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 Introduction 

In the 4 nuclear power plants of Doel (Doel 1, Doel 2, Doel 3 and Doel 4), the 

generation of electricity is realized by the use of nuclear fuel under the form of 

nuclear fuel elements. After about 48 to 54 months of use in the reactor pressure 

vessel, the spent fuel elements are definitively discharged and stored under water in 

the spent fuel pools of the nuclear units (see Figure 1 detailing the flow diagram of 

the nuclear fuel elements). 

The current national policy for the management of spent fuel from commercial nuclear 

power plants is the safe interim storage of spent fuel followed by reprocessing or final 

disposal. This policy is consistent with the resolution adopted by the House of 

Representatives in December 1993, which asked electricity generators to assure a 

safe temporary storage of spent fuel. Taking the expected operation time of the 4 

units into account, the interim storage capacity has to be extended making it possible 

to empty the pools of the 4 nuclear units before the start of the decommissioning 

activities.  

 

 

Figure 1: Flow diagram of the nuclear fuel elements 

After a period of minimum 2 years of deactivation in the spent fuel pools of the 

nuclear units, the spent fuel elements can be transported on site to the interim 

spent fuel storage facility. The current interim spent fuel storage facility (SCG 

building) is a dry storage facility with a maximum capacity of 165 dual purpose 

casks. 

The project presented in this note is the development and construction of a new 

interim spent fuel storage facility class I at the nuclear site of Doel. Complementary 

to the current spent fuel storage building SCG, a similar dry storage facility has been 
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chosen, where the spent fuel elements, placed in dual purpose casks1 will be stored. 

The spent fuel storage casks will be loaded with spent fuel elements in the current 

spent fuel pool buildings of the nuclear units Doel 3 and Doel 42 and transported on 

site to a new SF² interim spent fuel storage facility where the casks will be handled 

and stored.  

 Information to be communicated for industrial 

activities 1 to 13 listed in annex II of the 

Euratom treaty 

 

1.1 Notifying organization 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.1: Name and address of the 
person or undertaking notifying the investment project and, where appropriate, name of a 
responsible person to whom supplementary questions may be addressed if necessary. 

 

The notifying organization is : 

N.V. Electrabel 

34, Simon Bolivarlaan 

BE-1000 Brussel 

represented by Philippe Van Troeye, General Manager and Peter Moens, site 

director responsible for the nuclear production site Doel. 

 

The responsible person to whom supplementary questions may be 

addressed:  

 

 

 

 
 

1 Dual purpose casks can be used for interim storage as well as for transport. 
2 It is currently not foreseen to store in the SF² facility spent fuel from the nuclear units Doel 1 and 2. Spent fuel of the nuclear 

units Doel 1 and Doel 2 will be stored in the current SCG building 
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1.2 Name of the investment project 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.2: Name of the investment 

project. 

The project presented in this document is the building of an interim spent 

fuel storage facility, named “SF² Doel” on the nuclear site of Doel (Belgium). 

 

1.3 Industrial activities 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.3: Industrial activities under 

which the investment project comes pursuant to Annex II to the Treaty. 

The presented project considered in this document is submitted to the 

Council Regulation (Euratom) n° 2587/1999 of 2 December 1999 defining 

the investment projects to be communicated to the Commission in 

accordance with Article 41 of the Treaty establishing the European Atomic 

energy Community because corresponding to the description made in Article 

1.1.(f) of this regulation. The project is a new “facility for the management 

of spent fuel including interim storage” for a total investment cost above 

50M€. 

 

1.4 Replacement or new installation? 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.4: It is to be a new 

installation, a replacement or a conversion? 

The interim spent fuel storage facility at the nuclear site of Doel (Belgium), 

named SF² Doel, is a new installation foreseen for the dry storage of spent 

fuel elements. 

1.5 Euratom references 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.5: Reference to documents 

previously communicated to Euratom in respect of the investment project (date of 

correspondence). 

In the framework of Article 41 of the Euratom Treaty and the commission 

regulation n°1209/2000, this project has not yet been previously 

communicated to Euratom. 

Nevertheless the development and construction of this  interim Spent Fuel 

Storage Facility at the nuclear power plant of Doel, named SF² Doel, used 

for the dry storage of spent fuel elements, has already been communicated 
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to Euratom in the past in the framework of the application of Euratom 

Safeguards in line with the commission regulation n°302/2005 of February 

2005. The preliminary basic technical characteristics of the SF² facility on 

the nuclear site of Doel were communicated to Euratom on 28/11/2017. An 

updated version of this communication (basic technical characteristics) is 

currently ongoing. 

 

1.6 Contact information 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.6: Name and address of 

person(s) or undertaking(s): 

(a) to operate the installation; 

(b) to prepare the project for the installation; 

(c) to supervise and inspect the carrying out of the project; 

(d) who will be mainly responsible for supplying the equipment. 

1.6.1 Operation of the installation 

The installation will be operated by: 

N.V. Electrabel 

BE0403.170.701 – RPM Brussel 

Simon Bolivarlaan 34 

BE-1000 Brussel 

 

1.6.2 Project preparation 

The project is prepared by: 

N.V. Electrabel  

BE0403.170.701 – RPM Brussel 

Simon Bolivarlaan 34 

BE-1000 Brussel 
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The design studies related to the project SF² Doel have been entrusted to 

Tractebel Engineering N.V. 

 

1.6.3 Project supervision and execution 

The project will be supervised and realized by: 

N.V. Electrabel  

BE0403.170.701 – RPM Brussel 

Simon Bolivarlaan 34 

BE-1000 Brussel 

 

Electrabel NV will define an integrated project team with project team 

members from Electrabel and Tractebel Engineering. The preparation of the 

organization during execution is currently ongoing. 

 

1.6.4 Equipment suppliers 

The procurement packages have been defined as follows: 

o Package 1 : Civil works and HVAC; 

o Package 2 : Mechanical – Single Failure Proof bridge crane; 

o Package 3 : Mechanical – Shielding door and preparation stand; 

o Package 4 : I&C / Electricity / Fire / Monitoring; 

o Package 5 : Site security (5.1 - Physical protection / 5.2 - Site 

security / 5.3 - Civil works) 

Package 2 was ordered in July 2019, package 1 was ordered end 2019 and 

package 3 is ordered now together with a similar project for Tihange. 

Purchasing activities for package 4 and 5 are currently ongoing. The 

(possible) contractors/suppliers for these packages are: 

The actual equipment suppliers selected for the casks are ORANO TN et 
Gesellschaft für Nuklear-Service mbH (GNS). Casks from other suppliers 
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can also be purchased in the future. The order of the casks is managed by 
N.V. Synatom and is not part of this project. 

 

1.7 Methods of financing 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.7: Methods of financing. 

N.V. Synatom, after analysis of the different solutions for the management 

of irradiated fuel, will charge N.V. Electrabel with the construction and 

operation of the SF² project, at the expense of Synatom, by the conclusion 

of a protocol to the contracts of supply of fissile materials destined to the 

Belgian nuclear power plants. 

The financing of the project will be taken in charge by the “Société de 

provisionnement nucléaire”  Synatom SA. 

N.V. Synatom has been given the responsibility by the Belgian law on 

nuclear provisions of 11 April 2003 to cover the costs of the management of 

fissile materials irradiated in the Belgian nuclear power plants. Provisions 

have been constituted to this effect. 

 

1.8 Geographical location 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.8: Geographical location. 

The new interim spent fuel storage facility SF² Doel will be located on the 

nuclear site of Doel. The nuclear site of Doel, which covers a surface area of 

80 hectares, is situated in the village of Doel, part of the township of 

Beveren in Belgium at approximately 6 kilometres from the border with the 

Netherlands. The site is located in the Port of Antwerp on the left side of the 

Scheldt River, on an industrial ground, as localized on Figure 2 and Figure 3. 

