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Annex 4 

Possible means to manage and store the BKAB RPV  
and other Swedish large radioactive components  

by Leif Johansson, Barsebäck Decommissioning (in cooperation with SKB) 

1. Swedish decommissioning projects 

Beside a pressurised heavy water reactor in Ågesta that was permanently shut down 
in 1974, and two test reactors in Studsvik, that were permanently shut down in 2005, two 
BWR units in Barsebäck were permanently closed in 1999 and 2005, respectively. Both of 
the latter reactors, with 615 MWe each, have been prepared for a care and maintenance 
period awaiting dismantling, which has been planned as a joint five-year project starting 
in 2020 to be carried out according to the Swedish system, thus requiring the repository 
for dismantling waste to be operational before the demolition begins. The goal is for the 
Barsebäck site, together with its remaining buildings and equipment to be released for 
free use, after which the site owner shall be responsible to decide which will be the 
future fate of the buildings and land area as a whole. 

All decommissioning projects have to be co-ordinated by the Swedish Nuclear Fuel 
and Waste Management Company (Svensk Kärnbränslehantering – SKB) in conjunction with 
NPP owners, who are responsible for establishing the decommissioning strategy and 
taking care of the dismantling itself. On the other hand, the transportation, interim 
storage and disposal of spent fuel and radioactive waste from Swedish NPPs are the 
responsibility of SKB. 

2. Barsebäck NPP studies covering the examination and planning for the removal 
of  RPVS as single pieces 

One major part of the overall dismantling project involves the deconstruction of the 
reactor pressure vessel (RPV) and of its internals (RVI). In the case of Swedish NPPs, there 
are two major optional strategies for dismantling RPVs and RVIs: the first one is to 
segment the RPV and its RVIs, while the second is to remove the whole RPV without its 
internals. Barsebäck has chosen to even study a third option that covers removal of single 
pieces, including RVIs.  

The management of those components is crucial for planning future dismantling. The 
main objective of the studies is to form a basis to compare the time and cost required for 
various options, not only for Barsebäck itself, but also to provide input for SKB’s ongoing 
planning project to extend tunnels and caverns in the final repository for short-lived 
radioactive waste (SFR) and design of the final repository for long-lived radioactive waste 
(SFL), for future decommissioning waste. 

Feasibility studies on the third option include advantages and disadvantages by 
taking into consideration geometry, stress strength and lifting aspects, including 
different removal options and time schedules. Barsebäck has also added the required 
radiation shielding, appropriate means to secure and anchor RVIs and, finally, 
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transportation to the harbour. Six different alternatives for single-piece removal were 
studied, with the pros and cons listed for each of them. The outcome identified three 
methods (Figure 1), with the most promising ones being to lift the whole RPV with a crane 
and to remove it horizontally with a tower gantry, while the third was to lower inside the 
reactor containment. Based on the outcome of those studies, the preferred single-piece 
removal technique will then be identified. 

2.1 Techniques and methods 

Both Barsebäck RPVs are 20.7 m long and 5.5 m in diameter. The total weight to be 
transported, without RVIs, equals 540 t, but jumps to 715 t, if internals and the required 
radiation shielding are added. 

Conditions for the studies aimed at creating opportunities to compare different 
variables such as the schedule, logistics, costs, removal techniques and temporary 
structures associated with more or less radiological and “conventional” risks. Aspects, 
such as the possibilities to obtain acceptance from the relevant authorities, were also 
considered. 

All three methods are fully achievable using the known technology, but the outcomes 
have shown the benefits of lifting RPVs by crane and also lowering them inside the 
containment. Especially in the case of the third option as reactor hall and crane are more 
or less intact, the benefits are low radiological impact and opportunities to make use of 
transportation openings in the containment- and in the reactor building walls for other 
dismantling activities e.g. less radioactive large and heavy components.  

In order to transfer the RPV into a horizontal position using a tower gantry requires 
temporary large and complex devices. That procedure has too many uncertainties to 
provide a good comparison with the other two alternatives to be made. Consequently, 
that option will not be recommended for the Barsebäck NPPs.  

Figure 1. Three removal options at the Barsebäck NPP 1 and 2 RPVS as single pieces. 

 

2.2 Radiological aspects 

Different radiological analyses and calculations show that it is fully acceptable for 
managing RPVs as single pieces, including RVIs, from Barsebäck to the final disposal at 
the SFR or SFL facilities.  
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With the Monte Carlo model for the neutron, photon, and electron transport of the 
RPVs, with and without the biological shield and different radiation shielding geometries, 
an estimation of dose rates around the RPV was performed.  

As an example; the radiological status of Barsebäck RPVs in 2021, thanks to 
radioactive decay since 2005 and taking advantage of the radiation shielding offered by 
the component itself, included radiation shielding applied inside the vessel (7.5 cm SS), 
provides estimates of exposure-dose rates around the RPV (core level) of about 2 mSv/h. 

