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Abstract

After more than 35 years of operation, the uranium mining and milling activities in Hungary will be finally
shut down by the end of 1997. The surveying programme on the affected area was started in 1991, and the first phase of
the remediation project was launched in 1992-93. In the last few years a new concept and strategy has been prepared
for the next phase of restoration tasks. The restoration will mainly follow the principle of application of step by step
approach to the solution of each task. Due to lack of approved national regulations, authorization in the form of letters
are obtained on specific issues of remedial action on a case by case basis. The radiological requirements for both reuse
and restoration of the affected areas call for setting up radiation limits. The radiation monitoring and radiological
characterization of the affected areas both during operation as well as after restoration are being systematically
performed. The monitoring of water contamination is given high priority, because the uranium mining and milling sites
have a lot of surface water and aquifers. So far, 3 mines have been shut down while 2 mines are still operating. After
final close down the mines will be flooded, and the monitoring system will be expanded and upgraded. Major portion of
waste rock piles have been restored, and a number of experiments and investigations have been performed for
decreasing the contamination of heap leaching and for selection of cover layers of tailings ponds. As a prelude to
decommissioning of milling facility preliminary survey of hems and equipment for reuse or disposal has been started.

1. NATIONAL CONDITIONS REQUIRING ENVIRONMENTAL RESTORATION

In Hungary, owing to the economic situation, after more than 35 years of operation the
mining and milling activities will terminate by the end of 1997, according to a governmental decree.
The preparation for closedown and remediation works has been in progress since 1991. To start with
a general survey and preliminary investigation of affected areas were carried out, based on which a
remediation project has been launched in 1992-93. Since there is no system of funding by the
operator for the fulfilment of restoration tasks, the national government has taken the responsibility
for meeting the restoration costs. With the changes in the political situation since the 90's and
revelation of information on uranium mining and milling activities there has been increasing public
awareness on environmental problems and demands for carrying out more comprehensive and
thorough restoration are being made as against an oversimplified remedial action by way of
abandoning the operations followed by simple closedown [1, 2, 3, 4, 5, 6].

The first task was to work out by suitable practical modes of surveying the depth and extent
of affected mining and milling areas to the extent possible. The survey included establishing a
database which was subjected to revisions as new results on radiation levels of the affected
surrounding area, and measurements of radioactivity on residues became available. The intention was
to prepare reliable plans and strategy based on well-conducted surveys. In the last few years, in view
of changes of circumstances and for the sake of achieving a good solution to restoration problems a
more detailed version of the strategy has been prepared. This includes task based step by step
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approach taking into account the local conditions of the area to the maximum extent possible. The
main elements of this new approach are:

• The scope and direction of each remediation task should be defined, which in effect means clear
formulation of the start and end points;

• The regulations and the stipulations by competent authorities are to be complied with to the
highest degree, and in case of ambiguities international practices and recommendations are to be
followed with modifications as necessary and with the approval of authorities in each case;

• The creation of long term database and continuous upgradation of the same is one of the crucial
points. Before starting any task the relevant data related to the actual remediation and
decommissioning is updated and wherever this is not possible action is taken based on the
assessment of data or by resorting to modelling. The main parameters and features of the area
being restored from the point of view of long term safety are geology and hydrology. Additional
investigations through research or extrapolation of existing data may be necessary in case of lack
of information on parameters of interest. The environmental impact (contamination of air, soil,
water) is to be assessed in such a way that the series of tasks necessary for achieving the solution
should be clear;

• Planning should include alternative versions for remediation tasks to facilitate selection of the best
solution at the decision making stage. These versions are to be practicable and financially viable
so that they are technically feasible with available expertise and finance for the fulfilment of the
remediation task. The milestones and the steps involved in the process of remediation are to be
indicated, and after reaching each milestone it should be reviewed so that modifications required if
any could be made;

• A well-established institutional control and monitoring system associated with restoration works is
important to get immediate feedback on effectiveness against spreading of contamination not only
after restoration, but also during the execution of restoration works due to any malfunctioning of
engineered measures;

• Public awareness and information to the responsible media during the whole remediation process
are essential factors to gain public confidence and avoid problems due to
misinformation/misunderstanding;

• For successful accomplishment of the project persons responsible for each task should be
identified with time schedules for each task as a prudent management practice;

• It is very important that the availability of finance, technical capability and the acceptance by the
society (public, authority) should be harmonized at every step to avoid adverse effects of changes
during the execution of remediation work.