The industrial sites of the nuclear power plant Doel were laid out in the 

1960s, with the polder grounds then being raised with a layer of Scheldt 

sand. 

The industrial site of the nuclear power plant Doel is surrounded on all sides 

by open space, the Scheldt and the polders around and nature, formed by 

the mud flats and salt marshes on and along the banks of the Scheldt. 
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Figure 2: Localization of the nuclear site of Doel 

Bron: http://geo-vlaanderen.gisvlaanderen.be/geo-vlaanderen/kleurenortho/#

 Doel nuclear power plant
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The SF² facility will be situated next to the current spent fuel storage 

building SCG on the nuclear site of Doel (see Figure 4).  

The SF² facility at Doel will occupy a total approximate ground surface of 

4.500m² and will consist of 3 buildings (Figure 5): 

Building Length Width Height 

Main storage 

building (SFB) 
~ 100m ~ 33m ~ 23m 

Building adjacent to 

the main building 

with auxillaries 

rooms (AUX) 

~ 20m ~ 10m ~ 12m 

Building for storage 

of accessories used 

for cask handling 

and storage (ASB) 

~ 50m ~ 20m ~ 14m 
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Figure 5 Detailed localization of the SF² facility on the site of Doel 

 

1.9 Brief description and general plans 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.9: Brief description and general 

plans. 

1.9.1 Generalities 

The SF² facility is a new interim spent fuel storage facility on the nuclear site 

of Doel. Together with the current interim spent fuel storage building SCG, 

foreseen for the dry storage of spent fuel elements, this additional building 

will allow the storage of spent fuel elements from the nuclear units3. It 

allows emptying of the desactivation pools at the nuclear units before start 

of dismantling of these units. This new facility SF² Doel is designed for a 

minimum lifetime of 80 years. 

The choice for the dry storage in the framework of this project is based on 

technical and financial analyses. The internal return of experience with the 

building SCG, and the international feedback from other operators of interim 

dry storage facilities for spent fuel elements were satisfying. In addition, the 

dry storage of spent fuel elements offers more flexibility and is a passive 

installation compared to the wet storage.  

 
 

3 It is currently foreseen to store in the SF² facility only spent fuel coming from the nuclear units Doel 3 and 4. Spent fuel of 
the nuclear units Doel 1 and Doel 2 will be stored in the current SCG building 
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The spent fuel elements, loaded in dry dual purpose casks designed for 

transport and storage, will be loaded with spent fuel elements in the spent 

fuel pool buildings of the nuclear units. They will be then transported on site 

towards the SF² facility where they will be stored. Following activities are 

not foreseen in the SF² facility but are foreseen in another existing building 

on the nuclear site of DOEL: 

 Maintenance on an empty cask; 

 Loading or unloading of a cask; 

 Preparation or conditioning of a cask before unloading ; 

 Decontamination of accessories and casks; 

 Realization of activities for the preparation of the cask before transport 

outside the nuclear site of DOEL (e.g. adaptation of the helium pressure 

within the cask, …) 

The safety functions are guaranteed by the cask during transport and 

storage. During storage, the SFB and associated equipments contribute also 

to some safety functions. This is detailed further in chapter 1.9.4. 

The cask is closed by a primary cover equipped with 2 seals in series. An 

inert gas (helium) is injected between both seals of which the overpressure 

is continuously monitored allowing the control of the leaktightness of the 

cask. 

In case of dismantling of the nuclear units, the required installation will be 

foreseen (hot cell), making the handling activities of the casks still possible 

on site and this for the complete lifetime of the SF² facility.  

A total of 108 predefined positions (physical limit) for the storage of casks is 

foreseen. 11 positions will remain free of casks allowing the manipulation of 

casks in all situations. The total capacity of the SF² facility includes a certain 

margin to cover technical contingencies and ensure operational flexibility. 

The beginning of construction works on site is foreseen in 2021 after 

delivery of all required permits. The commissioning is foreseen in 2025. The 

original design life of the facility is 80 years and, as class I installation, it will 

be submitted to decennial periodic safety reviews. 

 

1.9.2 General description of the facility 

The SF² facility is made up of (see Figure 6): 

o A main building SFB, free from contamination but considered as 

a nuclear controlled area resulting from the dose rate coming 

from the loaded casks, with: 

o A storage hall for the storage of the casks; 

o A handling hall for the loading or unloading of the casks from the 

trailer, and for the inspection of the casks; 

o 2 rooms, monitoring halls, where the monitoring system of the 

leaktightness of the casks is located; 
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o An auxiliary building (AUX); 

o A building for the storage of diverse equipments (ASB) used for 

the handling of casks  

A diesel generator is foreseen in a container for the electricity supply in case of loss of 

offsite power. The SF² Doel facility will not be located in a flood-risk area. 

 

 

Figure 6 Global layout of the SF² Doel facility  

 

A. Description of the Main Spent Fuel Storage Building (SFB) 

The SFB is foreseen of 108 predefined positions for casks (18 rows of 2* 

3 positions each in 2 zones separated by a free lane) . The casks are 

stored vertically, with enough free space between all of them for 

handling and thermal requirement (which takes global warming into 

account). The storage hall is separated from the monitoring halls by a 

concrete wall protecting them from the radiation and supporting the 

bridge crane. Openings are foreseen in this wall for the natural 

ventilation. 

A motorized sliding shielding door and a concrete wall isolate the storage 

hall from the handling hall, protecting the operators from the radiation of 

the stored casks.  

The trailer charged with the cask, possibly loaded with the spent fuel 

elements, is received in the handling hall. In this hall, the cask is put 

vertically, discharged from the trailer, transferred and put down in the 

preparation stand with the use of the bridge crane. 

In the preparation stand, the cask can be visually inspected. If loaded 

with spent fuel elements, it is prepared for storage with the positioning of 

an antimissile cover, tubing for leakage monitoring, additional shielding 

material (if required),  a supporting chair, leakage testing, …. Then, it is 

transported to the storage hall by means of  the bridge crane. 
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The reception and storage of empty casks is also possible in the handling 

hall (6 free positions are foreseen in the handling hall for empty casks). 

In the storage hall itself, each cask is connected to a leakage monitoring 

system controlling the leaktightness of the cask. The leakage monitoring 

system for each cask is located in the monitoring halls. The monitoring 

hall is 1,5m large allowing the ventilation, the circulation of the 

personnel, the passage of cables, ... 

The bridge crane is a Single Failure Proof (SFP) equipment following the 

NUREG-0554 guideline with a nominal capacity of 150 ton. It is designed 

for the realization of all handling activities of casks and other equipment 

within the SFB. The minimum lifetime for the mechanical and structural 

parts required from the supplier is the same as the lifetime of the SF² 

facility, 80 years. Thanks to the SFP conception of the bridge, the risk of 

cask drop during handling is minimized. In addition, the structural 

integrity of the bridge crane is guaranteed in case of earthquake. The 

bridge is able to maintain its load in case of loss of power supplies. In 

addition, the bridge also allows to manually deposit the cask in a safe 

and stable position in case of emergency. A limitation of the handling 

height of the casks and a speed limitation are also foreseen in the design 

of the bridge crane to limit the risk of mechanical damage during cask 

handling (eg. Collision between a stored and handled cask, cask drop, 

…).  

Monitoring halls are foreseen at each side of the storage hall. They house 

the system for monitoring the leaktightness of the casks and facilitate the 

ventilation of the building. 

The monitoring halls are organized in 2 levels: 

o The fresh air is entering from outside in the lower level, flowing 

through openings in the external wall and going into the storage 

hall through holes in the wall between the monitoring hall and 

the storage hall. 

o The monitoring of the leaktightness is situated at the upper level 

to limit the radiation dose of the workers when inspecting the 

monitoring system .  

The walls between the monitoring halls and the storage hall protect the 

personnel from the irradiation. 

