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ABSTRACT 

On April 10, 2003 Paks NPP experienced a loss of decay-heat removal to 30 irradiated 
fuel assemblies undergoing a cleaning process in a fuel service pit near the unit 2 spent fuel 
pool. Following chemical cleaning of high decay-heat fuel, a delay in removing the cleaning 
vessel’s lid left the cleaning system in such a condition that did not provide adequate cooling 
to the fuel. After several hours of the fuel being under-cooled, a steam bubble developed in 
the vessel, essentially uncovering the fuel. When the lid of the vessel was removed, the 
sudden introduction of cool water thermally shocked the fuel causing significant structural 
damage and a release of fission product gases to the reactor building. 

 The paper will discuss the causes of the event as well as the contributing factors to it. 
Detailed information will be given about the planning and preparation of the recovery actions. 
The in-depth analyses of the consequences and lessons learned complete the lecture. 

 

1 WHAT HAPPENED? 

Since the end of nineties the Paks NPP units – except unit 4 – had experienced deposit 
collection on the primary hot surfaces. Deposits on surfaces of fuel pins led to increased flow 
resistance in the core and consequently to the primary flow degradation. At the first time the 
causes of deposits were not identified, and aggressive steps were not taken to reverse the 
process. By the end of 2002 the situation developed to such an extent, that an extraordinary 
total core reloading had to be done at unit 3. The total reloading requires nonstandard fuel in 
the sense of enrichment – same as in case of the initial core pattern – that is why to perform 
similar measure at unit 1 and 2 was not an option. (The fuel supplier could deliver 
nonstandard assemblies within 1.5-2 years.) 

Having all these circumstances at the end of 2002 the Paks Company contracted the task 
to perform ex-core cleaning of fuel during refueling outages. The supplier has had the relevant 
technology (CORD-UV: Chemical Oxidation Reduction Decontamination-Ultraviolet 
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process), designed, produced and installed the necessary equipment. The same company 
earlier successfully performed fuel cleaning on cold assemblies. The contract also tasked the 
supplier to operate the system (to perform the cleaning) in the plant premises with the 
necessary services provided by the plant. The cleaning went on with 30 bundles batches. 
From March 27, 2003 5 batches were treated, three out of them contained high decay-heat (~ 
10kW) assemblies. 

On April 10, 2003 we experienced a loss of decay heat removal to 30 irradiated fuel 
assemblies undergoing a cleaning process in a fuel service pit near the unit 2 spent fuel pool. 
Following chemical cleaning of the 6th batch of fuel, a delay in removing the cleaning vessel’s 
lid left the cleaning system in such a condition that did not provide adequate cooling to the 
fuel. The under-cooling was not recognized by the operators. After about one hour of the fuel 
being under-cooled, a steam bubble developed in the vessel, essentially uncovering the fuel. 
After several hours, when the lid of the vessel was opened, the sudden introduction of cool 
water thermally shocked the fuel. This and the dynamic effect of the rapid evaporation caused 
significant structural damage of the fuel and a release of fission product gases to the reactor 
building. 

On 16 April, video pictures taken inside of the cleaning vessel showed extensive fuel 
assembly and fuel pin damage. The event was ranked on the INES scale as Level 3. 

 

2 WHY IT HAPPENED? 

2.1 The root cause  

The root cause of the event was the deposit formation. In the previous years – in 2000 
and 2001 – the plant performed chemical decontamination of steam generators in order to 
decrease the contamination level for works to replace the feed water distribution pipe inside 
the SGs. The feed water distributors had been affected by the erosion-corrosion wear and their 
condition posed a definite risk for the primary collectors. The chemical decontamination was 
performed simultaneously at relatively large number (> 3) of SGs at each unit. As it became 
clear afterwards, the decontamination has had a side effect – which was not a part of the 
operational manual – that the treated surface (here: the inner surface of the heat exchange 
tubes) acts as a material source for a certain period following the chemical treating. The 
operational filtering systems of the primary circuit could not cope with this excess of particle 
generation, the deposit collected on the hot surfaces. Other plants applied chemical 
decontamination with the same AP-Citrox technology, however they did not got in trouble 
with it. The reason is that they did not treat more than 3 SG during the same outage. 

