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1.3. Research and development of decontamination techniques 
There are some irradiated parts or contaminated components in the Shielding Experimental Reactor. 
They are used as test items to research and develop different decontamination methods and assess 
decontamination efficiency, and identify secondary effects (including secondary contamination and 
wastes) during the decontamination process. 

1.4. Core internals dismantling plan 
How to dismantle the core internals after removal of the fuel rods is a key problem. Different methods 
are used for different reactors. It is necessary to investigate the core internals assembly, materials, 
accessibility and other factors. 

1.5. Decommissioning database development 
A lot of information will be accumulated during the decommissioning stage. It is necessary to develop 
a dedicated database in order to manage the mass of details. The database, once developed, must be 
maintained diligently. 

4. Summary 
The Tsinghua University INET is working hard to prepare for decommissioning of the Shielding 
Experimental Reactor, including preparation of a decommissioning plan and budget application (cost 
considerations). There are many difficulties, but it is credible that the decommissioning project of the 
Shielding Experimental Reactor will be safe to environment and public alike. 

IAEA-CN-143/103 

Preparation for decommissioning of the Kozloduy Nuclear Power Plant units 1 and 2  

T. Delchevaa, V. Ribarskib, E. Demirevac

aMinistry of Economy and Energy,  
 Republic of Bulgaria 

bKozloduy NPP, 
 Republic of Bulgaria 

cENPROconsult Ltd, 
 Republic of Bulgaria 
Abstract. The first decommissioning strategy of units 1 and 2 of Kozloduy NPP (KNPP) stipulated 3 phases: a 

5 year phase including the post operation activities and preparation of the safe enclosure (SE); a 35 years SE period, 
followed by deferred dismantling. “Updated Decommissioning Strategy for Units 1-4 of Kozloduy NPP” was issued in 
June 2006. The Updated Strategy is based on the so called “Continuous Dismantling” Concept. The updated Strategy 
starts preparatory work earlier and then moves into dismantling work without a significant gap. The aim is to achieve a 
more optimal distribution of the dismantling activities along the time, saving jobs and the existing knowledge of the 
plant personnel during the decommissioning, and ensuring smooth and more effective use of financial and human 
resources and of the available infrastructure for waste treatment. This paper gives general information about the updated 
strategy and activities required for its  implementation. 

1. Introduction 

Figure 1. View of Kozloduy NPP 
The Kozloduy nuclear power plant is situated on the bank of Danube River in the north-west part of Bulgaria 
and consists of 6 units, equipped with pressurized water reactors, Russian type WW�Rs.

Units 1and 2 (with WWER-440) were placed in commercial operation in September 1974 and November 
1975 respectively and were disconnected from the grid in December 2002. Units 3 and 4 (with WWER-440) 
were put in commercial operation in December 1980 and May 1982 respectively. As part of the accession 
agreement to the European Union, the Bulgarian government undertook to shut down Units 3 and 4 by the 
end of 2006. 

Units 1and2 are operated in “E” mode at present. It is envisaged Units 3 and 4 to be operated in “E” mode 
after shutdown until decommissioning permit will be issued by Bulgarian Nuclear Regulatory Authority 
(NRA). This permit is expected in 2011 for Units 1and 2 and 2012 for Units 3 and 4 respectively, when 
defueling of units is to be completed. 
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“Update Decommissioning Strategy for Units 1-4 of Kozloduy NPP” was issued in June 2006. 

Pursuant to the Update Strategy for Continuous Dismantling, the decommissioning of Kozloduy Nuclear 
Power Plant Units 1-4 will be performed in two stages: 

- Stage 1 (2011-2018)- defuelling of units, Safe Enclosure of reactors buildings and dismantling of  
equipment outside of the Safe Enclosure area; 

- Stage 2 (2018-2035) – deferred dismantling of the equipment within Safe Enclosure buildings and 
release of the buildings for other purposes. 

The key features of the updated decommissioning strategy are: 

- Shortened decommissioning period; 

- Even distribution of dismantling activities; 

- Even and more effective use of financial and human resources; 

- Even loading of the existing waste treatment infrastructure; 

- Continuity of hundreds of jobs in decommissioning for decades; 

- Optimal use of existing plant knowledge. 

