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FOREWORD 

Annex 1 presents the results achieved by the working group on the Nuclear Power 
Plant Test Case (NPP TC). It addresses aspects of the application of the safety as-
sessment methodology, as proposed during the DeSa project, and aspects of the use of 
safety assessment results in planning and implementation of decommissioning of a 
nuclear power plant, as discussed during the FaSa Project with special emphasis on 
aspects of the overarching safety assessment and on final safety assessments related to 
a specific decommissioning phase.  

 

The IAEA would like to express its gratitude to all the members of the NPP TC 
Working Group, who contributed to the development and review of the Annex 1, and, 
in particular, to the chairperson of the working group, A. Bassanelli (Italy), and the 
Energiewerke Nord GmbH (EWN), Rheinsberg, Germany, for providing detailed in-
formation about the decommissioning project for its nuclear power plant in Rheins-
berg (KKR), which served as basis for this test case. 
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1. INTRODUCTION 

1.1. Background 

During the FaSa project a number of test cases have been carried out, aiming to illus-
trate the specific guidance provided in the main volume of this publication. The test 
cases covered decommissioning of facilities of different complexity, one of them be-
ing nuclear power plant. 

The nuclear power plant at Rheinsberg (KKR), Germany, served as a basis for this 
test case and detailed information about its decommissioning was made available to 
the FaSa project by the Energiewerke Nord GmbH (EWN). Since the original docu-
mentation was available in German, a substantial effort was made by EWN and mem-
bers of the test case working group to translate relevant parts into English. In order to 
make the test case somewhat more general, it has been attempted to “anonymise” the 
reactor in the sense that references to local facilities and circumstances have been de-
leted or generalised, as long as this has not influenced the clarity of the text. Further-
more, the working group has introduced some deviations from the actual decommis-
sioning work done in order to illustrate additional safety assessment aspects. 

The Annex 1 has been produced by the Nuclear Power Plant Test Case Working 
Group (RR TC WG), using the materials provided by EWN as a basis. The WG meet-
ings were organized as part of the four annual meetings of the FaSa project (2008-
2011), and on two additional occasions, where a limited number of working group 
members participated. In addition, individual work was done by several working 
group members between the meetings. 

It needs to be noted that the Annex 1 pretends to be a decommissioning safety as-
sessment document, prepared as part of a licensing package, which is to be sent to the 
licensing authorities for approval, before decommissioning works are allowed to 
starts. In reality, the decommissioning of KKR Siloé reactor was started already some 
years before the NPP TC WG of the FaSa project started its work. All the information 
presented in this Annex reflects the situation as of 2011. All the figures and tables, 
presented in this Annex, has been provided by EWN or developed by the members of 
the NPP TC WG of the FaSa project. 

1.2. Scope 

The safety assessments described in this document cover the decommissioning of a 
nuclear power plant (NPP) from the beginning to the end of the decommissioning 
operations with focus on selected decommissioning aspects. This NPP as well as the 
work to be carried out are described in detail in chapter 2. It is a soviet type WWER 
reactor with 70 MW electric power, located in woodlands between lakes, from where 
also the cooling water is extracted. There are no other nuclear installations on this site. 
The project is executed using a multiphase approach, where the phases generally pro-
gress from areas of the facility with little or no contamination towards those areas 
with highest contamination and activation. 

The safety assessments cover workers and members of the public both during normal 
decommissioning operations as well as during incidents / accidents. It concentrates on 
the work related with dismantling of the facility, its systems and components, includ-
ing size reduction and preparation for waste management, as well as dismantling of its 
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buildings. The handling of spent fuel is not within the scope, as this is not considered 
part of decommissioning. Likewise, waste processing, disposal and clearance of mate-
rial are also not within the scope of the assessments as these aspects are dealt with in 
different IAEA projects. Non-radiological hazards are not considered, however the 
Annex 1 highlights the importance of consideration of these hazards in the develop-
ment of a decommissioning plan and authorisation of decommissioning activities. 

Some simple but powerful facts emerge from the choice of the NPP for use in this test 
case. The host country has a mature regulatory and legal environment, with substan-
tial powers delegated to regulatory bodies. The facility relies upon the national system 
for disposal of radioactive waste. The waste acceptance criteria for disposal and clear-
ance levels for diverse clearance options are established and are used as planning pa-
rameters within the test case. Waste treatment processes and waste disposal containers 
are known. The facility represents a type that has been used in many countries and can 
also be regarded to be sufficiently generic for light-water reactors in general.  

1.3. Objectives 

The aim of this Annex 1 is to: 

• provide practical and useful instructions on the evolution and use of safety as-
sessment in the planning and conduct of decommissioning with the view to 
ensure safe termination of practices;  

• illustrate the application of the safety assessment methodology developed dur-
ing the DeSa project for a whole NPP decommissioning project (for selected 
parts of the work) and to demonstrate ways how to implement the results of 
the safety assessments. It thus complements the DeSa NPP Test Case (Test 
Case A of the DeSa Project, refer to volume No. 4 of [14]) by providing useful 
illustrations concerning the execution of safety assessments and the applica-
tion of their results. 

To be effective and to manage limited capacities within the working group, the FaSa 
NPP Test Case aims to analyse already available safety related documents of the vol-
unteer nuclear power plant with respect to the following FaSa project relevant aspects: 

• With regard to the Overarching Safety Assessment incorporated in the NPP 
decommissioning plan: 

o to investigate the application of the DeSa Safety Assessment Method-
ology, described in volume No. 1 of [14]; 

o to investigate the application of the FaSa methodology for decommis-
sioning planning; 

o to provide practical and useful instructions on the evolution and use of 
safety assessment; and 

o to provide fedback to the FaSa methodology for decommissioning 
planning. 

• With regard to the Final Safety Assessment developed for one NPP decom-
missioning conduct phase: 
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o to investigate the application of the DeSa Safety Assessment Method-
ology, described in volume No. 1 of [14]; 

o to investigate the application of the FaSa methodology on decommis-
sioning conduct; 

o to provide practical and useful instructions on the evolution and use of 
safety assessment; and 

o to provide fedback to the FaSa methodology on decommissioning con-
duct. 

• With regard to the Final Safety Assessment developed for the NPP decommis-
sioning end state phase: 

o To investigate the application of the DeSa Safety Assessment Method-
ology, described in DeSa Volume 1. 

In addition a brief illustration of the graded approach and on the approaches for confi-
dence building applied by the volunteer NPP is given, based on available documents.  

The investigations of aspects of safety assessments focussed on parts of the decom-
missioning project that are carefully selected for the purpose of illustration of the De-
Sa and FaSa methodologies. This brought to limit the analysis to the Overarching 
Safety Assessment, developed in support of the Decommissioning Plan, to Final Safe-
ty Assessments (also called “detailed (final) safety assessments” within this Annex 1), 
developed in support of Decommissioning Conduct for three specific phases and to 
the End State. 

1.4. Structure of this Annex 1 

This Annex 1 contains the following chapters, supplemented by several supplemen-
tary chapters: 

• Chapter 2 provides details on the facility and decommissioning work with partic-
ular emphasis on the execution of safety assessments at various levels. 

• Chapter 3 provides the safety assessment framework, giving details on how the 
safety assessments are carried out. 

• Chapter 4 presents the overarching safety assessment. 

• Chapter 5 presents detailed (final) safety assessments with following focus: 

o Section 5.1: safety assessment for removal of steam generators as part 
of the primary loop; 

o Section 5.2: safety assessment for the direct dismantling of the reactor 
pressure vessel; 

o Section 5.3: safety assessment for the removal of the reactor pressure 
vessel in one piece; 

o Section 5.4: safety assessment for the end state, i.e. release of the 
buildings and site. 
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• Chapter 6 summarizes the use of a graded approach in various aspects of the safe-
ty assessments. 

• Chapter 7 explains the confidence building process in the safety assessments as 
performed by the volunteer nuclear power plant. 

• Chapter 8 describes the use of the results of these safety assessments. 

• Chapter 9 provides a summary and lessons learnt. 

 

Several supplementary chapters provide further information on the volunteer NPP 
and its safety assessments: 

• Supplementary chapter A contains a more in-depth description of the site and the 
facility, including a short history of the operation of the volunteer NPP. 

• Supplementary chapter B describes the dismantling operations for steam genera-
tors. 

• Supplementary chapter C contains a description of the cutting operation that was 
initially foreseen for the reactor pressure vessel for segmenting and conditioning 
(the approach described in supplementary chapter D has been used instead). 

• Supplementary chapter D contains a description of the removal of the reactor 
pressure vessel in one piece for shipment to a remote storage facility for decay 
storage. 

• Supplementary chapter E provides a summary on the decommissioning of the 
volunteer nuclear power plant. 
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2. DESCRIPTION OF THE FACILITY AND DECOMMISSIONING 

ACTIVITIES 

2.1. Site Description and Local Infrastructure 

This section contains a short description of the site. A more comprehensive descrip-
tion can be found in supplementary chapter A. 

2.1.1. Geographical Position 

The NPP is situated in a landscape rich of woodland and lakes and is surrounded by 
an environmentally protected area. Fig. 2.1 shows an overview of the site and its sur-
roundings.  

2.1.2. Population 

The area around the NPP is not densely populated. The total number of people living 
in a 10 km range amounts to about 10,000, in the 5 km range to about 500.  

2.1.3. Use of Land and Water 

The largest part of the 10 km range around the NPP is occupied by woods and lakes. 
The agricultural use of this area is of little significance. The lakes in the 10 km range 
are used for fishing, both on a commercial and a recreational basis.  

2.1.4. Industry 

Forestry and tourism are the main sources of income in the 10 km range. There are 
few industrial facilities, which are located in the nearest small town in this range. No 
explosives, toxic, inflammable or corrosive substances are produced, processed or 
stored in this area. 

2.1.5. Traffic  

There are no motorways or main roads in the 10 km range.  

A railroad link approaches the NPP from the western direction. The rail connection 
ends at the NPP and has been used for transports of material and nuclear fuel as well 
as for transport of workers during the operational phase of the NPP. 

There are no main air traffic routes across the NPP site. An exclusion of flights below 
700 m height within a range of 2 nautical miles (3.7 km) around the NPP is in place. 
The nearest smaller airports are located in 24 km and 25 km distance.  
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FIG. 2.1. Overview of the site and the surrounding land 

 

2.1.6. Meteorology 

The climate at the NPP site is of maritime character, with moderately warm summers 
and mild winters. 

The average annual precipitation is in the range of 590 to 610 mm/a. The average 
evaporation is in the range 470 – 480 mm/a, the mean infiltration in the range 110 – 
140 mm/a.  

The average temperatures vary between -1.0 °C in January (lowest monthly average) 
and 17.4 °C in July (highest monthly average). The annual average of air temperature 
is 8.3 °C 
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The average wind speed in the past 10 a period is 3.3 m/s. The long-term monthly 
average is lowest in August (2.5 m/s) and highest in January (4.1 m/s). The dominant 
wind direction is west, the most infrequent direction is north. 

2.1.7. Geology 

The NPP site is situated in sandy soil. The mean height above sea level is 70 m, the 
highest elevation reaches 100 m above sea level. The average level of the lake water 
table is at 60 m above sea level. 

2.1.8. Hydrology 

The NPP site is situated between two lakes in the southern part of a larger lake area. 
The NPP is connected to the lake in the North (incoming water) and to the lake in the 
West (outgoing water). The two lakes are connected by a canal thus closing the cool-
ing water loop. 

The treated wastewater from the NPP is transferred to a river in the North of the site 
by a pipeline with 10 km length. 

The groundwater layer has a wide lateral extension with a large thickness. The 
groundwater layer extends between 0 and 27 m below surface. Groundwater and sur-
face water are directly connected.  

There is no possibility of flooding because of the orography of the site. 

2.1.9. Seismology 

The seismic activity in the area is very low. The building has been designed to meet 
local building code requirements. Seismic events are deemed to be not credible and 
are not addressed in the accident analysis. 

2.1.10. Radiation Exposure in the Surroundings of the Site 

There are no other nuclear facilities in the surroundings of the NPP site. This means 
that the evaluation of consequences from gaseous and liquid effluents is limited to the 
radioactivity released from the NPP itself. The measurements and the surveillance 
programme during operation have shown that these dose consequences are negligible 
and can only be quantified using computational models.  

The actual releases are far below authorised limits and are shown in Table A.2 for 
gaseous and in Table A.3 for liquid releases during the transitional phase. 

2.2. Facility Description 

2.2.1. Basic Data of the Facility 

The NPP is a pressurised water reactor of soviet WWER-2 type of first generation. 
The construction of the reactor building began in 1960. The first criticality was 
achieved in March 1966, the first connection to the power grid in May 1966. A short 
time later, the plant was operated at full power, so that normal operation could com-
mence in October 1966. The main operation mode was base-load power supply.  

The last shut-down occurred in June 1990 for change of fuel. The plant was not re-
started because of safety considerations (the facility was no longer deemed safe 
enough to operate after changes in the regulatory framework, i.e. safety considerations 
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did not apply to unsafe operating conditions, incidents etc.). As the normal operational 
phase had been anyway limited originally until 1992, the decision to decommission 
the plant has been taken in November 1990. 

Table 2.1 provides the basic data of the plant (more details are given in Table A.4 in 
supplementary chapter A). The thermal power rating is 265 MW. The heat generated 
in the reactor is transferred in three loops to the 9 steam generators. The saturated 
steam from the steam generators is transferred to the 70 MW turbine set in the sec-
ondary circuit, where the heat is transformed into electrical energy, which is coupled 
to the power grid via a bank of transformers. The steam leaving the turbine is con-
densed in the turbine condenser and is sent again as feedwater to the steam generators. 
The turbine condenser is cooled with lake water.  

 

TABLE 2.1. Basic data of the NPP. 

Part Quantity Value 

NPP Reactor power, thermal 265 MW 

 Reactor power, electric, gross 70 MW 

 Reactor power, electric, net 63.5 MW 

Reactor Dimensions 18700 mm length, 2850 mm diameter 

 Weight (including internals) 313 Mg 

 Fission zone 2000 mm diameter, 2500 mm height 

 Fuel elements 132 pieces 

 Safety and shut-down elements 19 pieces 

 Fuel rods per fuel element 90 pieces 

 Fuel UO2 

 Fuel quantity 18 Mg 

 Enrichment up to 2 % 

 fuel burn-up around 10,000 MWd Mg-1 U 

Primary circuit Cooling loops 3 

Steam generator Number 3 x 3 pieces 

 Weight of one SG (empty) 33 Mg 

Turbine Number of units 1 high pressure, 1 low pressure (2 steps) 

Generator Power rating 87.5 MVA 

 Voltage 10.5 kV 

Cooling water Type open 

 Quantity 20,000 m³ h-1 

 

2.2.2. Buildings 

This chapter describes the buildings of the NPP that are directly connected with the 
decommissioning activities addressed in the safety assessments. A more comprehen-
sive overview on the buildings together with cross-sectional views is given in sup-
plementary chapter A. 

Fig. 2.2 shows an aerial view of the NPP site. The reactor building, turbine hall and 
stack are visible at the bottom right end of the site. The railroad connection is visible 
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towards the north-west, the road entrance is located towards the south-east of the of-
fice building.  

 

 

FIG. 2.2. Aerial view of the NPP site. 

 

The reactor building houses the reactor itself, the components for changing fuel ele-
ments and for their storage (note that fuel has been removed and is no longer stored 
on site), the primary loop and auxiliary systems. A large part of this building and the 
building structures fulfils radiation protection purposes besides their static function. 
Shielding is accomplished by the thickness of the walls and by use of heavy concrete. 
This building also houses the Special Water Treatment Plant. 

The type of reactor does not have a full-pressure containment, but a suite of pressure 
chambers. Those around the reactor can withstand an inner pressure of 6.0 bar, the 
others a pressure of 3.0 bar. The wall thickness is about 1 m and the chambers are 
equipped with a steel liner.  

The building structures in the area of the biological shield around the reactor are made 
of heavy concrete. The floors and surfaces of the walls are coated for decontamination 
purposes.  

A crane with a capacity of 125 Mg is located in the reactor hall.  

Transport of material is accomplished via road or rail, reaching the facility in the rail 
corridor. The entrance to this corridor is located at the north-west pediment of the 
building of the Special Water Treatment plant.  

Reactor building 

Turbine hall 

Office building 



 

10 

The entire reactor building belongs to the controlled area. The access for the person-
nel led through the personnel entrance in the building of the Special Laundry. 

The Special Water Treatment Plant comprises the installations for treatment of wa-
ter from the controlled area and the ventilation plant for the reactor building and the 
Special Water Treatment Plant building. This building is directly attached to the reac-
tor building. Because of the high activity concentrations associated with the thermal 
treatment of the water of the primary circuit, it possesses a number of heavily shielded 
boxes made from shielding concrete with densities between 2.2 and 4.2 g/cm³. 

The pressure chambers containing the evaporator installations 111 and 112 as well as 
the ion exchange installation 113 are clad with a steel liner. A decontamination coat-
ing exists on floors, walls and ceilings. The exhaust gas is led to the stack building via 
ducts. 

The Turbine Hall contains the systems and components of the secondary loop (tur-
bine, steam systems, condensate systems, feed water systems), parts of the technical 
water supply as well as electrical and control systems. In the middle part, there are 
also control rooms for the reactor operation, for the independent safety systems, for 
the dosimetry system as well as numerous electrical installations. The crane in the 
turbine hall has a capacity of 130 Mg. A road and rail connection is available for ma-
terial transports.  

 

2.2.3. Reactor and Reactor Components 

2.2.3.1. Overview of Reactor Components 

The reactor vessel has been emptied of fuel and all liquid. None of the components is 
in use. All reactor internals are regarded to be managed as radioactive waste. The ra-
dioactive inventory of the reactor and the reactor components was generated during 
the operational phase of the NPP. Activation has arisen in the area of the reactor core, 
contamination has been distributed on all inner surfaces in contact with the primary 
coolant. 

The radioactive inventory of the reactor pressure vessel (RPV) (excluding internals) 
has been estimated around 2⋅1015 Bq for the year 1995, which almost entirely consists 
of activation. Contamination amounts to less than 1 ‰ mostly thanks to the fact that 
the primary circuit was decontaminated during the operational phase 19 times (be-
tween 1968 and 1990), using different types of decontamination processes. This prac-
tice has led to an overall low contamination level in the plant, facilitating maintenance 
work and laying a good basis for decommissioning activities.  

The main radionuclides originating from activation are Co-60, Fe-55 and Ni-63 with 
more than 98 % of activity contents. The dose rates provided in the following sections 
have been estimated from calculations in 0.5 m distance, which would be the mini-
mum distance during dismantling work. No reactor components will be reused. All 
reactor internals will be size reduced and packaged as waste. The reactor pressure 
vessel is planned to be segmented as well (see section 2.4.6 and supplementary chap-
ter C). An alternative plan has been developed during progress of decommissioning to 
remove the RPV in one piece for decay storage (see supplementary chapter D). 
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FIG 2.3. Reactor pressure vessel, reactor internals and other components as 

during operation. 

 

1) cable carrier   2) shield plate   3) sphere chamber   4) support rack   5) protecting tube system   6) 

cast iron spheres   7) core basket   8) reactor shaft   9) reactor shaft bottom   10) annular water tank   11) 

reactor pressure vessel   12) leakage control mantle 

 

2.2.3.2. Reactor Pressure Vessel 

The RVP (excluding the reactor internals and the top dome) has a mass of 120 Mg, a 
height of 12 m and an outer diameter of 2.9 m, reaching 3.7 m in the flange range. 
The dimensions of the RPV are shown in Fig. 2.4.  

The RPV consists of low-alloyed steel. The inner wall of the RPV is plated with high-
alloyed steel against corrosion.  

The RPV is activated. The maximum dose rate at 0.5 m distance is 0.03 Sv/h. 
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FIG. 2.4. Dimensions of the reactor pressure vessel. 

 

2.2.3.3. Protecting tube system 

The protecting tube system has a mass of 5.6 Mg, a maximum height of 4.3 m and a 
maximum diameter of 2.3 m. It is made of high-alloyed steel, which has been activat-
ed. The maximum dose rate at 0.5 m distance is 0.3 Sv/h. 

At the beginning of decommissioning, the protecting tube system is situated in a stor-
age shaft. 

2.2.3.4. Core basket  

The core basket has a mass of 11 Mg, a height of 3.7 m and a diameter of 2.2 m. It is 
made of high-alloyed steel, which has been activated. The maximum dose rate at 
0.5 m distance is 12.5 Sv/h. 

At the beginning of decommissioning, the core basket is situated at the designated 
place in the cooling pond No. 2. 
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2.2.3.5. Shaft bottom  

The shaft bottom has a mass of 3.6 Mg, a maximum height of 2.9 m and a maximum 
diameter of 2.2 m. It is made of high-alloyed steel, which has been activated. The 
maximum dose rate at 0.5 m distance is 0.012 Sv/h. 

2.2.3.6. Reactor shaft  

The reactor shaft has a mass of 21 Mg, a height of 9.7 m and an outer diameter of 
2.5 m. It is made of high-alloyed steel, which has been activated. The maximum dose 
rate at 0.5 m distance is 3.0 Sv/h. 

 

2.2.3.7. Sphere chamber  

The sphere chamber is a chamber surrounding the upper part of the reactor pressure 
vessel. It is filled with small cast-iron spheres made from low-alloyed steel, having a 
total mass of 24 Mg. The chamber structure itself is made of steel and has a mass of 
6 Mg and is slightly activated. The maximum dose rate at 0.5 m distance is 0.001 Sv/h. 

 

2.2.3.8. Leakage control mantle 

The leakage control mantle, which surrounds the RPV, has a mass of 9 Mg, a height 
of 9 m and an outer diameter of 3 m. It is made of low-alloyed steel and is aluminized 
from the outside. It is welded to the RPV in its upper part, with the welding not being 
accessible in its installed position. 

The leakage control mantle is slightly activated. The dose rate at 0.5 m distance is less 
than 0.005 Sv/h. 

2.2.3.9. Supporting rack  

The supporting rack carries the RPV in its installed position. It has a mass of 3.5 Mg, 
a height of 0.4 m and a maximum outer diameter of 3.3 m. It is made of low-alloyed 
steel, which has been slightly activated. The maximum dose rate at 0.5 m is less than 
0.001 Sv/h. 

2.2.3.10. Annular water tank with cast iron spheres  

The annular water tank surrounds the RPV in the range of the reactor core, shielding 
the radiation from this area. It has a mass of 82 Mg, a height of 7.9 m, an outer diame-
ter of 5.4 m and an inner diameter of 3.2 m. It is made of low-alloyed steel. The inner 
surfaces are aluminised, with a bitumen coating in the upper range. The outer surfaces 
are sealed with epoxy resin. Between the annular water tank and the RPV, 4.5 Mg of 
cast iron spheres (as above) have been poured. Below them a thermal insulation of 
80 mm thickness is located.  

The annular water tank and the spheres have been slightly activated. The dose rate at 
the centre of the annular water tank is less than 0.02 Sv/h. Due to self-absorption, the 
dose rate at its exterior surface is much lower than at its centre. 
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2.2.3.11. Shield plate and cable carrier 

The shield plate and the cable carrier surround the RPV at its upper level. The basic 
structure of the shield plate has a mass of 36 Mg, a height of 2.2 m, a maximum side 
length of 5.8 m and an interior diameter of 3.7 m. It is made from low-alloyed steel 
and is filled with concrete. 

The cable carrier has a mass of 4.4 Mg, a height of 0.8 m, exterior dimensions of 
8 m ⋅ 8 m and an inner diameter of 5.3 m. It is made from low-alloyed steel. The outer 
surface is sealed with epoxy resin.  

Neither of these components are activated. The dose rate near these components is 
less than 0.001 Sv/h. 

2.2.3.12. Segments of the Thermal Shield 

At the beginning of the decommissioning work, segments of the thermal shield are 
located in cooling pond No. 2 in a storage rack. They have a total mass of 7 Mg, a 
height of 3.3 m and maximum width of 1.3 m. They are activated. The dose rate at 
0.5 m distance is 0.8 Sv/h. 

2.3. Radioactive Inventory 

2.3.1. Radioactive Inventory before the Start of Decommissioning 

The radioactive inventory forms the basis for the safety assessment for the decommis-
sioning work and is a prerequisite for the effective planning of work procedures. The 
radioactive inventory has been estimated for the controlled area and for contaminated 
parts from the rest of the facility. This radiological characterisation comprised gamma 
dose rate measurements as well as measurements of the removable fraction of con-
taminations of floors and walls and of surfaces of components. The data represent the 
status of 1991.  

2.3.1.1. Controlled Area  

The NPP comprises several controlled areas: the reactor building, the special water 
treatment plant, the external tanks, the stack building, the special laundry and a few 
other rooms in laboratories. An overview of the radiological situation is given in Ta-
ble 2.2. 
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TABLE 2.2. Overview of the radiological situation of the controlled area before 

the start of decommissioning operations. 