Paks was forced to do the chemical cleaning simultaneously at many of SGs, because 
the planned replacement of feed water distributors was year-by-year postponed until it 
became so urgent, that distribution of work along a few years was not possible. 

 
2.2 The direct cause  

There were two modes of operation of the cleaning system: Cleaning mode “C” with 
250 m3/h flow rate and a cooling mode “B” with flow rate of 20 m3/h. The double walled 
cleaning tank placed under water in the fuel service pit contained 30 fuel assemblies. The 
discharge from the cleaning vessel was arranged near the bottom of the assemblies to promote 
a flushing action across the flow distributor and fuel seating plate. 

The capacity of the pump operating in the stand-by mode “B” was insufficient to 
remove the decay heat of the assemblies due to the geometrical configuration of the cleaning 
tank, and a by-pass flow occurred through holes of the assembly shrouds. This led to the 
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overheating of the fuel assemblies. The lack of cooling of the fuel assemblies in the tank was 
a result of fundamental design deficiency of the cleaning tank. Designers did not take into 
account the flow of coolant through small pressure relief holes in the bottom of the fuel 
assembly shrouds, believing the bypass flow through these holes was negligible.  This was a 
correct assumption for mode “C” where large capacity pumps provided substantial coolant 
flow through the vessel. However, in mode “B” with a flow of only 20 m3/h, the bypass flow 
through the holes and seatings became substantial. (Fig.1) 

Besides of insufficient heat removal capacity of the cleaning system, the tank was not 
equipped with appropriate measuring devices, to monitor condition of the fuel assemblies.  

 

 
 

Figure 1: Arrangement of the cleaning tank at the phase of overheating 
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2.3 Contributing causes 

The event would not have happened if there were not serious organizational and 
functional flaws in the plant management. 

In addition to the fact that no alternatives to the fuel cleaning process were evaluated, 
decisions on the fuel cleaning operations were postponed several times. The final contract 
with the supplier was signed 4 months prior the scheduled activities. It put both the supplier 
and the plant staff under heavy pressure to fit every preparation within the schedule. This 
determined the quality of the operation documentation (which contained eroded safety 
margin), the lack of thorough review of the contractor activities, and planning of the 
commissioning tests etc. All activities connected to the fuel cleaning were seen as a routine 
chemistry operation, where the most critical issues were to assure the proper concentration of 
reagents. 

Overconfidence in capabilities and expertise of the contractor, lack of a clear focus on 
ensuring fuel integrity, and time pressures contributed to an inadequate design review by our 
plant staff that resulted in fundamental design weaknesses going undetected. Inspection 
performed at the plant did not identify and exclude design deficiencies during neither the 
design nor the licensing process, since Paks NPP's requirements for design, design control and 
design review were not followed. Control of the licensing documentation by the plant quality 
assurance organization was not performed with appropriate accuracy due to time pressure. 
Paks NPP did not monitor the activity of the contractor in accordance with rules specified in 
the Nuclear Safety Code. The plant's staff involved in operations was not given an appropriate 
training with respect to nuclear safety aspects of operations. 

The site nuclear safety group’s role was not clearly defined. The group was too deeply 
involved in implementing the cleaning system rather than providing an independent critical 
safety analysis of the design. All this resulted in an exceptional tratment, bypassing certain 
company standards. It can be said there were bypasses in procedures, which resulted in 
bypasses in cooling flow later on. The fuel damage event relentlessly demonstrated those 
weaknesses in the plant safety culture, which developed slowly in the past few years. 

 

3 CONSEQUENCES 

30 fuel assemblies had been totally damaged, lost their structural integrity. Further 60 
assemblies – which were treated at the previous cleaning batches – are not suitable for 
operation because of suspicions of being overheated during the cleaning process. 

There were – comparing to the normal operation’s conditions – significant radioactive 
releases. However the total 467 TBq inert gases and 400 GBq iodine released caused an 
increase of doses equivalent with the 0.01% of the natural background radiation in the 
population close to the plant. The plant personnel received extra 166 mSv (collective) doses. 
There were no violations of personal dose limits. 

