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Abstract

Embalse Nuclear Power Plant (CNE), located in the Argentinean province of Córdoba, is a Canadian Deuterium Uranium (CANDU) type reactor with pressure tubes, loaded with natural uranium fuel, and moderated and cooled with heavy water. Before accomplishing its first operation cycle, the Government, according to the national Law N° 26.566 (in 2009), declared to be a matter of national interest CNE life extension project and determined that Nucleoeléctrica Argentina SA (NASA) was the entity in charge of the project. In that sense, in order to extend the plant´s life for another 25 years of full power operation as well as to increase the electrical power, during the refurbishment outage different design changes were introduced to improve safety. The main activities that were carried out consisted of changing pressure tubes, the four steam generators, the process computers and the plant repowering. From the sustainable development point of view, it stands out not only the commitment to minimize the generation of radioactive waste and not exceed the estimated volume of waste generated, but also citizen participation process through a Public Hearing which granted social environmental local license. In this manner, stakeholders representing local community, provincial and national interests were able to express their vision on this vital project. The understanding of the need to reduce global warming effect due to the burning of fossil fuel to produce electricity was a great achievement. At the beginning of 2019, CNE was reconnected to the electricity grid.
1. INTRODUCTION
CNE, located in the province of Córdoba, Argentina, is a CANDU type reactor with pressure tubes, loaded with natural uranium fuel, and moderated and cooled with heavy water.  
Before accomplishing its first operation cycle, the Government, according to the national Law N° 26.566 (in 2009), declared to be a matter of national interest CNE life extension project and determined that NASA was the entity in charge of the project. This decision was based on a cost-benefit analysis between the life extension of the nuclear power plant and the installation of a state-of-the-art Combined Cycle Power Plant. Then, a holistic assessment was performed to compare both scenarios taking into account safety and sustainability aspects such as the cost and financial calculation, environmental impact and social license.
Although life extension tasks had already been carried out around the world in different nuclear facilities, the refurbishment and restart of CNE was one of the most important projects carried out by the country, boosting national production and benefiting local and regional communities. Considering such world experiences, it was decided to use a methodology developed by Candu Energy Inc. based on the experience of CANDU-6 power plants refurbishment and following the guidelines of the International Atomic Energy Agency (IAEA). In that sense, the Nuclear Regulatory Authority (ARN) issued the Resolution No. 333/2019 granting NASA the Operating License for CNE so this nuclear power plant was returned to service for another 30-year-operation after the upgrading completion.
The life extension project was implemented in three phases. Briefly, the main aspects of those phases are highlighted below:

(a) Phase I (2007 – 2010): This phase included the necessary activities to define the scope and global facility´s reconditioning costs, system status assessments, structures and components safety assessments, proposals analysis and presentation and recommendations for the necessary changes. The aging analysis was fundamentally based on systematic evaluations of critical systems, structures and components, ending with a forecast of their life for a whole new operation cycle. This evaluation was necessary for the decision-making process due to the fact that safety was above all other considerations.
(b) Phase II (2010 – 2015): contemplated basic and detailed engineering, new components purchase and provision and contract signing with companies and activities related to retubing:  
(i) preliminary project study,
(ii) national suppliers’ qualification,
(iii) construction of new facilities. 
Among the most important activities related to safety system modifications and component replacement were: 
(i) preparation of technical specifications,
(ii) engineering development,
(iii) engineering for the purchase and manufacture of new components, 
(iv) assembly engineering development. 
 (c) Phase III (2016 - 2018): included the major changes to prepare the facility for a new life cycle. The main actions developed in this period included:
(i) retubing of the reactor, 
(ii) replacement of the four steam generators,
(iii) in-plant implementation of the replacements/modifications defined in the safety and aging evaluations,
(iv) modernization and optimization of the turbo group and the thermal cycle, together with the increase in power,
(v) updating the mandatory documentation,
(vi) updating safety assessments, radiological safety and waste management aspects.