2. LEGISLATION, REGULATIONS, POLICIES

Till now, in Hungary, there are no specific regulations related to the uranium mining and
milling activities nor the remediation aspects. The Mining Act and Environmental Protection Act and
their implementation orders deals with these issues, but only in an implicit way. Perhaps, the new
Atomic Energy Act and its implementation orders will address regulatory aspects in the sphere of
remediation works. In view of lack of statutory national regulations to deal with restoration, two
alternatives are open for consideration pending formulation of regulations. One, after negotiations
between the operators and the authorities, requirements on specific aspects may be stipulated by the
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authorities as official orders for compliance. Alternatively, international recommendations and
practices may be adopted by both the operator and the authority which form the basis for regulation.
For the radiation protection aspects of remediation and decommissioning works of mining and
milling areas and facilities, the following requirements are to be complied with:

General requirements, statements:

Usage of restored area without any restriction is possible only if the radiation levels are around
background and the cover layers (protection barriers) are stable and not likely to change.

Restricted reuse of area or facilities is possible only if the maximum radiation levels do not
exceed 2-3 times the background, and in so doing

• parking, pasture and forest area can be established on restored waste rock piles,
tailings ponds and other industrial territory,

• decontaminated facilities (buildings) can be used for storehouse or other industrial
activities.

In the case of restricted reuse, the additional radiation exposure burden to workers may be 1
mSv maximum, so that the cumulative dose from different pathways (external and internal
exposure, radon exhalation) should be less than 1 mSv, a small portion of 1 mSv being
considered as safety reserve for unexpected future exposures.

During the restoration planning the ALARA principle should be used.

The background levels should be set up as references from measurements being carried out on
or in the vicinity of the affected area.

Detailed formulation of radiological requirements:

As per the restoration plan, the background values were established for two different zones of
the affected area in view of significant differences in the measurements as indicated in Table I.

TABLE I. BASIC BACKGROUND LEVELS FOR RESTORATION PLANNING

Target of measurements

Activity cone, of Rn
in open air
Activity cone, of Rn
in buildings
Gamma dose rate in air
Activity cone, of soil

South of
the main road

8 Bq/m3

100 Bq/m3

180nGy/h
125 Bq/kg

North of
6

12 Bq/m3

150 Bq/m3

250 nGy/h
180 Bq/kg

For the restoration of residues (tailings ponds, waste rock piles, heaps for leaching) the values
to be taken into account are shown in Table II. The measurements should be carried out and

averaged over an area of 100 m^.

105



TABLE II. RADIATION LEVELS FOR RESTORED PLACES

Measurements Values

Rn flux 0.74 Bq/cm2/s
Activity cone, of Rn BkgO +20 Bq/m3

Gamma dose rate Bkg + 200 nGy/h
Activity cone, of soil
in upper 15cm Bkg + 180 Bq/kg
in lower than 15cm Bkg + 550Bq/kg

(1): Bkg = Background

In the case of contamination occurring in an industrial area the radiation levels are to be
brought back to the background values and in case of uncertainties the levels should be agreed
with the authorities.

