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Abstract 

 CANDU 6 (CANadian Deuterium Uranium) is the AECL's 

pressurized heavy water reactor with a design gross output of 

706.5 MWe. The first CANDU 6 plants went into service in the 

early 1980’s as leading-edge technology, and the design has 

continuously evolved to maintain superior technology and 

performance. 

 Cernavoda NPP is the only nuclear power plant in Europe 

based on the CANDU (CANada Deuterium-Uranium) 

technology. Therefore a brief description of the spent fuel 

systems of the CANDU-6 plant is provided in the following. 
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CANDU 6 – Fuel Bundle 

 The CANDU-6 reactor is 

fuelled with natural uranium 

in the form of fuel bundles 

that is distributed among 

380 fuel channels  

containing 12 bundles each. 

 Spent Fuel Bundle 

Characteristics 

 Cylindrical shape 

 37 elements 

 Length ≈ 500 mm 

 Diameter ≈ 100 mm 

 Mass ≈ 24 kg 

 Radioactivity: depends on 

burnup 
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Nuclear Fuel Transfer Routes 
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Spent Fuel Bay– Wet Storage 
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Spent (irradiated) fuel is removed from the reactor 
channels and is transferred to the Spent Fuel Bays where 
it is stored under water. The water provides shielding from 
radiation emitted by the fuel and also provides means to 
remove decay heat, which is given off by the fuel. 

The Spent Fuel Bay Cooling and Purification System is 
provided to remove the decay heat of the stored fuel and 
to remove dirt and radioactive particles (fission and 
corrosion products) from the Storage and the Auxiliary 
Bays. 

Fuel bundles are placed on special designed trays (24 fuel 
bundles/tray) that are stacked one to each other up to 19 
trays per stack. Stacks are inspected and sealed by IAEA 
inspectors. 



Intermediate Dry Spent Fuel Storage 

The Intermediate Dry Spent Fuel Storage Facility for 
Cernavoda is based on the use of seismically qualified 

storage MACSTOR 200 modules located above 
ground in the storage site, and equipment operated at 
the spent fuel storage bay for preparing the spent fuel 

for dry storage. 

IDSFS is a modular construction which allows 
expansion in phases, as the fuel is removed from the 

reactor. Each storage module consists of a very 
robust monolithic structure of reinforced concrete 

which incorporates 20 storage cylinders arranged in 
2 rows, each holding 10 baskets of 60 bundles for a 

total capacity of 12000 bundles. 
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Intermediate Dry Spent Fuel Storage (IDSFS)  
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The MACSTOR (Modular Air Cooled 
STORage) system was developed 
by AECL and is designed for storing 
fuel, which has been previously 
cooled for a period of minimum six 
years. 

A set of air inlets and outlets, laid as 
a labyrinth to reduce radiation 
streams, provides a path so that the 
cooling air, driven by its natural 
buoyancy, enters at the bottom air 
inlets and exits at the top air outlets. 

The air circuit is designed for 
redundancy and diversity, as several 
interconnected openings on the both 
sides of the module are available to 
maintain adequate cooling even if 
some air paths is blocked. 



MACSTOR 200 STORAGE MODULE 

MACSTOR 200 Sectional view 
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MACSTOR 200 Storage Module 

Design and Safety Features 

The modules are designed to withstand abnormal events and these 
are not expected to affect the long-term structural integrity. 

• design basis tornado, wind loads and related tornado missiles; 

• seismic events; 

• floods; 

• snow loads; 

• heavy rain; 

• extreme ambient air temperature and humidity; 

• wind loads. 

