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INTRODUCTION 

This Fifth National Nuclear Safety Report is an updated report that includes all safety aspects of the 
Argentinean nuclear power plants (NPPs) and the measures taken to enhance their safety. The present 
report also takes into account the observations and discussions made during the fourth review meeting. 
The conclusions made in the previous four review meetings about the compliance by Argentina with the 
obligations of the Convention are included as Annex I, Annex II, Annex III and Annex IV. The questions 
and answers originated at the fourth review meeting are included as Annex V. 
With the aim of facilitating the understanding of this Fifth Report some aspects of previous reports are 
reproduced. Those aspects containing new information are addressed in italic.  
With this same purpose, Annex VI shows some design characteristics of NPPs in operation Atucha I 
(CNA I) and Embalse (CNE); Annex VII describes the design characteristics of the Atucha II NPP 
under construction (CNA II), Annex VIII shows information relative to the CAREM reactor Prototype 
whose construction is anticipated in the Argentine nuclear program, Annex IX shows examples of 
lesson learned and corrective actions resulting from national and international operating experience 
and events, and Annex X is a summary of NA-SA Quality Assurance general manual content. 

1.1.    GENERAL CONCEPTS 
The Argentine Republic subscribed the Convention on Nuclear Safety, approved by a Diplomatic 
Conference in Vienna, Austria, on June 17th, 1994. In addition, on February 4th, 1997, the National 
Congress passed Act Nº 24.776, approving the Convention adopted on September 20th, 1994. 
According to the provisions in Section 5 of the Convention, each Contracting Party shall submit for its 
examination a National Nuclear Safety Report containing the measures adopted to comply with the 
corresponding obligations. 
This Fifth Report describes the actions the Argentine Republic has carried out since the fourth nuclear 
safety report was issued (March 2007) until 2010, showing that it complies with the obligations derived 
from the Convention, in accordance with the provisions of its Article 4. 
The analysis of the compliance with such obligations is based on the legislation in force, the applicable 
regulatory standards, the issued licenses and other regulatory decisions. The corresponding 
information is described in the analysis of each of the Convention Articles constituting this Report. 
Argentina has two NPPs in operation, CNA I and CNE, which initiated their commercial operation in 
1974 and 1984 respectively. Their corresponding net electric powers are 335 MW and 600 MW, which 
represents some 3.7% of the installed electric power. Both NPPs supply about 7.1% of the total 
electric power generated (2009 value).  
CNA I is located about 100 km to the Northwest of Buenos Aires City. The reactor is a PHWR type 
with a pressure vessel. CNA I is fuelled now with slightly enriched uranium (0.85%). The reactor is 
moderated and cooled with heavy water. 
CNE is located in the Province of Córdoba, approximately 110 km to the south of Córdoba City (state 
capital) and 5 km to the Southwest of Embalse town. It is a CANDU type reactor, of the pressure tube 
type, loaded with natural uranium fuel and moderated and cooled with heavy water. 
Atucha II NPP (CNA II) is under construction, very near CNA I. Its reactor will also be of the PHWR 
type with a pressure vessel, loaded with natural uranium fuel, moderated and cooled with heavy water, 
with a net electric power of 693 MW. 
The CAREM reactor prototype (CAREM) is an Argentine design in an advanced development stage, 
with a planned electric power of 25 MW, and will be constructed near CNA I and CNA II NPPs. Its 
principal design characteristics are: 

• Integrated primary system. 
• Self-pressurization. 
• Passive safety systems. 

Additionally, feasibility studies are in progress to define the type of reactor and the appropriate siting 
for a fourth NPP. 
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1.2.    NATIONAL POLICY IN THE NUCLEAR FIELD 
Due to its special characteristics, the activities related to the use of nuclear energy for peaceful 
purposes needs to be subject to national (or federal) jurisdiction and regulated as an organic and 
indivisible system. For this reason the National Congress is empowered to establish the laws 
concerning the subject, through Section 75 paragraphs 18 and 32 of the Constitution. 
Within this context, Act Nº 24.804, 1997 or "National Law of the Nuclear Activity" is the legal 
framework for the peaceful uses of nuclear energy. Article 1 of Act Nº 24.804, states that concerning 
nuclear matters the State will establish the policy and perform the functions of research and 
development and of regulation and control, through the National Atomic Energy Commission (CNEA) 
and the Nuclear Regulatory Authority (ARN) respectively. 
Moreover, the mentioned law sets that any nuclear activity either productive or concerning research 
and development, that may be commercially organised, can be carried out by both the State and the 
private sector. 
Article 1 of the Act states that in the implementation of the nuclear policy the obligations assumed by 
Argentina under the Treaty for the Prohibition of Nuclear Weapons in Latin America and the Caribbean 
(Tlatelolco’s Treaty), the Treaty on Non-Proliferation of Nuclear Weapons, the Agreement between the 
Argentina Republic, the Federative Republic of Brazil, the Brazilian-Argentine Agency for Accounting 
and Control of Nuclear Materials, and the International Atomic Energy Agency for the Application of 
Safeguards, as well as the assumed commitments under the membership of the Nuclear Suppliers 
Group, and the National System of Control of Sensitive Exports, must be strictly observed. 
In the case of nuclear power generation, Article 4 of Decree Nº 1.540, 1994, sets that a State Company 
named Nucleoeléctrica Argentina S.A. (NA-SA) is in charge of the generation activities of CNA I and 
CNE and of the construction, commissioning and operation of CNA II. 

1.3.    NATIONAL PROGRAM CORRESPONDING TO NUCLEAR INSTALLATIONS  
During the last Reporting period, the National Executive Power authority announced important 
decisions in relation to the Argentine nuclear program. The construction and commissioning of the 
CAREM (Decree of the National Executive Power Nº 1.107/2006) for nuclear energy generation was 
declared of national interest, being the execution of the work necessary for the construction and 
commissioning of this prototype under the technical responsibility of CNEA.  

The National Government continues promoting nuclear activities in the country. Within this framework, 
the National Congress, through Act Nº 26.566, 2009, declared of national interest the activities for the 
design, construction, licensing, procurement of goods and services, installation, commissioning, 
reception and put into commercial service of a fourth nuclear power plant in Argentina, as well as all the 
necessary acts to enable the life extension of CNE, entrusting NA-SA the realization of these goals.  

Act Nº 26.566 also declares of national interest the design, implementation and commissioning of the 
CAREM prototype reactor to be built in Argentina, committing CNEA for that purpose. 

As a result, NA-SA is currently analyzing different technological alternatives regarding the possible 
construction of Argentine’s fourth nuclear power plant, taking into account mainly the aspects related 
to design, transfer of technology and the possibility of local supply of goods and services. 

Furthermore, activities related to the completion of the construction of Atucha II have been remarkably 
accelerated aiming for commissioning and operation of the plant in the second half of 2011.  

On the other hand, it is expected that the CNE Life Extension Project will extend the plant life for 
another 25 years of full power operation, increasing its electrical power in about 35 MW. 

1.4.    SUMMARY OF THE MAIN SUBJECTS CONTAINED IN THE REPORT 
The present National Report has been performed in order to comply with Article 5 of the Convention 
on Nuclear Safety, and has been prepared, as much as possible, following the Guidelines Regarding 
National Reports Under the Convention on Nuclear Safety, and the most significant conclusions 
introduced during the fourth review meeting in 2008, and the First Extraordinary Meeting of 
Contracting Parties in 2009. This means that the Report has been organized according to the Articles 
of the Convention and the contents as indicated in the above-mentioned Guidelines. 
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The information contained under the articles of the Convention, which are part of the Report and its 
complementary Annexes, show the compliance of the Argentine Republic as a contracting party of this 
Convention, with the pursuant obligations assumed. 
Chapter 2 of this report contains follow-up information on issues raised or requested by other countries at 
the 4th Review Meeting. Chapter 3 includes detailed material that demonstrates how Argentina 
implemented its obligations under Articles 6 to 19 of the Convention during the reporting period. For this 
purpose, the chapter enumeration is from 3.6. to 3.19. according to the corresponding articles of the 
convention. The Annexes at the end of the report contain expanded information from the main report. 
The full text of the Argentine 1st, 2nd 3rd and 4th Reports, can be found on ARN’s website and on the 
website of the International Atomic Energy Agency (IAEA). 
Chapter 3 is divided in the following sections according to the Articles 6 to 19 of the Convention: 
Article 6 describes the actions adopted by the organization in charge of the operation of the NPPs 
(Licensee) in order to evaluate or improve safety. Such actions result as a consequence of operational 
experience or in response to regulatory requirements. 
Article 7 presents the legal and regulatory structure that rules nuclear safety. It also analyses the 
criteria supporting the normative framework and the NPP licensing and regulatory control system. 
Article 8 concerns functions, responsibilities and organizational structure of the Regulatory Body, 
human and economic resources, personnel qualification and its relationships with other official and 
private organizations. 
Article 9 describes the Licensee's responsibilities and the controls required to verify the compliance 
with such responsibilities. 
Article 10 analyses the policies and the priority on nuclear safety established by the Regulatory Body 
as well as the Licensee. 
Article 11 deals with functions, responsibilities and the structure of the Licensee, as well as the human 
and economic resources and personnel qualification. 
Article 12 analyses the systems required to detect, prevent and correct human errors. 
Article 13 shows the Licensee quality assurance program in the design, construction and operation of 
NPPs. 
Article 14 deals with deterministic and probabilistic safety assessments performed by the Licensee, 
and the safety assessments, evaluations and verifications performed by the Regulatory Body at every 
stage of the nuclear installation’s lifetime. 
Article 15 describes the radiological safety criteria used, the existing rules on the subject, the authorised 
discharge limits, dose evaluations to workers of NPPs and to the public, and ALARA applications. 
Article 16 describes the laws, regulations and requirements existing in the country and their 
implementation in case of a radiological emergency at a NPP. It analyses the actions to be taken 
inside and outside each plant, by all the intervening organizations, with special emphasis in training 
exercises in the application of the emergency plan. 
Article 17 summarises the studies related to NPPs siting and site re-evaluation studies.  
Article 18 analyses the design and construction of NPPs and their compliance with the Argentine 
standards as well as application of good international practices, principles of defence in depth, 
diversity and redundancy. 
Article 19 analyses the mandatory documentation for NPPs operation, the technical support given to 
the installations, the operational limits and conditions, the maintenance activities and tests, the 
feedback mechanism of operational experience, fire protection and relevant events communication, 
peer-review activities, and radioactive waste management. 
Finally, Chapter 4 of this Report addresses the planned activities to improve safety, such as specific 
operating plant simulators, strategic communication plan of the Regulatory Body, exchange of 
regulatory experience, new tools for independent revision of Atucha II safety assessment, and training 
of human resources in the Regulatory Body. 
The terminology contained in this Report is, in general, consistent with that used in the IAEA 
publications.  
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1.5.    ANNEXES 
Additional information to this Report is included in the following annexes: 

Annex I presents the conclusions made in the first review meeting about the compliance by Argentina 
with the obligations of the Convention. 

Annex II presents the conclusions made in the second review meeting about the compliance by 
Argentina with the obligations of the Convention. 

Annex III presents the conclusions made in the third review meeting about the compliance by 
Argentina with the obligations of the Convention. 

Annex IV presents the conclusions made in the fourth review meeting about the compliance by 
Argentina with the obligations of the Convention. 

Annex V includes the questions and answers discussed at the fourth review meeting.  

Annex VI describes the technical characteristics of the NPPs in operation: CNA I and CNE. 

Annex VII describes the technical characteristics of the NPP under construction: CNA II. 

Annex VIII describes the main technical characteristics of the CAREM reactor Prototype. 

Annex IX presents examples of lessons learned and Corrective Actions resulting from National and 
International Events and Operating Experience. 

Annex X summarises the Quality Assurance Program of the Licensee. 
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CHAPTER 2 
FOLLOW-UP FROM THE FOURTH REVIEW MEETING 

At the fourth Review Meeting in 2008, several countries raised issues and made recommendations for 
Argentina to follow-up on this fifth reporting of specific topics. These topics are discussed in the 
following sections. 

2.1.   FURTHER DEVELOPMENT OF THE SEVERE ACCIDENT MANAGEMENT 
              PROGRAM AND THE IMPLEMENTATION OF PREVENTIVE MEASURES 

2.1.1.    GENERAL 
As was mentioned in previous National Nuclear Safety Reports, in September 2003 the ARN required 
the Licensee the development of a Severe Accident Management Program (SAMP) for both plants in 
operation, starting with CNA I.  
The development of the SAMP for CNE is been considered under the scope of the Life Extension 
Project of the plant. 

2.1.2.    SAMP OF ATUCHA I NPP 
The activities covered during 2003-2004 in SAMP for CNA I and communicated in the third nuclear 
Convention were: 

• Development of internal procedures for the program (Organization, QA, etc.), 
• Selection of a methodology to characterize plant damage scenarios, 
• Selection of six plant damage state scenarios to be characterized during the first stage of the 

program, 
• Starting the development of a model for severe accident progression. The MELCOR package 

was selected. 
The activities covered during 2004-2006 were those related to plant damage states characterization, 
identification of new scenarios, grouping of accident sequences, proposal of strategies, issuing of 
reports corresponding to findings coming from better knowledge of plant behaviour, and improving 
what was used in previous PSA analysis. 
An updated program to develop the SAMP was approved by ARN at the beginning of 2009. The 
activities covered during 2007-2010 were related to plant damage states characterization, proposal of 
strategies and definition of the methodology for the development of instructions and guidelines. 
Those tasks are closely followed by ARN personnel, and the status is the following: 

2.1.2.1.    Plant damage states characterization 
This task includes the development of new deterministic studies (or extending the existing ones) with 
RELAP code up to the initiation of core uncovery. 
During the period 2007-2010, new deterministic studies with RELAP code allowed completing the 
characterization and grouping of accidental sequences. 

2.1.2.2.    Strategies proposal (preventive strategies currently) 

2.1.2.2.1.    Small LOCA strategy 
Small LOCA with failure of low pressure emergency water injection and small LOCA plus moderator 
pumps failure which delays low pressure emergency water injection because of depressurization delay. 
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• The strategy proposed uses the volume control system pumps to feed water into the primary. 
At the same time they are fed through a pump that takes water from a demineralised light 
water reservoir. 

• The strategy proved to be effective as a preventive measure for breaks up to 20 cm2 in any 
primary circuit location. 

The basics engineering for design changes needed to implement the inventory replacement strategy 
using the volume and pressurizing control System (TA) was completed.  
Strategy related to steam generator refilling using the Secondary Heat Sink (SHS) is under study. 

2.1.2.2.2.    Blackout 
The strategy comprises two manual actions, in order to: 

• Avoid air entering the Heat Transport System, which deteriorates the Secondary Heat Sink 
(SHS) action (through SGs). 

• Avoid, or at least significantly reduce, the probability of LOCA scenarios. 
The design changes necessary to incorporate the strategy are under analysis. 
The blackout scenario was first characterized considering excessively conservative values for the 
batteries discharge time, which imposes a penalty in the recovery actions model. A new characterization 
was made using more realistic assumptions. 

2.1.2.2.3.    Unavailability of the second heat sink pumps or lack of sufficient inventory  
                   for different accidental scenarios 
The strategy applies to all scenarios in which SGs are the available heat sink and Emergency Water 
Supply System (SHS) tank or pumps are partially or totally unavailable. 
The objective is to extend the SHS mission time by adding water to the SHS tank, or directly to the 
SGs, in order to have more time to recover the safety systems necessary to keep the plant in a 
controlled shutdown. The strategy takes into consideration equipment that is already in the plant. 

2.1.2.2.4.    Other scenarios under consideration 
• In the mitigating domain, the potential strategies for containment management during a severe 

accident are under analysis. Different containment venting strategies were examined and the 
possibility of the refrigeration of the steel containment by internal and external circulation was 
considered. The potential strategy is under assessment. 

• A strategy for the scenario of loss of the Service Water System (UK) combined with the failure 
of the operator’s action to prevent a LOCA through the pressurizer valve is being analyzed 
with the aim of refilling the primary system. 

2.1.2.3.    Progress in the development of the accident progression model 
This task was started by Cuyo National University (CEDIAC) and continued by the CNEA’s- Division of 
Nuclear Safety. The work was focused on the development of a model and a further revision in order 
to improve it, and the development of specific models for the reactor coolant system, moderator, 
pressurizer and steam generators. A single channel model was also developed in order to better 
analyze the fuel element and its channel behaviour during core damage. 
The analysis results considering the peculiarities of CNA I were presented and discussed with other 
specialists in the Cooperative Severe Accident Research Program (CSARP), and at the MELCOR 
users meetings. 
The experience gained in the CNA I modelling is being used to develop a CNA II model with MELCOR, 
and with the assistance of GRS, the task will continue with the Severe Accidents progression analysis. In 
addition, this experience will be transferred back to CNA I SAMP. 

2.1.2.4.    Other issues related with severe accidents 
Some years ago, the Nuclear Regulatory Authority started studying different issues related with severe 
accidents such as containment failure modes of CNA I, hydrogen behaviour and associated mitigation 
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systems, with the purpose of establishing the basis for potential requirements. Currently, as a new 
model of severe accident progression is being developed with MELCOR for CNA I, those former studies 
are no longer used.  
In the case of CNA II, the Licensee assesses the issue of the hydrogen behaviour and associated 
mitigation systems with the AREVA assistance considering Passive Auto-catalytic Recombiners 
(PAR). In order to optimize the PAR location and to assess the efficiency of PAR in different scenarios, 
the previous analytical results of GRS and plant walk-down in the plant has been taken into account. 
The scope of the task consists of three phases:  

• Phase I: Concept Design of the PAR System (finished). 
• Phase II: Detail Design. 
• Phase III: Hardware supply. 

The experience gained will be used as a basis for future CNA I evaluations. 
The applicability of the Point Lepreau guidelines for CNA I is being evaluated by AECL with the aim to 
set the scope for each of the tasks and develop the corresponding schedule.  

2.1.2.5.    Severe Accident Management team definition 
The Licensee is defining the insertion of the SAM team in the Internal Committee of Emergency 
Control structure. Also, a proposal for the Severe Accident Guides content is under discussion. 
Nevertheless, any change in the Licensee organization should be approved by the Regulatory Body 
before being implemented. 
A new version of the methodology to convert the strategies to Instructions and Guidelines was issued. 
The strategies from SAMP will be included into the Operation Manual as Instruction for SAM 
preventive domain (Instructions P) or under the set of Guidelines for SAM mitigating domain 
(Guidelines M).  

2.1.3.    SAMP OF EMBALSE NPP 
The CNE Severe Accidents Management Program is based on the specific CANDU Owners Group 
(COG) guides, developed for CANDU reactors operating in Canada. 
AECL provide assistance to the Licensee for the development of the specific guidelines for CNE, 
taking into account the experience of this organization in the development of the SAMP Guidelines for 
Point Lepreau. 
The programme consists of: 

• The understanding of the technical bases for the management of severe accidents for CANDU 
reactors. 

• The study of the severe accidents progression phenomenology in CANDU reactors.  
• The development of guidelines for the initial response of operators in Control Room.  
• The development and formation of a support group to assist control room staff during the 

severe accident evolution. 
• The development of flow diagrams for diagnosis. 
• The development of operating procedures for severe accidents, including diagnosis, follow-up 

and long-term monitoring. 

2.2.  FURTHER DEVELOPMENT AND IMPLEMENTATION OF CNA II DESIGN  
         IMPROVEMENTS, CNE SEISMIC EVALUATION AND CNE REFURBISHMENT 

2.2.1.    DESIGN IMPROVEMENTS FOR CNA II 
CNA II belongs to a second generation of reactors of type PHWR with 745 MW (e) power installed. All 
the systems on the nuclear area were designed in a similar way to German Konvoi PWR plants, 
except the specific system of design based on heavy water (for details, see Annex VII). 
The Construction License was issued on July 14th, 1981; but the construction process was delayed 
until 2006, when the Argentine Government decided to complete the construction and to proceed to 
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the commissioning of CNA II. This is an ongoing process under the direct responsibility of the state-
owned company NA-SA. 
Few engineering activities were not completed at the moment that NA-SA assumed the responsibility 
to complete the plant. 
CNA II has more advanced safety aspects than its predecessor CNA I, which comes from the “Konvoi” 
design concept. The redundancy of “2 out of 4” relevant safety systems such as: the moderator and 
the essential electric supply, the safety injection systems, better base material of the pressure vessel 
(low copper and phosphorus content), easiness for early detection of fissures and the existence in the 
basic design of an emergency cooling system of the core through steam generators that function as 
second heat sink are some of the aspects worth mentioning. 
Furthermore, the operating experience of CNA I was used to improve the reactor’s internal design 
(mainly related to fuel channels, control rod guide channels and instrumentation guide tubes) and the 
elimination of “stellite-6” in the core materials.  
An important improvement to the Fast Boron Injection System (FBIS) will be implemented. NA-SA has 
begun the study of the modification of the FBIS and has analysed modifications to the basic design. 
According to the delay time obtained from the safety analyses (see section 3.18.3.3.2.4. paragraph 
b2) NA-SA performed modifications in the system design and its related I&C. A test facility is under 
construction in order to verify during 2010 these modifications. The test facility (scale 1:1) will use the 
original components of the System, which will be later erected in the plant. The system discharge will 
take place in a reservoir simulating the conditions of the moderator tank.  
Two other improvements to the safety systems were incorporated to the original design: Passive 
Autocatalytic Recombiners (PAR) and Emergency Core Cooling Systems (ECCS) strainers. 
AREVA type passive autocatalytic hydrogen recombiners that are designed to reduce the 
concentration of hydrogen in the containment building during accidents will be installed. The quantity, 
size and location inside the containment building to fulfil the required hydrogen reduction is based on 
Severe Accident Analysis performed by GRS (Gesellschaft für Anlagen-und Reaktorsicherheit). 
AECL (Atomic Energy of Canada Limited) type strainers will be erected in the sump of the ECCS to 
improve the system performance. Strainers were designed by AECL and at present special strainers 
and mechanical hardware are being manufactured. 

