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Abstract. In Romania, all operations in the nuclear field, including uranium mining and milling, are regulated by
Law no. 111/1996 (republished in 1998), regarding the safe conduct of nuclear activities. These activities can be
performed only on the basis of an authorization released by the national regulatory authority, i.e. the National
Commission for Nuclear Activities Control. The specific requirements which must be carried out by the owner of
an operating licence for a uranium mining and milling operation are stipulated by the Republican Nuclear Safety
Norms for Geological Research, Mining and Milling of Nuclear Raw Materials. These regulatory requirements
have been in force since 1975. The regulatory norms include provisions that the effective dose limit for workers
should not exceed 50 mSv/year and also that liquid effluents released into surface waters must have a content of
natural radioactive elements that meets the standards for drinking water. The norms do not contain provisions
concerning the conditions under which the mining sites and the uranium processing facilities can be shut down
and decommissioned. The norms also do not contain requirements regarding either the rehabilitation of
environments affected by abandoned mining and milling activities, nor criteria for the release of the rehabilitated
sites for alternative uses. To implement the provisions of Council Directive 96/29 EURATOM in Romania, new
Fundamental Radiological Protection Norms have been approved and will soon be published in the "Monitorul
Official" (Official Gazette of Romania). One of the main provisions of these norms is the reduction of the
effective dose limit for the workers to 20 mSv/year. Changes in the Republican Nuclear Safety Norms for
Geological Research, Mining and Milling of Nuclear Raw Materials, are also planned; these changes will be
consistent with the Fundamental Radiological Protection Norms. To cover existing gaps, the new norms for
uranium mining and milling will include: (1) closure conditions for mines and processing facilities, requirements
for the rehabilitation of environments affected by abandoned mining and milling activities and (2) criteria for the
release of remedied facilities and materials for future use. In addition, the new Norms will contain more flexible
provisions regarding the release of the liquid effluents from uranium mining and milling into surface waters.
These provisions will link the permitted contents to the dose constraints and the category of the receiving water.

1. INTRODUCTION

In Romania, the mining of uranium ore started in 1953 at an important uranium deposit, located near
Baita Plai in Bihor County.

The mine was worked for about 10 years; it was operated by the Romanian-Soviet society
SOVROMKVARTIT. During this period geological prospecting and exploration were carried out in
all the areas in the country with a geological structures favourable to uranium mineralization. This
exploration discovered important uranium deposits in the Banat area, which were partially exploited
by the same society. All of the high-grade ore, extracted between 1953-1963, was exported to the
Soviet Union; both the low-grade ore and the mine waste rock remained at the mine site.

These activities, which had an important negative impact on the environment, developed over about
20 years because there were no specific national legislation to regulate uranium mining activities.

hi 1968, a national authority was established to regulate all nuclear activities in Romania. It issued the
first regulations (Law no. 61/1974), regarding the safe development of the nuclear activities. Law
61/1974 emphasized the general development procedures for the nuclear activities, it established the
principles for monitoring environmental quality and it designated the state institutions that have
monitoring responsibilities.
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Specific regulations for the uranium mining and milling were issued in 1975, when the Republican
Nuclear Safety Norms for Geological Research, Mining and Milling of Nuclear Raw Materials [4]
went in force.

2. CURRENT REGULATORY FRAMEWORK

At the present time, all the nuclear practices in Romania are regulated by Law no. 111/1996
(republished in 1998) [1]. It replaced Law 61/1974. Uranium mining and milling still develops under
the conditions specified by the specific norms [4] and the Republican Nuclear Safety Norms and the
Republican Radiation Protection Norms [7] which went in force in 1975 and 1976 respectively.

The main provisions include the following:

— effective dose limit for the workers exposed to radiation is 50 mSv/year;
— effective dose limit for the general public is 5 mSv/year;
— there are no limits provided for apprentices and students;
— the maximum admissible limit in the air for the equivalent equilibrium concentration of 222Rn

(for professionally exposed people) is 0.3 -10~10 Ci/dm3 (1.1 Bq/dm3);
— the maximum admissible limit in the air for 222Rn, for the general population is 0.03-10~10

Ci/dm3 (0.11 Bq/dm3); this limit includes the decay products of 222Rn;
— liquid effluents released by the mining and milling facilities are considered radioactive waste

if their natural radioactive elements content exceeds 10 times the admissible limits for
drinking water;

— the discharge of effluents which contain natural radioactive elements into lakes or streams is
prohibited if the concentrations exceed admissible limits for drinking water.