MACSTOR modules have no moving parts. Heat dissipation is by 
natural convection. Structures with such a static operation have no 
failure mode during normal operation and can only degrade slowly 
in time. 
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MACSTOR 200 Storage Module 

Design and Safety Features 

Measures are taken to detect and correct any breach of 
containment: 

• storage cylinder air sampling - the air inside the storage cylinder is circulated and 
monitored; 

• storage site radiation survey - surfaces of the MACSTOR modules, the perimeter 
fence and the storage area are monitored for radiation; 

• testing of surface water collected from the drainage system to monitor any 
leakage; 

The MACSTOR design ensures that the containment of fission 
products is maintained during all phases of the fuel handling 
operations. The MACSTOR modules are designed for zero 
release over the entire storage period.  
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Fuel Preparation for Dry Storage 
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The fuel preparation activities are performed in the 
main fuel storage bay. 

Spent fuel bundles are transferred from trays into 
fuel baskets that can hold 60 bundles in vertical 
position. Fuel handling equipment located on the in-
bay worktables, assorted tools and lifting 
equipment are used for this transfer operation. 

Once filled, baskets are inspected, moved under 
the Shielded Work Station (SWS) and lifted out of 
the storage bay into it. Baskets are dried and 
automatic seal welded inside the Shielded Work 
Station. 



Fuel Transfer and Storage 

After welding is complete the fuel basket is 
shipped to the storage site by the use of a 
transfer flask and a transporter. 

At the storage area, the transfer flask is lifted 
from the transporter by the gantry crane above 
the storage module. 

The loading plug previously positioned over the 
storage cylinder to be loaded is removed, the 
transfer flask positioned over the cavity, and the 
fuel basket lowered into the storage cylinder. 

12 



MACSTOR STORAGE MODULE 

SECTION 

 The cycle is repeated until the 

storage cylinder is filled (10 

baskets). The shield plug is then 

repositioned into the storage 

cylinder, seal welded, the weather 

cover installed and seal welded, 

completing the fuel transfer 

operations. 

 The air in each cylinder is 

sampled one week after welding, 

semi-annually for the first two 

years and annually thereafter. 

Fuel Storage (continued) 
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Design Extension Conditions - 

Background 

 Romania has only one nuclear power plant, Cernavoda NPP, with 

two units in operation. Cernavoda NPP Units 1 and 2 cover 

approximately 18% of Romania’s total energy production. 

 Following the Fukushima Daiichi accident occurred in March 

2011, the Romanian authorities have started to perform 

reassessments of nuclear safety and emergency preparedness 

arrangements and to implement improvements, in line with the 

international efforts in this direction. 

 The safety reassessments conducted in response to the 

Fukushima accident included the "stress tests" review required 

by the European Council, in compliance with the specifications 

and criteria issued by the European Commission, based on the 

work done by the European Nuclear Safety Regulators' Group 

(ENSREG) and the Western European Nuclear Regulators' 

Association (WENRA). 
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Design Extension Conditions –  

Earthquake 
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Seismic 
margin 
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after DBE 
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effects of the 
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Ensuring 
Spent Fuel 
integrity 



Design Extension Conditions –  

Seismic Margin Assessment 
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Systematic review of the original analyses done as part of the Cernavoda NPP siting. 

The level of earthquake against which the plant is designed and the methodology used 
to evaluate the DBE have been found adequate as they are in compliance with the 
international standards. 

Assessment of SSCs that are part of the safe operating provisions to prevent SFB 
damage after the earthquake 

No gaps have been identified in respect with the design basis. The licensee’s process 
to ensure compliance is considered adequate by CNCAN. 



Design Extension Conditions –  

Seismic Margin Assessment 
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The seismic margin assessment shows that in comparison with 
the original design basis earthquake of 0.2g, which has a 
frequency of 1E-3 events/year, all SSCs which are part of the 
safe shutdown path after an earthquake would continue to 
perform their safety function up to 0.4g, which has a frequency of 
5E-5 events/year. 

This margin is considered adequate as it meets the safety goals 
applied internationally for new NPPs. 



Design Extension Conditions –  

SSCs Evolution During DBE 
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• The DBE qualified design of the Spent Fuel Bay 
(SFB) concrete structure will ensure no leakage from 
the bay during and after the DBE. 

• The spent fuel trays, seismically qualified with secure 
anchoring for stability, ensure the spent fuel will not 
topple to cause damage. 

