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Spent fuel storage pits at TRIGA reactors. 
At the Atominstitute of the Austrian Universities and also at other 
facilities running TRIGA reactors, storage pits for spent fuel elements 
are installed. Fuel elements can be inserted in storage cans and 
deposited in underground storage pits using remote handling 
equipment. These pits are filled with water. 
Due to cladding defects of stored spent fuel elements fission products 
may dissolve in the water of the storage pits. The main contribution of 
the radioactivity in the contaminated pit water will be due to the 
content of cesium-137. Chemical compounds of this alkaline element 
are readily soluble in water and cesium-137 is therefore extracted by 
the aqueous phase in the storage pits. During the last revision 
procedure, the reactor group of the Atominstitute decided to refill 
the storage pits and to get rid of any contaminated storage pit water. 
Therefore this liquid radioactive waste had been pumped to 
polyethylene vessels for intermediate storage before decontamination 
and release. The activity concentration of the storage pit water at the 
Aominstitute after a storage period of several years was about 40 kBq/1 
(l|iCi/l), the total amount of liquid in the storatge pits was about 0.25 
m3. At that opportunity it was tried to find a simple and inexpensive 
method to remove especially the radioactive cesium from the waste 
solution. This method should involve a minimum of handling and 
should also avoid a risk of contamination. Ideally it should be 
something like a selective ion exchange procedure for cesium-137. 

Decontamination procedures for cesium-137 containing liquid 
radioactive waste. 
Decontamination of liquid wastes containing cesium-137 can be done 
by distillation, precipitation or ion exchange. Distillation is not 
specific and by that method the best decontamination is 
accomplished. It was not considered being economical, to set up a 
distillation jus t for this waste water from the storage pits. For 
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precipitation usually precipitates of hexacyanoferrates, like prussian 
blue are applied which specifically adsorb cesium. 

Cesium, adsorbing complex compounds for the decontamation of 
liquid waste. 
The specific adsorption properties of some heteropolyc acid 
compounds for alkaline ions are well known. This adsorption is due to 
the lattice structure and lattice distance of the compounds regarding 
the diameter of the alkaline ions. First observations in this field had 
been made long ago during analytical investigations. In case of 
phosphate determinations with ammonium molybdate, the weight of 
the precipitate, an ammonium-molybdato-phosphate, had been always 
too high, if the solution to be analyzed contained considerable 
amounts of alkaline ions, even sodium. 
It had been found that the uptake of cesium into the lattice of the 
complex compounds does not only occur during formation of the 
precipitate by the addition of the proper chemicals to the solution. 
Cesium is also specifically adsorbed by an already preformed 
precipitate. These materials can even be used to separate alkaline ions 
by thin layer chromatography. Investigations in this field had been 
done years ago in our institute (1). Later on these adsorption 
capabilities had been used to separate cesium-137 from large amounts 
of water in bulky samples e.g. from rainwater, river water, or sea 
water. Also some investigations in this field had been carried out in 
our laboratory. A special high pressure filter equipment had been 
designed and built in our laboratory for the separation and 
determination of cesium-137 in environmental liquid sample 
materials (2). 

Another group of complex compounds with good adsorption 
properties regarding cesium are the complex compounds of 
hexacyanoferrate (II), among these ammonium-ferric (III)-cyano-
ferrate(II) (GIESE - salt; AFCF). This substance belongs to the group of 
"Prussian Blue" compounds which feature dark blue colour and a good 
colloidal solubility. The properties of this substance have been 
investigated by GIESE already more than 20 years ago (3). 
Fig. 1 shows the lattice structure of Ammonium-ferric(III)-cyano-
ferrate(II). The formula of this compound is NH4FeIIIFeII(CN)6-



Fig.l: Lattice structure of Ammonium-ferric(III)-cyano-ferrate(II) 

The structure of this system had been clarified already 1936. The 
comers of the cubes are occupied by F e ^ and Fe^ ions alternatively. 
The ammonium ions are placed in the centres of the cubes. The ions 
in the centres of the cubes can be exchanged by other ions, especially 
by alkaline ions, cesium has the most suitable ion diameter to fit into 
that space. In table 1 the ion radii of the elements of interest are 
listed. 