  Average Maximum 

  Room Plant Room Plant 

 Object contam. 
Bq/cm² 

γ dose rate 
µSv/h 

contam. 
Bq/cm² 

γ dose rate 
µSv/h 

contam. 
Bq/cm² 

γ dose rate 
µSv/h 

contam. 
Bq/cm² 

γ dose rate 
µSv/h 

Reactor 
build-
ing 

operating rooms 
prim. loop 

1 20 1 100 40 50 19 30,000 

service rooms < 0.5 1 – 10 < 0.5 10 3 20 3.7 3,000 

ventilation rooms  < 0.5 2 < 0.5 2 0.5 200 3 8,000 

hot cell 2 70 3 200 300 13,000 10,000 80,000 

SWA 
(special 
water 
treat-
ment 
plant) 

evaporator rooms 2 100 2 1,000 30 500 11 5,600 

service rooms < 0.5 4 < 0.5 5 6 10 4 600 

ventilation rooms 0.5 2 < 0.5 2 6 8 4 8 

gas supply 0.5 10 0.5 10 2.3 20 2 200 

special drain 
system 

5 100 10 500 50 800 100 2,750 

contamin. exteri-
or tanks 

20 90 5 150 70 200 50 300 

 

2.3.1.2. Supervised Area 

The supervised area comprises the area within the fence of the site, but outside the 
controlled areas. The supervised area comprise the turbine hall, the special laundry, 
the oil-fired heating plant, workshops, storage facilities, the water receiving plant, the 
office building, the chemical water treatment plant, and the neutralisation plant and 
other parts of the facility. 

Sampling within the secondary circuit revealed that there are deposits of corrosion 
products on interior surfaces with activities in the range of 0.1 to 100 Bq/g (the mass 
refers to the deposited material). Leakages between the primary and the secondary 
circuit have caused presence of contamination in the secondary circuit. Alpha contam-
ination has been detected on certain parts of the circuits, which has to be taken into 
account during dismantling. 

Contamination has been detected on or in 13 systems out of 26 of the supervised area. 
The number of contaminated large components has been determined as 23 out of 39 
(parts of these components also lie in the controlled area). Contamination in rooms 
and building structures has been determined at various parts, with higher contamina-
tion values being present on floors than on walls and ceilings.  

There is no hint from the operational history that there would be contamination out-
side the buildings.  

The dose rates in the turbine hall have been determined between 40 and 100 nSv/h 
and are therefore not distinguishable from background values. The same result has 
been obtained for the area outside the buildings. 
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2.3.1.3. Radioactive inventory  

The calculations of the radioactive activation for the reactor components under con-
servative assumptions led to the following results: 

• At the time of final shut-down of the reactor, the activation of the reactor and 
its components was about 1.1⋅1017 Bq. The highest activity were calculated for 
the core basket (7⋅1016 Bq) and the reactor shaft (4⋅1016 Bq). Activities in the 
thermal shield and the reactor pressure vessel are 2 to 3 orders of magnitude 
lower.  

• The specific activity in the concrete around the core has been calculated to 
0.2 Bq/g. On the basis of a concrete mass of 170 Mg, a total activity of about 
3.4⋅107 Bq is calculated.  

• The radioactive decay leads to a decrease of the total activity in 3 years to 
3.5⋅1016 Bq, in 10 years to 1.2⋅1016 Bq and in 20 years to 7⋅1015 Bq. 

The radioactive inventory present on the inner surfaces of systems of the controlled 
area has been estimated to around 1014 Bq. The activity in the areas outside the con-
trolled area is around 5 orders of magnitude lower. 

2.3.1.4. Nuclide Composition 

The determination of composition of the radioactive nuclides has been made on the 
basis of a number of samples from various areas of the facility, as shown in Table 2.3. 
These samples have been taken from  

• evaporator bottoms (samples 1 and 2), 
• decontaminated parts of interior surfaces of the primary circuit (sample 3), 
• the ventilation plant (sample 4), and  
• the secondary circuit (samples 5, 6, and 7). 

The results of these samples clearly reflect the operation history. As small amounts of 
fuel have been leaking from the fuel elements during operation (see section A.3), the 
amount of α emitting nuclides is rather high. The use of cluster absorbers and the sub-
sequent segmentation of these elements in the hot cell have led to increased activities 
of isotopes of rare earth elements.  
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TABLE 2.3. Activity composition in various parts of the facility. 

 Activity percentages for sample no. 

Nuclide 1 2 3 4 5 6 7 

H-3 0,1% 0,1% 0,0% 0,0% 0,0% 0,0% 0,0% 

Fe-55 44,0% 42,3% 77,4% 57,3% 12,5% 10,8% 12,4% 

Co-60 21,7% 28,9% 12,2% 27,3% 12,5% 10,0% 3,5% 

Ni-59 0,1% 0,5% 2,7% 0,7% 2,4% 36,9% 55,6% 

Ni-63 2,6% 9,4% 5,9% 8,7% 8,4% 17,7% 8,6% 

Sr-90 12,5% 0,3% 0,1% 0,8% 0,3% 0,4% 0,3% 

Ag-108m 0,0% 0,1% 0,1% 0,0% 0,6% 1,1% 0,9% 

Ag-110m 0,0% 0,0% 0,6% 0,0% 0,0% 0,0% 0,0% 

Cs-134 0,2% 0,2% 0,1% 0,1% 0,8% 1,4% 1,1% 

Cs-137 12,2% 16,8% 0,1% 1,7% 1,1% 1,0% 0,7% 

Eu-152 2,9% 1,2% 0,2% 0,8% 5,8% 5,5% 4,5% 

Eu-154 1,5% 0,0% 0,2% 0,5% 3,5% 3,4% 2,8% 

Eu-155 0,3% 0,0% 0,2% 0,0% 4,1% 4,2% 3,5% 

U-233 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

U-234 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

U-235 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

U-238 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

Pu-238 0,0% 0,0% 0,0% 0,0% 0,1% 0,1% 0,1% 

Pu-239/40 0,0% 0,0% 0,0% 0,0% 0,4% 0,1% 0,0% 

Pu-241 1,8% 0,2% 0,4% 1,9% 46,8% 7,4% 5,7% 

Am-241 0,0% 0,0% 0,0% 0,0% 0,7% 0,2% 0,1% 

Cm-242 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 

Cm-243/44 0,0% 0,0% 0,0% 0,0% 0,0% 0,0% 0,1% 

Sum 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 100,0% 

 

Relevant data on the dose rate at the various reactor components have been reported 
in section 2.2.3. 

2.3.2. Radioactive Inventory during Decommissioning 

The radioactive inventory in the nuclear power plant will decrease with progress of 
decommissioning work, as material is dismantled, decontaminated and removed. In 
addition, the radioactive inventory as well as the pre-defined nuclide vectors need to 
be updated continuously for radioactive decay, e.g. at the beginning of each year. The 
long duration of the project (more than 3 half-life times of Co-60) leads to a signifi-
cant shift in the percentages of beta-gamma emitting nuclides in relation to long-lived 
alpha emitting nuclides, gradually increasing the percentage of the latter. This also 
influences the source terms for scenarios used in the safety assessments as well as the 
choice of measurement techniques to be used for characterisation or for clearance 
measurements. 
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2.4. Decommissioning Activities and Techniques 

2.4.1. General Overview 

2.4.1.1. Decommissioning Phases 

The decommissioning activities are structured into six phases as outlined in Fig. 2.5, 
which are also associated with separate licensing procedures each.  
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FIG. 2.5. Overview of the licensing phases. 

 

The 6 phases (plus one final phase) are: 

• Phase G01: Preparation for decommissioning and dismantling of systems 
outside the controlled area; 

• Phase G02: Dismantling of the components of the primary loop, including 
steam generators, main circulation pumps, and pipes; 

• Phase G03: Dismantling of the auxiliary systems of the primary circuit; 
• Phase G04: Dismantling of the special water treatment plant; 
• Phase G05: Dismantling of activated and contaminated components, includ-

ing the reactor, the reactor periphery and the hot cell; 
• Phase G06: Dismantling of contaminated and activated building structures; 
• Phase End State / License termination. 

The endpoints of the individual decommissioning phases are also referred to in sec-
tion 3.5. 

2.4.1.2. Approach to Dismantling 

Systems are generally dismantled in the direction towards increasing contamination or 
activation. Furthermore, dismantling of different types of material is generally carried 
out in the following sequence: 
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1. Insulation; 
2. electric components and control systems; 
3. cables; 
4. pipes and valves; 
5. pumps, fans and other equipment; 
6. tanks and heat exchangers; 
7. structures, racks etc.; 
8. claddings, foundations. 

Technical or radiological reasons may lead to a different sequence for single rooms or 
systems. All details are regulated in comprehensive dismantling plans. 

When components, systems or structures are to be taken out of operation, they are 
emptied and permanently disconnected. If necessary, decontamination in-situ or 
shielding measures are put in place. After that, the components, systems or structures 
are internally cleared for segmentation. They are segmented into parts of manageable 
size. If necessary, open structures are closed and sealed to avoid spread of contamina-
tion.  

2.4.1.3. Decommissioning Methods 

Decommissioning methods mainly refer to segmenting and to decontamination tech-
niques. The choice of segmenting techniques aims at minimising generation and 
spread of contamination. Segmenting techniques are chosen according to the follow-
ing criteria:  

• low aerosol and gas generation; 
• minimisation of secondary waste; 
• minimisation of waste for disposal; 
• preference for proven and readily available techniques; 
• reliability and minimisation of maintenance; 
• high working speed; 
• applicability for the geometries and materials to be segmented; 
• use of multiple tools of same type. 

All segmenting work is carried out in radiologically controlled areas. Segmentation 
and decontamination work are carried out with minimisation of the amounts of sec-
ondary wastes. The resulting materials are then treated at dedicated segmenting and 
decontamination stations, where they are also packaged.  

Only established procedures are used for segmenting and decontamination. If neces-
sary, new techniques are developed or existing techniques are adapted, which are 
thoroughly tested before application. The following sequence of choice of the appro-
priate technique is followed (in decreasing priority with respect to aerosol generation 
and spread of contamination): 

1. mechanical cutting by shearing; 
2. mechanical cutting by sawing; 
3. mechanical cutting by grinding; 
4. thermal cutting by various techniques, e.g. plasma torch. 

Aerosols are removed with additional ventilation, if necessary.  
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Uncontaminated and slightly up to medium contaminated parts and components are 
segmented as far as possible with manual techniques. Highly contaminated or activat-
ed parts and components are preferably segmented with remote controlled techniques.  

Dismantling of building structures can be carried out with a variety of techniques (e.g. 
diamond wire cutting, milling). Appropriate techniques are chosen as needed. 

For decontamination various decontamination techniques are available at the NPP site 
or at a centralised handling facility where material is shipped to. These include: 

• grit blasting (for metals); 
• chemical decontamination (chemical baths including electro-polishing; for 

metals); 
• scabbling or other ways of surface removal (for building surfaces); and 
• others. 

The appropriate technique is chosen according to the status of the surface, the penetra-
tion depth of radioactive material, the necessity to remove parts of the material to 
achieve clearance etc. 

2.4.1.4. Radiation Protection Measures 

Radiation protection measures can be broadly divided into overall protection 
measures and measures accompanying decommissioning work.  

Overall protection measures comprise: 

• surveillance of the site and the surroundings; 
• accounting of radioactive releases and documentation; 
• dosimetry and documentation; 
• recurrent checks of the radiation protection equipment; 
• operation of the radiation protection laboratory; and 
• control of the material flow in and out of the controlled area. 

Measures accompanying decommissioning work comprise: 

• check of compliance with radiation protection procedures and work proce-
dures; 

• check of the state of the facility (control of dose rates, of airborne contamina-
tion and of contamination on surfaces); 

• participation in planning of segmenting and waste management issues; 
• decontamination of systems, components and rooms; 
• stipulation of additional radiation protection measures as required during de-

commissioning operations; 
• erection of temporary enclosures over segmenting areas with separate venti-

lation; 
• preliminary checks of segmented parts for contamination; 
• surveillance of decontamination; 
• clearance measurements at materials and building structures to be cleared; 
• surveillance of transports on the site; and 
• receiving and exit controls of transports. 
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2.4.2. Decommissioning Activities during Phase G01 

The status of the plant at the beginning of the first decommissioning phase is charac-
terised as follows: 

• the facility has been permanently shut down; 
• the nuclear fuel has been removed (it has been loaded into transport and stor-

age containers and has been shipped to an interim storage facility); 
• the operational waste has been treated and removed from the site to an inter-

im storage facility. 

The first decommissioning phase comprises the following activities: 

• continuation of the operation of components and systems to keep the facility 
in a safe state; 

• changes to systems and components that are still required during the post-
operational phase as well as for decommissioning and partial dismantling; 

• permanent disconnection and dismantling of components and systems no 
longer needed; 

• conversion of the turbine hall into a transport preparation facility and use of 
the turbine hall for waste packages. 

Fig. 2.6 shows two examples of this work: the dismantling of the turbine (left) and a 
few years later dismantling of the turbine table (right), where diamond wire cutting 
was used. The space occupied by the turbine table was turned into waste handling 
space, and some waste management equipment was installed. 

 

FIG. 2.6. Dismantling of the turbine (left) and of the turbine table (right). 

 

2.4.3. Decommissioning Activities during Phase G02 

The second phase covers the dismantling of the main equipment of the primary circuit 
(steam generator and main circulation pump including pipelines, residual systems and 
steel constructions).  

Steam generators and main circulation pumps are parts of the primary circuit. They 
are located in the pressure rooms 201/1-3 and 202/1-3 of the reactor building. The 
steam generators were decontaminated prior to their removal using the decontamina-
tion process CORD, which is a chemical oxidation / reduction decontamination pro-
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cedure of Siemens AG KWU (now AREVA) [13], where chemical agents are circu-
lated through the steam generators. Regular decontamination during the operational 
phase ensured that the mean contamination on the inner surface of the primary circuit 
never exceeded an average of 4·104 Bq/cm² at the end of an operating cycle, and sub-
sequent system decontamination reduced the activity by one order of magnitude. One 
steam generator with a surface of about 395 m² therefore had a contamination inven-
tory of less than 1.6·1010 Bq. After final shutdown, its activity content was estimated 
to less than 1.4·1011 Bq prior to decontamination. The dose rate in contact varied be-
tween 10 and 20 µSv/h.  

The dismantling concept includes removal and in-situ cutting of the pipework using 
various cutting techniques (including thermal) and removal of the large components, 
mainly steam generators, in one piece for shipment to an external facility where seg-
menting and further treatment takes place. The left picture of Fig. 2.7 shows the re-
moval of a steam generator in one piece, while the right picture shows segmenting 
work in-situ. 

FIG. 2.7. Removal of a steam generator (left) and disassembling the pump 

casing of a main coolant pump (right). 

 

The process of the decontamination, removal and transport of the steam generators is 
described in detail in supplementary chapter B. The safety assessment for decontami-
nation and removal of the steam generator is dealt with in section 5.1.  

2.4.4. Decommissioning Activities during Phase G03 

The third phase carries on with the activities of Phase G02 and commences after the 
end of the previous phase. The remaining parts of the primary circuit are dismantled.  

2.4.5. Decommissioning Activities during Phase G04 

Phase G04 covers dismantling of the Special Water Treatment Plant. As this building 
is entirely separated from the rest of the plant, work can be executed in parallel to 
work in the main building on the primary circuit. 

 
 



 

23 

The Special Water Treatment Plant consists of numerous containers and a large num-
ber of pipes (for an example refer to Fig. 2.8), all showing a comparatively high con-
tamination. Dismantling uses various segmenting techniques, including mechanical 
and thermal ones. Depending on the dismantling concept, large containers are lifted in 
one piece from their position and are either shipped for segmenting and further treat-
ment at a different facility or are segmented at places in the Special Water Treatment 
Plant where there is more space.  

 

FIG. 2.8. Dismantling activities in the active water treatment system (left) 

and removal of a container (right). 

 

2.4.6. Decommissioning Activities during Phase G05  

The initial approach to dismantling of activated and contaminated components, in-
cluding the reactor pressure vessel and its internals, was to segment the parts immedi-
ately afterwards in dedicated segmenting stations. A different strategy has been pro-
posed and implemented years later. 

The originally planned work consisted of the following steps: 

• dismantling, segmenting and packaging of the reactor pressure vessel and of 
the following reactor internals: reactor shaft, reactor shaft bottom, core bas-
ket, protecting tube system as well as of the leakage control mantle; 

• dismantling, segmenting and packaging of the supporting ring, the annular 
water tank, the sphere chamber, and the thermal shield; 

• dismantling of systems or partial systems that obstruct dismantling of the re-
actor and that are no longer required; 
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• disposal of waste from dismantling of the reactor; 
• transport of waste to an interim storage facility; 
• introduction of tools and equipment for carrying out the work described 

above (segmentation, waste management etc.), including installation, trial 
and normal operation; 

• adaptation of existing systems and change of building structures as far as it is 
necessary for performing the work described above; 

• dismantling of tools and equipment for this work after they are no longer re-
quired. 

The technical concept envisaged for dismantling of the reactor includes construction 
and operation of segmenting areas in various parts of the nuclear power plant. These 
segmenting areas are completely contained. They serve for segmenting the various 
parts of the reactor mainly with remote-controlled segmenting techniques that have 
been used at other decommissioning projects. The use of several segmenting areas 
allows working in parallel at different segmenting tasks.  

• a wet segmenting area inside the reactor hall with cooling pond 1 as segment-
ing bay; 

• a dry segmenting area inside the reactor hall; and  
• various segmenting areas in the reactor shaft room. 

The parts of the reactor were intended to be segmented in air or under water, depend-
ing on their contamination or activation. It was planned to segment parts with less 
than 106 Bq/g in air with dry segmenting techniques. Further parts of the reactor that 
surround the reactor pressure vessel in its operating position were intended to be seg-
mented in the reactor shaft room or in the dry segmenting area inside the reactor hall 
manually or with remote controlled techniques. If the size of a component exceeds the 
capacity of the dry segmenting area, it was intended to first pre-segment in the wet 
segmenting area.  

The wet segmenting area is equipped with conventional mechanical and thermal cut-
ting techniques, including underwater sawing, underwater grinding, contact arc metal 
cutting (CAMC), underwater plasma cutting, and abrasive water jet cutting. The tools 
are fixed and guided by a tool carrier system, consisting of an arm with a manipulator. 
For the actual cutting process, the item to be segmented is mounted on the turntable, 
and the entire basin is filled with water.  

During conduct of decommissioning the strategy of the dismantling of the RPV was 
changed into the removal of the complete component in one piece.  

The dismantling of the RPV is described in more detail in the supplementary chapters 
C and D; the related safety assessment results are described in section 5.2 (direct dis-
mantling related) and in section 5.3 (removal in one piece). 

2.4.7. Decommissioning Activities during Phase G06 

Phase G06 comprises dismantling of contaminated building structures as well as those 
parts of the building where residual activation (outside the biological shield) are pre-
sent. The buildings are decontaminated and clearance measurements are performed. 
This also includes removal of pipes that are embedded in the building structure and 
still contain substantial contamination. Decontamination of the building surfaces can 
be carried out by a number of techniques like wall shaving and scabbling, down to a 
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depth that has been determined by prior measurements of the penetration behaviour of 
the activity. The material that is removed during this decontamination process is usu-
ally treated and disposed of as radioactive waste.  

Clearance measurements are usually carried out with surface contamination monitors 
at places where the activity has not penetrated too deeply into the surface and with in-
situ gamma spectrometry, either collimated or not collimated. The nuclide vector con-
tains a sufficient proportion of gamma emitting radionuclides so that these techniques 
can be used. 

The clearance levels that are applied for this process are those requiring that the build-
ings are demolished and not reused. This implies that the clearance process is only 
complete when demolition of the buildings has been completed. Removal of the build-
ings stops at a depth of about 2 m below the surface of the site. The structures below 
that level and the foundations remain in place.  

2.4.8. Decommissioning Activities during Phase End State / License Termina-

tion 

The decommissioning process ends with the termination of the licence. In order to be 
able to terminate the license, a radiological survey of the buildings and of the site 
(land, soil) has to be carried out demonstrating that no residual radioactivity above 
clearance levels is present on the ground or in the soil. Once this measurement process 
has been completed, including verification of the results by the regulatory body, the 
licence will terminate and the site can be reused for any purpose (refer to section 2.7); 
more details on the measurements and the applicable clearance levels are presented in 
section 5.4. 

2.5. Waste Management 

Aspects of waste management are in general not within the scope of the DeSa meth-
odology on safety assessment for decommissioning - specific guidance on safety as-
sessments as well as on the principles and methods to be applied in waste manage-
ment is available separately. However, aspects of waste management are within the 
scope of the DeSa methodology as the management of radioactive waste within a nu-
clear facility under decommissioning may impose hazards and risks to be considered 
in the safety assessment for decommissioning. Accordingly, and in order to present a 
comprehensive picture waste management is briefly described. 

Waste management comprises the steps necessary for  

• releasing the material from radiological control (clearance), including seg-
menting, decontamination, and clearance measurements; as well as  

• preparing the material as radioactive waste for final disposal, including con-
ditioning and packaging of the wastes. 

Clearance options available during decommissioning of the nuclear power plant com-
prise  

• direct reuse: the material is cleared using appropriate clearance levels for un-
conditional clearance and can then be directly reused (or recycled or disposed 
of). 
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• recycling: the material is cleared using clearance levels designed for recycling 
of metal scrap for melting in a conventional foundry. It needs to be assured 
that melting takes place, i.e. that direct reuse is avoided. 

• disposal as conventional waste: the material is cleared using clearance levels 
designed for disposal as waste. This includes disposal on a landfill site as well 
as incineration of waste in a conventional waste incineration facility. It needs 
to be assured that the cleared material reaches the landfill site or the waste in-
cineration facility.  

Appropriate clearance levels for all types of materials and buildings are available in 
the respective regulations. Once material has been cleared, the regulations for conven-
tional materials apply.  

Steps for treatment of radioactive wastes include collection, sorting, segmenting, 
compaction, decontamination, drying and packaging. These waste treatment tech-
niques are available to some extent on the nuclear power plant as well as at an exter-
nal interim storage facility, where material is regularly transported to. This external 
interim storage facility contains equipment for decontamination and segmentation as 
well as a storage facility for interim storage of partially or fully treated waste packag-
es. The facility possesses a separate license that includes the possibility of taking over 
radioactive waste and material from this nuclear power plant for treatment, storage or 
clearance. Thus, most parts of the radioactive material generated during decommis-
sioning of the nuclear power plant and its treatment are not within the scope of this 
decommissioning project. 

The total amount of material arising from the overall decommissioning process is es-
timated to 330,000 Mg, including the masses of the buildings. Only about 70,000 Mg 
will be dismantled, the remaining part will be become subject to release from regula-
tory control without further dismantling. 60,000 Mg would be cleared and released at 
the site, while around 10,000 Mg would be transported to the external interim storage 
facility for further treatment or storage. 1,900 Mg are estimated to remain as radioac-
tive waste that has to be ultimately disposed of in a repository. 

2.6. Measures for Safety and Security 

During the decommissioning process, the boundaries of the controlled area are not 
changed until the relevant part of the facility has been cleared; the radiological protec-
tion of the workforce remains in force as during the operation phase. This includes 
full dosimetry by measurements of both the external exposure and the internal expo-
sure due to incorporation. Furthermore, workers are specially protected with various 
types of respiratory protection when carrying out dismantling operations, where a 
high amount of aerosols can be released or where alpha emitters are present.  

In addition, a suitable management structure is in place and the workers that carry out 
the decommissioning work are knowledgeable, as most of them know the plant from 
the operational period. Emergency preparedness is carried on as during the operation-
al phase with adaptation to the specific needs of decommissioning. 

2.6.1. Safety at Work 

Safety at work is ensured by  

• use of safe, proven techniques; 
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• implementation of safety features and barriers; 
• wearing of protective clothing; 
• avoidance of hazardous or detrimental impacts like noise, dust or toxic sub-

stances; and 
• ensuring safe execution of work. 

Compliance with the prescriptions is assured by internal regulations forming part of 
the operating manual of the facility. A worker safety officer is appointed who directly 
reports to the manager of the facility.  

Measures for safety at work cover the areas: 

• planning and execution of the decommissioning activities; 
• coordination of the work procedures; 
• surveillance of the work procedures; 
• training of the personnel; and 
• occupational health care. 

In addition, measures for accident prevention as well as mitigation and limitation of 
damage are implemented. This includes 

• first-aid equipment together with the required number of persons skilled in 
first aid; 

• the necessary care by doctors; 
• escape, rescue and traffic routes and 
• alarm schedules 

which are continued from the operational phase and are adapted to the needs of de-
commissioning as required. 