By design, the cooling of the cask is passive (see Figure 7Figure 7), 

limiting the temperature of the fuel cladding to the design criteria. The 

fresh air flows through large lateral openings in the external walls of the 

building. It goes through the monitoring halls and comes in the storage 

hall via openings foreseen at the ground level in the walls between the 

monitoring halls and the storage hall. In contact with the casks, the air 

heats up and is evacuated by natural convection through openings in the 

roof of the SFB. 
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Figure 7: Passive ventilation in the SFB building 
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The cask (see example in Figure 8) is designed to satisfy following safety functions :  

o The preservation of the subcriticality; 

o The containment of radioactive products; 

o The heat removal; 

o And the radiological protection. 

  

Figure 8: Example of dual casks for nuclear spent fuel 

The safety functions of the casks are guaranteed by design in normal 

situation and in accidental conditions like airplane crash, fire, earthquake, 

flooding, … 

The main spent fuel storage building (SFB) contributes to the nuclear 

safety functions (radiological protection of the population and heat 

removal) and is therefore seismically qualified. An earthquake of 0.15g 

(horizontal PGA) is taken into account for the design of the building. The 

SFB building is designed in the seismic category SDC 5 and limit state D, 

following the rules and methods as described in norms ASCE/SEI 43-05 

et ASCE 4-98, taking into account dynamic soil-structure interaction. The 

SFB building is also designed to resist to extreme natural phenomena 

(wind, snow, ice or tornado’s) and explosion. 

 

B. Description of the Auxiliary building (AUX) 

The auxiliary building (AUX) is organized in 2 levels (see Figure 9 and 

Figure 10). The first level is foreseen for the access room, the lockers 
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and sanitary rooms, the batteries room and the transformers room. The 

second level is foreseen for the electrical equipment, the control panel 

and the low voltage rooms. The HVAC condensers dedicated to air 

cooling cabinets will be placed on the roof of the auxiliary building. 

No seismic qualification is required because the AUX building does not 

have a safety function and does not house any SSC (Structures, System 

or Components) with a safety function. It is nevertheless built following 

the Eurocode 8 and its Belgian appendix where a seismic qualification is 

required for the protection of the personnel. 

 

                        

 

C. Description of the Accessories Storage Building (ASB) 

The accessories storage building (ASB) is dedicated to the storage of 

diverse equipments used for the handling of the casks (like cask 

accessories, handling tools, …) and for some maintenance activities. 
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No seismic qualification is required because not housing any SSC with a 

safety function. It is nevertheless built following the Eurocode 8 and its 

Belgian appendix where a seismic qualification is required for the protection 

of the personnel. 

1.9.3 Handling of the casks 

First, the SF² facility at Doel is foreseen for the reception of new empty 

casks. The trailer transporting the cask is driven in the handling hall. The 

cask is put vertically with the use of the bridge crane and discharged into 

the preparation stand where all accessible surfaces of the cask are 

submitted to a visual inspection. The empty cask is finally put in a storage 

position in the handling hall. 

The entrance hall is also foreseen for the reception of loaded casks. The 

spent fuel elements are loaded or unloaded in the cask in the spent fuel pool 

buildings of the nuclear units. After decontamination, the cask is transported 

to the SF² facility horizontally on a trailer. It is received in the handling hall, 

put vertically with the use of the bridge crane and discharged into the 

preparation stand foreseen in the handling hall. 

The tubing for the leak tightness monitoring system, the antimissile cover 

and additional shielding (if necessary) are then put in place. 

After preparation, the cask is moved to its position in the storage hall and 

connected to the monitoring system for further follow-up. 

Some routine maintenance is foreseen on the casks: 

o The periodic control of the pressure of the inert gas between 

seals of the primary cover; 

o The visual inspection of the casks; 

o The calibration of the pressure sensor. 

In case of loss of the leak tightness, the cask is moved from the storage hall 

to the preparation stand in the handling hall where the leak tightness of the 

cask is verified. If the loss of leak tightness is confirmed, the cask is 

returned to the spent fuel pool building of a nuclear unit for further 

inspection and the required actions (e.g. Opening of the cask and 

replacement of the seals and unloading of the cask if necessary) 

 

1.9.4 Basic requirements for the casks 

Dual purpose casks will be stored in the SFB building. The casks are 

designed for transport and storage of a predefined number of spent fuel 

assemblies. The casks currently foreseen to be stored in the SFB building 

have a capacity between 21 and 24 spent fuel assemblies per cask. Similar 

spent fuel casks are already authorized in Belgium and used for the SCG, the 

current spent fuel storage building of Doel . The dual purpose casks are 
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massive metal casks, with a height of about 6 meters in height, a diameter 

of about 2.5m for a weight of about 120 tons.   

The safety functions detailed above (sub-criticality, heat removal, 

confinement, radiological protection)  are guaranteed by the casks in 

normal, incidental and accidental conditions. They are also guaranteed 

during transport on site between the spent fuel pool buildings of the nuclear 

untis and the SF² facility. For that reason, the cask has to fulfil different 

acceptance requirements. The cask consists of a metallic body foreseen for 

passive heat dissipation of the residual heat from the spent fuel elements via 

internal conductivity, irradiation or natural convection. It is closed by a 

primary cover equipped with a sealing system allowing the monitoring of the 

leaktightness of the cask. An antimissile shield is installed above 

guaranteeing an additional mechanical and radiation protection during 

storage. The cask is put on a storage chair avoiding a high temperature of 

the concrete floor and stabilizing the cask in vertical position in case of 

earthquake. 

The design is compliant with the IAEA SSR-6 which describes the regulations 

for safe radiological transport, the American licensing requirements for 

storage of spent fuel described in the 10CFR72 and the site specific 

conditions at DOEL. 

It is mainly the cask that ensures the radiological shielding of the radioactive 

source, the spent fuel elements. The maximum authorized dose rate limits 

for a cask to be respected in normal situation are 2 mSv/h at contact and 

0,1 mSv/h at 2 m. Before transport to the SF² facility, the loaded casks are 

decontaminated in the DOEL units  excluding any external contamination. In 

accidental conditions with impact on the cask neutron shielding material the 

maximum authorized dose rate for the cask is 10 mSv/h at 1m. 

The subcriticality is guaranteed by design of the cask thanks to the 

geometry, maintained also in case of accidental conditions (e.g. airplane 

crash). In normal situation the required margin with regard to subcriticality 

may not be less than 0.05 (5000 pcm) for 1 cask and 0,02 (2000 pcm) in a 

cask network. Bias and uncertainties will be established, compared to 

criticality experiments applicable to the design of packages with a 95% 

probability and a 95% confidence interval. For accidental conditions the 

required margin with regard to sub-criticality may not be less than 0,02 

considering damaged fuel and immersion of the cask. If in this case a 

margin of 0,05 can’t be demonstrated, the bias and uncertainties will be 

established with a 99% probability and a 99% confidence interval. 

The containment of radioactive products is assured by different barriers : 

the fuel cladding and leaktightness of the cask in case of normal and 

incidental conditions. A maximum leak is accepted in accidental conditions 

(more specific in case of the mechanical impact of an airplane crash) 

respecting the legal radiological limits.  

Each cask, stored in the handling hall, is connected via fine tubing with a 

leakage monitoring system. Inert gas (helium) is injected between both 

seals of the primary cover. The space between the 2 seals is connected via a 

fine tubing to a buffer tank of inert gas equipped with pressure sensors. In 
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this way the pressure between both seals (and so also the leak tightness of 

the casks) is monitored continuously, registered and trended for the 

detection of any unexpected evolution (see Figure 11). The monitoring is 

redundant allowing the control of the effective functioning of the system.  

The buffer tank and the monitoring system are installed in the monitoring 

hall avoiding unnecessary radiation from the casks to the monitoring system 

and the personnel during normal maintenance (calibration of the sensors for 

example). 

