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ABSTRACT  
 
 

Spent fuel resulting from 25 years of operating research reactor RA at the VINČA Institute 
is presently all stored in the temporary spent fuel storage pool. It has been left in the 
ambient temperature and humanidity for more then fifteen years so intensive corrosion 
processes were notice. We have spent fuel pools under control, after first research 
coordination meeting (RCM), of the first CRP, by monitoring of physical and chemical 
parameters of water in the pools, including temperature, pH-factor, electrical conductivity, 
mass concentration of corrosion products in the water and mud, mass concentration of 
relevant ions etc.  The rack of standard corrosion coupons, was given at that time, has been 
in poor quality water for six years. We pick up rack assembly from basin and analysed. The 
results of this investigation are present in this article. 
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1. Introduction  
 
Spent fuel resulting from 25 years of operating research reactor RA at the VINČA Institute is presently 
all stored in the temporary spent fuel storage pool, the six meters deep, consists of four connected 
basins and annex, having thick concrete walls clothed with stainless steel. It is filled approximately 
200m3 of stagnant ordinary water. It was planned to transfer spent fuel back to the supplier, after 4-5 
years of cooling in the temporary storage pool, but this did not happen. According to the original 
design, the RA reactor spent fuel storage pool was not equipped with purification system, probably 
because the pool water was not suppose to be in direct contact with the spent fuel (Both the drums and 
the containers were filled with demineralized water and hermetically closed). Regular monitoring and 
maintaining of pool water radiochemical parameters have never been performed before 1995. 
 
Since fuel corrosion problems had been encountered already at the time of regular RA operation, and 
were one of the main reasons for its shut down, it could be easily assumed that the corrosion processes 
would continue in spent fuel storage pool. There were many reasons that help was demanded from 
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IAEA and a prompt response followed. One of the main conclusions was that the spent fuel storage 
pool is in a very bad condition and should be the cause of primary concern. 
 
One of general recommendations of the IAEA fact-finding mission on the Institute of Nuclear 
Sciences VINČA was to improve the present situation of the existing spent fuel storage by reducing its 
turbidity, by removing the failed fuel slug from the bottom of the pool and by controlling the water 
chemistry so to reduce corrosion as much as possible.  
Present state of the pool at the Vinca Institute has been discussed earlier [1,2]. 
 
2. Corrosion processes in the fuel storage pool 
 
Following the above instructions, besides continual mechanical cleaning of water and visual 
inspection of water and containers with irradiated fuel in the pool, the spent fuel storage pool is still in 
very bad condition, measures have been undertaken in the Institute to establish regular quality control 
of the water in the basins.  
 
Now, we have spent fuel pools under control, after first research coordination meeting (RCM), of the 
first CRP, by monitoring of physical and chemical parameters of water in the pools, including 
temperature, pH-factor, electrical conductivity, mass concentration of corrosion products in the water 
and mud, mass concentration of relevant ions etc. An Iskra MA 5705 pH-meter with a combined glass-
calomel electrode and a HANNAT-DIST 3 conducto-meter were used to determine the pH and 
specific conductance, respectively. Chloride analyses were performed by argentometric titration and 
aluminium analyses by spot test reaction by alizarin sulphonic acid. The results are presented in Table 
I. For all samples Fe and Al contents were below 0.1 mg/l, i.e. below 2 mg/l, respectively. Sulphates 
(50-60mg/l) were determined sporadically. 
 
     Table Sample I. Results of measures parameters of samples from the basins 

Samples pH 
1995     1996 

Cond. (µS/cm) 
1995    1996 

Cl(mg/l) 
1995     1996 

SO4(mg/l) 

Water from basin 1 7.8 8.5 430 430 75 65 53 
Water from basin 2 7.8 8.5 420 440 75 68 53 
Water from basin 3 7.8 8.4 430 460 70 68 54 
Water from basin 4 7.4 8.4 410 440 70 68 54 

 
Latest measurements performed in 2002 gave pH near 7.0 and conductivity of 430µS/cm for bulk 
water sample from basin 4. 
 
The study of corrosion effects in the spent fuel storage pool is very important, because corrosion 
induced degradation of the fuel cladding, the undermining fuel itself, and other aluminium 
components of the fuel handling and storage systems.  
In order to investigate and minimise corrosion of Research Reactor aluminium-clad spent fuel in 
water, the rack of standard corrosion coupons from IAEA, has been in poor quality water for six years. 
Corrosion coupon is the disk or sample and corrosion rack is the assembled set of coupons, spacers, 
central support tube and hanger. 
 
That rack has been placed in the annex of the basin 4, 4 meter under surfaces and distance from wall 
was about 20cm.showen in Figure 1. The rack has been exposed in poor quality water from June 1996 
to July 2002.     
We withdraw the rack assembly from basin and visually analysed and take photographs of all 
operations. Two photographs of assemble coupons prior disassemble are presented in Figure 2. and 
Figure 3. 
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Visual and photographic inspection, together with determination of pH of the water on the surface of 
the coupon is the first step of our investigation. Results of measuring the pH (with pH paper) on the 
surface of coupon are about 5.5, which are lower compare with pH of bulk water (about 7.0). One can 
conclude that lower pH indicate corrosion process on the coupon surface. 

Visual and photographic inspection, together with determination of pH of the water on the surface of 
the coupon is the first step of our investigation. Results of measuring the pH (with pH paper) on the 
surface of coupon are about 5.5, which are lower compare with pH of bulk water (about 7.0). One can 
conclude that lower pH indicate corrosion process on the coupon surface. 
  

                                                  
Figure 1.Positione of the rack in the basins 4                   Figure 2. Picture of the rack assemble 
             

 
As we can see at the pictures, there is some quantity of 
sludge on the surface of coupons. Presence of the sludge 
on the surface of coupons, one can explain caused by 
activities, which performed in water of the basins. In 
order to get better chemical quality and transparency of 
water in the basins, we removal sludge from the pool 
bottom and filtering the water, but there were no 
significant changes in chemical parameters, only its 
transparency increase [3].   
     
There are many deposits on the surfaces of all coupons, 
also. Same deposits are wait and some are brown 
(Figure 3.). The deposits are different dimensions, some 
of them are very small and some of them are big, so one 
can see them clearly. We attend to disassemble the rack 
and count the all deposits we can see and evaluate pitted 
aluminium coupons metallographicaly. Our data, 
detailed observations and conclusions including 
photographs will be given in final report.  
 
Same investigations have been performed to study 
microbiologically influenced corrosion process in the 

Figure 3. Picture of the rack assemble                research reactor RA storage pool. We identified presence 
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some microorganisms (sulphate reducing bacteria (SRB) in the water sample after inoculated it in the 
proper culture medium, i.e. the Wilson-Bleure medium. When sulphate-reducing bacteria are present 
in the sample, sulphates are reduced to sulphide and react with iron ion produced ferrous sulphide.  
Further investigation of corrosion processes caused by microbiologically influenced in the research 
reactor RA spent fuel storage pool will be presented in next paper.    
 
3. Conclude 
 
The present status of spent fuel storage pool of research reactor RA at VINČA Institute of Nuclear 
Sciences presents a serious nuclear safety problem. The results of the measuring chemical parameters 
and visual inspection of the water, as the IAEA experts have proposed it, indicate that we have spent 
fuel pools under control conditionals to intend to minimise the corrosion of all surfaces being in 
contact with water. 
 
The study of corrosion effects in the spent fuel storage pool is very important, because corrosion 
induced degradation of the fuel cladding, the undermining fuel itself, and other aluminium 
components of the fuel handling and storage systems.  
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