At the fuel service pit a nonstandard fuel configuration was generated. To assure and 
justify the safety and stability of the 3.6 t uranium dioxide fuel having direct contact with the 
cooling water in a geometrically hardly determinable form has meant a unique task. A large 
quantity of liquid radioactive waste was generated which put an extra burden to the plant 
radioactive waste handling system. Because of the fuel transport route is blocked by the 
cleaning tank containing the damaged fuel assemblies, unit 2 operations could not be 
resumed, although the operational systems of the unit were not affected. 

As a consequence of all these, the company suffered major business losses. The main 
factor is the production loss. The direct losses (damaged fuel and cost of the recovery actions) 
have been reimbursed by the contractor and the insurance companies. 
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Probably the biggest loss is that the society’s confidence in the nuclear plant was 
shaken. It is hard to quantify it in monetary means, but to gain the necessary support for 
example for the life extension program we need much extra work to do. The event happened 
at the time when the first step of the liberalization of the electricity market in Hungary took 
place. Due to the sudden loss of the 8% of the country’s generating capacity, the market 
opening developed very slowly, compromising its original goals. 

 

4.  HANDLING THE CONSEQUENCES 

4.1  Consolidation of the fuel service pit condition 
 
In order to isolate the fuel service pit from the spent fuel pool, monitoring systems 

(neutron flux, temperature, water level) have been established and the internal coolant pumps 
serving for direct cooling of the damaged fuel assemblies have been duplicated. The unit 
operating systems were separated from the pit, and systems providing independent cooling, 
emergency boron injection and ventilation for the pit were installed. 

To justify the suitability and appropriateness of the selected measures a set of analyses 
was done to assess the sub-criticality and cooling of the damaged fuel taking into account the 
possible worst cases. A separate technical specification and operation manual was elaborated 
for consolidating the temporary situation. 

Damaged fuels are in stable condition: the decay heat power in the tank recently is 
below 25kW, temperature is below 30 C0, keff (at 3600 ppm boron concentration) is ~0.85. As 
a result of the performed surveys and temperature and γ dose mappings we have now reliable 
information on the fuel condition. This information plays a determining role during the 
elaboration of the recovery concept. 

 
4.2 Removal of the damaged fuel  

 
In September 2003 Paks NPP signed a contract with the consortium led by the Russian 

TVEL Company for the removal of the damaged fuel assemblies and for their encapsulation. 
The Russian contractor developed the basic design documentation and performed the safety 
assessment for the recovery program. Using these documents a licensing documentation has 
been developed for the application for license-in-principle, which contains comprehensive 
description, evaluation and analysis of the whole recovery program. The application 
documentation is supported by design and safety analysis reports and independent expert 
reviews. The in-house review of the licensing documentation is under way. Simultaneously, 
the Russian contractor started to develop manufacturing design of the required equipment, 
containers and tools. A 1:1 mock-up of cleaning tank has been built in Russia in order to 
facilitate the equipment and tool development and to train the operators before starting the 
removal activities. 

The concept of the work is to take out from the cleaning tank pieces of fuel assemblies 
using different tools (pliers, tweezers, scissors etc), collect the debris with underwater pumps. 
Put the collected components into the hermetically sealed canisters and store them in the spent 
fuel pool. These canisters have the same size as containers for assemblies that lost their 
tightness, so they can be stored in the spent fuel pool under normal operating condition. Steps 
are taken to elaborate the further fate of these canisters, either with intermediate storage or 
with the reprocessing. Because of the unique character of the recovery both from the technical 
and safety point of view, the design, safety assessment, review, the subsequent regulatory 
approval and the manufacturing of the special tools and canisters are very time consuming. 
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The safety and reliability of the work are the highest priorities. This is why we have not set 
yet the final date of the fuel removal start up. According to our present information it cannot 
be started earlier than in the second quarter of 2005. 