 

Figure 11: Principle of monitoring system of the leaktightness 

1.9.5 Surveillance and monitoring of the facility 

As discussed in previous chapter (chapter 1.9.4), the leaktightness of the 

casks is continuously monitored. The redundancy of the measurement 

system is realized by 3 pressure sensors connected to the alarm system of 

the SF² facility localized in the auxiliary building. The information is also sent 

to the control room of the waste treatment (WAB) building on the site of 

Doel.  

The temperature in the surveillance halls and the gamma and neutronic 

radiations in the handling hall are monitored. As this monitoring does not 

have any safety function, it is not foreseen to resist in case of earthquake. 

In addition, an alarm system is foreseen for the equipment in the SF² facility 

: lighting, fire detection, diesel generator, access to the building, bridge 

crane, … The alarms are brought together on the alarm panel in the 

auxiliary building. An alarm is also sent to the WAB building on the site of 

Doel. 
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1.10 Costs breakdown 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.10: Costs of initial installation (in 

Euro) and breakdown for the main components of the costs. 

The total investment is currently evaluated at  following the costs 

breakdown structure hereunder: 

Packages 
Budget 

Status  

(M€) 

1 Civil works and HVAC Order placed (12/2019 ) 

2 
Mechanical – Single Failure 
Proof bridge crane 

Order placed (07/2019 ) 

3 
Mechanical – Shielding door 
and preparation stand 

Order placed (06/2020  
) 

4 
I&C / Electricity / Fire / 
Radiation Monitoring 

Analysis of the offers ongoing 

5 Site security Purchasing activities ongoing 

Engineering (Tractebel) 
*development phase: from pre-
feasabiltiy study till placement 
of the orders (licensing and 
permitting activities included) 
*execution phase: detailed 
design, realization  and 
commissioning follow-up  

 
Licensing and permitting activities still 

ongoing. 
Budget estimation for realization 

phase ongoing. 

Others (smaller orders linked to 
specific studies (ground 
characterization and testing, 
scaffolding, cranage, Health 
and safety coordination, …) 

Licensing and permitting activities still 
ongoing. 

Based on budget estimation for 
realization phase 

Total   

 

The budget estimations mentioned in the table above represents current 

estimation of the project costs. As for some orders the offers are not yet 

received or not yet analyzed the budget estimation can still change in the 

future based on project progress (offer analysis and negotiation). 

 

1.11 Time-scale placing main orders 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.11: Proposed time-scale for the 
placing of main orders, installations and start-up, particularly the conclusion of initial contracts 
with suppliers of the commencement of construction work, and the planned commissioning date. 
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Package Planning 

1  

(civil works 

and HVAC) 

Procurement February 

2019 

– December 2019 

(order placement) 

Construction July 2021 – 

 

September 2023 

Commissioning September 

2023 

– December 2023 

2 

(Mechanical 

– SFP bridge 

crane) 

Procurement September 

2018 

– July 2019 

(order placement) 

Fabrication and 

installation 

October 

2019 

– April 2023 

Commissioning April 2023 – August 2023 

3 

(Mechanical 

– shielded 

door and 

preparation 

stand) 

Procurement September 

2019 

– May 2020 

(order placement) 

Fabrication and 

installation 

September 

2020 

– June 2023 

Commissioning April 2024 – July 2024 

4 (I&C, 

Electricity, 

fire, radiation 

monitoring) 

Procurement July 2019 – August 2020 (order 

placement) 

Fabrication and 

installation 

April 2021 – March 2024 

Commissioning April 2024 – July 2024 

5 (Site 

security) 

Procurement March 

2020 

– September 2020 

(order placement) 

Fabrication and 

installation 

February 

2021 

– November 2023 

Commissioning April 2024 – July 2024 

 

1.12 Decommissioning plans 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.12: Description of plans if any, 
for the decommissioning of the installation. 
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The dismantling of SF² facility, covered by the provisions for the back end of 

the fuel cycle by Synatom, is submitted to the prior agreement of the 

authorities following article 17 in the Royal Decree of the 20th of July 2001 

(Arrêté royal du 20 juillet 2001 portant règlement général de la protection 

de la population, des travailleurs et de l'environnement contre le danger des 

rayonnements ionisants). 

It is also submitted to article 7.6 of the Royal Decree of the 30th November 

2011 (Arrêté royal du 30 novembre 2011 portant prescriptions de sûreté des 

installations nucléaires). 

In addition, a sub-file “ radioactive waste and dismantling” that is part of the 

licensing application is prepared following article 5.8 of the Royal Decree of 

of the 20th of July 2001 (Arrêté royal du 20 juillet 2001 portant règlement 

général de la protection de la population, des travailleurs et de 

l'environnement contre le danger des rayonnements ionisants).  

Loaded casks with spent fuel will only be present in the main storage 

building SFB of the SF² facility. The SFB (consisting of a handling hall, a 

storage hall and 2 monitoring halls) is therefore considered as a controlled 

area due to the radiation doses obtained from the stored loaded casks. The 

activation level of the main building after the storage period will be below 

the release thresholds. The casks are decontaminated and controls are 

made to verify the absence of contamination in the spent fuel pool buildings 

prior to their transport on site to the SFB building. Therefore the presence of 

contamination is not expected in the SFB building. 

It is therefore expected that the SF² facility can be dismantled, at the end of 

its operation and after removal of the spent fuel storage casks, as a 

conventional installation after verification of the absence of 

contamination/activation. 

 

1.13 Official state authority 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.13: Official state authority 
supplying the licenses for construction and operation: duration of license for operation. 

 

Belgium is a federal state composed of three regions: the Flemish, Walloon 

and Brussels Capital Region. 

The federal state authority is responsible for the nuclear energy policy, 

nuclear safety and radiological protection of the public, the workers and the 

environment. 

The federal state is authorized for granting the operating license regarding 

safety and radiological aspects including with regard to the environment. 

The federal operating license for a new class I installation, like an interim 



25 
 

Notification SF²Doel  28/05/2020  10010971576/001/00 

spent fuel storage installation, is granted by Royal Decree, after approval of 

the application file by the FANC and countersigned by the Minister of 

Internal Affairs (the file submitted to approval is available on 

https://afcn.fgov.be/fr/dossiers/dossiers-dautorisation-en-cours). The 

federal operating license is granted for an unlimited period of time but 

imposes periodic safety reviews (PSR) every ten years.  

The Flemish regional authorities are responsible for non-radiological aspects, 

environmental protection as well as for urbanism. Hence, the regions are 

authorized for granting the operating license regarding non-radiological 

aspects on the environment and construction permits. 

 

1.14 Research and development programs 

COMMISSION REGULATION (EC) No 1209/2000 – annex 1.14: Short description of 
research and development programs, if any. 

 

As the casks for the storage of spent fuel elements are the essential part of 

the storage facility, guarantying the safety function, only research 

concerning these casks is considered here.  

For this aspect, Electrabel follows the different research programs of the 

cask suppliers, participates to users group committees and follows the 

international cask conferences and seminars. If necessary, Electrabel will 

integrate their findings into the exploitation of the SF² facility. 

In addition, the return of experience from the SCG (current dry spent fuel 

interim storage facility at the nuclear site of Doel in Belgium) in Doel  is 

taken into account.  

 

 Information to be communicated for industrial 

activities listed in annex II of the Euratom 

treaty except 11 

 

2.1 Capacity and composition 

COMMISSION REGULATION (EC) No 1209/2000 – annex 2.1: Composition and nature of 
production; annual capacity. 

 

As described in §1.9, the SF² Doel facility is defined with a maximum 

predefined number of 108 positions  
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The different buildings of the SF² Doel facility are detailed in chapter 1. 

The SF² Doel will be used for the storage of casks filled with spent fuel 

elements and free of external contamination. Only handling of the casks is 

foreseen in this building. There will be no waste produced. 

 

2.2 Main features of the installations 

COMMISSION REGULATION (EC) No 1209/2000 – annex 2.2: Main features of the 
installation. 

