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Abstract

The objective of this paper is to present the ecological impact on environment as a consequence of
more than 30 years of activity in the field of uranium exploration, mining and ore processing in
Romania and a brief description of the measures taken for limiting the effects of contamination on
the affected zones including the proposed restructuring and rehabilitation programmes. The
Autonomous Regie for Rare Metals (RAMR), the coordinator of the activities in the uranium field is
responsible to implement the provisions of the IAEA Technical Cooperation Project on
Environmental Restoration in Central and Eastern Europe joined by Romania in 1993. The
Autonomous Regie, through the Research and Designing Institute for Rare and Radioactive Metals
and its production units has so far been successful in identification and characterization of
radioactively contaminated areas with a view to preparing a restoration and rehabilitation plan. The
characterization of radioactively contaminated areas is dealt with broadly under two categories, one
pertaining to sites where the mining and milling activities have already ceased and the other where
the units are still operational but are going to be closed down in the near future and will be placed
under surveillance. So far, RAMR has performed activities specific to limiting the effects of
radioactive pollution on environment and people through: execution of antipollution measures for
the mine and industrial waters; installations for dust removal, improved ventilation in underground
mines, provisions for washing safety and transport equipment, washrooms for the personnel, health
care and control, etc. Generally speaking, the activity in the uranium field is developed by observing
the national Norms of Nuclear Safety for the Activity of Geological Investigation, Mining and
Milling of Nuclear Raw Material. A feasibility report "Environmental Protection Works and
Ecological Remediation in the Areas with Activities of Geological Investigation, Mining and Milling
within the Autonomous Regie for Rare Metals" was drawn up in 1995 and approved by the
Government of Romania. This report includes an evaluation of the necessary investments for the first
stage of the programme dealing with the environmental restoration and the necessary research
activities. This will be followed by studies for closing down and surveillance of the mines with
special problems taking into account their depth and complex hydrology. In order to provide the
funds necessary for the studies and execution of works on environmental protection and ecological
remediation, besides funds of RAMR and from the state budget it is very essential to attract co-
financing through international bodies.

1. BRIEF HISTORY OF THE ACTIVITY OF URANIUM ORE PROSPECTING,
MINING AND MILLING

Uranium research in Romania started in 1950, and underwent a process of evolution in
three distinct stages of organizational set up. The founding of the Romanian-Russian joint
venture SOVROM-CUARTIT marked the beginning of the first stage which ended in 1961
when the Soviet consultants left the country. During the second stage, spanning the period
1961-1989, the activities in this field were organized under the Rare Metals Enterprise, a state
organization with industrial profile. Since 1990, with change towards conditions of free
economy, the entire uranium exploration and production activity has come under the purview
of Rare Metals Autonomous Regie.
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2. GEOLOGICAL CHARACTERISTICS OF THE URANIUM MINING AREAS
IN ROMANIA

2.1. APUSENI MOUNTAINS

The Baita-Bihor is a representative type of uranium deposit in Permian sandstone. It is
located in the hydrographic basin of Crisul Mic river, 5 km north-west of the Bihor Mountains
peak (1851 m). The mineralization of this deposit, represented by pitchblende is in the gray
striped sandstone with bands of black sandstone belonging to the Permian age.

Avram Iancu deposit is one of the most important deposits in operation in Bihor
Mountains and it is located in the southern part of Bihor Peak in Gruiul Dumii summit which
is the cut-waters between Arie§ul Mic basin and Crisul Alb basin. It is situated in the average
carbonatic horizon of crystalline schists of Biharia unit which as age, is attributed to Silurian,
Biharia Series and consists of chlorite schists with porphyroblasts of albite, quartz-chlorite-
albite schists, mica schists with chlorite, crystalline limestones and of metamorphosed rocks
originating from the intrusive products of initial magmatism, represented by metadiorites and
metagabroes.

2.2. BANAT MOUNTAINS

Exploration conducted in the Banat Mountains also yielded exceptional results. In this
area are discovered and later explored mineralizations hosted in sedimentary rocks: micro
conglomerates, sandstones and shells of upper Permian age. For uranium of particular
importance is the fine granulation facies within the Ciudanovija sedimentation series. The most
complete development of this series is in the eastern part of the Natra-Garli§te anticline. In this
area five sedimentation rhythms are recognized within a 350-400 m thickness. Starting with
the bottom they are named: Dobrei, the Mezorythm of the conglomerates, Li§ava, Natra,
Chidanovi£a. The Ciudanovi^a deposit, a representative type for this metallo-genetic province,
is situated 18 km north-east from Oravija town. The Ciudanovija sedimentation rhythm has
generally, fine grain sizes and an average thickness of 30-40 m. From the lithological point of
view this sedimentation rhythm has basically gray and red sandstone shaped lenses over which
other fine, gray-greenish carbonate sandstone is located. In the Eastern Banat the recent
surveys outline a new uranium metallogenetic sub province characterized by mineralization
without bitumen support, formed probably due to the hydrothermal implications.

2.3. EASTERN CARPATIANS

2.3.1 Crucea deposit

The uranium concentrations forming Crucea deposit are hosted in the complex of
mesometamorphic rocks (Rarau Series) more or less affected or less intensely by
retromorphism.