2.2.2.    SEISMIC EVALUATION OF CNE  
The Embalse NPP was originally designed for a Peak Ground Acceleration (PGA) of 0.15 g as Design 
Basis Earthquake. The Ground Response Spectra (GRS) adopted were Housner type. 
In 1982, a seismic evaluation was performed for some typical mechanical and electrical components, 
which are part of the Safe Shutdown System. The evaluation was based on a Seismic Level SL-2 
earthquake of 0.35 g PGA, given by the Seismic Prevention National Institute (Instituto Nacional de 
Prevención Sísmica - INPRES). The evaluation utilized different criteria than the original design 
criteria, such as different damping values. Some modifications were suggested in the report in order to 
enhance the plant’s seismic capacity. 
In 1983, D’Appolonia performed a probabilistic seismic analysis based on the geologic and 
seismologic information available at that time. It was concluded that the IAEA Seismic Level 2 (SL-2) 
earthquake for the Embalse site was 0.26 g PGA, corresponding to an occurrence frequency of 
1.4x10-4 /year. This earthquake level was used in the final verification of the structural design. 
Based on the review of updated seismic hazard information and state-of-art technology, preliminary 
Embalse specific Uniform Hazard Spectra (UHS) corresponding to a non-exceedence probability level 
of 0.0001 per annum was developed in 2008, which reflects the knowledge at that time. 
Geologycal investigations have since being carried out in order to fully characterize the 
seismotechtonic setting of the Embalse region and quantify local fault activity. These investigations 
include the following activities: 

• Flyover under low-sun-angle conditions, to identify active faults. 
• Geophysical profiling, to identify where there are breaks in the bedrock surface where fault 

scarps could be buried. 
• Geomorphic mapping and soils survey, to characterize landform surfaces and identify their 

relationship with soil types, soil mapping at group and subgroup levels. 
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• Trenching, at locations determined by the results of the previous three tasks. Samples of the 
soil will be gathered at the trenches, to be used in the next task. 

• Age dating of fault movements, to determine the age of the last movement, as well as how 
often the faults have moved in the past. 

As of April 2010 most of these studies have been completed, but still some complementary 
investigations are under way. 
The final seismotechtonic framework model will be used to update the preliminary PSHA and calculate 
the seismic hazards in terms of Uniform Hazard Spectra (UHS). The UHS will in turn be used to 
generate Floor Response Spectra (FRS) at several locations of interest. The FRS constitutes the input 
for the design and assessment of Systems, Structures and Components. 

2.2.3.    CNE REFURBISHMENT 
NA-SA has begun a CNE life extension feasibility study in order to establish the scope, schedule and 
necessary investments for the project. 
Therefore, NA-SA has decided to undertake, with the support of AECL, a Plant Life Management 
(PLiM) and a Plant Life Extension (PLEX) program in order to achieve a long term operation, and to 
maintain a high level of safety and performance of the plant. The first phase of the PLEX program has 
to identify the necessary modifications and updates of the plant, in order to ensure a safe operation for 
an extended period of 25-30 years. 
The PLEX of CNE is divided into three phases, as follows: 
Phase 1:  Pre-Project. Ageing Assessment, Safety Assessment, Design Change Packages, 

Economic Assessment and Licensing. 
Phase 2: Engineering and material supply for retubing and steam generators replacement. 

Specification and detailed engineering for other systems and components, Materials supply. 
Phase 3: Retubing and Steam Generators (SG) Replacement, Implementation of general modifications. 
The original PLEX schedule is about one year delayed. At present NA-SA continues working in the 
activities mentioned in phase 1 and; the retubing tasks and the SG related tasks (recently initiated) 
corresponding to phase 2. The scope and the state of the tasks to be performed in CNE are the following: 

Re-tubing: 
This methodology and the process itself consists, as a minimum, in the removal of feeders, pressure 
tubes and calandria tubes in a planned manner according to the defined logistics. The re-tubing pre-
project includes de following activities: 

• Review of the reactor and Service Building and the surrounding plant structures to determine 
the capabilities and limitations related to re-tubing logistics. 

• Specific dimensional and radiation field measurements of the site. 

• A conceptual design of a permanent Waste Storage Facility and waste characterization due to 
the re-tubing process. 

• Qualification of local suppliers of components for the  re-tubing process. 

• The preparation process is developed under the technical support of Nuclear designer AECL 
relative to organization, radioactive waste management and equipment and training supply. 
The lessons learned from similar tasks in Point Lepreau and Wolsong I will be applied. 

Steam Generators Replacement: 
This task includes the cartridges replacement (lower assembly of the SG), and some of the steam 
drum internals (primary moisture separators) for the four SG.  
SG replacement was not planned in the original program, but it was included because of the extensive 
degradation detected in the tube support plates that are affected by flow accelerated corrosion (FAC) 
phenomena. It was also determined that the primary moisture separators need replacement since the 
current ones are not suitable for long term operation. Only the steam drum including some internals 
will remain from the original SG after replacement. 
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Embalse is currently carrying out the procurement process for the new SG’s cartridges. SG will be 
manufactured in Argentina under B&W License and supervision. Local suppliers – IMPSA and 
CONUAR- have to be qualified under AECL supervision. Both suppliers are manufacturing prototypes 
for qualification. 
Also, in order to remove and replace SG in a safe manner, strategies have been evaluated using 3D 
computational models. It has been decided to use the main airlock to remove and ingress components 
in order to keep the containment integrity. 
The replacement approach involves Steam Drum cutting and manipulating of old and new cartridges 
through the main equipment airlock. 

Ageing Assessment: 
The Plant ageing assessment: both Condition Assessment and Life Assessment are a part of an 
integrated strategy to assess the ageing degradation of the active and passive CNE components, and 
then assess the prognosis for service life extension. In addition, maintenance and inspection 
requirements could be determined as well as the necessary upgrades or replacements needed to 
achieve the life extension in safe condition. 
CNE ageing assessment was carried out according to IAEA recommendations and international 
practices. 
An important effort was made in this area, with the incorporation of an important number of 
professionals, due to its importance for the decision making relative to the analyzed components state 
and life extension. 
Plant aging assessment is finished. The reports were revised by an independent reviewer under a 
contract of IAEA Technical Cooperation Program –TC ARG 40/91 “Development of Embalse PLiM 
2007/2008”.  
In general, ageing assessment results indicated that CNE components and systems are in good 
conditions for long term operation. However, several measures related to maintenance, inspections 
and testing have to be implemented in order to improve the ageing management program. In 
particular, some obsolescence problems were identified.  
Presently, a recommendations consolidation process is carried out by NA-SA in order to determine 
implementation priorities. 

Safety Assessment: 
In the pre-project activities, a detailed review of the safety and licensing issues is undertaken. The 
objective of the Safety Assessment is to determine the plant areas susceptible to improvements. 
At present, the Plant Safety Assessment for CNE Life Extension includes:  

• Periodic Safety Review (PSR): specific requisites for PSR for CNE life extension were elaborated 
by ARN according to the IAEA safety guide NS-G-2.10 recommendations. 

• Review and update of the Deterministic Safety Analysis will be made considering new 
accidental scenarios, modern codes and acceptance criteria. In addition, reactor repowering, 
new shutdown trips and other design changes have to be included. 

• Probabilistic Safety Assessment (PSA): a Level 2 PSA and the actualization of Level 1 PSA 
have to be performed. Also, doses for accidental scenarios on a probabilistic basis have to be 
determined in order to verify the compliance of the ARN standard related to radiological 
acceptance criteria for NPP design. 

• Review of Design Changes in other CANDU plants: Because of this review, several improvements 
related to trip coverage, emergency power and water supply systems, emergency core cooling 
system reliability, etc. will be implemented during CNE refurbishment. 

• Review of CNE design against modern national and international codes, standards and 
practices. 

• Review and update of Hazard Assessments. In particular, a seismic revaluation of the CNE 
site is included. 
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• Seismic Revaluation/Qualification: 
The Peak Ground Acceleration (PGA) used in the design of CNE is 0.15 g. Two additional 
evaluations were performed in 1982 and 1983. Values obtained from these evaluations were 
greater than the original. Considering the advances in the seismic evaluation techniques since 
the 80´s, it was decided to undertake the seismic revaluation of CNE, to identify and 
implement the appropriated improvements in the seismic design of the plant. In order to face 
this evaluation NA-SA is being supported by the designer and other external advisors. See 
Section 2.2.2. 
In order to verify seismic qualification of existing components, Probabilistic Safety Assessment 
Based Seismic Margin Assessment (PSA-SMA) methodology will be applied. Traditional SMA –
according to EPRI methodology- had to be revised for application on CANDU design because of 
the impossibility to define two independent success paths.  
In addition to the above, a Seismic Strategy for Seismic Design for CNE Refurbishment was 
elaborated by NA-SA with the designer support. This strategy considers three categories: 
such as Like for Like Replacement, Minor Modification, Major Modification or New Design. For 
each category, different values of the PGA to be used were established for component 
design. This strategy was analyzed and accepted by ARN. 

• Severe Accidents: 

• There are two main aspects: 

# Implementation of design improvements in order to face severe accident conditions. The 
improvements on the CNE design related to severe accidents have two sources: the 
design changes recommended by Level 2 PSA results, and those recommended from the 
experience in other CANDU plants. Both sources have been considered by NA-SA. 

# Development and implementation, with the support of the designer, of Severe Accident 
Management Guidelines for CNE using the generic guidelines for CANDU NPPs.  

Environmental Qualifications: 
For CNE long-term operation NA-SA has to elaborate and implement a program in order to assure that 
safety related components will be capable to perform their safety functions during normal and 
accidental conditions. This program will be developed on the basis of Gentilly-2 EQ. This Canadian 
plant has a design and a layout similar to that of CNE. 

Digital Control Computers Replacement: 
Although the Digital Control Computers (DCCs) used in CNE have had a good performance, their 
replacement is required for long-term operation because of reasons related to obsolescence, 
maintenance, aging and possibility of expansion. In order to deal with the replacement, CNE has 
participated in a COG Joint Project for DCCs constructor qualification. 
The hardware and software will be provided by the qualified supplier and the nuclear designer AECL, 
who will also supply the technical support for reception and commissioning tests of DCCs. 

PLEX Activities Performed during Planned Outages: 
The following activities were planned responding to specific objectives of the life extension program: 
repair works on piping supports and concrete structures according to the findings of the walk-downs 
performed during the 2005 planned outage; repair works on containment structure; walk-downs on 
Balance of Plant and NP areas, seismic walk down, activities related to the logistic for re-tubing SG 
replacement, SG visual inspections, activity measures for SG, piping ultrasonic inspections and other 
inspections recommended by ageing assessment reports.  

PLEX Activities Performed in 2008/2009: 
Results of walk-downs were utilised to finish the aging assessment phase and for the plant maintenance 
activities. The – IAEA/NA-SA/CNEA Technical Cooperation Program TC ARG 40/91 “Development of 
Embalse PLiM” 2007/2008 concerning training, on-site workshop, international workshops and technical 
visits as main activities, was finished. Phase 2 for Re-tubing and relative waste management disposal is 
undergoing. Planning and financial resources activities for the PLEX Project were continued.  
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As follow are listed the main technical meetings which NA-SA specialised personnel participated 
during the considered period: 

Date Location Main Activity 

2008 

September 23 - 26 Atucha II NPP, 
Argentina Workshop on Atucha II NPP Seismic Evaluation. 

October 6 - 10 AECL Sheridan 
Park, Canada 

Workshop on Safety Assessment for Embalse 
Refurbishment. 

October 20 - 24 Bucarest, Rumania 10th COG/IAEA TCM on Exchange of Operational Safety 
Experience of Pressurized Heavy Water Reactors. 

November 26 - 
December 20 St. John, Canada Training on retubing, Point Lepreau NPP. 

2009 

February 16 - 27 Daejeon, South 
Korea 

IAEA 40/91 Project, CNE PLIM Independent Revision, 
On the Job Training for CNE Engineers, KEPRI 
(Korean Electric Power Research Institute). 

February 28 - 
April 11 

Angra dos Reis, 
Brazil 

Technical Visit, Steam Generators Replacement 
Activities, Angra I NPP. 

May 26 - 28 Lynchburg, Virginia, 
USA 

Technical Meeting of Heavy Nuclear Components 
Replacements in NPPs. 

August 31 - 
September 04 

Angra dos Reis, 
Brazil 

Regional Workshop on Dedication Process, Qualification 
of Equipment - IAEA. 

November 30 - 
December 04 

Buenos Aires, 
Argentina IAEA, Workshop on Ageing Management. 

December 14 - 17 
Atucha NPP, 
Buenos Aires 
Argentina 

Workshop on Plant Life Management Program for Safe 
Long-Term Operation. 

2010 

March 11 Buenos Aires, 
Argentina 

Participation to presentation, “CANDU EC6 and ACR 
1000 state of the design development”. 

April 11 - 15 Bariloche, Argentina Workshop on Severe Accident Management,  
Bariloche Atomic Centre. 

2.3.    HARMONIZATION WITH IAEA STANDARDS 
ARN has begun a harmonization process of its standards against IAEA’s safety documents. The 
detailed comparative analysis comprises the criteria established in the ARN standards and the 
corresponding ones indicated in the IAEA Safety Requirements. 
In a first stage, a comparison and analysis of ARN Regulatory Standards / IAEA Standards was 
performed. As a result of this analysis some improvement possibilities were identified in some non 
essential aspects of the ARN standards. To complete the harmonization with IAEA Standards some 
modifications may be required. 
Presently, it is possible to conclude that Argentine standards are completely consistent with IAEA’s 
corresponding documents, taking into account that ARN has mainly adopted a performance criterion. 
The second harmonization stage foresees the performance of a comparative analysis of the 
recommendations contained in ARN’s Safety Guides. 
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2.4.    DEVELOPMENT OF NEW SAFETY STANDARDS REGARDING LIFE  
          EXTENSION AND NEW INSTALLATIONS 
The Regulatory Body has continued the revision of the Argentine Regulatory Standards related to 
NPPs, verifying that the corresponding requirements are adequate to be applied to the regulatory 
activities concerning Embalse NPP life extension and the licensing process of CNA II, CAREM and the 
forthcoming NPP. 
The Regulatory Standard AR 3.1.3. “Radiological Criteria Related to Accidents in Nuclear Power 
Reactors”, which contains the Argentine acceptance criterion applicable to the design of NPPs, was 
one of the main standards reviewed. As a result of the review, it was decided to develop a guideline 
for the application of the Regulatory Standard AR 3.1.3., which is being currently carried out. The aim 
is to consider a methodology taking into account the individual risk involved in nuclear accidents as 
the acceptance criterion. 
Furthermore, ARN had written a preliminary version of the new Regulatory Standard AR 10.10.1. “Sitting of 
Class I Nuclear Installations”, which includes the general radiological safety requirements for NPPs site. 
Also, a preliminary version of two new Regulatory Guides corresponding to the mentioned Regulatory 
Standard AR 10.10.1. are being written, including considerations related to safety assessments of external 
events and the criteria for determining the potential effect of the NPP on the region.  

2.5.    INTEGRATED MANAGEMENT SYSTEM IMPLEMENTATION IN THE  
          REGULATORY BODY 
ARN has established, documented and implemented the Quality Management System (QMS) 
according to the requirements established in the ISO 9001:2008 Standard. The requirement fulfilment, 
the processes performed by ARN, their interactions and other elements of the management system 
are described in the Quality Manual (MC-ARN), where the ARN Board of Directors declares and 
communicates the Quality Policy and Commitment. 
In 2007 the Board of Directors initiated the discussion, interpretation and implementation of the IAEA 
Safety Requirement GS-R-3 “Management System for Facilities and Activities”. 
Therefore, all the ARN processes (regulatory and support processes) were evaluated and reviewed 
regarding the Management System requirements in an integrated approach.  
As a consequence of this revision carried out by the process responsible personnel and managers, a 
new Process Map (see paragraph 3.8.2.3.1.) was developed and approved in 2008. Consequently, 
some documents were revised and others are under revision. A new revision of the Quality Manual 
was approved, integrating policies, objectives, vision, values, organization, processes, communications, 
documentation, resources and other elements in order to ensure safety, which is taken into account in 
all activities performed by ARN. 
The continuous learning and training process and the high commitment of the personnel by 
developing improvement activities related to safety, coupled with the leadership and the organizational 
culture, are the basis for a strong safety culture assumed by ARN. Through the personnel attitude and 
performance, ARN establishes and encourages the safety culture in the nuclear and radioactive 
installations and practices.  
ARN’s Board of Directors ensures that safety is not compromised by organizational changes. 
The main processes included in the Process Map of ARN are the following:  

Management processes 
Management Processes are those processes performed by the Management area, whose results 
allow setting goals and objectives. They are: 

• Strategic Planning. 
• Management Control. 
• Management Review. 
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Strategic processes 
Strategic Processes are those processes whose objectives vary according to strategic decisions 
coming from Senior Management. They are: 

• Institutional Development. 
• Human Resources Development and Knowledge Management. 
• Institutional Communication. 
• Nuclear Affaires. 

Regulatory processes 
Regulatory Processes are those processes performed by ARN focused on the mission and function 
fulfilment, whose activities are related to radiological and nuclear safety, physical protection and non 
proliferation, for protecting people, environment and future generations from the harmful effect of 
ionising radiations. They are: 

• Development and upgrading of Regulatory Standards and Guides.  
• Licensing of:  

# Nuclear Power Plants. 
# Class I Installations. 
# Personnel of Class I Installations. 
# Class II Installations. 
# Individual Permit Management. 
# Register of Class III Installations. 
# Packages for Radioactive Material Transport.  

• Surveillance on Radiological Protection, Nuclear Safety, Safeguards, Security and Environmental 
Monitoring of:  
# Nuclear Power Plants. 
# Class I Installations. 
# Class II Installations. 
# Transport of Radioactive Materials. 

• Emergency Response. 
• Training: Post-Graduate Courses, Technical level course. 

The Enforcement activities are considered as part of the Surveillance and Emergency Response 
Processes. 

Support processes 
They are focused on supplying resources and the necessary support for the performance and 
improvement of Regulatory, Management and Strategic Processes. ARN has identified:  

• Scientific – Technical Support. 
# Evaluations of Radiological and Nuclear Safety. 
# Measurements and Determinations. 

• Human Resources Administration. 
• Purchasing and Financial Support. 
• Logistic Support. 

# Computing Resources. 
# Infrastructure. 
# Incoming and outgoing Documentation Management. 

The processes and their interactions are described in Charts, where the objectives, inputs, outputs, 
checkpoints, associated documents, performance indicators, product specifications, non-conformed 
products and corrective actions are considered.  
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The follow-up, analysis and measurements of the processes are carried out during the process 
performance and by self-assessments. Independent assessments, such as external audits, are carried 
out since 2007 by the Argentine Institute of Standardization and Certification (IRAM).  
Data analysis, policies and objective fulfilment are the basis for the continual improvement of ARN 
effectiveness. 

2.6.    ENHANCEMENT OF THE EMERGENCY PLANNING AND PREPAREDNESS  
          ACTIVITY 

2.6.1.    DEVELOPING THE GEOGRAPHICAL INFORMATION SYSTEM (GIS) 
Since 2003, the Emergency Control Centre of the ARN has a Geographic Information System (GIS) as 
a versatile tool for planning the nuclear emergency response. 
The GIS is composed of a database with social, economic, physical and environmental data and 
incorporates results for forecasting models and measurements of environmental impact during the 
emergency. This enables the analysis of that data in real-time and facilitates the decision-making. 
The application of GIS in emergencies contributes to establish feasible scenarios, the definition of the 
most likely ones, and the determination of their possible effects. Thus, for each scenario the most 
appropriate actions may be analyzed and pre-establish them for each particular area (such as 
alternative evacuation routes, action of the response units and location of the monitoring teams). 
The results of consequences assessment models, which are added into the GIS for further analysis and 
integration with the current database, correspond to the results of Dose Assessment System Accident 
(SEDA) and International Exchange Program (IXP of U.S. National Atmospheric Release Advisory 
Center, NARAC, for the National Nuclear Security Administration, NNSA, U.S. Department of Energy). 
The first model is a calculation code based on a Gaussian atmospheric dispersion model applicable to 
releases of radioactive materials in a nuclear power plant. Its input data are: meteorological data 
(speed, wind direction and intensity, cloud cover or vertical temperature gradient and atmospheric 
stability class) and data from the release of contaminants (qualitative and quantitative estimate of the 
radionuclide’s released into the atmosphere). The results are isoconcentration and isodose lines that 
define the scope of protective actions. 
The second model is a prediction system for real-time atmospheric transport of radioactivity from a 
nuclear accident. It is based on Web-Full Version of NARAC computer system, that users employ 
around the world to perform time-dependent atmospheric dispersion and dose calculations. It has real-
time data from a large number of weather stations that allow knowing the current weather conditions in 
the point of interest, as well as the forecast for the next few hours. With this information and data 
release of pollutants, different models can be used to estimate their impact. The results obtained are: 
exposure rate contours, isolines of radioactive activity material deposited on the ground; and 
recommendation of protective actions. 
These new tools are incorporated into the CCE and contribute to improve the Emergency 
Preparedness and Response System. 