2. RADIOACTIVE WASTE MANAGEMENT 
The refurbishment involved the replacement, repair, and upgrade of several systems and structures and the generation of significant quantities of radioactive wastes, that requires temporary storage waiting for future disposal. The fuel channel components replacement is referred to as “retubing”.
For the planning of tasks related to radioactive waste management, an Integrated Radioactive Waste Management Program [Ref. /1/], was elaborated based on CNE procedures, operation experience and international guidelines to establish the radioactive waste categorization and characterization in order to define the temporary storage conditions to be complied. 
Argentine Atomic Energy Commission (CNEA), as the entity responsible for the radioactive waste management in the country through the Radioactive Waste Management National Program (PNGRR), provided technical assistance related to, for instance, the radiochemistry techniques applied in waste characterization. Considering that the country does not have a final disposal facility yet, it was defined that the waste generated (storage in temporary facilities) should be characterized, registered and stored in a safe and retrievable way. On the other hand, the ARN, responsible for regulation and control of nuclear activity, carried out a rigorous follow-up of the developed activities and verified the compliance with regulations. 
The categorization and characterization of the retubing wastes was made in terms of specific activity, heat decayment and volume in order to provide information for the radiation shielding design during waste handling operations (high shield boxes, industrial steel boxes) and storage in the waste facility (i.e., on-contact gamma dose rate). In addition, the retubing operation radioactive tooling wastes were categorized based on the operating experience.
The categorization of waste was carried out with the guidelines set by an agreement between NASA and Candu Energy Inc., in accordance with ARN and CNEA.
The criterion was: 

(a) Low radiation waste were materials generated during the retubing that had a contact dose rate of less than 2 mSv/h.
(b) Medium radiation waste were materials generated during the retubing that had a contact dose rate between 2 and 125 mSv/h.
(c) High radiation waste were materials generated during the retubing that had a contact dose rate of more than 125 mSv/h.

Although the radioactive waste streams that were expected to be generated during the life extension project were liquid, gaseous and solid; the main stream in all CNE project tasks was solid radioactive waste. The gaseous and liquid emissions that were generated during the reconditioning outage have been measured and processed in the same way that it is currently done through each treatment systems during normal operations. 
 To calculate waste inventory, direct (sampling and measurements) and indirect (Codes as ORIGEN-s and MCNP) calculations were made in addition to the operating experience of Candu Energy Inc. For designing Steam Generators interim storage, dose rates were measured and magnetite samples were taken in order to estimate the gamma and alfa total activity. In this way, the radioactive waste inventory was calculated for 50 years, considering 30 additional years of operation and 20 years beyond plant´s shut down, till decommissioning.
The replacement of the Embalse steam generators involved the lower assembly or “Cartridge” substitution, and the steam drum on-site renewal for reuse. The scope and the applied methodology were defined considering the CANDU-6 plant design, in which the large components’ replacement had not been considered since the reactor building design. For this reason, Embalse’s life extension project was one of the most important engineering challenges in the country and a worldwide milestone, since it was the first time that steam generators were changed in a CANDU-6. The refurbishment was designed, planned and executed by teams of engineers and technicians from NASA, with CNEA technical assistance and the participation of national and international highly qualified suppliers of goods and services. 
Within the life extension project framework and considering the radioactive waste estimated volume to be generated in the new operation cycle, new storage facilities were built and the safety of the existing ones was improved in accordance with current regulations.
CNE has a set of interim storage facilities within the site´s security perimeter, which is licensed for compactable, non-compactable or structural radioactive waste storage. 
All the storage facilities of the retubing as well as for the Steam Generators were designed so that their integrity is guaranteed during a period of not less than 50 years [Ref. /2/]. 
3. SUSTAINABILITY CONSIDERATIONS      
NASA is committed to generate electricity while maintaining sustainable development, good practices, ethics and respect for the community. 