In the case of reuse of facilities the prescribed radiological values regarding inside and outside
of buildings as per Table III

TABLE m. RADIOLOGICAL VALUES OF REUSING OF FACILITIES

Measurements

Activity cone, of Rn
Gamma dose rate
Fixed alpha contamination
Rnflux
Activity cone, of soil

Values
inside

Bkg + 30 Bq/m3

Bkg + 200 nGy/h
0.5 Bq/cm2

-
-

outside

Bkg + 30 Bq/m3

Bkg + 250 nGy/h
-

0.74 Bq/cm2/s
Bkg + 180 Bq/kg (< 15cm)
Bkg + 550 Bq/kg (> 15cm)

For the classification of radioactive waste arising from remediation or decommissioning works
the limits and stipulations for handling are given in Table IV.

TABLE IV. CLASSIFICATION OF CONTAMINATED MATERIALS

Materials Limits Remarks

Fixed surface contamination
on metals < 0.5 Bq/cm2 for metallurgy

> 0.5 Bq/cm2 disposal of in ponds

Mixed waste consists of
debris, soil, rubber, plastic,... < 0.2 Bq/g ordinary waste

> 0.2 Bq/g disposal of in ponds

The discharge limits for industrial water to the environment are 2 mg/1 of natural U and 1 Bq/1
of Ra-226, and the canal Pecsi is the collector of surface water arising from the affected area
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3. RADIOLOGICAL CHARACTERIZATION

The radiation monitoring and control system for both operational and restored areas is being
systematically applied by Mecsek Ore Mining Company (MOMC). Major emphasis is put on the
monitoring of water contamination, because the water reservoir is very close to the affected area, and
there are a lot of surface water in this territory (Fig. 1). In the past years on the mining and milling
area there has been no detectable deterioration of the main parameters related to the radiation
protection. However, continuous development of measuring system and up-to-date information about
the transport of possible contamination are very important for proper planning. Surveying of water
contamination on the whole industrial territory is an important task for restoration. The typical ranges
of the water contamination are shown in Table V.

TABLE V. WATER CONTAMINATION OF MINING AND MILLING AREA

Component

Uranium
Ra-226
Na
Mn

Unit

mg/1
Bq/1
g/I
mg/1

mines

0.7 - 0.8
0.2 - 0.6
0.02 -0.2

Values at
piles

3-12
0.02-0.1
0.1 -0.4

heaps

3-5
1.-1.5
3.-4.

ponds

0.01-0.03
0.1-2.0
0.4 - 0.6
0.1-200.

4. ACTIVE PROJECTS UNDERWAY

4.1 Mine dosing

In the MOMC, two mines (mine 1 and mine 2) were closed down in 1971 and 1988,
respectively. In the middle of 1995 the closing of mine 3 was also completed [7, 8, 9].

The closing procedure was approved by the competent authorities, and the task was
performed complying with the stipulated requirements. All polluting sources such as oil,
contaminated soil, chemical agents were removed first from the galleries (workings) and tunnels, and
all openings leading to the surface were filled.

The alpha contamination level of the equipment saved from mine 3 was 0.05 Bq/cm^ and
only above this value decontamination is needed.

The abandoned galleries, where uranium ores could be found, were tight closed in order to
immediately block radon emanation to the surface through the shaft and later the uranium leach
liquid.

Because this area has a complicated hydrology the plan of the close-out of mine 3 will
involve controlled flooding. At present, the mines 4 and 5 are still operating, and hence mine 3
(together with other mines ) will be flooded only after the closing of these mines. According to
hydrology calculations, the cavity of the mines will be filled full with water only in 30 - 40 years
after which, the water will come out of the mines on to the surface with flowrates of a few hundred
m^ / day, and the uranium content in the mining water overflow will be 1 - 2 mg/1.

At present, the water from all mines is pumped (~ 5000 m-Vday) and a part of this is used for

milling operation with about 3000 m^/day discharged to the nearby streams after subjecting to a
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Figure 1. Map of groundwater level and quality monitoring points of
hydrogeological monitoring system
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cleaning process. The average uranium content of mining water is 3 - 6 mg/1 and the activity
concentration for Ra-226 is 0.5 - 0.6 Bq/1. Filtered water has less than 1 mg/1 of uranium and less
than 0.1 Bq/1 of Ra-226 activity level.