The key assumptions of the updated decommissioning strategy are: 

- Dry spent fuel storage facility (DSFSF) to be in operation at the beginning of 2009 – all time 
calculations in the Decommissioning Strategy Update are based on this assumption; 

- A new project for treatment and conditioning of borates to be approved and implemented; 

- National waste disposal facility of low and intermediate level waste to be in operation in 2015. 

2. Defuelling process and time-schedule 
Occupied and free capacity of the reactor pools for spent nuclear fuel (SNF) storage at units 1-4 (about 

15/08/2006) 

Table 1 

Spent fuel pool No 1 2 3 4 

Fuel assemblies 305** 321 345 361 

Non-nuclear material 21�+34�+1* 30�+2� 18�

Occupied -total 361 353 363 361 

Vacant locations 3 23 13 13 

Lower
rack 

Full capacity  364 376 376 374 

Fuel assemblies     

Non-nuclear material     

Occupied -total     

Vacant locations 337 352 352 352 

Upper 
rack 

Full capacity  337 352 352 352 

* - non-standard hermetic cartridges with radwaste, produced in 1974. 

** - including 2 non-standard hermetic cartridges with assemblies, since 1974. 

Table 2 

Pools at WSF KV21 
(116/1) 

KV22 
(116/2) 

KV23
(116/3) 

KV24

(117)
Total 

Assemblies 972 1198 1188 1176 4534 

Baskets 36 40 40 40 156 

Vacant locations 6 2 2 2 4*** 

Capacity 42 42 42 42 160*** 

Non-nuclear material:  for units 1 - 4: control rod absorber (�), dummy fuel assemblies (�), 

Occupied and free capacity of the wet storage facility for spent nuclear fuel (SNF) (about 
15/08/2006) 

***  - the total capacity of wet storage facility (WSF) is 168 baskets (up to 42 pcs. in each pool). A licence 
condition requires no baskets to be placed near the lock gates of pools, which reduces the capacity of pools by 2 
pcs. So the actual holding capacity of WSF is limited to a total of 160 baskets. 

The defuelling activities for the reactor pools at units 1-4 assume the DSFSF will be ready and 
commissioned in the beginning of 2009 (as it has been envisaged in the Updated Decommissioning 
Strategy). Taking into account the current estimates for annual transfer of five CONSTOR casks (a total of 
420 SNF assemblies), the defuelling of units 1-4 will be possible adopting the following milestones for SNF 
transfer: 

- Defuelling of upper racks of the pools at units 3 and 4 – 2009; 

- Defuelling of reactor pools at units 1 and 2 – 2010; 

- Defuelling of reactor pools at units 3 and 4 – 2012. 

(providing that two SNF shipments are made to Russia annually and the WSF free capacity needed for the 
normal operation of units 5 and 6 is maintained). 

3. Implementation of the updated decommissioning strategy: 
In compliance with the conceptual schedule of the “Continuous Dismantling” Strategy, for the time period 
when a units are operated in "E" mode, the Category III equipment is envisaged to be dismantled (as per 
system classification done in the Technical Design for Decommissioning of Units 1 and 2 of Kozloduy NPP 
(Report � DECOM-O-97-0005), developed in 2001 under the PHARE Project BG 9809-02-03). 

This equipment after the shut down of the units in 2002 is stored in preserved conditions. The 
implementation of the Updated Strategy will impose to cancel the preservation of equipment and systems. 
Under these circumstances, in order to ensure the implementation of the Updated Strategy, applications for 
changing of the licensed operational conditions for units 1 and 2 were submitted to BNRA at the end of June 
2006. The existing maintenance technologies and procedures will be used for the implementation of the 
activities for the envisaged Category III equipment dismantling. 

In August 2006, the plant initiated marketing for purchasing of some of the equipment, which could allow 
the dismantling and selling of large size components. The Updated Strategy envisages all the preparatory 
activities and the issuance of a permit for the first stage of units 1 and 2 decommissioning to be completed by 
the end of 2010 and by the end of 2012 – for units 3 and 4 respectively.  

