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Abstract

The rise of the uranium industry in the Republic of Uzbekistan is closely connected with the discovery of
a number of significant uranium deposits of sheet sandstone type in the Kyzylkum desert area, between the Amu-
Darya and Syr-Darya rivers. Based on these deposits, in 1958 the construction of Navoi Mining and Metallurgical
Combinat (NMMC) commenced. In 1965 the Hydrometallurgical Plant No. 1 (HMP-1), located in the industrial zone
near the Navoi town, started producing the uranium protoxide-oxide (yellow cake). The structure of the NMMC
uranium production operations includes HMP-1 and three mining facilities. Conventional open-pit and underground
uranium mining were shut down here in 1994 and at present all the uranium is extracted by in situ leaching (ISL).
Radiation safety of the environment and population inhibiting the areas involved in the activities of uranium materials
mining and primary processing facilities is covered by a system of Republican legislative acts, standards, norms and
regulations. The legislative basis covering the radiation safety activity is represented by the following acts of the
Republic of Uzbekistan: "Public Health Service Act", "Environmental Protection Act", "Labor Act", "State Sanitary
Inspection Act". The radiation and hygiene sanitary monitoring aimed at collecting information on the radiation
conditions at the working places and in the environment, on the current and expected irradiation doses taken by the
personnel and various population groups inhabiting the area involved in the activities of the existing, liquidated or
temporarily closed NMMC facilities constitutes an integral part of the radiation safety providing system. The results
of the radiation monitoring show that no radioactive contamination of any environmental objects has been detected
outside the sanitary zones and production sites. The radionuclides content in the atmosphere, on the ground surface,
in the underground water was found to be at the background level. Current annual average exposure doses of the
limited critical population groups were detected to be essentially lower than the current international standards and
were about 1 mSv per year. The strategic trends in uranium industry development include providing of ecologically
safe conditions at all the NMMC operations based on implementation of the more ecologically "clean" ISL method,
liquidation of mining and processing operations that have proved to be ineffective due to both economic and ecological
reasons. The reclamation programme has been set up and is being continuously implemented which includes special
measures for reclaiming of environmental objects that have been affected by uranium production operations in the
course of more than 30 years of their existence.

1. INTRODUCTION

The Republic of Uzbekistan is one of the largest producers of uranium protoxide-oxide
(yellow cake). The uranium industry origin in the Republic is connected with the discovery of a
number of large deposits of uranium ore in the Kyzylkum desert, between the rivers Amu-Darya and
Syr-Darya. Based on these deposits the construction of Navoi Mining and Metallurgy Complex
(NMMC) was started in 1958. In 1965 the production of uranium protoxide-oxide was commenced
at the Hydrometallurgical Plant (HMP-1) located in Navoi industrial zone.

NMMC production activity comprises the territory of sandy planes and low mountain
elevations of central Kyzylkum with an area of about 100 000 km2, which is included into a network
of automobile roads, electric power lines, water mains, railways.

Since 1991, the moment of the formation of the independent Republic of Uzbekistan, NMMC
with all its production facilities has become property of the Republic. In 1992 on the base of NMMC,
construction-mounting and design organizations of Atomic Engineering and Industry Ministry of the
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former URSS, located in the territory of the Republic, the Kyzylkum State Concern of Rare Metals
and Gold was established.

NMMC uranium industry is a complete cycle: from prospecting works to hydrometallurgical
processing with production of uranium chemical concentrate in the form of protoxide-oxide (yellow
cake). The structure of the NMMC uranium industry includes HMP-1 and three mining enterprises
located close to the towns of Uchkuduk, Zafarabad and Nurabad. Besides, NMMC comprises
Muruntau gold mining and processing industrial complex, located near the town of Zarafshan.
Currently Kockpatas gold mining and processing industrial complex is being constructed in the
Uchkuduk region. It will be put into operation in 1995. The Mining Division No 2 for fluorite ores
mining and enrichment is acting not far from the Krasnogorskiy settlement in the Tashkent region.

Five modern towns with a total population of about 200 000 people have been constructed in
Kyzylkum, on the base of uranium and gold mining industry: Navoi, Zarafshan, Uchkuduk,
Zafarabad, Nurabad. All towns are assets of the NMMC. They are connected to one another and to
the region center Navoi town by railroads (500 kilometres), automobile roads (1000 kilometres), and
an electric power grid, linked to the Republic's network.