2.6.2. Fire Protection 

The measures for fire protection aim at preventing the start of fires as well as at pro-
tecting the personnel, the facility, the buildings and the environment against the im-
pacts of fires. The legal requirements concerning fire protection have been incorpo-
rated into the internal fire protection manual, which forms part of the operating manu-
al of the facility. This Manual is binding for the 

• planning and execution of decommissioning activities; 
• training of the workers; and 
• supervision of fire protection measures and controls. 

There are a number of fire protection installations in place from the operating phase, 
mainly: 

• fire extinguishers; 
• stationary fire-fighting installations; 
• mobile fire-fighting equipment; 
• fire alarms; and 
• fire doors. 

Use of these installations is continued during the decommissioning phases. They will 
be adapted to the changing needs during progress of decommissioning. These installa-
tions are under surveillance of the regulatory body.  
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Additional fire protection measures of a temporary nature that are required for the 
execution of certain decommissioning activities will be defined during detailed plan-
ning of the work steps. 

A fire protection officer is appointed who directly reports to the manager of the facili-
ty. 

2.6.3. Physical Protection 

It is the aim of physical protection (security) measures for the facility to prevent unau-
thorised access and impacts of persons on the facility. The physical protection 
measures are laid down in a separate manual. These measures will be adapted to the 
progress of the decommissioning, as the progress of the work will have an impact on 
the access, the physical barriers, administrative procedures etc. 

2.6.4. Environmental Monitoring Programme  

It is the aim of the environmental monitoring programme to prevent unacceptable 
burden to the environment from emissions of radioactive material from the NPP. The 
requirements that have to be met by the environmental protection programme are de-
rived from the relevant parts of the regulatory framework. In particular, this includes 
dose limits for exposure caused by releases of radionuclides to the atmosphere and to 
surface or groundwater. Compliance with the derived activity concentration values in 
such releases is controlled by measurements and documented. The monitoring pro-
gramme is outlined in the operating manual of the NPP. It is not further included in 
this Annex 1, as it does not form part of safety assessments 

2.7. Final End State 

The final end state of the whole decommissioning project is green-field, i.e. clearance 
and demolishing of all buildings belonging to the controlled or the supervised area 
and release of the land from regulatory control. Appropriate clearance levels and re-
lease criteria are available in the respective regulations. 

Prior to demolishing, all remaining equipment in the buildings is removed. Clearance 
measurements take place at the standing building structure, making use of in-situ 
gamma spectrometry in combination with statistical approaches as far as possible. 
Large metallic structures like anchor plates, steel liners etc. are not necessarily re-
moved but are included in the measurements. Activated structures are removed down 
to such depth where the remaining structure will comply with clearance levels, mak-
ing use of drilling samples to determine the activity concentration as a function of 
depth. After appropriate decontamination at places where the clearance levels are still 
exceeded, the clearance procedure for the buildings of the controlled area ensure that 
in the end the clearance levels are complied with on all surfaces.  

Clearance of the buildings is followed by their conventional demolition. The remain-
ing site is now measured for compliance with clearance levels for sites. Areas where 
clearance levels are exceeded are decontaminated by removing layers of soil of a few 
10 cm thickness down to such a depth where clearance levels are no longer exceeded. 
Measurements are carried out using statistical approaches with in-situ gamma spec-
trometry. After establishing compliance with clearance levels for the site, the site can 
be cleared and the license can be terminated.  
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3. SAFETY ASSESSMENT FRAMEWORK 

3.1. Context of the Safety Assessment 

A decommissioning project as the one presented in chapter 2 requires numerous anal-
yses that could each be referred to as a safety assessment. This ranges from top-level, 
overarching assessments giving enveloping and conservative dose estimates for the 
workers and the public to more specific safety assessments for each decommissioning 
phase down to very detailed assessments for individual work packages. These levels 
of safety assessments are illustrated by FIG. 3.1, taken from the main volume of this 
publication, and FIG. 3.2 showing in addition that a final safety assessment (related to 
a phase) can comprise further safety assessments related to work activities forming 
stages within a phase.  
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FIG. 3.1. General concept of the evolution of safety assessments for decommissioning 

and the implementation of their results. 

 

In FIG. 3.2 the decommissioning project is assumed to comprise six phases. Prior to 
or at the beginning of phase 1, an overarching safety assessment is carried out which 
covers aspects of the entire project in such a detail that compliance with safety re-
quirements for all subsequent phases can be established. In parallel, a safety assess-
ment for phase 1 is carried out, which may be corroborated by additional safety as-
sessments for stages of which phase 1 consists. In the figure, phase 3 has been high-
lighted as an example which may consist of 3 stages. A safety assessment for phase 3 
would describe the overall work to be carried out in general terms and perform dose 
assessments of a more generic nature, while the very detailed safety assessments for 
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each of the three stages would describe detailed work steps, number of personnel re-
quired, estimated working time, dose rates etc. and perform detailed assessments of 
any incidents that might occur during the work. 
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FIG. 3.2. Overview of individual safety assessments and their hierarchy. 

 

The current test case on the decommissioning of a nuclear power plant serves as an 
illustration on the application of the DeSa methodology and of the FaSa methodology; 
however, resources are limited, and only selected safety assessments can be investi-
gated. These safety assessments are selected carefully to ensure maximum signifi-
cance and provide highest value for illustration how to carry out safety assessments 
and implement their results in the decommissioning project.  

The generic representation of the licensing phases of FIG. 3.1 can be linked to the 
actual phases for the test case NPP as shown in FIG 3.2. These phases have been al-
ready explained in section 2.4 in more detail.  
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FIG. 3.3. Overview on the licensing phases for the test case NPP. 

 

As this Annex 1 intends to illustrate the DeSa methodology on safety assessment and 
the FaSa methodology, appropriate safety assessments from various decommissioning 
phases have to be selected that provide good value for illustration how to carry out 
safety assessments and how to implement their results in a decommissioning project. 
The following safety assessments have been chosen: 

• One overarching safety assessment, which would be carried out at the begin-
ning of a decommissioning project. 

• Safety assessments for three selected decommissioning phases, covering only 
the work to be carried out in these phases. The phases identified are the fol-
lowing (see FIG. 3.3): 

o Phase G02: dismantling of steam generators, 

o Phase G05: removal and segmenting of the RPV and of the reactor in-
ternals, and  
Phase G05: alternative – removal of the RPV in one piece and ship-
ment off-site for interim storage for radioactive decay, 

o Phase G06: end state. 

3.2. Scope of the Assessment 

The scope of the safety assessments outlined in section 3.1 has to be distinguished 
according to the level in which the safety assessment is carried out: 

• The overarching safety assessment has been developed in support of the NPP 
decommissioning plan at the beginning of a decommissioning project, e.g. in 
the licensing procedure for the first decommissioning license. It is representa-
tive for the entire decommissioning of the NPP. This is achieved by choosing 
and analysing a small number of enveloping scenarios that cover exposure of 
both workers and the public during normal decommissioning operation and 
during incidents. This assessment would not need to be updated in later phas-
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es of the work, as it is meant to demonstrate safety of the entire project to the 
regulatory body, except changes of subsequent phases may result in a breach 
of the enveloping character of the chosen scenarios of the overarching safety 
assessment.   
The overarching safety assessment is described in chapter 4 of this Annex 1. 

• The final (detailed) safety assessments for individual decommissioning phases 
cover the work that is to be carried out during the particular decommissioning 
phase. This is achieved by selecting and analysing a small number of repre-
sentative exposure conditions that will occur during this decommissioning 
phase. If the entire project is structured into six phases, at least six final (de-
tailed) safety assessments would be required, with eventually additional as-
sessments for certain stages relating to different components (see for example 
FIG. 3.3: the 5th phase (G05) is structured into 3 stages relating to different 
parts which might need to be analysed separately). 

Overall results of dose assessments and safety related outcomes are then de-
rived from these scenarios. The analyses are carried out for both workers and 
the public during normal decommissioning operation and during incidents. 
These analyses are described in sections 5.1 to 5.3, with an additional descrip-
tion of the safety assessment for the end state in section 5.4. 

3.3. Objectives of the Assessment 

The objectives of the safety assessments are: 

a. to demonstrate safety of workers and public during the planned decom-
missioning activities and to show compliance with regulatory require-
ments and criteria; and  

b. to identify safety related systems and controls to manage the potential 
hazards through the various phases/stages of decommissioning subjected 
to safety assessment. 

In addition, specific to this test case, the safety assessments intend to illustrate the 
application of the safety assessment framework developed during the DeSa Project to 
a larger scope of NPP in order to present a broader view of its applicability. 

3.4. Timeframes 

The timeframes for the safety assessments described in sections 3.1 and 3.2 can be 
summarised as follows: 

• The overarching safety assessment is representative for the entire decommis-
sioning of the NPP, it relates to the duration of the decommissioning work, 
i.e. about 17 years.  

• The safety assessments for individual decommissioning phases cover work 
that is to be carried out during the particular decommissioning phase, these 
safety assessments relate to the duration of these phases. Depending on the 
choice of these phases, the timeframes for these assessments cover several 
years. 
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3.5. End Points of the Decommissioning Phases 

The decommissioning phases into which the decommissioning of the NPP is struc-
tured are designed to reach the following end points:  

• Phase G01 - Preparation for decommissioning and dismantling of systems 
outside the controlled area:  
At the end of this phase, most of the not contaminated and the contaminated 
systems that are no longer required for supporting the decommissioning activ-
ities will have been dismantled. The material will have been decontaminated 
as far as possible and will have been released from radiological control or 
conditioned as radioactive waste. 

• Phase G02 - Dismantling of the components of the primary circuit, including 
steam generators, main circulation pumps, and pipes:  
At the end of this phase, the main contaminated parts of the primary circuit 
will have been dismantled. The material will have been decontaminated as far 
as possible and will have been released from radiological control or condi-
tioned as radioactive waste. 

• Phase G03 - Dismantling of the auxiliary systems of the primary circuit:  
At the end of this phase, the auxiliary systems of the primary circuit will have 
been dismantled. The material will have been decontaminated as far as possi-
ble and will have been released from radiological control or conditioned as 
radioactive waste. The largest part of the rooms in the reactor building with 
the exception of the reactor hall is then empty (except for the residual systems 
still needed for decommissioning).  

• Phase G04 - Dismantling of the special water treatment plant (in 4 stages): 
At the end of this phase, the systems of the special water treatment plant will 
have been completely removed and the rooms will have been prepared for fi-
nal decontamination (as part of phase G06). 

• Phase G05 - Dismantling of activated and contaminated components, includ-
ing the reactor, the reactor periphery and the hot cell:  
At the end of this phase, the rest of the primary circuit and all activated parts 
will have been removed. The RPV will be removed in one piece (due to the 
modified strategy) and brought to an external interim storage facility, where it 
will eventually be segmented after decay of several decades. The reactor in-
ternals will have been segmented using remote controlled techniques and 
conditioned as radioactive waste. The rooms in the reactor building will then 
have been prepared for final decontamination (as part of phase G06).  

• Phase G06 - Dismantling of contaminated and activated building structures: 
The rooms in the various buildings belonging to the controlled area are char-
acterised in order to determine to which extent decontamination will be re-
quired. After execution of decontamination, removal of activated parts above 
clearance levels and clearance measurements, the buildings will be demol-
ished, and the remaining site will have been released. Environmental remedia-
tion may be required to a limited extent near storage areas of transport con-
tainers, along pipework embedded in the ground etc. 
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After Phase G06 the license will become terminated (final end-state). Preparation for 
the license termination is subject to a final phase (not within FIG. 3.2) which covers 
those activities related to the release of the site from radiological control. 

3.6. Requirements and Criteria 

The safety assessments are based on the following regulatory requirements and crite-
ria that will apply to the planned decommissioning activities and for which compli-
ance will need to be demonstrated: 

3.6.1. Workforce criteria from normal activities 

The radiological exposure predicted during the planned operations needs to comply 
with the criteria specified in International Basic Safety Standards (as valid in 2011, 
[4]). The dose limits for the occupational exposure of the workers will not be exceed: 

• an effective dose equivalent of 50 mSv per year in any one year; 

• an effective dose equivalent of 20 mSv per year averaged over five consecu-
tive years; 

• an effective dose equivalent to the lens of the eye of 150 mSv in a year; and 

• an effective dose equivalent to the extremities (hands and feet) or the skin of 
500 mSv in a year. 

Notwithstanding the dose limits and constraints, work needs to be planned for optimi-
zation of safety so that predicted exposure can be demonstrated as ALARA. 

3.6.2. Public criteria from normal activities 

For the relevant critical groups of members of the public following dose limits exist: 

• The effective dose equivalent (from all sources) is required not to exceed 1 
mSv in a year; 

• The dose limit for the NPP site is 0.3 mSv/a for airborne and 0.3 mSv/a for 
liquid releases; this allows room for additional exposure from other sources, 
as the dose from external irradiation from the site could not account for the 
0.4 mSv/a that remain up to the dose limit of 1 mSv in a year. 

• An equivalent dose equivalent to the lens of the eye of 15 mSv/a; 

• An equivalent dose equivalent to the skin of 50 mSv/a. 

Notwithstanding the dose limits and constraints, work needs to be planned for optimi-
zation of safety so that predicted exposure can be demonstrated as ALARA. 

3.6.3. Incident / Accident Criteria 

The criteria that have to be used for determination whether the consequences from an 
incident or accident are acceptable depend on the type of scenario. It has to be noted 
that at the time of drafting of this Annex 1 no international guidance on the acceptable 
dose per incident exists. Therefore, the following approach has been taken from na-
tional regulations: 

In an enveloping case with massive release of activity to the environment, a criterion 
of 20 to 50 mSv (per incident) for individual doses would be acceptable. This value 
would apply both for workers at the site as well as for members of the general public. 
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For scenarios describing only minor work sequence (e.g. dealing with a small amount 
of activity), much lower consequences in terms of individual and collective dose 
would be acceptable. The appropriate criterion is described together with the safety 
assessment of incident or accident scenarios. 

3.7. Assessment Outputs 

The safety assessments analyse the exposure of workers and members of the public, 
both during normal decommissioning conditions and during incidents or accidents. 
The results of the assessment are compared with the relevant criteria set out in section 
3.6 above. If the assessment results are compliant with the criteria, the decommission-
ing activities can be carried out as planned. Otherwise, appropriate modifications are 
necessary resulting in a re-assessment of safety on base of the modifications per-
formed. 

In addition, specific to this test case, the safety assessments  

• provide feedback on the evolution and use of safety assessment to the De-
commissioning Planning, Conduct and Termination working groups of the 
FaSa project, and  

• illustrate the application of the safety assessment methodology developed 
during the DeSa project for a whole NPP decommissioning project and 
demonstrate ways how to implement the results of the safety assessments 
on base of the FaSa methodology.  

3.8. Safety Assessment Approaches  

The approaches used at the nuclear power plant, which serves as volunteer NPP for 
the test case, vary for the various safety assessments. The approaches need to be dis-
tinguished between the overarching safety assessment and detailed (final) safety as-
sessments for specific phases.  

In each case, the safety assessments follow the methodology illustrated in FIG. 3.4 
and taken from the Safety Report Series No. 77 [14], which represents the outcome of 
the DeSa project. 
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FIG. 3.4. Safety assessment methodology for decommissioning [14]. 

 

The approach for the analysis of the overarching safety assessment can be summa-
rised as follows: 

• Worker exposure during normal operation: the dose estimate is performed on 
the basis of generic (conservative) estimates of working time and dose rate. 
The collective dose can be derived from the individual dose and the number of 
workers. 

• Worker exposure from incidents/accidents: the doses for incidents/accidents 
are estimated from simple, generic approaches using an enveloping scenario 
(exposure time, release rate/fraction, aerosol concentration, affected volume, 
activity concentrations etc.). 

• Doses to a representative person (member of a critical group) of the general 
public from routine releases to the environment (liquid, gaseous) are calculated 
using prescribed calculation procedures (effective doses and organ doses).  

• Incident / accident analyses with off-site consequences for a representative 
person (member of the critical group) of the general public are performed us-
ing a bounding accident scenario. 



 

37 

The approaches for the detailed (final) safety assessments for individual decommis-
sioning phases generally perform assessments for workers both for normal conditions 
and for incidents or accidents and include also estimates for the public. The level of 
detail for the latter analysis varies with the complexity of the work and the estimated 
consequences. 
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4. OVERARCHING SAFETY ASSESSMENT 

Subject of this chapter was the documentation of the conduct of the overarching safety 
assessment for the nuclear power plant of the test case. Due to restrictions in its work-
ing capacity the working group decided not to perform such an overarching safety 
assessment, but to analyse the available overarching safety assessment of the volun-
teer nuclear power plant and to reformat the results of that overarching safety assess-
ment in a way compliant with the format of the DeSa methodology [14]. As a result, 
the following sections mainly summarize and comment on the results of an overarch-
ing safety assessment. 

4.1. Hazard Analysis: Identification and Screening 

4.1.1. Hazard Identification 

The overall safety assessment relies on a global and cursory analysis of hazards. This 
approach has a bounding character for the entire decommissioning project and is later 
supported by specific hazards analyses for detailed decommissioning phases. This 
means that the first approach tries to identify bounding conditions for safety assess-
ments. 

A generic approach is used for identification of hazards. This means that overall con-
ditions and initiating events that may lead to a hazard are identified and that scenarios 
are evaluated for each of these conditions and events. The following approaches are 
taken: 

(a) Radiological Hazards 

• Criticality: Criticality has not be regarded part of the safety assessment for 
decommissioning. The reason is that fuel elements have been removed 
during the transition phase before the start of the decommissioning work. 
In addition, the quantity of U or Pu that remains on the site is not large 
enough to cause such an event. 

• Direct exposure: In the overall safety assessment, only a very cursory es-
timate of collective dose for the personnel has been performed that is valid 
only for the first decommissioning phase in which components in the tur-
bine hall are dismantled. Collective dose for the first phase has been esti-
mated on the basis of an average dose rate of 70 nSv/h caused by the con-
taminated systems and components in the turbine hall and an overall effort 
of 15 man-years (each year with 2000 working hours). This leads to an up-
per boundary of 0.01 man·Sv for the first decommissioning phase, which is 
regarded as too low to be of any concern to the regulator. 

• Internal exposure: Internal exposure has been considered and excluded be-
cause it was assumed that inhalation would always be prevented due to 
implementation of proper measures (respiratory protection in areas with 
aerosol generation or other contamination present). 

• Liquid and gaseous radioactive effluents: Activity limits for liquid and 
gaseous releases resulting from the decommissioning work have been de-
rived in terms of Bq per radionuclide that could be released with the off-
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gas or with the wastewater in each year. This has been done starting from 
the dose constraint of 300 µSv/a for the sum of doses received via all air-
borne and via all liquid pathways, respectively. The calculation procedure 
for establishing a connection between the released activity and the individ-
ual doses is prescribed in this case, using a conservative approach. The de-
commissioning work is planned and carried out in such a way that the de-
rived activity limits are complied with. 

• Erroneous free-release of materials: In the overarching safety assessment, 
the concept of clearance has not yet been fully taken into account, as the 
specific regulations on clearance were only introduced later as part of the 
licensing process. However, provisions and control have been implement-
ed to exclude such occurrence. 

• Other hazards: With respect to waste packages, other hazards like mechan-
ical defects of packages, drop off loads, collision with other packages and 
fire have been analysed within the scope of the safety assessment. The ap-
proach has been to assume the release of radionuclides that would be en-
compassing for any conceivable incident in this regard. Doses from the 
airborne release of these activities have been analysed for the general pub-
lic. 

(b) Non-radiological hazards 

• Non-radiological hazards are addressed within the scope of the overall 
safety assessment. It is outlined that safety measures at work aim at pro-
tecting the personnel against hazards by applying safe techniques, by set-
ting up guardrails and barriers to prevent falling, by wearing protective 
equipment, and by avoiding detrimental influents like dust, poisonous sub-
stances and noise.  

• Natural hazards like earthquakes, external fires, flooding, wind, explosions 
etc. are considered as initiating events as part of the safety assessment. 
However, it is argued that the contamination that could be affected from 
these events in the turbine hall during the first decommissioning phase is 
so small that no radiological hazards could result from any of these events. 

4.1.2. Approaches to Hazard Identification 

When identifying the possible hazards, already existing safety assessments for the 
operation of the nuclear power plant are taken into account. The overarching safety 
assessment takes account of each of these operational hazards and possible initiating 
events and examines whether they could still be relevant for the decommissioning 
phase. 

In addition, checklists have been used to identify all relevant hazards during decom-
missioning. The German regulatory framework contains prescriptions which types of 
hazards and initiating events have to be taken into account in safety assessments dur-
ing the operational phase as well as for the decommissioning phase.  

The use of other techniques such as hazard and operability studies has not been re-
ported extensively in the safety assessment report, but has been used implicitly for 
excluding several specific scenarios. 
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4.1.3. Preliminary Hazard Assessment and Screening 

The safety assessment that has been presented in the first decommissioning plan [6] 
only includes the safety assessment for the first decommissioning phase as described 
above. No particular screening process is carried out. However, it is pointed out that 
the safety assessments for the next decommissioning phases would contain detailed 
safety assessments for the work encompassed by each phase. 

4.2. Hazard Analysis: Evaluation 

4.2.1. Analysis of Normal Activities 

For the analysis of the first decommissioning phase, no specific assumptions on nor-
mal working procedures are made except from the fact that an average dose rate is 
assumed for calculation of exposure from external irradiation and the application of 
personal protection equipment is assumed for excluding incorporation of radionu-
clides. 

With respect to exposure of the public, doses resulting from airborne and liquid re-
leases during normal operation are calculated according to the procedure laid down in 
[1]. The maximum permissible activity quantities for release are calculated backwards 
from dose limits of 300 µSv/a via gaseous releases and 300 µSv/a via liquid releases, 
using the prescribed model. In the case of the volunteering nuclear power plant much 
lower release limits have been set: 

The limits for airborne releases are set as: 

tritium (H-3): 1.0·1012 Bq/a 
β/γ aerosols: 8.5·108 Bq/a 
α aerosols: 7.5·106  Bq/a 

and the limits for liquid releases are set as: 

tritium (H-3): 1·1012 Bq/a 
β/γ aerosols: 1.0·109 Bq/a 
α aerosols: 2.8·107  Bq/a. 

The effective doses calculated from these releases are 1.4 µSv/a for adults and 
1.4 µSv/a for infants for airborne releases and 9.7 µSv/a for adults and 11.0 µSv/a for 
infants for liquid releases. These values are more than an order of magnitude below 
the dose limits mentioned above. 

4.2.2. Analysis of Accident Scenarios 

For the analysis of accident scenarios, general assumptions are made about initiating 
events and about the activity that could be affected in each scenario. Two groups of 
incidents have been examined: 

• Mechanical damage to a waste container: Damage to waste containers by 
dropping the container from a crane or by dropping loads onto a container is 
prevented by following appropriate quality assurance measures that are pre-
scribed in the nuclear power plant, including appropriate choice of the routes 
by which loads are manoeuvred (e.g. avoiding to move loads over loaded 
waste containers etc.) and using appropriate lifting accessories. Nevertheless, a 
waste container might be damaged and part of its contents may be released.  
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• Fire: Fire protection means are installed in all parts of the nuclear power plant. 
Fire zones are set up that would prevent spreading of a fire. Fire loads are min-
imised and separated from sources of ignition. Nevertheless, the possibility of 
a fire cannot be ruled out completely, so that a waste package could be affect-
ed and part of its activity content could be released. 

Therefore, the following two scenarios are analysed for damages to waste packages 
and for the contamination that could be affected by a fire: 

1. Damages to waste packages: As a consequence from drop of a heavy load 
on the waste package or from dropping a waste package itself, the follow-
ing releases are assumed, being enveloping for any realistic release: 

H-3:  4.3·106 Bq 
β/γ emitters without H-3: 2.2·108 Bq 
α emitters: 2.2·106 Bq 

These values exceed the release that could be expected from a waste pack-
age normally present during decommissioning operation. It is thus an en-
veloping assumption. The calculation of doses is described in section 4.2.3 
below. 

2. Fire: It is assumed that a fire affects systems and components that still 
have some contamination present. The following releases are assumed, 
which are very conservative in relation to other scenarios: 

H-3:  1.0·1010 Bq 
β/γ emitters without H-3: 1.2·109 Bq 
α emitters: 1.0·107 Bq 

These activity values correspond to the release of a major fraction of the 
activity content of a waste package. The calculation of doses is described 
in section 4.2.3 below. 

4.2.3. Modelling and Calculation of Consequences 

The volunteer nuclear power plant has safety control measures in place that were es-
tablished for its operational phase. Some of them can be removed or lowered in the 
transition phase and the early stages of decommissioning. Those that have no rele-
vance to the decommissioning phase can be removed.  

The values of the released activities in previous subsection 4.2.2 have been derived on 
the basis of real radioactive material that can be present in a certain waste package or 
in a certain area of the facility and on the assumption of a certain fraction of release 
either due to the drop or due to the heat of the fire. It has been assumed that the activi-
ties are released into the environment without mitigation by the filter.  