Owing to the shut-down of ventilation system of mine 3, the emission of radioactivity (radon
gas, uranium dust) comes to an end , which otherwise would have had the following annual
environmental impact:

Radon: 3.1013Bq/y

U-dust: 9I09Bq/y

Ra-226: 7.108Bq/y

4.2 Monitoring system for closing mine area

The authorities have stipulated that after closing each mine a monitoring system has to be set-
up in order to control the long term impact of closing on the environment and population.

The monitoring system, some parts of which have functioned in the earlier phase, consists of
the following subsystems:

• hydrology monitoring
• radon monitoring
• geodynamic monitoring
• environment data bank.

4.3 Restoration of waste rock piles

For the remediation of waste rock piles creation of new slope (with smaller degree) and
construction of new water collection around piles have been carried out to reduce erosion. Because

the former slope of piles in some places (above 7° - 10° ) is somewhat high, some modification has
become necessary. At the same time, the monitoring measurements show a somewhat elevated
uranium content in the water collector system, owing to the larger infiltration of rainwater, because
the cover layers have not been suitably compacted as yet. As a temporary solution a closed water
collection has been introduced for these piles, and this water is discharged after going through a
cleaning process. Otherwise, the revegetation on piles has been continued, and the systematic
radiation monitoring (dose rate, radon flux, ..) is also performed. For the enhanced restoration of pile
3 a new plan has been worked out owing to the changes in the previous concept, namely the heaps PI
for leaching are to be moved to pile 3, so that the residues are handled in a compact way instead of
many scattered spots, and on the other hand, the place of heaps PI will be free for reuse.

4. 4 Heaps for leaching

On the heaps PI, a series of tests have been performed for preliminary investigation of
remedial action. The aim of this investigation is to get necessary information about the content and
the distribution of radioactive and chemical materials in the heap, as well as the contamination of
basement soil and groundwater.

The heap PI, which is one of the oldest heaps for leaching, has 2.1 million tons of crushed
uranium ores. During more than 25 years operation 11 thousand tons of solvent have been sprinkled
over the heap. Presently, about 2.5 thousand tons of solvent have remained there. At the beginning,
the uranium content of ore was 150-200 g/t, and now the average value is 80 g/t. The base of the
heap has been lined with double plastic material.
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Next a study was performed to ascertain how to remove the remaining solvent from the heap
PI. This was achieved by a simple washing method using clear mine water. The washing process of
the heap and the experimental pile lasted about half a year, and the amount of mine water used was

5000 m3. The result was the average specific conductivity of 5.5 mS/cm at the beginning decreased
to below 2.2 mS/cm after the washing period.

The study concluded that presently in the heap PI the content of chemical materials after
washing process is at an acceptable level and the basement soil and the groundwater below the plastic
layer do not have significant contamination of either radioactive or chemical materials.

4.5 Tailings ponds

Remediation of tailings ponds is very complicated, because a lot of site specific data have to
be taken into consideration. Besides, to get this data many systematic investigations have to be
performed to obtain reliable information necessary for best possible restoration planning.

As a first step, a simple neutralization experiment was started to reduce salt content in the
solvent by using a lime treatment at the release of tailings to the pond. At the same time, the recycled
water from the pond is also treated with lime-wash.

In the next step, a programme has been launched to test different solutions for cover layers of
tailings pond including the layer thickness under in-situ conditions. One meter diameter concrete
rings are used for building the test layer series and different arrangements of compacted soil. Out of
11 options being studied, the first option is the uncovered tailings taken as a reference option (Fig.
2). The concrete rings are constructed in a leak tight mode and in the middle part of each layer a
sampling tube is introduced in order to measure the changes of radon concentration (Fig. 3). At the
same time, the radon flux is measured on the top of the column, as well as the temperature, wind
speed and soil moisture (Fig. 4). On the basis of preliminary evaluation of the measurements, 2-3

options have been selected for detailed field studies planned to cover about lOOm .̂

4.6 Decommissioning of milling facility

Since, by the end of 1997 the mining operation together with the milling activities will be
terminated, the data collection and general survey has been started at the milling facility to prepare
for the decommissioning programme.