Rarau Series consists of a facies with high crystalinity, including a complex of rocks of
the type of micaschists, amphibolites, quartz-mica schists, feldspar quartzites and gneisess of
Rarau type.

The uranium mineralizations are located either directly on the lateral fractures
approximately according to the structure NNW-SSE or next to support fissures.
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2.3.2 Tulghe§ deposit

In the Tulghe§ deposit, typical for this area in a geological section, four mineralized
zones can be distinguished, all having almost the same direction NNW-SSE. In the first zone,
situated in the West of the deposit, mineralization occurs about 2 km along the main fracture
oriented NNW-SSE, with an eastern dip of 60-70 degree.

In the second period of research in the Oriental Carpatian metallogenetic province
mineralizations at Bicazu Ardelean, Paraul Le§u, Holdi^a and Hojda have been identified.
Additional exploration is required to establish the economic potential of these uranium
occurrences.

3. METHODS USED FOR MINING URANIUM DEPOSITS

The uranium deposits under mining (Bihor, Banat, Crucea) generally have a
discontinuous structure of mineralization, with tectonic fractures produced by a lot of faults
and microfaults with reduced thickness, with inflections on inclination and direction and a
reduced stability of the surrounding rocks.

The geological and mining conditions of the uranium deposits under mining (Bihor,
Banat, Crucea) corroborated with the existence on the surface of the mines of water flows,
sites, communication means as well as of the location of the main development works of the
mines with pits and roadways, which contain important reserves in the pillars. This has led to
the utilization by about 85-90% of the area with filling in the excavated space.

Although with reduced productivity, and high costs per ton of ore with reduced
capacity per panel this has provided opportunities and valuable information for selective
excavation of the mineralized zones; for example:

• mining parallel zones of mineralization found by cross channels at the level of the face strip;

• evidence of zones with discontinuity of mineralization or of tectonic fractures produced by
a number of faults and microfaults;

• variable thickness ranging from some centimeters to meters, the inflection on inclination
and on direction of the ore bodies, the display in scales of the ore lenses, imposed step by
step extraction at the level of each strip of 2.5-3 m.

3.1. BIHOR MINING BASIN

Between 1952-1964, at Bihor Mining Complex, open-pit mining was adopted on a
deposit of about 20,000 t U with grade over 1.4 % which at that time was considered the
richest deposit in the world. At present mining is carried out only in underground.

3.2. BANAT MINING BASIN

The geological conditions of Banat Mining Complex, with unstable surrounding rocks,
of average hardness, fissured and inconsistent led to the utilization of mining methods with
filling in the excavated space.
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3.3. CRUCEA MINING BASIN

Due to the geological and mining conditions, the mining of Crucea and Botu§ana
deposits of Crucea mining basin is carried out only using mining methods of horizontal,
ascendant strips, with filling in the excavated space, and mining in directional chambers or
staggered flanks.

3.4. TULGHES. MINING BASIN

For mining Tulghe§ deposit, which will start after the year 2000, besides the mining
method with filling in the excavated space in those parts of the deposit having small
inclination, slightly consolidated surrounding rocks, and high loosening coefficient, application
of mining method with caving in directional chambers can be resorted to, to avoid the danger
of undercutting the close deposits.

4. MILLING OF URANIUM ORES

4.1. EXTRACTION AND PURIFICATION TECHNOLOGIES FOR THE URANIUM
ORES

The Romanian uranium ores originating from the 3 mining units are processed using
the same technology in Feldioara milling plant, located at about 30 km from Bra§ov town. The
technology used is based on alkaline attack. The main technological operations in Feldioara
plant are the following:

• crushing the ore to 20 mm;
• grinding in ball mills at 95% - 0.1 mm;
• slurrying the ground ore;
• carbonate eaching in horizontal autoclaves with mechanical agitation;
• sorption of uranium with resin in pulp (REP procedure);
• evacuation of the waste pulp to the settling pond;
• washing followed by elution of the saturated resin;
• precipitation of the sodium diuranate (N$U2O7) from the uranium eluate;
• drying of the uranium concentrate.

The uranium concentrate from "R" Plant is present in the form of sodium diuranate
(DUNa) with minimum 62% U.

The type "E" plant is located in the same site of Feldioara and is meant for purification
of uranium to nuclear purity and convertUQ, powder of sinterable quality.

The purification of uranium is mainly carried out by extraction using the solvent 30%
7BP in kerosene and the resulting uranyl nitrate is further processed to pure ammonium
diuranate and then to pure nuclear grade UQ2.

4.2. EVIDENCE OF THE SOLID AND LIQUID RESIDUES

From the technological flow-sheet of type "R" plant which produces the uranium
concentrate the following residues are formed:
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• waste pulp which settles in the pond;
• technological waters from slurrying of the ore after grinding (part of which is recirculated);
• solutions of liquors after uranium precipitation;
• waters from technological process washing;
• rain waters collected on the surface of the plant.