There are several large uranium deposits (Uchkuduk, Sugrali, Ketmenchi, Sabirsay, Northern
Bukinay, Southern Bukinay, Beshkak) within the NMMC activity sphere. At present, they are at
various stages of working.

According to IAEA classification, uranium deposits taken by NMMC for operation and
planned for commercial processing, are related to blanket sandstone type. The uranium content in ores
reaches a few tenths of a percent. The ores consists of pitchblende, often in a coffmite mixture.
Mineralization occurs in eight water-permeable beds of the Cretaceous period and in three beds of
Paleogene.

Underground mining of uranium ore was completed in 1994. Currently uranium deposits,
being assets of NMMC, are developed only by the in situ leaching (ISL) method. Several other large
uranium deposits, which are planned for production by in situ leaching, are at various stages of
preliminary and detailed prospecting. Full-scale development testworks have been conducted at some
of these deposits.

2. RADIATION — ECOLOGICAL ASPECTS OF URANIUM MINING

2.1. Baseline radiation and mining waste

The top layer of the earth surface in a region of NMMC uranium mining enterprises is
presented by desert and semi-desert brownish-gray not very productive soils, which are of mot much
value for irrigated cultivation. They have been used before the beginning of mining mainly for
pasturing cattle.

The regions have no constant flowing surface waters. Intermittent rivers flow only in spring
and autumn.

The background indices of natural radioactivity of the soils are:

gamma-radiation exposure dose rate is 10-17-10"6 R/h,
natural uranium content is 2-Smg/kg,
Radium-226 content is 2-4-10"9 Ci/kg,
total specific alpha activity is 330-350 Bq/kg.
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Background indices of natural radionuclide content in flora: natural uranium is
0.001-0.005 mg/kg, Radium-226 is 0.05-0.1 -109 Ci/kg, Polonium-210 is 0.05-1.0-109 Ci/kg.

The dumps of substandard or subeconomic ores were formed during previous years in the
process of open pit and underground mining. Up to now the dump total volume is about 2,420
thousand cubic meters. Subeconomic dumps consist of caked massifs of a broken rock mass of
truncated prisms and cones of sandy-argillaceous rocks. Practically all dumps are covered by a natural
argillaceous crust, partially broken by cracks. Dust and radon enter to the atmosphere from the
surface of these subeconomic dumps.

The total specific alpha activity of subeconomic ores in dumps is 10-20-103 Bq/kg. The radon
flux density from the surface is in range from 0.03 to 1.5 Bq/square meter sec. The Gamma-radiation
exposure dose rate at the surface is up to 300-350-10'6 R/h.

The radon equivalent equilibrium concentration in atmospheric air, measured below the dump
surface is 30-40 Bq/cubic metre. At a distance of 20-30 metres from the dump concentration
decreases to the natural background of 10-15 Bq/cubic metre.

The average concentration of long-lived alpha-active nuclides in atmospheric air under dumps'
surface is within the limits of 0.05 to 0.1-10'15 Ci/1 a year, i.e. This equals the natural background.
As a result of measurements it is established that an aureole (or plume) of territory contamination in
gamma-radiation exposure dose rate and total specific alpha-activity due to dusting from dumps
surface is observed at a distance of 20-30 m. At a distance of 30-50 m from the dumps the
radionuclide concentration in a surface earth layer is decreasing practically down to background
values.

2.2. In situ leach mining

Full-scale commercial in situ leaching (ISL) uranium production was first put into operation
in 1961 at the Uchkuduk deposit. At present, ISL mining method is in operation at Uchkuduk,
Nothern Bukinay, Southern Bukinay, Beshkak, Sabirsay and Ketmenchi deposits.

The structure of the ISL mine includes three parts: a mining complex, a system of surface
equipment and pipelines as well as a processing complex.

The mining complex consists of a system of holes drilled from the surface down through the
productive bed. Well casings are installed. The area around the casing is cemented in order to isolate
one aquifer from another. The wells in the ore interval are equipped with filters (i.e. screens).
Solution lifting devices (submersible electric pumps, air lifts) are set in the recovery wells to recover
producing solutions. The hole openings are connected with feeder or distributing pipelines by means
of hoses.