2.6.2.    IMPROVING THE EMERGENCY CONTROL CENTRE 
The ARN Emergency Control Centre (CCE), located at ARN Headquarters, has upgraded the 
communications system. An independent Local Area Network, able to transmit videoconferencing via 
internet and ISDN has been installed. A GIS server has been installed able to transmit processed 
information at the CCE, through Internet, to the Local Emergency Operative Centre (COEM). In 
addition, a satellite system allows the sending of information (video, data and voice) from the 
environmental monitoring place to the CCE. 
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CHAPTER 3 
COMPLIANCE WITH ARTICLES OF THE CONVENTION 

Article 5 of the Convention requires that each Contracting Party shall submit for review a report on the 
measures it has taken to implement each of the obligations of the Convention. This report 
demonstrates the measures that Argentina has taken to implement its obligation under Articles 6 to 19 
of the Convention. Obligations under other articles of the convention are implemented through 
administrative activities. 

3.6.    ARTICLE 6: EXISTING NUCLEAR POWER PLANTS 
Each Contracting Party shall take the appropriate steps to ensure that the safety of 
nuclear installations existing at the time the Convention enters into force for that 
Contracting Party is reviewed as soon as possible. When necessary in the context 
of this Convention, the Contracting Party shall ensure that all reasonably 
practicable improvements are made as a matter of urgency to upgrade the safety 
of the nuclear installation. If such upgrading cannot be achieved, plans should be 
implemented to shut down the nuclear installation as soon as practically possible. 

The timing of the shut-down may take into account the whole energy context and 
possible alternatives as well as the social, environmental and economic impact. 

3.6.1.    GENERAL 
The safety of nuclear power plants (NPPs) in Argentina is continuously assessed and enhanced by 
acting on results from deterministic and probabilistic safety analysis of operating performance, review 
of operating experience, audits and inspection results. 

3.6.2.    EXISTING NUCLEAR POWER PLANTS IN ARGENTINA 
Argentina has two operating NPPs, CNA I and CNE, and another under construction, CNA II. 
CNA I, located some 100 km Northwest from Buenos Aires City, with a net electric power of 335 MW 
began its commercial operation in 1974. The reactor is of the pressure vessel PHWR type, moderated 
and cooled with heavy water. According to the original design CNA I was fuelled with natural uranium, 
but fuel elements of a new design were incorporated from 1995 to 1999, having slightly enriched 
uranium (0.85% w U-235), so that the reactor core is now fully loaded with slightly enriched fuel. 
CNE, which initiated its commercial operation in 1984, is located in the Province of Córdoba, some 
110 km to the south of the homonymous city, and its net electric power is 600 MW. It is a PHWR 
reactor of CANDU type, natural uranium loaded and heavy water moderated and cooled. 
In Annex VI, diagrams and some design characteristics of CNA I and CNE are shown. 

3.6.3.    NUCLEAR SECTOR ORGANIZATION 
In August 1994 the CNEA was divided into three independent organizations. The first retained the 
original name, CNEA, it remains within the public sector and its current activities are related to 
research and development, fuel cycle, radioisotopes and radiation sources, and specialised training in 
nuclear issues. The second organization is NA-SA (Company in charge of the operation of the NPPs), 
and is constituted by the branch of the former CNEA which was in charge of NPPs operation and by 
Empresa Nuclear Argentina de Centrales Eléctricas (ENACE Empresa Nacional de Energía S.A.) an 
organization acting as architect - engineer for CNA II. 
The third organization, originally named Ente Nacional Regulador Nuclear (National Nuclear Regulatory 
Board) and later named Autoridad Regulatoria Nuclear (ARN - Nuclear Regulatory Authority) by means 
of Act Nº 24.804, 1997, is constituted by the former regulatory branch of the CNEA. This branch started 
its regulatory activities in 1958. The ARN is a completely independent organization, entrusted with all the 
regulatory functions. 
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3.6.4.    ACTIONS LEADING TO SAFETY IMPROVEMENTS 

3.6.4.1.    CONTINUOUS EXECUTION ACTIVITIES 
There are some continuous execution activities in CNA I and CNE that lead to safety improvements. 
Such activities are the same for both plants and comprise: 

• Documentation updating. 

• Organization updating. 

• Components inspection program. 

• Periodic Tests Program. 

• Emergency Plan (see chapter 3.16.). 

• Training and qualification of operating personnel (see chapter 3.7.). 

• Quality Assurance Program (see chapter 3.13.). 

• Ageing Management Program (see chapter 3.14.). 

• Severe Accident Management Program (see chapter 3.14.). 

• Operating Experience Management Program (see chapter 3.19.). 

• In Service Inspection Program (see chapter 3.19.). 

3.6.4.1.1.    Documentation updating 
Until 2003 the Argentinean Regulatory Standard AR 3.9.1. –“General Criteria for Operational Safety in 
NPP” established that the SAR of nuclear installations must be updated each time that a plant design 
modification be performed, and once every five years. The Operating Licenses, with unlimited renewal 
period, included similar requirements. In 2003 new license criteria were established with two major 
changes: 

• To include a validity period of the Operating License of no more than 10 years, and 
• To require a formal Periodical Safety Review for License renewal following IAEA recommendations. 

In addition, the permanent documentation updating carried out in both NPPs is based on the abnormal 
event evaluation performed in the simulator, operating experience feedback, plant modelling with 
probabilistic techniques, identification of abnormal situations not specifically considered in the 
operation procedures, etc. This gives rise to the implementation of new operational procedures or 
improvement to those already existing. 
Also during the last few years, CNE is implementing a program to develop new procedures to mitigate 
abnormal events related to failures in the electrical power supply at different voltage levels (CLASS I, 
II, III and redundancies A, B, C). Some of these procedures are validated in the Canadian full scope 
simulator at Gentilly-2 NPP. In addition, another new abnormal event operating procedure related with 
unplanned power reductions was issued. 

3.6.4.1.2.    Organization updating 
The NPP organization evolves adapting itself to the successive stages each plant goes through, 
aiming at improving the response to each step’s requirements. 
Consequently, in 2008 it was decided to modify the corresponding Organizational Charts of CNA I and 
CNE by creating some new positions and considering as licensable other positions. 
In the CNA I case, the above mentioned modification involves the areas of nuclear safety (Division 
Head), maintenance (Head of electrical maintenance and Head I&C maintenance), quality assurance 
(Head of QA) and production (Head of production) (see chapter 3.13.). Besides, a new department for 
aging management was created within the engineering sector and a position for radioactive waste 
management was created within the radiological protection and safety department.  
The Organizational Chart modifications in CNE were related to the  areas of nuclear safety (Head of 
Core Physic and Head of Fuel Strategy), maintenance (Head of maintenance technical support and 
Head of preventive maintenance), quality assurance (Head of QA) and operation (Head of operating 



CHAPTER 3
Compliance with Articles of the Convention 19 

 

technical support; operating advisor; control room operator advisor and field operator advisor) (see 
chapter 3.13.). Besides, a position for Radioactive Waste Management was created within the 
Radiological Protection and Safety Department and, an Ageing Assessment Sector exists within the 
Embalse Life Extension Project structure. 
Furthermore, the complete CNA I - CNA II Organizational Chart content is under analysis by ARN. 

3.6.4.1.3.    Components inspection program 
These activities include the follow-up of the reactor components with the purpose of detecting eventual 
modifications of material properties such as ageing, erosion, fragility, fatigue and defects formation. 
These modifications may be originated by stress, thermal cycles, temperature, radiation, hydrogen 
absorption, corrosion, vibrations or friction. 
The activities comprise every system and component of the nuclear and conventional area, which 
according to applicable standards and operating experience, are considered critical for the installation 
safety and availability. 
The activities are mainly carried out during both NPPs programmed outages and during shutdown 
periods lasting several days before start up. 

3.6.4.1.4.    Periodic tests program 
Both NPPs have a periodic tests program as part of the surveillance program where availability of 
safety and accident mitigation systems are periodically controlled. 
The plan is contained in the Periodic Tests Manual, where procedures, associated documentation, etc. 
are described. It should be mentioned that the performance of periodic tests in due time and form is 
mandatory. 

3.6.4.2.    SPECIFIC IMPROVEMENT ACTIVITIES 
In this section, some safety improvements that were implemented from 2007 to 2009 are shown. 

3.6.4.2.1.    CNA I Improvements in the Physical Protection System  
The Physical Protection System of CNA I was updated. The modification consisted mainly in the 
installation of a double perimeter fence with electrostatic and micro-phonic sensors around all the 
Protected Area. In addition, a new access control system was installed which uses codified 
identification cards as well as a monitoring system consisting of video cameras and domes. 
A Physical Protection Department composed of three sections (operations; administration and 
maintenance) was created for this task, 35 persons were incorporated and adequately trained to 
undertake the job. Additionally, the security service continues being carried out by the National 
Gendarmerie (Gendarmería Nacional) with 100 cops located on site. 

3.6.4.2.2.    CNA I Improvements in the Emergency Electric System 
Presently, an electric interconnection between CNA I and CNA II allows the electrical power supply from 
two of the emergency Diesel generators of CNA II to the bus bars of CNA I, in the event of failure of the 
CNA I emergency supply . This interconnection permits a more reliable emergency power supply. 
Nevertheless, as the construction of CNA II has been accelerated and the current interconnection will 
soon be nullified, actions are being considered to maintain the present confidence level of the electric 
system of CNA I. 
Therefore, it was decided to modify the CNA I emergency power supply system which must be 
finished by the time CNA II commissioning starts. The proposed modification to the emergency electric 
system consists of two redundant trains supplied by three Diesel generators (4MVA each). In addition, 
an interruptible energy supply will be installed for the safety related components. The successful 
functioning of only one train is necessary to face all the conceivable events. 
An emergency power Diesel will be assigned to each train. The third emergency power Diesel acts as 
a standby unit in the event of failure to start of one of these Diesels. The diesels will be connected to 
the uncharged bus bars within 12 seconds to ensure a proper start-up. Subsequently a load 
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reconnection process will take place according to an established program from 17 sec on. The 400 V 
interruption-free subsystems are equipped with autonomous systems including 220 DC distributions, 
rectifiers, batteries and DC/AC inverters. 
An evaluation of the new emergency electric system design impact on safety is being performed. This 
consists of a preliminary reliability evaluation comparison with the original system as well as a 
qualitative study of the impact of the modification on PSA modelled scenarios. 
Presently, 40% of the civil work has been finished and the pending tasks related to the engineered 
plant connection are 65% completed. It is foreseen to conclude the civil work and initiate the assembly 
activities by the end of 2010. 

3.6.4.2.3.    CNA I Lessons Learned from National and International Operating Experience 
In response to national and international safety-significant incidents and Operating Experience 
(OPEX), safety assessments are performed by ARN staff and by the Licensee. Examples of lesson 
learned and corrective actions resulting from national and international events and OPEX are included 
in Annex IX. 

3.6.4.2.4.    CNA I Other improvement activities  
• Probabilistic Safety Assessment (PSA) (Details in chapter 3.14.). 

• Advances in the Severe Accident Management Program (Details in chapter 3.14.). 

3.6.4.2.5.    CNE Improvements in Plant Procedures derived from PSA findings 
As a result of recommendations of PSA for low power and shutdown states a new version of the 
procedure to mitigate abnormal events (POEA 15) during low power and warm-up operation was 
issued. The subject of the POEA 15 is the loss of thermal sink and coolant inventory during cool 
shutdown condition. 

3.6.4.2.6.    CNE Other Improvement Activities   
For a better and orderly presentation, the following other CNE improvement activities are detailed in 
chapter 3.14. of this report 

• Refurbishment Program, 

• Advances in the Severe Accident Management Program. 

3.6.5.   OPINION CONCERNING THE OPERATION CONTINUITY OF NUCLEAR  
              INSTALLATIONS 
During this reporting period, CNA I and CNE were operating with acceptable safety margins, 
complying with the Regulatory Standards related to design and operation. The level of defence-in-
depth of both NPPs remains acceptable and the ARN’s requirements were fulfiled. NA-SA and the 
ARN, each within their corresponding roles and responsibilities, ensure that the NPPs are operating 
under the conditions and within the safety margins included in the mandatory documentation. 

3.6.6.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
From the preceding considerations, it becomes evident that since the beginning of nuclear activities in 
Argentina, continuous and detailed safety assessments and improvements are carried out in NPPs. 
Furthermore, CNA I and CNE were operating with acceptable safety margins, complying with the 
Regulatory Standards related to design and operation, and the level of defence-in-depth of both NPPs 
remains acceptable. Therefore, the country complies with the obligations imposed in Article 6 of the 
Convention on Nuclear Safety. 
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3.7. ARTICLE 7: LEGISLATIVE AND REGULATORY FRAMEWORK 
 

1. Each Contracting Party shall establish and maintain a legislative and 
regulatory framework to govern the safety of nuclear installations.  

2. The legislative and regulatory framework shall provide for:  

i. the establishment of applicable national safety requirements and 
regulations;  

ii. a system of licensing with regard to nuclear installations and the 
prohibition of the operation of a nuclear installation without a licence; 

iii. a system of regulatory inspection and assessment of nuclear installations 
to ascertain compliance with applicable regulations and the terms of 
licences; the enforcement of applicable regulations and of the terms of 
licences, including suspension, modification or revocation. 

3.7.1.    NATIONAL LEGISLATIVE FRAMEWORK 
The National Commission of Atomic Energy (CNEA) was created in 1950 by Decree Nº 10.936/50. 
One of CNEA’s specific responsibilities was the control of all public and private nuclear activities to be 
performed in the national territory.  
Later, various legal regulations defined CNEA’s competence also as the Regulatory Body for nuclear 
and radiological safety matters, particularly in those aspects concerning the individual and 
environmental protection against the harmful effects of ionizing radiation, the safety of nuclear 
installations and the control of the use of nuclear material. In this regard, the specific regulations were 
Decree-Act Nº 22.498/56, ratified by Act Nº 14.467 and Decree Nº 842/58.  
Act Nº 14.467 determined CNEA’s competence to issue the necessary regulations for the permanent 
control of the activities related to radioactive substances and to provide the necessary means to control 
the existence, marketing and use of materials related to peaceful applications of atomic energy.  
Furthermore, Decree Nº 842/58 approved and puts into force the Regulation for Using the 
Radioisotopes and Ionizing Radiation and made it effective to govern the use and application of 
radioactive materials and the radiations they emitted or which were originated by nuclear reactions 
and transmutations, as well as to sanction in case of violations. The use of X-rays generators was 
excluded from the competence of the CNEA and entrusted exclusively to the Ministry of Health.  
The sustained growth of nuclear activity in the country made it necessary to strengthen the 
independence of the Regulatory Body with respect to the other activities of the CNEA. 
In 1994 the Government decided that the regulatory function and control of nuclear activities would be 
preserved at state level, and formally independent from promoters and users. 
Based on these considerations, the National Executive Power, supported by Act Nº 23.696/89 and by 
Section 99 Paragraph 1 of the Constitution, created the National Board of Nuclear Regulation 
(ENREN) by Decree Nº 1.540/94, with territorial jurisdiction along the whole national territory, to 
perform all the regulatory and control functions of the nuclear activity (formerly within the competence 
of CNEA’s regulatory branch), transferring the corresponding staff, equipment and facilities from 
CNEA to ENREN.  
As from 1997, the ENREN adopted the present denomination of Nuclear Regulatory Authority (ARN). 
In this sense, Act Nº 24.804/97 (National Law of Nuclear Activity) was passed, proclaiming the 
creation of the ARN as Regulatory Body. The ARN is in charge of nuclear activity regulation and 
control, concerning radiological and nuclear safety, safeguards and physical protection, giving in 
addition, advice to the National Executive Power on subjects of its competence. 
The ARN, as an autarchic entity within the jurisdiction of the National Executive Power, has full legal 
power to act in the fields of public and private rights, being the successor of the regulatory branch of 
CNEA and the National Board of Nuclear Regulation. 
Argentina has therefore a legal framework approved by the National Congress that regulates all 
nuclear activity. The administrative and regulatory structure that has been implemented with reference 
to this issue is constituted in the following manner: 
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• An Independent Regulatory Body.  

• An appropriate set of Regulatory Standards focused on radiological and nuclear safety.  

• A system to grant licenses.  

• A control system to verify the compliance with the Regulatory Standards and radiological and 
nuclear safety requirements.  

• A sanction system for cases of non-compliance of licenses, standards or other requirements.  

• A clear assignation of responsibilities.  
The legal framework is formed by the National Constitution, the treaties and conventions, laws, 
decrees and resolutions as stated below and by the Regulatory Standards (see 3.7.2.1.). 
The Argentine Republic has adhered as contracting party to a number of bilateral and multilateral 
international instruments, which imply different commitments and obligations in the nuclear field for the 
State. 
These are strict commitments and obligations regarding the control of: (a) the non-proliferation of 
nuclear weapons; (b) nuclear and radiological safety; (c) spent fuel and radioactive waste safe 
management; (d) physical protection of nuclear materials (e) cooperation in case of nuclear accidents 
and radiological emergencies and (f) Liability for Nuclear Damage. 
In addition, the following laws, decrees and resolutions are a part of the mentioned legal framework: 
Act Nº 24.804, enacted in 1997. This Act determines that the National State will establish the nuclear 
policy and perform research and development activities through the CNEA and regulatory and 
surveillance actions through the ARN, successor of the ENREN. The law also provides that the CNEA 
is the national organization which, among other duties, advises the National Executive on the 
definition of the nuclear policy, is responsible for radioactive waste management, determines the 
manner in which nuclear power plants and any other relevant facility shall be decommissioned and 
holds the ownership of the special radioactive fissionable materials contained in irradiated fuel 
elements. Annex I to Decree Nº 1.390/98 regulates Act Nº 24.804 and establishes that the ARN will be 
in charge of approving the contingency plans in case of nuclear accidents, programs to face 
emergencies, and training of workers and public. 
Act Nº 25.018, enacted in 1998, determines CNEA’s responsibilities as Responsible Organization for 
Radioactive Waste Management. It also provides that CNEA shall perform the corresponding activities 
observing the restrictions established by the ARN, complying with the corresponding national, 
provincial and municipal regulations.  
Resolution ARN Nº 9/2003, issued on June 6, 2003, modifies the way of licensing the facilities Class I 
(relevant) passing from an undefined or permanent term, to an expiry date for the nuclear reactors 
operating licences. This was the criteria included to grant the operating licenses of Atucha I Nuclear 
Power Plant and Embalse Nuclear Power Plant. 
Decree Nº 981/05, instructs NA-SA, as Licensee, to conform the Atucha II Unit of Management, whose 
objective will be to carry out the Acts that are required for putting into operation CNA II. 
Decree Nº 1.085/06, maintains operational the regime restored for the execution of works on CNA II, 
granted to the Atucha II Unit of Management. 
Decree Nº 1.107/06, declares of national interest the construction and operation of the CAREM reactor 
for the nucleus-electrical generation of energy. 
Decree Nº 217/2006. The Treasury Secretariat of the Ministry of Economy and Production is 
empowered to grant new loans  to finance the completion of Atucha II Project. 
Resolution ARN Nº 107/2007 issued on October 9, 2007: Limits the collective doses per unit of 
practice for nuclear power plants applicable to the discharge of radioactive effluents from nuclear 
power plants. 
Decree Nº 634/2007 approves the system of regulatory rates for New Nuclear Power Plants, which 
includes the rates for licensing and inspection tasks performed by the Nuclear Regulatory Authority as 
regards the construction, operation and starting up of the nuclear power plant.  
Act Nº 26.566 promulgated on December 17, 2009, declares of national interest the activities for the 
Embalse Nuclear Power Plant life extension. 
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3.7.2.    NORMATIVE FRAMEWORK 

3.7.2.1.    INTRODUCTION 
Act Nº 24.804/97 empowers the Regulatory Body to issue and establish the standards, which regulate 
and control nuclear activities, of compulsory application, along the whole national territory. 
The first Regulatory Standards related to nuclear power plant licensing were initially produced more than 
thirty years ago and were known as "CALIN Standards" (acronym for Consejo Asesor para el 
Licenciamiento de Instalaciones Nucleares - Advisor Council for the Licensing of Nuclear Installations, a 
body belonging to the regulatory branch of CNEA in that period). 
In the course of time a normative system was established comprising subjects such as radiological 
and nuclear safety, safeguards of nuclear materials and physical protection. The system, known as 
"AR Standards" (AR Standards for Regulatory Authority), has at present 64 standards of which 30 
concern directly or indirectly to NPPs in all their stages: design, construction, commissioning, 
operation and decommissioning. The codes and names of the before mentioned 30 standards are 
shown in Table 3.7.1. 
Additionally, there is a permanent Regulatory Body activity that constantly reviews and updates the 
standards with the objective of maintaining the normative system updated. 

