
DECOMMISSIONING IN GERMANY
Experience, Current Status and Upcoming Challenges

Presenter
Presentation Notes
As the last obstacle before the evening event, I would like to welcome you to my talk about the state of affairs on decommissioning in germany. I am Bernhard Bugenhagen from TÜV Nord EnSys. Firstly, 



TÜV NORD NUCLEAR: WHO WE ARE

 Contracted expert for ministries/regulatory bodies in Germany
 Assessment of licence applications, technical expertise 
 Consultants to regulators, operators, and vendors outside 

Germany covering all relevant aspects in licensing and inspection.
 Tailor-made solutions for training and knowledge transfer. 

 TÜV NORD Nuclear is a network of entities operating in the 
nuclear market, total nuclear staff ±500
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… let me tell you, who we are: We are a technical support organization of more or less 500 experts. Or main activities are the consultation of the federal and state‘s regulatory authorities. For them, we assess applications and concepts, consult them on technical questions and monitor the actual work on-site. Outside of germany, we provide these services for operators as well. Ah, and teaching is another thing that we do. 
Now that you know who we are, Il‘d  like to introduce you to the environment we work in
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LEGISLATION: THE GERMAN WAY

Presenter
Presentation Notes
the magic world of german legislation and nuclear supervision.
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NUCLEAR REGULATION: THE GERMAN WAY

Constitution

Atomic
Energy

Act

… 
Radiation 
Protection
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Technical 
Documents

Safety
Requirements Commissions Administrative 

Directives

- Right to physical integrity
- Protection of Property
- Protection of natural foundations of life and animals
- Nuclear energy to be regulated by federal law
- But: Regulation can be delegated

- Demands for decommissioning license
- Regulates supervision and delegation

Regulates boundary conditions
e.g. dose limitations, waste declaration,
clearance, etc…

Specific rules and 
directives
(official guidelines, 
ISO, specifications, etc…)

Presenter
Presentation Notes
The basis for the regulatory landscape in german legislation is depicted here, in a very compressed form though. On top there is the german constitution, or Grundgesetz. Actually, this could be divided into two boxes on ist own, since the right to physical integrity and the protection of property are fundamental rights, whereas the other two are just „normal“ articles of the constitution.
Then there is the atomic energy act. This is a law. It demands, for example, that you need a license if you wish to operate a nuclear powerplant. You also need one if you have a powerplant and wish to get rid of it. Also, the nuclear supervision is regulated there. 
Below that are a number of ordinances. Those are not really laws but are legally binding nevertheless. The most important on for us is the radiation protection ordinance. This one regulates some more specific issues, for example dose limitation, clearance, waste declaration, etcetera. 
And below that there are several items. There are commissions that publish recommendations, there are technical documents, safety requirements for nuclear power plants, norms like DIN or ISO and administrative directives. Those are not perse legally binding, but you have to present a very good reason to divert from these publications. Usually, the regulatory authorities require you to follow these guidelines.
Speaking of the regulatory authorities, 
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NUCLEAR SUPERVISION: THE GERMAN WAY
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This is the regulatory framework in germany. The federal authority has delegated most of the tedious work like supervision and licensing to the state authorities. So the state authority has the honor to chaperone the operation and the decommissioning of the powerplant. That is where the TSO –we- come into play. The state authority appoints us for technical consulting, inspection, evaluation and licensing support. Actually the topic of licensing is something Il‘d like to delve into a little further:




THE PATH TO A LICENSE FOR DECOMMISSIONING
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• Federal Authority reviews
• Issued after Review
• State authority supervises execution