Table 1: Ion radii of alkaline and ammonium ions. 

Ion radii in pm 
Li+ 68 
Na+ 97 
K+ 133 

NH4+ 143 
Rb+ 147 
Cs+ 167 
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According to theory, ion exchange due to lattice space is achieved 
most easily, if ions of similar size are exchanged, therefore ammonium 
is a good partner for the exchange of cesium. 
Ammonium-ferric(III)-cyano-ferrate(II) (AFCF) has found increasing 
interest again after the Chernobyl accident as a food additive for 
livestock animals. When ammonium-ferric(III)-cyano-ferrate(II) is 
added to mixed feed, pelleted feed or contaminated milk or whey, the 
crystalline particles disperse in the gastro-intestinal tract, forming a 
colloidal solution which binds radiocesium very efficiently. 
What is useful and considered as excellent properties for the above 
mentioned applications, is of disadvantage for application in ion 
exchange columns. Above all the good colloidal solubility is an 
unwanted properly for the use of that material in an ion exchange 
column. Frequently slurries are produced which block the filter 
system within a short period of time. Better results had been obtained 
by depositing these hexcyanoferrates at the surface of materials to 
obtain thin but mechanically stable layers of the adsorbent. 
Further experiments in our laboratory dealt with investigations of 
other complex compounds in order to examine their capabilities to 
adsorb cesium. Many heteropolic acids of phosphorus, silicon, 
molybdenum, and tungsten had been examined, various 
hexacyanoferrate complexes had been investigated. Regarding 
difficulties of preparation, cost of chemicals, stability and adsorption 
properties as well as behavior in solution of mixtures of various ions, 
good results had been obtained with cobalt-containing 
hexacyanoferrates. 

Ion exchange column for the purification of storage pit water. 
To make efficient use of the ion exchange properties of the cobalt 
complex compound, the material should be deposited on a carrier 
material providing a large surface. One of our main ideas for producing 
the adsorption material was not to deposit the precipitate on a 
material with large surface but to use a material with large surface for 
the production of an adsorption layer. A layer of a new material should 
not be added to a carrier material with large surface area, but an 
adsorption layer should be produced out of the carrier material itself. 
To achieve that aim, iron material, like wire, or chips, which are 
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materials with relatively large surface areas are corroded at the 
surface using suitable corroding chemicals, like acids. By that 
procedure, iron ions, or if the material consists of steel, also ions of 
the alloy compounds (e.g. cobalt ions) are available at the surface of 
the material. Finally a solution of potassium hexacyanoferrate is 
applied as a reagent to produce ferrous-ferric-cyanide complexes as 
well as cyanide complexes of the other components of the steel alloy, 
like cobalt. It is sufficient that this layer is very thin, because 
adsorption of cesium is only achieved at the surface of the lattice 
structure of the complex compound. 
For the preparation of the adsorption material about 500 g steel wool 
was filled into a plastic tube of 50 cm length and 5 cm diameter. From 
the beginning the tube had been filled with water to avoid trapping of 
air bubbles. Then the system had been rinsed with diluted 
hydrochloric acid (5 molar), afterwards with a solution of potassium 
hexacyanoferrate ( 0.1 molar). Finally the column had been washed 
with distilled water. 
A glass fibre filter had been placed at the outlet of the column in 
order to prevent small particles or precipitates from being washed 
out of the column, by that contaminating the effluent during operation 
with cesium-137. 
Fig.2 shows schematic picture of the experimental setup. It is not 
necessary to use any pumps or other moving parts, there is little risk 
of contamination during the whole process. The procedure is 
extremely simple and no skill in radiochemistry is needed to handle 
the equipment. Finally the liquid waste had been passed through the 
column at a low flow rate. Samples from the effluent had been taken 
to determine the residual cesium-137 -concentration. Measurements 
had been carried out using a Nal - well type detector combined to a 
single channel analyzer. 
Before the measurement of the effluent samples, one had to wait until 
Ba-137 has decayed to a level not to interfere with the cesium-137 -
determination. Measurement had been carried out after a decay time 
of 20 min (Half life of Ba-137m. 2.55 min). This radioactive daughter 
product of cesium-137 is not adsorbed by the complex compounds in 
the column and can be found in the effluent. 
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Waste solution Fig. 2: Experimental setup for 