 
Table 3.7.1. - AR Standards concerning nuclear power plant licensing: 

AR Code Name 
0.0.1. Licensing of Type I Installations 
0.11.1. Licensing of personnel of Type I Installations 
0.11.2. Psychophysical aptitude requirements for Specific Authorizations 
0.11.3. Retraining of personnel of Type I Installations 
3.1.1. Occupational exposure in nuclear power plants 
3.1.2. Limitation of radioactive effluents in nuclear power plants 
3.1.3. Radiological criteria relating to accidents in nuclear power plants 
3.2.1. General safety criteria in the design of nuclear power plants 
3.2.3. Nuclear power plant fire protection 
3.3.1. Nuclear power plant reactor core design 
3.3.2. Nuclear power plant heat removal systems 
3.3.3. Nuclear power plant primary pressure circuit 
3.3.4. Nuclear power plant fuel performance 
3.4.1. Safety-related protection and instrumentation system in nuclear power plants 
3.4.2. Nuclear power plant shutdown systems 
3.4.3. Nuclear power plant confinement systems 
3.5.1.  Emergency electric power supply in nuclear power plants 
3.6.1. Nuclear power plant quality system 
3.7.1. Documentation to be submitted to the Regulatory Authority prior to the 

commissioning of a nuclear power plant 
3.8.1. Pre-nuclear commissioning of nuclear power plants 
3.8.2. Nuclear commissioning of nuclear power plants 
3.9.1. General criteria for operational safety in nuclear power plants 
3.9.2. Communication of significant events in nuclear power plants 
3.10.1. Protection against earthquakes in nuclear power plants 
3.17.1. Nuclear Power Plant decommissioning 
10.1.1. Basic Radiation Safety Standard 
10.12.1. Radioactive Waste Management 
10.13.1. Basic standard for the physical protection of nuclear materials and installations 
10.14.1. Assurance of non-diversion of nuclear materials and of materials, installations and 

equipment of nuclear interest 
10.16.1. Transport of radioactive materials 

 
Moreover, the normative system has at present eight regulatory guides; four of them are related 
directly or indirectly to NPPs. The list of the mentioned guides is shown in Table 3.7.2. 
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Table 3.7.2. - AR Regulatory Guides concerning nuclear power plants 

AR Code Name 
GR1 Dosimetric factors for external irradiation and internal contamination and emergency 

levels in food 
GR2 Schedules of requirements for the transport of specified types of radioactive material 

consignments 
GR3 Specific functional conditions to be verified by the specialized physician according to 

psychophysics performance score 
GR10 Training programme of personnel for Type I Installation 

The Regulatory Body has continued with the revision of its standards related to NPPs verifying that the 
corresponding requirements are adequate to be applied to the activities related with the Embalse NPP 
life extension and the licensing process of CNA II, CAREM and the fourth NPP. 
The Regulatory Standard AR 3.1.3. "Radiological Criteria Related to Accidents in Nuclear Power 
Reactors", which contains the Argentine acceptance criterion - from the safety point of view - 
applicable to the design of NPPs, was one of the main reviewed standards. As a result of the review, it 
was decided to develop a guideline for the implementation of the Regulatory Standard AR 3.1.3. that 
is being carried out. The aim is to consider a methodology taking into account the individual risk 
involved in nuclear accidents as the acceptance criterion. 
Besides, ARN has written a preliminary version of the new Regulatory Standard AR 10.10.1. “Siting of 
Class I Nuclear Installations”, which includes the general radiological safety requirements for NPPs sites. In 
addition, preliminary versions of two new Regulatory Guides corresponding to the mentioned Regulatory 
Standard AR 10.10.1. are being written and it includes considerations related to safety assessments of 
external events and the criteria for determining the potential effect of the NPP on the region.  

3.7.2.2.    HARMONIZATION WITH IAEA STANDARDS 
ARN has begun a harmonization process of its standards against IAEA’s safety documents. The 
detailed comparative analysis comprises the criteria established in the ARN standards and the 
corresponding ones indicated in the IAEA Safety Requirements. 
In a first stage, a comparison and analysis of ARN Regulatory Standards / IAEA Standards was 
performed. As a result of this analysis some improvement possibilities were identified in some non 
essential aspects of the ARN standards. To complete the harmonization with IAEA Standards some 
modifications may be required. 
Presently, it is possible to conclude that Argentine standards are completely consistent with IAEA’s 
corresponding documents, taking into account that ARN has mainly adopted a performance criterion.  
The second harmonization stage foresees the performance of a comparative analysis of the 
recommendations contained in ARN’s Safety Guides. 

3.7.2.3.    BASIC CONCEPTS 
The Argentine Regulatory Standards are based on a set of fundamental concepts, which are part of 
the performance approach philosophy, sustained by the regulatory system, concerning radiological 
and nuclear safety, safeguards and physical protection. 
The risk information data sources used by ARN derive from reliability studies, Probabilistic Safety 
Analysis (PSA) and risk-informed operational insights. 
Such fundamental concepts, related to radiological and nuclear safety, are developed in the following 
sections. 

3.7.2.3.1.    Deterministic and probabilistic aspects of the Regulatory Standards 
The installation's radiological and nuclear safety is conceivable by means of two approaches: a 
deterministic and a probabilistic one. The deterministic approach considers that an installation is safe 
when its design, construction and operation are able to face any of the events of a set of postulated 
accidental events, assuming the impossibility of occurrence of unforeseen accidents. Whereas the 
probabilistic approach considers that any type of accident may occur with a certain probability, 
including the occurrence of an unforeseen accidental situation. 
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Both approaches are complementary and the modern trend in radiological and nuclear safety is to use 
them both together in a balanced manner. In this sense the ARN adopted, more than three decades 
ago, the probabilistic criterion of risk acceptance while maintaining some deterministic requirements. 
Regulatory Standards are not prescriptive but of compliance with safety objectives, that is to say, of 
performance of systems, equipment and components. How such objectives are achieved is based on 
good engineering judgement, in the operators’ qualification and in the Licensee’s way of taking 
appropriate decisions. 
The role of the latter is to be sceptical and critical, without proposing “how”, which implies an 
interaction of intense, continuous and personal nature, among professionals of the Regulatory Body 
and the Licensee, all along the installation’s lifetime, without affecting either institutions independence. 
Thus it may be asserted that the effectiveness of the regulatory system adopted by Argentina is 
reasonable according to the results it has produced in the course of time. 
Regarding the adoption of a performance conception, some of the most important advantages, learnt 
by the verified application experience are: 

• The nature of the interaction between the Regulatory Body and the Licensee contributes to the 
minimization of the possibilities of non-compliance or deficient compliance with regulatory 
requirements, as well as enables time and effort saving in fulfiling such requirements. 

• The solutions to regulatory requirements come, in general, from the Licensee, that is to say, from 
the organization that knows in detail everything concerning structures, components, equipments 
and systems constituting the installation involved. 

• The establishment of safety objectives helps to face safety questions with a high degree of 
flexibility rather than the typical prescriptive rigidity, without losing the bulk regulatory strictness. 
In this way, situations that would not be adequately considered in a prescriptive regulatory 
system can still be satisfactorily solved in time and form. 

• Each non-objected solution indicates a high degree of consensus between the Regulatory Body and 
the Licensee, so that its implementation becomes extremely easier. It may be mentioned, however, 
that in some opportunities it is necessary for the Regulatory Body to have some prescriptive criteria in 
order to verify the performance fulfilment in the solutions proposed by the Licensee. 

3.7.2.3.2.    Basic criteria of radiological and nuclear safety 
The basic criteria, on which radiological and nuclear safety is supported, have been applied since long 
ago and are coherent with ICRP and IAEA recommendations. 
Furthermore the ARN has contributed to formulate recommendations issued by international bodies 
(such as IAEA and ICRP), so that it is usual to find, in its own standards, concepts dealing with 
radiological and nuclear safety that appear in such recommendations. 
In case of emergencies the ARN also applies criteria consistent with ICRP applicable 
recommendations. (See chapter 3.16.). 

3.7.3.    LICENSING SYSTEM 

3.7.3.1.    GENERAL ASPECTS 
A basic aspect of the Argentine regulatory system is the approach adopted, in which the Licensee 
deals with the design, construction, commissioning, operation and decommissioning stages of the 
NPP, being completely responsible for the radiological and nuclear safety of the installation as well as 
for the physical protection and safeguards. The mere compliance with the Regulatory Standards does 
not exempt the Licensee from the mentioned responsibility. 
The Regulatory Standards establish that the construction, commissioning, operation or 
decommissioning of a NPP shall not be initiated without the corresponding License, previously 
required by the Licensee and issued by the Regulatory Body. The validity of such Licenses is 
subordinated to the compliance with the conditions stipulated in the corresponding License, as well as 
with the standards and requirements issued by the Regulatory Body. The non-compliance with any of 
the standards, conditions or requirements is reason enough for the Regulatory Body to suspend or 
cancel the corresponding License validity, according to the sanction regime in force. 
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The NPP personnel must be adequately trained and qualified according to their functions in the 
installation. 
The Regulatory Body also requires that the personnel assigned to safety related tasks be licensed. 

3.7.3.2.    LICENSING PROCESS 

3.7.3.2.1.    Nuclear power plant licensing 
The regulatory system considers Licenses for construction, commissioning, operation and 
decommissioning that establish the conditions that the Licensee must fulfil at each stage. 
The Construction License is issued when standards and requirements of the siting, basic design and 
expected safety operation conditions have been complied with prior to start of this stage. 
The applicable standards, consistent with international recommendations on the subjects, establish 
the safety criteria to be met in the design of the installation and define the timetable and type of 
mandatory documentation that must be presented together with the application for the Construction 
License (Regulatory Standard AR 3.7.1.). In particular, the NPP’s design must comply with the 
radiological criteria related to accidents (Regulatory Standard AR 3.1.3.). 
Once the Construction License is requested by the Licensee, a continuous interaction between the 
constructor or operator of the future installation and the Regulatory Body is initiated. It is an iterative 
process, as complex as the demands involved. It should be emphasized that the Licensee's capacity 
to carry out its responsibilities is evaluated commencing from the construction stage. 
The Commissioning License establishes the conditions for fuel and moderator loading, operation with 
increasing power up to its nominal value, as well as verifications and tests of the components, 
equipment and systems to determine whether they comply with the original design basis. To do so the 
Licensee must appoint an ad hoc Commissioning Committee constituted by senior specialists, who 
continuously evaluate the execution of the commissioning program and recommends its continuation. 
(Regulatory Standards AR 3.7.1., AR 3.8.1. and AR 3.8.2.). 
The Operating License is issued when the ARN verifies that conditions, standards and specific 
requirements applicable to a particular installation are fulfiled. Such conclusion is the result of analyzing 
the submitted documentation and detailed studies, as well as the inspection results carried out during the 
construction and commissioning together with the ad hoc Commissioning Committee recommendations. 
The Operating License is a document by which the ARN authorizes the commercial operation of a 
nuclear installation under stipulated conditions, which shall be fulfiled by the Licensee (Regulatory 
Standard AR 3.9.1.). The non-fulfilment of any of the imposed requirements without the corresponding 
ARN authorization should imply the application of sanctions that could lead to the Operating License 
suspension or cancellation. At the end of its lifetime and under the Licensee's request, the ARN 
authorizes the ending of the NPP’s commercial operation and issues a Decommissioning License. In 
this document, conditions for the NPPs safe dismantling are established, being the Licensee in charge 
of planning and providing the necessary means for its fulfilment (Regulatory Standard AR 3.17.1.). 
The safety evaluations performed prior to issuing a NPP License include mainly aspects of the 
mandatory documentation, such as Safety Analysis Report (SAR), Quality Assurance program, 
construction procedures, operation procedures, previsions for in-service inspections, maintenance 
program, etc. Besides, emergency plans are prepared in co-ordination with corresponding National, 
Provincial and Municipal Authorities. 

3.7.3.2.2.    Periodic Safety Review and License Renewals 
Until 2003, the Periodic Safety Review (PSR) as defined by IAEA had not been required in Argentina. 
Regulatory Standard AR 3.9.1. establishes that the SAR of NPPs must be updated each time that a 
plant design modification is performed and once every five (5) years. The NPP´s Operating Licenses 
include similar requirements. However, the Operating Licenses didn’t have a defined validity period but 
they could be revoked when the utility didn’t fulfil some requirement contained in the Licenses. 
Those safety reviews, which are part of the continuous improvement program, foresee a continuous 
follow-up of the safety problems, the operative experience feedback and the Aging Management 
Program. Furthermore it is a regulatory requirement to perform and to update the NPP’s PSA, which 
implies that a safety review be performed during the revision stage, or improvements implementation, 
or design changes. 
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However, in 2003 the Board of Directors of the ARN nominated a specific committee to analyze and 
update the NPPs Operating Licenses considering national and international aspects. A number of 
considerations were taken into account such as: 

• limited or unlimited renewal period of the Operating License 

• avoiding repetitions of the standards 

• the benefits of applying a PSR methodology 

• the requirements issued that consider permanent fulfilment and 

• the operating experience. 
The committee issued in August, 2003, a new draft of the NPPs Operating License that includes two 
major changes: 

• To include a validity period of the Operating License of 10 years. 

• To require a formal PSR for its renewal. 
At the end of 2003, the Board of Directors of the Regulatory Body approved the committee’s document 
and these major changes were put into practice in the new License for CNA I in 2003 and in the new 
License for CNE in 2007. 

3.7.3.2.3.    Nuclear power plant personnel licensing 
Regulatory Standards AR. 0.11.1. and AR 0.11.2. set the criteria and procedures to provide Individual 
Licenses and Specific Authorizations to the personnel who apply for licensable functions in nuclear 
installations. These standards also establish terms and conditions according to which the ARN may 
issue these Individual Licenses and Specific Authorizations. In addition, Regulatory Standard AR 0.11.3. 
establishes criteria on retraining of personnel for this type of installations by means of specific 
requirements that have to be met for the plant staff training and the mechanisms for the evaluation of 
the training process. 
Two kinds of conceptually different documents, which imply certifications, are issued: 

• Individual License: it is a certificate of permanent nature recognizing the technical-scientific 
qualification necessary for a person to perform a certain function within the operation chart of a 
certain type of nuclear installation. The Individual License is a necessary but not a sufficient 
condition for holding a licensable position in a given NPP. 

• Specific Authorization: it qualifies a licensed person to perform a specific function in a particular 
nuclear installation. It has a maximum validity of two years and may be renewed after some 
conditions are met. 

Whenever an Individual License or a Specific Authorization is needed for its personnel, the Licensee 
submits the necessary documentation to the ARN. The "Consejo Asesor para el Licenciamiento del 
Personal de Instalaciones Relevantes" (CALPIR - Advisory Committee for the Licensing of Major 
Installation Personnel), which advises the Board of Directors of the ARN concerning these matters, 
evaluates each applicant's qualification, and either suggests the issue of the requested certificate, or 
otherwise produces a requirement to the Licensee for the applicant's additional training so as to 
achieve the needed qualification. 
The persons who apply for an Individual License or a Specific Authorization or for the renewal of the 
latter must fulfil a number of requisites concerning qualification, working experience, training, retraining 
and psychophysical aptitude, which will depend on the installation and on the function. These 
requisites may be summarised as follows:  
To obtain an Individual License, it is required: 

• Basic qualification: an education level (secondary, tertiary or post-graduate) suitable to enable 
the access to higher stages of qualification according to the technical scientific aptitude required 
considering the type of task and function level. 

• Specialized qualification: the technical-scientific knowledge in the nuclear field required to 
perform a licensable function adequately. The specialised qualification applicant must attend 
training courses of the programs accepted by the ARN and pass examinations, which are 
overseen by ARN personnel. 

• Working experience: significant experience for the correct performance of the function applied for. 
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To obtain or renew a Specific Authorization, it is required: 

• Specific qualification: knowledge regarding radiological safety, installation procedures and 
characteristics, responsibilities of the position to be licensed and the mandatory documentation. 
The extension and depth of the applicant's knowledge shall be such that it can contribute to the 
safe operation of the installation. 

• On-the-job-training: to have carried out tasks corresponding to the function applied for, under the 
supervision of licensed personnel, in the same or a similar installation. 

• Re-training: to take courses and periodic evaluations prepared by licensed personnel in the 
operation of a nuclear installation, with the purpose of updating knowledge and developing 
aptitudes which will enable the applicant to face eventual abnormal situations. 

• Psychophysical aptitudes: the applicant's psychophysical conditions shall be compatible with the 
psychophysical profile needed to perform a licensable function correctly. 

The Specific Authorization is obtained after taking courses according to programs accepted by the 
ARN, on-the-job-training finalization and passing examinations overseen by its personnel. 

3.7.3.3.    REGULATORY INSPECTIONS AND AUDITS 
From the beginning of nuclear activity in the country, the Regulatory Body has performed assessments 
as well as multiple and different regulatory inspections and audits as frequently as considered 
necessary, with the purpose of verifying that nuclear installations satisfy the standards, Licenses and 
requirements in force. All these activities are performed according to written procedures. 
Act Nº 24.804, authorizes the ARN to continue with such inspections and regulatory assessments, 
performed by its personnel such as: 

• Routine inspections are carried out by resident inspectors and other ARN personnel. Their 
purpose is to verify that the Licensee complies with limits and conditions of operation established 
in the mandatory documentation. 

• Special inspections are carried out by ARN specialists (dosimetry, instrumentation and control, 
thermo hydraulics, etc.) in coordination with resident inspectors. These inspections are 
performed under special circumstances or due to the occurrence of abnormal events in the 
installation. They have several purposes, e.g. to control preventive maintenance tasks during a 
NPP’s programmed shutdown. 

• Safety Assessments are performed by ARN personnel and consist of the analysis of data 
obtained during inspections or any other source, for instance, radiological safety evaluations 
carried out during certain practices at the NPP, in order to identify eventual weak aspects or 
identify possible ways of reducing personnel doses. 

• Regulatory Audits are programmed and carried out by ARN personnel to analyze organization, 
operation and process aspects related to radiological and nuclear safety in order to examine the 
degree of compliance with the provisions in the mandatory documentation. 

3.7.3.4.    REGULATORY ACTIONS 
The regulatory actions that the Regulatory Body may take in relation with a particular installation are 
originated mainly as: 

• The results of regulatory assessments, inspections and audits carried out in the installation. 

• The knowledge obtained from abnormal event occurrences in the installation itself or applicable 
events in other installations. 

• The results of ARN technical evaluations. 

• The application of recommendations or good practices arose from exchange of information, 
technical documents or lesson learnt coming from domestic or international sources. 

In such cases, the ARN sends a regulatory document to the Licensee, which takes the form of a 
requirement, a recommendation or an additional information request according to the case. The 
document demands the Licensee to carry out the required corrective actions in a certain time period. 
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Such documents have the following scope: 

• Requirement: it is a regulatory demand that must be fulfiled by the Licensee as requested. 

• Recommendation: it is a demand that differs from a requirement in that the Licensee has certain 
flexibility to accomplish it by means of alternative ways (e.g. engineering solutions), which 
ensure at least the same result required by the recommendation. Such proposals must be 
submitted to the Regulatory Body for evaluation. 

• Additional Information Request: it is a regulatory demand in which a higher degree of details in 
the submitted documentation is requested; e.g. justification of certain assertions, demonstration 
of some calculation results, or additional documentation. 

3.7.4.    SANCTIONS REGIME 
Article 16 of Act Nº 24.804 authorizes the ARN to impose sanctions in case of non-compliance with the 
Mandatory Documentation; it means Regulatory Standards, Licenses (Construction, Commissioning, 
Operating and Decommissioning) and Regulatory Requirements. 
The above-mentioned sanctions are set out in the “Sanctions Regime for Nuclear Power Plants” 
(Resolution Nº 63-05/05/99) and are graded according to the importance of the fault as follows: 
warning, fines (which shall be proportional to the importance of the fault and the potential damage), 
suspension of the license, permit or authorization or its cancellation. For these purposes, the ARN is 
authorized to lay down the relevant procedures that may apply in case of violation of the Mandatory 
Documentation to be issued in the exercise of its competence, ensuring the constitutional guarantees 
of due process and the defence of rights. 
The sanction regime represents the last link of the safety chain. The ARN considers that if the 
regulatory system is really effective and the Responsible Organizations fully exercise their 
responsibilities, the application of sanctions and fines should occur only in exceptional cases. In this 
sense, an informal ARN function is to make Responsible Organizations and Primary Responsible 
aware of their responsibility regarding safety, in order to increase the communication of safety culture 
through all levels of the organization structure. 

3.7.5.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
In Argentina, a legislative framework has been established and maintained to govern the nuclear 
installations safety. This framework provides: 

• An appropriate set of Regulatory Standards to be applied in safety subjects. 

• A licensing system. 

• An assessment and inspection system to verify compliance with the mandatory documentation 
(Licenses, Standards, Requirements, Licensee documentation as SAR, Policies and Principles 
manual, etc.). 

• A sanction regime to be applied in case of non-compliance with mandatory documentation. 
Therefore, the country complies with the obligations imposed in Article 7 of the Convention on Nuclear 
Safety. 
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3.8.    ARTICLE 8: REGULATORY BODY 
1. Each Contracting Party shall establish or designate a Regulatory Body 

entrusted with the implementation of the legislative and regulatory framework 
referred to in Article 7, and provided with adequate authority, competence and 
financial and human resources to fulfil its assigned responsibilities.  

2. Each Contracting Party shall take the appropriate steps to ensure an effective 
separation between the functions of the regulatory body and those of any other 
body or organization concerned with the promotion or utilization of nuclear energy.  