License
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This is the Pathway to a decommissioning license in germany. It‘s a rather rough overview, but it will do for the moment.
So before the lcensing some preliminary work is usually done by the operator. There has to be an Environmental impact study. Then, an initial radiological characterization for the decommissioning project is necessary. And, lastly, there are some tasks you can kill your time with to prepare the site for decommissioning. Defuelleing for example.
Sometime during the preparation, the application for a decommissioning license has to be issued to the authority. The Application, together with a safety-report and a summary of the planned actions, is published for a period of time during which the public is entitled to submit concerns with the decommissioning. After that period, a public hearing is held to discuss the contributions made by the public. 
And lastly, the operator has to develop a number of detailed regulations tackling radiation protection, waste treatment, or an updated operations manual. After all this, the state authority drafts a decommissioning license to the federal authority for reviewing. When the federals are content withe the license, it can be issued and the decommissioning work can begin.
Usually, all steps of this process is accompanied by a TSO. It begins with an evaluation of the impact study and the characterization, a monitoring of the defuelling process and encompasses consulting of the authority during the public hearings. We evaluate the detailed regulations and after the license is finally issued, we help to supervision the execution.
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DECOMMISSIONING IN GERMANY: 
THE STATE OF AFFAIRS

Presenter
Presentation Notes
Now that you took a glance at the German nuclear regulatory system, I would like to talk about the current state of nuclear energy production in germany



GERMANY NUCLEAR PHASE OUT TIMELINE
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Fukushima-incident
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For that I have prepared a short timeline. In 2010, everything was still in order as a slow phase-out for nuclear was planned. Then, in 2011, there was the fukushima-incident. As a reaction to that, the so called „moratorium“ was proclaimed. This included a safety-assessment of all german nuclear powerplants and a shutdown of those eight reactors. These plants were shut down for good, since the necessary safety upgrades weren‘t economical. Then, in 2015 and 2017 the NPP Grafenrheinfeld and Unit Gundremmingen B were shut down. 
And in the following five years, the last seven Nuclear Powerplants will be going into decommissioning. With that, the german nuclear phase-out will be complete.



CURRENT STATE IN GERMANY
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Shutdown D&D License
Rheinsberg 1990 1995
Greifswald 1990 1995

Stade 2003 2005
Würgassen 1994 1997

*Lingen 1979 2015
Unterweser 2011 2017
Biblis A+B 2011 2017

Brunsbüttel 2007 Licensing
Krümmel 2009 Licensing
Emsland 2022 Licensing
Brokdorf 2021 Licensing
Grohnde 2021 Licensing

Power-plants under TN EnSys-inspection
*): Safe enclosure

Wikipedia
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Now I‘ld like to dig a little into the current status of decommissioning. Here you can see a map of the powerplants in germany and in this table is a list of the powerplants in our portfolio. With their licensing status. These four are the moratorium reactors, shut down in 2011. Krümmel and Brunsbüttel were already switched off due to technical issues. But as you can see, there are by far not the first decommissioning-projects in germany. 
Let me show you the status of our projects:
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NPP Würgassen (BWR) & NPP Stade (PWR)
 Components and pipings removed
 To be done:

Mainly decontamination & clearance for conventional demolishing and site
release

 Stade: Unexpected contamination found inside containment
− Still more decontamination to be done

PreussenElektra, NPP Würgassen

Presenter
Presentation Notes
Even though not the first projects, the most advanced are würgassen and stade. 
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NPP Rheinsberg (WWER 210), NPP Greifswald (5 units WWER 440)
 Most components removed from all units
− Steam generators and reactor pressure vessels in interim storage

 Decontamination and clearance
 But: Still some decommissioning work done in auxiliary buildings
 Turbine-hall cleared for conventional use

Presenter
Presentation Notes
Then there are the Powerplants Rhensberg and Greifswald in former eastern germany. They were shut down after the german unification and are in decommissioning since 1995. Most Components are removed and are in the interim storage there. 
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NPP Lingen (BWR with oil-heater)
 Just woke up from safe enclosure (1988-2015)
 VERY unfavourable nuclide-vector (due to 60Co-decay)
 Preliminary work

Presenter
Presentation Notes
Then there is the special case of the powerplant lingen. This was one of the first commercial reactors in germany. It was shut-down in 1977 due to damages in the steam converter. It is in decommissioning since 2015, but due to a challenging nuclide vector, not much is done yet
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NPPs Unterweser & Biblis (PWR, moratorium)
 Licenses issued in 2017
 FSD done, defuelling mostly completed
 Currently removal of components, reactor internals and „smaller items“
 In licensing for dismantling of reactor pressure vessel and biological shield
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NPPs Krümmel & Brunsbüttel (BWR, moratorium)
 In licensing
− License expected by end of 2018 
− Public hearing pending