 

The main features of the SF² Doel facility are described in chapter 1.9. 

 

2.3 Extension to the installation – change in annual 

production 

COMMISSION REGULATION (EC) No 1209/2000 – annex 2.3: If an extension to the 
installation is proposed, state by what process, over what period and in what proportion 
it is planned to change annual production. 

 

The project concerns the building of a new installation on the nuclear site of 

Doel. It is not the extension of an existing installation. 

 

 

2.4 No extension – increase annual production 

taking into account local conditions and other 

circumstances 

COMMISSION REGULATION (EC) No 1209/2000 – annex 2.4: Where no extension is 
planned, state whether, taking into account local conditions and other circumstances, 
an increase in annual production capacity is possible and if so to what extent. 

 
This chapter is not applicable to the SF² Doel facility as no radioactive 
materials are produced within the facility. Only the handling and storage of 
loaded spent fuel storage casks is foreseen within the SF² Doel facility. 
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 Information to be communicated for industrial 

activity 11 listed in annex II of the Euratom 

treaty  

 

This chapter is not applicable to the SF² Doel facility. 

 

 Information to be communicated for industrial 

activities 3, 4, 5, 6, 7, 8, 9, 10 (12 and 13 

where applicable) listed in annex II of the 

Euratom treaty 

4.1 Principal quantities of supplies  

COMMISSION REGULATION (EC) No 1209/2000 – annex 4.1: Proposed composition and 
annual quantity of principal supplies needed for the operation of the plant, including power 
requirements, stating proposed suppliers. 

 

This chapter is not applicable to the SF² Doel facility. 

 

 Information to be communicated for industrial 

activities 4, 5, 7, 8, 9, 11, 12 (13 where 

applicable) listed in annex II of the Euratom 

treaty 

5.1 Siting of the installation 

COMMISSION REGULATION (EC) No 1209/2000 – annex 5.1: If relevant, supplementary 

data on siting of the installation. 

 

       The siting of the SF² facility is described in chapter 1.8. 
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 Information to be communicated for industrial 

activity 1 listed in annex II of the Euratom 

treaty 

This chapter is not applicable for the new interim spent fuel storage facility SF² Doel. 

 

 Information to be communicated for industrial 

activity 5 listed in annex II of the Euratom 

treaty 

This chapter is not applicable for the new interim spent fuel storage facility SF² Doel. 
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 Acronyms 

Acronym Explanation 

ASB 

ASCE 

Accessories Storage Building 

American Society of Civil Engineers 

AUX 

CFR 

GNS 

HVAC 

IAEA 

I&C 

N.V. 

PGA 

RPR 

SCG 

SDC 

SEI 

Auxiliary building 

Code of Federal Regulations 

Gesellschaft für Nuklear-Service mbH 

Heating, ventilation and air conditioning 

International Atomic Energy Agency 

Instrumentation and Communications 

Naamloze vennootschap 

Peak ground acceleration 

Rechtspersonenregister 

Splijtstofcontainergebouw 

Seismic Design Category 

Structural Engineering Institute 

SF² Storage Facility for Spent Fuel 

SFB 

SFP 

Spent Fuel Building 

Single failure proof 

SSC 

SSR 

WAB 

Structures, Systems and Components 

Specific Safety Requirements 

Water en afval behandelingsgebouw 
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 April 1, 2021 
Questions/answers 

 

SF² Doel – Spent Fuel Storage Facility Doel 
Answers to the list of comments to the investor related to the notification 
SF² Doel under article 41 Euratom Treaty 

 

Introduction 

The notification of the investment project for the project SF² Doel  
10010971576/001/00 (public version)]  as requested under Article 41 

Euratom Treaty was communicated by Electrabel on June 20 2020. On February 5, 2021 
Electrabel received a request for complementary information [ref. Ares(2021)1018866  - 
05/02/2021]. This Q&A note includes Electrabel answers towards the European Commission to 
the comments received via this request. 

 

Comment 1: 

Please indicate what coordination is foreseen between Electrabel (the operator of the facility) and 
Synatom (responsible for the funding) regarding the selection and licensing of the casks, and 
clarify which entity will be the owner of the spent fuel once the operation ceases. 
 
Answer Electrabel: 
Electrabel (the operator of the facility) and Synatom (responsible for the funding of the facility) 
have concluded a protocol relating to the storage of spent fuel in the installations SF² at Doel and 
Tihange specifying that Electrabel is owner of the facility and will obtain the necessary permits for 
the exploitation of the SF² installations at Doel and Tihange in order to store the spent fuel in all 
safety until its evacuation from the sites. Electrabel will ensure the good functioning of the 
installations (including an ageing management plan), charge the casks, respect the requirements 
of the cask files in terms of maintenance of the casks, follow-up the ageing management program 
of the casks established by Synatom and concert with Synatom on the projects (budget and 
planning) for the management of the spent fuel on the sites. Electrabel will be remunerated for the 
storage by Synatom. Synatom is the current and future owner of the casks and the spent fuel and 
will remain the owner when the operation of the Doel and Tihange nuclear power plants ceases. 
Synatom must ensure that it disposes of the means [i.e. funds] permitting the safe storage of the 
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spent fuel (including in unforeseen circumstances), deliver to Electrabel the casks adapted to the 
spent fuel and to the requirements imposed on the buildings, finance the necessary investments, 
obtain the license of the casks in order to permit their charging, storage and possibly transport, 
dispose of an ageing management program for the casks and the spent fuel and ensure that in 
term it will dispose of the means permitting to evacuate the spent fuel from the sites. 
 
 
Comment 2: 

Please confirm that the new building (SFB), together with the existing interim spent fuel storage 
facility (SCG), will provide sufficient spent fuel storage space for the expected duration of the 
Doel (1-4) power plant operation and no additional storage facilities will be required in the future 
at the Doel site. 
 
Answer Electrabel: 
The additional capacity for interim storage of spent fuel in the SF² facility 
together with the current interim spent fuel storage capacity at the Doel site (within the SCG-
building) ensures the evacuation of all spent fuel from the nuclear units after the final shutdown. 
 
It is foreseen that all spent fuel assemblies originating from Doel 1 and Doel 2 will be stored in the 
current spent fuel storage building (SCG). Spent fuel originating from Doel 3 and Doel 4 will be 
stored both in the SCG building and in the new interim spent fuel storage facility (SF²). 
 
A total of 108 predefined positions (physical limit) for the storage of casks is foreseen: 

 Minimum 66 positions will be needed for the storage of loaded spent fuel casks based on 
following hypothesis: 

o An operating period of the units as specified in Belgian law of January 31, 2003 
o The estimated thermal saturation of the current spent fuel storage building SCG 
o A cask loading sequence with assumptions on cask type and capacity. Depending 

on their type, casks can contain up to 21 or 24 spent fuel assemblies. 
 11 positions will remain free of casks allowing the manipulation of casks in all situations.  
 The total capacity of the SF² facility (108 positions for casks – physical limit) includes a 

certain margin to cover technical contingencies and ensure operational flexibility. 
 

 

Comment 3: 

Since the new facility is intended exclusively for the storage of spent fuel from units 3 and 4, 
please detail if the spent fuel from these two units, in case already stored in the existing SCG, 
will be transferred to the new facility or remain stored in the SCG. 
  

Answer Electrabel: 
The additional capacity for interim storage of spent fuel in the SF² facility together with the current 
interim spent fuel storage capacity at the Doel site (within the SCG-building) ensures the 
evacuation of all spent fuel from the nuclear units after the final shutdown. The evacuation of the 
spent fuel from the nuclear units is required before start of the dismantling activities of these units. 
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It is not foreseen to transfer to the SF² facility the casks loaded with spent fuel from the 
units Doel 3 and Doel 4 that are already stored in the SCG building.  The remaining available 
storage positions in the SCG allow to remove all spent fuel from the nuclear units Doel 1 and Doel 
2 and to place the dual purpose casks with these spent fuel assemblies in the current spent fuel 
building SCG. The remaining spent fuel assemblies to be removed from the nuclear units Doel 3 
and Doel 4 after their final shutdown will be stored in the SF² facility. 
 
