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Resume

Implementation and development of radioactive waste management system is described. This radioactive waste managment system is based on amount and types of waste managed, the sectors where they come from, the in force legislation: that nuclear and that inter-crossed non-nuclear legislation to be comply too, the international recommendations and available resources in the country. Thus, along last 15 years, the Chilean Comission for Nuclear Energy has been charged to develop a radioactive waste management system good enough to maintain the waste at low dose radiation and features lasting in the long term. A resume of the developed strategy at centralized facilities of CCHEN, an organization of the State, which carry with the control of radioactive waste and the planning of necessary activities that in a future should be implemented to continue with a radioactive waste system capable to give safety to the environment and the public in general.    

Introduction
According to one of its purposes, CCHEN has made itself responsible for  supporting a minimum infrastructure that considers human capacities and material resources to assure that material arising from the use of nuclear energy in the country that remains contaminated and for which its user does not forsee any  further use, is appropriately managed under safety conditions. This kind of material and whose composition is over 74Bq/g is defined as radioactive waste (1). So assumed, well-being and safety to people from nuclear energy applications in the country, which is  assigned among CCHEN’s objectives, are provided.
The experience obtained about the way on how the radioactive waste management system has reached certain development within the necessary conditions of safety and security are described. This experience is being used by CCHEN to promote the establishment of a policy and strategy regarding radioactive waste managemet in the country. 

Radioactive waste generation

Currently, about 300 radioactive facilities, belonging to Heaklth, Industry and Research sectors, generate radioactive waste at a rate of 20 m3 per year in the country. The distribution of these waste is shown in the Figure Nº 1, which corresponds to average of waste generated along the last 15 years. 
Radioactive waste generated at Nuclear Research Centers (CCHEN). In CCHEN, radioactive waste are generated mainly from radioisotope production at research reactor RECH-1 which produces  radioisotops to be used in medical 
applications such as radiopharmaceuticals and radio-diagnosis and also, to be used at research. As result of this continuous radioisotope production, liquid and solid waste are generated. Most of them contain very short-live 
radioisotopes with activities in the order of GBq per liter at their production. Also, the reactor RECH-1 produces the spent ion exchange resin that has been used to purify water in its primary refrigeration circuit. This resin bearing Cs-
137, Co-60, Sr-90 among others radioisotopes presents activities about MBq/Kg when it is collected to be  sent to radioactive waste management facilities. A relevant kind of material, but which is kept in the research pool are the spent 
fuel, for which storage in [image: image2.emf]CCHEN
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the facility is being considered and it is not taken in this paper.

Fig. Nº1 Sectors of radioactive waste generation in Chile (2007)

In a minor quantity, and arising from their own research activities, CCHEN also generates long-live waste contaminated with very low activity of U-238.

Radioactive waste generated at industries. They classify  as spent sealed radiation sources, which contain different radionuclides such as Co-60, Cs-137, Am-241, Kr-85, Pm-147, Ra-226, and neutron sources among them.
Main relevant waste generated at Hospitals are the Cobalto-therapy spent sealed sources, in large containers and reach some TBq.  
In the year 1997-98 an important project,  whose purpose was to condition Radium sources from medical applications, was developed and conducted between CCHEN-IAEA.
Waste generated at Universities. From research and knowledge development, Universities produce those waste from liquid scintillation techniques contaminated with H-3 and C-14, mainly. Activities in most cases do not carry  radiological risk, remaining only the industrial risk, which depend of the coktail or mixture used. Eventually they also generate waste containing P-14, I-125 (very short-lived waste) in separate streams.
Regulatory framework

From the legal point of view, a radioactive waste is a radioactive material whose composition has an activity equal or higher than 74 Bq/g, and for which the owner does not forsee any further use. The law considers that the owner of  a radioactive material is responsible for the waste arised from its use. The control of  radioactive facilities  is made by CCHEN and Health Ministery (MINSAL). CCHEN regulates all those installations with higher risks, called 1st Category Installation and takes the private and public institutions such as: food irradiators; radiation therapy such as brachitherapy, teletherapy, deep roentgentherapy, gammagraphy and industrial radiography; and also, the facilities inside the Nuclear Research Centers. On the other hand, MINSAL controls: low level radiotoxicity laboratories, X ray for medical or orthodontics diagnosis, superficial radiotherapy and roentgentherapy facilities which belong to 2nd Category; and those of 3rd Category which employ sealed radiation sources contained in measurement equipment to determine level, density, thickness, humidity, etc (2). Current radioactive waste management facilities are controled by the group of inspectors of CCHEN which act separately of operators, but under the same organization.

The in force Nuclear Safety Law and its complementary regulations about Authorizations for radioactive facilities and their operators; Radiation Protection; Safety for  Radioactive material transport; Physical protection for nuclear material,  plus all those health and occupational safety, and environment intercrossed regulations make the general regulatory framework that waste generators and wast management operators have to comply with.
Waste classification

Internal CCHEN safety standard on radioactive waste management, which was  established in CCHEN to handle and manage the waste, considers a radioactive waste classification (3). This waste classification is based on the radiological characteristics and relates half-life and type of radiation. With these parameters is possible to define waste handling at present and visualize the waste management for future. Waste classification considers three categories of waste: Category 1 are all those waste containing alfa emitters whatever half-life they have. Category 2 are those waste containing beta and gamma emitters with half-life longer  than 100 days; and, those beta and gamma emitters whose half-life is shorter than 100 days, belong to Category 3. These latter can be disposed of in municipal landfill, after verification that radiation has decayed to natural level, or activity has decayed under the national limit established. A comparison matrix between Chilean waste classification and that recommended by IAEA is shown in Table I. This matrix is being used to develop the net enable waste management data base corresponding to Chile waste profile (4). As it can be seen, waste that classify among category 3 (very short-lived waste), are not considered in this matrix, since in a very short term they will not be radioactive any more. Waste of categories 1 and 2 in the Chilean classification  contribute to the world waste inventory.