 Post-operation
− Defuelled
− Construction of interim storage facilities
− Preliminary work
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NPPs Emsland, Brokdorf, Grohnde (PWR, 2021-2022)
 Still in operation
 Applied for licenses
− Ideally, the licenses will be issued before shutdown
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DECOMMISSIONING PRAXIS

• Full-System Decontamination
• Removal of Large Components
• Free-Release of a Generator

Presenter
Presentation Notes
Now that you have a broad overview on the situation in Germany, I would like to talk a bit about the practical aspects of decommissioning. Since we all wish to be at the evening event on time, I will tackle only three topics: FSD, Removal of large components and the clearance of a generator from a BWR-turbine hall. We accompanied all those projects



FULL-SYSTEM DECONTAMINATION 
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PreussenElektra, NPP Unterweser

Presenter
Presentation Notes
FSD. This is the chemical decomtamination of the primary circuit. This image is a schematic representation of the oxide-layers found inside the primary cicruit of a typical pwr. Most of the contamination in the primary circuit is bound in this oxide-layer. The primary Goal of a FSD is the removal of the Co-60 nested in the oxide layer 



FULL-SYSTEM DECONTAMINATION: PRINCIPLE
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Oxidation

Resin

Reduction/
ComplexationResin

Disintegration
of

complexing
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Cr3++[ox]→[CrO4]2-

Mn++nC2H2O4
→[M(C2H2O4)n]n+

C2H2O4+[ox]
→2CO2
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To accomplish that, this is a viable principle. At first, there is an oxidation step to oxidize the Chromium from Cr(III) to the soluble form Cr(VI). Some FSD-concepts use permanganic acid for that step and work in an acidic evironment. Aster the ox-step, the CrO4 is separated by an anion exchanger. Then, a complexing agent is introduced, for example oxalic acid. After some reaction time, a cation exchanger is used to filter out the cations including the co-60 and therefore the lot of the activity. Then the complexing agent ist removed or disintegrated. And the cycle can begin anew



FULL-SYSTEM DECONTAMINATION: RESULTS
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PreussenElektra, NPP Unterweser
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This is a chart showing the results of a five-cycle procedure, using HMNO4 as an oxidizer, oxalic acid as complexing agent and H2O2/UV light to decompose the oxalic acid. This is a logarhitmic scale of the dose rate measured at different systems. The DR drops by a factor of about 100, which is called the decont factor by the way. You remove about 100 TBq of Activity during such a process. That brings us to the points of concern



FULL-SYSTEM DECONTAMINATION: PITFALLS
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Limited storage 
capacities for 
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 In other systems and rooms
 Based on previous damages 

or material incompatibility 
with the decont chemicals

Leakage

Sedimentation High dose rates especially 
in dead ends
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Most of the activity will be deposited on the resins. so you have to take care of your resin-management. Other potential problems are potential leakages, material incompatibilities, since there arent the typical conditions in the cycle. An other big issue is sedimentation in dead ends. You mobilize a lot of activities and not all of it will be in solution. So there is a good chance, that ti accumulates in dead ends or low flow regions. This can be countered by thoroughly rinsing potential places of accumulation and in case of using permanganic acid to take care of your chemistry so no manganese dioxide precipitates.
And one other thing: It is important to remove only the oxide layers. You dont want any base metal corrosion, since then you recontaminate the circuit by mobilizing activation products from the activated areas (RPV). So



FULL-SYSTEM DECONTAMINATION: PITFALLS
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Don‘t overdo it, or otherwise you might find your whole primary circuit on the resins.
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Removal of a steam generator in one piece for interim storage on 
site

 Radiation-Protection
 Crane
 Statics
 Contamination

EWN, NPP Greifswald

Presenter
Presentation Notes
Another interesting project is the removal of large components. This is a steam generator from a wwer 440 reactor. They are easily removed and thus in the decommissioning of this site, they were attached to a crane and lifted out of the building to be put into interim storage. Several issues had to be taken into account: radiation protection, the condition of the crane, the statics and potential contamination on the outside. But 



