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Introduction 
 
On 10th April 2003 a serious incident occurred at Paks Nuclear Power Plant. 
The cleaning of fuel assemblies unloaded from the reactor of Unit 2 was 
commencing under water in the fuel-cleaning equipment in the maintenance shaft 
Nr. 1. 
There was no chain reaction in the cleaning tank but the fission products, accumulated 
in the previous operational time still produced a significant heat.  Due to the 
inadequate cooling of the cleaning tank the assemblies overheated within a few hours. 
After opening the lid of the tank the entering cold water caused thermal shock and 
significant damage to the fuel assemblies. Cladding of the fuel elements opened up and the 
uranium dioxide pellets got also damaged. 
The removal of the damaged fuel assemblies and the released debris must be 
managed. There are technical difficulties and radiation protection problems to 
reduce the radiation exposure of the workers as well as the minimization of the 
radioactive materials released into the environment. 
 
Present state 
 
At Paks Nuclear Power Plant there are three pools belonging to each reactor (Figure 
1.).  
 

 
Figure 1. Spatial representation of the reactor and the adjacent shafts 
 
The largest one is the reactor pool, above the reactor vessel, that is used for 
refuelling the reactor core whereas in the second one (in the spent fuel pool) the 
spent fuel elements unloaded from the reactor are stored for 3-5 years until their 
residual heat production is reduced to a level that allows for their removal from 
the plant. The smallest one (the so called pit Nr. 1.) is used for transferring the 
assemblies in and out of the plant and for performing maintenance operations. The 
cleaning tank was also placed into this pit that is still containing it with the 
damaged fuel.  
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 the incident the first tasks were to determine the status of damaged fuel 
elements. Criticality, thermohydraulically, radiation measures and visual tests 
were managed. 
These examinations revealed that the integrity and geometrical soundness of a 
significant part of the fuel in the cleaning tank was lost. Consequently, special 
actions must be taken for the assurance of subcriticality, the cooling of the fuel 
and the confinement of radioactive material release before the removal of the 
damaged assemblies, which required the elaboration of numerous auxiliary 
systems: 
 
Neutron flux measure and emergency boric acid injection system 
The fuel elements still contain a considerable amount of fission materials, 
therefore the possibility of an incidental chain reaction had to be assessed. 
Although the theoretical calculations excluded the probability of such an event, the 
occurrence of multiplication factor of influencing effects (temperature, change of 
boric acid content etc.) had to be prepared for. Therefore, a neutron flux 
monitoring system has been installed which on-line measures the changes of 
neutron flux in order to monitor the nuclear stability.  
A boric acid injection instrument also belongs to the neutron flux system. If needed, 
automatically adds high concentration boric acid into the water of the pit Nr. 1.  
 
Autonomous cooling system 
After the incident the damaged fuel elements had to be hermetically separated 
from the other operating systems of the plant. This could have been safely 
achieved with the complete isolation of the pit Nr. 1. As the pit and the spent fuel 
pool had a common cooling system an autonomous cooling system was necessary to 
be installed before the isolation.  
 
Radiation protection measuring system 
The hermetic cladding of the fuel elements have also been damaged by the 
incident. So the fuel pellets is directly contacting the water of the shaft that 
contains boric acid. Although the mechanical and chemical resistance of the pellets 
are rather high, a certain amount of fission materials and fission products still get 
dissolved from them. Though the ionexchangers of the water cleaning systems 
continuously extract these materials from the water, the activity-concentration is 
still high. Therefore the dose field is relatively high around of the pit Nr. 1. 
Consequently, the gamma dose rate is monitored in several locations for the 
adequate radiation safety of the jobs performed there.  
A further hazard is brought about by the radioactive gas release. 85Kr nuclide is 
emit from fuel into the air through the water. Parallel to the evaporation of the 
water small amounts of some other radionuclides also get into the air adhered to 
the aerosol particulates of the air. Although their activities are not considerable, 
and the pit covered by a ventilated tent to prevents the release of radionuclides, 
on-line air activity-concentration measures installed in the reactor hall by 
radiation safety considerations.  
The activity-concentration of water of the pit Nr. 1. also continuously measuring 
and recording from the pipeline of the autonomous cooling system. 
All monitoring systems constantly measured results are displayed locally and also 
in the control room. There are two alarming levels set for each measure. The 
exceeding of the levels generate warnings the personnel both with visual and 



acoustic signals of the deviation from normal conditions. The first level is only 
warning signal, calls the attention to the increased values, however, work can be 
continued. When exceeding the emergency level only the execution of the most 
important jobs is allowed and the work site must be abandoned as soon as possible. 
 