Along with the elaboration of the required documentation for issuance of decommissioning permits, a 
number of other preparatory activities are planned to be performed during this period, the most important of 
which are:  

- Acquisition of the installed equipment data for the Decommissioning Project and development of the 
DeMans Data Base; 
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The defuelling activities for the reactor pools at units 1-4 assume the DSFSF will be ready and 
commissioned in the beginning of 2009 (as it has been envisaged in the Updated Decommissioning 
Strategy). Taking into account the current estimates for annual transfer of five CONSTOR casks (a total of 
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- Defuelling of upper racks of the pools at units 3 and 4 – 2009; 
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normal operation of units 5 and 6 is maintained). 
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changing of the licensed operational conditions for units 1 and 2 were submitted to BNRA at the end of June 
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activities for the envisaged Category III equipment dismantling. 

In August 2006, the plant initiated marketing for purchasing of some of the equipment, which could allow 
the dismantling and selling of large size components. The Updated Strategy envisages all the preparatory 
activities and the issuance of a permit for the first stage of units 1 and 2 decommissioning to be completed by 
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Along with the elaboration of the required documentation for issuance of decommissioning permits, a 
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- Radiological Inventory of the Turbine Hall area and equipment;  

- Preparation and implementation of new specific methods and technologies for 
cleaning/decontamination; 

- Taking away of the thermal insulation, burnable and hazardous materials; 

- Preparation of areas and premises for storage of the dismantled equipment until its release from the 
site.

In parallel and along with these a number of technical measures are being implemented or are planned to be 
implemented, which will allow later to implement decommissioning activities such as: 

- Supply of a mobile decontamination and redressing facility; 

- Construction of a system for low level liquid radioactive waste treatment; 

- Construction of a system for treatment of radioactive ion exchange resins, etc. 

The Updated Schedule for the implementation of strategy envisages the following:  

- Development of the Draft Working Plan for dismantling by the end of March 2007;  

- Dismantling of Category III equipment; 

- Supply and installation of equipment for fragmentation and decontamination of potentially 
contaminated equipment. These activities will be carried out during the period 2008 – 2010;  

- .Study and supply of special dismantling tools – by the end of 2010; 

- Dismantling of turbines and the remaining secondary circuit equipment during the period 2011 – 2017; 

- Dismantling of equipment from Auxiliary Buildings 1 and 2 during the period 2016 – 2018. 

After the completion of the First Decommissioning Stage, further activities will be subjected to new 
licensing, and the submission of an application for issuance of � Decommissioning Permit for the Second 
Stage is currently planned for 2018. 

4. Organizational arrangement and staff utilization 
The number of workers at units 1-4 who are within the administrative structure of EP-1 by July 2006 is 1385 
people. The total number of Kozloduy NPP employees is 4915. 

According to the Update Decommissioning Strategy, 770-900 people will be needed for the implementation 
of the activities during the first 10 years after the shut down of Units 3 and 4. 

Due to this issue, a Programme for management of the social consequences resulting from the shut down of 
units 3 and 4 was developed together with participation of the trade unions and staff representatives.  

An analysis was done of the functions which are expected to be affected by the forthcoming transition from 
operation to decommissioning.  

A list of the functions is prepared for the jobs which are going to be eliminated as operational jobs after the 
unloading of the fuel from Units 3 and 4. The staff occupying these jobs, together with the personnel from 
the Technical Support Division -1, will be relocated for implementation of activities for the 
decommissioning preparation. The non-operational personnel who are in common to the four units will 
remain to perform activities for operation and maintenance of equipment and facilities which are in “E” 
mode, dismantling of Category III equipment and removal of hazardous materials, insulation, radioactive 
waste etc. 

Possible changes have been defined for the number of other personnel, which result from changes of the 
scope (increasing or decreasing) of their activities.  

Conditions are provided for the acquisition of information concerning individual long-term preferences for 
each worker/official. A plant internal document has been put in force for consultation of the staff. A schedule 
aimed at consulting of the staff by 2007 at the latest was prepared. 

Construction of new sites at the Training Centre are envisaged for the retraining of the staff affected by 
transfer from the operation to decommissioning activities. 