3.8.1.    FUNCTIONS AND COMPETENCE OF THE REGULATORY BODY 
Since the initial operation of Argentina's first research reactor in 1958, a sustained nuclear research 
and development (R&D) has been carried out in the country, which required the qualification of 
specialists in several subjects. During the first years, this aim was accomplished by training the 
professionals abroad, but the country was soon able to satisfy its main needs. CNEA had already 
reached a reasonable degree of R&D in the nuclear field and a suitable technical-scientific capability 
to face the R&D of each of the nuclear fuel cycle stages, including the corresponding radiological and 
nuclear safety, safeguards and physical protection aspects. 
Since its creation, the ARN is applying the same policy, i.e., to have qualified and trained human 
resources to carry out every task implying a regulatory action. Moreover, it has the necessary 
equipment and laboratories to perform the environmental or biological evaluations enabling a 
quantitative estimate of both situation and safety of the involved installations. 
Act Nº 24.804, sets that the ARN is in charge of the regulation and surveillance of nuclear activity 
concerning radiological and nuclear safety, physical protection and safeguards. It also establishes that 
the ARN has autarchy and complete legal capability to act in the field of private and public rights, and 
that its resources are basically funded through regulatory fees and with State support. 
Article 16 of the mentioned Act establishes the functions and responsibilities of the ARN, authorizing it 
to issue Regulatory Standards concerning radiological and nuclear safety, physical protection and 
safeguards. This article also assigns the ARN a series of functions, referred to radioactive and nuclear 
installations, already mentioned in Section 3.7.1. of this report. 
Act Nº 24.804 also gives the necessary legal competence to the ARN to establish, develop and apply 
Regulatory Standards to every nuclear activity carried out in the country. In that sense, the Law provides 
that the regulation and surveillance of the nuclear activity on such matters is “subject to national 
jurisdiction”. The ARN is also responsible for advising the Executive on issues under its purview. 
Furthermore, Article 16 establishes a consulting procedure with the Licensees and the stakeholders 
every time new Regulatory Standards are proposed or already existing ones are modified. 
In order to guarantee a proper control level, such legal competence is complemented with a suitable 
technical capability. Namely, the ARN has the capacity to independently evaluate the design, 
construction, commissioning, operation and decommissioning of NPPs. 
For this reason, since the beginning of the regulatory activities in the country, it was considered 
imperative to have qualified personnel with adequate knowledge and experience in order to preserve 
ARN’s own independent criterion regarding every aspect of radiological and nuclear safety. 
Furthermore, the ARN is empowered to contract specialists who can advice about subjects related to 
the specific fulfilment of its functions. 
Therefore, the global strategy of the regulatory system is concentrated on the following basic aspects: 

• Issue of the corresponding standards. 
• Execution of regulatory inspections and audits to verify the compliance with granted licenses and 

authorizations. 
• Independent execution of analyses and studies for the licensing process of nuclear installations. 
• Development of technical and scientific aspects associated to radiological and nuclear safety. 
• Training of personnel involved in radiological and nuclear safety, either belonging to the ARN or 

those working at installations, which perform practices under regulatory control. 
It should also be mentioned that the ARN has a similar approach in the fields of safeguards and 
physical protection. 
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Act Nº 25.018/98 sets provisions that involve the ARN in the management of Radioactive Wastes. It 
states that ARN shall: 

• Approve the acceptance criteria and the transference conditions of the radioactive waste 
formulated by CNEA (as application authority). 

• Approve radioactive waste transference procedures, in particular irradiated fuel elements 
established by CNEA (CNEA, in this case, as the radioactive waste generation centre). 

• Advise the National Congress in relation to the Radioactive Waste Management Strategic Plan. 
It must be pointed out that part of the functions that the Law attributes to the ARN within the Waste 
Management Area were “de facto” already being executed as a part of ARN´s action plan. 
In November 1998, the National Executive Power subscribed Decree Nº 1.390 defining the scope and 
procedures facilitating the enforcement of the Act Nº 24.804, or “National Law of Nuclear Activities”. 
The application of Decree Nº 1.390 caused a change in ARN’s functions, powers and duties related to 
radiological offsite aspects concerning nuclear emergencies preparedness, training and response. 
This change in ARN’s functions is explained in section 3.16. 

3.8.2.    ARN ORGANIZATIONAL STRUCTURE AND HUMAN RESOURCES 
According to the provisions in Act Nº 24.804, ARN is managed and administrated by a Board of 
Directors, all members with adequate technical and professional background on the subject. 
ARN acts as an autarchic organization and reports directly to the Secretary of the National Executive 
Power. The Board of Directors consists of three members, a Chairman and 2 Vice-Chairmen. 
The ARN organization is matrix based, where the different tasks involving different sectors are 
designed as projects or activities, for a better use of the available economic and human resources. 
Activities are permanent tasks along years (i.e. regulatory inspections). The projects have a limited 
duration and once completed should be integrated into one or more activities, if the case requires it. A 
schematic chart of the ARN structure valid until December 2009 is shown in Figure 3.8.1. 

 
Figure 3.8.1. – ARN Organization Chart 

The Administrative Affairs and Resources Division provide administrative and accounting support to 
ARN’s regulatory tasks. 
The Radiological Safety, Nuclear Security and Safeguards Division carries out regulatory inspections 
and assessments concerning Radiological Safety of Radioactive Installations (medical, research and 
industrial installations), Transport, Safeguards Control, and Nuclear Security Controls. 
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The Scientific and Technical Support Division gives specialised technical support to regulatory 
inspections and evaluations and carries out technical scientific developments on subjects related to 
radiological and nuclear safety. 
The Nuclear Reactor Control, Institutional Affairs and Non Proliferation, Legal Affairs, and Human 
Resources Departments report directly to the Board of Directors. The Nuclear Reactor Control Department 
is in charge of inspections and technical evaluations of the operating NPPs and research reactors. 
The Special Processes Unit was created to face the regulatory activities related to CNA II licensing, 
CAREM licensing, CNE life extension and the feasibility study for a fourth NPP. 
The Legal Affairs Section, the Internal Auditing Unit and the Planning and Prospective Unit advise the 
Board of Directors on legal aspects of regulatory management, on the use of economical resources of 
each project and on the ARN activity planning, prospective and management control. 
The Institutional Affairs and Non Proliferation Division control the use of nuclear materials, equipment 
and installations of nuclear interest and verify the compliance with international agreements related to 
non-proliferation guarantees. This branch also controls the compliance of physical protection 
regulations applicable to nuclear materials and installations. Furthermore, it co-ordinates the 
institutional relations in the national and international sphere. 
During the period covered by this report, the ARN has increased its personnel, from 312 in April 2007 
to 364 in April of 2010. 
The important increase in personnel during the last years, mainly young professionals, is due mainly to 
the need to cover positions which have to be filled as the generation of specialised professionals 
reach retirement age, and also to cover the new tasks to be undertaken for the licensing of new 
nuclear projects in Argentina. 
It is worth mentioning that of the 364 people working at the ARN, 76% are professional and 
technicians that undertake specialised technical tasks in areas of their competence or are under 
training programs, and 24 % perform administrative activities. Moreover is the fact that 7% of the total 
personnel of the ARN hold high level positions or functions, and have a specialised training of about 
20 years or more working in regulatory activities. 
The whole staff is geographically distributed as follows: 68% of the personnel at the headquarters in 
Buenos Aires City, 23% in the Ezeiza Atomic Centre, 7% at CNA I, CNA II and CNE sites, and 2% at 
the Argentine-Brazilian Agency for Accounting and Control of Nuclear Material (ABACC) with 
headquarters in Rio de Janeiro, Brazil and IAEA, in Vienna. 
At the beginning of 2010 a new organization was implemented for the ARN in order to adequate its 
priorities, resources and procedures to face the control of the activities related to new nuclear projects 
that are being developed in the country. Consequently, in order to achieve better tasks coordination, 
the Reactors Control and Special Processes Divisions were joint in a new Control and Licensing of 
Nuclear Reactors Division (see Section 3.8.2.1.3.). 

3.8.2.1.    RESOURCES ASSIGNED TO THE NUCLEAR POWER PLANTS REGULATORY  
                CONTROL 

3.8.2.1.1.    General aspects 
Over the last few years, ARN experienced a period with a marked decrease of specialised personnel, 
but during 2007-2010 this situation improved, and resignation of senior personnel hasn’t occurred. 
Concerning the reduction of personnel due to retirement, ARN has succeeded since 2007, retaining 
some skilled retired personnel who continue working with part- time dedication in the institution. 
In the case of young professionals, resignation was reduced to about 10% of the incoming personnel, 
generating a low impact in the organization’s response capacity as they were still under training. 
In Argentina, the nuclear energy renaissance produced a positive impact in personnel motivation that 
helps improving the situation, by offering the professionals the opportunity of participation in attractive 
technological projects. 
Moreover, ARN in the context of assuring a properly planned career development is making a great 
effort to improve wages, has adopted a solid plan for training young personnel and provide an 
interesting perspective for a dynamic career in the institution. 
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ARN, in order to comply with its responsibilities, undertakes as a permanent activity training of 
specialists in radiation and nuclear safety, safeguards and physical protection, by means of training 
courses and the participation in local and international training activities. These activities are carried 
out through the Training Department in charge of defining, organizing and coordinating courses, 
workshops and follow-up seminars. 
Young recruited professionals have assisted the Postgraduate Course in Radiation Protection and 
Nuclear Safety organized in accordance with the provisions of an agreement with the University of 
Buenos Aires (UBA) and the Ministry of Health under the IAEA auspices. This course took place 
uninterruptedly on a yearly basis between 1980 and 2004. 
In 2005 the original course was divided into two. Since then, the ARN and University of Buenos Aires, 
under IAEA auspices provide yearly two postgraduate Courses. These courses are:· 

• Radiation Protection and Safety of Radiation Sources”. The course lasts 25 weeks, with a daily 
seven-hour work-load. 

• “Nuclear Safety”. The course lasts 10 weeks, with a daily seven-hour work-load. 
Additionally, a course in radiation protection is provided to train technicians. This course lasts eight 
weeks with a daily seven-hour work-load. 
After this basic instruction, the young recently recruited professionals and technicians participate in on-
the-job training, collaborating in specialised technical tasks. 
In addition, different ARN groups provide specific courses, as needed, and some young professionals 
are sent to attend specific courses in national or international institutions to improve their knowledge 
on special matters of ARN interest. 
Joint tasks developed by ARN in collaboration with different TSO, are also used as an opportunity to 
incorporate knowledge and experience by young professionals. 
Furthermore, the ARN is using knowledge management as a useful tool to transfer and keep the 
knowledge standard among its professional personnel (see section 3.8.2.5.). Some deficiencies in the 
ARN response capacity due to lack of senior personnel is covered through work agreements and 
contracts with specialist, and domestic and foreign organizations. 
As can be seen in section 3.8.4., ARN has several agreements with local and international support 
institutions. One of the conditions of the agreements is that the institutions involved do not provide 
assistance to the licensees in the same area. 
The international institutions were selected for their expertise in the field concerned, for being well 
established and recognized, and also for their vast experience in advising other Regulatory Bodies 
and consequently, a formal qualification of their capacities is not necessary. 
Among these institutions, it is possible to mention TÜV (for inspections) and GRS (for evaluations) 
from Germany, Purdue University - USA (for the development and implementation of core codes 
calculation), Battelle National Lab - USA (technical services for CNA II), as well as an agreement with 
the US - NRC on the use of specific codes. 
ARN not only trains its own personnel on radiological protection and safety of radioactive and nuclear 
sources, it also trains technical people from other national and international institutions. 
Therefore, ARN has the necessary resources and infrastructure to carry out its mission and to reach 
its objectives.  

3.8.2.1.2.    Human Resources assigned to operation control 
About 55 persons are involved in regulatory activities related to NPP control. The percentage 
distribution of human resources assigned directly to NPPs inspections and safety assessments 
between 1998 and 2010 was as follows: 

Inspections and evaluations in NPPs 25% 

Support activities directly related to safety. 40% 

Support activities indirectly related to safety. 35% 

These tasks include two resident inspectors in each NPP, and the safety analysers, who perform 
supporting tasks to inspection activities and study particular issues regarding the installation safety. 
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The increase in the licensing tasks for CNA II, CNE life extension and CAREM licensing as well as the 
pre-feasibility studies for the Forth NPP, have implied a temporary redistribution of the efforts 
dedicated to the operating NPPs, reducing somewhat indirect support activities but maintaining the 
manpower directly related to the inspection of the installations. 
According to the new organization that was mentioned in section 3.8.2., a Control and Licensing of 
Nuclear Reactors Management Unit was created (See Figure 3.8.3.). 

3.8.2.1.3.    Human Resources assigned to construction and commissioning control 
ARN’s human resources involved during CNA I’s construction and commissioning stages are different 
to those assigned to CNE and to CNA II for the same stages. 
This is due to the different circumstances under which those activities were undertaken and to ARN’s 
different experience in such cases. 
For CNA I the role of Independent Authorized Inspector, prescribed by the ASME code, was 
performed by two entities: Technischer Überwachungs Verein, Baden (TÜV), appointed by Siemens 
Company and Control e Inspección de Seguridad de Centrales Nucleares (CISIN - NPPs Safety 
Control and Inspection) on behalf of CNEA. These entities carried out verifications of: 

• preliminary tests, 
• material reception, 
• tests of components, 
• equipment and safety systems fabrication and functioning tests. 

For CNE, in order to co-ordinate the tasks related to licensing during construction and commissioning, 
ARN organised a special committee called Executive Committee for CNE Licensing. 
The main functions of this committee were: 

• analyse the Safety Analysis Report (SAR), 
• analyse the commissioning program, 
• analyse the quality assurance program, 
• perform and require the performance of a SAR update, 
• carry out inspections, audits and make requirements to the Licensee. 

This committee performed the safety evaluations during the plant construction and commissioning on 
its own or by contract with third partners. The seismic re-evaluation of the installation was of special 
significance. 
For CNA II, ARN is commissioning a second-generation NPP whose Construction Licence was 
granted in July 1981 and whose construction has stretched over nearly three decades and has not 
finished yet. ARN has analysed several times the commissioning aspects of CNA II, and concluded 
that it is feasible as long as the pertinent regulations are complied with (see more details in Chapter 
3.18.). ARN has formed an ad hoc organization for the commissioning of CNA II, in force from the 
beginning of 2006 up to December 2009, whose structure is shown in Figure 3.8.2. 

 
Figure 3.8.2. – Structure of the organization in charge of the commissioning of CNA II 



CHAPTER 3
Compliance with Articles of the Convention 35 

 

The Control and Licensing of Nuclear Reactors Division was created at the beginning of 2010 and is in 
charge of the control of NPPs in operation, as well as the licensing of CNA II, CAREM, fourth NPP and 
CNE life extension. 
It consists of 52 professionals, 7 technicians and 4 administrative assistants. Fifty five percent (55%) 
of these people work on site, and 45% work at headquarters. The quantity, composition and 
qualification of the personnel of this organization, may change in the future according to the 
requirements of the commissioning activities. 
Furthermore, four professionals have been appointed for the regulatory activities corresponding to the 
life extension of CNE, while for the commissioning of CAREM and for the preoperational studies of the 
fourth NPP, two professionals have been allotted. These professionals receive technical and logistic 
support from other areas of ARN. 
The structure of the Control and Licensing of Nuclear Reactors Division is showed in Figure 3.8.3. 

 
Figure 3.8.3.- Structure of the Control and Licensing of Nuclear Reactors Division 

3.8.2.2.    ARN PERSONNEL QUALIFICATION 
The ARN is recognized by the IAEA as a Regional Training Center (RTC) in Latin America and The 
Caribbean for Nuclear, Radiation, Transport and Waste Safety in accordance with the relevant IAEA’s 
General Conference Resolutions and based on more than 30 years of successfully conducting 
Postgraduate Educational Courses (PGEC) on Radiation Protection and Safety in partnership with the 
University of Buenos Aires and the auspices of the IAEA. After a successful completion of an EduTA 
mission, a long-term Agreement between the IAEA and the Government of Argentina to support ARN 
as RTC has been signed in 2008 and is being implemented routinely. During 2010 the recertification of 
both PGEC by ISO (9001) 2008 has been obtained with regard to their curricula design, planning and 
development. 
Training of ARN safety regulatory staff, in particular youngsters is being address through their 
attendance to the Postgraduate Educational Courses (PGEC) on Radiation Protection and the Safety 
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of Radiation Sources and on Nuclear Safety. The main task of the PGEC is to provide a high-quality 
level of education of professionals in radiation protection and nuclear safety and to establish a strong 
network of radioprotection practitioners in the region. A training course on Radiation Protection at 
technical level is also available. 
On a case by case basis, intensive on the job training, specialized short-medium training courses 
(national and abroad), workshops, fellowships, knowledge management activities and the assignment of 
tasks under supervision by senior staff following a graded approach with respect to the complexity of the 
duties are also performed. Collaborative activities through contracts or cooperation agreements with 
domestic and foreign organizations to train and cover the ARN new challenges were also performed. 
Subsequently, those professionals assigned to NPPs inspections and other licensing and regulatory 
activities receive a wide and complete specific training in NPPs. 
ARN’s and Licensee’s experts take part in safety related activities in organizations like ICRP, 
UNSCEAR and the IAEA (e.g., CSS, NUSSC, RASSC, TRANSSC, WASSC, INSAG, consultant and 
technical meetings). They also participate in OSART and INSARR missions in different foreign NPPs 
and research reactors. This allows a fruitful exchange of experience and lessons learnt and promote a 
high level of competence in safety. 

3.8.2.3.    QUALITY MANAGEMENT SYSTEM IN THE REGULATORY BODY 
ARN has established, documented and implemented the Quality Management System according to 
the requirements established in the ISO 9001 Standard. The actions and requirements fulfilment are 
described in the Quality Manual (MC-ARN). In this document the ARN Board of Directors declares and 
communicates the Quality Policy and Commitment. 

Quality Policy 
ARN has the commitment of protecting people, environment and future generations from the 
harmful effects of ionizing radiations and of ensuring the pacific nature of the nuclear energy 
uses, on the basis of continual improvement of the quality management system effectiveness, 
process and resource management, personnel excellence with the highest professional training 
and safety culture development, satisfying the stakeholder requirements.  

3.8.2.3.1.    Process approach improvement 
The Quality Management System is implemented by applying a process approach. 
In 2007 the Board of Directors initiated the discussion, interpretation and implementation of the IAEA 
Safety Requirements GS-R-3 “Management System for Facilities and Activities”. 
In order to begin the transition from the Quality Management System (ISO 9001) to the Management 
System, the Senior Management carried out during 2007 and 2008, meetings for managers, focusing 
on the benefits in safety management and considering all the requirements as integrated. 
All ARN processes (regulatory and support processes) were evaluated and reviewed regarding the 
Management System requirements in an integrated approach.  
As a consequence of this revision by process responsible personnel and managers, a new Process 
Map was developed and approved in 2008. See Figure 3.8.4. 
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Figure 3.8.4. – ARN Process Map 
The sequence and interaction of these processes are established and represented in charts. 
Each process is described in a Process Record where the objectives, inputs, outputs, checkpoints, 
associated documents, performance indicators among others, are considered. 
The measurements and analysis of these processes are carried out by independent assessments and 
self-assessments. Effectiveness and efficiency indicators are implemented for the certified processes 
and are being defined for other processes. 
Achieved goals up to May 2010: 

1. Environmental Control Laboratory accreditation: From February 2007 to April 2010, ARN has 
increased the number of accredited techniques under ISO/IEC 17025 Standard, of the 
Environmental Control Laboratory. 

2. Training course certification: in April 2010 ARN has recertified the fulfilment of the ISO 
9001:2008 Standard requirements of the following certified postgraduate courses: “Radiological 
Protection and Safety of Radioactive Sources” and “Nuclear Safety”.  

3. Certification of the process “Protection against Ionizing Radiation in the Transportation of 
Nuclear and Radioactive Material”: this process was certified in 2008 and has successfully 
passed the second certification maintenance audit in April 2010 according to the ISO 9001 
Standard requirements.  

4. Certification of the processes “Personal Licensing for Nuclear Installations” and “Incoming and 
outgoing documentation management”: both processes have successfully passed the 
Certification Audit-Phase I.  

3.8.2.3.2.    Documentation Requirements 
The Quality Management System is based on a solid documental structure, which involves: 
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Up to April 2010 there were 102 approved documents and 31 on approval process. 
Document and record controls have been implemented and the Information Security Policy has been 
established. 

3.8.2.3.3.    Satisfaction of stakeholders 
ARN focuses on the requirements of stakeholders, ensuring that safety is not compromised, while 
performing actions regarding laws, public and personnel safety and environmental protection matters. 
Satisfaction surveys to licensees and suppliers were carried out regarding technical and administrative 
aspects related to regulatory activities. 

3.8.2.3.4.    Planning 
Annually, the ARN Board of Directors approves the Work and Budget Plan, which contains the activities, 
tasks and projects of each area, in order to comply with the Institution’s objectives and goals. 
The Quality Management System changes are performed in a planned way, in order to assure its 
continuity, effectiveness and efficiency.  

3.8.2.3.5.    Measurement, Assessment and Improvement 
ARN carries out quality self-assessment in order to: 

• demonstrate products and processes compliance with stakeholder’s requirements,  

• ensure the Quality Management System compliance, 

• continuously improve the effectiveness and efficiency of the Quality Management System, 

• identify opportunities for improvement, 

• verify that corrective actions are carried out and assess their effectiveness. 
The self-assessments are performed by qualified personnel. They are independent of the area which 
is assessed. During 2007-2009, fourteen internal quality audits were carried out to different processes 
and eleven external quality audits from the Certifying Body. 

3.8.2.4.    COMMUNICATIONS WITH THE STAKEHOLDERS 
ARN has implemented communication mechanisms with the stakeholders concerning: 

• legislation, standards, regulatory guides, licenses, permits, authorizations. 

• feedback regarding consultations, complaints, opinions and opportunities for improvement. 
ARN regularly issues publications which inform and broadcast to stakeholders the activities 
undertaken by the institution. 
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In ARN’s Website (www.arn.gob.ar), regulatory information, Regulatory Standards, laws and acts, 
permit and operating license information, annual reports and general public communications among 
others, can be found. 

