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Radioactive liquid waste processing is an integral part of any facility involved in nuclear power
generation, radioisotope production, research and development, decontamination or other aspects of
nuclear energy. The aqueous liquid radwastes from the decontamination center are currently treated
by the membrane plant.

Generally, the liquid waste streams are effectively volume-reduced by a combination of continuous
crossflow microfiltration (MF), spiral wound reverse osmosis (SWRO) and tubular reverse osmosis
membrane technologies, Backwash chemical cleaning wastes from the membrane plant are further
volume-reduced by evaporation. The concentrate from the membrane plant is ultimately
immobilized with bitumen.[l]

We performed experiments using two simulated waste solution; secondary waste from the
decontamination process with POD (Permanganate Oxidation Decontamination) solution and
secondary waste from decontamination with CAN-DECON solution.

The experimental tests have been done with cellulose acetate (CA) membrane and polysulfonate
(PSF) membrane manufactured at Research Center for Macromolecular Materials and Membranes
Bucharest and with Millipore membrane type VS 0.025

A schematic of the laboratory-scale test facility is presented in figure 1.
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1,4 ,6 -tap
2 -microfiltration system
3 -permeate tank
5 -accumulator

7 -manometer
8 -nitrogen tank
9 -reject tank

FIG. I: Schematic of laboratory-scale unit
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FIG. 2: The flow-sheet of ultrafiltration
experiments

A flow-sheet of ultrafiltration experiments with
co-precipitation at pretreatment is shown in figure 2. The
main reason for taking a chemical treatment approach
was to remove soluble contaminants selectively from
waste. Reverse osmosis is a non-selective unit operation
and, like distillation, removes all species whether they
are hazardous or not. To avoid removing species that
have no impact on the discharge quality of the effluent,
which would increase the quantity of secondary wastes,
selective removal is desirable. Chemical treatment is
necessary to convert soluble radionuclides, trace organics
and heavy metals to insoluble, filterable species. [2]

We adopted a variety of techniques to create size-
enlarged species.
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Figure 3 shows a flow sheet of another experiments performed of our collective: reverse osmosis
tests including pretreatment steps with addition of powdered zeolite and active charcoal.

Alteration of the chemical nature of the solution, allowing
sufficient time for the radionuclides or other hazardous species to
be sequestered selectively and for precipitates to grow or
agglomerate, will permit the effective removal of contaminants
from solution. For example, the addition of powdered zeolite, a
naturally occurring mineral with known affinity for Cs, permits
effective removal from solution by passing the mixture through a
microfiltration membrane.
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The process involves contacting the waste water with water -
soluble macromolecular compounds added to the waste solution to
form complexes with the soluble heavy metal ions. A high
molecular weight polymer, generally a commercially available
polyelectrolyte, is added to the waste solution to form the selective
complexes. The polyelectrolyte quantities needed to achieve the
separation of metal ions are generally in the parts-per-million.
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FIG.3: The flow sheet of reverse osmosis tests with pretreatment steps

The solution is then processed an ultrafiltration membrane system which retains the
macromolecular complexes (retentate), while allowing uncomplexed ions such as Na+1 K+, Ca2+, Cl~,
NO3", etc. to pass through the membrane with the filtered water (permeate). The filtered water can
be recycled, or discharged depending upon the removal efficiency desired. A removal efficiency
approaching 100% can be achieved for metal, which have been complexed.

The choice of polysulfonate material for membrane was based on the high flow rates achievable
with this material, compared to the cellulose acetate, in spite of the increased fouling of the
polysulphonate membranes observed in the first test phase. Other reasons for this choice were the
operating range established from the first series of tests, which indicated that alkaline condition
were better, and to overcome the distinct possibility of poor lifetimes expected of cellulose acetate
at elevated pH levels.

The quality of the filtrate water has been good; the average turbidity has been less than 2 NTU. At
low pH values of 5 to 6, removal of the predominant elements Co and Cs is observed. These
elements are associated with colloids or are sorbed on the solid particles filtered out of the
suspension. Since concern is for the delivery of a feed stream that minimized fouling of the reverse
osmosis system, pH adjustment of the incoming feed has made to reduce the iron and silicon
content. Iron and silicon are well-known foulants of reverse osmosis systems. The adjustment of the
solution pH values to the 10-10.5 range improved the quality of the filtrate and as permitted
extended operation of the reverse osmosis system

The reduction of iron has observed at elevated pH values, along with additional reduction of Co
.The removal of Cs did not increase, an expected result, since it is a highly soluble species and
remained unaffected by the pH adjustment of the solution. Cobalt removal was improved with the
likely formation of cobalt hydroxide.
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