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INTRODUCTION

As a result of an accidental 137Cs source melting in one of the furnaces of a stainless steel
production company located in Spain, a part of the factory was radioactively contaminated.
LAINSA (Logística y Acondicionamientos Industriales S.A.) company took charge of the
plant decontamination process, in which 40 m3, approximately, of 137Cs contaminated water
with a mean activity of 300 kBq/L were generated.

After some preliminary tests in which the efficiency of reverse osmosis (RO) process in the
treatment of 137Cs contaminated effluent was proved, the radioactive liquid waste was treated
by a reverse osmosis plant designed by the Chemical and Nuclear Engineering Department of
the Polytechnic University of Valencia (UPV), and built by LAINSA company.

Membrane techniques (microfiltration, ultrafiltration, nanofiltration and reverse osmosis) have
become common in the treatment of radioactive effluents having substitute conventional
treatments such as evaporation and ionic exchange [1,2]. The main advantages of membrane
processes used for concentrating radioactive wastes are moderate operating conditions, simple
apparatus, high decontamination factors and low energy consumption [3].

The treatment was carried out by the research team UPV-LAINSA, and it consisted in the
application of reverse osmosis (RO) process with the main objective of reducing the waste
volume to be disposed, obtaining a treated liquid with an activity less than the legal discharge
limit for 137Cs radioisotope (300 Bq/L).

When working with radioactive effluents it is very important the radiological vigilance of
working areas because it ensures that neither exposed personnel nor general public receive
doses above established limits. Radiological vigilance consists in determining (continuously
or periodically) radiation and contamination levels in working areas and even in those places
where personnel can temporarily stand.

The aim of this paper is to assess the evolution of radiation levels of the systems used in the
treatment of 137Cs contaminated wastes, with the purpose of using this experience in future
installations of similar characteristics.



RADIOLOGICAL MAP
During the treatment of 137Cs containing effluent by reverse osmosis, dose levels were
measured at different locations in the working area. Figure 1 shows a diagram of the treatment
area. Measuring points have been indicated in the diagram by a number whose description is
presented in Table 1.

Figure 1. Diagram of the treatment area

Point Area or element represented
1 Contour
2 Contour
3 Contour
4 Permeate tank (treated liquid)
5 Feed tank
6 Intermediate tank and pump
7 Sleeve filter
8 Cartridge filter
9 Membrane modules

Table 1. Identification of dose measuring points

MEMBRANE PLANT

PERMEATE TANK

FEED TANK



RESULTS
The following figures show dose evolution with time of points indicated in the radiological
map of figure 1.

At points 1, 2 and 3 environmental dose was measured, whereas in all other points contact
dose was measured. Measures were carried out every 12 hours approximately in both cases.

Figure 2 shows radiation evolution at points 1, 2 and 3 of the radiological map, which
represent different locations at the contour of the working area. The three points show no
relevant radiation values, always below 1,25 �Sv/h. Point 3 has slightly higher values than
points 1 and 2 due to the fact that it is closer to tanks which contain radioactive liquid.

Figure 2. Radiation level evolution at the contour of the treatment area

Figure 3 shows radiation evolution in the surroundings of permeate and feed tanks (points 4
and 5 of the radiological map of figure 1). Near permeate tank (4) dose variation is not very
high, being between 1 and 3 �Sv/h. It is a logical result since the permeate is the treated
liquid, which has a low activity [4]. However, with regard to feed tank (5), in the figure 3 it
can be seen that dose range is quite high, between 10 and 25 �Sv/h. This is because the liquid
inside this tank has much higher activity than the liquid inside the permeate tank. Dose
increase around feed tank is due to progressive concentration of feed liquid since membrane
retentate stream was recirculated to this tank [5].
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Figure 3. Radiation evolution around permeate and feed tanks

Figure 4 shows the radiation evolution of the main elements of the treatment plant. Among
these elements, filtration unit has the highest dose values. Particularly, sleeve filters (7) show
the highest doses of all the radiological map, reaching values around 140 �Sv/h. This high
dose is due to the fact that these filters are the first element feed goes through, so they are in
contact with a high activity liquid. Values of dose at the cartridge filters (8) are lower than the
ones of sleeve filters but they are quite high too, between 10 and 30 �Sv/h, approximately.

Another important point with regard to radiation level at the treatment plant is the
intermediate tank that stores the liquid after being filtered, and the pump placed beside that
tank (6). The high values at this point, around 40 �Sv/h, are due to the high values of activity
of the liquid stored in the intermediate tank.

The point that represents membrane modules (9) exhibits quite significant dose values, which
increase progressively as feed is being concentrated.
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Figure 4. Radiation level evolution at the treatment plant

CONCLUSIONS
After having analysed radiation evolution in the radiological map the following conclusions
can be stated:

� With regard to treatment plant, the most significant points to bear in mind from the point
of view of radiological protection are the filtration unit and the intermediate tank, where
doses reach high values.

� Filtration unit involves important problems since it is a point of necessary access to
change filters. In future treatment plants, filtration unit should be as isolated as possible in
order to facilitate a secure access to the rest of elements of the plant.

� In relation to intermediate tank, one may avoid to place it in the surroundings of any
element that needs a continued access. The pump has also to be placed in an area far from
elements with high dose values if it requires regular maintenance.

� Membrane modules reach dose values that cannot be ignored. Although they are not as
high as at the ones reached at the elements mentioned above, membrane modules are
points of continuous manipulation of valves and sample extraction, so they have to be
considered from the point of view of radiological protection.

� Dose values at the area around feed tank are quite high, but it does not represent an
important problem since this tank does not require a very frequent access.
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