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1. INTRODUCTION 

The spent fuel storage pool on the RA research 
reactor in the Vinca Insti tute consists essentially 
of four, six meter deep, inter-connected rectan
gular basins. Basin the fourth contains an annex, 
which turns it into a L-shape. Basin 1 is accessi
ble from the reactor via a water-filled transport 
channel. It is estimated that the basins together 
contain about 200 tonnes of stagnant tap-
water which untill 1995 had received no attention 
to the water chemistry since they were filled 
in 1960. The stainles-steel liners of the basin 
and all visible steel construction elements are 
covered with corrosion products especially at 
welded joints and where the water/air interface 
is in contact with ametal. The floors of the 
basins and transport channels are covered with 
sludge which bears testimony to the amount 
of corrosion that has taken place. Roughly 3 m3 

of sludge is estimated to be present in thickness 
varying from 5 cm to about 15 cm in places. 
A number of pieces of debris, some of large 
dimensions and many of unknown origin, litter 
the floors of he basins. 

Chemical and radiochemical analysis of the pool 
water has revealed that all normal indicators of 
water quality for storage of aluminium-clad fuel 
storage. In fact, the pH, conductivity and concen
trations of very aggressive chloride ions and sul
phate ions indicate that is the most aggressively 
corrosive water ever reported for a spent fuel 
pool. 

2. CHARACTERISTICS AND QUANTITIES OF 
RADIOACTIVE SLUDGE IN THE SPENT 
FUEL ELEMENT STORAGE POOL 

In order to estimate storage conditions for the 
spent fuel elements in the storage pool and 
charachteristics and quantities of the sludge on 
the bottom of the pool water and sludge samples 
have been taken on different location in the pool. 
Analysis of the water from the pool (pH=8.4, 
Conductivity = 446 uS/cm, [Cl]=66 mg/l , [Cu]= 
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0.05 mg/l , [Zn]<0.01 mg/l , [Fe]=0.15 mg/l, 
[S04]=55 mg/l) shows that the water is highly 
corrosive to aluminium alloys. Activity concen
tration of the water from the pool of about 80-90 
kBq/l of 137Cs, although not of grave concern, is 
certainly significant, and is incontestable proof 
that some amount of the fission products are 
leaking. The activity of 137Cs in the sludge sam
ples is 1.810.2 MBq/1. 

3. CLEANING THE SLUDGE FROM THE 
BOTTOM OF THE SPENT FUEL STORAGE 
POOL 

To perform preliminary removal of sludge from 
the bottom of particular basin, channel type 
spent fuel containers are removed from their 
original holders and temporarily hang on the 
newly produced holders placed along the trans
port channels. The bottom of an empty basin are 
then examined using a special underwater cam
era. 

Water carrying the sludge from the bottom of 
the t reated basin had been pumped into the 
sedimentation vessel by different pumps. For 
this purpose a 2.5 m3 vessel was producted for 
separat ing sludge from the water by simple set
t l ing (Figure 1). I t has an inflow pipe at the 
top, a valve at the bottom for releasing the set
tled sludge, three more valves at different lev
els for releasing separated water to the pool 
and a safety pipe near the top for circulating 
water back to the pool in case of the overflow. 
The vessel was placed aside the spent fuel stor
age pool into an appropriate t ry where acciden
tally spilled contaminated sludge and water 
would be collected and re turned into a basin 
through the pipe connected to the hole on the 
bottom of the t ry . The 1.5 m legs make it pos
sible for the forklift carrying the cask for the 
sludge removal to come under the lower valve 
of the vessel. 

Pumping of water with the sludge from a par
ticular basin have been performed until the sedi
mentation vessel has been filled. After at list a 
day of settling, separated water had been re
turned into untreated basin, while the sludge is 
poured into a special cask designed and produced 
for sludge transport, conditioning and storage. 



4. SLUDGE CONDITIONING AND STORAGE 

Total quantity of sludge on the bottom of the RA 
research reactor spent fuel storage pool is esti
mated to be about 3 . Estimation were made on 
the basis of the average sludge height on the bot
tom of the pool and pool surface. The sludge col
our have been a dark red-brown, like a Fe corro
sion products. Gamma spectromery analysis 
showed tht the activity concentration of the 
sludge is about 1.8 MBq/l I37Cs and about 60Co. 