"E" type plant has as main effluent "depleted" stream from solvent extraction,
characterized by a free acidity of 2-3 N-HNO3, low uranium content and other impurities. At
the same time, there are supernatant liquors resulting from uranium precipitation and washing
solutions. As solid product, the filtering residue is discharged. The uranium solutions pass
through neutralization and precipitation steps in the plant and they are then discharged to the
settling pond. These solutions have a rather high content of nitrate ions and ammonium ions.
From the settling pond of the plant the top clear watery layers of composition 10-12 g/{
sodium carbonate and bicarbonate, 2-4 g/d sodium sulphate and 1-2 g/C chlorine are
discharged. The residual waters from the settling pond are discharged after passing through
the recovery station which separates the residual uranium using resin bed ion exchange
method.

5. EVALUATION OF THE IMPACT OF THE ACTIVITIES OF EXPLORATION,
MINING AND MILLING OF THE URANIUM ORES

The specific activities of the Autonomous Regie for Rare Metals in the field of uranium
include generating information and knowledge on the modifications of the natural factors of
the environment causing risks of contamination with radioactive elements belonging to the
family of uranium and its disintegration products. Risk factors are:

• natural uranium, present as powders can pollute the atmosphere, while dissolved or in
suspension it contaminates the surface and underground waters and thereby the vegetation
and man;

• radium-226, can contaminate the environment in the same way as natural uranium;
• radon-222, the radioactive gas formed by the disintegration of radium-226 can contaminate

the atmosphere together with its active alpha descendants.

Among the activities of Autonomous Regie for Rare Metals having potential for
environmental radioactive pollution the following are relevant:

• geological and technological research;
• development studies on the uranium deposits;
• preparatory and mining works;
• industrial and social constructions on the surface of the mine;
• uranium ore milling and concentration plants;
• plants for uranium recovery by non-conventional methods;
• transportation of uranium ore and concentrates.

The following are the pollution sources from the above mentioned activities:

• mine waters containing natural radioactive elements;
• settling ponds of waste resulting from milling process;
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sterile rocks stock-piles with low uranium content resulting from exploration and mining, as
well as poor ores with 0,02-0,05 % U stored in the neighborhood of the mines;
solid radioactive residues and used ion exchange resins, resulting from concentration
process;
uranium ores and concentrates under transportation.

5.1. IMPACT OF DISPERSION OF NATURAL URANIUM AND RA-226 FROM MINTNG
ON THE ENVIRONMENTAL FACTORS

In order to have a more comprehensive image on the impact of the uranium ore
extraction on the environment, the results of the measurements made in the last 20 years were
statistically processed. Measurements were usually made on samples, collected half yearly and
focused on dispersion of natural uranium and radium-226 in water, sediments, soil and
vegetation.

From the interpretation of these data some specific aspects emerge, namely:

• the surface waters in the mineralized zones can have uranium concentration exceeding by 5
to 15 times those existing normally in the surface waters and 2-3 times higher as far as
radium -226 is concerned; even upstream of entrance in the industrial areas there are
recorded average uranium concentration 3 times higher than CMA for the drinkable water;

• the surface waters crossing the industrial areas are contaminated with uranium and radium
reaching at the exit from the respective zones with concentrations 3-4 times higher than
upstream;

• the discharge waters from the roadways-the most contaminated (0.867 mg U/dnl) are at
Banat Mining Complex;

• the contamination with uranium and radium is evident in the samples collected from the
mining sites and even in their neighborhood up to a distance of about 50 m; at longer
distances, the contamination in soil of the two radioelements are comparable with the
reference values;

• the contamination of vegetation is higher at Banat Mining Complex and Bihor Mining
Complex (4-5 times as compared to the reference values) and lower at Crucea Mining
Complex; in the neighborhood of the mines this contamination is very reduced;

• significantly, radioactive contamination is absent in all drinking water sources in the mining
areas.

A suggestive image of the distribution of natural uranium in the hydrographic basins of
several mining sectors was obtained based on measurements taken weekly on water samples
collected from different significant points. Based on a correlation between the geological and
mining characteristics specific to the different mining units and the corresponding industrial
activities, a detailed analysis regarding the degree of radioactive pollution in the respective
zones is presented. At Bihor Mining Complex, the mineralized zones targeted for mining are
located above the level of the basic roadway, at 720 m level and are comprising of
metamorphic rocks of Bihor and Muncel series placed in the middle carbonatic level of the
first series. The carbonatic level is made up of metamorphic chloritous schist rocks with
porphyroblasts of albite, quartz-albiotic schists and lenses of crystalline dolomites, non-
uniformly spread out both on the surface of the carbonatic level and in its thickness. The area
is furrowed by lots of faults and microfaults (concordant or discordant with the inclination of
the mineralization). The mine waters which wash the deposit and the mined and filled in areas
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are collected at the level of the basic roadway and evacuated on surface by free discharge into
Poiana brook. The waters having a concentration of 0.1-0.2 mg U/1 are not treated before
discharge. The situation is identical for the waters collected on 23 roadway (continuation of
"Noroc bun" (good luck) roadway) which are discharged into Baî a brook, their uranium
concentration ranging between 0.1 and 0.3 mg U/1. Before reaching the entrance to Baija Plai
village the uranium concentration of Bai^a brook decreases to below 0.02 mg/1. Within the
sites of Avram Iancu mines there are two other radioactive sources of environmental pollution
for which measurements have indicated the following average values:

• radiometric sorting station: 0.2-0.5 mg U/1;

• old ore deposit: 0.05-0.2 mg U/1.