Paks NPP pays extraordinary attention to in-house and independent reviews of the 
design and safety assessment. These activities will be performed by Hungarian and foreign 
companies as required at different phases of the program. The Hungarian nuclear authority 
(HAEA) established a close co-operation with the Russian (GAN) and with the US (NRC) 
regulators seeking help to be provided during the licensing of the recovery process. 

 
4.3 Operation of unit 2 

 
The process systems of the unit 2 were not affected during the incident. The only 

consequence of the event was that the reactor – including the fuel assemblies – and two 
primary circulation loops (No. 3 and 5) taking part that time in the natural circulation became 
contaminated with fissile isotopes. The contamination was terminated with the separation of 
the fuel service pit from the primary system.  

Preservation the unit systems for the long-term shutdown condition was completed 
before the mid-summer of 2003. The operating systems have been maintained in pre-
operating condition under regular chemistry control. Two different preservation methods were 
used on the systems being shutdown: 

• Where it was possible, systems were dried out and maintained in dry condition. 
• Equipment, which could not be drained (pipe area of heat exchangers) were filled up 

with water of pH > 10.  
The regular corrosion surveys indicated that the conditions are as during the normal outages. 

Since the reactor and process systems were not impacted by the event, there has been a 
possibility to put the unit into operation. Since the fuel service pit is not available for fuel 
manipulation (removal of spent fuel and loading of fresh fuel), the core of the next fuel cycle 
(No. 20) was compiled using the fuel assemblies located in the reactor and spent fuel pool, 
and 7 fresh fuel assemblies were added. This specific core design was supported by safety 
assessment performed by Paks NPP and an independent institution. This core is estimated to 
allow about 130 full power days of operation. 

Water chemistry in the pools at the reactor has been continuously monitored and the 
level of contamination measured by friction sampling from accessible surfaces. The reactor 
and two contaminated loops had been twice cleaned so far with the plant purification system 
using cold run of reactor coolant pumps. The measurements demonstrated the effectiveness of 
the process.  

In order to define the preconditions of restart and safe operation of the unit 2 competent 
Russian (TVEL, Kurchatov Institute) and Hungarian institutions have been involved. The 
Hungarian regulatory body issued a system of criteria for restart, which has differed from 
normal start-up requirements. Taking into account these requirements the conditions and the 
program of safe start-up were established by Paks NPP. The program contained adequate 
check points for the control of the compliance with criteria and licensing conditions.  

Since July of this year steps contained in the restart program have been completed. As a 
result of the hot run test with all working reactor coolant pumps, the concentration of uranium 
and trans-uranium isotopes in the primary water decreased to level below that of the 
operational units. The reactor was taken to criticality on 20th of August.   
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4.4 International research project 

On the basis of the proposal of US NRC representatives, the OECD NEA and the IAEA 
organize an international research project for receiving the maximum benefit from the 
incident. A database will be established covering information on fuel, cleaning vessel, 
incident conditions and the present status of the damaged fuel and analytical investigations of 
the incident scenario will be accomplished. Very probably one or more capsules with fuel 
debris will be investigated in details in Dimitrovgrad later on.  

The results of the international project may help in understanding more deeply the 
incident scenario, however, the modeling of the very fast events following water intrusion 
remains the most difficult question. The very specific circumstances of the Paks incident (e.g. 
long term oxidation in a hydrogen-rich atmosphere) make questionable the applicability of the 
results for modeling general LOCA phenomena in a more realistic manner.   

 
 

5.  IMPLICATIONS 
 
Understanding the need to satisfy the increased media and public interest, the plant 

management held last year regular press briefing about the plant activities and the progress on 
the preparatory work of the recovery on weekly basis. Our engineers held several lectures 
about the event and its consequences. We have posted our internal and the authority’s 
investigation report to the plant web site. Probably not independently of these activities the 
public confidence – according to a recent survey – returned close to the level before the fuel 
failure. 

 
 


	WHAT HAPPENED?
	WHY IT HAPPENED?
	The root cause
	The direct cause
	Contributing causes

	CONSEQUENCES
	
	4.2	Removal of the damaged fuel

	4.3	Operation of unit 2
	4.4	International research project