Based on the previous experience, a technology 
was developed for sludge immobilisation and con
ditioning in a cement matrix, inside casks pro
duced using the standard 200-liter metal barrels 
which have lids supplied with screws. Casks have 
been produced as containers in standard metal 
barrels. Thickness of the concrete walls are about 
6-7 cm. Entire side of the cylindrical concrete 
wall is a plastic tube with wall thickness of 1 cm, 
which has been used as a model in forming cylin
drical concrete wall. This plastic tube seres as a 
first barrier in preventing radionuclides leaching 
from radioactive sludge immobilised in a cement 
matrix. The bottom cask concrete wall is also 6-7 
cm thick. In order to prevent or reduce radionu
clide leaching, this wall has been covered with 
epoxy resin. The useful volume of thee casks are 
about 75 1. 

The existing pilot cement mixer was recon
structed to enable placing barrel containing the 
planned quantity of sludge on its platform with
out a risk of spilling. Rooms for conditioning the 
sludge in a cement matrix, supplied with inde
pendent ventilation system, and for storing the 
casks during the period needed for cement hard
ening, have been arranged. Arrangement of the 
modified pilot mixer with concrete container 
made in metal barrel, placed on the mixer plat
form with appropriate quantity of sludge are pre
sented on Figure 2. 

About 60-65 1 for sludge are poured at a time 
from the sedimentation vessel into a previously 
prepared cask. As soon as cask is filled up, it is 
hermetically covered with a lid supplied with 
screw and transported to the laboratory for 
sludge conditioning. There, additional settling of 
sludge is allowed. Separated water is pumped into 
a plastic can and taken back to the RA reactor 
spent fuel storage pool. Through the second stage 
of the sludge settling, volume of the sludge in the 
cask has been rediced to about 40 1. 

When the cask with the settled sludge is placed 
on the platform of the mixer for further condi
tioning, the necessary amount of cement (PC-45 
Mpa), according to the established formula of ce
ment matrix and the cement-sludge ratio, are 
poured into the cask. Mechanical manipulator 
will then mix this mixture until a homogeneous 
substance is obtained. This technology for sludge 

Figure 1. Settler for sludge 

Figure 2. Modified pilot mixer with concrete container 
in metal barrel 



Figure 3 . Ambient dose equivalent rates on the top of the spent fuel storage pool, [jiSv/h] 

conditioning eliminates all the risks related to 
pouring the sludge into the concrete mixer and 
pouring the cement-sludge mixture into the metal 
barrel. The barrel with the homogenised mixture 
is removed from the mixer platform and placed in 
a separate room for concrete to harden. The time 
needed for concrete hardening is about 48 h. 

The final stage of radioactive sludge condition
ing is the covering of radioactive sludge immobi
lised in a cement matrix with pure concrete cork 
and, after the concrete cork hardening, cover 
metal barrel with a lid supplied with screw. 

Taking into account the measured sludge activ
ity concentration, two stage sedimentation proc
ess, one in the vessel for sedimentation and the 
second in the concrete cask - container, and the 
conditioning technology, it is estimated that each 
cask containing conditioned sludge contains about 
150-200 MBq 137Cs and about 7-10 MBq 60Co, i.e. 
activity concentrations of the conditioned radio
active waste in radioactive waste packages are 
about 0.7-1 GBq/m3137Cs and about 7-10 MBq/m3 

60Co. Taking into account composition of radioac
tive waste packages, the effect of self-absorption 
in homogeneously dispersed radioisotopes in the 
cement matrix, and concrete cask walls radiation 
absorption capability the contact dose rates on the 
casks surface are in the range from 100 to 150 
uSv/h, much less than 2 mSv/h, which is an eccept-
able value for the radioactive wastw packages. 

5. SAFETY MEASURE AND PRECAUTIONS 

Overal safety measures during the actions on the 
research reactor RA spent fuel storage pool are 

based on legal standards recommendations and 
other IAEA and ICRP documents, related Yugo
slav laws, internal regulations of the Vinca Insti
tu te and RA reactor which deal with safety prob
lems and issues. 