2.3 Authorities/the Swedish regulators requirements regarding nuclear waste 

Regarding nuclear waste, an inventory must be drawn of all nuclear waste within the 
site of a facility. All nuclear waste that is handled, processed, stored or disposed of at the 
facility must be confined safely. In addition, all necessary preparatory measures must be 
taken at the facility for the safe confinement of nuclear waste to be transported and 
stored or disposed of at another facility.  

The Swedish regulators require that ‘waste treatment plans’ be established for all 
waste categories arising from the exchange of components or for other waste arising 
from the operation of nuclear installations. Any arising nuclear waste which, in terms of 
quantity and type, deviates from the specifications referred to in the safety report, all 
necessary measures for the safe confinement of non-conforming waste shall be 
documented in a ‘waste treatment plan’ characterising the waste and explaining how the 
waste will be treated for final disposal. 

2.4 SKB management and transportation of large components 

SKB and the nuclear industry have intensified their efforts to review various options 
for handling and disposal of large components in order to bring substantial savings not 
only in dismantling time, but also in dose uptakes for the decommissioning staff. 

A pre-project to extend tunnels and caverns at the SFR facility for future 
decommissioning waste started in 2007. Current plans call for the application to extend 
the final repository for short-lived reactor waste (SFR) to be submitted in 2013. Approval 
will take at least two years to obtain; the expansion of the SFR is expected to begin in 
2016, and the commissioning is scheduled for 2020. 

Since the SFR is not adjusted for the disposal of RPVs and other radioactive large 
components as single pieces, then they have to be stored temporarily above ground, or 
left on individual NPP sites until all NPPs have been closed. At a later stage, once all 
decommissioning waste has been disposed of, except RPVs, entrance tunnels may be 
widened in order to allow the RPV to be transported to the disposal caverns. Another 
alternative is to segment the RPV and use the existing waste packages. 

In Sweden, ships are used for transporting nuclear waste, since all NPPs and nuclear-
waste facilities located on the seashore. The SKB transport system consists of the 
especially-built ship M/S Sigyn, and a number of shipping containers and special vehicles 
for loading and unloading. 

Transporting large radioactive components in Sweden is not a big issue, but is 
impossible for RPVs, including their activated RVIs, under current transport regulations. 
A Type-B (U) transport container is required for RVIs. Transport under special 
arrangements is possible, but is currently very unlikely. 

2.5 Current situation concerning planning for RPV disposal 

As Barsebäck NPP, the Swedish nuclear industry and SKB have agreed to present a 
proposal to the SKB Management Board in early 2010 with a view to extending tunnels 
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and caverns in the SFR facility and preparing for ability to manage whole RPVs. The 
proposal is to accept BKAB’s second alternative, which is the removal of the whole RPV as 
a single piece, but without RVIs. The Oskarshamn-3 and Forsmark-3 NPPs, with a power 
of 1,200 MWe for each NPP, both NPPs set the geometric boundaries of the SFR tunnels 
and caverns. Those RPVs are the largest waste pieces considered for transport and 
disposal as single pieces. 

3. Management and transport experiences for large components 

3.1 Ringhals NPPs Steam Generators 

The Ringhals NPPs are owned by Vattenfall AB, with 3 PWRs and 1 BWR. SGs were 
replaced in two of the PWRs (three from each unit), in 1989 and 1995. Retired SGs are 
considered as waste, which normally is stored temporarily on site pending transport for 
final disposal or off-site treatment. 

A joint agreement was signed between Ringhals NPPs and Studsvik Nuclear to treat 
and recycle those SGs with a view to developing a method and techniques for minimising 
waste volumes for final storage. Another benefit of the treatment is that for Ringhals NPP 
there will be no need for a new interim storage at Ringhals for future planned exchanges 
for other big components. For many years, Studsvik Nuclear has developed methods to 
treat large contaminated components as well as treatment and recycling of metallic scrap 
both from operation and decommissioning. That experience has now been applied for the 
treatment of a retired SG. 

Each SG weighs about 310 t and measures 21 m in length by 5.5 m in diameter; it 
requires a storage volume of 400 m3. With a volume reduction over 90 per cent, less than 
40 m3 will be stored at the SFR or SFL Facility for short-lived or long-lived waste, 
respectively. 

Three SGs have been treated in Studsvik facilities from 2006 to 2009. Three other SGs 
have been delivered to Studsvik with a roll-on/roll-off ship M/S Electron with the 
capability to take all three SGs on board. Those three SGs have been treated since 2010. 

Other large components have been sent to Studsvik as whole pieces for scrap melting, 
including two reheaters from the Barsebäck NPP, weighing 148 t each on them and 
measuring 22 m long by 4 m in diameter. 

Figure 2: Steam Generator at Ringhals NPP 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