 
Comment 4: 

The notification states that in the event of detection of loss of leak tightness of a storage cask, 
the cask will be returned to the spent fuel pool building of the nuclear unit for further actions. 
Given the eventual decommissioning of the existing nuclear units on the Doel site, and the long 
design life of the facility (80 years minimum), please clarify where such inspection and 
maintenance will be carried out after decommissioning of the nuclear units. As the timescale for 
the construction of an associated hot cell is not included in this notification, what are the 
assumptions made regarding the future continued operation and availability of the Doel 1-4? 
 
Answer Electrabel: 
During the entire lifetime of the SF² facility (80 years), retrievability of the spent fuel cask  (in 
case of for example detection of loss of leak tightness) will be guaranteed. A distinction can be 
made between short term and long term: 

o Short term: This period consists of the interim spent fuel storage from the start of 
operation of the SF² facility (in 2025) until the start of decommissioning activities at the 
unit Doel 4 (currently foreseen for begin 2032). During this period the SPG-building Doel 
4 (spent fuel pool building of the nuclear unit Doel 4) can be used for these activities on 
the casks. 

o Long term: This period includes the interim storage of spent fuel in the SF² facility from 
the start of decommissioning activities of Doel 4 until all stored casks are removed from 
the SF² facility to a reprocessing or conditioning facility1  (in preparation of final disposal). 
An alternative solution to ensure these activities on the cask will be developed and put in 
place before the start of dismantling Doel 4. A separate project is launched for this which 
is currently in the pre-feasibility phase (identification and first evaluation of the different 
possible alternative solutions). The objective is to make a choice on the preferred option 
to be retained in 2021. 

 
 
 

Comment 5: 

With regard to the retrieval of a cask from the storage hall for intervention or maintenance, please 
confirm that in order to avoid serious damages to the packages in case of drop, the need for lifting 

 
1 The current national planning for spent fuel management foresees that the conditioning of the spent fuel will take 
place between 2065 and around 2080. Therefore, the interim storage of spent fuel in the SF² facility has to be 
available until the end of this conditioning period. The lifetime of the SF² facility of 80 years (until 2105) takes into 
account a margin to cover uncertainties. 
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a cask above another cask is avoided by design. Please also confirm that the casks will not contain 
any other type of waste and that only spent fuel cask waste containers will enter the facility. 

Answer Electrabel: 
 Cask movements: Based on casks and SF² facility design (building and bridge crane) it is 

not needed and it is impossible to lift a cask above another cask as: 
o Cask height with storage chair (> 5m) compared to the maximum lifting height (3m 

between bottom of the cask and the ground). 
o Design of the bridge crane is single failure proof (following NUREG-0554) excluding 

the risk of cask drop. 
o It is demonstrated in the cask safety files for storage that the cask resists a drop of 

3 meter which is the maximum height (from floor till cask bottom) at which the cask 
can be lifted. 

 Content of the SF² facility: We confirm that only  interim storage of spent fuel assemblies 
from Doel 3 and Doel 4 in dual purpose casks is foreseen in the SF² facility. 

 

Comment 6: 

What are the essential features of the limiting design basis event taken into consideration for the 
design of systems, structures, and components to be used in the new SFB building? What are the 
key safety targets and parameters corresponding to the design basis accident, and what would 
be the radiological doses to workers and the nearest exposed population group in case of such 
an event? 

Answer Electrabel: 
The safety demonstration for external accidental events is performed based on the FANC 
guidelines for new class I installations (available on FANC website – link: 
https://fanc.fgov.be/nl/informatiedossiers/andere-nucleaire-inrichtingen/richtlijnen-voor-een-
nieuwe-nucleaire-installatie ): 

 Guideline – Safety demonstration of new class I nuclear installations – Approach 
to Defence-in-Depth, radiological safety objectives and application of a graded 
approach to external hazards (ref. 2013-05-15-NH-5-4-3-EN); 

 Guideline on the categorization and assessment of accidental aircraft crashes in 
the design of new class I nuclear installations (ref. 2014-03-18-RK-5-4-4-EN). 

 
In the environmental impact assessment report the different possible accidental events were 
evaluated. Due to the robust design of the cask and the SFB building, most accidental events 
(like earthquake, flooding, extreme external temperature, heavy wind, …) will not have an impact 
on the cask and the building and so will not lead to a radiological impact for workers, public and 
environment.  Airplane crash (followed by a kerosine fire and the (partial) collapse of the 
building) is an event with very low probability (order of magnitude 10-7/year). It is considered as 
the accident with the largest impact on building and cask and so which leads to the most 
important radiological consequences. Airplane crash is considered as the reference accidental 
event.  
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As part of the safety demonstration in case of airplane crash, different analysis perimeters are 
applied depending on the probability of occurrence of the event. Three types of airplanes are 
considered in the demonstration: the light civil airplane (design basis), the military airplane 
(margin evaluation and design extension conditions) and commercial airplane (design extension 
conditions). As the safety demonstration for the military airplane crash (performed in a 
conservative manner) covers the impact of the light civil airplane, only 2 reference scenarios are 
defined and evaluated in the environmental impact assessment report: reference scenario 1 
(military airplane crash) and reference scenario 2 (commercial airplane crash). 
 
In the event of an airplane crash, the first protective measure comes from the spent fuel cask 
itself. The resistance of cask to direct airplane impact, kerosene fire and burial is, in fact, part of 
the cask safety demonstration. The SFB building does not resist the impact of an airplane crash 
and can be partially or totally destroyed, giving rise to burying some casks under debris.  
 
A remedial action plan is defined with means to cool down the buried spent fuel storage casks 
and to remove the casks from burial. A system for controlling possible leaks from the casks 
mechanically impacted by the airplane can be installed because some casks may have a 
leakage rate higher than the expected leakage rate under normal operating conditions. 
Temporary radiological protection can be considered because some casks impacted by the fire 
may have lost some of their neutron shielding effectiveness. 
 
During the evaluations, a series of conservatisms were applied, among which : 

o The airplane kerosene tanks were assumed to be filled to their maximum capacity. The 
kerosine fire characteristics considered in the safety demonstration are envelope for the 
kerosine fire characteristics defined based on this maximum capacity of the considered 
airplane; 

o Neutron shielding efficiency is reduced to 0% (reference scenario 1) and 50% (for 
reference scenario 2 – beyond design event for which a safety demonstration based on 
less conservative assumptions is allowed) for casks subject to fire; 

o Cask burial with building debris reduces the heat evacuation of the casks. The impact of 
burial on the casks and spent fuel is evaluated taking into account adiabatic conditions.  

A kerosine drainage system is foreseen in the SFB-building to limit the duration of the fire after 
airplane crash. This system is not taken into account in the safety demonstration but is 
considered as a defence-in-depth measure that will in reality strongly reduce fire duration 
 
For the identified reference scenarios it is evaluated in the environmental impact assessment 
that the radiological consequences of these events are far below the applicable Safety Objective 
SO2 as specified in the FANC guideline for new class I  installations taking into account 
conservative assumptions. Respect of this Safety Objective ensures that the radiological impact 
for the public remains limited and that no protective measures for the public are required in the 
frame of the nuclear emergency plan (e.g., no need for shielding or evacuation, iodine 
prophylaxis). It is also demonstrated in the environmental impact assessment report that no long 
term restrictions (> 1 year) of food consumption outside the nuclear site of Doel are required. 
The table below summarizes the results of the radiological consequences evaluations compared 
to the limits specified for Safety Objective SO2 in FANC guideline: 
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 Reference scenario 1 Reference scenario 2 SO2 Safety 
Objective 

Effective dose 
during the event 

0,46 mSv  0,34 mSv  5 mSv 

Equivalent thyroid 
dose/event for the 
infant, child or 
adolescent  

0,00026 mSv 0,00027 mSv 10 mSv 

Lifetime effective 
dose 

0,00448 Sv 0,00746 Sv 1 Sv 

Restriction for food 
consumption 

Contamination levels of agricultural products are far below the 
limits as defined in the Royal Decree of October 17, 2003 and 
this within 1 year after the accident. 