REMOVAL OF A STEAM GENERATOR: 
FOR INTERIM STORAGE ON SITE
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EWN, NPP Greifswald

Presenter
Presentation Notes
As you can see, the steam generators are all safe inside the storage facility. The grey paint is to bind contaminants sitting on the outside.
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Removal of a steam generator in one piece for off-site processing

 Transport to a facility outside of Germany
 Decontamination by melting
 Partial clearance of the resulting metal
− Authority required proof that German conditions are met

PreussenElektra, NPP Stade

Presenter
Presentation Notes
Another possibility would be the removal of the steam generators for offsite processing. In this case, the sg of a pwr were to be shipped to sweden for melting and partial clearance of the resulting metal. The interesting challenge there was that the authority required proof that the rather strict german conditions for processing and clearance were met. We monitored the whole process, as can be seen here.
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FREE RELEASE OF A GENERATOR:
TASK

 Non-destructive methods
 Unconditional clearance

of all components
 100 % prove
 Complicated geometries

and unreachable
cavities

 Cooling system
 Stator: 

Center & end caps
 Rotor
 Auxiliary units

Vattenfall, NPP Brunsbüttel

Presenter
Presentation Notes
The third project I would like to talk about is the clearance of a generator for reuse outside a controlled area. The authority required a 100 % prove that the clearance-criteria are met. That was a challenge. The generator is a mixture of different materials and comprises of complicated geometries and unreachable cavities. Due to the intended reuse, you couldn‘t just cut it to pieces and measure every inch of the surface. So a measurement strategy was implemented, in which a combination of arguments and measurements the clearability could be proven. Just an example:
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FREE RELEASE OF A GENERATOR: 
THE COOLING-SYSTEM

• Highly integrated
closed-cycle-system

• Branched channels
• Active electronic elements
• Windings, rotor shaft, feedthroughs

• Holistic approach (rotor and stator)
• Sampling of replaceable systems

(e.g. PTFE lines, coolant tank, 
coolant residues)

• Direct measurements at 
flanges and feedthroughs

• Swipe tests
Vattenfall, NPP Brunsbüttel

Presenter
Presentation Notes
The cooling system. In this image you can see a schematic of the rotor windings and the blue dots symbolise the coolant-channels. The whole generator has these channels. To prove that the cooling system was free of contamination, measurements were taken at flanges and feedthroughs and at the particle filter, where all of the coolant would pass through. Then, in the filter case, some residual coolant was sampled. And replaceable systems like ptfe lines etc were also sampled. 
Compareable measurement-plans were developed for the other subsystems of the generator and
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100 % prove
either by measurement or
alternative methods

Testing and qualifying procedures
for decommissioning

Documentation

Potential re-use
Reversible Process
Non-destructive

FREE RELEASE OF A GENERATOR:
RESULT

Vattenfall, NPP Brunsbüttel
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By combining these, the compliance with the clearance criteria was proven for the whole generator without using any destructive methods. So the generator stands ready to be released for a reuse in a conventional environment. Additionally, during this process a number of procedures for the imminent decommissoning of the powerplant were implemented. These were only three examples of the decommissioning praxis done in germany. But apart from these
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DECOMMISSIONING: 
UPCOMING CHALLENGES

Presenter
Presentation Notes
We are facing a number of challenges in the future
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 Licensing of moratorium-plants in (long)progress
− Original staff leaves or retires, diminishing knowledge of the site

 Final disposal and on-site interim-storage
− No final repository for LAW until at least 2027. For HAW, who knows?

 Conventional waste-streams
− No public acceptance for released waste on conventional landfills

Presenter
Presentation Notes
Firstly there is the ageing personnel at the power-plants. Slowly but surely, the workers who know the plant by heart are retiring. Additionally, we have a huge number of upcoming decommissioning projects at hand i believe that qualified personnel will be hard to find for all of them. 
Then 
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 Experience in decommissioning is growing in Germany, 
we are entering a „routine“

 But: Challenges lie ahead
− No operating final repository yet, thus need for interim storage capacities
− Many simultaneous projects with limited staff
− Waning personnel in nuclear

 TÜV NORD EnSys supports a number of D&D-projects, from the initial 
licensing to the final site-release
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