The dose calculation for the public has been performed using a prescribed calculation 
procedure. The results of the effective dose assessment for infants and for adults are in 
both cases far below 1 mSv, while the maximum acceptable planning value is 
50 mSv. This means that the work during the first decommissioning phase could not 
be in conflict with the requirements of the regulatory framework. 

Detailed modelling and calculation procedures have only been implemented for the 
analysis of off-site consequences from airborne releases during normal decommis-
sioning operation and during incidents in decommissioning. The calculation proce-
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dure relies on approaches similar to those prescribed in a General Administrative Pro-
cedure of the German regulatory framework [1]. 

4.3. Engineering Analysis 

Section 3.5 of volume I of [14] points out that engineering analysis is needed to iden-
tify the necessary safety related functions, and any performance requirements, of each 
structure, system and component. It is normal practice to categorise these in accord-
ance with the importance of the safety function that they will be required to provide. 
This allows a graded approach so that engineering expertise and effort can be applied 
proportionately to their safety significance.  

In the overarching safety assessment, engineering analysis is carried out only to a mi-
nor extent. It is pointed out that work in direct vicinity of waste packages which can 
have dose rates above 1 mSv/h needs to be appropriately limited so that the limits for 
annual doses to the personnel will not be exceeded. With respect to doses to the gen-
eral public, no administrative or engineering measures are required as the dose evalua-
tion clearly shows that doses for infants as well as for adults are far below dose limits.  

More detailed examples will be presented in the safety assessments of the individual 
decommissioning phases in chapter 5. 

4.4. Evaluation of results and safety measures 

Section 3.6 of volume I of [14] explains that the results of the safety assessment 
serves to demonstrate compliance with regulatory requirements and to define those 
control measures necessary to demonstrate compliance and that risks have been re-
duced to ALARA in order that the decommissioning can be carried out safely. The 
results of the safety assessment will normally be adjusted by the application of control 
measures, until all criteria are shown to be met and risks are ALARA. The uncertain-
ties and assumptions made will have to be identified and documented, and any re-
quired improvements will need to be implemented. Additional controls identified as 
being necessary, to mitigate the consequences of accident sequences abnormal events 
and incidents would have to be evaluated and shown to be fit for purpose. 

4.4.1. Comparison of analysis results (consequences) with criteria 

The results of the overarching safety assessment clearly show that dose limits for the 
personnel as well as for the general public are complied with during normal operation 
as well as resulting from incidents or accidents. As this result has been derived on the 
basis of enveloping (conservative) assumptions, there is no need for any additional or 
in-depth analysis of a specific scenario or assumption. This approach is comparable to 
the recommendations given in IAEA Safety Report 19 [5], which contains a conserva-
tive evaluation of radiological consequences of releases for screening purposes. 

4.4.2. Types and treatment of assumptions and uncertainties 

As has already been pointed out, the assumptions have been chosen in such a way that 
the real situations are overestimated, i.e. that an enveloping (conservative) approach 
has been taken. This also means that there is no need for discussion of uncertainties 
because they have already been featured into the parameters and scenarios. 

The reason why the approach can be regarded as enveloping (conservative) lies in the 
following: 
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• Doses to workers for the first phase of decommissioning have been calculated 
using enveloping assumptions for the dose rates and the time spent in the vi-
cinity of the material to be dismantled, thus overestimating the dose (note that 
this approach is not intended to adequately cover the following decommission-
ing phases). 

• Releases to the environment have been deliberately overestimated. In addition, 
the pathway analysis to humans contains overestimations so that the overall 
result is conservative. 

• Consequences from incidents have been deliberately overestimated. 

4.4.3. Safety Control Measures 

The evaluation of doses to the personnel partly relies on personal protective equip-
ment that workers would wear during work in dusty environments or in areas with 
alpha contamination. In addition, the general approach is followed that the exposure 
time would be limited in areas with elevated dose rates.  

No specific safety measures are required with respect to the exposure of the general 
public. 
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5. SAFETY ASSESSMENT FOR INDIVIDUAL PHASES 

In the following sections detailed safety assessments for the following work phases 
have been selected: 

• Safety assessment for removal of steam generators as part of the primary loop, 
• Safety assessment for the direct dismantling of the reactor pressure vessel, 
• Safety assessment for the removal of the reactor pressure vessel in one piece 

for storage in an external interim storage facility, 
• Safety assessment for the end state, i.e. release of the buildings and site. 

5.1. Safety Assessment for the Removal of Steam Generators 

This section describes the safety assessment carried out for the removal of the steam 
generators. The data are taken from [8].  

5.1.1. Hazard Analysis: Identification and Screening 

5.1.1.1. Hazard Identification 

Hazard identification for the removal of the steam generators deals with radiological 
issues and issues of safety at work. The individual and collective doses are estimated, 
and the possibility of release of contamination during separation and during incidents 
is analysed. 

5.1.1.2. Approaches to Hazard Identification 

With respect to radiological hazards, the analysis concentrates on external exposure. 
The relevant data have been obtained by measurements of dose rates and of contami-
nation (refer to supplementary chapter B.2). These data together with a detailed work 
plan serve as the basis for calculation of individual and collective doses.  

Furthermore, the aerosol concentrations from cutting operations are estimated to de-
termine the respiratory protection equipment to be used (see section 5.1.1.3). 

Conventional hazards are discussed mainly with respect to fire and failure of lifting 
equipment.  

5.1.1.3. Preliminary Hazard Assessment and Screening 

As the hazard analysis is straightforward, no preliminary hazard assessment by which 
the most relevant scenarios would be analysed is applied. Hazards from inhalation are 
screened out using the following reasoning: 

• Aerosols containing contamination can be generated by the application of sep-
aration techniques. Therefore, the personnel will wear respiratory protection 
when the values shown in Table 5.1 may be exceeded. Inhalation as a hazard 
can therefore be ruled out. 
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TABLE 5.1. Prescribed use of respiratory protection as a function of estimated 

aerosol concentration. 

Aerosol concentration [Bq/m³] Respiratory protection equipment 

30 – 150 half mask 

150 – 750 full face mask 

> 750 independent respiratory protection 

 

Conventional hazards are treated only generically: 

• Fires are prevented using standard procedures (continuous reduction of fire 
loads, availability of a grid of hydrants, availability of mobile fire extinguish-
ers). In particular, the mobile fire extinguishers are positioned directly in the 
work area. The use of thermal cutting techniques is reduced as far as possible. 
If their use cannot be avoided, a special instruction on prevention of fires is 
followed. 

• The malfunction of lifting equipment or any problems with the segmenting 
techniques can be dealt with using standard procedures. The dose rates are so 
small that manual intervention is possible at all times. Any risk of large releas-
es of activity from such events can be ruled out. 

• Dropping of a contaminated item will only lead to conventional damage, while 
the radiological consequences will not exceed those analysed in section 
5.1.2.2. Such an event would only lead to a small delay in the work schedule. 

In addition, hazards for the general population are screened out. The consequences 
from planned operation as well as from unplanned events during removal, lifting, 
transfer to the railroad carriage and preparation for transport of the steam generators 
are strictly limited to the NPP. 

5.1.2. Hazard Analysis: Evaluation 

5.1.2.1. Analysis of Normal Activities 

The doses to workers from normal segmenting, transfer and loading operations are 
calculated using the dose rates presented in Table B.3, which were in the range from 1 
to 10 µSv/h, with the main recirculation pump having 50 µSv/h. The individual and 
collective doses are derived from the estimated time required for the work and the 
required number of personnel. The doses are provided in Table 5.2. 
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TABLE 5.2. Work steps and estimated exposure time for calculation of individual 

and collective effective doses (values are per loop; there are 3 loops 

with 3 steam generators each). 

Step/ 

room 

Work step Personnel Time [h] Dose rate 

[µSv/h] 

Indiv. 

dose 

[µSv] 

Coll. 

dose 

[man 

µSv] 

1/201 work until / including re-
moval and shipping of steam 
generators 

6 80 5 400 2400 

2/201 work until / including re-
moval of main recirculation 
lines 

6 120 2 240 1440 

3/201 removal of other tanks and 
pipework 

6 120 1 120 720 

4/201 removal of steel construc-
tions, stairs etc. 

6 40 0.5 20 120 

1/202 removal and shipping of 
main recirculation pumps 

3 60 50 3000 9000 

2/202 removal and shipping of the 
main recirculation lines 

4 80 10 800 3200 

3/202 removal of the remaining 
components, pipes and 
valves 

3 40 2 80 240 

4/202 removal of steel construc-
tions 

3 60 1 60 180 

 Sum  total  4720 17300 

 

Based on the planned working times, the maximum individual effective dose is calcu-
lated as 4.6 mSv per loop, including the steam generators. The collective effective 
dose is estimated to 16 man mSv per loop.  

The individual effective dose for the entire removal of the material and the steam gen-
erators from all three loops is thus estimated as 13.8 mSv, the corresponding collec-
tive effective dose to 48 man mSv.  

As stated above, this dose results purely from external irradiation, as the internal ex-
posure is negligible because of the requirement to wear respiratory protection as stat-
ed in section 5.1.1.3 above.  

For the estimation of radioactive material possibly released to the environment, the 
activity that is released during cutting operation has been estimated for each of the 
three loops on the basis of all planned cutting operations (approx. 300 cuts for the 
loop). The activity release is estimated to 2.6·105 Bq beta/gamma aerosols and 
1.7·102 Bq for alpha aerosols per loop, or 7.8·105 Bq beta/gamma aerosols and 
5.0·102 Bq for alpha aerosols for the entire dismantling operation. 

This activity is compared to the licensed activity releases (see section 4.2.1): Conser-
vatively supposing that this activity would be released during a single day, the li-
censed value for a single day release (1 % of the annual release limits) would be ex-
hausted by less than 9 % for beta/gamma aerosols and less than 1 % for alpha aero-
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sols, i.e. the licensed values for a day are not exceeded. This means that even if the 
total activity was released to the environment in a very short time, there would be no 
conflict with the license. However, in reality the activity is retained by filters and 
therefore not released. 

In addition to these analyses of the individual and collective doses, several measures 
for dose minimisation are applied. These include: 

• Limitation of the individual dose to 0.2 mSv per day. 
• Daily acquisition of individual and collective doses for each workplace via do-

simeters. 
• Limitation of the dose rate to 0.25 mSv/h at the places where segmented parts 

and waste packages are temporarily stored. These places need to have a mini-
mum distance of 2 m to work areas. 

• The number of waste drums at this place is limited to 6. 

5.1.2.2. Analysis of Accident Scenarios 

The analysis for incidents and accidents is based on scenarios describing the release of 
the removable surface contamination on the secondary side of one steam generator 
(see also section B.2 of supplementary chapter B). The following assumptions are 
made: 

• 50 % of the surface contamination (17.4 Bq/cm²) is removable. 
• The release is limited to 20 % of the drum section of the steam generator, i.e. 

20 % of 86 m² = 17.2 m². 
• The whole activity calculated in this way, i.e. 1.45·106 Bq of beta/gamma aer-

osols and 5.16·104 Bq of alpha aerosols, is released through the manhole, 
which is assumed to be opened, to the environment. 

• The contaminated air is entirely released to the environment without filtration. 

The assumed activity quantity of 1.45·106 Bq beta/gamma aerosols and 5.16·104 Bq 
alpha aerosols is still lower than the licensed activity release with exhaust air. There is 
therefore no conflict with the dose limits. 

A further incident scenario is based on the release of the activity accumulated in the 
mobile filter device that is used during segmenting operations as a consequence of a 
fire. It is assumed that the fire takes place after cutting operations of one loop are 
completed (the filters are exchanged after completion of one loop). Based on the as-
sumption that 90 % of the activity from cutting is accumulated in the filter, and as-
suming that the entire activity accumulated is released in the atmosphere the estimated 
release is 2.34·106 Bq of beta/gamma aerosols and 1.5·103 Bq of alpha aerosols. As 
this release would occur on just one day, the daily release limits would be exhausted 
by 28 % for beta/gamma aerosols and 2 % for alpha aerosols. 

5.1.2.3. Modelling and Calculation of Consequences 

Modelling and calculation of consequences has been described above in sections 
5.1.2.1 and 5.1.2.2. 

5.1.3. Engineering Analysis 

The engineering analysis has been featured into the hazard analysis described above. 
The main elements are restated here: 
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• The steam generator is emplaced in 40 containers for shipping in order to pre-
vent damage and release of contamination. 

• The release of contamination during cutting is prevented by a mobile ventila-
tion and filtering device.   

• Generation of contaminated aerosols is minimised by making preferential use 
of mechanical cutting techniques.  

5.1.4. Evaluation of Results and Safety Measures  

5.1.4.1. Comparison of analysis results with criteria 

The individual effective doses that have been calculated in section 5.1.2.1 are far be-
low the limits for annual exposure of occupationally exposed workers (4.5 mSv vs. 
20 mSv/a). The work will therefore not lead to exceeding dose limits for the person-
nel. 

As shown in section 5.1.2.1, the activity quantities that could be released to the envi-
ronment with the exhaust air under adverse assumptions (no filtration) are far below 
annual and daily limits and constraints. This means that in real operating conditions 
(normal operation of filters) the release to the environment is negligible. The same 
result applies to possible incidents as outlined in section 5.1.2.2. 

As no doses to the general public are conceivable, comparison with the dose limit for 
the population is not relevant. 

5.1.4.2. Types and Treatment of Assumptions and Uncertainties 

As the approach that has been chosen for the safety assessment relies on conservative 
assumptions overestimating the results (in terms of released activity or doses), there is 
no need for an in-depth treatment of uncertainties.  

5.1.4.3. Safety Measures 

Safety measures that are required for ensuring compliance with dose limits have been 
identified along with each scenario as discussed above. Such measures are operation 
of the mobile ventilation including filtration when using segmenting techniques gen-
erating aerosols, wearing respiratory protection during application of segmenting 
techniques, safe operating procedures when manoeuvring heavy loads etc as described 
above. 

In addition, administrative safety measures have been set out as described in section 
5.1.2.1: 

• limitation of the dose rate to 0.25 mSv/h at places where segmented parts 
and waste packages are temporarily stored 

• minimum distance of 2 m between these places and work areas, 
• number of waste drums at these places limited to 6. 

5.2. Safety Assessment for the Direct Dismantling of the Reactor Pressure 

Vessel  

This section summarizes the hazard analysis (hazard identification, hazard screening 
and hazard evaluation), the engineering analysis and the evaluation of results and 
safety measures for the safety assessment for the direct dismantling of the reactor 
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pressure vessel as outlined in the document [9] following a format according to the 
DeSa methodology. The planned conduct of the direct dismantling of the reactor has 
been outlined in section 2.4.6. It is part of the fifth decommissioning phase (cf. 
FIG. 3.3.). A detailed description and additional data are reported in supplementary 
chapter C. 

5.2.1. Foreseen safety concepts 

5.2.1.1. Overall approach 

The aim of the safety assessment is to demonstrate that all radioactive material is kept 
inside the facility at all times and that the exposure limits for the workers and the gen-
eral public is always complied with. 

The confinement of the radioactivity inside the facility is ensured by the following 
approach: 

• Segmenting techniques that produce a low amount of radioactive substances in 
air or water are preferred. 

• The parts of the reactor are segmented only inside of barriers in order to pre-
vent the spreading of contamination inside the facility and to keep the activity 
within the segmenting area. If possible, existing barriers are used in connec-
tion with newly erected ones that enclose the segmenting areas. 

• The flow of air is directed from areas with low concentration of airborne radi-
oactive substances to areas with a higher concentration in order to avoid 
spreading of contamination. 

• Radioactive substances are removed from the air and the water of the segment-
ing areas in order to keep them inside the facility. This is performed by addi-
tional mobile filtration of the air and by water purification plants with filters. 
In addition, radioactive substances are also removed by suction cleaning di-
rectly at the place of generation. 

• Persons and material can only enter and leave segmenting areas via temporary 
airlocks in order to avoid spreading of contamination. 

• Decontamination is used to remove radioactive substances from the surfaces 
of the segmenting areas, tools and equipment, if those are used elsewhere. This 
also avoids spreading of contamination. 

• Releases of radioactive substances with the air and the wastewater are con-
trolled. The limits of releases that have been set by the authority will not be 
exceeded. 

The limitation of doses to the personnel and the public is ensured by the following 
approach: 

• If necessary and possible, mostly remote controlled segmenting techniques 
will be used. Thus it is ensured that no person will be present in the vicinity of 
the activated components during the cutting operation. 

• The direct radiation of the reactor parts is shielded by the existing building 
structures, by additional shielding measures like water in the cutting pool, ad-
ditional building structures and shielding walls and by packaging the segment-
ed components into suitable containers. 
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• The existing system of controlled areas and exclusion areas is maintained and 
adjusted to the needs arising from the temporary presence of components with 
a high dose rate. 

• The flow of air is directed from areas with low concentration of airborne activ-
ity to areas with a higher concentration in order to avoid spreading of contam-
ination. In addition, the air is filtered. 

The engineering solutions are always chosen in such a way as to fulfil both aims of 
radiation protection. 

5.2.1.2. Construction of segmenting areas and changes to the facility  

When it is necessary to make changes to the building, the targets of radiation protec-
tion have to be complied with at all times. This is ensured by using conventional tech-
niques as far as possible. Exposure is limited by applying decontamination, separation 
of work areas, removal of aerosols and debris from the segmenting operation and col-
lection of radioactive water. It is of particular importance to maintain the integrity of 
the building at all times. Any penetration of the outer hull of the building that are nec-
essary for the decommissioning conduct will be sealed as soon as possible. Building 
rubble arising from these building operations will be cleared or, if this is not possible, 
treated as radioactive waste. 

5.2.1.3. Preparation of the segmenting areas 

The segmenting areas are prepared from new, uncontaminated equipment that has to 
be brought into the facility. The radiation protection targets can be met in the usual 
way by applying decontamination, shielding, and directed airflow as described above. 

5.2.1.4. Conduct of dismantling, segmentation and packaging 

All the necessary equipment and installations of the facility are kept in operation. This 
includes the system of controlled areas and exclusion areas, the ventilation system, the 
systems for treatment of radioactive water, of material and of radioactive waste and 
the equipment for monitoring of doses and activity in air and water. 

The segmenting areas are set up in rooms of the reactor building. The components of 
the reactor only become segmented inside the closed hull of the reactor building only 
and furthermore inside the closed structure of the segmenting caisson. Thus the enclo-
sure of radioactivity is ensured during the segmenting operation. As segmentation is 
carried out under water, the integrity of the pools in which the operations take place is 
also of relevance. This integrity is ensured by a leakage control system. Impurities 
that originate from the cutting operations are removed from the water by a water puri-
fication plant so that the activity is removed from the water and visibility inside the 
pool is maintained.  

Additional ventilation systems are in place to extract the air from the cutting areas. 
The air is filtered, and only filtered air is blown into the plant atmosphere. A direct 
release of off-gas from the cutting areas into the environment is thus prevented. If this 
additional ventilation fails, cutting operation is stopped immediately and the area 
sealed off from the rest of the plant until the ventilation will be operable again. 

The access to both the dry and wet segmenting area is only possible via airlocks. 
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The transfer of components to be segmented into the segmenting areas is done using 
temporary shielding equipment. This is decontaminated on the outside and prevents 
spreading of the water from the wet segmenting area. Cutting tools can be brought 
into shielded areas where they can be repaired and maintenance can be carried out so 
that no personnel needs to enter the segmenting area when a tool fails or needs to be 
changed. 

The work is planned in such a way that unnecessary exposure will be avoided, that all 
limits and constraints for exposure are complied with and that the exposure is kept as 
low as possible. This purpose is also served by the various measures listed above, like 
use of remote controlled techniques, decontamination, reliable tools with low failure 
rate, shielding, filtration and ventilation etc. 

5.2.1.5. Disassembly of the segmenting areas 

When the segmenting areas are to be removed after they have fulfilled their purpose, 
the safe enclosure of radioactivity and the limitation of exposure to the personnel are 
ensured by decontamination of all the equipment and areas that have been used and 
where the reactor components have been handled and segmented. 

 

5.2.2. Hazard Analysis: Identification and Screening 

The identification of hazards for workers during normal operation is presented in a 
compact form for each work package during this decommissioning phase. 

5.2.2.1. Approaches to Hazard Identification 

Hazard identification has followed the same approach as in previous assessments, i.e. 
starting from the operations and work steps that are to be carried out and defining 
hazards for each of these. Furthermore, the list of hazards that has to be analysed for 
decommissioning operations as laid down in the decommissioning guide (as valid in 
2011, [3]) has been followed. This includes: 

• fire in the facility, 
• leakage of containers or systems, 
• drop of loads, 
• failure of media supply (electricity, water etc.), 
• water entering the facility, 
• external events (e.g. earthquake, storm, flood, intrusion of flammable gases 

etc.). 

5.2.2.2. Preliminary Hazard Assessment and Screening 

A preliminary hazard assessment and screening has been carried out by selecting cer-
tain scenarios that are likely to occur. In particular, doses from inhalation and inges-
tion of activity are not considered because appropriate internal measures are in place 
that prevent intake of activity (cf. section 5.1.1.3). The dose assessment for the per-
sonnel therefore concentrates on doses from external irradiation.  

Preliminary hazard assessment for the general public reveals that release of radioac-
tive material during cutting operation could lead to doses via various environmental 
pathways. 
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5.2.3. Hazard Analysis: Evaluation 

5.2.3.1. Analysis of Normal Activities 

5.2.3.1.1. Workers 

The overall analysis of doses to workers is based on the following enveloping as-
sumptions: 

• The overall duration of the work is estimated to 4.5 years. 
• An average number of 15 workers will be carrying out the work during that 

time, of which 10 persons will be working in closer contact to the material 
(segmenting, transport, size reduction, packaging as well as radiation protec-
tion). 

• The overall collective effective dose from these operations is estimated to be-
tween 0.1 and 1 man⋅Sv. 

The conventional safety of the workers is also addressed. However, this is not ana-
lysed in detail in [9], but a general reference to the relevant regulatory framework on 
safety at work, on the safe operation with tools and equipment, the health and safety at 
work act and other regulations is made. 

5.2.3.1.2. General public 

The hazard to the general public from normal operation is evaluated on the basis of a 
comparison of the actual airborne and liquid releases with the respective limits.  

Table 5.3 shows the actual releases over both pathways and a comparison with the 
respective limits.  

The limits are prescribed in the decommissioning license. They have been derived on 
the basis of an exposure of 300 µSv/a individual dose for each pathway, which is the 
relevant dose constraint contained in the regulations, and pertain to decommissioning 
operation only (i.e. they have not been used in the operational phase of the nuclear 
power plant).  

As the actual releases exhaust these limits only to 10-5 and 10-3, respectively, it fol-
lows that the real effective doses are in the area of 4 nSv/a from airborne releases and 
of 0.2 µSv/a for liquid releases. 

TABLE 5.3. Comparison of the actual airborne and liquid releases with the re-

spective limits. 

Nuclide group 1995 1996 1997 Limit* 

airborne releases 

β/γ aerosols 6.4·104 Bq/a 1.6·105 Bq/a 2.2·106 Bq/a 8.5·108 Bq/a 

α aerosols < detection limit < detection limit < detection limit 7.5·106 Bq/a 

tritium not determined not determined 1.7·109 Bq/a 1.0·1012 Bq/a 

liquid releases 

β/γ aerosols 3.3·106 Bq/a 4.4·106 Bq/a 8.1·106 Bq/a 1.0·109 Bq/a 

α aerosols 2.7·104 Bq/a 2.8·104 Bq/a 4.8·104 Bq/a 2.8·107 Bq/a 

tritium < detection limit < detection limit < detection limit 1.0·1012 Bq/a 

*) see section 4.2.1; additional daily and half-yearly limits apply 
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It is anticipated that the airborne and liquid releases during the cutting operation will 
be higher than those shown in Table 5.3. However, the work is planned in such a way 
that the limits both for airborne and liquid releases will be complied with at all times. 
In the case of an incident leading to a higher release, the operation can always be 
stopped immediately and the reasons for these unclench releases can be eliminated.  

The following considerations show an estimate of the released quantities using con-
servative assumptions for the example of the core basket: 

• It is assumed that only thermal cutting techniques are used in the wet segment-
ing area. It has been determined from experiments that 300 mg of materials is 
released as aerosols per 1 cm² of cutting area. As cutting takes place under wa-
ter, only 1% is released into the atmosphere above the segmenting pool. 

• The entire length of the cut that is to be performed for the core basket is 
230 m. This equals about 8.5 m², taking the thickness of the material into ac-
count. 

• The activity that is released into the air above the segmenting pool is treated 
with the ventilation device with a HEPA filter that removes 99.95%. 

• The activity that is released from cutting of the core basket into the atmos-
phere above the segmenting pool can thus be calculated as 
  1.4·108 Bq/g · 0.3 g/cm² · 85,000 cm² · 1% = 3.6·1010 Bq 

and taking the filtration into account, the following activity is released into the 
environment: 
  3.6·1010 Bq · (1-0.9995) = 1.8·107 Bq. 