 
The radiological limits on site are equivalent to an effective dose of 20 mSv/accident for the 
workers involved. In the event of an accident, the ALARA principle is applied to minimize the 
exposure of the workers, taking into account the dose limits to be respected. The evaluation of 
the reference accidental scenarios (airplane crash on the SF² facility) shows that the objectives 
are met if adequate remedial measures, collective and individual protection of workers and 
proper management of personal integrated doses are efficiently used.  
 

 
Comment 7: 

The notification states that the SF2 facility will not be located in a flood-risk area. What are the 
assumptions made in the design basis about the reference flood, the statistical return frequency, 
the corresponding acceptance standard? Similarly, for the seismic risks, what are the assumptions 
made about the magnitude of the design basis earthquake, the return frequency and acceptance 
standard? What is the outcome of the most recent seismologic risk assessment, and how does it 
compare with the values used in the design basis? 
 
Answer Electrabel: 
The safety demonstration described in the preliminary safety analysis report for SF² Doel is based 
amongst others on the Royal Decree of November 30, 2011 and the FANC guidelines for new 
class I nuclear installations [ref. 2013-05-15-NH-5-4-3-EN]. 
 

 Flooding: Doel site (and so also the SF² facility) is protected against flooding events by a 
dike  with a height of +12,08m TAW between the Scheldt river and Doel site.  
A specific study has been performed for Doel site in the frame of BEST (Belgian Stress 
Tests). This study demonstrates that the site of Doel (and so as well the SF² facility at the 
site of Doel) is protected against accidental flooding events with a return period of 10 000 
years even in combination with high water and storm.  
Following scenario’s were considered: 

o A flood corresponding to the combination of flood and storm (return period 10 000 
years, average value) whose level is estimated at +9,35 m TAW. 
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o A flood corresponding to the combination of flood and storm (return period 10 000 
years, 95% confidence interval), the level of which is estimated at +10,38 m TAW 

In addition the SF² facility is constructed at a level of +9,5m TAW which is higher than the 
other installations on site and about 6m higher than the other lands in the vicinity of Doel 
site. The storage casks are designed to be watertight in storage and transport conditions. 
Justification of leak tightness and resistance to immersion at 200m depth, required by SSR-
6, is demonstrated in the cask safety file for transport. 
 

 Earthquake: The casks are designed to withstand an earthquake of 0,15 g PGA (Peak 
Ground Acceleration) without compromising safety functions. The main storage building 
(SFB) is designed to withstand an earthquake with a maximum ground acceleration of 0,15 
g PGA following the spectra defined in the RG 1.60 without collapsing. The bridge crane 
to handle the casks is also designed to remain in place during the earthquake. Earthquake 
levels above 0,15 g PGA are highly unlikely due to the soil characteristics and the 
weakening capacity of this soft soil. Indeed, for a return period of 104 years, only a value 
of 0,066 g PGA is obtained based on the most recent PSHA (Probabilistic Seismic Hazard 
Assessment) for Doel site. So there is an important margin included in the design of the 
SFB building and storage casks. No effects on the environment due to earthquake are to 
be expected. 

 
 
Comment 8: 

What are the key stages of the radiological and safety licensing process (regional, national) and 
how will the public be informed and involved in the decision-making process? 

 

 
Answer Electrabel: 
An environmental impact assessment (EIA) report was elaborated for the SF² Doel project 
containing the evaluation of both conventional and radiological environmental impact. This report 
is part of both permit request and licensing application: 

o Permitting process (urbanistic aspects and conventional environmental aspects – at 
regional level): The permit request (omgevingsvergunningsaanvraag) was 
introduced in October 2020. A public consultation in the township Beveren takes 
place during 12/2020 – 04/2021. A decision on the urbanistic permit is expected at 
the latest by June 1st, 2021. 

o Licensing application (radiological aspects – federal level): The key stages of the 
licensing process are defined by the Royal Decree of June 20, 2001 art. 6.4. The 
licensing application was introduced by Electrabel in January 2020. After advice of 
NIRAS (Nationale Instelling voor Radioactief Afval en verrijkte Splijtstoffen) and 
provisional advice by the scientific council, a public consultation took place during 
12/2020 – 01/2021 in the 5 townships located in a radius of 5km around the project 
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location (Beveren, Antwerpen, Hulst, Reimerswaal, Stabroek). Citizens could submit 
their comments in writing to the various municipalities. The licensing application, 
available advices and results of the public consultation can be consulted on the 
website of the FANC (link: https://fanc.fgov.be/nl/dossiers/vergunningsdossiers/lopende-

vergunningsdossiers/doel-spent-fuel-storage-facility-project). 
The provinces Antwerp and Zeeland (The Netherlands), because of their proximity 
to the Doel site, less than 5 km, are considered as concerned authorities in 
accordance with §7 of article 27/5 of the FANC law (law of April 15, 1994) and are 
asked for their advice about the licensing application at the same time as the public 
consultation. 
 
FANC made some specific additional arrangements with the Dutch nuclear safety 
authority (ANVS) to inform in parallel the Dutch townships and the Dutch safety 
regions (veiligheidsregio’s) located in a radius between 5km and 20km around the 
project location. 
 
The next steps in the licensing application are the advice of the permanent deputation 
of the province of East Flanders and the final advice of the scientific council. 

In addition to these procedures, efforts are made by Electrabel to proactively communicate on 
the SF² Doel project towards the different townships and the public. Examples of this 
communication are:  

- Information on the project can be found on the Electrabel website – link: 
https://nuclear.engie-electrabel.be/en/nuclear-energy/major-nuclear-projects-belgium/new-

building-temporary-storage-spent-fuel-doel-and  
- An information meeting for the public was organized on January 6, 2021. Due to the current 

Covid 19 – situation this information meeting was held digitally and can still be consulted 
on the Electrabel website. 

- Information on the project was communicated via our community magazine “Doelbewust”. 
 

Comment 9: 

What measures are in place to ensure sufficient funding, adequate and competent human 
resources of the project, taking into account the long-timescales? What are the management 
systems foreseen for knowledge preservation and transfer? 
 
Answer Electrabel: 
The necessary provisions are foreseen by Synatom for the establishment, operation of the SF² 
facility during its foreseen lifetime as well as for the dismantling after the evacuation of the spent 
fuel from the interim storage facility SF² Doel. 

The Royal Decree of November 30, 2011 chapter 2 article 5 describes the requirements with 
regard to the management system of a nuclear installation. 
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Chapter 4 article 40 of this Royal Decree describes the required content of the safety report of an 
interim spent fuel storage facility, including the management system with a description of the 
management of amongst others safety, organization, qualification of personnel and 
subcontractors and experience management.  

The required organization, qualification and competences of the employees for the complete 
lifetime of the SF²-facility were evaluated based on the experience feedback from the current dry 
spent fuel storage facility at the Doel site (SCG building) and the activities to be foreseen in the 
SF² facility during the complete lifetime. These requirements with regard to organization, 
qualification and competences are  specified in the licensing application (and more specific in the 
preliminary safety analysis report in accordance with the Royal Decree of November 30, 2011). 
These items (e.g. training requirements, …) will be further detailed in procedures which describe 
competence & knowledge management processes and programs of the organization. 