3.8.2.5.    KNOWLEDGE MANAGEMENT 
During the period 2007-2010 the ARN has continued performing activities in the area of regulatory 
knowledge management to deal with gap generation and risks of knowledge loss caused by the 
departure of experienced personnel and the need to transfer such expertise to younger generations 
through training activities.  
By the end of 2007 a specific project called “Preservation of Information and Historical Regulatory 
Knowledge in ARN” was defined to preserve primary information and knowledge related to radiological 
protection and nuclear safety. This project is still running in 2010 within a special Unit for Training and 
Education established by the ARN’s Board of Directors aimed at maintaining and enhancing 
competence in safety, safeguards, security and non proliferation. New tasks to enhance the 
knowledge management initiative were identified for further actions. They refer to the assessment of 
critical analysis of regulatory knowledge on specific key areas of the organization and the development 
of reliable indicators to measure the institutional intellectual capital.  

3.8.3.    FINANCIAL RESOURCES 
The effective fulfilment of the regulatory objectives requires that ARN have an efficient structure and 
adequate personnel together with the necessary economical resources. Concerning this matter, Act 
Nº 24.804, establishes that such resources shall be basically obtained from the following incomes: 

• Annual regulatory fees, 
• Supports from the National Treasury determined in each fiscal budget, 
• Other funds, goods or resources that could be assigned through Acts or pertinent regulations. 

In the case of NPPs in operation, the mentioned Act sets the amount of the annual regulatory fees, as 
a function of the nominal power installed for each NPP, which must be paid annually by the Licensee 
until the end of the tasks concerning the withdrawal of irradiated fuel elements from the core during 
decommissioning. 
In the case of NPPs under construction, the fee which is set forth in the “Regime for the Regulatory 
Rate for New NPPs” is applied. The fees cover the cost of regulatory activities during the NPPs 
construction, erection, preliminary tests and commissioning stages. 
ARN annually issues a budget proposal containing the detailed income previsions due to regulatory 
fees, and explains the request of funds from the National Treasury. This budget proposal is published 
in such a way as to clarify the expenses to be paid by persons and institutions compelled to pay these 
regulatory fees. 
The budget assigned to the ARN for the financial years 2007 and 2010 are shown in Table 3.8.1. An 
important increase in the 2010 budget can be observed that allows the ARN to accomplish the 
licensing of the new projects mentioned before and continue with its normal tasks. The total budget 
during 2010 is composed of: 59% from the National Treasury, 40% from annual regulatory fees and 
goods or resources assigned according to applicable laws and regulations, and 1% from donations. 

Table 3.8.1. – ARN comparison Budget for financial years 2007 and 2010 

$ (in thousands of Argentine pesos) 
Item 

   2007     2010 
1 - Personnel  
2 - Support goods 
3 - Services 
4 - Equipment 
5.1 - Fellowships 
5.9 - Transfers 
9 - Other expenses 

24,388 
1,540 

12,019 
2,042 

350 
6,293 

450 

51,864 
  3,195 
59,320 
  6,069 
     800 
  6,449 

    1,800 

TOTAL 47,082 129,497 
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The ARN percentage Budget distribution is shown in figure 3.8.5. 

TRANSFERS
6%

SUP.GDS.
1%

EQUIPMENT
5%

SERVICES
46%

PERSONNEL
40%

CONSUMABLES
2%

Figure 3.8.5. - ARN 2010 percentage budget distribution. 
 
Additionally, the financial resources distribution for 2007, by tasks and by type of inspection, is shown 
in Figures 3.8.6. and 3.8.7. 
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Figure 3.8.6. - Budget distribution in 2010, work plan by tasks 
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Figure 3.8.7.- Budget distribution in 2010, work plan by type of inspection 

3.8.4.    RELATIONSHIP WITH OTHER ORGANIZATIONS 
Regarding to its functions, ARN keeps an active interaction with several national, governmental and 
private institutions, with the purpose of promoting experience and information exchange and 
developing technical co-operation with them. 
In the period belonging to this Convention, the relationship between ARN and other organizations 
remains the same as far as regulatory activities are concerned. It has continued to participate in the 
Ibero-American Forum of Radiological and Nuclear Regulatory Agencies. 
Its activity has been particularly intense in the Ibero-American Forum, and participated, since 2008 
until now, in the following meetings: 

EVENT PLACE DATE 

Plenary  Cancun, Mexico July, 2007 

Technical Committee Montevideo, Uruguay May, 2008 

Plenary Montevideo, Uruguay May, 2008 

Technical Committee Cuernavaca, Mexico December, 2008 

Technical Committee  Buenos Aires, Argentina June, 2009 

Plenary Buenos Aires, Argentina June, 2009 

Technical Committee Santiago de Chile, Chile November, 2009 

Technical Committee Rio de Janeiro, Brazil July, 2010 

Plenary Rio de Janeiro, Brazil July, 2010 

A number of agreements with domestic and foreign organizations serve as the framework for the 
relationship with ARN. A list of the new agreements detailing their respective purpose is shown in 
Table 3.8.2. for domestic organizations, and in Table 3.8.3. for foreign organizations. 
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Table 3.8.2. – Agreements with Domestic Organizations 

AGREEMENT COUNTERPARTS AGREEMENT OBJECTIVES 

Agreement between ARN and the Argentine 
Navy (Armada Argentina). February 2010. 
 

Establish a mutual cooperation system for the 
promotion and Strengthening for the 
Preparedness and Response to Nuclear and 
Radiological Emergencies. 

General Cooperation Agreement between ARN 
and the Litoral National University (Universidad 
Nacional del Litoral) and National Council of 
Science and Technology (CONICET). 
November 2008. 

Establish a mutual cooperation system for the 
promotion and execution of tasks of education, 
research, culture and technique areas. 

Specific Agreement between the Autoridad 
Regulatoria Nuclear (ARN) and the Comisión 
Nacional de Energía Atómica (CNEA) in the 
framework of the Arrangement signed in 2004. 
September 2007. 

Establish a mutual cooperation system for the 
promotion and execution of tasks of education, 
research, culture and technical areas. 
 

Agreement between ARN and the Water 
National Institute (Instituto Nacional del Agua -
INA). June 2007. 

Establish a mutual cooperation system for the 
promotion and execution of tasks of education, 
research, culture and technique areas. 

Agreement between the ARN and the Entre 
Rios National University (Universidad Nacional 
de Entre Ríos-UNER). May 2007. 

Establish a mutual cooperation system for the 
promotion and execution of tasks of education, 
research, culture and technique areas. 

Table 3.8.3. – Agreements with Foreign Organizations 

AGREEMENT COUNTERPARTS AGREEMENT OBJECTIVES 

“Arrangement on Consultancy Work and 
Services for Licensing of Atucha II 745 MWe 
(PGR) Nuclear Power Plant in Argentina” 
between ARN and the TÜV NORD/SÜD 
Consortium Atucha II. September 2007. 

TÜV NORD/SÜD will, on request of ARN, 
perform support for topics selected by ARN in the 
frame of the review of the licensing process, 
design, construction, assembly, preliminary tests 
and start-up for Atucha II nuclear power plant. 

Agreement between Battelle Memorial Institute - 
Pacific Northwest Division (United States 
Department of Energy) and the Autoridad 
Regulatoria Nuclear “Work for Others 
Agreement Nº 50720”. October 2007. 

Provide ARN with technical services for the 
Atucha II NPP project. 

“Research Agreement between the Purdue 
University of the United States and the 
Autoridad Regulatoria Nuclear”. October 2007. 

Agreements signed within the CAMP 
framework, related to specific work areas for the 
commissioning of CNA II NPP. The agreements 
focus is the modification of computer programs 
that are owned and supplied by the US 
government. 

“Renew Arrangement between the Autoridad 
Regulatoria Nuclear de Argentina and the 
Nuclear Regulatory Commission of the United 
States for the Exchange of Technical 
Information and Cooperation in Regulatory and 
Safety Research Matters”. December 2007. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 

"Implementing Agreement between the United 
States Nuclear Regulatory Commission 
(USNRC) and the Autoridad Regulatoria 
Nuclear of Argentina (ARN) relating to 
participation in the USNRC Program of Severe 
Accident Research (CSARP)” under the 
arrangement of December 2007 (mentioned 
above). March 2008. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 
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AGREEMENT COUNTERPARTS AGREEMENT OBJECTIVES 

“Arrangement on Licensing of Nuclear Power 
Plant Projects between Autoridad Regulatoria 
Nuclear (ARN) and the University of New 
Brunswick – Centre for Nuclear Energy 
Research (UNB – CNER)”. June 2008. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 

“Research Agreement between the ARN and 
the Purdue University of the United States”. 
May 2008. 
 

Agreement signed within the CAMP framework, 
related to specific work area for the 
commissioning of CNA II NPP. The focus of the 
agreement is the modification of computer 
programs that are owned and supplied by the 
US government. 

“Funds-In Agreement Nº FI 067070921 between 
the ARN and the Sandia National Laboratory of 
the DOE”. April 2008. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 

“Renew of the Agreement between the ARN 
and the Autoridad de Seguridad Nuclear (ASN) 
of France”. October 2008. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 

“Arrangement on Cooperation, Consultancy and 
Coordination for Nuclear Reactors” between the 
ARN and the Gesellschaft für Anlagen-und 
Reaktorsicherheit mbH of Germany. June 2009. 

GRS will, on request of ARN, perform support 
for topics selected by ARN in the frame of the 
review of the licensing process, design, 
construction, assembly, preliminary tests and 
start-up for Atucha II nuclear power plant. 

“Administrative Arrangement between the 
Canadian Nuclear Safety Commission and the 
Autoridad Regulatoria Nuclear of Argentina for 
Import and Export of Radioactive Sources”. 
April 2009 

To establish a framework for the Parties to 
exchange administrative information with 
reference to the import and export of radioactive 
sources. 

“Arrangement on Cooperation, Consultancy and 
Coordination for Nuclear Reactors” between the 
ARN and the Gesellschaft für Anlagen-und 
Reaktorsicherheit mbH of Germany. 
September 2009. 

GRS will, on request of ARN, perform support 
for topics selected by ARN in the frame of the 
review of the licensing process, design, 
construction, assembly, preliminary tests and 
start-up for nuclear power plant. 

“Arrangement on the Provision of Consultancy, 
Assessment and Inspection Services” between 
the ARN and TÜV NORD/SÜD. 
September 2009 

TÜV NORD/SÜD will, on request of ARN, 
perform support for topics selected by ARN in 
the frame of the review of the licensing process, 
design, construction, assembly, preliminary 
tests and start-up for nuclear power plant. 

“Arrangement between the Autoridad 
Regulatoria Nuclear (ARN) of Argentina and the 
National Commission for Nuclear Activities 
Control (CNCAN) of Rumania for the technical 
cooperation and for exchange information in the 
field of nuclear regulatory”. September 2009. 

To establish a framework for the Parties to 
cooperate in matters of mutual interest 
concerning regulatory aspects in the uses of 
nuclear energy. 
 

Most of the agreements referred to in this and previous reports include clauses for its automatic 
renewal. 
As was mentioned before, ARN is undergoing a complex process of restructuring parts of its 
organization, including the implementation of a management system, and the replenishment of its 
personnel. All of this takes place in the frame of the re-launching of the nuclear energy- and fuel cycle- 
activities in the country, a fact which implies challenges of its own. ARN´s efforts are at present 
devoted to adequately attend these processes. The eventual consideration of peer review missions 
(the value of which is not under dispute by our country) will take place in due course. 
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Argentina attaches great importance to its participation in the four technical committees and in the 
commission working within IAEA’s Secretariat-established process for the preparation and review of 
safety standards. These are: 

• Radiation Safety Standards Committee (RASSC), 

• Nuclear Safety Standards Committee (NUSSC), 

• Waste Management Safety Standards Committee (WASSC), 

• Transport Safety Standards Committee (TRANSSC), 

• Commission on Safety Standards (CSS). 
An officer from Argentina is also present in the Standing Advisory Group on Safeguards 
Implementation (SAGSI). 
Personnel of the ARN is also frequently called by the IAEA as contributing experts for technical 
assistance missions to several countries, preparing safety-related publications and providing training 
for foreign trainees. 
Every year ARN offers Post Graduate Courses on Radiological Protection and Nuclear Safety, which 
has celebrated its 30th edition during this period. In the same line, in September of 2008, Argentina 
and the International Atomic Energy Agency (IAEA) signed the Long Term Agreement to support the 
Nuclear Regulatory Authority of Argentina as a Regional Training Centre in Latin America and the 
Caribbean for Nuclear, Radiation, Transport and Waste Safety. 

3.8.5.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
ARN, entrusted with the implementation of the legislative and regulatory control, has been designated 
in the country. This institution is provided with enough authority, technical and legal competence, 
human and financial resources to carry out its assigned responsibilities with independence from any 
other entity concerned with the promotion or utilisation of nuclear energy. 
Therefore, the country complies with the obligations imposed in Article 8 of the Convention on Nuclear 
Safety. 
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3.9.    ARTICLE 9: RESPONSIBILITY OF THE LICENSEE HOLDER 
Each Contracting Party shall ensure that prime responsibility for the safety of a 
nuclear installation rests with the holder of the relevant license and shall take the 
appropriate steps to ensure that each such license holder meets its responsibility. 

3.9.1.    BACKGROUND 
At the beginning of nuclear activity in Argentina, the small installations had neither the complexity nor 
the characteristics that could make accidents with significant radiological consequences conceivable. 
The responsibility for radiological and nuclear safety of such installations was assigned to one person, 
generally the installation manager, who by himself or with the help of his personnel or contracting third 
party services, carried out all the safety related tasks. The Regulatory Body required that such a person 
should be duly qualified, providing him with the corresponding individual license and authorization, which 
certifies his qualification. 
Moreover, when the design, construction and pre-operational tests of an installation demonstrated to be 
satisfactory for the Regulatory Body, the corresponding operating license or authorization was granted. 
Though these concepts are still essentially valid for smaller installations, several improvements have 
been introduced to the regulatory system as time went by.  
Thus, when the operational characteristics of installations make it advisable, the Regulatory Body 
requires that those persons holding certain positions in the operation chart receive specialized training 
and have their own individual license. Besides, the training requisites for the whole operation 
personnel have been increased (see Chapter 3.7.). 
On the other hand, for the case of NPPs, the Regulatory Body considers that it is not sufficient to have 
enough and suitably trained personnel to guarantee its operation as safely as it was originally designed; 
obviously, technological progress demands a periodic review of design and operation aspects in such 
kind of installations and, if corresponds, the introduction of the “state of the art” of safety modifications 
deemed advisable. These considerations led to the creation of the figure of the Licensee. 

3.9.2.    LICENSEE AND PRIMARY RESPONSIBLE 
The Regulatory Body requires that each NPP is sustained by an organization capable of providing its 
personnel with the necessary support for the fulfilment of those tasks related to radiological and nuclear 
safety, such as the revision of operation procedures, maintenance of safety systems, technical 
modifications of the plant, etc. in order to increase safety. The organization known as Licensee is 
Nucleoeléctrica Argentina S.A. (NA-SA), company in charge of the operation of the NPPs. The Regulatory 
Standards AR 0.0.1. and AR 10.1.1. establish its responsibilities, being some of the significant ones: 

• The Licensee should do whatever is reasonable and compatible with its possibilities regarding 
safety, fulfiling at least with standards and requirements issued by the Regulatory Body. Such 
responsibility extends to the stages of design, construction, commissioning, operation and 
decommissioning of the NPPs. 

• The fulfilment of Regulatory Standards and procedures is a necessary but not sufficient condition 
concerning the Licensee’s responsibility, which must do whatever reasonable and compatible 
with its possibilities regarding safety. Besides, it shall follow the standards and obligations 
imposed by other competent bodies not related to radiological aspects (e.g. conditions for 
conventional discharge of chemical effluents). 

• The Licensee may support the operation of more than one installation and delegate the 
execution of tasks totally or partially, but it maintains the whole responsibility. 

• In each NPP the Licensee shall appoint a person of its own body, named Primary Responsible, 
who will be assigned the direct responsibility for the radiological and nuclear safety of such 
installation, as well as for the fulfilment of standards, licenses and requirements applicable to it. In 
the case of a NPP in operation, its plant manager is usually the respective Primary Responsible. 

• The Licensee must provide the necessary support to the Primary Responsible in order to allow 
him to perform his task and responsibility, and must supervise him to verify that he carries out 
his responsibility satisfactorily. 
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• The Licensee shall submit to the Regulatory Body the technical documents needed to evaluate 
the safety of the NPP which the operating license is applying for. 

• No modification of a NPP related safety system design, operational features or mandatory 
documentation contained in the operating license, can be initiated without previous Regulatory 
Body authorization. 

• Both the Licensee and the Primary Responsible must facilitate the performance of regulatory 
inspections and audits, every time the Regulatory Body requires it. 

• Every change in the Licensee structure, that could affect its capability of carrying out its 
responsibilities, shall be previously approved by the Regulatory Body. 

Moreover, the Licensee must assume the civil responsibility that the Vienna Convention on Civil 
Responsibility for Nuclear Damages (ratified by Act Nº 17.048, 1966) has determined for the licensee. 
Act Nº 24.804, establishes that the Licensee is responsible up to a sum of 80 million US dollars for a 
nuclear accident, being the State responsible for the remaining responsibility. 
Apart from the responsibilities of both the Primary Responsible and the Licensee of a NPP, the 
Regulatory Body has delimited the responsibilities of workers. In relation with this aspect, the 
Regulatory Standard AR 10.1.1. establishes that workers are responsible for the fulfilment of those 
procedures elaborated with the purpose of ensuring their own protection, as well as that of other 
workers and the public. This subject is consistent with the IAEA recommendations. 

3.9.3.    REGULATORY CONTROL ON THE FULFILMENT OF THE LICENCEE  
             RESPONSIBILITIES 
Since 1958, the Regulatory Body controls the fulfilment of standards, licenses and authorizations 
granted. In order to verify if the Licensees fulfil their corresponding responsibilities, the Regulatory 
Body carries out different types of controls, detailed as follows: 

• The Regulatory Body has constantly updated information of the installations operation chart. The 
operating license sets that any modification to the organization chart must be reported to the 
Regulatory Body thirty days before the date of execution. Besides, these modifications are 
usually known by the Regulatory Body either through the routine meetings held with the 
Licensee or via the resident inspector’s report. 

• The Regulatory Standard AR 0.11.1. sets the requisites to be fulfiled by the NPP personnel in 
order to obtain the corresponding individual licenses and Specific Authorizations, according to 
Section 3.7.3.2.3. 

• The procedure of issuing individual licenses and Specific Authorizations allows the Regulatory 
Body to control the aptitude of those persons who must assume responsibilities concerning 
safety. This aptitude is again evaluated when the Specific Authorization is renewed. 

• The individual license may be suspended or cancelled by the Regulatory Body if a lack of any 
condition demanded for such license is observed during the performance of tasks. In the same way, 
the Specific Authorization may also be modified, suspended or cancelled by the Regulatory Body. 

• Besides, the Regulatory Body carries out a permanent verification that the Primary Responsible 
fulfils the responsibilities related to safety, and particularly the requirements emerging from the 
applicable standards, the operating license conditions and any other conditions related to 
radiological safety. This is done through regulatory audits and inspections carried out by resident 
inspectors and analysts of the Regulatory Body. 

• The Regulatory Body also verifies that the Licensee fulfils its main responsibilities related to safety. 

• Moreover, the Regulatory Body performs a permanent follow-up of the Technical Revision 
Committee and the Internal Safety Advisory Committee minutes (see Chapter 3.10.). 

• The Regulatory Body has also issued a sanctions regime for the case of non fulfilment of any of 
the regulatory requisites, according to what is expressed in Section 3.7.4. 

In summary, ARN in order to control the compliance with safety responsibilities of the Licensee 
undertakes measures through a combination of assessments, audits, inspections, and enforcements 
activities. Such activities are performed within the regulatory and legislative frameworks described in 
Chapter 3.7. 
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As indicated in Chapter 3.7., Act Nº 24.804, 1997, enables the ARN to apply sanctions and to suspend 
or cancel the validity of construction, commissioning, operating and decommissioning licenses, in the 
case of non fulfilment of standards, licenses or any other regulatory requisites. In almost all cases, 
regulatory promotion and verification were adequate mechanisms to verify Licensee compliance with 
regulatory requirements. 

3.9.4.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
The preceding considerations enable to conclude that the Regulatory Body has taken the appropriate 
steps to ensure that prime responsibility for NPP safety rests with the Licensee and to ensure that 
such Licensee fulfils his responsibilities. 
Therefore, the country complies with the obligations imposed in Article 9 of the Convention on Nuclear 
Safety. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



48 CHAPTER 3 
Compliance with Articles of the Convention 

 

3.10.    ARTICLE 10: PRIORITY TO SAFETY 
Each Contracting Party shall take the appropriate steps to ensure that all 
organizations engaged in activities directly related to nuclear installations shall 
establish policies that give due priority to nuclear safety. 

3.10.1.    GENERAL PRINCIPLES 
Since the beginning of nuclear activities in Argentina, the State has considered that NPPs radiological 
and nuclear safety should be of top priority (also extended to other installations or practices) 
throughout their stages of design, construction, commissioning, operation and decommissioning. 
This priority to safety is made clear in the sense that these stages shall be carried out in accordance 
with a coherent regulatory system of principles, criteria and safety policies applied in the country for 
decades. Argentina, on occasions, contributed to international organizations such as IAEA and ICRP 
on such matters. 
Two of the principles the regulatory system must comply with, are:  

• the regulatory control, and  
• the responsibility for safety. 

