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Abstract 

In Sweden large but low grade uranium ore reserves are found in the district ofVästergötland. The total 
uranium content is estimated to be in the order of 1 million tons. A uranium mining and processing 
plant was taken into operation in 1965 and the capacity was designed for an Annual production of 1275 
tons of uranium. In 1984 the Swedish government made the decision to stop all plans for uranium 
production in Sweden and in 1985 it was decided that the whole Ranstad area should be restored. 
Through all the years of industrial activities at Ranstad, the environmental consequences have been 
studied. Today the environmental sampling programme is still in force to ensure that emissions and 
seepage from the mining area are below acceptable levels. 

1. INTRODUCTION 

In Sweden large but low grade uranium ore reserves are found in the district of Vastergotland. 
The ore is found in the extensive formations of alum shales and the area of interest covers about 500 
km 2. The thickness of the uranium ore layer is 2.5 to 4 meters and the ore grade 250 - 325 ppm. The 
total uranium content is estimated to be in the order of 1 million tons of which 30% is estimated to 
be recovered from the economical point of view. 

The interest for the exploration of the low grade uranium shales started in the early 50's. In 
the 60 's a 120 tons per year uranium mill was built in Ranstad. The plant was taken into operation 
in 1965. As the demand for domestic uranium at that time was small it was not justified to operate 
the plant at full capacity. The production rate was about 50% of full capacity during the years 1966 
to 68. 

2. PLANS FOR INDUSTRIAL U-PRODUCTION 

As time went by and the demand for natural uranium increased, it was recognized that the 
Ranstad uranium plant, as it was built, would be too small for covering the domestic requirements. 
This was especially clear as the production costs for the uranium produced at Ranstad at that time 
could not compete with uranium produced in other countries. 

New and more efficient processes were studied and in combination with results of a feasibility 
study a new mill with much higher capacity was considered. It was planned that the Annual production 
would be 1275 tons of uranium, and that it would be sufficient for a major part of the uranium 
demanded for the Swedish reactor programme. The amount of ore produced would be in the order of 
6 million tons per year. 

A combination of open pit and underground mining was planned for the first 15 years. The 
open pit mining was designed as strip mining with a capacity of 3 million tons of uranium ore per 
year. The capacity of the underground mining would at first be of the same order of magnitude and, 
as the open pit mining decreased, finally reach 6 million tons. 
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The planning for the Ranstad uranium factory continued through research and development 
until 1984. At that time the Swedish government made the decision to stop all plans for uranium 
production in Sweden and the Ranstad uranium license was cancelled. 

Until that date uranium had been processed for four years (1965 to 1969) and a total amount 
of 215 tons of uranium oxide had been produced. 

3. ENVIRONMENTAL IMPACT 

Through all the years of industrial activities at Ranstad, the environmental consequences had 
been studied. These studies include dose calculations as well as impact from non-radioactive elements. 

Measurements on Uranium and Radium content in water, water vegetation and sediments have 
been carried out as well as measurements on Radon exhalation and gamma radiation from different 
areas of interest. 

Water from the open pit area enters a small stream, Pösan. For the estimation of the 
radiological environmental impact water samples up-stream and down-stream are collected weekly 
and then analyzed for radium and uranium content. The same procedure is used for an other stream, 
Homborgarân. Water from the uranium production plant was collected in a special lake, "Collection 
lake" and later, after sedimentation, released to another lake,"Storage lake", before releasing to the 
recipient, Homborgarân. In Homborgarân uranium and radium contents in water vegetation, as well 
as in sediments, were measured. 

The results of the above mentioned measurements are presented in table 1. 

Table 1. 
Uranium Radium 

Bq/m3 Bq/m3 

Pösan 
up-stream 22-74 < 15 
down-stream 850 15 

Collection lake 37000 - 55000 <185 
Storage lake 370-1200 <7 - 74 
Homborgarân 
up-stream 100-520 1,5-30 
down-stream 110-370 4 - 2 0 

Vegetation Bq/kg Bq/kg 

Up-stream 9-85 7-37 
Down-stream 12-67 13-25 
Sediment 
Up-stream 55-140 50-110 
Down-stream 37 - 96 25 - 50 

Measurements on radon exhalation and gamma radiation were also made. Results are presented 
in table 2. 
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Table 2. 