storage pit water purification. 
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Fig. 3: Cesium-137 content of the effluent during storage pit water 
purification 
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Fig 3 shows the results of a decontamination experiments for liquid 
waste from the storage pits. Fractions of 5 1 ware collected and 
aliquots of these samples had been measured. After about 200 1 the 
breakthrough of the cesium-137 could be observed 
After this waste purification procedure finally a calcium phosphate 
precipitation had been carried out to be sure that also other 
radionuclides, especially strontium-90 are removed. After that 
treatment the waste water could be released to the Danube Channel. 
The radioactive material had been concentrated at a rather small 
volume at the steel wool. Final treatment and conditioning can be 
done by removing the aqueous phase and storing the steel wool (e.g. 
embedded in bitumen) or by slowly rinsing the column with a solution 
of ammonium hydroxide, which will elute the cesium. The steel wool 
can then be reused after treatment with potassium hexacyanoferrate 
solution to produce a new layer of adsorbing material. 

Isotope generator for Ba-137m. 
Another use of these investigations may be seen not only in the 
adsorption of cesium-137 from liquid waste but also by the desorption 
of Ba-137m. The diameter of the barium - ion is much smaller than 
the diameter of the cesium-ion and therefore barium is not kept by 
the adsorbent. Moreover, the adsorbed Cs-137 is continuously 
producing the radioactive daughter product Ba-137m, which can be 
rinsed out of the column with practically no Cs-137 - impurity. By that 
this system can be considered as an isotope generator for Ba-137m. 
An isotope generator for Ba-137m can be a valuable tool for training 
purposes or may even of some use in industrial applications if the Cs-
137 contamination in the effluent can be kept sufficiently low. 
For this type of isotope generator, both for training and industrial 
application, the design has to be changed compared to the waste 
treatment system. For the applications mentioned above it is essential 
that the Ba-137m has to be at rather high concentrations, that means 
that the volume needed for the elution of Ba- 137m must be as small as 
possible. This can be achieved by producing the layer of the adsorbent 
material not on a material with a large surface being in contact with a 
surrounding liquid phase, but by producing an adsorbent layer at the 
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inner part of a capillary tube. By that the following advantages will be 
obtained: 
- the volume of the liquid phase can be kept extremely low 

(mikrolitres) 
- the diffusion length of the Ba-137m is short. 
- The layer of the adsorbent can also be kept thin 
- the apparatus and the procedure can be designed very 

simple. 

A capillary tube of stainless steel (as it is for instance used for gas 
chromatography), with a diameter of ca 0.1 mm and about 30 cm 
length is attached to a plastic syringe of about 2 ml. At first the inner 
surface of the tube is treated with 10 m HCl, then with potassium 
hexacyanoferrate solution. After rinsing with distilled water, one drop 
of carrier free Cs-137 solution (ca 100 kBq) is slowly passed through 
this column. The cesium-137 is mainly fixed at a region at the top of 
the column until approximately 5 cm from top. Then the tube is 
rinsed with 10~4 molar HCl to get rid of the Cs-137 which is not 
properly fixed at the layer of the complex compound.and the 
generator is ready for use. 
Fig. 4 shows a schematic picture of this isotope generator. At the 
plastic syringe 10"4 molar HCl is stored. By passing one drop of this 
solution through the column, Ba-137m is eluted and can be used for 
experimental demonstrations and practical students work. For 
example: Measurement of half life, demonstration of resolving time of 
a Geiger Mueller counting tube, absorption effects with 
monoenergetic electrons, volume determination by isotope dilution, 
and many other experiments. 
Elution of Cs-137 related to Ba-137m activity is very small, mostly 
lower than 1 to 10^. 
The preparation of this column had been described in detail by 
GRASS and KLIMA, also some experiments are mentioned which are 
suitable for training courses in radiochemistry (4). 
During the cooperation with the IAEA in the field of training courses 
in developing countries, this equipment has been applied successfully. 
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Fig. 4: Radionuclide generator for Ba- 137m 
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