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ABSTRACT 
Nuclear laundries produce large quantities of weakly contaminated effluents charged with 
insoluble and soluble products. 

In collaboration with CEA, TECHNTCATOME has developed an ultrafiltration process for liquid 
waste from nuclear laundries, associated with prior insolubilization of the radiochemical 
activity. 

This process "seeded ultrafiltration" is based on the use of decloggable mineral filter media and 
combines very high separation efficiency with long membrane life. 

The efficiency of the tangential filtration unit which has been processing effluents from the 
Cadarache Nuclear Research Center (CEA-France) nuclear laundry since mid-1988, has been 
confirmed on several sites. 

Introduction 

Contaminated liquid waste used to be decontaminated by processes band either on evaporation 
process or on frontal filtration. The evaporation is a rather expensive technique for low-level 
liquid waste with activities only slightly above the limit for unrestricted release. Detergent 
foaming can also affect evaporator operation. The frontal filtration without regeneration of the 
filter surface causes... substantial production of secondary solid waste comprising charged filter 
elements. 

Cross-flow filtration, and membrane- type ultrafiltration in particular, avoids irreversible 
clogging of the filter media and their consequent disposal. 

In cooperation with the CEA, TECHNICATOME has developped this process with the following 
objectives : 

• concentration of the radiochemical activity within a limited volume of waste, stockable after 
solidification treatment and 

• achievement of a decontamination factor high enough to allow release of the filtrate without 
further treatment. 
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Liquid Waste from Nuclear Laundries 
Radionuclides including Co, Ag or Cs are routinely present in slightly contaminated liquid waste 
while others such as Ru, Sb, Cu or Hf are occasionally detected with ranges of activity between 
200Bq/lto 10 000Bq/l. 
Usually such waste includes suspended solids (about 1 g/l maxi) and anionic detergents (about 
0. 1 g/l). This type of detergent forms complexes with radioactive cobalt in liquid .waste. 
Besides, additions of sodium hypochlorite may be necessary in interim storage to prevent 
bacterial growth. 

Description of the Adsorption-Ultrafiltration Process 
This process involves partial on-line batch treatment. 

The first step is to make the radiochemical activity insoluble 
The waste is placed in the treatment tank for initial ^solubilization ; chemical additives and 
mineral-type adsorbers are introduced simultaneously into the waste, and thorough mixing is 
obtained by a few minutes stirring. 

Separation of the insoluble matter is carried out in an ultrafiltration loop 
The mixture is transferred to a filtration loop in which it revolves at a high speed inside tubular 
banks of mineral membrane filter elements. As a result of the differential pressure between the 
inside and outside of the filtration tubes, part of the purified liquid is passed through the filter 
media. The rest is recycled to the treatment tank, and concentrated progressively as suspended 
matter as filtration proceeds. 

The concentrate collected is stocked prior to solidification. After radio-chemical measurement, 
the filtrate is evacuated to the release system, except in the event of an incident. 

The process is illustrated in Fig. 1. 

The ratio of treated waste volume to residual concentrate volume gives the Volume Reduction 
Factor for the process. This factor is closely related to the geometry of the available area and to 
the technology of the system (pumping device, piping layout, etc. ). It may be improved by 
incorporation of a separator in the recycling loop. 

The operational parameters (circulation speed in the loop, pressure drop, etc. ) are selected 
during preliminary tests on pilot plant in order to determine. 
• average filtration flowrate and 
• minimum clogging of the membranes, and periodicity for chemical flushing to restore 

membrane permeability. 

Membranes 
The use of a ceramic filter layer (see Fig. 2) gives membranes with; 
• very long life which can be up to around ten years .and 
• exceptional chemical resistance, allowing initial permeability to be integrally restored by 

chemical cleaning under extreme pH conditions. 
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These membranes are currently in increasingly widespread use, in particular in the agro 
industries (dairy cheese, beverages), biotechnology, pharmaceuticals, automobile industry, 
etc. 

Application Example : Treatment of Radioactive Wastes from a Nuclear Research 
Center Laundry (CADARACHE-FRANCE) 

Characteristics of waste 
The main characteristics of the waste from the clothing laundry are as follows; 

• total suspended solids : 1 g/l (mean), 
• detergent content; 0. 1 g/ l , and 
• global radiochemical activity (gamma spectrometry); 3,500 Bq/1 (mean), mainly due to 

the following radionuclides; Co-58, Co-60, Cs-137, Ag-110m, Mn-54. 

Treatment unit 
The capacity of the unit is 12 m 3 of liquid waste per week in 80 to 120 hours. 

The ultrafiltration unit used is equipped with mineral membranes. 

The ionic species, which are either soluble or chelated by the active surface agent, are fixed on 
a mineral adsorber prior to ultrafiltration. 

Treatment performance 
The average activity of the filtrate is about 30 Bq/1, i. e. substantially below the release limit in 
France (370 Bq/1 before dilution). The filtrate volume is more than 90% of the initial volume 
of the waste. 

The average filtering flowrate achieved is approximately 100 1/hm2 under nominal operating 
conditions. 

When the weekly production of liquid waste have been treated, the initial permeability of the 
membranes is restored by means of an acid-baisc chemical heat flushing process. This flushing 
generates a small volume of very slightly contaminated liquid (approx. 30 Bq/1) which is either 
released with the filtrate, or recycled to a waste tank for treatment. 

The quantity of adsorbers used depends on the radiochemical activity of the waste, but is always 
very low. 

A schematic diagram of the process is shown in Fig. 3. . 

Nuclear Laundry for a PWR Power Station 

Application of this technique to the liquid waste of the laundry for weakly contaminated clothing 
at a PWR power station has produced similar results into similar equipment. 

Characteristics of the effluent processed 

• suspended matter; 30 mg/l to 1 g/ i , 
• detergents : approx. 0. 5 g/ l , 
• pH : 7 to 8 .5 , and 
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• radioactivity: 500 to 1,500 Bq/1. 

Performance 
• elimination of all suspended matter from the effluent, 
• reduction of the radioactivity of the effluent to less than 28 Bq/1, 
• concentration factor by volume between 36 and 108, and 
• residual concentrate heavily charged with suspended matter (30 to 110 g / l ) , with glofrvl 

radiochemical activity of about 20,000 to 100,000 Bq/1. 

Conclusions 

The performance described above has been confirmed by several campaigns carried out on 
several real wastes. 

The adsorption-ultrafiltration process is not limited to small quantities of waste. The modular 
design of the filter elements makes it possible to install units with large membrane surface areas. 
For instance, a unit incorporating 4 modules each with 252 filtration tubes (i. e. approximately 
20 m2 of membrane surface) can treat 190 m3 of waste/week. 

Moreover, R&JD works have proved the possibility of phosphate elimination with this process. 

Other Applications 
The ultrafiltration process, after insolubilization if necessary, can be used for volume reduction 
for a wide variety of radioactive wastes, 

Indeed, the use of high chemical and thermal resistance mineral ultrafiltration membranes, 
together with a judicious choice of insolubilization agents, makes it possible to treat waste 
containing a large variety of chemical and radiochemical elements. 

These include the following liquids; 
• used effluents (floor drains, chemical liquids, residual liquids), 
• decontamination liquids, 
• storage pool water, and 
• carbonated effluents (solvent regeneration). 

The versatility, operating principle (filter chemically regeneratable in situ, self-regulated 
declogging, easy automation and limited maintenance) and performance of this process, make it 
particularly suitable for applications in the nuclear industry. 
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Fig. 3 Schematic Diagram of a Ultrafiltration Loop 
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