In safety assessment of the technological 
route for cleaning the spent storage fuel pool, 
possibilities of the different accidents such as 
pipe breaking or t u r n over of a barrel before 
closing or dur ing the t ranspor t , spill ing or 
splashing radioactive mater ia ls , were analysed. 
Radiat ion protection and safety measures for 
personnel taking par t in all the procedures, 
dur ing the normal act ivi t ies, as well as during 
the possible incidental or accidental conditions 
were specified. Exposure control and decon
taminat ion procedures were elaborated. To pre
vent spreading possible contaminat ion, tempo
ra ry sani tary passes were installed on the exit 
from spent fuel storage pool, as well as from 
the sludge conditioning area. All operations 
performed to improve spent fuel storage have 
been properly recorded by making protocols, 
b luepr in ts , photographs and videorecords. 

In order to assess personnel exposure ambient 
dose equivalent ra te have been measured in all 
areas where work have been done. Measured 
ambient dose equivalent ra tes on the top of the 
spent fuel storage pool, before any action have 
been done are presented on Figure 3 . Also, ac
t iv i ty concentrations in the air have been con
trolled. 

Although all operations have some exposure and 
contamination risk we have assessed that personnel 
overexposure have to be practically impossible. 



6. CONCLUSION 

Cleaning t h e r e sea rch r eac to r R A s p e n t fuel s tor 
age pool appea red to be a more d i f f icul t , m o r e 
t ime c o n s u m i n g and ce r t a in ly more expens ive op
era t ion t h a n orogina l ly e s t i m a t e d . However , t h e 
resu l t s achieved so fa r , e x t r a c t i o n of t h e s l u d g e 
from t h e b o t t o m of t h e pool and i t s immobi l i sa 
t ion a n d cond i t i on ing - t h e f i r s t s t age of t h e 
c leaning, a r e sound bas is to conclude t h a t t h e 
task shal l be accompl ished successfu l ly . 

All pe r formed s teps in r emoving s ludge f rom t h e 
bot tom of t h e spen t fuel s to rage pool, por ing t h e 
sludge f rom the sed imenta t ion vessel to the con
crete cask, cask w i th a s ludge t r a n s p o r t a t i o n to t h e 
laboratory for condi t ioning , and condi t ioning of 
the rad ioac t ive s ludge in a cement m a t r i x have 
been done in accordance wi th all r e levan t requi re 
ments for r ad i a t ion safety and rad ia t ion protec
t ion. No one from personnel have been exposed 
more t h a n a few mSv, far f rom exposure l imi t . 

R E F E R E N C E S 

1. M. Matausek et al. Current Activities on Improving 
Storage Conditions of the Research Reactor RA 
Spent Fuel, Par t II. Proc. 2nd International Topical 

Meeting Research Reactor Fuel Management, 
RRFM'98, Bruges, Belgium, 29-31 March, 1998, 
141-145 

2. Conditioning of Low and Intermediate-Level Radio
active Waste. IAEA Technical Report Series, 222, 
1983 

3. I. Plecas et al. Concepts and Strategy with the 
Management of Radioactive Waste Materials in FR 
Yugoslavia. Proc. International Symposium Nuclear 
Energy and Environment, 96'NEE, Beijing, China, 
14-18 October, 1996, 243-244 

4 . I. Plecas. Radioactive Waste Management in FR 
Yugoslavia. Proc. International Conference Future 
Nuclear Systems, Global'97, Yokohama, Japan, 5-
10 October, 1997, 404-407 

5. 1. Plecas, S. Pavlovic. Development of Concrete 
Composition in Radioactive Waste Management. 
Proc. 6th Int. Conference Radioactive Waste Man
agement and Environmental Remediation, 
ICEM'97, Singapore, 12-16 October, 1997, 565-566 

6. M. Matausek et al. Detection of Fission Products in 
the Reactor Research RA Spent Fuel Storage Pool. 
Jahrestagung Kerntechnik'97, Annual Meeting Nu
clear Technology, 1997 

7. Basic Safety Standards for Protection Against Ion
ising Radiation and for the Safety of Radiation 
Sources. Safety Series, 115, 1996 

8. General Principles for Radiation Protection of 
Workers. ICRP Publication 75, 1997 

9. Protection from Potential Exposure: A Conceptual 
Framework. ICRP Publication 64, 1992 