The processing complex includes a system of sorption (i.e. ion exchange resin) and
regeneration columns, as well as filtration and leaching solutions preparation equipment, a
compression station and reagent stores.

A system of surface pipelines connects the mining and processing complexes in one unit. It
consists of main distributing and feeder pipelines. They are usually put on the surface, or more rarely
seldom under ground or in banting. It also includes local field pump stations with collectors of
productive solutions and local distribution tanks and oxidation units.

The deposits are the assets of NMMC. They are developed using sulphuric-acid leaching
systems, except for Uchkuduk deposit, where from 1983, a weakly-acid technological scheme was
used. In this system of air is the oxidizer which has been used.
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The negative impact of in situ leaching on the earth surface, soil and atmosphere is
significantly less than of underground and open pit mining. The single contamination source of ISL
mining is leaks and spilling of leaching solutions due to technological violations of producing and
injection wells, repairing and restoring works at wells and surface pipelines.

Other location of spills, the soil layer and moisture are contaminated with sulphates, nitrates
and natural radionuclides of uranium-radium series. Investigations of suraface and subsurface
distribution of radioactive contamination at the ISL areas' surface indicates that they are local, both
in area and depth.

Even at the location of intensive spils, as a rule, the contamination levels at a depth of
30-40 cm are reduced to background values due to the high sorption-and-capacitive and neutralizing
properties of the upper layers.

Based on to the data obtained prior to reclaiming ISL areas, radionuclide contamination (a
factor of area contamination) averages 26%. The contaminated ground, taken when cleaning the
surface, is characterized by average values of gamma-radiation exposure dose rate of 60-80-10"6 R/h
in total specific alpha activity of 5-10-103 Bq/kg.

The total area contaminated by radionuclides at mined out deposit by ISL subject to
reclamation is about 13 000 thousand square meters. The volume of contaminated ground from the
cleaned surface is about 3500 thousand cubic meters.

During ISL mining, the ore bearing aquifer is subject to the greatest environmetal impact. The
extent of this impact is primarily determined by the technological ISL scheme. The type of reagent
and the oxidizing agent.

During leaching with sulphuric-acid, the concentration of mineralization in mining zone
increases by 5-15 times in comparison with background indices. The hydrogen index (pH) is reduced
from 7 to 1.5-2.2. The increase in mineralization is primarily connected with accumulation of the
sulphate-ion in circulating technological solutions. An aureole (or plume) of technological solutions
spreading from the ore occurrence along the direction of a natural flow at the boundary of hydrogen
index, exceeding 6, does not exceed 150-200 metres. Transport of the radionuclide conteined does
not exceed 50-60 metres. According to other indices the spreading is less.

With the weakly-acid scheme a hydrogen index of stratal waters, general mineralization,
composition and content of main macrocomponents during leaching and after its completing practically
do not differ from background values in stratal waters, even inside ore occurrence contour.

The data from observation wells, developed in the productive aquifer, show that in all ISL
operations of NMMC, at any technological scheme used, the natural geochemical character of stratal
water is unchanged more than 200-300 m zone from ore deposits. The control and monitoring of the
state of aquifers contiguous to the productive aquifers also show that there is practically no evident
change in their natural state. It should be noted that underground water of productive aquifer of the
NMMC ISL operations are all classified as category unsuitable for economic purposes. In this
connection, the method based on natural demineralization of residual solutions in the process of
migration with underground water flow has been adopted as the main method of decontaminated areas
liquidation.

3. RADIATION—ECOLOGICAL CHARACTERISTIC OF THE HYDROMETALLURGIC AL
PROCESS

Uranium chemical concentrate,(i.e. yellow cake ) is transported from ISL mines to
Hydrometallurgical Plant No 1 (HMP-1), for further extraction and concentration, using organic
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extractants. The pregnant organic matter containing uranium is subject to re-extraction using a mixture
of carbonate and ammonium bicarbonate.

Ammonium-uranyl-tricarbonate crystal slurry (pulp) is filtered. The filtered crystals are
roasted in the revolving horizontal tube furnace and the final product is obtained in a form of uranium
protoxide-oxide (yellow cake).