A similar consideration is done for the dry segmenting processes in the dry segment-
ing area, where e.g. the leakage control mantle is to be segmented. The mean β/γ ac-
tivity of this material is 7.6·104 Bq/g. The entire area of the cut amounts to about 3.5 
m², so that a total release of 4·105 Bq to the environment could follow.  

Table 5.4 shows an overview of these assumptions and of a very conservative calcula-
tion of releases to the environment, not taking into account any additional filtration 
that will take place before release of the air. The comparison with the daily limit, 
which is 1% of the annual release limit, clearly shows that even unfiltered release of 
the air would still be in compliance with the release limits.  
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TABLE 5.4. Derivation of the maximum activity that could be released from the 

use of thermal cutting techniques and comparison with the release 

limit. 

 Core basket  Leakage control 

mantle 

Mean specific activity [Bq/g] 1.4·108 7.6·104 

Aerosols per cut area [g/cm²] 0.3 0.3 

Total area of the cut [cm²} 85,000 35,000 

Retention in the water [%] 99.0 - 

Maximum possible activity in the plant at-
mosphere [Bq] 

3.6·1010 8·108 

Retention in the filter [%] 99.95 99.95 

Maximum possible release with the off-gas 
over a period of several weeks [Bq] 

2·107 4·105 

Daily release limit for β/γ aerosols [Bq/d] 8.5·106 

 

Taking account of the fact that actual segmenting operations will rely for more than 
90% on mechanical cutting techniques where far less than 10% of the material enters 
aerosol form, the actual release that can be anticipated this much lower than shown in 
the table. This means that all release limits will be complied with during all cutting 
operations. 

5.2.3.2. Analysis of Accident Scenarios 

5.2.3.2.1. Overview 

Various scenarios for incidents and accidents are evaluated for the segmenting opera-
tions of the reactor and the reactor internals. The list of initiating events that has to be 
analysed for any consequences during the decommissioning work is laid down in the 
guide on decommissioning issued by the German Federal Ministry for the Environ-
ment, Nature Conservation and Nuclear Safety (as valid in 2011, [3]): 

1. Fire in the plant, 
2. Leakage of containers or systems, 
3. Drop of loads, 
4. Failure of media supply, 
5. Criticality (if fissile material is still present in a relevant quantity), 
6. Intrusion of water into the safe enclosure, 
7. External events (e.g. earthquake, store, flooding, intrusion of gases). 

As this is a generic list, not all events will apply for each safety assessment. In the 
present case, there are no fuel elements present anymore, so criticality (event No. 5) is 
no longer possible and consequently, this event is not included in the assessment. 
Likewise, as the installation is not kept in safe enclosure conditions where only lim-
ited surveillance takes place, there is no possibility of non-observed intrusion of water 
into the facility, which could then mobilise part of the contamination or lead to other 
types of damage. Therefore, event No. 6 is also not further analysed. 

The other cases are discussed one by one on a qualitative way, and thus identifying 
the enveloping scenario. This one is later analysed in more detail (see section 5.2.3.3). 
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5.2.3.2.2. Fire and explosions 

A fire or heating of the filters of the additional ventilation systems is excluded be-
cause of various measures: 

• the filters are made from materials of low flammability, 
• burnable materials cannot reach the filters, as the cutting operation does not 

deal with burnable solid or liquid materials, 
• the fire loads at the places where the filters are placed and in the segmenting 

areas are limited. 

Thermal cutting techniques in their auxiliary systems are laid out in such a way that 
hot cutting gases cannot collect in the plant atmosphere or in the segmenting areas. 
Permanent air exchange ensures that the concentration of gases will remain far below 
any dangerous values.  

If large leakage occurs, automatic valves will shut off the media supply. The same 
applies to the hydrogen concentration that could be caused by application of the 
CAMC process. 

Nevertheless, a fire affecting the activated resin of the annular water tank will be as-
sumed as an enveloping scenario (see section 5.2.3.3). 

5.2.3.2.3. Leakage of containers or systems 

Leakage of the pools in which segmentation takes place is prevented by application of 
a steel liner in the whole pool which is continuously monitored. Furthermore, the wa-
ter level inside the pool is continuously monitored so that any leak can be detected 
early. Additional steel constructions protect the steel liner of the pool against damage 
by the heavy components that are segmented there.  

5.2.3.2.4. Drop of loads 

Dropping of a load that might lead to such a release that the dose limits would be ex-
ceeded can be safely excluded by the layout and the handling of the cranes and the 
design of the load attachment points. The operational procedures when lifting heavy 
loads or crossing areas with high contamination with such loads are regulated. Those 
procedures have already been successfully applied during outages in the operational 
phase of the plant.  

Any transport of the activated components of the reactor inside the reactor hall is per-
formed on a low height as far as possible. The load is lifted higher only for passing 
steps or walls. If such a load is dropped, the integrity of the building is fully main-
tained although some parts of contaminated buildings may be damaged. 

If the highly activated part is accidentally dropped into the segmenting area, the in-
creased dose rate that follows from this can be mediated by temporarily flooding the 
pool until the part can be retrieved. Thus it can be ensured that doses to the personnel 
will not exceed dose limits.  

5.2.3.2.5. Failure of media supply 

A failure of the media supply (electricity, gas etc.) or failure of the ventilation will 
lead to automatic interruption of the segmentation process so that further release of 
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radioactivity into the plant atmosphere will be prevented. Segmentation work is only 
continued after the media are available again. 

Failure of electricity supply could also affect the operation of cranes in the reactor 
hall. If the dose rate is increased when such an event happens during transportation of 
an activated item, the reactor hall can be evacuated until the operation is completed. 
An increase of dose rates outside the reactor hall is not measurable because of the 
high shielding of the building structures. 

5.2.3.2.6. External events 

Earthquakes have been shown to be extremely unlikely at the reactor site (cf. section 
2.1.9). Other external events that might lead to damage in the plant, like fire, explo-
sion, flooding or severe weather conditions are of no importance because of the posi-
tion of the site far away from any industrial activities or major roads. 

5.2.3.3. Modelling and Calculation of consequences 

5.2.3.3.1. Calculation of consequences from normal operation for workers 

The calculation of doses to workers from normal operation is not carried out in the 
safety report [9]. This is described in documents relating to the actual execution of the 
work. The safety report provides only an estimate of the overall collective dose from 
these operations is given (between 0.1 and 1 man⋅Sv, see above). 

5.2.3.3.2. Calculation of consequences from normal operation for the public 

The calculation of doses to the general public is performed in the same way as for the 
overarching assessment (chapter 4) using computer codes implementing the pre-
scribed calculation procedure [2]. The results have already been shown in section 
5.2.3.1.2. 

5.2.3.3.3. Calculation of consequences for the enveloping accident  

The enveloping scenario that has been identified from the analysis of incidents is a 
fire affecting the outer surfaces of the annular water tank, if at the same time the ven-
tilation fails. The outer surface of the annular water tank is coated with epoxy resin 
that can be affected by the fire. This coating resin was activated during the operation 
and is estimated as 33 kg. The activation has been calculated from computer models 
based on the actual operating history. The following radioactive inventory has been 
estimated: 

• Fe-55: 5.6·109 Bq 
• Ni-63: 2.9·108 Bq 
• Co-60: 5.6·106 Bq 
• Ca-41: 6.5·106 Bq 
• Ni-59: 2.5·106 Bq 
• Mn-54: 2.1·106 Bq 

The additional surface contamination in the area of the annular water tank is about 
1·106 Bq and can be neglected in comparison to this activation. Less than 0.1% of this 
contamination is caused by α emitting nuclides. 
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The fire that is assumed to affect the resin coating is extremely unlikely, however, in 
order to build an enveloping scenario it is assumed. In the scenario, the complete coat-
ing resin burns and the ventilation fails, i.e. no filtering takes place, and the entire 
radioactive inventory of the resin coating is released via the stack into the environ-
ment. The effective dose resulting from this event is calculated according to a pre-
scribed procedure resembling the one laid down in [2]. It is estimated to less than 
0.01 mSv, which is less than 0.1% of the limit of 50 mSv per event and also less than 
1% of the normal dose limit for the public of 1 mSv/a. 

5.2.4. Engineering Analysis 

The engineering analysis has been carried out as part of the safety analysis described 
above in section 5.2.3.2 for the various accident scenarios. The following examples 
have been provided in the discussions above: 

• Application of thermal cutting techniques: permanent air exchange for 
preventing building up concentration of hot cutting gases, automatic 
valves for shutting off media supply in case of leakages, control of hydro-
gen build-up when CAMC (Contact Arch Metal Cutting) processes are 
applied. 

• Control of the cutting pool: The water level inside the pool is continuously 
monitored to detect any leakages early and initiate countermeasures. 

• Control of lifting heights: Lifting heights during transport of activated 
components of the reactor inside the reactor hall are limited to prevent or 
minimise damages from drop of loads. 

• Cutting operation: Failure of the supply of media, like ventilation or elec-
tricity, will lead to interruption of the segmentation so that further release 
of radioactivity into the plant atmosphere will be avoided. 

(Note that this is just a list of important measures that were planned to manage the 
consequences of various events. In a full analysis for tasks of similar complexity, this 
list would be more extensive.) 

5.2.5. Evaluation of results and safety control measures 

5.2.5.1. Comparison of analysis results with criteria 

A comparison of the doses to the general public as a consequence from normal opera-
tion and from incidents has been undertaken showing that dose limits are complied 
with and actual doses will fall below the limits by several orders of magnitude.  

A similar comparison for doses to workers could not be carried out at this level, be-
cause the actual doses from single work steps were not analysed in the safety report 
itself. However, it was demonstrated that the actual doses of the workers from previ-
ous work activities could be kept at such a level that there is confidence that dose lim-
its will be complied with also during the segmentation process. In addition, the de-
tailed assessment of the worker doses is subject to the detailed work planning. 

5.2.5.2. Types and treatment of assumptions and uncertainties 

As the approach that has been chosen for the safety assessments relies on conservative 
assumptions overestimating the results (in terms of released activity or doses), there is 
no need for an in-depth treatment of uncertainties.  
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5.2.5.3. Safety control measures  

Safety measures that are required for ensuring compliance with dose limits have been 
identified along with each scenario as discussed above. Such measures are operation 
of the ventilation including filtration, operation of remote controlled techniques, ap-
plication of the additional shielding where necessary, safe operating procedures when 
manoeuvring heavy loads etc. as described above in section 5.2.3.2. 

5.3. Safety Assessment for the Removal of the Reactor Pressure Vessel in One 

Piece 

This section summarizes the hazard analysis (hazard identification, hazard screening 
and hazard evaluation), the engineering analysis and the evaluation of results and 
safety measures for the safety assessment for the removal of the reactor pressure ves-
sel in one piece as outlined in the document [11] following a format according to the 
DeSa methodology. The planned conduct of the direct dismantling of the reactor has 
been outlined in section 2.4.6. It is part of the fifth decommissioning phase (cf. 
FIG. 3.3.). A detailed description and additional data are reported in supplementary 
chapter D. 

5.3.1. Hazard Analysis: Identification and Screening 

5.3.1.1. Approaches to Hazard Identification 

As the scope of the work is clearly defined and as exposure is only possible from ex-
ternal irradiation after appropriate decontamination of the surface of the RPV, the 
hazard identification is straightforward by defining exposure situations during prepa-
ration, packaging and transport. 

5.3.1.2. Hazard Identification 

The work that is described in the document [11] has a much narrower scope than the 
overarching safety assessment (chapter 4), as it describes just part of the fifth decom-
missioning phase. Therefore, the safety assessment that is presented in [11] contains 
detailed estimates of the doses to the workers based on exposure time, dose rates, con-
tamination levels etc. The hazard identification starts from a detailed radiological 
analysis of the reactor pressure vessel (RPV). Both the radiological hazards and the 
conventional working hazards are analysed. 

5.3.1.3. Preliminary Hazard Assessment and Screening 

A preliminary hazard assessment is based entirely on external irradiation, as exposure 
from inhalation or ingestion can be ruled out because of prescription on wearing res-
piratory protection (cf. section 5.1.1.3). The preliminary assessment is therefore per-
formed on the basis of dose rates in connection with the planned overall duration and 
the planned effort of the work.  

It is estimated that the duration of the work will be about 1000 h and the total effort 
1955 man·h. The number of personnel that is involved is estimated as 3 to 5. This re-
sults in a collective effective dose of 10.8 man·mSv and a maximum individual effec-
tive dose of 5 mSv, so that the dose limits and the dose constraints valid for the plant 
are complied with. 
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5.3.2. Hazard Analysis: Evaluation 

5.3.2.1. Analysis of normal activities 

5.3.2.1.1. Workers 

The hazard analysis for normal operation starts from the radiological data of the RPV.  

• The activation has been derived on the basis of calculations and measure-
ments. It consists of Co-60, Fe-55, Ni-63 and Ni-59 and is located in an area 
of about 3 m length around the active zone of the reactor. The entire activity 
has been estimated as 5·1013 Bq with an average specific activity of 
4.3·105 Bq/g. The activity in the central part of the RPV (around the reactor 
core) amounts to about 5·1012 Bq. 

• The contamination on the inside of the RPV has been determined from wipe 
Tests. It is estimated with an average of 1522 Bq/cm². The contamination on 
the exterior surface in the area of the connections is on the order of 1.6 Bq/cm² 
for β/γ and 0.01 Bq/cm² for α emitting nuclides; on the order of 0.6 Bq/cm² at 
the sphere and on the order of 0.3 Bq/cm² at the lower part of the mantle. 

• The dose rate in the core area of the RPV has been measured with 19.8 mSv/h 
in 0.5 m distance and 3.9 mSv/h in 3 m distance without shielding. Further da-
ta on dose rates are provided in section 2.2.3. 

The work is planned in four steps which are described and illustrated in supplemen-
tary chapter D.  

1. Preparatory step 1  
a. cutting the flanges of the fuel element control system;  
b. mounting the transport and storage shields in the flanges of the 

primary circuit;  
c. cutting and removal of the top screws that are no longer needed; 
d. mounting the transport and storage shield at the top of the RPV. 

2. Preparatory step 2 
a. emptying the RPV; 
b. lifting the RPV; 
c. removal of fixations. 

3. Removal of the RPV 
a. transport of the RPV to the rail corridor, lowering the RPV onto the 

heavy load truck including tilting of the RPV;  
b. mounting of the transport and storage shield in the core area of the 

RPV. 

4. Loading the RPV from the heavy load truck onto the railroad carriage 
a. transport of the RPV to the loading area; 
b. loading the RPV from one conveyance to the other;  
c. fixation of the RPV onto the rail carriage and mounting of the 

transport and storage shield for the hemisphere. 

The required working time and effort has been estimated for each of these phases. 
Based on these estimates, the collective doses and maximum individual doses for 
workers have been estimated as shown in Table 5.5. 
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TABLE 5.5. Estimates of collective effective doses and maximum individual effec-

tive doses for the four steps of removal of the RPV. 

Step collective dose [man·mSv] max. individual dose [mSv] 

1 4.31 2.06 

2 3.14 1.43 

3 0.49 0.22 

4 2.87 1.33 

Sum 10.81 5.04 

 

It is further explained that any exposure from inhalation is negligible because tech-
nical and administrative measures are taken to prevent any incorporation. This in-
cludes wearing of respiratory protection and a minimum amount of fresh air per per-
son (65 m³/h) that is blown into the working environment. This value is exceeded at 
all times, meaning the overall air exchange is much higher. 

When the RPV will be moved from its in-built position to the rail corridor, no shield-
ing will be applied (shielding of the core area is only deployed when the RPV has 
been lowered on the heavy goods carriage). During that time, no person will be pre-
sent in the reactor hall and in the room below. The analysis shows that the presence of 
workers in the adjacent rooms of the Special Water Treatment Plant need not be lim-
ited as the concrete wall of about 1 m thickness provides adequate shielding. The en-
tire moving operation is remote controlled from the control room from which the 
crane is operated. There, the additional dose rate from the unshielded transport of the 
RPV is less than 1 µSv/h.  

When the RPV is lowered into the rail corridor, the dose rate at the gate of this corri-
dor would increase up to levels of 23 µSv/h, which is considerably above the average 
levels. Any limitation of presence of workers in these areas will be decided upon dur-
ing the operation. 

The conventional hazards that are taken into account encompass transport of heavy 
goods with grains, application of electrical appliances in rooms with a metallic clad-
ding, use of hand-held machines (saws, grinders) and welding. Worker safety is en-
sured by carrying out the work only with approved equipment and adhering to any 
regulations and prescriptions for these types of work. Furthermore only qualified per-
sonnel is deployed, and the personnel received adequate training. 

5.3.2.1.2. General public 

The release of radioactive material from the work in step 1 is only possible via air-
borne releases, as the water from emptying the RPV is collected in the usual way and 
treated in the water treatment plant. The maximum airborne release can be derived on 
the basis of the following considerations: 

• The application of various cutting techniques that release material into the air 
as aerosols. It is assumed that mechanical cutting techniques will produce 
10 % of the material from the kerf as aerosols, while thermal cutting tech-
niques will produce 100 % aerosols. 

• Each technique has a specific width of the kerf (sawing: 3 mm; thermal cut-
ting: 10 mm). 
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• The efficiency of filtration is not taken into account. 

On this basis, the total release of β/γ aerosols is estimated as 1.9·106 Bq and of α aero-
sols as 0.4·104 Bq, which is to be compared with the respective daily limits of 
8.5·106 Bq/d and 7.5·104 Bq/d. This means that these limits are complied with even 
without taking filtration in the ventilation into account. 

The external exposure from the presence of the unshielded RPV in the rail corridor for 
a limited amount of time will also increase. However, at the fence of the site the addi-
tional effective dose will not exceed the limit value of 1.1 µSv/d, which is derived 
from the effective dose limit of 0.4 mSv/a, so that no person would actually be staying 
continuously at the fence would be exposed by external irradiation above the limit 
values. 

5.3.2.1.3. Analysis of Accident Scenarios 

A number of initiating events for incidents are analysed, including failure of the crane, 
failure of the attachment of the RPV to the crane and drop of the RPV from the con-
veyance. For each of these events, the suitable set of scenarios is analysed, which are 
based on the dose rate, the number of persons involved to fix the situation and the 
average time that would be needed for this. 

• If the crane bridge needs to be moved by hand, the collective effective doses 
estimated as 0.027 man·mSv and the maximum individual effective dose as 
0.015 mSv. If the trolley on the crane bridge needs to be moved by hand, the 
respective effective doses are estimated as 0.22 man·mSv and 0.11 mSv. This 
is based on the date provided in Table 5.6 and Table 5.7; the dose rate used 
come from calculations and not from direct measure due to the high dose rate 
expected in the area. 

• If the RPV will drop from the crane during its movement, it cannot be exclud-
ed that the floor of the reactor hall would be punctured and the rooms below 
the reactor hall would be damaged. However, it can be safely shown that the 
integrity of the building will not be affected in any way so that there would be 
no consequences for the environment. The contamination on the exterior sur-
face in the area of the connections is on the order of 1.6 Bq/cm² for β/γ and 
0.01 Bq/cm² for α emitting nuclides; on the order of 0.6 Bq/cm² at the sphere 
and on the order of 0.3 Bq/cm² at the lower part of the mantle. Even if it is as-
sumed that the entire contamination on the exterior surface of about 1.2·106 Bq 
would be mobilised in this drop and be released to the environment without 
filtration, this value would be much lower than the releases assumed in the 
representative general accident scenario in section 4.2.2, and therefore the 
dose limit for the public would not be exceeded. 

• The drop of the RPV from the conveyance to the ground inside the rail corri-
dor or outside the building during loading operation would not cause any prob-
lems because no person would be present alongside the conveyance during its 
movement and no contamination would be released. 

• The same applies for any drop during loading of the RPV from the heavy 
goods carriage to the railway wagon. 
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TABLE 5.6. Estimation of effective doses from moving the crane bridge by hand. 

Task Distance 

to core 

[m] 

Dose rate 

[mSv/h] 

Duration 

[h] 

Persons Coll. dose 

[man⋅mSv] 

Indiv. 

dose 

[mSv] 

Entering crane 
from 23 m to 
35 m 

24 0.06 0.04 2 0.005 0.002 

Crossing the 
crane bridge to 
other wall 

12 0.1 0.02 1 0.002 0.002 

Moving the 
crane bridge 

24 0.06 0.17 2 0.020 0.010 

Sum     0.027 0.015 

 

TABLE 5.7. Estimation of effective doses from moving the trolley of the crane by 

hand. 

Task Distance 

to core 

[m] 

Dose rate 

[mSv/h] 

Duration 

[h] 

Persons Coll. dose 

[man⋅mSv] 

Indiv. 

dose 

[mSv] 

Entering crane 
from 23 m to 
35 m 

2 – 9 2 0.04 2 0.16 0.08 

Moving the 
trolley of the 
crane for 15 m 

10 0.1 0.3 2 0.06 0.03 

Sum     0.22 0.11 

 

5.3.2.2. Modelling and Calculation of Consequences 

The calculation of consequences of the scenarios described in section 5.3.2.1.3 is 
straightforward either by direct calculation or by comparison with dose estimates that 
have been carried out before. 

5.3.3. Engineering Analysis 

The engineering analysis has been carried out implicitly as part of the safety analysis 
described above. It is discussed alongside with each scenario. The following examples 
of measures have been identified: 

• If electricity fails while the component is fixed to the crane, there is a pos-
sibility to move it manually and bring the RPV into a safe position. 

• The lifting height of the RPV during handling inside the reactor hall is 
limited. When dropped inside the building, there would be damage to the 
building structure and possibly to the RPV, but any released activity 
would be confined to the building. 

• Outside the building, the lifting height during loading operations is very 
low. As the RPV provides self-shielding and is tightly sealed, no addition-
al measures are necessary to mitigate consequences from any drop during 
loading operation. 
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Note that this is just a list of important measures that were planned to manage the 
consequences of various events. In a full analysis for tasks of similar complexity, this 
list would be more extensive. 

5.3.4. Evaluation of results and safety measures 

5.3.4.1. Comparison of analysis results with criteria 

In this analysis, the safety assessment concentrates on workers. The doses that have 
been calculated for the exposure of workers during normal operation and during inci-
dents clearly show that dose limits are complied with. 

Consequences to the general public are also far below limit values. This has been 
demonstrated by comparisons with results from reference scenarios where the release 
of a certain amount of activity has been analysed and the doses calculated from that 
release have been shown to be below the dose limits to the public. Therefore, if a re-
leased activity quantity remains below the amount of the reference scenario, it can 
safely be deduced that the resulting doses would also be below the dose limit.  

5.3.4.2. Types and treatment of assumptions and uncertainties 

As in the previous safety assessments, bounding assumptions and enveloping scenari-
os have been developed so that no treatment of uncertainties is necessary. 

5.3.4.3. Safety measures 

Safety measures that are required for ensuring compliance with dose limits have been 
identified along with each scenario as discussed above. Such measures are described 
above: 

• Operation of the ventilation including filtration: This ensures minimisa-
tion of spreading of contamination and prevention of any intake of radio-
active material. 

• Remote operation of the crane: This ensures that the doses from external 
irradiation will be as low as possible. 

• Application of shielding of the RPV in the area of highest activation: This 
reduces the dose rate during transport to levels in accordance with 
transport regulations. In addition, it reduces the dose to the personnel dur-
ing the final work steps. 

• Safe operating procedures when manoeuvring heavy loads etc.: The gen-
eral safety measures are generally applied during any operation. A good 
safety culture helps to avoid or at least to minimise incidents and their 
possible consequences. 

5.4. Safety Assessment for the End State 

The end state of this decommissioning project is removal of the buildings after their 
clearance, followed by restoring the site to green field conditions. As the only hazard 
for this step is associated with the clearance procedures itself and as generic clearance 
levels exist for these purposes, there is no need for a detailed safety assessment of the 
end state.  
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6. GRADED APPROACH 

6.1. Definition of the Graded Approach  

The DeSa methodology provides a definition for the graded approach in the context of 
safety assessments for decommissioning: 

Graded Approach with respect to safety assessments for facilities undergoing 

decommissioning means a process by which the level of detail of the analysis, 

the complexity of the approach, the documentation, and other issues necessary 

to demonstrate compliance with legal requirements and safety requirements 

are commensurate with: 

(1) The magnitude of any hazard (radiological or non-radiological) involved, 

associated with the facility or the work to be carried out;  

(2) The particular characteristics of a facility: 

- characteristics of a facility are the its type and size, the radioactive 

source term, consisting of the nuclide vector, activity levels etc. as well as 

other unique features, 

- other characteristics of a facility are events from the operational history, 

the level of ageing, the safety culture applied during operation and de-

commissioning etc.; 

(3) Requirements/demands by the regulator 

(4) The step (phase) within the decommissioning process;  

- the step (phase) within the decommissioning process depends on the de-

commissioning strategy (deferred – immediate decommissioning) and on 

the stage within this strategy, i.e. initial characterisation, dismantling of 

peripheral systems, dismantling of highly contaminated or activated sys-

tems, final survey for release etc.; 

(5) The balance between radiological and non-radiological hazard(s). 