Table I. Comparison matrix IAEA-Chile waste classification 

	Matrix Name

	CHILECLASS


	CHILECLASS Class

	LILW-SL%

	LILW-LL%

	HLW%


	CATEGORY 1

	98

	2

	0


	CATEGORY 2

	100

	0

	0


	Description

	CATEGORY 1:ALFA EMITTERS, WHATEVER PERIOD OR HALF LIFE

CATEGORY 2: BETA, GAMMA EMITTERS, HALF LIFE LONGER THAN 100 DAYS



	

	


This waste classification in 3 different waste categories is the base to handle and  manage the radioactive waste and it has helped to establish our general system and infrastructure which at the date counts with radioactive waste treatment and conditioning Plant and Storage facility to store conditioned waste for disposal. These facilities are the only recognized entities for radioactive waste management in the country.

Radioactive Waste system and strategy followed

Radioactive waste managmeent operacional activities are taken by CCHEN, independently of the generation or waste origin. They can be genrated at facilities belonging to 1rd, 2nd or 3rd Categories defined in our regulations and explained above, but waste management in centralized at CCHEN facilities, which has the specialists and prepared people at the radioactive waste management Section, which coordinates all activities related, since the waste generator ask for the management of his waste, till  waste are stored in a condicioned waste package under a specific waste form. So done, waste are received in CCHEN, according to Regulations on Authorization and Radioactive material transport,  to give the treatment, (volume reduction); conditioning in cementicious matrices; and, in this form of conditioned waste they are kept at the Storage facility, for disposal. This strategy has been developed based on national standards and regulatory framework and IAEA specific recommendations (5,6). 

With regard to waste processing, the strategy has been developed by the identification of different types from the operational standpoint, within the general waste classification. This last waste classification, by type of waste depending on the physical properties of waste, is used inside the waste  operator facilities, to define the optimal further process which will give the confinated waste form according to radiological and physical characteristics. The different types of waste in which the strategy is based, is shown in Fig. N°2 which presents the types of radioactive waste that have been managed at CCHEN’s waste management facilities in the last 10 years. It is shown the spent sealed sources and compactible waste as the most frequent waste processed, making 46% e/o. Solid heterogeneous waste composed of metal and wood pieces, equipment, machinery and pieces, and granulars are in minor quantity. NORM waste are considered in this type too. And, liquid waste  in
[image: image3.wmf]Radioactive waste managed in 2005

Organic Liquid 

waste

5%

Aqueous Líquid 

waste

2%

Granular waste

0,3%

Heterogeneous 

waste

0,7%

Spent sealed 

sources 

46%

Compactable 

waste

46%

Volumen total: 10 m3


Fig. Nº 2. Types of radioactive waste generated in Chile.

organic and inorganic phase are distinguished in the type of radioactive waste classification used as complement to general waste classification to define the strategy. 

The strategy for waste processing considers the different waste classificatin in categories 1,2 and 3 plus the type of waste. Waste are separated into Categories 1, 2 and 3. Fig. Nº 3 presents the strategy followed in the last years according to our radioactive management system, which at the moment is finishing in a conditioned waste form stored for disposal.
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Fig. Nº 3 Waste processing strategy followed at RWM system, Chile.
 Conclusion
For the time being, the radioactive waste management system considers a general limit established of  amount of activity per mass unit to start the control; the owner or waste generator is the responsible for the management of radioactive waste since it is generated till it is disposed of. Both points are established in the law, and added to CCHEN’s objectives, have served as basis for the development of a radioactive waste management infrastructure in the country, which at the moment reach the facilities for treatment, conditioning and storage of radioactive waste in a waste form that in most cases emploies cement matrix to give contention and physical protection (immobilized). The radioactive waste management activities are centralized at the radioactive waste management Section under the CCHEN organization.
Most of waste corresponds to the spent sealed sources generated by application of radioisotopes at industries. 

For the most of radioactive waste, which belong to low and intermadiate activity short-lived waste, management solutions are established, but they need an evaluation to be strengthned and get sustentability in the long term.
Implementation of technical solutions for high and intermadiate activity long-lived waste are visualized for future.

According to regulatory framework in which the radioactive waste management system moves, general principles for radiation protection are identified; improvements has to be made to specific principles of radioactive waste, i.e. regarding the waste production, waste generation control, effluents discharges, and inter-dependencies between waste generation and the management for these waste. 

Public participation and the required sustainable development for the management of radioactive waste are topics that have not been taken by now. It is a point that will be enfaced in the short term, since the inter-crossed regulation about environment establishes the public participation.

Finally, it is worthy to mention that two technical assistance projects between CCHEN and IAEA are being developed. Both projects are complementaries, one by the side of Authority and the other by the Operational side. The result expected is to draft a strategy for radioactive waste in the country, to be discussed at national level, and legally aproved, from which a strengthed radioactive waste management system will be obtain for the long term.
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