The Sustainable Development Goals (SDGs), also known as Global Goals, were adopted by the United Nations in 2015 as a universal call to action to end poverty, protect the planet, and ensure that by 2030 all people enjoy peace and prosperity [Ref. /3/]. In line with this, NASA adhered to the Global Compact in 2019, year in which the CNE second operation cycle began. Although of that, the activities carried out during the life extension were implemented in accordance with international regulations which focused on safety and on a sustainable approach according to local and national environmental legal framework.
The company developed a management based on goals that allowed the implementation of sustainable practices. This allows to integrate the expectations of its interested parties and create economic, social and environmental value for the communities where NASA carries out its activities, and for society.
In this sense, the most significant sustainability considerations linked to CNE life extension are detailed below and in some of them, Sustainable Development Goals are mentioned. 
3.1 Economic aspect 
The first point to highlight is the government decision, as an interested party, declaring CNE´s life extension project implementation as a matter of national interest. That decision resulted from the integrated analysis carried out which concluded that CNE life extension project was appropriate. 
NASA competes in the Wholesale Energy Market and, according to the law, it can only recover its operating costs and maintenance. This fact implies that large investments must be channelled through contributions from the National State and/or financed in the Equity Market.
In accordance with the applicable local legislation, the environmental impact evaluation must consider alternative projects to the one proposed and justify their rejection.
The alternative options were:

(a) A reconditioning outage during which the main changes would be implemented for operation during a second life cycle; the facility shut down and decommissioning.
(b) A construction and operation of a state-of-the-art Combined Cycle Power Plant for 25 years throughout its life cycle (construction, operation and decommissioning) which implies the CNE facility shut down and decommissioning.

In order to compare those projects and be able to make the decision regarding the optimal alternative, technical, socioeconomic and environmental criteria were used. In such way, the selected option would be the one with the lowest accumulated impact regarding economic aspects and environmental viability. After the analysis was carried out, it was concluded that the CNE's life extension ensures energy matrix diversity with reliable production (Sustainable Development Goal N°8), low variable cost and no greenhouse gas emissions during operation. This decision-making process showed the interrelation between Safety and Sustainability that was applied. 
CNE life extension implied a cost that was financed through the National Treasury and by the Andean Development Corporation (CAF), which granted an interest-bearing loan to the Argentine State. It is important to point out that the funds received through this loan were used to pay direct costs, financing commission and loan evaluation expenses. The use of funds for any other purpose that were not directly related to CNE life extension was not allowed. The Nation General Audit, entity which performs external control of the budgetary, economic, financial, patrimonial, and legal management of the national public sector, was in charge of auditing compliance with the established conditions.
The execution of the project allowed: 
(a)safety improvement/innovations (Sustainable Development Goal N°9). During the reconditioning outage, safety improvements arising from the Fukushima Daiichi accident were incorporated. The Sixth National Nuclear Safety Report [Ref./4/], includes the actions taken in the light of the mentioned accident and also presents the regulatory requirement established by ARN related to stress tests to the Argentinean nuclear power plants. The main objective of the stress test was to determine the safety margins of the nuclear power plant, analyzing the behavior and response to extreme events that cause consequences beyond the design basis, such as loss of offsite and onsite power (station black out) and the loss of ultimate heat sink for a long term, as well as the capacity to manage such accidents and improvements in emergency preparedness and response. All the safety improvement plant design were implemented. 
(b)The workforce was mostly national so the project contributed to the economic growth of the country, enabling the national production of goods and services instead of considering international suppliers.
3.2 Social aspect 
Embalse city is located on the southern coast of the Río Tercero reservoir, in the heart of Cordoba Province. According to data from the 2010 national database (Census), the stable population within a radius of 10 km from the location reaches approximately 15,810 inhabitants.
CNE implemented different communication modalities with interested parties to keep relationships that allowed them to know their needs and expectations, and also to inform characteristics of the activities carried out in the nuclear power plant. Hence, an identification program of interested parties was implemented which is updated based on the different strategies defined for it.