The aim of this programme is that major portion of the milling facility (offices, laboratories,
workshops, halls,..) will be rendered suitable for reuse just as other industrial activities. As the
primary goal is not to demolish the facility, the survey of contamination and radiation level is carried
out with the knowledge that survey results the decision on whether to reuse or not will be made. Of
course, certain parts of facility will be classified as highly radioactively contaminated, so that they
are disposed off into the tailings ponds, as the decontamination of these parts is expected to be
difficult and expensive.

5. NEAR- TERM SCHEDULE AND PROSPECTS

After completion of mining activities, firstly the mines will be closed down and preparation
for controlled flooding will be started. Together with closing down, the monitoring system will also
be expanded to follow changes in the mining area. Should any deviations were to occur during
closing down process, the plan has provision for resorting to additional measures.

The heap P2 for leaching will be further washed by clean water to decrease the chemical
content. In addition, the solvent removal methods to be studied include reverse osmosis,
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electrodialysis and evaporation. Based on these studies a final plan of action will be worked out for
the remediation of the heap P2.

At the tailings ponds, the investigation for cover layers is to be continued to reach an
optimized solution. Studies have been started to examine the possibility of a unified remediation of
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two ponds on one place. Because one of the ponds is situated just over a water resource and in the
border of an industrial area, planning may be directed towards such unified restoration effort.

6. DIFFICULTIES

The main problem of restoration works is in the treatment of water contamination. Due to
occurrence of uranium, manganese and salt content in soil, discharge water will have concentrations
posing difficulties in the longer term. Presently, the uranium content in industrial water is high at
several discharge points (waste rock piles, heaps for leaching), but fortunately the Ra-226
concentration is acceptable almost everywhere on affected area, and the assessment indicates that this
situation is likely to continue for a long time (Fig. 5, 6 and 7).

In the short term the extraction of uranium from industrial water can be adopted, but the
methods of reducing uranium content in other solutions requires further studies. The pumping of
mine water can be maintained for a few years, but after flooding of mines the analysis shows the
uranium content of water arising from mine galleries will be below 2mg/l.

After collection the water originating from around restored waste rock piles is to be diverted
into the mine cavities until the stabilization of cover layers, which may last a few years.

The restoration of the heap P2 for leaching may be solved in two ways, namely, carry out
remediation works on-site using washing and removing process, or transport the main parts of heap
P2 to the tailings ponds, where they will be used as a cover layer.

For the restoration of tailings ponds the higher salt and manganese content in the base give
more difficulties though the method of washing through the base soil may be used to decrease the
chemical components, but it will add to the cost of the remediation project making it expensive.

7. CONCLUSION

In the past two years (1995-96) the remediation tasks of mining and milling have
concentrated on planning, data collection and development of institutional control. Till now, major

U in [jg/l Ra-226 in mBq/l

content m Ra-226 act. cone.

Figure 5. Water contamination on area of heaps P2 for leaching
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portion of waste rock piles have been restored, the monitoring system has been upgraded for close
down of mines and a number of experiments and investigations have been performed for decreasing
the chemical content of heaps leaching and for selection of cover layers of tailings ponds [10, 11, 12,
13]. Moreover, preparation for decommissioning of milling facility has been started. Requirements
for radiological aspects of restoration are also worked out.

A strategy and a phased action plan for carrying out the remediation tasks with next phase to
last about 10 years, has been worked out during which the full close out of mines, the restoration of
leached heaps, tailings ponds, and decommissioning of milling facility will be performed.
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