Furthermore, the use of a graded approach in the implementation of safety as-

sessments should be accompanied by a graded approach in the regulatory re-

view process. 

This implies that in particular the level of detail and the complexity of the approaches 
that are used in the safety assessments need to be adjusted to the magnitude of the risk 
and the complexity of the work that is analysed. 

6.2. Level of detail for safety assessments and documentation 

The level of detail in which each safety assessment presented in chapter 4 and sec-
tions 5.1 to 5.4 has been carried out clearly varies according to the level of detail in 
which the work can be planned: 

• The overarching safety assessment presented in chapter 4 has the lowest level 
of specificity, because prior to the start of decommissioning only very bound-
ing and global assumptions can be made.  
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• The removal of steam generators as described in section 5.1 is a complex task 
that can, however, be described in a single safety assessment. Consequently, 
the safety assessment is very detailed and comprises all work steps required. 
For each step, detailed assumptions on the execution of the work, on safety 
measures, exposure times, distances etc. are made. This is commensurate with 
the risk level that this work poses for workers. The analysis of the conse-
quences for the general public is short by referring possible releases back to al-
ready analysed and licensed release limits which would be exhausted only to a 
minor degree in the case of an accident. 

• The planning for the entire segmenting work of the RPV and its internals is al-
ready more specific by addressing certain work steps in making assumptions 
on the entire duration of each work package. However, the segmenting and 
packaging of the RPV and of each reactor component comprise so many work 
steps, that an in-depth analysis is not possible on the level of the safety as-
sessment that has been presented in section 5.2. Such analyses have to be car-
ried out in lower-level documents which exist but could not be analysed in the 
scope of this work. 

• The planning for the removal of the RPV in one piece, on the other hand, can 
be carried out very precisely at the level presented in section 5.3. Therefore, 
the safety assessment presented there goes down to the level of working hours 
and detailed assumptions so that collective and individual doses are calculated 
for each work step. 

• For clearance of the buildings and the land of the NPP site, as described in 
section 5.4, only trivial radiological risk is involved for the general public (in-
cluding the workers performing demolition of the buildings). Consequently, no 
case-specific safety assessment has been carried out, but generic clearance 
levels are applied, making this the step with the lowest complexity of the safe-
ty assessment.  

This underlines that the graded approach has been applied and is evidenced by the 
approach followed to perform safety assessments. 

6.3. The graded approach in the radiological characterisation and data ac-

quisition of the facility 

Like for the level of detail of the safety assessments addressed in section 6.2, the level 
of detail of the radiological characterisation varies between the overarching safety 
assessment and the more detailed assessments for segmenting the RPV and for re-
moval of the RPV in one piece. Again, the level of detail of the radiological character-
isation increases with increasing specificity of the work to be analysed. 

The safety assessments rely on conservative assumptions in order to create simple and 
defendable scenarios. A deliberate overestimation of crucial parameters like dose 
rates, exposure times, release quantities etc. avoids defending the choice of each of 
these parameter values. Usually, such an approach is viable as experience shows that 
the resulting doses are usually far from constraints or even limit values. The deliberate 
overestimation of crucial parameters might, however, not be carried to extremes, as it 
might then become impossible to demonstrate compliance with constraints or limits. 
The choice of parameters in the various scenarios presented in chapter 4 and sections 
5.1 to 5.4 provides a good overview of reasonable approaches: 
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• Enveloping scenarios of low complexity that are used for conservative as-
sessment of doses allow the use of simple assumptions that are deliberately 
overestimating the real situations or are based on averages. This includes as-
sumptions on the dose rates which can be chosen as mean values of dose rates 
measured in a particular area. 

• Detailed scenarios that are aiming at calculating doses as precisely as possible 
require well-researched or well-estimated data. This includes detailed esti-
mates of the working time and distances to highly contaminated or activated 
structures and components as well as measurements of actual dose rates at the 
areas where the work is to be performed. 
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7. CONFIDENCE BUILDING IN THE SAFETY ASSESSMENT   

7.1. Quality management system  

The management system is not specifically discussed in this document. The manage-
ment system applied during a NPPs normal operation has been maintained during 
decommissioning, in compliance with the requirements of the Regulatory Body. Such 
a system makes provision for organizational and management responsibilities, the 
appointment of suitably qualified and experienced persons, a document configuration 
and control measures, the control of the all activities, keeping of records, checks and 
balances, traceability requirements and a non-conformance management measures. 

Furthermore, a management system in place at a NPP ensures that all activities are 
performed in sufficient quality and in accordance with the legal and regulatory criteria 
– e.g. authorization of activities and modification of licences, design control, clear-
ance of material, material accounting, waste management and minimization, safe-
guards, waste minimization programme, radiation protection programme, environ-
mental monitoring, security, access control, transport of radioactive material, in-
service inspection, maintenance, care and maintenance (for the period of institutional 
control after the completion of decommissioning), staffing and training, emergency 
preparedness and response, fire protection, justification of release of land from regula-
tory control , etc. Some of these activities have been mentioned but not included in 
detail in the NPP test case.  

In accordance with the volunteer NPP’s decommissioning plan the safety assessment 
team comprised of qualified operational personnel and safety experts. It was assem-
bled to plan and evaluate the safety of the proposed decommissioning activities for the 
whole plant systems and structures. Facility characterization was included in the pre-
paratory work in the form of a radiological survey, material sampling, and review of 
operational history.  

7.2. Independent review and approval process   

A specific independent review process was not performed by the test case working 
group. However, the volunteer NPP’s safety assessment was subjected to an inde-
pendent review developed by a group of experts with various and broad experience to 
ensure that the assessment addresses all safety aspects adequately. The major points 
addressed were:  

a) verification of the validity of the input data and assumptions;  

b) verification that the assessment reflects the actual state of the facility and 
the decommissioning activities;  

c) verification of the adequacy of the limits and conditions derived from the 
safety assessment to the decommissioning activities.  

The independent review addressed all safety assessments which, amongst others, and 
included the review of the methods used for identification of the initiating events, 
verification of calculations, review of the adequacy of the derived engineering 
measures, administrative measures and the safety management programmes to be ap-
plied during decommissioning of the facility in accordance with the predefined end 
states and within the confines of the authorization criteria of the Regulatory Body.  



 

68 

In addition a regulatory review was also been performed by the Regulator Body, mak-
ing use of external independent experts before issuing its formal approval. 
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8. USE OF THE SAFETY ASSESSMENT RESULTS  

The use of the safety assessment results can be interpreted in different ways: the use 
by the NPP during the licensing procedure and the use that can be made within the 
FaSa project. 

8.1. Use by the NPP as part of the licensing procedures 

The safety assessments, this Annex 1 is based on, report have been used by volunteer 
NPP as part of their documentation required by the regulatory system for obtaining 
decommissioning licenses and approvals by the regulatory body. The credible demon-
stration of compliance with dose limits both for workers and the general public during 
normal operation as well as in case of accidents is a prerequisite for granting a license. 

8.2. Use by the NPP as part of decision making to change RPV removal strat-

egy 

The safety assessments results played an important role in the decision making pro-
cess leading to the change in the RPV removal strategy have also been used to modify 
the initial strategy for cutting in-situ of RPV to the strategy to removal in one piece of 
RPV.  

In fact consideration related to the complexity for cutting in-situ, occupational dose to 
workers, routine releases during cutting process and the augmented probability of 
accidents, such as fire and dropping load, together with the availability of large stor-
age capacity in the interim storage led to the decision to change the original strategy 
to the RPV removal in one piece. 

8.3. Use within the FaSa project 

The analysis of the safety assessment presented in this Annex 1 has also been used 
within the FaSa project, mainly to feed back to the Decommissioning Planning and 
the Decommissioning Conduct Working Groups. The NPP Test Case Working Group 
has performed an extensive and detailed comparison of the approaches of the NPP 
with the documents developed by those two Working Groups.  
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9. SUMMARY AND LESSONS LEARNED 

The development of the Nuclear Power Plant Test Case was performed with the fol-
lowing major objectives: 

• to illustrate the application of the safety assessment methodology for a specific 
NPP and to give confidence that the DeSa assessment methodology can be 
used to prepare a safety assessment that shows that the activities described can 
be conducted safely; 

• to illustrate the application of a multiphase approach and its benefits within a 
large decommissioning program, thus limiting the safety assessment for De-
commissioning Plan to the development of the, so called, overarching safety 
assessment addressing only bounding analysis and transferring the develop-
ment of the detailed safety analysis to the time the specific phases need to be 
performed; 

• to illustrate the benefits of the application of the graded approach;  
• to provide practical and useful recommendations on the evolution and use of 

safety assessment to be fedback to the Decommissioning Planning and De-
commissioning Conduct Working Groups of the FaSa Project.  

The test case covers aspects on the immediate dismantling of a whole nuclear power 
plant up to the point of the release of the site for unrestricted use thus without any 
further radiological control or other restriction. 

This Annex 1 on the nuclear power plant test case summarizes safety assessments that 
were performed by the volunteering nuclear power plant (Nuclear Power Plant 
Rheinsberg of EWN Energiewerke Nord GmbH) and that were carried out for various 
phases of decommissioning of that NPP. The relevant documentation, in form of re-
ports / drawings, has been kindly provided by the EWN Energiewerke Nord GmbH, 
Rheinsberg. 

The reports / drawing provided by EWN were analysed by the NPP Test Case work-
ing group between 2009 and 2011 to extract following safety assessment aspects: 

• Overarching safety assessment; 
• Safety assessment for the removal of steam generators; 
• Safety assessment for the direct dismantling of the reactor pressure vessel; 
• Safety assessment for the removal of the reactor pressure vessel in one piece; 

and 
• Safety assessment for the end state 

The safety assessments demonstrate that the decommissioning of the whole NPP does 
not impose unacceptable hazards (e.g. leading to effective doses in excess of relevant 
constraints, criteria and limits) or undue burdens on future generations.  

The structure of this Annex 1 follows mainly the structure set out in the DeSa safety 
assessment methodology.  

Annex 1 highlights the interrelationship between the Overarching Safety Assessment 
(developed in support of the Final Decommissioning Plan) and the detailed safety 
assessments (developed in support of the individual phases in a multiphase decom-
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missioning project). It is in fact evident that while overarching safety assessment re-
lays in a conservative estimation of the major risks, possibly arising during the whole 
decommissioning process, the detailed safety assessments depict more accurately the 
risks associated to each phase.  

It is important to emphasize that the safety risks assessed for each individual phase 
have to be bounded by those assessed in the overarching safety assessment. Therefore 
the development of the overarching safety assessment takes a great benefit from the 
background experience of the analysts that has to be capable to properly identify 
bounding scenarios and also having preliminary knowledge of the future decommis-
sioning activities.  

Within this Annex 1 it is exemplified on quantitative level how the implementation of 
the identified control measures and administrative measures are capable to reduce 
consequences and risk to workers and to public to acceptable levels. This was done 
using a deterministic approach to the safety assessment. The results are illustrated in 
the assessment in terms of dose to both workers and the public, both for normal activi-
ties and for accident conditions taking into account proper mitigation. 

It was also demonstrated how, through the application of the graded approach, the 
efforts applied for performing safety assessments have been minimized through the 
investigation only of those bounding assumption with most severe consequences. It 
was possible to dismiss some initiating events very early in the process of hazard 
identification. Although the evaluation of the public dose was based on conservative 
assumption it was shown that the public dose is far below the criterion by many orders 
of magnitude, without need for use of computer codes or more detailed analyses.  

It was also illustrated, how reference to the results of already completed assessments 
may reduce the overall efforts. As an example the doses for the general public from 
releases resulting from accidents need not to be re-calculated each time a safety as-
sessment is made, but can be limited to the determination of the amount of radioactive 
material affected by the scenario as this allows an comparison of the source term and 
hence allows to conclude on the associated exposure.  

Annex 1 highlights also that the use of bounding scenarios will help avoid the need to 
justify each individual parameter within the safety assessment. Such an approach is 
viable in cases where a result with a more general scope is to be obtained, in contrast 
to an assessment where single work steps are analysed in detail. In the test case con-
servative input data were also used to cover uncertainties in data or details of the sce-
narios; because conservatisms was added no uncertainties or sensitivities evaluations 
was needed. 

The Nuclear Power Plant test case demonstrates that the DeSa methodology is appli-
cable for the development of safety assessments in support of Decommissioning Plan-
ning as well as Decommissioning Conduct for a large and complex NPP. In fact even 
though the decommissioning plan of the volunteer nuclear power plant was developed 
already in 1993, thus several years in advance of the formal issue of the DeSa meth-
odology by IAEA, the safety assessment methodology applied at that time conforms 
with DeSa methodology. The test case furthermore illustrates that the DeSa method-
ology can be effectively applied at all phases of a multiphase decommissioning pro-
ject  
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• to identify safety significant components and structures; 
• to evaluate safety measures and demonstrate compliance with specific regula-

tory requirements; and 
• to demonstrate that, through the application of the methodology, the most ap-

propriate and effective mitigating factors could be identified and implemented, 
thereby optimizing the amount of decommissioning activities and the associat-
ed effects.  
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SUPPLEMENTARY CHAPTERS 
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SUPPLEMENTARY CHAPTER A 

 

Description of the Site and the Facility 

 

A.1. Site Description and Local Infrastructure 

 

A.1.1. Geographical Position 

The NPP is situated in a landscape rich of woodland and lakes and is surrounded 
by an environmentally protected area. Fig. A.1 shows an overview of the site and 
its surroundings.  

 

A.1.2. Population 

The area around the NPP is not densely populated. The total number of people liv-
ing in a 10 km range amounts to about 10,000, in the 5 km range to about 500. 
The number of tourists during the peak season may amount to three times these 
figures during the holiday season. There are several towns with more than 10,000 
inhabitants in the 50 km range around the facility. The nearest town with 26,000 
inhabitants is located 23 km from the site. 

 

A.1.3. Use of Land and Water 

The largest part of the 10 km range around the NPP is occupied by woods and 
lakes. The agricultural use of this area is of little significance, with occasional cat-
tle grazing and small areas of farmland. The percentage of this agricultural area 
has 7 % of the 10 km range. 

The lakes in the 10 km range are used for fishing, both on a commercial and a rec-
reational basis. The amount and species of fish varies considerably in the water 
bodies. All lakes are also used for bathing, and boating occurs on larger lakes dur-
ing summertime. 

 

A.1.4. Industry 

Forestry and tourism are the main sources of income in the 10 km range. There are 
few industrial facilities, which are located in the nearest small town in this range. 
No explosives, toxic, inflammable or corrosive substances are produced, pro-
cessed or stored in this area. 

 

A.1.5 Traffic  

There are no motorways or main roads in the 10 km range. The nearest main roads 
are located in 11 km and 15 km distance, the nearest motorway in 31 km distance.  

A railroad link with normal gauge approaches the NPP from the western direction. 
The rail connection ends at the NPP and has been used for transports of material 
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and nuclear fuel as well as for transport of workers during the operational phase of 
the NPP. 

There are no main air traffic routes across the NPP site. An exclusion of flights 
below 700 m height within a range of 2 nautical miles (3.7 km) around the NPP is 
in place. The nearest smaller airports are located in 24 km and 25 km distance.  

 

 

FIG. A.1. Overview of the site and the surrounding land. 

 

A.1.6 Meteorology 

The climate at the NPP site is of maritime character, with moderately warm sum-
mers and mild winters. 

The average annual precipitation is in the range of 590 to 610 mm/a, with a mini-
mum of 380 mm and a maximum of 730 mm. The average evaporation is in the 
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range 470 – 480 mm/a, the mean infiltration in the range 110 – 140 mm/a. The 
highest precipitation rate is in July, the lowest in February. 

The average temperatures are shown in Table A.1. The annual average of air tem-
perature is 8.3 °C. 

 

TABLE A.1. Average temperatures over the year. 

Month Average Temp. (°C) Month Average Temp. (°C) 

January -1.0 July 17.4 

February -0.4 August 17.1 

March 2.7 September 13.7 

April 7.3 October 9.1 

May 12.4 November 4.3 

June 16.3 December 1.1 

 

The wind statistic is relevant for determination of the long-term distribution fac-
tor. The data relate to the wind speed in 10 m height above free ground and are 
shown in Fig. A.2 for 30° sectors. Starting from the first sector from the numbered 
vertical axis, the sectors depict the wind directions NNE, NE, ENE, ESE etc. The 
left diagram shows the average wind speed for each sector (example: if the wind is 
coming from the north-east, its average velocity is 3.2 m/s). The average wind 
speed in the 10 a period is 3.3 m/s. The long-term monthly average is lowest in 
August (2.5 m/s) and highest in January (4.1 m/s). The right diagram shows the 
distribution of wind speeds as percentages (example: wind coming directly from 
the west has the highest probability with 16 %, wind coming from the north has 
the lowest probability with about 4 % of the time). 

The data have been derived from a 10 year average.  
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FIG. A.2. Distribution of the wind speed (in m/s, left) and of probability of the 

wind direction (in %, right) in 30° sectors. 
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A.1.7. Geology 

The NPP site is situated in sandy soil. The mean height above sea level is 70 m, 
the highest elevation reaches 100 m above sea level. The average level of the lake 
water table is at 60 m above sea level. 

 

A.1.8. Hydrology 

The NPP site is situated between two lakes in the southern part of a larger lake ar-
ea. The NPP is connected to the lake in the North (incoming water) and to the lake 
in the West (outgoing water). The two lakes are connected by a canal thus closing 
the cooling water loop. 

The treated wastewater is transferred to a river in the North of the site by a pipe-
line with 10 km length. 

The groundwater layer has a wide lateral extension with a large thickness. The 
groundwater layer extends between 0 and 27 m below surface. Groundwater and 
surface water are directly connected. The water tables of the lakes are therefore 
synchronised and reflect the annual distribution of precipitation. The gradient of 
the groundwater is small with values between 0.05 % and 1.4 %. There is no pos-
sibility of flooding because of the orography of the site. 

 

A.1.9. Seismology 

The seismic activity in the area is very low. Any significant earthquakes occurred 
in historic times. The building has been designed to meet local building code re-
quirements. Seismic events are deemed to be not credible and are not addressed in 
the accident analysis. 

 

A.1.10. Radiation Exposure in the Surroundings of the Site 

There are no other nuclear facilities in the surroundings of the NPP site. This 
means that the evaluation of consequences from gaseous and liquid effluents is 
limited to the radioactivity released from the NPP itself. The measurements and 
the surveillance programme during operation have shown that these dose conse-
quences are negligible and can only be quantified using computational models. 

It is of course not possible to perform direct measurements of the doses caused by 
the NPP operation (or its decommissioning) as the doses are so low.  

Table A.2 shows the measured gaseous releases, Table A.3 the measured liquid re-
leases during the later stage of the transitional phase (1995 and 1996) as well as 
during increased activities directed towards decommissioning (1997). The in-
crease of work in the facility in preparation for decommissioning is the reason for 
the increase of values. 
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TABLE A.2. Measured gaseous releases during the transitional phase (1995 and 

1996) and early decommissioning activities (1997) of the NPP 

Year 1995 1996 1997 

β/γ emitting radionuclides 6.4⋅104 Bq 1.6⋅105 Bq 2.2⋅106 Bq 

Tritium no data no data 1.7⋅109 Bq 

 

TABLE A.3. Measured liquid releases during the transitional phase (1995 and 

1996) and early decommissioning activities (1997) of the NPP. 

Year 1995 1996 1997 

β/γ emitting radionuclides 3.3⋅106 Bq 4.4⋅106 Bq 8.1⋅106 Bq 

α emitting radionuclides 2.7⋅104 Bq 2.8⋅104 Bq 4.8⋅104 Bq 

 

 

A.2. Description of the Facility and the Buildings 

A.2.1. Basic Data of the Facility 

The NPP is a pressurised water reactor of soviet WWER-2 type of first generation. 
TABLE A.4 provides the basic data of the plant. The thermal power rating is 265 
MW. The heat generated in the reactor is transferred in three loops to the 9 steam 
generators. The saturated steam from the steam generators is transferred to the 
70 MW turbine set in the secondary circuit, where the heat is transferred into elec-
trical energy, which is coupled to the power grid via a bank of transformers. The 
steam leaving the turbine is condensed in the turbine condenser and is sent again 
as feedwater to the steam generators. The turbine condenser is cooled with lake 
water.  

 

TABLE A.4. Basic data of the NPP. 

Part Quantity Value 

NPP Reactor power, thermal 265 MW 

 Reactor power, electric, gross 70 MW 

 Reactor power, electric, net 63.5 MW 
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Part Quantity Value 

Reactor / Dimensions 18700 mm length, 2850 mm diameter 

RPV Weight (including internals) 313 Mg 

 Fission zone 2000 mm diameter, 2500 mm height 

 Fuel elements 132 pieces 

 Safety and shut-down elements 19 pieces 

 Fuel rods per fuel element 90 pieces 

 Fuel UO2 

 Fuel quantity 18 Mg 

 Enrichment up to 2 % 

 fuel burn-up around 10,000 MWd Mg-1 U 

 mean thermal neutron flux 3⋅1013 n cm-2 s-1 

 max. thermal flux density 7.55⋅109 J m-2 h-1 

 max. fuel clad temperature 320 °C 

 max. fuel temperature 2100 °C 

Primary circuit Pressure 100 bar 

 Cooling loops 3 

 Temperature at reactor entry 250 °C 

 Temperature at reactor exit 265 °C 

 Flow per loop 5250 m³ h-1 

Steam generator Number 3 ⋅ 3 pieces 

 Heating area per SG 320 m² 

 Weight of one SG (empty) 33 Mg 

 Operating pressure 32 bar 

 Operating temperature 236 °C 

 Steam quantity (total) 470 Mg h-1 

 Feed water entry temperature 193 °C 

Turbine Type  AK 70 

 Number of units 1 high pressure, 1 low pressure (2 steps) 

 Revolutions 3000 min-1 

 Condenser 2 pieces, 3865 m² each 

Generator Power rating 87.5 MVA 

 Voltage 10.5 kV 

 Revolutions 3000 min-1 

Cooling water Type open 

 Quantity 20,000 m³ h-1 

 Temperature change  10 K 

 

A.2.2. Aerial View 

This section describes the buildings of the NPP that are directly connected with 
the operation of the NPP, its supply with nuclear fuel and operating media during 
the operational phase and the management of spent fuel as well as operational 
waste or that have a special function during decommissioning. 
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FIG A.3 shows an aerial view of the NPP site. The reactor building, turbine hall 
and stack are visible at the bottom right end of the site.  

 

FIG. A.3. Aerial view of the NPP site. 

 

A.2.3. Reactor Building 

The reactor building houses the reactor itself, the components for changing fuel 
elements and for their storage (note that fuel has been removed and is no longer 
stored on site), the primary loop and auxiliary systems. A large part of this build-
ing and the building structures fulfils radiation protection purposes besides their 
static function.  

FIG. A.4 provides a simplified view of the reactor building with its main parts and 
components. The reactor hall stretches from the centre to the right side. The spe-
cial water treatment plant is situated in the left part of the figure. 

Reactor building 

Turbine hall 

Office building 
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1) reactor building   2) reactor    3) core area   4) annular water tank   5) biological shield   6) iso-
lating valve   7) main circulation pump   8) steam generator   9) refuelling machine   11) decay 
pond   12) evaporator plant   22) special water treatment building   24) pressure chambers   25) ex-
haust air installations   26) crane in the reactor hall    27) crane in the assembly hall 

FIG. A.4. Simplified view of the reactor building with its main parts and  

components. 

 

FIG. A.5 shows a cross sectional view of the reactor building. The pressure cham-
bers that surround the components of the primary circuit loaded with the primary 
pressure are clearly visible. The pressure chambers are part of the barrier system. 
Those around the reactor can withstand an inner pressure of 6.0 bar, the others a 
pressure of 3.0 bar. The wall thickness is about 1 m and the chambers are 
equipped with a steel liner.  
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1) reactor building   5) biological shield   9) refuelling machine   10) rail corridor   12) evaporator 
plant   13) gas decay tank   14) volume control surge tank   15) feed water tank   16) unit control 
room   17) turbine hall   18) turbine   19) high-pressure pre-heater   20) pre-heater for the heating 
system   21) cooling water pipes   23) intermediate building  24) pressure chambers    26) crane in 
the reactor hall    27) crane in the assembly hall  

FIG. A.5. Cross sectional view of the reactor building. 

 

The building structures in the area of the biological shield around the reactor are 
made of heavy concrete. The floors and surfaces of the walls are coated for decon-
tamination purposes.  

A crane with a capacity of 125 Mg is located in the reactor hall.  