Table 1 shows a comparison of the admissible concentration limits for natural radionuclides in liquid
effluents that can be released into streams in Romania, Germany, the U.S.A. and countries that have
adopted the International Commission on Radiological Protection (ICRP) specifications. These data
are consistent with PHARE ZZ 9725 ("Underground Mine Rehabilitation Ciudanovita Romania" by
Dames & Moore) [5]. Table 2 lists the permissible radionuclide concentrations for drinking water,
and Table 3 shows a comparison of the concentration limits for radionuclide elements in air.

TABLE I. EFFLUENT RELEASE LIMITS FOR RADIONUCLIDES

Country

Romania
Germany
USA

Unat.
(mg/1)
0.021 (L)
2.0 (L)
2.0-4.0 (L)

Th-230
Bq/1
0.04 (L)
n.a.
n.a.

Ra-226
Bq/1
0.088 (L)
0.3 (L)
0.185 (L)

Po-210
Bq/1
0.136 (L)
n.a.

L - maximum admissible limit
n.a. - this value was not available and/or it is not known whether it exist in the legislation

TABLE II. CONCENTRATIONS LIMITS FOR RADIONUCLIDES IN DRINKING WATER
Country

Romania
Germany
USA
ICRP

Unat
(mg/1)
0.021 (L)
0.28 (L)
0.015 (L)
n.a.

Th-230
Bq/1
0.04 (L)
n.a.
n.a.
n.a.

Ra-226
Bq/1
0.088 (L)
0.7 (L)
0.185 (L)
0.37 (L)

Pb-210
Bq/1
0.025 (L)
n.a.
n.a.
n.a.

Po-210
Bq/1
0.136 (L)
n.a.
n.a.
n.a.

L - maximum admissible limit
n.a. - this value was not available and/or it is not known whether it exist in the legislation
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TABLE III. CONCENTRATIONS LIMITS FOR RADIOACTIVE ELEMENTS IN AIR

Country Rn-222 Unat

(Bq/m3)

Thnat

(Bq/m3)

Ra-226

(Bq/m3)

Specific Activity of
Radioactive Contaminated
Dust,
(Bq/m3)Bq (m3)

Romania
Occup. 3700 2.2 1.11 1.11 n.l.

1110
(RN daughter)

Public 111 0.07 0.03 0.111 n.l.
Australia
Occup. 1221 5.31 11.48 n.a. n.a.

(Rn daughter)

Public n.a. 0.18 0.36 n.a. n.a.
ICRP
Occup. 1000 n.a. n.a. n.a. n.a.

Public 400 n.a. n.a. n.a. n.a.
L - maximum admissible limit; R - recommendation
n.l. - this value does not exist in the legislation
n.a. - this value was not available and/or it is not known whether it exists in the legislation.

As illustrated in Table 1 the current provisions in Romanian legislation are extremely stringent for the
natural radioactive element content of liquid effluents from uranium mining and milling that are
released into surface water. The severity of the conditions for the release of the liquid effluents into
the environment is due to the fact that the specific norms [4], state as follows: "do not release into
open pools or water flows the effluents which contain natural radioactive elements in concentrations
higher than the maximum admissible concentrations for the drinking water", but do not specify the
values. It is obvious, however, that the norms refer to the maximum admitted concentrations for the
drinking water, in force in 1975, when the specific norm [4] was issued. Meanwhile the admissible
limits for the drinking water have been significantly reduced. The current norms are 30 times lower,
but the link between these norms and the limits for release of the liquid effluents from uranium
mining and milling into the environment is still in force. It should also be noted that the current
legislation does not address the difference between the requirements for the drinking water and the
permissible radioactive element content for other categories of water such as streams or lakes.

Norms [4] define the characteristics that the liquid effluents from the uranium mining and milling
must have in order to be considered radioactive waste. These norms follow the drinking water
specifications that existed when the Norms were issued. To be considered as radioactive waste, the
concentrations must be 10 times the admissible limit for drinking water, and if below these limits the
effluents can be released into a public sewerage system. This provision, however, is not applicable in
Romania, because the uranium mining and milling operations are located in isolated areas, which have
no access to public sewerage systems.

For the drinking water, the admissible limits for the natural uranium and 226Ra are comparable to those
in countries with more flexible legislation and important uranium mining and milling activities.

