recleaning from suspended particles on filters;

• treating mine water with barium chloride, surfactants, followed by recovering of uranium
from the suspension filtrate on AMI1 anionite;

• treating mine water with barium chloride or pyrolusite, surfactants with ferrous aluminium
sulphate, followed by the recovery of uranium via ion-exchange on a vinylpyridine anionite
BP-lAn.

The above schemes have been introduced at the facilities. To sum up, at the present there
have been technological schemes developed suitable enough for cleaning mine water from
uranium, radium and other nuclides. Therefore recycling of this water for further utilization is an
essential condition for preventing the impact on the environment.
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4.2.3. Decontamination of equipment

A tangible achievement in nuclear fuel cycle is the feasibility to decontaminate and
utilize to a limited extent construction materials contaminated with radioactivity. The process of
complex decontamination and retreatment of decommissioned equipment of nuclear power
stations, uranium plants and mines, radiochemical and other facilities of the nuclear fuel cycle
include one or more of the following operations (Fig.l):

• decontamination of equipment at the working area prior to dismounting;
• dismounting, air-plasma cutting, mechanical dismembering;
• liquid decontamination of the metal scrap;
• thermal decontamination of the metal scrap and its remelting;
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Fig.1. Complex treatment of radiatively contaminated equipment, metal and organic
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• processing of ensuing secondary solid, liquid and gaseous radioactive wastes
(decontaminating solutions, released gas, cinders, slurries, ashes).

In liquid decontamination techniques nitric acid solutions are widely used. But some
surface etching takes place there and the base metal enters the decontamination solution along
with radionuclide contaminants. Therefore some other reactant which would have much less
capacity to dissolve the base metal and selectively disintegrate the radionuclides adsorbed on the
surface will be more appropriate. Such properties are characteristic of fluororganic acids
(trifluoro-acetic acid), freons doped with alcohols, alcohols as well as certain products of
E.S.Decon Co., (Holland), presenting low-toxic water-soluble compounds: mono-ethyl amine,
mono-substituted ethers of diatomic alcohols, alcohols and sulpho-acids. Accordingly Decon-
375, a product demonstrating the best test results, containing mono-ethyl amine, mono-methyl
ether of dipropylene glycol and sodium alkyl benzosulphonate was selected.

Later on, the decontamination was done with domestically produced cleaning products of
the KOK series, similar to the E.S.Decon's preparations and with approximately same chemical
composition. The products of the KOK series are easily decomposed by biological means. The
compounds within the blend composition contain ether and ester groups, carboxylic, oxy- and
amine groups, aliphatic radicals. Their structural peculiarities make them easily digestible by
micro organisms.

Under the actual condition of the Chernobyl power station, the best equipment
decontamination results were attained with the E.S.Decon (Holland) and KOK (Russia)
products, though other compositions also satisfactorily removed radioactive contaminants. The
main nuclides causing radioactive contamination of metal scrap are potassium-40, radium-226,
thorium-232, uranium-238. The specific activity of the radionuclides is as follows: potassium-40
- 2.6102 Bq/kg , radium-226 - 1.5 102 Bq/kg, thorium-232 - 5.6 Bq/kg, uranium-238 - 21.1
Bq/kg. The metal wastes are subjected to a one-stage thermal decontamination in electric furnace
at 800-1050°C for 5 hours. The thermal treatment over, the metal wastes are cooled in the
electric furnace and directed to the descaling operation. The residual activity on the metal
surface is typically 9.9 10'2 Bq/kg and that of the scale - 4.410'1 Bq/kg. After the thermal
decontamination, the metal wastes are directed to the remelting operation. The purified metal is
shipped to metallurgical facilities as fused ingots.

5. CONCLUSION

To sum up, at the present time the harmful impact of uranium mining and milling
complexes on the environment and rational utilization of natural resources require large-scale
research carried out within the framework of target national programmes aimed at handling
radioactive wastes. The programmes should be implemented by introduction of scientific and
management/ engineering decisions at different levels and scale. The effectiveness of the
decisions must be determined on the basis of economic viability taking into account the ground
realities of the country. The ecological strategy of the uranium production industry must be
enunciated on the basis of reducing the radiological impact on the environment. The cleaning of
mine waters from uranium, radium, polonium with co-precipitants and coagulants, recovery of
uranium by using highly selective ionites, collecting the mine waters in special ponds prior to
further utilization in industry and agriculture - an approach which will facilitate a decreased
freshwater consumption and prevent radionuclides entering the environment needs careful
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consideration. Science and technology measures for the equipment decontamination and
recycling of metal scrap as raw material for certain applications have been developed and can be
applied in practice.
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