Since CNE was started up, local communities were identified in order to take into consideration the stakeholder engagement, taking into account that great part of Embalse city population was part of CNE [Ref. /5/]. The organization maintains a permanent cooperation commitment to contribute to improving people's quality of life and promoting sustainable development. Hence, CNE carries out actions that encompass the transfer of resources and proactive support to enterprises and institutions in the plant’s surrounding areas, with the aim to generate development conditions and well-being for its inhabitants.
According to local legal framework, a citizen participation process was carried out through a Public Hearing, which, besides the accomplishment of other legal requirements, made possible the social-environmental license granted, by the Environment and Climate Change Secretary of Cordoba Province. Although this citizen participation procedure is non-binding, it allows all interested parties to express their position before the issuance of a decision that may affect their rights. Knowing that this local license granting was decisive for the project approval, communication campaigns, specially focused on the local media in the station influence area, as well as strong relations with the national and local media, were performed to reinforce the exchange and provision of updated information with interested parties.
As social benefits, CNE life extension project allowed:

(a) As described in the Environmental Impact Study [Ref. /6/] the project provided employment and development opportunities to different suppliers. As the workforce involved was mostly national, the positive social impacts that were achieved by maintaining the activity of existing nuclear companies and the specialization of professionals, technicians and national companies must be highlighted.
(b) Employment for more than 1,000 local families for the next 30 years, increase in the residents´ quality of life, and provides safe and reliable energy for more than 3 million inhabitants connected to the national grid.
(c) Considering the workforce was mostly national, consequently CNE permanent staff improved their skills and experience in this particular and challenging project. In this regard, the experience acquired in the replacement of steam generators allowed NASA to export its knowledge and sign contracts to collaborate in similar tasks at nuclear power plants under refurbishment (Sustainable Development Goal N°17).
(d) With CNE in operation, the Cobalt-60 production for medical and industrial application is an additional benefit. This is particularly relevant in radiotherapy against cancer to improve medical treatment alternatives (Sustainable Development Goal N°3). The plant was designed to routinely generate this product for applications in medicine and industry in addition to electrical energy production.
 3.3 Environmental aspect
Since 2003, NASA has had its environmental management system certified by ISO 14001. According to the legal framework, the project required authorization from the control authorities. In this way, the social environmental license was obtained, as well as the Operating license issued by ARN.
The aspects to highlight concerning environmental sustainability during the CNE life extension are waste management, labour force and public doses optimization, nature preservation (biodiversity and landscapes), and climate change considerations.

(a)Waste Management: acting in accordance with current regulations is the base to contribute to achieve sustainability objectives. We can highlight the following aspects in which operating experience was used:
(i) possibility of clearance: 30% of the total volume of waste considered radioactive at the time of its generation, after 50 years will be able to be reviewed again and with great possibilities of clearance, especially non-compactable and structural,
(ii) construction of new temporary radioactive waste storage facilities: All the retubing deposits, as well as Steam Generators facility, were designed so that their integrity is guaranteed during a period of not less than 50 years. Although information from operating experience was used, own measurements were taken to estimate some storage facilities design and construction,
(iii) radioactive waste volume estimation: The total volume of waste generated during CNE life extension project was 1,650 m3 in line to the estimated of 1,693 m3,
(iv) implementation of a Radioactive Waste Characterization and Registration System: Contributed to minimizing radioactive waste generation and optimization of conditioning processes that lead to volume reduction, 
(v) the categorization of waste was carried following the guidelines set by an agreement between NASA and Candu Energy Inc (Sustainable Development Goal N°17),
(vi) sale of rubbels, thus the amount of waste generated was reduced (Sustainable Development Goal N°12).