Banat Mining Complex has two productive sectors:

• Ciudanovija having the same name;
• Li§ava with the mines Dobrei Sud, Dobrei Nord, Dobrei Est and Natra.

The hydrographic network of the region is represented by the basin of Cara§ river,
which takes over the main brooks Jitin, Garli§te a and Li§ava whose flow-rates are varying
depending on the precipitations during the year, average flow-rates being in the range 0.2-0.98
mVsec. From the examination of the general conditions and geographical events in the mine
areas the presence of two types of aquifers results:

• the aquifers of carstified limestones;
• the aquifers of quaternary deposits.

The most important aquifers is that of Upper Jurassic age which is larger and has a
thickness of about 600 m. Limestones have an accentuated carstic permeability, due to a
developed system of fissures, funnel channels and sink holes formed as a consequence of a
long chemical process of dissolution. The aquifers of the quaternary formations is located in
diluvial formations with thickness up to 10 m.

The degree of porosity of the diluvial is relatively high and allows an intense circulation
of freatic waters. The living rock under this cover is limestony or contains a large quantity of
clay in cement, making it unpenetratable for infiltration waters.
In the areas of the deposits there are 3 types of underground waters:

• waters connected to faults and crushing areas;
• carst waters;
• waters from quaternary deposits.

Among them, the most important contribution is that of the waters originated from
faults or from the crushing areas which are also affecting the limestony or quaternary deposits.
Evacuation of underground waters is made by the pumping stations from:

• level -250 m, -140 m and±0 blind pit no. 1. Ciudanovja and further from level +155 m on
the auxiliary adit level +330 m to surface where a decontamination station is located;
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• level -400 m, blind pit no. 4 Dobrei Sud and further at level -200 m, -60/70 m and +143 m
and of pit no.3 on surface where the second station for mine waters decontamination is
located.

As compared to CMA (0.021 mg U/l) the treated and discharged waters have natural
uranium concentrations ten times higher, leading to the pollution of Jitin and Lisava brooks at
a distance of some kilometers. Crucea Mining Complex develops its productive activity in two
distinct sectors: Crucea and Botu§ana. The contaminated waters from Crucea area are
evacuated to surface by the pumping station from pit no.l and taken to the radioactive
decontamination station in which uranium as DUNa is recovered. The weekly measurements
on water samples collected from the exit of the station, for uranium and radium concentration
have demonstrated their efficiency, the determined values being in the permissible limits, thus:

• average content at station inlet = 0.45 mg/1;
• average content at station outlet = 0.04 mg/1.

Rain waters and some accidental mine water discharges from the stock-piles represent
a pollution factor for Troaca Gavanului brook, accidentally recording excessive natural
uranium concentration of about 3 times as compared to CMA until the discharge in Crucea
brook. Further downstream from the confluence up to the discharge into Bistrija river, the
water of Crucea brook has a natural uranium concentration exceeding twice CMA, this
phenomenon being no more noticed upstream taking into account the ratio of the flow-rates.
In Botu§ana sector, water flowing into the environment with a concentration of about 0.35 mg
U/l leads to pollution of Ion brook on the portion upstream of roadway 1/30 till the stock-pile
confluence with Stoluri brook and further on for about 1 km. For eliminating this situation, it
is envisaged to collect the entire quantity of mine waters from Botu§ana sector in a catchment
area and bringing to Crucea decontamination station whose capacity is going to be doubled.
At Tulghes. deposit and at the other geological research sites, the mine waters are evacuated in
rivers and no decontamination station is provided. When evaluating the impact of the uranium
ore exploration-mining activities on environment, special attention was given to the waste and
low grade ore stock-piles existing in the site or in the mining areas. An inventory was made of
160 stock-piles with a total area of 1,382,330 m2 as shown in Table 1.

TABLE 1. STOCK-PILES WITH LOW U CONTENT
Unit

Banat Mining Complex
Bihor Mining Complex
Crucea Mining Complex
Tulghes II sector
Alba Iulia V sector
TOTAL

No. of stock-piles
17
8

30
74
31
160

Occupied areas (m2)
210,000
529,330
364,000
157,000
122,000

1,382,330

The evaluation of the radioactive contamination potential of the waste stock-piles
existing in the mining zones was made by: measurement of the external gamma radiation dose
level on stock-piles and in their neighbourhood and analysis for uranium and radium in water,
sediments, soil and vegetation up to distances of 30-50 m and in case of water flows,
downstream of the stock-piles. For the interpretation of the external gamma radiation dose
level the natural gamma background levels of the zones and the maximum permissible
exposure to persons from general population (0.60x10^ Sv/h) were taken into account. The
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variations of the limits in the external gamma radiation levels measured in the investigated
areas (the values of the natural background and those measured on surface of the stock-piles
and at distances of 10-50 m) are shown in Tables 2 and 3.