Transport of material is accomplished via road or rail, reaching the facility in the 
rail corridor. The entrance to this corridor is located at the north-west pediment of 
the building of the Special Water Treatment plant.  

The entire reactor building belongs to the controlled area. The access for the per-
sonnel led through the personnel entrance in the building of the Special Laundry. 

Shielding is accomplished by the thickness of the walls and by use of heavy con-
crete. The following figures provide overviews of the layout and thickness of the 
walls: FIG. A.6 for the reactor building, FIG. A.7 for the walls immediately adja-
cent to the reactor, and FIG A.8 for the reactor hall. 
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Dampferzeuger = steam generator; Bedienungskorridor = maintenance corridor;  

Hauptabsperrschieber = main isolating valve; Hauptumwälzpumpe = main circulation pump; 

Hauptumwälzleitung = main circulation pipe 

FIG. A.6. Shielding walls of the rooms of the primary circuit. 
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1) concrete, ρ ≥ 2.3 g/cm³ 
2) filling with steel spheres, ρ = 4 – 
4.5 g/cm³ 
3) shield of steel and concrete plates; 
ρ ≥ 3.2 g/cm³ 
4) filling with steel spheres, ρ = 4 – 
4.5 g/cm³ 
5) concrete, ρ ≥ 4.0 g/cm³ 
6) concrete, ρ ≥ 3.5 g/cm³ 
7) filling with steel spheres, ρ = 4 – 
4.5 g/cm³ 
8) annular water tank 
9) insulation 
10) reactor pressure vessel 
11) core area 
12) thermal shield (iron and water 
layers, removed 1986) 
13) biological shield (concrete, ρ ≥ 
2.5 g/cm³) 
14) maintenance corridor 
15) concrete, ρ ≥ 2.3 g/cm³ 
16) expansion joint 

FIG. A.7. Shielding of the reactor. 
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1) crane in the 
reactor hall 
2) refuelling 
machine 
3) fuel flask 
4) room for 
treatment of 
secondary 
water 
5) gas decay 
container 
6) room for 
volume com-
pensator in the 
primary circuit 
7) reactor pro-
tection dome 
8) rail corridor 
9) corridor for 
main circula-
tion pipe 
10) reactor  
11) core area 

FIG. A.8. Shielding walls of the reactor hall. 
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A.2.4. Special Water Treatment Plant Building 

The Special Water Treatment Plant comprises the installations for treatment of 
water from the controlled area and the ventilation plant for the reactor building 
and the Special Water Treatment Plant building. FIG. A.9 shows a cross-section of 
this building. 

 
Spez. Wasseraufbereitung = special water treatment plant; Reaktorgebäude = reactor building; 
Gleiskorridor = rail corridor;  SWA Warte = control room in the special water treatment plant;  
Heiße Zelle = hot cell;  HUP = main circulation pump; DE = steam generator; AKB = cooling 
pond; Reaktor = reactor; Blockwarte = main control room; Dosimetriewarte = radiation protection 
control room; Mittelbau = intermediate building; Maschinenhaus = turbine hall 

Fig. A.9. Horizontal cross-section of the  

Special Water Treatment Plant building. 

 

This building is directly attached to the reactor building. Because of the high ac-
tivity concentrations associated with the thermal treatment of the water of the pri-
mary circuit, it possesses a number of heavily shielded boxes made from shielding 
concrete with densities between 2.2 and 4.2 g/cm³. 

The pressure chambers containing the evaporator installations 111 and 112 as well 
as the ion exchange installation 113 are clad with a steel liner. A decontamination 
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coating exists on floors, walls and ceilings. The exhaust gas is led to the stack 
building via ducts. 

 

A.2.5. Clean Wastewater Storage Building 

The clean wastewater storage plant contains the external storage tanks and the 
components for storing treated wastewater. The building is situated underground 
and consists of a control room for pumps, valves and pipes, two large storage 
tanks of 1000 m³ each made from reinforced concrete with steel liner as well as of 
four smaller containers (two with 100 m³ each, two with 45 m³ each). The large 
and the upper smaller containers are accessible via manholes from the outside, the 
lower smaller containers are accessible from the control room. The control room is 
accessible from the reactor building. 

 

A.2.6. Dirty Wastewater Storage Building and Stack Building  

The dirty wastewater storage building contains components for receiving waters 
from the controlled area. Some of the containers are also located in the basement 
of the immediately adjacent stack building.  

Both buildings have a water-tight insulation. The rooms are equipped with a steel 
vat as well as with decontamination coating on all surfaces. This building is ac-
cessed from the special water treatment plant.  

The height of the stack is 120.8 m. 

 

A.2.7. Turbine Hall 

The turbine hall contains the systems and components of the secondary loop (tur-
bine, steam systems, condensate systems, feed water systems), parts of the tech-
nical water supply as well as electrical and control systems. In the middle part, 
there are also control rooms for the reactor operation, for the independent safety 
systems, for the dosimetry system as well as numerous electrical installations. A 
cross-section of the turbine hall is shown in FIG. A.10. 
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1) reactor building   5) biological shield   9) refuelling machine   10) rail corridor   12) evaporating 
plant    13) gas decay tank   14) vacuum compensator   15) feed water tank   16) unit control room   
17) turbine hall   18) turbine    19) high-pressure pre-heater   20) pre-heater for the heating system   
21) cooling water pipe   23) intermediate building    24) pressure chambers    26) reactor hall crane   
28) turbine hall crane 

FIG. A.10. Cross-section of the turbine hall. 

 

The crane in the turbine hall has a capacity of 130 Mg. A road and rail connection 
is available for material transports. The entrance gate is located at the north-west 
pediment of the turbine hall, while the personnel access leads through the special 
laundry building. 

 

A.2.8. Cooling Water Plant  

The cooling water intake works contains the sieves, the cooling water pumps and 
the cooling water pipes leading towards the turbine hall, the emergency pumps 
and fire fighting pumps.  

The cooling water discharge works contains two pools where the kinetic energy of 
the water is reduced and the discharge pipes towards the lake. 

 



 

89 

A.2.9. Special Laundry 

The special laundry building contains a laundry for active clothing (from the con-
trolled area) and for other clothing. In addition, the two accesses to the controlled 
area and to the turbine hall lead through this building. 

 

A.2.10. Chemical Water Treatment Plant 

The chemical water treatment plant contains systems for preparing de-mineralised 
water and laboratories for radioactive and non-radioactive analyses. Storage con-
tainers for chemicals and for de-mineralised water are located in the basement of 
this plant. 

 

A.2.11. Acid Unloading Station 

The acid unloading station contains systems for unloading chemicals from rail car-
riages. The brick walls are covered with acid resistant coating. The ceiling is made 
from re-enforced concrete. A rail connection directly leads to this building. The 
rails are laid into an acid resisting pit. 

 

A.2.12. Neutralisation Plant 

The neutralisation plant contains the components for treating the water to a river. 
These include two sludge drying pools, two collecting ponds (80 m³ each), a well 
and a pump house. A pressure pipe of about 8 km length is used for discharging 
the collected water to the river. 

 

A.2.13. Electrical Installations 

The connection to the electrical power grid is maintained via a 110 kV connection. 
The four large transformers are located on separate foundations that are oil-tight. 
These transformers are separated by 4 fire prevention walls. The other smaller 
transformers are built on separate foundations. 

 

A.2.14. Oil-fired Heating Plant 

The heating plant comprises three oil-fired boilers for the steam and heat supply 
for the site. The pre-heaters and the heat distribution facilities are located in the 
turbine building. 

 

A.2.15. Further Buildings 

There are further buildings on the site, like workshops, storage areas, the building 
for the fire brigade, office building, drinking water supply and others.  
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A.3. Operational History 

The construction of the reactor building began in 1960. The construction of the 
systems and components was carried out mainly in 1964 and 1965. The complex 
testing procedures commenced in December 1965, at first with an under-critical 
reactor. The first criticality was achieved in March 1966, the first connection to 
the power grid in May 1966. A short time later, the plant was operated at full 
power, so that normal operation could commence in October 1966. The main op-
eration mode was base-load power supply.  

The last shut-down occurred in June 1990 for change of fuel. The plant was not 
re-started because of safety considerations (the facility was no longer deemed safe 
enough to operate after changes in the regulatory framework, i.e. safety considera-
tions did not apply to unsafe operating conditions, incidents etc.). As the normal 
operational phase had been anyway limited originally until 1992, the decision to 
decommission the plant has been taken in November 1990. 

As this reactor also served for the advancement of later generations of WWER re-
actors, the operation of this NPP included some experiments concerning the be-
haviour of fuel. During the 9th operating campaign, a small container was intro-
duced immediately above the fuel rods containing three fuel pellets that were thus 
subjected to a low neutron flux and were surrounded by the coolant. The activity 
concentration in the coolant was followed during this campaign. No change in the 
activity contents of the coolant could be observed. 

In the following three campaigns (1975 to 1977) fuel elements with defined leak 
(hole of around 1 mm diameter in the fuel rods) were introduced in order to de-
termine how well a leak could be localised. These experiments were carried out 
with threshold and limit values for the activity contents of the primary circuit wa-
ter, which were complied with during the whole duration of the experiments. After 
their utilisation, these fuel elements were further investigated in the hot cell, 
where damage in the upper part of one rod was found. This means that fuel has 
come into contact with cooling water, thus leading to a contamination of the pri-
mary circuit. In total, between 3 and 4 g of fuel was lost from the fuel rod. This 
contamination has also migrated to the secondary circuit, from leaks in the steam 
generators.  

In addition, a number of chemical elements (Boron, Gadolinium, Dysprosium, 
Samarium and Europium) have been tested for their use as absorbing materials. 
These elements were introduced in special rods located in fuel elements (so-called 
cluster elements) and were later analysed in the hot cell. Some of these elements 
have been spread via gaseous and liquid contamination in the facility.  

The primary circuit was decontaminated during the operational phase 19 times 
(between 1968 and 1990), using different types of decontamination processes. 
This practice has led to an overall low contamination level in the plant, facilitating 
maintenance work and laying a good basis for decommissioning activities.  
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SUPPLEMENTARY CHAPTER B 

 

Description of the SG dismantling 

 

This supplementary chapter provides an overview of the procedures for removing 
the steam generators in one piece and transporting them to a waste handling facili-
ty where they are further segmented. 

 

B.1. Steam generator decontamination [7] 

The steam generators were decontaminated prior to their removal using the CORD 
process of Siemens AG KWU (now AREVA) [13]. The chemical agents are circu-
lated through the steam generator using the entry and exit plugs to which the pri-
mary loop was connected (the two bottom plugs in FIG. B.1). The chemical agent 
is continuously circulated at elevated temperatures and regenerated.  

 

FIG. B.1. Schematic diagram of a steam generator. 
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The radiological situation of the steam generators is characterised as follows: De-
contamination during outages in the operational phase ensured that the mean con-
tamination on the inner surface of the primary circuit never exceeded an average 
of 4·104 Bq/cm² at the end of an operating cycle, and subsequent system decon-
tamination reduced the activity by one order of magnitude. One steam generator 
with a surface of about 395 m² therefore had a contamination inventory of less 
than 1.6·1010 Bq. After final shutdown, its activity content can therefore be esti-
mated to less than 1.4·1011 Bq prior to decontamination. Dose rates have been 
measured at various parts of the three loops of the primary circuit and at steam 
generator 7, shown in Table B.1 and Table B.2. 

 

TABLE B.1. Dose rates (contact) at various parts of the primary loop prior to 

system decontamination.  

 Dose rate [µSv/h] at 

Point Loop 1 Loop 2 Loop3 

Steam generator leg, hot leg 7 10 12 

Steam generator leg, cold leg 7 10 17 

Branch of the circulation line 8 8 7 

 

TABLE B.2. Dose rates (contact) at steam generator 7 prior to system decon-

tamination. 

Point Dose rate [µSv/h] 

Bottom of the U pipes 65 

Middle of the steam generator leg 23 

Branch of the circulation line 24 

 

The aim of decontamination was to reach an overall contamination level of less 
than 200 Bq/g of beta/gamma emitting nuclides, as this is the acceptance criterion 
of a licensed melting facility in Germany where it was initially planned to further 
treat, segment and melt the steam generators.  

The decontamination process CORD is a chemical oxidation / reduction decon-
tamination procedure of Siemens AG KWU (now AREVA) [13]. It is applied with 
a mobile decontamination device called AMDA which is connected to the primary 
circuit. Waste of the process is directly transferred to waste containers with appro-
priate shielding. The principle is shown in FIG. B.2. 
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Dampferzeuger = steam generator; Ausgleichsbehälter = compensation tank; Pumpe = pump; 
Dosiermodul = modul for dosage; Durchlauferhitzer = flow heater; Steuerung = control; 
Messstrecke = measurement device; Mosaik- Behälter = waste container of type MOSAIK 

FIG. B.2. Principle of the CORD decontamination process with the AMDA 

device. 

 

B.2. Removal and Transport [8] 

Removal of the steam generators and the other parts of the primary circuit is car-
ried out separately on each of the three loops. All connections to the steam genera-
tors are separated, and systems and pipes that would hinder lifting the steam gen-
erator from its position are removed. Cutting is carried out using techniques min-
imising exposure of the personnel and release of contamination: 

• because of their high internal contamination, pipes, tanks etc. are segmented 
with mechanical techniques like sawing, milling and shearing; 

• steel constructions are segmented by flame cutting and sawing, as the contam-
ination of these parts is far lower; and 

• cables and small pipes are cut with cable shears, bolt cutters and hydraulic 
shears. 

All segmenting operations with increased aerosol generation are carried out using 
mobile ventilation system with at least 2000 m³/h and HEPA filter that sucks the 
air off directly at the cutting area.  

The radiological situation prior to the removal of the steam generators can be 
characterised as follows: The dose rates at various points are shown in 
TABLE B.3. The contamination on the inner side of the primary circuit has been 
determined to about 500 Bq/cm² (a value significantly lower than that prior to sys-
tem decontamination in section B.1). The contamination in the secondary circuit 
has been determined to about 17 Bq/cm². The removable contamination at the out-
er surfaces of the primary circuit varies between 0.1 and about 10 Bq/cm² with a 
few points up to 25 Bq/cm². 



 

94 

TABLE B.3 Dose rates at various points of the primary loop prior to removal of 

the steam generators (SG). 

Point Dose rate [µSv/h] 

SG drum (at level +14 m) 0.7 – 1.6 

SG manhole, inside 2.5 – 5.5 

SG manhole, outside 1.2 – 3.0 

SG drum (at level +10 m) 2.5 – 5.5 

SG leg (at level +5.5 m) 5.0 – 10.0 

beneath SG (at level +4 m) 2.5 – 3.5 

at SG between drum and leg 3.0 – 8.5 

 

The steam generators themselves are not further reduced in size but are transport-
ed in one piece to the external interim storage facility. They are removed by the 
crane from their positions, moved through the reactor hall and are then lowered to 
the rail corridor. The transport route is shown in FIG. B.3. 

 

 

FIG. B.3. Internal transport route of the steam generators from their boxes in 

rooms 201/1-3 to the rail corridor. 
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The steam generators had to be tilted from their vertical position during operation 
and internal transport into a horizontal position for removal by railroad carriage. 
This was accomplished using a tilting device attached to the carriage as shown in 
FIG. B.4 and FIG. B.5. The final configuration is shown in FIG. B.5. 

 

 

FIG. B.4. Tilting and placement of the steam generator on the railroad car-

riage. 
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FIG. B.5. Steam generator in 40’ transport container ready for shipment. 

 

The steam generators were transported to an interim storage facility by rail in 
1997 and 1998. The mass of each transported steam generator amounted to 
29.2 Mg. Prior to its transport, the dose rate was determined in a distance of 2 m 
from the container. The measurements ranged from 0.2 µSv/h at the top and bot-
tom parts to 2.3 µSv/h at its central parts. The dose rate therefore was in compli-
ance with transport regulations. 
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SUPPLEMENTARY CHAPTER C 

 

RPV Cutting in-situ 

 

C.1. Overview of Segmenting Issues 

This section describes the original procedure for dismantling of the reactor and its 
internals. A different strategy has been proposed and implemented later, which is 
described in supplementary chapter D. As this phase is used for in-depth analysis 
regarding the safety assessment, it is described in considerably more detail than 
the other phases.  

The planned work consists of the following: 

• dismantling, segmenting and packaging of the reactor pressure vessel and of 
the following reactor internals: reactor shaft, reactor shaft bottom, core basket, 
protecting tube system as well as of the leakage control mantle; 

• dismantling, segmenting and packaging of the supporting ring, the annular wa-
ter tank, the sphere chamber, and the thermal shield; 

• dismantling of systems or partial systems that obstruct dismantling of the reac-
tor and that are no longer required; 

• disposal of waste from dismantling of the reactor; 
• transport of waste to an interim storage facility; 
• introduction of tools and equipment for carrying out the work described above 

(segmentation, waste management etc.), including installation, trial and nor-
mal operation; 

• adaptation of existing systems and change of building structures as far as it is 
necessary for performing the work described above; 

• dismantling of tools and equipment for this work after they are no longer re-
quired. 

The technical concept envisaged for dismantling of the reactor includes construc-
tion and operation of segmenting areas in various parts of the nuclear power plant. 
These segmenting areas are completely contained. They serve for segmenting the 
various parts of the reactor mainly with remote-controlled segmenting techniques 
that has been used at other decommissioning projects. The use of several segment-
ing areas allows working in parallel at different segmenting tasks. The segmenting 
areas are planned under consideration of the following conditions:  

• The hull of the reactor building is maintained and will continue to surround the 
segmenting areas; 

• each segmenting area is fully enclosed and is separated from the rest of the fa-
cility as well as from the other segmenting areas; 

• available ventilation is in operation, additional ventilation with filters is being 
installed; 

• a water treatment plant with filters is being installed; 
• shielding is installed as needed; 
• the segmenting areas are supplied with media and energy, used media are be-

ing disposed of; 
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• the use of remote-controlled mechanical segmenting tools is preferred; 
• radioactive residues and waste are packaged in the controlled area, so that limit 

values will be complied with during the subsequent transport; 
• the progress in dismantling technology is being taken into consideration during 

planning and implementation of these measures. 

 

C.2. Segmenting Areas, Assignment of Rooms  

The work is carried out in the following areas of the facility: 

• the reactor hall (room R426); 
• the cooling ponds 1 and 2 (rooms R101/1  and 2); 
• the reactor shaft room (room R001); 
• the storage area for the reactor top (room R408); 
• the transport corridor (room R308);  
• the rail corridor (room R216). 

Further rooms are used for the operation of certain auxiliary installations and for 
media and energy supply. Additional rooms in the special water treatment plant 
are used for installation of electric components. The necessary preparation of all 
rooms listed above has been carried out. Lifting equipment is available as needed. 

The segmenting areas are structured as follows 

• a wet segmenting area inside the reactor hall with cooling pond 1 as segment-
ing bay (see section C.3); 

• a dry segmenting area inside the reactor hall (see FIG. C.1); 
• various segmenting areas in the reactor shaft room. 
 

 

FIG. C.1. Dry segmenting area, using the reactor dome as shielding and con-

tainment. 



 

99 

 

The parts of the reactor are segmented in air or under water, depending on their 
contamination or activation. It is planned to segment parts with less than 106 Bq/g 
in air with dry segmenting techniques. Further parts of the reactor that surround 
the reactor pressure vessel in its operating position are segmented in the reactor 
shaft room or in the dry segmenting area manually or with remote controlled tech-
niques. If the size of a component exceeds the capacity of the dry segmenting ar-
ea, it is first pre-segmented in the wet segmenting area.  

 

C.3. Wet Segmenting Area 

FIG. C.2 gives an overview of the wet segmenting area. It is equipped with con-
ventional mechanical and thermal cutting techniques, including 

• underwater sawing; 
• underwater grinding; 
• contact arc metal cutting (CAMC); 
• underwater plasma cutting; 
• abrasive water jet cutting. 

The tools are fixed and guided by a tool carrier system, consisting of an arm with 
a manipulator. The tool carrier systems are mounted to the floor and wall of the 
segmenting pond. In addition, there is a manipulator system for packaging that is 
mounted to a crane bridge and is equipped with a telescopic arm. All work steps 
are controlled by a control room that is situated in a different part of the building. 

For the actual cutting process, the item to be segmented is mounted on the turnta-
ble, and the entire basin is filled with water. The hatch in the roof the wet seg-
menting area is closed. No person is present during the segmenting operation, 
which is fully remote controlled with the aid of numerous cameras. In order to 
maintain good visibility under water, the water is continuously circulated and fil-
tered. FIG. C.3 shows the layout of the wet segmenting area and application of a 
band saw under water. 
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1) steel caisson 
2) hatch 
3) tool carrier system 
with segmenting tool 
4) packaging manip-
ulator 
5) tool carrier 
6) turntable 
7) water treatment / 
filtration  
8) working area 
9) basket for materi-
al 

FIG. C.2. Wet segmenting area. 

 

 

FIG. C.3. Layout of the wet segmenting area (left) and  

application of a band saw under water(right). 

 

The removal of the reactor is dealt with in more detail in section 5.2 (direct dis-
mantling) and in section 5.3 (removal in one piece). 
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SUPPLEMENTARY CHAPTER D 

 

Description of the Removal of the Reactor Pressure Vessel (RPV) for Transport 

to an external Interim Storage Facility for Decay Storage 

 

The removal of the unsegmented reactor pressure vessel for transport to an interim 
storage facility for decay storage for several decades is described as an illustration 
for a work sequence for which a safety assessment can be carried out in the FaSa 
project. The description and the figures have been taken from the document [11]. 
It has be noted that this is the strategy that has actually been implemented, while 
the initial plan had been to segment the RPV in-situ (in particular, the upper part 
of the RPV was to be segmented directly because of its comparatively low activity 
content, while the lower part was to be mounted on the turntable and segmented in 
the wet cutting station with remote controlled techniques because of its high acti-
vation).  

 

D.1. Initial Situation 

At the beginning of the work, the RPV is in its operating position in its shaft 
(room R 001). All reactor internals have been removed, as these are being seg-
mented with remote controlled techniques. The RPV is filled with water for 
shielding purposes. All connections to the RPV have been cut and sealed. 

The RPV is closed with a temporary lid that can be removed at all times. The bot-
tom of the leakage control mantle has been removed. 

 

D.2. Necessary Equipment for Removal of the RPV 

The equipment that is necessary for removal of the RPV consists of the following: 

• Tool for attaching and tilting the RPV (FIG. D.1): The transport of the RPV 
from its shaft to the rail corridor is performed using the crane in the reactor 
hall. The RPV is attached to the hook of the crane using a specially made tool, 
which also serves the later tilting process.  

• Transport and storage shielding (FIG. D.2): The shielding that is attached to 
the central part of the RPV during transport and shielding consists of a lower 
and an upper part, which are later connected. The lower part is put into place 
before the RPV is tilted, the upper part is put on later. Further shielding is used 
for the flanges of the primary circuit, at the lower end (hemisphere) and at the 
top. 

• Lifting equipment for loading the reactor from the heavy-load truck onto a 
railroad carriage (FIG. D.3): Special lifting equipment is installed for moving 
the RPV between conveyances when it is moved out of the reactor building 
near the railhead.  
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•  

FIG. D.1. Tool for attaching and tilting the RPV. 

 

 

FIG. D.2. Transport and storage shielding for the core area of the RPV. 
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FIG. D.3. Lifting equipment for loading the reactor from the heavy-load truck 

onto a railroad carriage. 

 

D.3. Operating Procedure 

The removal process is divided into the following phases: 

1. Preparatory phase 1 (FIG. D.4): 

a. cutting the flanges of the fuel element control system;  

b. mounting the transport and storage shields in the flanges of the 
primary circuit;  

c. cutting and removal of the top screws that are no longer needed; 

d. mounting the transport and storage shield at the top of the RPV. 

2. Preparatory phase 2: 

a. emptying the RPV; 

b. lifting the RPV;  

c. removal of fixations. 

3. Removal of the RPV: 

a. transport of the RPV to the rail corridor (FIG. D.5), lowering the 
RPV onto the heavy load truck including tilting of the RPV 
(FIG D.6); 

b. mounting of the transport and storage shield in the core area of the 
RPV. 

4. Loading the RPV from the heavy load truck onto the railroad carriage: 

a. transport of the RPV to the loading area; 
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b. loading the RPV from one conveyance to the other (FIG. D.3); 

c. fixation of the RPV onto the rail carriage and mounting of the 
transport and storage shield for the hemisphere (FIG D.7). 

 

 

FIG. D.4. Cross-section through the reactor building with RPV in place. 
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FIG. D.5. Transport of the RPV in the reactor building from its shaft to the 

rail corridor. 
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FIG. D.6. Schematic representation of the tilting operation of the RPV. 
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FIG. D.7. Fixation of the RPV with shielding on the rail carriage. 

