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Abstract

Quick launch of the nuclear program was a high priority for the Soviet military, as a uranium
production plant installation was started at Sillamae, Estonia, in 1946. Estonian local ore -
alum shale - containing only 0.03 % of uranium was used for uranium production for nearly
five years, after the plant was launched in 1948. Altogether more than 4 million tons of ore,
imported mostly from Central and East European countries (Czechoslovakia, Hungary and
Eastern Germany) were processed at Sillamae. These activities have left a large tailings
impoundment with the total volume of ca 8 million cubic meters in the immediate vicinity of
the Baltic Sea.

Today the plant is privatized, converted to civil purposes and provides ca 1200 jobs in the
socially sensitive area of North-East Estonia, while environmental hazards from the past;
however, remain:

- continuous seepage of tailing waters into the sea contributes and would contribute over
long term to the pollution of the Baltic Sea;
stability of the tailings dam seaside under present conditions can not be guaranteed
thus risking a sudden release of partly liquid tailings due to potential dam failure; and
uncovered surface of the tailings presents a health hazard due to dusting and radon
release and hinders the revitalization of the area.

The conceptual design of the Estonia's largest environmental project is now complete, the
completion of practical remedial works by the end of 2005 will render Sillamae project a
pioneer among Central and East European restoration projects of this character. This paper
presents characteristic features of Sillamae remediation project, planning the use of best
technical solutions, especially considering the vulnerability of geotechnical stability.

Background

The Sillamae Metallurgical Plant was built in 1946 through 1948 to meet needs of Soviet
nuclear program. Since the plant's startup until early 1950s, local Estonian alum-shale,
containing about 0.03% of uranium, was processed; later the production was switched to
richer ores from Central and East European countries. Uranium ore processing continued to
1977 with approximately 4,013,000 tons of uranium ore being processed at the plant. Since
the late 1970s to 1990, the plant refined nuclear fuel (enriched uranium) produced in Russian
plants.

Until 1959, when the tailing pond was established, the waste from the processing was
transported to a marine terrace nearby the plant and stored just on the surface. The tailing



pond located at the shore of the Finnish Gulf has been constructed on a slope, consisting of
several layers, tilted into the direction of the sea. The pond covers an area of approximately
330,000 m2, with a built-up height of about 25 m.

The tailing pond contains about 12 million tons (about 8 million m3) of waste. Based on
estimates the pond contains the following substances; 6.3 million tons of uranium processing
residuals and 6.1 million tons of oil-shale residue and waste from processing of loparite.
These wastes contain some 1,830 tons of pure uranium and 850 tons of thorium. The total
amount of radium is estimated to be 7.8 kg, corresponding to 2.9 x 1014 Bq of 226Ra.

Environmental Concern

Measurements show that the dam of the tailing pond is sliding down along a layer of clay into
the Baltic Sea. The waves of the sea, at high tides and in bad weather, attack the foot of the
dam. This attacking might enhance the sliding of the dam or vice-versa. Stabilising the dam is
necessary to prevent a collapse of the dam and subsequent landslide of the total tailing pond
into the Baltic Sea.

A second problem with the pond is that it is not a real pond, but more a large-scale filter.
Water entering the pond moves rather quickly into the sea through a gravel layer located at the
bottom of the pond.

The current operator of the plant facilities - Silmet Group Ltd - is now planning a new waste
management system. However, it is allowed to discharge about 150,000 - 180,000 m3 of
today's wastewater into the pond, until the end of year 2002.

Rain water and wastewater seep through the tailing pond. This seepage water results in a
continuous flow of various pollutants to the Baltic Sea in the order of 16 - 34 tons of
pollutants per day. The annual discharge of nitrogen from the tailing pond and the factory is
about 1,200 tons making it one of the largest sources of nitrogen discharges to the Baltic Sea
in Estonia.