Two organizations are involved in the compliance with the above-mentioned principles:  

• the ARN in the case of the regulatory control principle, and  
• the Licensee in the case of the responsibility for the safety principle.  

Thanks to both principles, these two institutions coexist, being at the same time, completely independent 
one from the other. 
The ARN establishes and applies a regulatory framework to all nuclear activities developed in 
Argentina, with the following purposes: 

• Protect people against harmful effects of ionising radiation, 
• Keep supervision over radiological and nuclear safety in the nuclear activities developed in the 

country, 
• Make sure that nuclear activities are not developed with non-authorized purposes according to 

Act Nº 24.804, the rules that were consequently dictated, international agreements and non-
proliferation policies adopted by the country, and 

• Prevent intentional acts that may cause severe radiological consequences or the unauthorized 
removal of nuclear materials or other materials and equipment of nuclear interest subject to 
regulation and control.  

These purposes are compatible with the global strategy of the regulatory system, which aims 
particularly at the following basic aspects: 

• Regulatory inspections and audits for the verification of the compliance with the respective 
issued Licenses and Authorizations,  

• Independent performance of studies and assessments about radiological and nuclear safety, 
safeguards and physical protection,  

• Scientific and technological development in subjects related to radiological and nuclear safety, 
safeguards and physical protection,  

• Personnel training on subjects related to radiological and nuclear safety, safeguards and 
physical protection, for those members of the staff who are responsible for the safety of 
radiological practices subject to control and for those who perform regulatory activities. 

As regards the Licensee and from the point of view of safety (as shown in the report Policies and 
Principles of NA-SA) its course of action is such that: 

• It complies with pertinent Regulatory Standards and requirements and performs, in addition, all 
what is reasonable and compatible with its possibilities in favour of radiological and nuclear 
safety in NPPs, concerning their design, construction, commissioning, operation and 
decommissioning. To that end, and according to NPPs operation, NA-SA takes the following 
documents into account:  
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# Operating License,  
# Safety Report, 
# Policies and Principles Manual,  
# Operating Manual, 
# Maintenance Manual, 
# Quality Assurance Manual,  
# Radioprotection Procedures (Code of Practice), 
# In-Service Inspection Program, 
# Periodic Test Program, 
# Emergency Plan, 
# Personnel Qualification and Training Program. 

• It improves the existing safety practices continuously,  
• Ensures that those guides accepted and adopted by the nuclear industry are being fulfiled, when 

applicable for the case of domestic NPPs,  
• It sustains an attitude towards safety based on the organization’s self-evaluation, the feedback of 

operative experience, technological development and the early prevision of possible degradation 
of the plants that might affect their safety,  

• It continuously carries out training and retraining courses for the plant personnel or for those 
members of the staff who perform safety related tasks.  

Finally, the regulatory system also complies with the concept of Safety Culture, which implicitly results 
from the before mentioned criteria regarding the ARN and the Licensee. 
From the preceding considerations, it should be clearly noticed that the regulatory system (from the 
point of view of both ARN and the Licensee) guarantees the prioritisation of radiological and nuclear safety 
in NPPs, in what concerns their design, construction, commissioning, operation and decommissioning. 

3.10.2.    SPECIFIC ACTIONS 

3.10.2.1.    SAFETY POLICY  
The safety principles described above are fulfiled in every activity related to NPPs. In particular, the 
priority to safety may be noticed in the Operating License and in the policies and principles manual for each 
NPP, including the fact that there are operational limits and conditions for any of the NPPs considered. 
The ARN establishes in the Operating License that two advisor committees shall exist concerning 
safety subjects; these committees are:  

• Internal Safety Advisory Committee (CIAS), 
• Technical Revision Committee (CRT).  

The CIAS reports and advices to the Plant Manager, and its members are chosen for their knowledge 
and experience. This advice is regarding the actions to be followed in, for instance: 

• Outages, 
• Safety related incidents,  
• Modifications to the installation (safety or safety related systems), 
• Abnormal situations, 
• Periodic evaluation of the installation performance,  
• Periodic evaluation of the training personnel program,  
• Emergency plan, etc.  

The advice given by the CIAS consists of analyses, conclusions and recommendations issued as a 
minute signed by its members. 
On the other hand, the CRT, which is independent from the Plant Managers, advises the highest staff 
level of the Licensee as regards the safe operation of the NPPs, analyses the importance of the 
failures, abnormal and significant events, evaluates the proposed design modifications that may affect 
the safety related systems, and in general about the same subjects dealt with by the CIAS. 
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The CRT is integrated by senior professionals, appointed for their knowledge and experience that 
constitute the Licensee’s technical support. Its conclusions and recommendations are issued as minutes. 
Both Committees' minutes are of the highest importance to the ARN, due to the fact that both the Primary 
Responsible and the Licensee independently produce written evidence of their opinion concerning nuclear 
safety related subjects with reference to the particular installation under consideration.  

3.10.2.2.    SAFETY CULTURE AND ITS DEVELOPMENT 
Special attention has been given to safety culture (SC), promoted by the maximum staff level of the 
Licensee and the Plant Managers to all the personnel of the plant. Such promotion is based on 
diffusion, training and re-training, providing all personnel with the benefits of applying the SC principles 
to all activities carried out at NPPs. 
The ARN, in the case of the regulatory control principle and the Licensee, in the case of the 
responsibility for safety principles, are continuously involved in the compliance with the above-
mentioned principles. 
Additional attitudes carried out by both institutions that contribute to prioritise safety can be mentioned: 

• Evaluation of the SC by the Licensee is also included in the program for renewal of personnel 
Specific Authorizations. 

• Review of the SC attitudes during inspections by ARN specialists. 
• Review of trends in event reports, corrective action effectiveness and measures implemented to 

prevent safety problems. 
• Review of trends for safety performance indicators. 
• Assessment of minor event responses reported by the Licensee to detect organizational weaknesses 

and inadequacies. 
• Increasing use of PSA for plant safety management. 
• Improvement in the relationship between ARN and NA-SA. 
• Efforts to improve the safety of the NPPs have the highest priority in both ARN and NA-SA. 

Additional activities within the SC were carried out to improve the promotion and the evaluation such as:  

• Performance self evaluation. Evolution and growth through the years provides evidence that it is 
one of the most valuable ways whereby the Regulatory Body can promote Licensee’s SC own 
proficiency, which includes, among other attitudes: professionalism, teamwork, organizational and 
individual commitment to the SC.  

• Regulator – operator relationship. The relationship has been improved using simple approaches 
such as:  
# Polite and professional attitude in verbal communications.  
# Honest dialogue particularly focused on accomplishing safety objectives more than on strict 

compliance with rules and promoting good practices for high performance in the plant activities. 

3.10.2.3.    COMMITMENT TO SAFETY 
The commitment to NPPs' safety is made clear in design and operation aspects that give priority to 
safety concepts over economic profitability of the mentioned plants. 
Examples of this commitment are the compliance with the defence-in-depth principle and the rule that 
has been observed along the NPPs lifetime according to which it was decided to shutdown the plant 
when a deviation from normal operating conditions occurred. 
The compliance with Maintenance Programs, ISI Programs and good operation practices are also part 
of the commitment. 
The commitment to safety is also verified through the assignment of resources for programmed 
revisions, and for maintaining and improving systems and components related to the plant safety.  
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3.10.2.4.    MANAGEMENT ATTITUDES TOWARDS SAFETY 
The most important subjects of the NPPs are dealt with as a whole in the Management Meetings, 
where the importance of safety and the commitment to the achievement of the goals is emphasised. 
A follow-up is carried out by the highest level of authority both of the NPPs and the Licensee, concerning 
the conclusions and recommendations emerging from CIAS and CRT meetings. In these committee 
meetings, the on-the-job performance of NPPs personnel is evaluated, among other activities, and their 
improvement is encouraged with the help of the conclusions emerging from the analysis done.  
Additionally, periodic meetings at the highest level are carried out between the ARN and NA-SA 
specialists. In such meetings the main safety aspects arisen from regulatory inspections, safety analysis 
and other assessments are considered. Safety aspects related to NPPs programmed outages, as well 
as the progress in back-fitting related activities in the installations are also analysed. The conclusions 
and recommendations are issued as minutes. 

3.10.2.5.    PERSONNEL MOTIVATION 
The motivation of the personnel depends mainly on the attitudes and policies applied by the managers 
and their adherence with the SC principle. 
The attitudes and policies followed by the managing staff concerning personnel thus, tend to reinforce 
the means of encouraging such adherence, that is:  

• initial training,  
• periodic retraining,  
• exchange of experience (operational, maintenance, etc.),   
• professional prestige (both in their own institution and in the national or international nuclear 

community), and  
• the preservation of the working position and chances for promotion (concerning both the 

technical and pecuniary aspects). 
As a result, workers have a generalised conscience about the individual and collective way of acting, 
concerning radiological and nuclear safety. 

3.10.2.6.    SAFETY CULTURE REGULATORY ASSESSMENT 
Evaluation of SC is inherently drawn in every inspection, both routinely and specially programmed. 
Examples of safety culture monitoring aspects can be seen whenever management weaknesses are 
detected or operations procedures are ignored or operating limits are exceeded or maintenance 
weaknesses are shown, as inspection findings. 
Specially programmed inspections are focused on some others issues like verbal communication with 
operators. Besides, through evaluation of operation (routine surveillance tests, corrective 
maintenance) together with the evaluations of some safety performance indicator trends, it is also 
possible to determine signs of declining safety culture. 
Safety Culture evaluation could be made as follows: 

• Direct evaluation: day-to-day operation follow-up is a positive approach that is applied through 
the resident inspectors, whose job also includes detecting early sign of declining SC. 

• Evaluation through follow-up of Operating Experience Feedback Program: Additionally, safety 
analysts from the ARN apply a different perspective throughout assessments. The main goal to 
be reached by the analysts is the evaluation of the influence of organization and management 
(organizational factors) as the root and direct cause of events. 

The regulator/operator relationship has shown an important advance in safety culture. As an example, 
all the major findings from regulatory audits carried out since last years are well accepted by 
operators, and corrective actions are implemented as soon as practicable. The minutes (coming from 
the periodical technical meetings among regulators and operators to consider regulatory matters) that 
include operators commitments are met. Consequently this led to a significant reduction of formal 
regulatory requirements. 
Additionally, an increasing number of corrective actions and design changes coming from the better 
application of the Operating Experience Feedback have been observed during the last years. 
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3.10.2.7.    VOLUNTARY ACTIVITIES AND GOOD PRACTICES RELATED TO SAFETY 
Concerning this matter the following practices or activities are worth mentioning: 

• Consults and meetings between NA-SA and ARN specialists with the objective to facilitate and 
improve the compliance with general and specific requirements, evaluating, in addition, the 
operational situation of the NPP (as was mentioned before).  

• Participation in the IAEA Incident Reporting System, that enables the contribution and return of 
operational experience, from which some actions may be applied to the domestic NPPs.  

• Active participation of the Licensee in international organizations of nuclear operators: the 
CANDU Owners Group (COG) and the World Association of Nuclear Operators (WANO). Both 
organizations promote the exchange of operational experience and give technical assistance in 
response to NPPs requests.  

• Implementation of external technical audits, for instance the peer review performed by WANO to 
both NPPs, IPERS mission to CNA I and OSART mission performed by IAEA to CNE.  

• Interaction with official and non-governmental bodies, with the purpose of analysing emergency 
preparedness measures, including the role of the ARN and other organizations (i.e. Civil Defence 
at national level). 

• Interaction with the Uruguayan and Brazilian Regulatory Bodies in their character of neighbouring 
country, with regard to their participation in the practical emergency plan exercises at CNA I. 

3.10.3.   COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
The preceding considerations reflect that in Argentina the appropriate steps have been taken to give 
priority to nuclear safety, showing compliance with the obligations imposed in Article 10 of the 
Convention on Nuclear Safety. 
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3.11.    ARTICLE 11: HUMAN AND FINANCIAL RESOURCES OF THE  
            LICENSEE 

1.  Each Contracting Party shall take the appropriate steps to ensure that 
adequate financial resources are available to support the safety of each 
nuclear installation throughout its life.  

2.  Each Contracting Party shall take the appropriate steps to ensure that sufficient 
numbers of qualified staff with appropriate education, training and retraining 
are available for all safety-related activities in each nuclear installation, 
throughout its life. 

3.11.1.    INTRODUCTION 
As was mentioned in the 3rd National Report, during the period 2001-2003 there were macroeconomic 
difficulties which resulted in a recessive process, producing a negative variation of the internal gross 
product in 2002. A strong devaluation of the Argentine peso took place (after maintaining a parity 
peso-dollar for more than one decade with an insignificant inflation rate). The currency devaluation, 
added to recession, had serious effects, among which we can mention those that affected the 
electrical market. The devaluation was followed by a low but sustained inflation, which affected the 
social economy since the wages remained without change. 
During the period 2007-2008 the country had an economic growth of 7% per year, while in 2009 this 
growth was 1%. The average inflation rate during 2007-2009 was 8% annually, and the exchange rate 
increased 27%.  
During the period 2007-2009 the industrial electrical tariffs followed the increase of generation costs, 
while residential tariffs remained unchanged. 
The difference between the generation costs and tariffs has been absorbed by the National 
Government using different mechanisms. 
The average increase of electrical energy demand in this period was 2,5% per year, while the installed 
capacity has a significant increase of approximately 15%. 
This increase came from the installation of two combined cycle plants through a joint investment of 
private capital and the National Government. Also there were some small enterprises in the energy 
area carried out mainly by the National Government. 
Referring to nuclear generation, Atucha II NPP is still under construction and its commissioning is 
planned towards the end of 2011. Moreover, at the end of 2009 the Nuclear Activity Act was approved 
in which the life extension of Embalse NPP and the construction of a fourth NPP were declared 
subjects of National Interest. 
In Figure 3.11.1. we can find the electrical generation from 1975 to 2009, classified in hydroelectric, 
thermal and nuclear. 
Considering the tariff framework of minimum costs, nuclear generation was not affected. The 
production goals were met, all the programmed maintenance, improvements and design changes for 
updating facilities, took place. 
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Figure 3.11.1. - Electrical generation in Argentina from 1975 to 2009 

3.11.2.    ELECTRICAL GENERATION AND ECONOMICS 

3.11.2.1.    TOTAL ELECTRICAL GENERATION PERIOD 2007 - 2009 
In Figures 3.11.2. to 3.11.4. the total electrical generation is shown by type of source thermal, hydro 
and nuclear. 

 
Figure 3.11.2. - Gross Energy Generated in 2007 

 
Figure 3.11.3. - Gross Energy Generated in 2008 
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Figure 3.11.4. - Gross Energy Generated in 2009 

3.11.2.2.    NUCLEAR GENERATION 2007, 2008, 2009 
Performance is shown in table 3.11.1. 

Table 3.11.1. - Performance 
  2007 2008 2009 

Gross Energy (MWh) 7,217,228 7,360,388 8,161,669 
Load Factor (%) 81.99 83.38 92.7 

Installed Nuclear Power (%) 4.17 3.83 3.72 
Generated Nuclear Power (%) 6.56 6.36 7.11 

3.11.2.3.    HUMAN RESOURCES 
After several years without incorporation/renewal of personnel, considering the average age of the 
employees and the personnel near retirement, NA-SA requested authorization to develop a 5 year 
program in order to incorporate new professionals. This Programme covered the years 2002-2007. 
Continuing that programme, the process of recruitment and training of young professionals, already 
mentioned in the previous report, continued. 
This process will continue over the coming years in order to cover the staff requirements for the 
commissioning and operation of Atucha II. 
During the period 2007-2009 the staff of Nucleoeléctrica Argentina S.A. increased by 185 employees 
(See Table 3.11.2.). 

Table 3.11.2 - Personnel 2007, 2008 and 2009 by work area and specific knowledge 
  
 Year CNA I CNA II CNE MAIN BRANCH TOTAL 

2007 107 61 107 108 383 

2008 119 62 123 115 419 Professionals 

2009 146 71 128 119 464 

2007 320 189 410 65 984 

2008 347 195 431 65 1038 Technicians 

2009 351 196 458 69 1074 

2007 120 56 133 66 375 

2008 125 56 138 75 394 
Administrative 

personnel 
2009 143 60 91 95 389 

2007 547 306 650 239 1742 
2008 591 313 692 255 1851 TOTAL 

2009 640 327 677 283 1927 
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Considering the new projects NA-SA is involved in: conclusion and commissioning of CNA II, Life 
Extension of CNE and the Feasibility Assessment for a Fourth NPP, the rhythm of incorporation of 
new personnel had to be increased. It must be underlined that after the completion and commissioning 
of CNA II, NA-SA must start operating the station; therefore it must count on trained personnel. 
Personnel working in positions which require a special authorization from the ARN must meet strict 
training requirements (see section 3.7.). 
As the schedule for the completion of CNA II is already established, there is a limited time to prepare 
the new personnel; this forced NA-SA to start training as soon as possible. 
Having all these requirements in mind, several training courses have been organized through 
specialized centres, such as the Instituto Dan Beninson (Universidad Nacional de San Martín) which 
provides training in nuclear reactors and fuel life cycle.  
In the particular case of CNA II, the following sources of staff recruitment and training needed to 
complete the project were used: 

• Transfer of Technology Contract with the designer (Training and placement of personnel, 
transfer of design basis documentation) 

• Retained and recovered capabilities (150 persons with experience in the Project and 70 more 
from the nuclear industry, with a total training in Siemens of 450 man-months) 

• Foreign Personnel assigned to the Project  

• Cooperation Agreements (Siemens AREVA, AECL, IAEA, GRS, UNIPI, SCK, etc.) 
Several negotiations are currently taking place with CNEA, the Instituto Balseiro and other 
international companies, in order to obtain support for this training, either in preparing the materials, or 
in providing the simulation tools. 

3.11.2.4.    CURRENT EXPENSES 2007, 2008, 2009 
Table 3.11.3. and Figure 3.11.5. show the evolution of Operating and Maintenance costs 

Table 3.11.3. - Evolution of O&M costs (pesos $ x 1.000.000) period 2007 – 2009 

TITLE / YEAR 2007 2008 2009 
SALARIES 160.4 246.7 322.2 
FUEL 126.1 143.7 198.5 
SERVICES 33.3 48.3 67.1 
SPARE PARTS AND CONSUMABLE SUPPLIES 21.0 25.8 33.9 
OTHERS 18.1 19.8 23.4 
ROYALTIES 7.1 7.7 12.4 
SCHEDULED SHUTDOWNS 75.0 84.0 80.7 
AMORTIZATION AND INTERESTS 0.0 0.0 0.0 
TOTAL 441.0 576.0 738.2 

 
 
 
 
 
 
 
 
 
 
 

Figure 3.11.5. - Evolution of O&M costs (excluding taxes) 
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3.11.3.   COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
In spite of the economic difficulties Argentina faced, the nuclear electric generation maintained its 
quality level both in the safety and availability of the power stations, meeting to all the regulatory 
requirements. 
The preceding considerations show that the Licensee has taken the appropriate steps to ensure that 
adequate financial resources are available to support the safety of each nuclear installation, and a 
sufficient number of qualified staff with appropriate education, training and retraining are available for 
all safety-related activities in each nuclear installation, throughout its life, showing compliance with the 
obligations imposed in Article 11 of the Convention on Nuclear Safety. 
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3.12.    ARTICLE 12: HUMAN FACTORS 
Each Contracting Party shall take the appropriate steps to ensure that the capabilities 
and limitations of human performance are taken into account throughout the life of a 
nuclear installation. 

3.12.1.    SYSTEM TO DETECT, CORRECT AND PREVENT HUMAN ERRORS 
The detection, prevention and correction of human errors are carried out through two clearly distinguished 
processes: the analysis of incidents and the global and systematic study of the installation safety. 
In the first case, the process acts on abnormal or unexpected events that happen in the installations 
(operating experience, OPEX). Such events are unique opportunities to detect and correct human 
errors, identifying the deficiencies regarding organization, persons, materials and practices. In this 
case the key elements are the quality of the report on the occurred events, the rigour in the 
investigation of their root causes and the corrective actions carried out. 
In the second case, the PSA technique is used, part of which consists in the identification of human 
actions and the evaluation of their relative importance on the installation’s safety. The errors can be 
classified in pre-accidental (errors occurred during periodic tests or maintenance tasks) and post - 
accidental (errors occurred during accidental situations). 
These pre-accidental and post-accidental errors are analysed in the same way as the behaviour of 
components, equipment and systems, but using human reliability analysis techniques. Those 
evaluations are part of the PSA and their results enable the definition of those areas requiring 
improvements on both the operation procedures and the man-machine interface, as well as the 
identification of cases in which the operators' training and retraining should be intensified. 
Human corrective actions carried out at the NPPs as a result of PSAs were described in the Fourth 
Report.  

3.12.1.1.    HUMAN CORRECTIVE ACTIONS IN CNE 
In the last period some activities were carried out to improve human performance at CNE, some of 
them were the following: 
CNE has been working in the training of its staff on subjects related to human factors. One of the 
approaches taken has been through the attendance to seminars, some of which are listed bellow: 

• Team work. 

• Human Performance Improvement. 

• Conservative decision making. 

• Communication. 

• Safety Culture. 

• Self-checking. 

• Leadership. 

• Diagnosis. 

• Conflicts resolution. 

• Motivation. 
The decision to enhance the application of strengthening techniques in the area of Human Performance 
was taken considering as a baseline the observations made in the 2007 WANO Peer-review. 
Thus, a Team of Human Performance was created with the following purposes: 

• To raise the awareness of all Embalse NPP staff about the use of Event – Free Tools. 