 

D.4. Radiological Condition  

The radiological situation of the RPV for the year 2006 is as follows (cf. also sec-
tion 2.2.3.2, where values for 1992 have been provided):  

• Activation: The activation is mainly confined to the core area of about 3 m 
length that surrounded the active zone of the reactor. Radionuclides of the ac-
tivation comprise Co-60, Fe-55, Ni-59, Ni-63 with a total activity of 
5⋅1013 Bq and a mean specific activity of 4.3⋅105 Bq/g. The Co-60 activity in 
the central part of the RPV is about 5⋅1012 Bq. 

• Contamination: The contamination on the inner surface of the RPV has been 
determined from wipe tests. A mean value of 1500 Bq/cm² has been deter-
mined, while the activity on the outside of the RPV was determined to be 
about 1.6 Bq/cm², with an alpha contamination of about 0.01 Bq/cm². 

• Dose rate: The dose rate at the core area without shielding was calculated 
19.8 mSv/h in 0.5 m distance and 3.9 mSv/h in 3 m distance. 
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SUPPLEMENTARY CHAPTER E 

 

Overview on the Decommissioning of the Volunteer Nuclear Power Plant 

(as of 2008) 

 

 

The NPP having volunteered to share information on planning and execution of 
decommissioning with the FaSa project is NPP Rheinsberg (KKR), Germany. The 
NPP is situated north of Berlin in the former German Democratic Republic. After 
the reunification of Germany, the NPP has come under the jurisdiction of the 
Atomic Energy Act of Western Germany (now in force in all parts of Germany). 
The NPP is under decommissioned, performed by Energiewerke Nord GmbH 
(EWN). 

The NPP was permanently shut down in 1989 and the systems no longer needed 
for the post-operational phase were taken out of operation. Before granting of the 
first decommissioning licence, the facility possessed an (unlimited) operating li-
cence, granted on 20 October 1987, amended by an order of the competent author-
ity according to section 19 para. 3 Atomic Energy Act of 10 Sept. 1990 and by a 
ministerial consent of 19 November 1991.  

The description of the test case NPP given in chapter 2 of this Annex 1 was de-
rived from reports on that volunteer NPP. 

With respect to the original planning for decommissioning some simplifications 
were made during the course of the work of the working group to adapt the NPP 
site as a model for the FaSa NPP test case:  

• The most important simplification was the exclusion of an interim storage 
facility for solid and liquid radioactive waste at the site of the volunteer 
NPP site, which was intended to become a near surface final storage (a 
type of surface repository); the plan of becoming a near surface final stor-
age originated from the time of construction of the NPP but was aban-
doned when the planning for decommissioning of the volunteer NPP start-
ed under the German atomic energy act. As there was only little physical 
or technical interaction between the NPP and this interim storage facility 
the consideration of the interim storage would not provide significant illus-
trative aspects on the application of the FaSa methodology and thus could 
be ignored in the test case.  

• A further necessary simplification consisted of concentrating on the “ideal” 
licensing procedure, disregarding any issues caused by the exceptional sit-
uation in Germany after the reunification or by different reasons that do 
not originate in the decommissioning project itself. Furthermore, there 
were a number of additional licences that a “real-world” project needs to 
obtain, depending on the national legislation. In the case of volunteer NPP 
such licenses were necessary for a number of areas (water, civil engineer-
ing, conventional waste, transport, nature conservation etc.). This was, 
however, outside the scope of FaSa.  
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• Another simplification caused by the definition of a decommissioning pro-
ject according to IAEA consisted in defining the starting point of the first 
decommissioning phase differently from the one in the original safety re-
port of the NPP. For the FaSa test case, it was assumed that the nuclear 
fuel was removed from the site and that the operational waste was treated 
and removed from site as well. This means that the facility is considered to 
be free of nuclear fuel. 

Specific to the planning for and conduct of the volunteer NPP is the strategy 
change with respect to the RPV removal. At the beginning of the decommission-
ing conduct it was foreseen and planned to segment the RPV in-situ with remote 
controlled equipment and the reactor internals in a special segmenting area 
equipped with mechanical and thermal cutting tools. This plan was changed with 
respect to the RPV, while the procedure for the reactor internals remained un-
changed. The RPV was to be removed in one piece and transported to an external 
interim storage facility via rail with proper shielding installed in the core region. 
This plan was implemented in 2007.  

 

E.1. Licensing Approach of the Volunteer NPP (as of 2008) 

Decommissioning of the volunteer NPP was structured into six phases from the 
beginning. The aim was to be able to plan the subsequent phases while already 
carrying out already licensed phases and thus to parallelise the work as well as to 
be able to gain time for better basis for planning of dismantling by progress of the 
radiological characterisation etc.. The project was structured as follows: 

• Phase 1: Preparation for decommissioning and dismantling of systems 
outside the controlled area; 

• Phase 2: Dismantling of the components of the primary circuit, including 
steam generators, main circulation pumps, and pipes; 

• Phase 3: Dismantling of the auxiliary systems of the primary circuit; 

• Phase 4: Dismantling of the special water treatment plant (in 4 stages); 

• Phase 5: Dismantling of activated and contaminated components, includ-
ing the reactor, the reactor periphery and the hot cell; 

• Phase 6: Dismantling of contaminated and activated building structures; 

• Phase End State / License Termination. 

The licence application for the first decommissioning phase was filed in March 
1992. In the subsequent time, a large number of additional documents were pre-
pared, and the review process was started. According to the regulations of the 
Atomic Energy Act, the original operating licence remained valid until 30 June 
1995. By then, a new licence had to be granted. This meant that the licensing pro-
cedure had to be started on time in order to be able to issue a first decommission-
ing licence right before that date. It was granted on 28 April 1995. This licence 
covered the following topics: 

• continuation of operation of components and systems and their amend-
ment for meeting the requirements of decommissioning and dismantling; 
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• the release of radionuclides with water and air; 

• the treatment and disposal of radioactive waste and materials; 

• the disposal of non-radioactive material. 

This licence also contains stipulations on the radiological status of the systems to 
be dismantled, radiological worker protection, contamination control and clear-
ance levels for materials to be cleared. The conditions and stipulations of this li-
cence remain valid until revoked by the authority or replaced by other conditions 
and stipulations in a licence issued thereafter.  

It was not possible to cover the subsequent decommissioning phases with only one 
licence. Instead, licensing applications had to be filed for consequent phases as 
well. One of these phases was the dismantling of the reactor pressure vessel 
(RPV) and its internals. A safety report for dismantling the RPV in-situ and dis-
mantling of the reactor internals in a special segmenting area equipped with me-
chanical and thermal cutting tools has been filed on 15 December 1998 [9]. This 
report is supported by various technical documents, including [10]. 

However, for various reasons, this approach could not be implemented and had to 
be replaced by a different strategy. The reactor internals have been segmented us-
ing the tools in the segmenting area, but the RPV has been removed in one piece 
and transferred to an interim storage facility at the NPP Greifswald (see section 
F.3). The procedure is described in the report [11]. This document is supported by 
a number of technical documents, like [12], describing dismantling, conditioning 
and disposal of the reactor shaft, describing the dismantling sequence, the planned 
work steps, the expected doses etc. in detail.  

 

E.2. Status of the Decommissioning Project as of 2008 

In the year 2008, the decommissioning project of the volunteer NPP made far pro-
gress. The most complex task that was completed (2008) was the removal of the 
reactor pressure vessel in one piece and its shipment via rail to the Central Storage 
Facility North (ZLN) at the site of nuclear power plant at Greifswald (KGR, Ger-
many, at the coast of the Baltic Sea) for decay storage over several decades. That 
illustrated that decommissioning of the volunteer NPP could not be seen apart 
from the decommissioning of the far larger decommissioning project at the 
Greifswald site, which belongs to the EWN, too, and especially not apart from the 
waste management and storage facilities available there. 

This situation was well illustrated by a section of the national report of Germany 
to the 3rd Review Meeting for the Joint Convention: 

“Eight nuclear power plant units of Soviet design, each with an electrical 

output of 440 MWe, had been planned for the nuclear power plant complex 

at Lubmin near Greifswald (KGR). At the time of final shut-down on 1 

June 1990, the first four units (type VVER-440/W-230) had been in com-

mercial operation since the Seventies (unit 1 since 1974), whilst the fifth 

(type WWER-440/W-213) had been in trial operation for a few months 

when it was shut down in 1989. Units 6 to 8 were still under construction. 

Apart from the reactor units, the complex also comprises the “Interim 

Storage for Spent Fuel” (ZAB) and the “Central Active Workshop” (ZAW). 
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The decision to shut down all existing units and to halt commissioning of 

the remainder was taken on the basis of financial considerations, because 

under Federal atomic energy law, their continued operation would have 

required major structural conversions. Certain special features of the 

plant needed to be taken into account when preparing the concept for de-

commissioning and dismantling. Under Section 57 of the German Atomic 

Energy Act (AtG), the operating licence from the former GDR remained 

valid until the decommissioning license was granted on 30 June 1995. 

Dismantling of the entire complex is expected to take around 18 years, at 

which time it will be released from the purview of the Atomic Energy Act. 

The decision to opt for direct dismantling was based on a variety of fac-

tors, including technical and legal viability, the preservation of as many 

jobs as possible and hence also of available expert knowledge of the plant, 

and the avoidance of substantial rebuilding work to facilitate safe enclo-

sure. 

For the most part, the decommissioning and dismantling of KGR is carried 

out by permanent staff from the operational period in order to make the 

best possible use of their expert technical and plant knowledge. 

A vital part of the overall concept for decommissioning has been the con-

struction of the Interim Storage Facility North (Zwischenlager Nord, ZLN) 

at the KGR site. The spent fuel assemblies from the cooling ponds in the 

reactor buildings and from the ZAB, as well as from the nuclear power 

plant at Rheinsberg (KKR), have been stored in the ZLN. In addition, the 

ZLN serves as an interim storage facility for radioactive wastes from KGR 

and KKR until they can be emplaced in a repository, for storage of the un-

segmented reactor pressure vessels (RPV) from units 1 to 5 of KGR and 

from KKR as well as for a part of the reactor internals, making use of ra-

dioactive decay for several decades, but not longer than the end of the op-

erating period of the Konrad repository. The logistics for the transports of 

the unsegmented RPVs from the reactor buildings to the ZLN have been 

very demanding. These transports have been carried out using a heavy 

goods vehicle on the internal roads of the site, requiring additional shield-

ing measures especially around the centre part of the RPVs. 

With their installations for conditioning and segmentation, ZLN and ZAW 

also contribute to a large part to the managing the large quantities of ma-

terial from decommissioning of KGR, as the segmentation of large compo-

nents like steam generators can be uncoupled from dismantling of the rest 

of the plant. This separation of dismantling and decay storage of large 

components has proven to be an essential part of the whole material con-

cept of KGR. 

Transport of nuclear fuel from the ZAB into the ZLN has been completed 

since the last Review Meeting. Decommissioning of the ZAB has been 

started immediately afterwards. 

Those parts of the site, which are no longer required, have been and will 

be cleared (if necessary after decontamination) for industrial or commer-

cial purposes in order to develop the location. After completion of the de-
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commissioning work, the remaining parts of the nuclear site can be 

cleared so that the licenced site will be confined to ZLN and ZAW. 

The nuclear power plant Rheinsberg (KKR) has been the first nuclear 

power plant of the former GDR. It was equipped with a pressurised water 

reactor of VVER type with 70 MWe (gross), which was in operation from 

1966 to 1990. The former Ministry for the Environment, Nature Conserva-

tion and Regional Planning of Brandenburg as the competent Federal 

State authority issued a licence for decommissioning and partial disman-

tling of KKR in April 1995. Decommissioning is carried out in several li-

censing steps. 

Dismantling has been started in 1995. The predominant task was to empty 

those parts of the plant where the steam generators and the main circula-

tion pumps were located, in order to clear a space required for the prepa-

ration for transport of the CASTOR
® 

containers. This work could be com-

pleted in August 1998. The further dismantling of the main components 

and auxiliary systems of the primary circuit as well as of installations in 

the turbine hall has been completed except for a few residual systems. In 

total, the entire secondary circuit including auxiliary systems and more 

than 80 % of the components and systems of the primary circuit have been 

removed. In addition, the full dismantling of the storage facility for solid 

and liquid waste has been started. The former storage facility for solid 

waste has already been entirely removed. The building structures of the 

storage facility for liquid waste are currently being dismantled using tem-

porary enclosures. 

Decommissioning of KKR has to be seen in direct context with KGR, as the 

radioactive waste, the reactor pressure vessel and a part of the material el-

igible for clearance are treated or stored at the facilities at the KGR site, 

mainly ZLN, ZAW and the measurement facilities used for clearance. 

Transport of the material to Lubmin is carried out with lorries or in larger 

quantities with freight trains. Transport of the unsegmented reactor pres-

sure vessel to the ZLN has been accomplished on 30 October 2007 with a 

heave goods rail car. 

The decommissioning of KGR and KKR can be seen as an exemplary and 

successful large-scale decommissioning project, which generates valuable 

experience for the safe and efficient decommissioning of nuclear power 

plants with VVER reactors, being operated in the states of Middle and 

Eastern Europe as well as in the CIS.” 

 

E.3 Overview on Documents to Facilitate the NPP Test Case 

The following sub-sections provide an overview on documents of the volunteer 
NPP that were made available or from which information was retrieved to facili-
tate the NPP test case of the FaSa project. It has be noted that this list constitutes 
only a small subset of the available documentation of the volunteer NPP as the de-
commissioning project has far progressed when the FaSa working group started its 
work. Accordingly, much more information was available to support the working 
group if needed. 
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E.3.1. Safety Report of 1993 

The safety report of 1993 [6] was the first of a series of safety reports and docu-
ments of similar scope that were prepared for licensing procedures. It contains the 
fundamental description of the facility for obtaining the first decommissioning li-
cence that was issued in 1995 (see section E.2.). The safety report of 1993 was 
structured in four main parts as follows: 

Part I: Description of the site and the facility 

Part II: Concept for decommissioning and dismantling 

Part III: Decommissioning and dismantling during Phase 1 

Part IV: Decommissioning and dismantling during Phases 2 to 6 (to be supplied 
later) 

 

The separation of the safety report into parts II, III and IV reflected the licensing 
approach of the decommissioning project to apply for licences covering only part 
of the work, according to the progress of decommissioning, as explained in sec-
tion E.2. The structure of parts I, II and III was as follows: 

• Part I: Description of the site and the facility 

Table of contents 

List of references, figures, and tables 

1. Site 

1.1. Geographic position 

1.2. Population 

1.3. Land use  

1.4. Business, industry, military facilities 

1.5. Traffic 

1.6. Meteorology 

1.7. Geology 

1.8. Hydrology 

1.9. Seismology 

1.10. Description of the location 

1.11. Exposure in the initial state 

2. Description of the facility 

2.1. History 

2.2. Buildings 

2.3. Operational systems 

2.4. Special operational waste 

2.5. Technical and radiological status of the facility after final shut-
down 
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• Part II: Concept for decommissioning and dismantling 

Table of contents 

List of references, figures, and tables 

1. Aim 

2. Licensing steps 

3. Basic considerations 

4. Pre-conditions for decommissioning and dismantling 

5. Decommissioning and dismantling 

6. Waste management 

7. Safety and security measures 

8. Radiation protection 

9. Organisation and personnel 

10. Quality assurance and documentation 
 
• Part III: Decommissioning and dismantling during Phase 1 

Table of contents 

List of references, figures, and tables 

1. Overview of the project of decommissioning and partial dismantling 

2. Description of the project 

3. Radioactive material and radiation protection measures 

4. Waste management 

5. Safety and security considerations 
 

E.3.2. Safety Report of 1998 

The safety report of 1998 [9] describes the work envisaged for the dismantling of 
the reactor (RPV, reactor internals and shielding structures surrounding the reac-
tor) before it was decided to remove the RPV in one piece. It contains a detailed 
description of the concept, of all technical components and equipment and of the 
packaging, storage and transport concept. The safety report of 1998 is structured 
as follows: 

1. The project of Energiewerke Nord GmbH 

2. Description of the site 

3. Licensing situation and content of the application 

4. Reactor components  

5. Technical concept and initial situation 

6. Dismantling of the reactor 

7. Status of the nuclear facility after removal of the reactor 

8. Fire protection, worker safety and quality assurance 

9. Compliance with the protection objectives during dismantling of the 
reactor 

10. Effects of the project on environmental goods 
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11. Effects of dismantling of the reactor on the population and surround-
ings 

12. Safety considerations for dismantling of the reactor 

13. Literature 

14. Glossary 
 

E.3.3. Report describing the Dismantling of the Reactor of 2000 

A report on dismantling of the reactor [10] has been prepared to support the safety 
report of 1998 [9]. This report describes the planned dismantling activities, the 
necessary tools and all safety related aspects in detail. 

 

E.3.4. Report describing the Strategy for Dismantling of the Reactor of 2006 

After the strategy for removal and segmentation of the reactor pressure vessel had 
been changed from in-situ segmenting to removal of the RPV in one piece for de-
cay storage, the report [11] has been prepared, describing the removal and 
transport procedure in detail. This document has the status of a technical report. 

 

E.3.5. Report describing Steam Generator Removal of 1993 

The report on the procedure for the dismantling, removal and transport of compo-
nents from the primary circuit (including steam generators) [8] contains detailed 
descriptions on the dismantling process for these components and systems, on the 
conditioning, the packages that are used for transport, radiological issues, protec-
tion of workers, fire protection, security, safety assessments and the required in-
frastructure. The planned measures are illustrated in many drawings showing the 
pathways for dismantling and removal. 

 

E.3.6. Further reports 

All work procedures are planned in detail. The envisaged procedure is laid down 
in so-called dismantling instructions. An example is given by document [12], de-
scribing the segmentation of the reactor shaft, which is the internal central part of 
the reactor. This document serves as an example for a detailed work procedure, 
describing the necessary tools, treatment and waste management steps and allow-
ing planning of the work, estimation of the dose uptake, planning for the necessary 
protective measures etc. Such documents are available for all relevant work pro-
cedures and can be supplied on request.  

The document [12] is structured as follows: 

1. Name of the envisaged work 

2. Place where the work is to be carried out 

3. Duration of the work, including total duration, planned total effort 
(man-hours), estimated collective dose (man-mSv) 

4. Required personnel 

5. Special considerations 
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5.1. Rooms 

5.2. Equipment 

5.3. Radiological situation 

5.4. Disposal routes, ways of transport 

5.5. Dismantling sequence 

5.6. Execution of the work, design of workplaces (including radiation 
protection measures) 

5.7. Protection of workers, fire protection 

6. Appendices to the dismantling instructions 

7. Tools, equipment and auxiliary means 

8. Consumables 

9. Additional material if required 

10. Description of the work sequence 

11. General statements and hints 
 

Section 10 is the largest one, describing all work steps in detail. Because of the 
size of this section, only the main topics can be reproduced here. These main top-
ics provided in section 10 are as follows: 

1. Preparation of the work 

2. Removal of the reactor shaft from the RPV 

3. Segmentation of the cone from the reactor shaft 

4. Segmentation and conditioning of the cone 

5. Segmentation of the upper part of the reactor shaft 

6. Conditioning and disposal of components and filled waste baskets 
from the reactor hall 

7. Emptying and decontamination of the wet segmentation facility 

8. Operational radiation protection  

9. Procedures after completion of the work 
 

For each of these topics, the following requirements and information are given as 
appropriate: 

• required auxiliary tools; 

• dose rate at the work place (µSv/h); 

• required number of staff; 

• duration of the work (h); 

• collective dose (man-µSv); 

• statement of approval; 

• remarks. 

 



 

117 

 



 

118 

REFERENCES 

 

[1] BUNDESMINISTER DER JUSTIZ (HRSG.), Allgemeine Verwaltungsvor-
schrift zu § 45 StrlSchV: Ermittlung der Strahlenexposition durch die Ablei-
tung radioaktiver Stoffe aus kerntechnischen Anlagen oder Einrichtungen vom 
21.2.1990, Bundesanzeiger Jahrgang 42, Nummer 64a, Bonn (Deutschland). 

[2] BUNDESAMT FÜR STRAHLENSCHUTZ, Allgemeine Verwaltungsvor-
schrift zu § 47 Strahlenschutzverordnung: Ermittlung der Strahlenexposition 
durch die Ableitung radioaktiver Stoffe aus kerntechnischen Anlagen oder 
Einrichtungen, Entwurf 21. Januar 2005, Salzgitter (Deutschland).  
 
FEDERAL OFFICE FOR RADIATION PROTECTION, General Administra-
tive Procedure according to Section 47 of the Radiation Protection Ordinance: 
Assessment of the Exposure from releases of Radioactive Substances from 
Nuclear Installations, draft, 21 January 2005, Salzgitter (Germany). 

[3] GERMAN FEDERAL MINISTRY FOR THE ENVIRONMENT, NATURE 
CONSERVATION AND NUCLEAR SAFETY, Guide for the decommission-
ing, safe enclosure and dismantling of installations or parts thereof according 
to Section 7 of the Atomic Energy Act), 26 June 2009, Bonn (Germany)  
Meanwhile replace by:  
GERMAN FEDERAL MINISTRY FOR THE ENVIRONMENT, NATURE 
CONSERVATION, CONSTRUCTION AND NUCLEAR SAFETY, Guide 
for the decommissioning, safe enclosure and dismantling of installations or 
parts thereof according to Section 7 of the Atomic Energy Act), 23 June 2016 
(BAnz AT 19.07.2016 B7) 

[4] INTERNATIONAL ATOMIC ENERGY AGENCY, International Basic Safe-
ty Standards for Protection against Ionizing Radiation and for the Safety of 
Radiation Sources, Safety Standards, Safety Series No. 115, Vienna (1996)  
Meanwhile replace by:  
INTERNATIONAL ATOMIC ENERGY AGENCY, Radiation Protection and 
Safety of Radiation Sources: International Basic Safety Standards; IAEA Safe-
ty Standards Series No. GSR Part 3, IAEA, Vienna (2014) 

[5] INTERNATIONAL ATOMIC ENERGY AGENCY, Generic Models for Use 
in Assessing the Impact of Discharges of Radioactive Substances to the Envi-
ronment, Safety Report Series No. 19, IAEA, Vienna (2001). 

[6] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Sicherheitsbericht zur Stilllegung und Abbau des KKW Rheinsberg, 29. Okto-
ber 1993, Rheinsberg (Deutschland). 

[7] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Verfahrensbeschreibung Dekontamination eines Dampferzeugers, Document 
no. NU044/92 rev. 01, Rheinsberg, Germany, 1 June 1993. 



 

119 

[8] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Demontage der dauerhaft stillegungsgerichtet freigeschalteten Komponenten 
und Systeme in den Räumen 201/1-3 und 202/1-3, Fachbereichsanweisung 
BR025/96, Document no. RP135/96, rev. 02, Rheinsberg, Germany, 1996.  

[9] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Sicherheitsbericht: Abbau des Reaktors des Kernkraftwerks Rheinsberg, 
Document no. 00839/98, Rheinsberg, Germany, 15 December 1998.  

[10] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Erläuterungsbericht zum Abbau des Reaktors des Kernkraftwerks Rheinsberg, 
Document no. 00797/99, Rheinsberg, Germany, 17 November 2000. 

[11] EWN ENERGIEWERKE NORD GMBH, Nuclear Power Plant Rheinsberg, 
Demontage des Reaktordruckbehälters im KKR, Document no. 10871/05, 
Rheinsberg, Germany, 01 August 2006. 

[12] EWN Energiewerke Nord GmbH, Nuclear Power Plant Rheinsberg, Demonta-
ge, Konditionierung und Entsorgung Reaktorschacht, Demontageanweisung, 
Document no. 12454/06, Rheinsberg, Germany, 24 July 2006. 

[13] WILLE, H.; BERTHOLDT, H.-O., ROUMIGUIÈRE, F., Chemical Decontam-
ination with the CORD UV Process: Principle and Field Experience, Siemens 
AG, Erlangen, Germany, 1997, Paper presented at the 4th Regional Meeting 
Nuclear Energy in Central Europe, September 1997, Bled, Slovenia - 
http://www.djs.si/proc/bled1997/1206.pdf. 

[14] INTERNATIONAL ATOMIC ENERGY AGENCY, Safety Assessment for 
Decommissioning, IAEA Safety Reports Series No. 77, IAEA, Vienna (2013). 



 

120 

CONTRIBUTORS TO DRAFTING AND REVIEW 

 

Auffray, P.  France 

Bassanelli, A.  Italy, Chairperson 

Davidova, I. Czech Republic 

Dietzold, A.  United Kingdom 

Drahos, M. Slovakia 

Ghazaryan, K. Armenia 

Juhász, L.  Hungary 

Kuehn, K. Germany 

Langer, H.  Germany 

Lorenz, H.  Sweden 

Moeller, J. Germany 

Motoc, A. M.  Hungary 

Rubstov, P.  Russian Federation 

Stravinskas, S. Lithuania 

Thierfeldt, S. Germany, Vice-Chairperson 

 