From yellow cake production waste gases to emission into atmosphere are subject to
preliminary purification from ammonium and uranium dust in two series connected dust extractors,
two film cooling absorbers and two scrubbers with a fitting of Rashig rings. The high purification
effect ensures a low level of radionuclide emission into atmosphere, average annual quantity of which
is 1.36 Ci in total alpha-activity. Radiation monitoring results show that average annual contamination
of an atmospheric air at HMP-1 area and within the limits of sanitary defense zone by natural uranium
and total alpha-activity of uranium-series' radionuclides does not exceed the admissible concentrations
for a limited part of population1.

At the distance of 500 m from HMP-1 perimeter, an authentic radioactivity increase in
atmosphere, soils and grounds relative to the natural background is not detected. The HMP-1 tailings
dump is located 4 km to the west of the plant. It occupies an area of 5.9 square kilometres. It is a
tailings dump of a plain (flat) type, alluvial. Dams are 15 meters high. The dams are made of wood-
rubble grounds and filled with a loamy aggregate. The sanitary defense zone with a radius of 700 m,
guardzone of 110-140 m and observation zone of 2.5 km, including nearby settlements, are set
around the tailings dump.

From the beginning of operation (1964) about 60 million tonnes of the solid-phase pulp have
been accumulated in the tailing dump during uranium ore processing. Natural uranium residual
content in solid wastes is 50-60 mg/kg, a total specific alpha-activity is 8 104 Bg/kg.

As for the granulometric composition, the tailings dump sedimentations are presented mainly
by erosion-resistant fractions, the beach zone of maps is presented by incoherent material but
transition and central zones are presented by coherent material. The state of beaches at the maps of
the tailing dump at present is stable. Up to now the tailings dump does not significantly impact on
the radioecological state.

An effective system of a drain screen, consisting of a row of 24 pump-out (recovery) wells,
located along northern, western and partially eastern sides of the tailings dump at the distance of 50 m
from the dam, is in operation with water diversion from aquifer and water return to the plant for
further use in the process. This system has been made to protect underground water from filtration
losses through the tailing dump basement by removing water.

According to the results of testing in the network of hydro-observing wells made around the
tailings dump, it is estimated that radionuclide content in underground water in the sanitary-defense
zone and beyond it did not exceed admissible concentrations for a "limited part of population" during
the whole work period.

The density of radon flow from the tailing dump surface varies within considerable limits
from 0.1 to 20 Bg/m2sec, and depends on the composition and state of tailing sedimentation surface.
The tailing dump annually releases into atmosphere from its bare surface up to 2000 Ci of radon.

The average annual concentration of long-lived uranium series aerosols, formed due to dust
coming to an atmospheric air from dry surface sites of beach zones of maps, does not exceed the
admissible concentrations for a limited part of population living directly on the tailings dump territory.

The term "limited part of population" means population living in the areas of probable impact of
uranium production. The permissible rates by special standard (HPD -76/87").
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At the distance of 30-50 m from fencing dams it reduces practically down to background values. At
the same time during 30 years of operation a 300 m aureole of radionuclide contamination of soils
and grounds due to weathering (wind erosion) from dried beaches of the maps has been formed in
the sanitary-defense zone of the tailing dump. Radionuclide concentration in this zone exceeds the
natural background level by 5-10 times. Radionuclide concentration in the sanitary-defense zone at
the distance exceeding 300 m from the tailings dump as well as in the observation zone including
nearby settlements is at a natural background level.

From 1994 storage of radioactive wastes of uranium ore processing in the tailings dump has
been stopped and it is planned to make their burial in 2000-2005, including radioactive
decontamination and reclaiming of contaminated sites of sanitary-defense zone and pulp feed-line
route.

Currently the research works are conducting in order to obtain the initial data for the
development of main technical projects for the selection and substantiation of the tailings dump burial
construction.

4. INFRASTRUCTURE OF RADIATION SAFEGUARD

Radiation safety of environment and population in the Republic of Uzbekistan is ensured by
a system of legislative standards and legal acts, decrees of the President, resolutions of the Cabinet
of Ministers at the President of Republic of Uzbekistan, Statements of Bodies of State Regulation and
Supervision, the system of standards and rules of radiation safety.

The main legislative acts regulating the activity concerning radiation safety of the environment
and population are the following laws of the Republic of Uzbekistan: "Care of public health", "Nature
protection", "Labour", "State sanitary supervision". The former Soviet Union legislative acts, decrees
and other standard technical documents, which are not in conflict with the Republic laws, are acting
in radiation safety insurance.