The currently effective administrative structure of Kozloduy NPP, Plc clearly separates the activities at Units 
1-4 as follows: 

- EP-1 provides operations and maintenance of the units in compliance with the licenses in force;  

- The “Decommissioning” Division – performs the organization and the coordination of the 
decommissioning activities and manages the decommissioning projects, funded by external resources. 

After the closure of Units 3 and 4 and until the time the Decommissioning Permit is issued, the units remain 
under the operational licenses for “E” mode. In compliance with the Updated Strategy, preparatory activities 
for the actual decommissioning are mainly planned in this period. Their implementation will require some 
changes to the existing organizational structure of the plant.  

Several options for organizational, administrative and financial separation of the decommissioning activities 
are proposed in the Updated Strategy. The implementation of any of these options needs in-depth feasibility, 
financial and legal analyses.  

So far it is clear that the organizational and the financial separation of the decommissioning activities will 
need changes to the Bulgarian legislation and therefore these could be practically implemented in a more 
distant future. 

5. Financial aspects 
At present three sources finance the preparation for decommissioning of units 1to 4: 

� Kozloduy NPP`s own contribution to the expenses for: 

- Maintenance of the personal and the operation of units in “E” mode; 

- Management of spent fuel and radioactive waste. 

� National fund “Decommissioning of nuclear facilities”1 for: 

- Development of some projects related to the decommissioning of units, such as 
Development of the DeMans Data Base; Radiological Inventory of units 1-2 and others. 

- Licensing taxes; 

- Co-financing of projects financed by KIDSF2.

� Kozloduy International Decommissioning Support Fund (KIDSF)2 for: 

- Development of the projects and procurement of the equipment related to the 
decommissioning of units, including dry spent fuel storage facility; 

- Maintenance of the Programme Management Unit (PMU).  

                                            
1 The Decommissioning Fund was established in 1995 through the amendment of the Act on Use of Atomic Energy in 
Peaceful Purposes. The actual functioning of the Fund started in 1999 upon approval of the relevant Regulation. NEC 
plc and later Kozloduy NPP plc started payments since 1999. 
Fees are based on the requirements of the Regulation for for assessment, collection, disbursement and control of the 
financial resources and definition of the amount of contributions due to the Nuclear Facilities Decommissioning Fund. 
In part funds come from yearly interests of the Fund Capital. 

2 Kozloduy International Decommissioning Support Fund (KIDSF) established based on the Understanding of 1999 
and Framework Agreement of 2001. KIDSF is administered by EBRD and used for financing or co-financing: 

- Selected projects on technical assistance and the acquisition and installation of equipment necessary to support 
the decommissioning of Kozloduy Units 1 -4  (“nuclear” window) 

- Measures in the energy sector, consequential to the decommissioning and assisting in restructuring and 
upgrading of the energy production, transmission and distribution sectors and improving of the energy 
efficiency (“efficiency” window) 
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- Radiological Inventory of the Turbine Hall area and equipment;  

- Preparation and implementation of new specific methods and technologies for 
cleaning/decontamination; 

- Taking away of the thermal insulation, burnable and hazardous materials; 

- Preparation of areas and premises for storage of the dismantled equipment until its release from the 
site.

In parallel and along with these a number of technical measures are being implemented or are planned to be 
implemented, which will allow later to implement decommissioning activities such as: 

- Supply of a mobile decontamination and redressing facility; 

- Construction of a system for low level liquid radioactive waste treatment; 

- Construction of a system for treatment of radioactive ion exchange resins, etc. 

The Updated Schedule for the implementation of strategy envisages the following:  

- Development of the Draft Working Plan for dismantling by the end of March 2007;  

- Dismantling of Category III equipment; 

- Supply and installation of equipment for fragmentation and decontamination of potentially 
contaminated equipment. These activities will be carried out during the period 2008 – 2010;  

- .Study and supply of special dismantling tools – by the end of 2010; 

- Dismantling of turbines and the remaining secondary circuit equipment during the period 2011 – 2017; 

- Dismantling of equipment from Auxiliary Buildings 1 and 2 during the period 2016 – 2018. 