From the interpretation of the results shown in these tables it can be noticed that values
exceeding up to 2 times the gamma natural background level can be present up to 50 m from
the stock-piles. From the measurements made at contact on the surface of the stock-piles it is
noticed that on 14 stock-piles (16%) the measured values were within the limits of gamma
natural background. On 18 of them (20%) the measured values were up to the level of
Effective Dose Equivalent (EDE) for persons from population (0.60x10^ Sv/h) while on
7(8%) stockpiles doses exceeded this limit. All measurements made in the neighborhood of
stock-piles have indicated external gamma radiation dose levels lower than EDE for persons
from population.

TABLE 2. LIMITS OF EXTERNAL GAMMA DOSE LEVELS AT THE WASTE STOCK-PILES
(lQ-6Sv/h)

Unit

Bihor Mining Complex

Banat Mining Complex

Crucea Mining Complex

Tulghes. Section

Alba Iulia Section

No. of
stock-
piles

17

7

17

39

9

No. of
measure-

ments

185

166

210

360

70

External

Background
non-

influenced

zone
0.10-0.12

0.08-0.12

0.09-0.13

0.07-0.14

0.08-0.11

gamma radiation dose (106 Sv/h)

Background
non-

influenced
stock-piles

0.08-2.40

0.13-2.50

0.12-0.50

0.09-0.40

0.10-0.22

Background
neighbouring
stock-piles

10 m dist. 50 m dist.
0.10-0.40 0.10-

0.25
0.08-0.30 0.08-

0.18
0.10-0.20 0.09-

0.17
0.11-0.30 0.09-

0.25
0.10-0.16 0.11-

0.13

TABLE 3. CLASSIFICATION OF STOCK-PILES ACCORDING TO RADIATION LEVEL ON
THEIR SURFACECIO"6 Sv/h)

Unit

Bihor Mining Complex
Banat Mining Complex
Crucea Mining Complex
Tulghe§ Section
Alba Iulia Section
TOTAL

No. of
stock-
piles
17
7
17
39
9

89

0.07-0.
5
1
1
5
2
14

Limits of external radiation (106

14 0.15-0.30
3
3
11
26
7
50

0.31-0.60
5

5
8

18

Sv/h)

>0.60
4
3

7

It can be stated that the risk of external radiation for the population is not significant
even in conditions of occasionally staying close to the stock-pile. As far as the soil and
vegetation samples are concerned, there was evidence of contamination with natural uranium
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and radium only on the sloped lands that too up to 30-50 m distance from the stock-pile,
exceeding by 1-2 times the natural background. These stock-piles are in different stages of
development, lacking in general of safety measures (guarding trenches, ditches, sewage of the
water flows, grass plantations, afforestations etc.). As far as the ore transportation from the
mines to Feldioara milling plant is concerned, by trucks or in wagons, radioactive pollution of
soil and vegetation on the respective routes was noticed only at the stations where shunting
and reformulation of wagon trains were carried out. At the same time, on the transportation
routes, inside the mining site there was no evidence of natural uranium contamination beyond
the admissible values.

5.2. EVALUATION OF IMPACT IN THE AREA OF THE MILLING PLANT
FELDIOARA "R"

In the uranium ore processing and hydrometallurgical concentration plant, the main
source of environmental pollution is the powders of ore or of uranium concentrates getting
airborne during their handling. These powders can be dispersed over long distances indicated
by the contamination of soil and vegetation. Another source of contamination is radon with its
daughter products, which if not diluted by atmospheric air, can be hazardous in closed spaces.
But the highest potential for environmental pollution is from the liquid effluents generated
during ore processing which contain all the radionuclides belonging to uranium family the
smallest constituent being the technologically retained uranium.

The "R" plant discharges daily on an average 4,500 m3 of residual waters as pulp of
density 1990 kg/m3 to which is added about 250 m3 of used waters. Settling is made in
Ceta^uia settling pond, with an area of about 70 ha in which 6,800,000 tons of waste
(3,580,000 m3) and more than 1,000,000 m3 of used water are stored. After settling in this
pond the effluent overflows into the Mitelzop pond, with an area of about 17 ha. For
recovering the residual uranium, water from Mitelzop pond passes through a process plant at
an average rate of 2,880 m3/day. The resultant effluent is then discharged into Olt river with
the help of a distribution station (basin).

The waste has high concentrations of uranium and radium-226. When it is not covered
with water, as it happened in 1994 when approximately 30% of the area was in direct contact
with air, it can become a strong source of environmental contamination. An evaluation
criterion for the pollution potential of the residues from the uranium ore concentration plants
is the radon emission. Measurements made in 1994 at Ceta^uia settling pond have indicated a
radon release of 8.81 Bq/m2/s. In such cases it is necessary to take steps for decreasing the
radon release by a factor of 12.

The residual water of Cetajuia settling pond also has high concentrations especially of
natural uranium. In the last 15 years the concentration somehow remained steady within limits
and settling is not causing significant changes regarding radionuclide concentration in water
with Mitelzop pond showing values close to those of Cefijuia pond (Table 4).