Spent Fuel 
Bays 

• This is a seismically robust structure made of 
reinforced concrete which was originally designed for 
a DBE of 0.3g.  

• The seismic margin assessment performed as part of 
the “stress test” demonstrated that the structure can 
withstand an earthquake having a PGA (Peak 
Ground Acceleration) > 0.4g without posing any 
threat with regard to spent fuel cooling capability or 
structural integrity. 

Intermediate 
Dry Spent 

Fuel Storage 
Facility 



Design Extension Conditions –  

SSCs Evolution After DBE 
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Spent Fuel Bays 

Normal pump cooling for the 
SFB is assumed to be 

unavailable due to loss of 
power 

The decay heat 
from the spent 

fuel will be 
transferred to the 
SFB pool water 

by natural 
convection, as 
long as the fuel 
is submerged. 

The evaporation 
of water from the 

bays to the 
atmosphere will 

slowly carry 
away some of 
the decay heat 
from the spent 

fuel. 

Alternate 
source of 

power 

Two mobile 
diesel 

generators (for 
both units) were 

purchased in 
order to provide 
power if the EPS 
is not available. 

Alternate 
source of 

water make-
up to the SFB. 

The emergency 
water makeup to 

the bays is 
available by 

connection with 
the fire main 

hydrants of the 
fire protection 

system. 

Station fire 
water is not 

available 

Fire trucks or 
mobile pumps 
taking water 
from various 

locations, such 
as the fore-bay, 
fire water tanks, 
de-mineralized 
water tanks or 

deep 
underground 

water wells, can 
provide the 

makeup water to 
the bays via 

hose 
connections. 

Intermediate 
Dry Spent 

Fuel 
Storage 
Facility 

MACSTOR 
modules have 

no moving 
parts. Heat 

dissipation is 
purely by 
natural 

convection 
and because 
of this there is 
no impact to 
spent fuel 

cooling 
capability. 



Design Extension Conditions –  

Indirect Effects of the Earthquake 
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Loss of external power and 
Station Blackout 

Spent Fuel Bay 

Alternate source of power 

Two mobile diesel generators 
(for both units) were purchased 
in order to provide power if the 

EPS is not available. 

Intermediate Dry Spent Fuel 
Storage Facility 

MACSTOR modules have no 
moving parts. Heat dissipation 
is purely by natural convection 
and because of this there is no 

impact to spent fuel cooling 
capability. 

Fire 

The inspections conducted in 
response the WANO SOER 

2011-02 confirmed the design 
robustness and good material 

condition regarding the fire 
barrier preservation pertaining 

to the vital areas. 

Seismic 
induced 
flooding 

The Cernavoda NPP site is 
located at 60 km from the Black 

Sea coast, at an elevation of 
+16.50 m above the Black Sea 

level 

Based on the IAEA Safety 
Guide SSG-18 (Meteorological 
and Hydrological Hazards in 
Site Evaluation for Nuclear 
Installations, para. 5.44), no 
specific further investigations 

and studies need be 
performed to analyse the 

tsunami hazard for the plant 
site, provided that the site is 

located in an area that shows 
no evidence of past 

occurrences of tsunamis 



Design Extension Conditions - 

Conclusions 

 Specific emergency operating procedures have been developed 

and implemented to cope with Station Blackout and Loss of 

Spent Fuel Pool Cooling events. 

 Mobile diesel generators have been procured, are available on 

site and have been tested to enhance protection against SBO 

scenarios. 

 Station response to a loss of Primary Ultimate Heat Sink and 

SBO - combined event does not rely on any off-site equipment 

for the primary response, all the necessary equipment and 

resources being available on site and sufficient for coping with a 

prolonged SBO. 

 CNCAN noted that a significant effort has been made by the 

licensee to respond to the lessons learned from the Fukushima 

accident in a timely manner. No concerns have been raised from 

the regulatory reviews performed to date. 
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Questions 
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