At short term (before start dismantling the nuclear unit Doel 4) the spent fuel storage facility 
will be operated by the current Electrabel organization at Doel site taking into account the number 
of cask loadings foreseen to evacuate all spent fuel from the nuclear units Doel 3 and Doel 4 after 
their final shut down. The Electrabel Nuclear Generation Management System (NGMS) 
applicable to the nuclear site of Doel and also applicable to the existing interim spent fuel storage 
facility is also applicable to the SF² facility. The NGMS groups standards, expectations and 
processes in different Functional Areas (management, organization and administration, 
Operations, Maintenance, Engineering, Radiation protection, Security, Fire protection, 
Emergency Preparedness, Operating Experience, Human resources with competence and 
knowledge management and Independent Nuclear Safety Oversight).  

At long term (from start decommissioning Doel 4 until all spent fuel is removed from the SF² facility 
to a conditioning facility or reprocessing facility) the number of transports of spent fuel casks to 
or from the SF² facility will be limited. Before the start of this phase the appropriate management 
system and required organization will be defined for the exploitation of the SF² facility taking into 
account: 

- The above mentioned requirements for organization, qualification and competences of the 
employees (documented in the safety report of the SF² facility). 

- The activities to be performed in the SF² facility in the long term phase 
- The other installations and remaining activities on the site of Doel or other nuclear sites in 

Belgium (e.g. the nuclear site of Tihange). 

The management system will be less exhaustive than it exists now but with specific attention for 
knowledge management (incl. retention) will always be in place as legally required, based on a 
combination of activities in different areas: human resources, competence and knowledge 
management, experience feedback and document management.  
 

Comment 10: 
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Regarding the environmental impact of the project, please indicate if the proposed activities are 
covered by programmes that fall under the scope of the SEA Directive, and, if so, whether a 
Strategic Environmental Assessment (SEA) was carried out. Please also clarify if the project was 
subject to an Environmental Impact Assessment (EIA) in accordance with Directive 2011/92/EU 
on the assessment of the effects of certain public and private projects on the environment. 
 
Answer Electrabel: 
The Belgian National Programme for the Management of Spent Fuel and Radioactive Waste of 
2015 refers to the project in its point 5 (management of spent fuel by its owners).1 (Spent fuel 
form commercial power plants) 3rd paragraph :  
 
“The storage facilities for spent fuel at the Doel and Tihange sites, which were approximately 
55% and 65% full respectively at the end of 2014, will be saturated by 2022. So as not to 
jeopardize nuclear electricity production because of the saturation of existing storage facilities, 
new storage facilities are currently under study for commissioning prior to this date.” 
 
The draft of the first edition of the national programme, dated June 2015, was submitted on 20 
August 2015 by the Directorate General for Energy of the Federal Public Service responsible for 
Energy, at the request of the ministers responsible for the Economy and Energy, to the Belgian 
SEA Advisory Committee for its opinion as to the necessity to submit the first edition of the 
programme to a strategic environmental assessment (SEA) pursuant to Article 6, § 3, 2°, of the 
law of 13 February 2006 on the assessment of the effects of certain plans and programmes on 
the environment and on public participation in respect of the drawing up of certain plans and 
programmes relating to the environment. In its opinion dated 11 September 2015 and transmitted 
on 24 September 2015, it confirmed that the first edition of the national programme does not have 
to be subjected to such an assessment: “The current draft National Programme for the 
Management of Spent Fuel and Radioactive Waste must not be subjected to a strategic 
environmental impact assessment.” [SEA Advisory Committee, 2015] 
 
The project is subject to an environmental impact assessment (part of both licensing and 
permitting procedures), which is part of the licensing application and in accordance with Directive 
2011/92/EU.” 

 
Comment 11: 

Given the short distance between the facility and the national border (around 6 kilometers), please 
clarify if the project is likely to cause significant adverse transboundary environmental effects and 
if other Member States were notified or expressed their interest in being notified. 

Electrabel answer: 

 International consultation: 
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The nearest country border is the border with the Netherlands at a distance of 2,4km. The 
border with other countries is located at a much larger distance (France: 97km; Germany: 
117km; Luxembourg: 177km).  
 
An evaluation of the transboundary environmental impact of the SF² Doel project is 
included in the environmental impact assessment report (which is a part of the licensing 
application) part II chapter 4. The environmental impact assessment is available for the 
public and consultable on the website of the FANC (link: 
https://fanc.fgov.be/nl/dossiers/vergunningsdossiers/lopende-vergunningsdossiers/doel-spent-

fuel-storage-facility-project ). 
 
As the casks assure the confinement of radioactive material, no transboundary radiological 
effects are likely to occur in normal operation of the SF² facility. Transboundary radiological 
effects were evaluated for the reference accidents (airplane crash – both military airplane 
(design basis event and margin evaluation) as commercial airplane (beyond design event)) 
under conservative assumptions. The exposure of foreign population to ionizing radiation 
at the Belgian border respects the dose target of 1 mSv/year (this target corresponds to 
the dose limit for normal operation as specified in article 12 of Directive 2013/59/Euratom 
also applicable in the neighbour countries). The maximum permitted levels of radioactive 
contamination of food and feed following a nuclear accident, laid down by Euratom 
Regulation 2016/52, are well respected at the Belgian border. It can be concluded that 
these accidents do not lead to a potentially significant environmental impact on the 
population in neighbour countries (the Netherlands, France, Germany and Luxembourg).  

However, based on the precautionary principle, the FANC informed the countries with 
nearby borders of the licensing application for SF² Doel and of the public consultation 
organized in Belgium.  

As the border with the Netherlands is located at 2,4 km and 2 Dutch townships (Hulst and 
Reimerswaal) are located within an array of 5km around the project location, these 
townships were consulted in accordance with the Royal Decree of July 20, 2001 article 
6.4. 

 Additional arrangements with the Netherlands 
The FANC also informed  the Dutch nuclear safety authority (ANVS) and made additional 
arrangements with them: 

o Townships in an radius between 5 to 20 km around the project site were informed of 
the project and the licensing application (Bergen op Zoom, Roosendaal, Terneuzen, 
Tholen and Woensdrecht). 

o The Dutch safety regions (veiligheidsregio’s) in a radius of 20 km were informed 
(Zeeland and Midden- en West-Brabant) 
 

 Euratom commission and Euratom art. 37 
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Regarding the application of Euratom Article 37, it is noted that the SF² facility does not 
give rise to radiological discharges under normal conditions. Recommendation 
2010/635/Euratom on the application of Euratom Article 37 also specifically mentions that 
the storage of spent nuclear fuel in casks licensed for transport and storage on existing 
nuclear sites (which is the case for SF² Doel) does not need to be the subject of an opinion 
by the European Commission. The application is therefore not subject to Article 37 of the 
Euratom Treaty. 
 
 

Comment 12: 

Please specify why a minimal cooling period of only 2-2.5 years in the spent fuel ponds is 
considered, since a short cooling period may have an impact on the safeguards equipment to be 
installed. In particular, clarify the burn-up of the assemblies that underwent only 2 years of cooling. 

Electrabel answer: 
Taking into account the provisional fuel assembly inventory at the date of cask loadings for 
the spent fuel from the unit Doel 3 and Doel 4 and the hypothetical loading sequences 
elaborated by the cask vendors for emptying the spent fuel pools within 5 years: 

 Doel 3: the average cooling time of 9,5 years and an average burn-up of 48,2 GWd/tU is 
considered 

 Doel 4: the average cooling time of 9 years and an average burn-up of 45,1 GWd/tU is 
considered 

For these loading sequences there is only 1 fuel assembly loaded with a cooling time of less 
than 2,5 years (i.e. 2,4 years). 
Only for the fuel assemblies loaded in the last reactor core lower burn-up is considered.  
 

Comment 13: 

In section 1.9.1 the date of commissioning is 2025 whereas section 1.11 mentions July 2024 as 
the end of all activities. Please clarify the time-scale, in particular regarding the expected start of 
operations. 

Electrabel answer: 
Taking into account the current project planning and status of licensing and permitting activities 
start of exploitation is foreseen by end Q2 2025. 
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