In the basin, before discharge into the Olt river, the natural uranium and radium-226
content in the effluent is low, the lowest recorded was in 1994. The main reason for this can
be the increase in the volume of water passing through the uranium recovery facility (Table 5).

In the Bazinet as well, before discharge into the Olt river it is noticed that the non-
radioactive pollutant values are lower than the limits permitted by the authorization issued for
"R" plant (Table 6).
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TABLE 4. CONCENTRATIONS OF NATURAL URANIUM AND RADIUM-226 IN WATER
AND WASTE COLLECTED FROM CETATUIA SETTLING POND

Collecting
year

1978
1979
1980
1983
1986
1994

Water
Natural U mg/dm3

5.163
0.950
4.887
5.194
8.078
1.667

Ra-226
Bq/dm3

6.852
0.696
0.793
1.055
0.504
0.086

Waste
Natural U mg/dm3

-
26.0
9.6

23.8
-
-

Ra-226
Bq/dm3

-
444.0
63.0

3518.0
-
-

TABLE 5. NATURAL URANIUM AND RADIUM-226 CONTENT IN SAMPLES FROM THE
BAZINET

Ra-226
(Bq/dm3)

2.012
1.778
1.693
0.533
0.496
0.330
0.759
0.481
0.092
0.537
0.230
0.049

Collecting
year
1978
1979
1980
1983
1984
1985
1986
1987
1988
1989
1990
1994

Natural U (mg/dm)

0.612
0.708
14.130
4.843
5.540
3.111
4.888
5.700
0.297
2.988
1.064
0.078

TABLE 6. CONTENT OF NON-RADIOACTIVE ELEMENTS IN THE BAZINET
Non-radioactive elements

SO4
2 '

cr
Na+

NH/
Ca2

+

Mg2
+

pH
Suspensions

Content in Bazinet
1.154 mg/dm3

1.333 mg/dm3

2.888 mg/dm3

5.2 mg/dm3

6.63 mg/dm3

2.26 mg/dm3

10.0
73 mg/dm3

Admitted limit
3.500 mg/dm3

1.000 mg/dm3

4.000 mg/dm3

25 mg/dm3

40 mg/dm3

10 mg/dm3

8.6
300 mg/dm3

As a conclusion, in the residual waters from the settling ponds of "R" plant, the main
polluting element is the natural uranium which reaches concentrations of up to 5.20 mg/dm3 in
Cetatuia pond and up to 1.67 mg/dm3 in Mitelzop pond as against radium which in Ceta^uia
pond is 0.021 Bq/dm3 and in Mitelzop pond 0.086 Bq/dm3. By settling, and especially by
recovering uranium through modules from Mitelzop pond this decreases to very low values
with the effluent discharging into the Olt river having 0.078 mgU/dm3 and 0.049 Bq Ra/dm3.
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Water and sediments of Olt river are not polluted radio actively, the concentrations of uranium
and radium downstream of the effluent discharge being lower than CMA for drinkable water.

The waste not covered with water in the ponds is a source of environmental pollution
due to carry over of the powders by air currents, with concentrations of uranium up to 1,544
g/t and of radium 8,818 Bq/kg. High radium content in the waste is also indicative of a high
release of radon which is as much as 8.81 Bq/m2/s with significant potential for atmospheric
pollution. The waste in the ponds, being regularly covered by water, has not contributed to
soil and vegetation contamination in the neighbourhood of ponds, the uranium and radium
content in the analyzed samples being comparable with those in the areas not exposed to
contamination.

6. MEASURES TAKEN FOR LIMITING THE RADIATION AND
CONTAMINATION EFFECTS IN THE ZONES WITH MINING ACTIVITIES AND

URANIUM ORE PROCESSING

Environmental radioactive contamination in the zones of uranium exploration, mining
and milling has been controlled for more than 30 years as one of the main tasks of the
Research and Designing Institute for Rare and Radioactive Metals (I.C.P.M.R.R.). This is
achieved through the following measures:

• systematic monitoring of the environment in all the units of Autonomous Regie for Rare
Metals through fixed points of surveillance and periodical collection of samples;

• a ventilation and dosimetry unit follows the radiation exposure of the employees in the
working area;

• control of the health status of the people both in the working environment and in the
neighboring zones;

• installations for dust removal at the ore crushing, sorting and processing operations;
• each unit is equipped with washrooms for personnel and installations for washing the safety

equipment and transport vehicles;
• the general ventilation of the mining units is provided through ventilation stations sized so

as to ensure the radon concentration in the mine air is below the authorized maximum
permissible limits through dilution;

• each working place with dead-end is equipped with partial air circulation fans which
operate during the shift;

• for decontaminating the mine waters treatment plants were provided for Banat and Crucea
mines;

• for treatment of water from "R" plant settling pond, a decontamination facility was
provided.

The technological flow-sheet for the decontamination facility is based on retention of
uranium on ion exchange resin bed (sorption) followed by regeneration (elution) with sorption
of sodium chloride and sodium carbonate (eluant).