After the completion of the First Decommissioning Stage, further activities will be subjected to new 
licensing, and the submission of an application for issuance of � Decommissioning Permit for the Second 
Stage is currently planned for 2018. 

4. Organizational arrangement and staff utilization 
The number of workers at units 1-4 who are within the administrative structure of EP-1 by July 2006 is 1385 
people. The total number of Kozloduy NPP employees is 4915. 

According to the Update Decommissioning Strategy, 770-900 people will be needed for the implementation 
of the activities during the first 10 years after the shut down of Units 3 and 4. 

Due to this issue, a Programme for management of the social consequences resulting from the shut down of 
units 3 and 4 was developed together with participation of the trade unions and staff representatives.  

An analysis was done of the functions which are expected to be affected by the forthcoming transition from 
operation to decommissioning.  

A list of the functions is prepared for the jobs which are going to be eliminated as operational jobs after the 
unloading of the fuel from Units 3 and 4. The staff occupying these jobs, together with the personnel from 
the Technical Support Division -1, will be relocated for implementation of activities for the 
decommissioning preparation. The non-operational personnel who are in common to the four units will 
remain to perform activities for operation and maintenance of equipment and facilities which are in “E” 
mode, dismantling of Category III equipment and removal of hazardous materials, insulation, radioactive 
waste etc. 

Possible changes have been defined for the number of other personnel, which result from changes of the 
scope (increasing or decreasing) of their activities.  

Conditions are provided for the acquisition of information concerning individual long-term preferences for 
each worker/official. A plant internal document has been put in force for consultation of the staff. A schedule 
aimed at consulting of the staff by 2007 at the latest was prepared. 

Construction of new sites at the Training Centre are envisaged for the retraining of the staff affected by 
transfer from the operation to decommissioning activities. 

The currently effective administrative structure of Kozloduy NPP, Plc clearly separates the activities at Units 
1-4 as follows: 

- EP-1 provides operations and maintenance of the units in compliance with the licenses in force;  

- The “Decommissioning” Division – performs the organization and the coordination of the 
decommissioning activities and manages the decommissioning projects, funded by external resources. 

After the closure of Units 3 and 4 and until the time the Decommissioning Permit is issued, the units remain 
under the operational licenses for “E” mode. In compliance with the Updated Strategy, preparatory activities 
for the actual decommissioning are mainly planned in this period. Their implementation will require some 
changes to the existing organizational structure of the plant.  

Several options for organizational, administrative and financial separation of the decommissioning activities 
are proposed in the Updated Strategy. The implementation of any of these options needs in-depth feasibility, 
financial and legal analyses.  

So far it is clear that the organizational and the financial separation of the decommissioning activities will 
need changes to the Bulgarian legislation and therefore these could be practically implemented in a more 
distant future. 

5. Financial aspects 
At present three sources finance the preparation for decommissioning of units 1to 4: 

� Kozloduy NPP`s own contribution to the expenses for: 

- Maintenance of the personal and the operation of units in “E” mode; 

- Management of spent fuel and radioactive waste. 

� National fund “Decommissioning of nuclear facilities”1 for: 

- Development of some projects related to the decommissioning of units, such as 
Development of the DeMans Data Base; Radiological Inventory of units 1-2 and others. 

- Licensing taxes; 

- Co-financing of projects financed by KIDSF2.

� Kozloduy International Decommissioning Support Fund (KIDSF)2 for: 

- Development of the projects and procurement of the equipment related to the 
decommissioning of units, including dry spent fuel storage facility; 

- Maintenance of the Programme Management Unit (PMU).  

                                            
1 The Decommissioning Fund was established in 1995 through the amendment of the Act on Use of Atomic Energy in 
Peaceful Purposes. The actual functioning of the Fund started in 1999 upon approval of the relevant Regulation. NEC 
plc and later Kozloduy NPP plc started payments since 1999. 
Fees are based on the requirements of the Regulation for for assessment, collection, disbursement and control of the 
financial resources and definition of the amount of contributions due to the Nuclear Facilities Decommissioning Fund. 
In part funds come from yearly interests of the Fund Capital. 