It is obvious that these regulatory provisions concerning the admissible limits for liquid effluents
released from the uranium mining and milling cannot be achieved with the current technical
equipment in Romania. These limits result from their linkage to the standards for drinking water,
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which currently have changed considerably since 1975, when the norms issued. Actually, the
accomplishment of these criteria is not economically and socially justified. It would be useful if the
new Republican Safety Norms for Mining and Milling of Nuclear Raw Materials adopted more
flexible admissible limits for the liquid effluent discharge from these activities.

Another characteristic of the Romanian legislation is the total absence of provisions for the
rehabilitation of areas contaminated with radioactive waste from existing or past mining and milling
of radioactive ores.

The rehabilitation of these areas is important for Romania because the area covered with uranium
mining and milling residues is larger than 1000 ha and is located in nine counties. Over 6 million m3

of mine waste is stored in about 150 dumps a significant portion of these dumps is made up of rock
containing 0.008-0.05% U.

The uranium milling operations have produced about 6 million tons solid radioactive waste with a
total activity of about 110 GBq; these wastes are stored in tailing pounds.

Abandoned and operational mines discharge about 10 000 m3/day of mine water containing up to
3 mg U/l and 0.2 Bq Ra/1. Most liquid effluents are treated before being discharged into the
environment. After treatment, their average content is 0.2 mg U/l.

This milling facilities produce an effluent flow of 4000-5000 m3/day that contains up to 7 mg U/l and
0.5 Bq Ra/1.

Since important quantities of radioactive waste are produced from both current and abandoned
radioactive mining activities, the new Norms for radioactive ore mining and milling must provide,
updated rehabilitation requirements for the abandoned areas contaminated with uranium mining
residues.

3. MAIN CHANGES AND ADDITIONS WHICH ARE TO BE MADE TO THE
ROMANIAN REGULATORY FRAMEWORK FOR REGULATION OF URANIUM
MINING AND MILLING

The new Fundamental Radiological Protection Norms [2] have been approved and will become
effective in September 2000, after being published in the "Monitorul Oficial" (Official Gazette of
Romania).

The Norms must comply with the requirements of the Council Directive 96/29 EURATOM [3] and
must provide elementary safety standards for the health protection of both workers and the general
public against the dangers arising from ionizing radiation.

According to the draft norms, the dose limits are modified as follows:
(a) for radiation workers

(i) the limit for effective dose will be 20 mSv/year;
(ii) the limits for equivalent dose for the eye lens, skin, hands, forearms, feet and ankles

will be as specified in the Council Directive [3].
(b) for apprentices and students, as well as for the members of the general public, the dose limits

will be as specified in the Council Directive [3].

The only major change is that the effective dose for radiation workers is more restrictive, because
there is no possibility to spread this limit over five years.

The National Commission for Nuclear Activities Control in Romania considers that it will not be
difficult to comply with the new limits except at some uranium mining activities, in which the mean
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effective does for the most exposed workers is 45 mSv/year. Even when the closure of old mines is
taken into account, the mean effective does for the most exposed workers in operating mines remains
at 35-40 mSv/year. If mine ventilation is improved, this exposure could be reduced towards
30 mSv/year. Further reduction would result if the present conservative dose-assessment procedures
are modified. Finally, if additional actions are required to comply with the 20 mSv/year dose limit, the
rotation of workers between posts with different exposure rates will be implemented.

The above actions will require about 3-4 years for full implementation. During this period, even
though the new norms will become fully applicable one year after being issued, the regulatory
authority will treat the mining activity of the most exposed workers as a situation that justifies special
authorized exposures. The reason of this waver, which is permitted by the draft norms [3] is that the
Romanian mining activity is considered hard work and the miners retire earlier. Therefore, the life
time dose for the most exposed worker will be significantly lower than the dose for a normal
European radiation worker. Even taking into account that the doses are received at younger ages, the
expected reduction in life expectancy will be less than that anticipated by the Council Directive [3].

Regarding the closure of uranium mines, the interpretation of the regulatory authorities is that the
decommissioning activity shall be carried out as a component of the overall mining operation.
Therefore, the provisions of the nuclear law and regulatory norms are applicable.

The requirements that must be fulfilled by the owner of authorization for mining or milling are
stipulated by the nuclear safety norms for mining and milling [4]. The norms have to be updated, in
order to be consistent with the fundamental radiological protection norms [2].