A special problem which has not yet been faced but will become a reality very soon is
related to the cessation of underground activities and abandonment by flooding of some
sectors of mines (Natra, Ciudanovja). The following aspects needs attention:

• accumulation of considerable volume of static water in the development, preparatory and
underground mine workings;
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loading of the natural waters with uranium and decay products of its family, agravated by
conditions prevailing underground;
depth of formulation of the rocks, their porosity, numerous fractures and microfaults which
facilitate uncontrolled circulation of water deep underground with the existence of the risk
of contamination of underground water table;
lack of hydrogeological studies and systematic analysis pertaining to circulation of the
underground water;
lack of experience in the settlement of all the problems connect with closure of a mine in
compliance with international regulations.

7. RESTORATION PLANS FOR THE ENVIRONMENT IN THE IMPACT ZONES
OF THE URANIUM EXTRACTION AND ORE PROCESSING ACTIVITIES IN

ROMANIA

7.1. TECHNICAL ASPECTS

The problems regarding environmental restoration have at present other dimensions as
compared to those of the past decades when the maximization of product output was of
priority and the aspects connected with environmental protection were treated as less
important. In order to eliminate the risk of radioactive contamination with long term effects in
the field of uranium extraction and processing it is necessary to intensify the efforts and to use
appropriate technologies for diminishing these adverse effects. In this connection elaborate
short and long term plans or programmes need to be drawn up, to be financed both from
Romania's own resources and more importantly from some international bodies who have
commitments to the aim of such programmes.

Taking into account the complexity of the problem and the incipient stage of this
activity in the field of uranium ore mining and milling in Romania it is proposed to carry out
studies and prepare documentation to help develop a suitable strategy recognizing the ground
realities and in compliance with international norms, in the following lines:

• technological studies and research for establishing the most effective methods of
decontaminating the radioactive liquid effluents (mine waters, waters from the plant);

• studies for environmental rehabilitation of all the mines and geological research with the
objective of identifying the tasks to be executed (a feasibility report was drawn up in 1995);

• analyses on environmental impact for all the rehabilitation programmes with
characterization of each zone (mines closure, removal of installations, preservation of the
stock-piles, etc.);

• research on the evaluation of the exposure to population in the rehabilitation zones: sources
of contamination or radiation, radionuclides of relevance, transportation pathways and
affecting environmental factors;

• delineation of critical groups of the population;
• establishing criteria for selection of the objectives and the zones to be rehabilitated;
• experiments for establishing procedures for covering the stock-pile and soil studies on the

migration of the radionuclides and other pollutants to the underground water table;
• studies for establishing the conditions for utilization of waste, buildings, equipment and

material originating from the uranium mines;
• establishing the criteria for ecological rehabilitation of uranium ore extraction and

processing facilities;
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• establishing the maximum permissible limit for the exposure to nuclear radiations of the
population from the critical group in the zones where environment is to be rehabilitated;

• establishing the permissible limits for decontaminating different soils - agricultural soil,
pastures, forests;

• establishing the concentrations permissible in the underground water table for radionuclides
belonging to uranium and thorium family as well as other pollutants accompanying the
radioactive ores;

• establishing the criteria for radiological and chemical characterization of the zones affected
by radioactive and other pollutants (As, Cu, Zn, Pb, Ni);

• drawing up of the control and monitoring methodology for the activities in the uranium
field, at the units in operation and at the units which are or being closed;

• working out value of investment necessary for achieving the new objectives on environment
protection and rehabilitation.

For the implementation of the environmental rehabilitation programmes, a lot of
technical and administrative support measures are necessary, such as:

• setting up within RAMR structure of a workshop for executing environmental restoration
operations (Fig. 1);

• setting up laboratories for specialized technological studies, research and for the
environmental control (monitoring) including the equipment for radiological protection;

• necessary equipment and ecological rehabilitation techniques, decontamination facilities,
transport means, etc.
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Fig. 1 Implementation system of the programme for environment restoration to Autonomous
Regie for Rare Metals
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Taking into account that the main sources of pollution are the radioactively
contaminated waters, the mill tailings, low grade ore stock-piles and the settling ponds from
the sites of the ore processing plants, the environmental protection and rehabilitation works in
the areas affected by the activities of RAMR's units, should consist of:

(a) Mining sites

• collection of rain waters from the low grade ore stock-piles and of the mine waters and
their joint decontamination in suitable facilities;

• protection of the mill tailings and low grade ore stock-piles;
• land reclamation;
• closing some sectors of mines.

(b) Platform of "R" Feldioara plant

• strenghtening of the protection dams (impermeabilization) and settling ponds;
• improvements in the efficiency of decontamination facility for residual waters, including

retention of Ra-226;
• reduction of the contamination potential of the existing settling pond after removal of

uranium contained in it;
• restoration (covering, plantation, etc.) of the waste stock-pile after removal of uranium

from the existing settling ponds.