Other measuring systems 
In addition to the above mentioned systems some additional measuring systems 
(e.g. temperature, water level etc.) have also been installed, which generate 
similar signals in the case of deviations from the normal values.  
 
The implementation of removal  
 
The removal is not feasible with the common technologies used in the plant; 
therefore, the elaboration of new methods was necessary. Accordingly, the water 
in the pit Nr. 1 is reduced to a level where the damaged fuel can be accessed with 
manipulators. A cylindrical platform is then inserted into the pit to protect the 
personnel from the external gamma-radiation and to prevent radioactive isotopes 
from entering the work site (Figure 2.).  
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Figure 2. Situation of the work platform and the cleaning tank in pit Nr.  
 
The so called work platform is then placed into this shielding platform, from where 
the personnel execute the removal of the fuel. The work platform can be turned 
inside the external platform, thus ensuring that the technological windows, which 
are used for letting the tools down, can always be set into the right position.  
With the help of letdown tools dismantle the rack holding the fuel elements in the 
cleaning tank and, if necessary, the cladding of the fuel assemblies are 
disassembled, and are loaded into the storage capsules previously placed around 
the cleaning tank. When the capsules are full, they are closed, the platform is 
lifted out, the capsules are transferred into the spent fuel pool and the process 
goes on until the cleaning tank is emptied.  
 



Dose rate calculations on the work site 
 
When planning recovery tasks a radiation protection criterion is that the individual 
dose do not exceed 20 mSv during the entire work done. 15 mSv of this is the 
external and 5 mSv is the internal dose inspection level. 
 
Calculation of the required thickness of water 
Planning radiation protection the main task was the determination of the radiation 
from the fuel elements. The activity of the radionuclides accumulated in the 
assemblies had been determined with the help of the time they spent in the reactor 
and some other parameters influencing their burn-up (Table 1). 
 

Table 1. 

Activity of the gamma-radiation radionuclides  

Radionuclide Activity of 30 fuel elements, Bq 

Kr-85 6,2⋅1014 
Zr-95 4,3⋅1014 
Nb-95 9,2⋅1014 
Ru-106+ Rh-106 2,2⋅1016 
Cs-134 6,8⋅1015 
Cs-137 +Ba-137m 1,4⋅1016 
Ce-144+Pr-144 6,0⋅1016 
Eu-154 2,1⋅1014 
Total 1,0⋅1017 

 
The radiation field of the cleaning tank can be calculated on the basis of material, 
geometrical attributes and activity of the fuel elements.  
To validate the model calculations control measurements have also been carried 
out. Gamma-dose rate measurement was performed on several locations inside the 
cleaning tank with a gas ionization detector.  
Figure 3 presents the measured and calculated values around the tank. The 
maximum dose rate was ≈10 Gy/h which significantly decreased with the depth due 
to the shielding effect of water. The reduction lasts until a depth of 1,5 m from the 
flange of the tank; up to this level the calculated and measured results fairly 
coincide. Above this level the intensity of radiation from the fuel element reduces 
greatly, and its effect becomes comparable to the dose rate from the radioisotopes 
dissolved in water, which the calculations did not consider intentionally, because it 
depends the actual condition of water. 
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Figure 3. Changing of dose rate with depth in the centre of the cleaning tank; 
comparison of the measured and calculated values 
 

Both the performed model-calculations and the measurements showed that over 
water thickness of 2-2,5 m the dose rate is determined practically by the activity 
concentration of water, so it is not worth having a water depth over 2,5 m during 
conducting work. Hence, the 2,5m water depth has become the design basis of the 
platform and the tools.  
 