2 Kozloduy International Decommissioning Support Fund (KIDSF) established based on the Understanding of 1999 
and Framework Agreement of 2001. KIDSF is administered by EBRD and used for financing or co-financing: 

- Selected projects on technical assistance and the acquisition and installation of equipment necessary to support 
the decommissioning of Kozloduy Units 1 -4  (“nuclear” window) 

- Measures in the energy sector, consequential to the decommissioning and assisting in restructuring and 
upgrading of the energy production, transmission and distribution sectors and improving of the energy 
efficiency (“efficiency” window) 
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Abstract. Underground cavities at Azgir test site are the unique objects to study and model 
radionuclides migration processes in salt formations effected by nuclear explosions. The uniqueness of the 
cavities is that they are actual repositories (storages) for radioactive wastes (RW) – products of chain reaction 
and radionuclides of induced activity. 

This paper addresses the issues of cleaning of the contaminated soil at the former Azgir nuclear test site in west 
Kazakhstan. Currently, the contamination of the soil at the sites is resulted from repeated (recurrent) 
radionuclides released from trench storages to a day surface due to capillary events. 

Radioactive spots at the sites are the source of secondary radioactive environmental contamination (radionuclide 
transfer by winds and atmospheric precipitation) and radiation hazard for population. Thus, the issue of site 
cleaning was urgent in sanitary-hygienic and socially-ecological terms. Investigations and practical measures for 
radioactive contamination removal from the sites were carried out. They include: contouring the contamination 
areas, determination of radionuclides concentrated in soil, selection of a place and arrangement of radioactive 
soil disposal, radioactive contamination removal from the sites, contaminated soil transportation and disposal to 
the repository, radiation control and determination of soil specific activity at contaminated areas, filling the 
hollow with clean soil, definition of mass and specific activity for the removed soil. Radionuclides concentration, 
mainly the 137Cs as the concentration of other radionuclides were comparatively low (at a level of natural 
background and global fallout) enabled to refer the removed soil (with maximum specific activity of up to     
9000 Bq/kg) to a category of low-activity wastes for which the established intervention level is 104 Bq/kg and 
more. Upon the radiation safety standards which are in force in Kazakhstan, it is assumed to remove 
contaminated soil with specific activity lower than 10000 Bq/kg to near-surface disposal of 10 m depth. 

1. Introduction 
As well known, after nuclear tests in aerospace, atmosphere, on earth and undersea were banned in 
1963, nuclear explosions were successfully continued underground. Herewith, peaceful nuclear 
explosions were conducted along with nuclear weapon tests [1]. A series of underground nuclear 
explosions in East and West Azgir salt dome in West Kazakhstan were performed to develop nuclear-
explosive technology to create large volume multipurpose underground cavities in rock-salt massifs. 
Also there were other tests conducted: decoupling – study of seismic consequences and transuranic 
element production [2].  

2. Situation at the test site areas 
A total of 17 underground explosions of different yield were carried out in 10 boreholes at depth of 
161 to 1491 m within the period from April 22, 1966 to October 24, 1979. The explosions resulted in 
formation of 9 cavities of different volume (from 10 000 to 240 000 m3), the total volume of the 
cavities was 1.2.106 m3, and a cave-in crater of 30 meters depth and 500 meters diameter. �3�. Cave-in 
crater �4� was formed at the site A9. The crater was filled with floodwater and rainwater of 20 000 m3

volume, connected with aquifers, i.e. the reservoir was partially fed by ground waters. 

�1��5 cavities were completely filled with water, �7, �8 and �11 cavities were dry (prospective for 
radioactive waste storage and disposal with total volume of 0.6.106 m3), �10 cavity was partially filled 
with water containing cesium-137 and strontium-90 with concentration of 3·105 and 3·104 Bq/l, 
respectively. �7, �8, �10 and �11 cavities were formed by group explosions – simultaneous 
explosion of several charges. �5 cavity at depth of �1500 m was created to study the stability of 
the repositories under condition of constant backpressure in them [5]. 

Athens - Book of Contributed Papers A4.indd   302 2006-11-06   13:38:05