The State Sanitary Epidemic Service, the State Committee of Supervision over Safe
Conducting of Operations in Industry and Mining Supervision and the State Committee of Nature
Protection exercise the state supervision over assurance of the environment and population radiation
safety.

To realize their powers, the State Supervision Bodies, in compliance with their competence,
control the observance of rules and standards of the radiation safety. Radiation safety of title
environment and population living within the regions of uranium ore mining and processing, is
ensured by NMMC organizations.

Basic requirements in the radiation safety assurance are regulated by "The Basic Sanitary
Rules of Operation with Radioactive Materials and Other Ionizing Radiation Sources (OCTI -72/87)".
The system of dose limits of irradiation and principles of their application is established by "The
Standards of Radiation Safety (HPE-76/87)".

The main standardization document regulating the complex of sanitary protective measures,
which should be fulfilled in the process of liquidation and conservation of uranium mining enterprises
for the purpose of the equipment and premises decontamination, territories reclaiming, burial of
radioactive waste, is the paper issued in the former Soviet Union and called "Sanitary Rules of
Liquidation, Putting into Long Term Storage and Changing the Type of Activity of Radioactive Ore
Mining and Processing Facilities (CIUTK11-91)".
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The rules have been developed taking into account the following acting documents: O C I 1 -
72/87, "Sanitary Rules of uranium mines operation (C IT-86-118) ", "Sanitary Rules of Radioactive
Waste Handling (CTIOPO-85)" and other official sanitation and safeguard standard documents.

5. RADIATION CONTROL

An integral part of the system of radiation safety assurance is a radiation and hygienic sanitary
control, which is necessary for obtaining the information on the environment and working places'
radiation situation as well as on the current and predicted doses of irradiation of the personnel and
various groups of population living within the regions of probable action of the existing, conserved
or put into long term storage NMMC enterprises.

The production radiation monitoring is performed by the NMMC departments controlling the
labor conditions and environment protection (C K Y T and C O C ) . The departmental monitoring is
performed by the Central Laboratory of Labour Conditions and Environment Protection by the
Industrial and Sanitary Laboratories of Sanitary and Epidemic Services of the Concern. The State
monitoring is performed by the local and central organizations of State Sanitary Supervision, State
Committee of Nature Protection, State Urban Technical Supervision. Besides, the specialized research
organizations are engaged in investigation of radiologic conditions at the operating facilities as well
as in prior-to-reclaiming, post-reclaiming, periodic and routine investigations.

The following factors are subject to monitoring:

gamma radiation exposure dose rate;

the content of radon and its daughter products in premises, radon exhalation from tailing
dumps and dumping grounds;

general dust content and the content of aerosols of long-lived alpha-active radionuclides in air;

radiochemical water composition;

total specific alpha-activity of soils, bottom fills, isotope compositions;

chemical factors (substances).

A volume and periodicity of radiation monitoring depend on the radiation situation and are
determined by corresponding standardization documents. The results of radiation monitoring of
radioactive environment contamination connected with the activity of uranium mining and processing
NMMC enterprises show that the average annual effective equivalent dose of irradiation of critical
population group living in these regions does not exceed 1 mSv/ year relative to a sum of all
radiation-hazard factors and corresponds to the basic limit for population, adopted by the International
Committee of Radiation Protection.

6. CONCLUSION

Navoi Mining & Metallurgy Complex engages the leading specialized and design
organizations of the Republic and Commonwealth of Independent States, famous international research
centers and companies with experience in various technologies of reclaiming of contaminated
environment objects, connected with the activity of uranium mining and processing enterprises, in the
development of scientific fundamentals and techniques of conservation works, entrails of the earth
reclaiming, proving the efficiency of nature protection measures, study as well as prediction of
radiation situation and fulfillment of design documentation.
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The strategic trends of further development of NMMC uranium production are the following:
to provide an ecologically safe situation for all NMMC objects by means of ecologically more "pure"
in situ leaching method; to liquidate mining and processing enterprises, which will be less effective
in further operation relative to economic and ecologic conditions; to isolate and bury an accumulated
radioactive waste from the main environmental elements; to reclaim the grounds disturbed by the
activity of uranium enterprises.

To realize these trends, NMMC has been developing and performing step-by-step the
programme of actions for reclaiming of the environmental objects, which were being subject to the
impact of uranium productions for more than thirty years of their existence.
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