Calculating the thickness of the platform floor and the shroud belonging to the 
platform 
The most obvious way of reducing radiation from the water is its purification. 
However, even with the constant operation of the water purifiers the activity-
concentration can only be reduced to a certain level, as there are radioactive 
pollutants continuously dissolved from the fuel elements. The intensity of 
dissolution is possible to increase during doing work since due to the movement of 
the assemblies some still compact parts may open up. Furthermore, in order to 
assure subcriticality of the system the boric acid content of the water must be 
raised during recovery, which further increases the velocity of fuel dissolution.  
The most optimal water chemistry conditions possible must be assured, however, 
an activity-concentration of 106 Bq/dm3 (normalized to137Cs ) had to be accounted 
for during planning, which may periodically increase to 107 Bq/dm3-as a result of 
the work performed. This activity-concentration results in a dose rate of 
0,1-1 mSv/h over the surface of the water, at which it is not permitted to conduct 
work for longer time, therefore, additional shielding must be provided.  
The 100 mm thick steel floor of the work platform reduces the intensity of γ-
radiation to one thirtieth part of the original value (at 0.661 MeV energy), which 
ensures the required shielding of the contaminated water of shaft Nr. 1 and of the 
damaged fuel in the cleaning tank.  
For the performance of the operations a ∼ 1245×400 mm sized technological hole 
was created in the floor of the work site next to the lead-glass sight windows, 
which can be closed partially or totally (according to the needs) with protecting 
covers (Figure 4.). During the performance of some tasks work is done with a 



partially or totally opened technological hole. At opened technological hole the 
gamma-radiation dose rate from the shaft water at 1 m height over the bottom of 
the work platform is, according to calculations, 3,4 µSv/h at 106 Bq/dm3  water 
activity-concentration. The dose rate form the 30 damaged fuel assemblies in the 
cleaning tank is 12 µSv/h and the impact of neutron radiation is negligable.  
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Figure 4. Radiation protection shielding surrounding the work  
 
The personnel must be protected against γ-radiation from the contaminated walls 
of the shaft Nr. 1. For the shielding of this a steel shroud shall be installed. With 
consideration of the measured values of the surface contamination and the 
expected effect of the decontamination the wall of the shroud must be made of 45 
mm thick steel from the floor level of the work site while the parts above that shall 
be constructed from 8mm thick steel. This way the external exposure rate from the 
contamination of the shaft walls after decontamination is 1 µSv/h due to the 
planned shielding. 
The personnel must also be protected against the radiation from the pipelines 
supplying the shaft that also contain water from the shaft contaminated with 
radioactive isotopes. The dose rate from the pipelines shielded with lead-plates is 
an additional 1 µSv/h, according to model calculations.  
Summing up the radiation paths above, the expected average dose rate is ≈18 
µSv/h. During the work done in the planned 4-hour-shifts the dose rate per person is 
approximately 70 µSv. For the total duration of the removal the expected dose of 
one worker (during 90 shifts) is 6.3 mSv so the recovery tasks can safely be 
executed in the anticipated circumstances, as the annual limit (in the average of 5 
years) is 20 mSv effective dose.  
 
Calculation of the radiological condition during transferring the capsules into the 
spent fuel pool 
 
According to the removal technology the pieces of the damaged fuel are placed into 
some capsules in shaft Nr. 1 and then are transferred into the spent fuel pool. By 
this technology the refuelling machine holds the capsules (after the removal of the 
platform), lifts them from the water and takes them, through the gate connecting 