Remediation Planning

After the end of Soviet period, Sillamae appeared to be in a unique position; the country,
responsible for creating the environmental damage no longer existed. At the same time it was
obvious that Estonia remains responsible for its entire territory, including previously
contaminated sites, what may be an environmental and financial liability caused by somebody
else. This has been the reason why the Government of Estonia has agreed to carry a
substantial part of the responsibility for the remediation of the tailing pond, although the plant
had meanwhile been privatised. It was also clear that Estonia was not able to solve the
problem itself, because of the lack of pertinent experience and funds for the financing of this
project. Without considerable support from the European Union and bi- and multilateral
donors this international environmental problem could not be solved.

For actual initiation and direction of the Sillamae radioactive tailing pond remediation, the
Government of Estonia and the Silmet Group established a new joint stock company - Okosil
Ltd - 35% of which is owned by the Government of Estonia and 65% by the Silmet Group.
The main task of Okosil is the decommissioning and environmental remediation of



radioactive tailing pond and other contamination in the territory of the same uranium
complex, it was foreseen that OkoSil will act as the project co-ordination and implementation
agency for all remediation steps.

As for the first practical step, an application was submitted to the European Union Phare (aid
program for Central and East European Countries) program in 1997, to seek financing of the
tailing pond remediation conceptual and detailed planning, in a framework of a Central and
East European environmental pilot-project. The pilot project was entitled "Concept and
Design of Reshaping and Covering the Sillamae Radioactive Tailing Pond, Particularly in
Relation to Dam Stability Problems". The international tender for the planning phase of the
remediation was won by an experienced German state company, Wismut, Ltd.

Remediation Concept

The concept of the Sillamae tailing pond remediation as well as detailed engineering for the
first phase of work - "Initial Measures" - was complete and presented to the Estonian
Government and the Silmet Group in March 1999.

The concept for the Sillamae radioactive tailing pond remediation foresees the following steps
to be taken:

shore protection,
dam stabilization,
control of the ground water inflow from hinterland, and
reshaping, contouring and covering of the tailings.

The concept of the remediation is based on both global knowledge and Wismut particular
experience, obtained in the remediation planning and implementation at the world largest
uranium mining and milling site at Chemnitz, in the former East Germany.

Technical Solution

Technical solutions are site specific, selected after thorough screening and evaluation for each
of the above described remediation steps:

1. Shore protection - construction of the shore protection embankment that will consist
of a gravel dam (2 to 3 m above sea level) with granite reinforcement sea-side, along
the entire shoreline that is endangered by wave activity;

2. Dam stabilization - placement of the pile grillage on the coast, sea-side of the dam.
About 700 reinforced concrete piles of the 0.6 m diameter and 12 to 20 m length will
be placed into pre-drilled boreholes;

3. Control of the ground water inflow - construction of the concrete-bentonite-clay
diaphragm wall with the width of ca 0.6 m and length of ca 800 m, preventing ground
and surface water inflow from the hinterland (opposite to the sea-side);

4. Reshaping, contouring and covering of the tailings - the minimal reshaping of the dam
by cutting off the crest of the dam, combined with shallow valley contouring of the
tailing pond surface and a multi-layer final cover. Shallow valley contour means that a
series of small watersheds are created on top of cover surface, each of which are
drained in a different direction.



5. Interim cover with the depth of 1 to 2 m will be placed on top of the tailings to even
the tailings surface and apply pressure to de-water the tailings. The final cover will be
of a multi-layer "sandwich" type, with non-permeable, flexible sealing layer (most
likely clay), a 1 to 1,5 m frost protection layer and a 0.5 m vegetation layer.

With the start of practical implementation in autumn 1999, the total duration of the
remediation project is estimated to be approximately 6 years, with work being finished by the
end of 2005.

The estimated total cost of the favored set of options is ca USD 20 million.

The tentative financing scheme is based on a projected cost with the following elements:
Estonian Government grant;
Grants from bilateral donors - Denmark, Finland, Norway, Sweden;

- Grant from the Nordic Environment Finance Corporation (NEFCO);
- Loan from Nordic Investment Bank (NIB); and
- European Union grant.
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