According to these norms [2], a proposal for the derived emission limits must be initiated by the
holder of license and approved by the regulatory authority. These limits must ensure full compliance
with the dose constraints for members of the public. For example, for the closure of a mine, the
regulatory authority plans to impose a constraint of 0.2 mSv/year (or less if the collective dose is too
high) for each individual within the critical group. Similar constraints are applicable for the operation
of mines. This constraint is based on the 10"5/year standard for an increased frequency of cancer for
an individual. These constraints, which are based on a probabilistic risk assessment can be released
under some conditions for liquid releases. Currently these releases linked to the standard for drinking
water, which is a very rigorous requirement, because the receiving water is generally of lower quality.
The requirements for the maximum permissible radioactivity in drinking water remain valid for this
category of water. The standards for other categories of water must include standards for
radioactivity. Therefore, the emission limits mentioned above must take into account the requirements
for both the dose constraint and the observance of the limits established by the standards for the
various categories of the receiving waters.

The new norms for uranium mining and milling will specify the radiological protection principles
required for the use or release of contaminated areas, buildings, sites or dumps from uranium
facilities. This approach will cover the gap in current legislation regarding these activities. The
standards and procedures will follow the Recommendations of the German Commission on
Radiological Protection [6].

The new norms for uranium mining and milling will recognize the difference between abandoned
mines and those closing or to be closed in the near future.

Therefore, to consider the rehabilitation of the uranium mining sites after closure as an intervention
only those mines abandoned in the past will be accepted. This procedure follows the provisions of the
established norms regarding past practices.

For abandoned mining sites, which have long-lasting exposures resulting from past operations the
intervention will be based on dose limits or constraints but on the optimization of radiation protection.
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When the radiation source, the exposure pathway and exposed individuals are still present at an
abandoned site, the radiological protection norms for intervention must be applied. A single
remediation procedure will be justified only if the advantages exceed the disadvantages associated
with that procedure. Optimization of the intervention will consist of adopting those measures that
produce the maximum benefit at the lowest cost. This remedy must take into account both the
economic, social and social economic aspects. Also, the measures must consider the potential
environmental consequences from sources other than radionuclides. When remediating abandoned
sites, the dosage levels for unrestricted use will be used in order to minimize the individual radiation
exposure.

Due to both the magnitude of the consequences of uranium mining and milling and the limited
availability of financial resources, the remedial action must not be taken until the question of future
use has been decided. A decision might include, for example, use as an industrial site or park, which
can be achieved even with the "null-option" that requires no particular remediation measures. All
options must be considered including cleaning procedures which will provide alternative measures for
each potential use.

Generally, at abandoned mine sites, an effective dose level of 1 mSv/year will be required before
unrestricted use of contaminated areas, building, and dumps is approved. This dose will be in addition
to the natural background exposure. These remediation criteria follow those recommended in the USA
[GILB 85] and Canada [SENE 87], For unrestricted use of the soil, an average level of 0.2 Bq/g will
be used for radionuclides from the 238U series, which includes 226Ra.

The new norms for uranium mining and milling will provide detailed procedures and requirements on
how to determine the degree of contamination (depths and areas for measurements, the density of the
measurements, the maximum admissible values etc.).

In the case of the mines which are closing, the remediation activity will be designated as
decommissioning rather than intervention, and the norms will require a supplementary dose limit of
0.2 mSv/year or even lower if the collective dose is too high.

For the unrestricted use of the reusable equipment and devices a limit of 0.05 Bq/cm2 total alpha
activity will be established.

The new norms for uranium mining and milling will define the radiological release requirements for
individual sites, materials and facilities as follows:

— Radiological protection principles concerning the release of scrap from closed uranium
mining operations;

— Radiological protection principles concerning the release for industrial use of areas
contaminated by uranium mining (the dumps and the tailings pounds are excluded);

— Radiological protection principles concerning the use for forest and agricultural purposes and
as public gardens (parks) and residential areas of areas contaminated by uranium mining (the
dumps and the tilling pounds are excluded);

— Radiological protection principles concerning the safeguarding and use of mine dumps;
— Radiological protection principles concerning the release of buildings for future commercial

or industrial use and the disposal of building debris from uranium mining and milling;
— Radiological protection principles concerning the release for general use of reusable

equipment and installations from uranium mining.
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