Along with the above, medium and long term monitoring of the respective areas after
completion of the restoration works is envisaged. In the framework of the rehabilitation plans
for the environment related to the mining zones it is proposed to examine the possibility for
utilizing the wastes of uranium ore, especially those with radioactive elements at natural
background level (development of roads, railways, open or closed constructions, etc.) and find
solutions for implementation. Taking into account the actual situation regarding uranium
mining in Romania, the programme of environmental protection and rehabilitation has as top
priority, two components of highest importance namely:

• programme of development for restoring the land of the former uranium open pit from
Bihor Mining Complex to the original condition, and

• programme of closing some sectors of the mines belonging to Banat Mining Complex,
Dobrei-Sud, Ciudanovifa (Fig.2).

7.2. ECONOMIC ASPECTS

In the framework of the feasibility report drawn up in 1995 by the Design and
Research Institute for Rare and Radioactive Metals-Bucharest concerning environment pro-
tection and ecological works in the areas with geological, mining and milling activities of the
Autonomous Regie for Rare Metals costing of these activities were carried out based on which
the total financial requirement is estimated at USD 11.7 m. The breakdown is indicated in
Table 7.

The physical works taken into account in this stage include the following:

• support walls: 6,400 m;
• rain water collecting trenches: 48,675 m;
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stock-piles consolidations: 10,850 m;
arrangements of brooks: 1,300 m;
absorption shafts: 940 m;
resin plantations: 142,450 m2;

.2.plantations of trees: 5,600 m;
grass plantations: 378,810 m2;
radioactive decontamination stations-module: 6 numbers.
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Fig. 2 Programme for closing an uranium mine

TABLE 7. EVALUATION OF INVESTMENTS NECESSARY FOR ENVIRONMENT RESTO-
RATION WITHIN R.A.M.R. (THOUSAND USD)

Time-
schedule

Year l
Year 2
Year 3

TOTAL

Crucea
M.C.
1,000
1,036
342

2,378

Bihor
M.C.
1,178
1,250
442

2,870

Banal
M.C.
1,430
1,430
575

3,435

Unit
Tulghes.

715
715
370

1,800

Alba Iulia

160
178
30
368

"R" Plant

285
357
198
840

TOTAL

4,768
4,966
1,957
11,691
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8. CONCLUSION

From the situation described, regarding the environment pollution level in
the areas affected by more than 30 years of activities pursued by RAMR in the field of uranium
which included geological investigation, mining and milling of uranium ore, the following
activities and their priorities for the programme of environmental remediation are identified:

a) Activities where the operations have ceased among which we mention could be made of:
Natra mine belonging to Banat Mining Complex with a depth of more than 750 m;
Bai^a open -pit within Bihor Mining Complex;
about 160 waste stock-piles or low grade ore located in 10 counties;
geological investigation and mine workings, abandoned or placed under surveillance in 3
basins, Banat, Bihor and Eastern Carpatians.
b) Activities where the operation is on with high potential for environmental pollution, include
among others:
Feldioara milling plant, with a settling pond of about 5 million tons and approximately 1
million cubic meters of used water;
Bihor Mining Complex with its 2 mines Avram Iancu and Baiba;
Banat Mining Complex with its 3 mines in operation;
Crucea Mining Complex with 2 mines in operation;
Geological investigation and mine workings located in Eastern Carpatians, Apuseni Mountains
and Banat Mountains.
c) -Activities in which the prospects of reduction or cessation of operations is visualized for
the near future, which include among others:
closing of Ciudanovja and Dobrei mines with depths of over 700 m within Banat Mining
Complex;
closing or reduction of activity of the mines located in Bihor basin.

Regarding the strategy for reducing environmental pollution and
implementing environmental restoration measures in the near future a programme for the next
3-5 years has been drawn which includes the following:

• continue to identify the affected zones and evaluate the radiological risk of pollution
sources;

• establish the conditions to be created when closing major nuclear activities (mines, plants,
geological investigation roadways);

• evaluate the quantities of ore existing in various stock-piles and storages and establish
procedures for recovering uranium in case it is economical;

• develop schemes for decontamination of radioactive liquid effluents;
• establish compatability of safety norms with international norms and practices;
• take steps for implementing concrete measures for environmental rehabilitation and

landscape restoration;
• organize special task groups within RAMR, specialized in execution of environmental

restoration works;
• monitor to maintain continuous control on environmental pollution both for radioactive and

other pollutants with a view to take steps to reduce the ecological impact.

The first stage of the feasibility study confirmed the concerns and the role
of RAMR which was elaborated in the report "The works for environmental protection and
ecological restoration in the areas with geological, mining and milling activities within RAMR"
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which was approved by the Government and estimated at about 12 million US$. The necessary
funds will be provided by financing from the state budget and from RAMR's own sources as
well as by attracting foreign sources (PHARE programme).

The works envisaged mainly consist of:

• setting up radioactive decontamination facilities for the mine and industrial water wherever
they exist;

• stock-piles consolidation;
• impermeabilization;
• water channeling;
• land levelling, covering with soil, plantation and reclaiming for the forest cultivation;
• extension of the settling pond of the milling plant and safety upgradation for the existing

pond;
• setting up laboratory for studies and research in the field of radiological protection;
• mobilize units specialised in environmental restoration with equipment and facilities

specific to decontamination and transport;
• preparation of design documentation for the execution on site of the proposal.
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