Radon exhalation Gamma radiation 
mBq/s m 2 uSv/h 

New tailings - not covered 70 2,7 - 2,9 
Old tailings - not covered 140 2.5 
Covered with 1 m of soil 0.2 0.3 
Covered with 0.2 m of soil 0.7 - 1.5 0.2 
Untouched area * 0.3 - 11 0.1 - 0.2 

*average from four different locations 

In the early 70's a substantial leakage of heavy metals and sulphate had been observed from 
the tailings. The leakage water was collected and had to be purified before being released to recipients. 
Due to this, a more comprehensive monitoring programme was carried out for the control of the 
environmental consequences of releases from the tailings, as well as from the open pit mine. The 
content of radium and magnesium in water was the limiting element in this early recipient control 
programme. 

4. RESTORATION 

In 1985 it was decided that the whole area should be restored. The area consisted, except from 
the industrial area, of the former open pit mine and the uranium mill tailings. The restoration of the 
open pit mine was planned to result in a small lake with an area of 0.27 million m 2 and a total water 
volume of 1.3 million cubic meters. The mill tailings consisted of about 1 million cubic meters crushed 
alum shale, covering an area of 0.25 million m 2. 

During the years 1987 to 1989 studies on mill tailing passivation was performed and a 
restoration programme was worked out. The programme was presented to the county administration 
and accepted in 1990. 

As mentioned above, the open pit mine was to be transformed it into a small lake. Before 
pumping, the natural water flow was stopped, the bottom of the mine was covered by till to prevent 
the water to come in contact with the alum shale, thus reducing the leakage of pollutants to the lake. 

The plan for the mill tailing area was to cover the tailings with layers of different 
characteristics to minimize the infiltration of rainwater, as well as with oxygen, to reduce the 
weathering. The layer of tailings was between 6 to 10 meters, with a coverage of a up to 0.3 meter 
thick layer of moraine from earlier attempts of restoration. The whole area should then be covered 
by a moraine-clay mixture of 0.2 meters. On top ofthat, a 0.2 m layer, consisting of crashed limestone 
which in it's turn was to be covered by 1.2 meters of moraine. On top of everything, a soil-moraine 
mixture of 0.2 meters should be placed. 

In all, the protective layer should be in the order of 1.6 m, which was estimated to withstand 
the penetration of rainwater into the tailing masses. 

The restoration work started in 1990. The mill tailings were covered as planned and the open 
pit was transformed into a small lake. Old factory buildings, not in use, were demolished and in 1992. 
the covering was finished. In order to remove the last tracks of the industrial activities, landscaping 
was started, in order to make the whole area look natural. 
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5. FOLLOW-UP PROGRAM 

The aim of all restoration work is to minimize the environmental impact. It is therefore 
important to firstly, predict the effects of the restoration before the restoration is finished and secondly, 
after the restoration, have a follow-up programme, to ensure that the work has been successful. 

The follow-up programme now in force, is a result of discussions between authorities, local 
and governmental, and the contractor, Studsvik, used for the restoration work. The programme is a 
release- and recipient control programme and it includes water sampling and discharge measurements 
from a number of different sampling stations. 

The water samples for heavy metals analyses are collected every week. Furthermore, a 
physical-chemical program is performed once a month. In order to have a picture of the transportation 
of heavy metals from the tailings, as well as from the open pit area, a specific calculation programme 
(compartment model) has been established. 

REFERENCES 
[1] Ake Andesson and Gunnar Olsson: Uranium recovery from Swedish low grade 

bituminous shales. Studsvik AB, S-611 82 NYKÖPING, Sweden 

[2] Björn Sundblad: The restoration of the uranium mine area of Ranstad, Sweden. 
Studsvik AB, S-611 82 NYKÖPING, Sweden 

[3] Björn Sundblad and Yvonne Stiglund: Efterbehandling Ranstad - Utsläpps- och 
recipientkontroll (in Swedish). Studsvik AB, S-611 82 NYKÖPING, Sweden 

318 


