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Remediation and upgrading of old, inadequate waste management facilities
"Integrated waste management system for rare earth and rare metal industry at Sillamae,

Estonia, former uranium facility"
(Authors: Dr. Tonis Kaasik, Anti Siinmaa)

The Sillamae Metallurgical Plant was built in 1946-1948 at Sillamae, in North-East
Estonia, ca 190 km from Tallinn.

Target product was uranium, mostly in form of yellow cake (U3O8) for Soviet nuclear
program. Uranium ore processing continued from 1948 to 1977, totally 4,013,000 tons of
uranium ore were processed at Sillamae plant.

In early 1970s the plant introduced a new production line - rare earth elements. Rare
earths were until 1991 produced from loparite (later from semi-processed loparite) - rare
earths, niobium, tantalum and NORM-containing ore for Kola peninsula, Russia; later.

All wastes were, as typical to hydrometallurgical processing all over the world,
discharged to a large, 40 ha liquid waste depository - tailings pond, what in Sillamae case was
designed to discharge all liquid constituents slowly to the Baltic Sea.

All uranium related activities were stopped in 1990, when only rare earth and rare
metal production lines remained operational.

The plant was 100 % privatized in 1997 and is today operated by Silmet Ltd.,
processing annually up to 8 000 tons of rare earth and 2000 tons of niobium and tantalum
ores.

Like all industries, inherited from Soviet times, Silmet plant is today facing a serious
challenge to upgrading technologies towards waste minimizations process efficiency.

The historical tailings pond, containing ca 1800 tons of natural uranium and ca 800
tons of thorium, was found geotechnically unstable and leaking to the Baltic Sea, in mid 90s.

Being a problem of common Baltic concern, an international remediation project was
initiated by Estonian Government and plant operator in 1998.

In cooperation with Estonian, Finnish, Swedish, Danish and Norwegian Governments
and with assistance by the European Union, the tailings pond will be environmentally
remediated — dams stabilized and surface covered, by end of 2006.

Close-down and environmental remediation of the tailings pond provides plant an
ultimate challenge of discontinuing the use of liquid waste depository and re-arranging
completely entire waste management system. One of the most complicated and not yet
properly regulated areas is radioactive waste management. The Silmet waste is unique in
terms of radioactive waste categorization and applicable regulations. The reason being that its
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radioactivity levels is above NORM waste but below many TENORM radioactivity levels.
How the waste will be treated from a regulatory standpoint has yet to be determined. A
conceptual design of Silmet's Integrated Waste Management System defines 'cold top'
vitrification technology as the best which converts all hazardous waste and reduces
radioactive waste volume by approximately 50% and renders it inert and immobile in the
environment. Waste material vitrification involves combining glass-forming compounds with
the waste to be treated in a melt chamber heated to a temperature of 950 to 1,350 °C. Organic
compounds within the waste stream are destroyed or encapsulated with the glass matrix.
Metals and radionuclides present in the waste are combined within the glass matrix. Unlike
solidification/stabilization, which greatly increases final waste volume, this technology
significantly reduces the final waste volume, similar to incineration. The resulting glass
matrix is the most durable waste form currently known. In fact, the U.S. Environmental
Protection Agency has labeled this technology the best demonstrated available technology
(BDAT) for high level radioactive waste.
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