(b)Dose optimization: Radiation doses derived from the handling, processing and storage of waste radioactive materials generated during the life extension project were kept as low as reasonably achievable (ALARA). That was achieved by the following infrastructure:
(i) radioactive waste monitoring area prior to its treatment, segregation, classification and/or decontamination,
(ii) special equipment for superficial, fixed or non-fixed contamination measurement, 
(iii) special equipment for the gamma characterization of compactable and/or non-compactable wastes stored inside drums and/or containers,
(iv) high radiation decontamination and treatment room with ventilation system, line to network air for equipment and tritium, particles, aerosols and gamma dose rate monitoring,
(v) compactation room with ventilation system, line to air network for equipment and tritium, particles, aerosols and gamma dose rate monitoring,
[bookmark: _Hlk143511944](vi) location and safety conditions applied to stores facilities for high-level radiation waste: those facilities were designed to guarantee the containment of waste throughout the facility´s life. Likewise, it should be noted that the steam generator containers such as moderator exchangers were themselves a sealed source with a very low risk of contamination dispersion. Those storages are located within a security perimeter fence, therefore to enter in said area, permission from the CNE Security and Radioprotection Area is needed. This guarantees a low rate of occupational exposure.
(c) Nature Preservation: In the adjacent area, on the shores of the lake, CNE has a 6 ha piece of land intended for natural preservation in which typical animals of the area´s native fauna are protected. The creation of this nature reserve was promoted by Nucleoeléctrica. The Reserve has the necessary conditions for the animals to find a suitable environment, which allows them to grow and develop in freedom. The plant carries out a veterinary control program and food supports for the fauna. The place was called “Causachi”, which in Quichua means 'Maintain life, protect life' (Sustainable Development Goal N°15).
(d) Climate change: nuclear power energy, as a deliverable low carbon electricity source, can play a key role in the transition towards a future clean energy, contributing in this way to the objectives related to climate change and the prevention of health problems related to air pollution. In this context, NASA focused on the efficiency of its operation, proposing productive, economic and environmental measurements related to international standards (Sustainable Development Goal N°13). The implementation of CNE life extension project, instead of Combined Cycle Power Plant project, contributes to avoid 43.940.160 tCo2 emissions. This calculation takes into account, the conversion factor for energy generation using Natural Gas (0.33 tCO2/MWh) published by 2006 IPCC Guidelines (Intergovernmental Panel on Climate Change) for Greenhouse Gases, and the energy generation considering 25 years of full power operation [Ref./7/]. 
4. CONCLUSION
The CNE refurbishment and restart was one of the most important projects that the country accomplished, boosting national production, improving economic and social conditions. The reconnection of CNE to the grid plays an essential sustainable goal providing access to affordable, reliable, sustainable energy for more than 3 million inhabitants.
According to the legal framework, the project required to comply with different requirements from the control authorities. In this way, as a result of all the efforts made, the social environmental license issued by the Environment and Climate Change Secretary of Cordoba as well as the Operating license issued by ARN were obtained.
One of the important aspects to remark was the environmental impact assessment process, which implied a Public Hearing that concluded in obtaining the local social environmental aceptance. Through this citizen participation tool, those potentially affected by the project, the interested public and the general public could be part of the Environmental Impact Assessment process, expressing their opinions and arguments in relation to the project.
Although the company has adhered to the Global Compact after the CNE project, it is remarcable that NASA management system had already considered the sustainable approach because, above all, being a nuclear company requires, more than any other industry, not only to guarantee operational safety but also demonstrate the benefits for society and the environment by implementing actions beyond those established by regulations, in other words being sustainable. These aspects were considered under an approach that looked for optimizing economic resources that meant a great challenge for the country.
Finally, it can be mentioned that NASA has published an Annual Integrated Report since 2,019 to communicate the contribution in achieving the UN Sustainable Development Goals. This document is relevant to inform residents, regulators, governments, and other stakeholders about the performance in areas like financial, operational, safety, environmental, social, human development, intellectual, and governance.
5. ACRONYMS
ARN  	Nuclear Regulatory Authority 
CAF	Andean Development Corporation 
CANDU 	Canadian Deuterium Uranium Reactor
CNE 	Embalse Nuclear Power Plant 
CNEA 	Argentine Atomic Energy Commission 
IAEA	International Atomic Energy Agency
NASA 	Nucleoléctrica Argentina Sociedad Anónima (Nuclear Power Plant National Operator) 
PNGRR	Radioactive Waste Management National Program
UN	United Nation
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