the two pools, over their final position in the spent fuel pool and finally lets them 
down under water. This so called semi wet transfer is necessary to prevent the 
contaminated water of the pool Nr. 1 from mixing with the clean water of the spent 
fuel pool, the cleanliness of which is essential for maintaining the proper status of 
the fuel assemblies stored there. 
This way of transferring requires greater consideration from the point of view of 
radiation protection as during the transfer the capsules get over water and their 
radiation raises dose rates in the whole reactor hall as well as in the adjacent 
rooms. 
As part of the examinations an analysis was first made that enabled the 
determination of the part of space which the direct radiation of the capsule can 
reach. Namely, the concrete walls of the shaft Nr. 1 and the spent fuel pool almost 
entirely shield the radiation which can therefore get out only upwards during the 
transfer. This was followed by the determination of the effect of the radiation 
scattering on the walls, the constructional elements of the reactor hall and in the 
air.  
The impact of scattered radiation was assessed with the programme-system 
marked C-95 that is used for the management of tasks that entail simultaneous 
movement of the gamma photons in three dimensional systems.  
In addition to the isotope-list of the capsules, the geometrical data and the 
material qualities, accessed from the technical designs and the structural 
engineering data bases, were also required to be included into the input data of the 
software. 
In the simulation calculations a preliminary dynamics analysis was first made in 
order to determine the position that results in the maximum dose rate during the 
transfer path of the capsules. This position was then the basis of the detailed 
calculations. The figures were determined even for three dates as the ultimate 
time of the recovery is still uncertain and due to the radioactive decay the activity 
is constantly decreasing, therefore, on the different dates different radiation 
protection actions might be needed in some places.  
For the most important rooms the dose rate values, arrived at this way, can be 
found in Table 2.  
 

Table 2 
The expected dose rates in the Unit 2 reactor hall and the adjacent rooms on 

different dates  
01.07.2006. 01.01.2007. 01.01.2008. 

µSv/h µSv/h µSv/h 

Entrance into the reactor hall  2.45E+01 2.19E+01 1.89E+01 

Reactor podium 6.43E+04 5.76E+04 4.98E+04 

Refuelling machine cabin 3.68E+02 3.30E+02 2.85E+02 

Room of turbine hall 1.11E-02 9.91E-03 8.57E-03 

Control room and relay room <0.1E-08 <1E-08 <1E-08 
 



The results of the calculations served as a basis for the creation of the dose map 
and the planning of the actions to be taken for the assurance of radiation 
protection. According to dose rate values the reactor hall must be closed for the 
time of the transfers and the refuelling machine has to be operated by remote 
control. In the nearby rooms, however, low dose rate values can be expected so 
there is no need for special restrictions there. The results of the calculations must, 
naturally, be verified with on-site measurements during the first transfer.  
 
Internal radiation exposure of the personnel 
 
The internal radiation exposure of the employees during work conduct on the work 
site can be caused by the inhalation of radioactive pollutants that get into the air 
with the evaporation of the water and also of radioactive particulates from the 
contaminated surface of the shaft wall. 
At the estimation of the internal doses the allowed activity-concentration of the 
particles in the air-space of the work site were first determined as basis. The 
inspection level of the internal doses (5 mSv), the dose conversion factors, the 
possible protecting equipment, the inhalation capacity of the employees, the time 
spent on the work site and the expected activity-concentrations were all 
considered. According to the calculations the internal radiation exposures in a 
rather pessimistic approach and even without the application of respirators, can 
not exceed 0,8 mSv.  
The personnel on the reactor podium and the reactor hall are not affected by the 
aerosols appearing in the air-space of the work platform, because the ventilation 
system excludes the contamination of the air of the reactor hall. Beyond the 
application of the air curtain the airflow is also conducted as the air is vented from 
under the work platform at the proper flow rate. Two suction ventilators have 
been installed; the one is the standby of the other.  
 
Examination of radiological environmental protection aspects, limits of radioactive 
release  
 
The liquid radioactive wastes produced during the recovery activity are processed 
with normal technologies used at the plant; therefore, compliance with the limits 
of radioactive release can be safely assured. 
With reference to the radioactive gaseous release during recovery it must be 
considered that the fuel elements may get additionally damaged, and the 
radioactive gaseous release is practically made up of the 85Kr isotope as the other 
nuclides have already disappeared by radioactive decay and the isotopes adhered 
to the particles are effectively absorbed by the air-filter systems.  
According to a model calculation based on the worst case scenario, if the total 
krypton activity of all the fuel rods would be released, the additional dose of the 
critical population group (in this respect the most endangered) would be less than 
5,58⋅10-10 Sv. 
The maximum effective dose to the public population summed up for the entire 
activity (from the preparations to the disposal of the wastes) is 6⋅10-10 Sv which is 
0,00067% of the 90 µSv/year official dose constrain for Paks Nuclear Power Plant, 
which practically negligible risk.  