• To reduce the rate of events caused by human error. 

• To identify and integrate processes which encourage the improvement of human performance. 
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The following activities were carried out with the purpose to achieve the proposed goals: 

• Development, communication and implementation of a Human Performance Program. 

• The Human Performance Program comprises the following activities: 

# Rise awareness in the whole staff by means of attendance to seminars given on the subject 
of Human Performance and Event – Free Tools. 

# Presentation of eight Event – Free Tools (Pre-job briefing and Post-job debriefing, Peer-
checking, Self-checking, Independent checking, Procedures use and adherence, Three-way 
communication, Questioning attitude). 

In 2009 the work was focused on the assimilation of a set of four such tools, leaving the remaining four 
tools to be treated in 2010. The four addressed tools were: 

• Pre-job briefing. 

• Peer-checking. 

• Three-way communication. 

• Procedure use and adherence. 
The learning was carried out by practical retraining in the facilities of the Training Division. This activity 
was done by Coordinators, Department Chiefs, Division Chiefs and Supervisors. The purpose of this 
methodology is to show the workers the commitment and involvement of chief-staff in the improvement 
of human performance. 
Advertisements were placed in strategic locations and personal cards were handed out to keep in the 
desk or toolbox, in which are depicted the four human performance tools. The staff was also handed a 
daily-use handbook on subjects such as: when, how and why the human performance tools must be 
used, Human Performance personal adviser, Behavioural expectations and rules, Basic safety rules, 
and Handbook of Expectations during an outage. 
In order to enhance the use of Event – Free Tools, a one-week discussion period for each Event – 
Free Tool and Embalse NPP process was established. Every meeting must begin with a discussion on 
the importance of the use of that week’s given tool or process. Besides that, the information of the tool 
is advertised on the displays of Embalse NPP. 
Embalse NPP developed the following procedures: 

• Human Performance Fundamentals Procedure. 

• Event – Free Tools Procedure. 

• Pre-job briefing and post-job debriefing Procedure. 

• Job Watching Procedure. 
In order to gather information aimed at the continuous improvement, the Human Performance 
Program was included in the Self-evaluation Program for Embalse NPP. 
WANO provided assistance through its “Technical Support Mission Programs” on the following subjects: 

• Root cause. 

• Foreign Material Exclusion. 

• Pre-job briefing and post-job debriefing. 

• Material Conditions. 

• Work Management. 

• Coaching in the field. 
Embalse NPP established different processes with the objective of improving human performance: 

• Rounds specified in the Management Manual. 

• Operative Experience. 

• Job programming and preparation. 

• Job watching. 

• Self-evaluation process. 
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• Condition monitoring of materials of equipment, components, and structures process. 

• Foreign Material Exclusion process. 

• Operational Decision Making. 
Continuous Improvement 
The program’s effectiveness feedback is obtained from the conclusions arisen for the different 
processes established at Embalse NPP. Information from self-evaluations, job watching, internal, 
external, and audit operational experience is used to formulate the needs for corrective actions. 
A better understanding of the results of the Human Performance Program can be learned through the 
information gathered from the management indicators. 

3.12.1.2.    HUMAN CORRECTIVE ACTIONS IN CNA I 
Many human action improvements were described in previous reports. The back-fitting program 
included a large number of design changes and procedure modifications. After the back-fitting 
implementation, the evaluation of the new main contributors to the core damage frequency permitted 
to consider the most safety related human actions. In this sense, the reliability of such actions was 
carried out modifying procedures and increasing training efforts. Additionally, new systems were 
included and consequently new procedures were carried out improving the overall plant safety. The 
size of the back-fitting program implied the review of all plant procedures and the critical human 
actions that, combined with the PSA results, allowed to improve its reliability. Main changes related to 
procedures were following: 

• Emergency procedure modifications and update such as “loss of feed water system”, “loss of 
house-pumps” and “loss of off-site power”, 

• An additional test was included regarding the second heat sink (emergency feed water system), 

• Procedure improvements within the Surveillance Program. 
The Licensee has established a program to evaluate the incidence of human factors in the safety 
performance of the NPPs. The program mainly comprises: 

• Evaluation of low safety significant events, near misses and operational events to find the human 
factor related causes, in a systematic way. These evaluations are used as a learning method to 
prevent reoccurrence of safety significant events.  

• Lessons learned from such events are used as feedback to prevent recurrence. To reach this 
objective, plant personnel receive specific retraining regarding the causes and consequence of 
each event. 

• Identification of precursors to operational events. Some human factors related to low safety 
significant events and “near misses” can be correlated to organizational deficiencies, therefore these 
events may be used as leading indicators in anticipating and preventing declining performance. 

• Detection of Organizational (human-related) deficiencies shows how safety must be managed to 
help avoiding mistakes and preventing incidents. 

To evaluate incidence of human factors in low-level events, near misses and operational events, the 
most commonly used methods were adjusted to the different specific situations. The systematization 
of the evaluation process involves the use of international applicable methodologies to evaluate 
human performance in CNA I and CNE.  
Combination of Human Performance Enhancement System (HPES) and Human Performance 
Investigation Program (HPIP, similar to the first one but used by regulators), are still considered 
sufficient to detect both human factors and organizational deficiencies as “root causes” and 
“contributing causes” of analysed events. Using these methodologies and their associated techniques, 
it is also possible to find the adequate corrective actions to be taken.  
In August 2008 Atucha I NPP began the implementation of a Program for Human Performance 
Improving, aiming to promote certain behaviours at all levels of the organization which would support a 
safe and reliable operation of the plant. In order to achieve this objective, and as a starting point, the 
behavioural expectations and good practices on the job were established and communicated through 
lectures and brochures. 
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Prior to the scoping and contents definition of the Program for Human Performance Improving, 
benchmarks were established against the Spanish Vandellós and Ascó NPPs, and the Mexican 
Laguna Verde NPP. In January 2008 a Committee for the Monitoring of the Program for Human 
Performance Improvement was created. 
The Program for Human Performance Improving comprises the definition and spreading of a set of 
Event-Free Tools, a Job Watching Program, and the exploitation of feedback information from other 
already implemented programs, such as the Operational Experience Program. To sum up, the 
program encompasses three main areas: 

1. Event-Free Tools 
2. Operational Experience Application 
3. Job Watching 

1. Event-Free Tools 
The following Event-Free Tools were defined as part of the program, and the personnel trained in their 
application: 

• Pre-job briefing and Post-job debriefing. 

• Procedure use and adherence. 

• Clear communication techniques. 

• Checking techniques: 

# Self-checking. 

# Peer-checking. 

• Conservative decision making. 

• Questioning Attitude. 
The following activities were additionally performed: 

• Spreading knowledge of the Event-Free Tools through in-hand distribution of a brochure. 

• Weekly selection of one Event-Free Tool for its discussion in every meeting in the plant (July 2009). 

• Training of external workers for 2009 programmed outage in event-free tools. 

• Self-checking evaluation on the application of the event-free tools during 2009 outage. The 
assessment of this evaluation produced a set of corrective actions. 

2. Use of Operational Experience 
Internal Operational Experience is used within the Program for Human Performance Improving to 
recognize human conduct problems and behaviour enhancements. An annual trend analysis is carried 
out to assess those events whose direct causes and/or root causes or causal factors are due to 
human error. 
Taking into account that one application of operational experience is its discussion during pre-job 
briefings; its insertion into work packages is considered part of this program. 

3. Job Watching 
A Program for Job Watching was started on September 2008, with the following objectives: 

• Survey conducts on the field. 

• Help to improve the performance of the workers. 

• Strengthen the good practices surveyed. 

• Strengthen the plant’s standard and expectations. 

• To ease communication between chief-staff and job executors. 
A semi-annual analysis on surveyed trends is carried out to assess the degree of compliance of the 
established performance expectations and to generate the needed corrective actions. 
Lessons learned and corrective actions are followed-up by inspections and regulatory audits. 
Moreover, considering the experience gathered during the CNA I and CNE PSA, the periodic training 
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of CNE personnel at Gentilly-2 simulator in Canada, CNA I personnel at Angra simulator in Brazil, as 
well as the human reliability analyses carried out for CNE and CNA I PSAs in shutdown state, it may 
be concluded that important steps have been taken to ensure that the capabilities and limitations of 
human performance are taken into account. 
Additionally, PSAs carried out for CNA I and CNE show that human corrective actions were 
considered necessary in order to ensure that the capabilities and limitations of human performance 
were taken into account in the procedures for normal and abnormal operation. 
Furthermore, Regulatory Standards AR 3.2.1. and AR 3.4.1. establish the information the operator 
should count with in order to take safety related decisions, the prohibition of interventions during the 
period immediately after the occurrence of accident initiating events and the characteristics of the man 
– machine interaction related to the design of the reactor instrumentation and protection systems. 
Another aspect to take into account in the prevention of human errors is related to the measures taken 
by the Licensee regarding the contractors in order to ensure their adequate competence and safety 
culture. Towards this objective, the technical assistance services to the NPPs are given by competent 
companies whose personnel has qualifications, knowledge and experience about domestic NPPs. 
Also the new personnel at any level are trained with the necessary knowledge before they enter the 
nuclear area. 

3.12.2.    MANAGEMENT AND INSTITUTIONAL ASPECTS 
The proper policies and management of the Licensee are the basic support to obtain the expected 
results regarding the anticipation of undesirable events that may happen. 
Once such events have happened, the NPP´s Primary Responsible, supported by the Licensee, 
determines the responsibility degree, if any, of persons who may have incurred in errors and applies 
the corrective measures and, if it corresponds, the pertinent sanctions. 
On the other hand, having analysed the event, the ARN issues requirements and, if it is deemed 
necessary, applies the corresponding sanctions to the involved personnel, the Primary Responsible 
and the Licensee. 
During the safety inspection and evaluation process of the NPP, the ARN pays special attention to find 
early signals and trends such as: 

• Weaknesses in the safety policies, 

• Weaknesses in accident analyses, 

• Procedure violation, 

• Operator errors, 

• Deficient training, 

• Deficiencies in the use of operational experience, 

• Weaknesses in emergency planning. 

3.12.3.    HUMAN RELIABILITY ANALYSIS 
The aim of the human reliability assessment is to improve the NPP´s global safety, identifying 
deficiencies in the operator actions and providing whatever is needed to analyse and perform possible 
corrective actions. 
The PSA of CNA I showed by the application of human reliability analysis, that it was necessary to 
carry out modifications to the installation enabling the operator to take more reliable protective 
measures, to make improvements regarding abnormal operating procedures and re-training the 
operating personnel on certain analysed accidental sequences, where human actions play an 
important safety related role. 
The data used in human reliability models depend explicitly on the applied model and are obtained 
from operational experience, generic data and practices in foreign simulators of compatible plants, as 
there are no NPP full scope simulators in the country. Specifically, the human reliability analysis 
carried out for CNA I and CNE PSAs were based on generic data for the human error failure rate, from 
factors, recovery and uncertainty factors. CNA I and CNE OPEX provide task execution times, 
performance frequency for components and equipment and equipment recovery times. 
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3.12.4.    PROGRESS IN HUMAN FACTORS 
The progress achieved in human factors can be summarized as follow: 

• Better knowledge in applying the methodologies used to evaluate human factor contribution in 
the events and near misses events, 

• Human reliability improvements in CNA I and CNE reviewing normal operating procedures and 
emergency procedures taken into account in the PSAs results, 

• In both NPPs Human Performance Programs were developed and implemented,  

• Fostering the training program addressing past incorrect human behaviour and mistakes, 

• Widespread personnel re-training using international and national events. 

3.12.5.   COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
Methods to prevent, detect and correct the occurrence of events related with human factors are being 
used by the Licensee. In this sense, different methodologies are used by both the Licensee and the 
ARN to detect both human factors and organizational deficiencies as “root causes” and “contributing 
causes” of analyzed events, as part of OPEX Feedback Program. 
Additionally, PSAs carried out for CNA I and CNE show that human corrective actions were considered 
to be necessary in order to ensure that the capabilities and limitations of human performance were taken 
into account in the procedures for both normal and abnormal operation situations. 
Therefore the country complies with the obligations imposed in Article 12 of the Convention on Nuclear 
Safety. 
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3.13.    ARTICLE 13: QUALITY ASSURANCE  
Each Contracting Party shall take the appropriate steps to ensure that quality 
assurance programs are established and implemented to guarantee that the 
specified requirements for every activity that is important to nuclear safety are 
satisfied throughout the life of a nuclear installation. 

3.13.1.    INTRODUCTION 
The application of proper Quality Assurance Programs (QA Programs) in design, construction, 
commissioning, operation and decommissioning stages of nuclear installations is a regulatory 
requirement in Argentina. In the case of Nuclear Power Plants (NPPs), Regulatory Standard AR 3.6.1. 
sets the requirements to be fulfiled. In addition, Regulatory Standard AR 3.7.1. determines when the 
Licensee must present the QA Program and Manual. 
As was stated in previous reports, based on the regulations, Argentine NPPs in operation or under 
construction have QA Programs that are documented, implemented, revised and evaluated by the 
Plant Management. The frame of these specific programs is the General Quality Assurance Program 
of the Licensee. 
QA Programs and Manuals, among other documents, are also mandatory for the nuclear installations.  
The Argentina Nuclear Regulatory Authority (ARN) controls NPPs Quality Assurance Programs 
implemented by the Licensee by audits carried out according to the usual methodology.  

3.13.2.    QUALITY ASSURANCE PROGRAM OF THE LICENSEE 
Since the creation of Nucleoeléctrica Argentina S.A. (NA-SA), the convenience arose of having a 
General QA Program that would be the reference frame for the specific Quality Programs of each 
organizational unit (NPP).  
The Quality Assurance General Manual describes the Quality System implemented in NA-SA. Its main 
objective is to set the requirements that must be fulfiled in order to ensure quality achievement and 
maintenance throughout the different activities developed by NA-SA, as well as coordinate and 
integrate the common objectives, the mission and activities of the organization. 
The QA General Manual comprises the Quality Policy for the entire organization (see Annex IX). Both 
NPPs in operation (CNA I and CNE) develop their own programs according to the requirements set in 
the General Manual. 
NA-SA’s QA General Program is documented in the QA Manual, together with the procedures, general 
documents, QA Manuals and internal procedures of the organizational units. 
QA Management is responsible for evaluating the implementation of the QA Program in CNA I, CNA II 
and CNE. The results of these evaluations are reported to the highest level of the Company. 
Periodically, the QA Management issues reports showing the audits’ results. These reports are then 
sent to NA-SA’s President of the Board of Directors, the General Manager, and the Plant Managers. 
The results are also informed to ARN, according to the requirements of the Operating Licenses.   
Figure 3.13.1. shows the chart organization for QA Management. 
The status of the QA main documents is shown in the following table: 

ORGANIZATION 
UNIT DOCUMENT NUMBER OF 

PROCEDURES 
NA-SA Quality Assurance General Manual - Approved July 2004 18 

CNA I Quality Assurance Manual for the Operation of CNA I - 
Approved December 2005 230 (March-10) 

CNE Quality Assurance Manual for the Operation of CNE – 
Approved April 2007 630 (March 10) 

CNA II Quality Assurance Manual for the Construction of CNA II – 
Approved February 2007 188 (March 10) 

Engineering and 
Support Services Services Department - Quality Assurance Manual 150 (March 10) 

Engineering and 
Support Services Engineering Department - Quality Assurance Manual 12 (March 10) 
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QA Programs for NA-SA, CNA I and CNE fulfil the requirements of Regulatory Standard AR 3.6.1., 
IAEA Practice Code 50-C-Q, and all IAEA applicable Safety Guides.  
The QA Manual for the construction of CNA II was upgraded following IAEA Practice Code 50-C-Q, 
ISO Standard 9001:2000, and Regulatory Standard AR 3.6.1. This upgrading comprises occupational 
Health and Safety requirements, as well as GS-R-3, IAEA, 2006, Occupational Health and Safety - 
OHSAS 18000 (IRAM 3800-Safety and Occupational Health) and ISO Standard 14000 Environmental 
Management System for Environmental Management. 
Annex X shows NA-SA’s Quality Policy and its Environmental Policy. 
The Licensee verifies that every person and every organization involved in the nuclear area becomes 
thoroughly familiar with QA requirements. By means of qualification and training, the objective of 
making the personnel familiar with new concepts and safety requirements is achieved. 
In addition to the dissemination of the general principles of quality and safety culture, the involved staff 
is trained every time a new procedure is approved or a new revision performed. This practice, usual in 
the installations, is being intensified in the support sections of the Licensee. 
Temporary personnel receive specific qualification and training before starting their duties. In addition, 
their performance is mainly evaluated when they carrying out tasks related to programmed 
maintenance tasks. The Licensee’s staff supervises tasks carried out by temporary personnel. 
NA-SA developed and implemented an Environmental Management System that fulfils the requirements 
of ISO 14001 standards. Its scope comprises electric generation from CNA I; electric generation and 
Cobalt 60 production in CNE; the maintenance, erection and commissioning of CNA II; and the technical 
and administrative management of the Central Office. The Environmental Management System was 
certified in August 12, 2006 and in July 21, 2009. This ISO 14001 certificate is valid until July 2012. 
Changes performed in the QA organization have allowed a better coordination of the audits performed 
from the Central Offices and from each station. These changes have also reduced the period for 
answering the audits and consequently the implementation period for corrective actions. 
The Environmental Management System implementation significantly improved waste control, 
especially hazardous non-radioactive waste control. 
Figures 3.13.2., 3.13.3., 3.13.4. and 3.13.5. show NA-SA, CNA I, CNE and CNA II Organizational 
Chart respectively. 
Some changes could be noticed in NA-SA Organizational Chart in addition to the creation of Life 
Extension Management area, and Atucha II NPP Management Unit that were informed in the Fourth 
National Report. 
ARN audits the QA Programs of the Licensee Central Offices and of the nuclear installations following 
the corresponding procedure. The audits are performed by the ARN itself or by third parties. The 
Quality System and programs must meet the Regulatory Standard AR 3.6.1. “Quality System” 
(consistent with IAEA Code 50-C-Q), the Operating License requirements and any other requirement 
on this subject issued by the ARN.  

3.13.3.   COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
Adequate QA Programs for those activities which are important for safety throughout the nuclear 
installations life have been implemented for the Licensee. Therefore, Argentina meets the obligations 
set in Article 13 of the Convention on Nuclear Safety. 
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3.14.    ARTICLE 14: ASSESSMENT AND VERIFICATION OF SAFETY 

Each Contracting Party shall take the appropriate steps to ensure that: 
i. Comprehensive and systematic safety assessments are carried out before the 

construction and commissioning of a nuclear installation and throughout its life. 
Such assessments shall be well documented, subsequently updated in the light 
of operating experience and significant new safety information, and reviewed 
under the authority of the Regulatory Body; 

ii. Verification by analysis, surveillance, testing and inspection is carried out to 
ensure that the physical state and the operation of a nuclear installation continue 
to be in accordance with its design, applicable national safety requirements, and 
operational limits and conditions. 

3.14.1.    INTRODUCTION 
The maintenance of an adequate safety level in nuclear installations is a requirement of the regulatory 
system. Therefore, since the initial stage of a NPP project until its decommissioning, the Licensee 
performs different studies, either as response to an ARN requirement or as a demand of the Licensee 
itself. ARN controls the safety level by means of audits and assessments of the studies carried out by 
the installation or verifying the results by performing its own analysis. 
Safety assessment and verification constitute the basis and technical support of the regulatory control. 
The need for carrying them out comes either from the inspection and audit results, or assessments 
performed by the ARN, or from the information emerging from abnormal events or what is learnt 
through accumulated experience in the case of the assessments carried out by the Licensee. 
Information about abnormal events and accumulated experience comes from the NPPs itself and other 
domestic and foreign installations. 
The above mentioned safety assessments involve the periodic revision of the probable failure modes 
of structures, components and systems, and their consequences as well as deterministic studies. 
The SAR is an important document containing the development and results of the radiological and 
nuclear safety studies carried out by the Licensee. In this respect, the Regulatory Standard AR 3.7.1. 
sets the rules for the submission of the preliminary and final versions of this report, during the licensing 
process. Its periodic updating, including all the modifications performed to the installation as well as its 
safety improvements, is established in the Operating License. 
On the other hand, the licensing process begins several years before the NPP commissioning. First of 
all, pre-operational studies are carried out aiming at evaluating the interactions between the installation 
and the environment. These studies include evaluations of the site’s meteorological, geological and 
hydrological characteristics as well as the human activities in the zone of influence of the installation (see 
Chapter 3.17.). Its results mainly contribute to identify the initiating events, either natural or man-induced, 
evaluate the radiological consequences of those accidents postulated in the safety analysis, elaborate 
an emergency plan and determine discharge limits of liquid and gaseous radioactive effluents of the 
installation. This information is then compiled and documented in the preliminary and final SAR.  
Furthermore, safety assessments are usually carried out in order to analyse the impact on safety 
caused by modifications in the installations, by the occurrence of significant events or by any other 
justified reason. 
For each of the existing NPP, the safety assessments carried out during the design, construction, 
commissioning and operation stages up to 2004 were summarised in previous Nuclear Safety Convention 
reports. 
The main evaluations done during the period corresponding to this Convention are shown in the following 
Sections. 

3.14.2.    AGEING 
The Ageing Management Program (AMP) is useful in preventing and detecting systematically any 
degradation that involves equipment, systems and components by affecting the design safety margins. 
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Each NPP in operation has implemented its own AMP, required by ARN with the objective of 
maintaining the safety of the NPPs lifetime by optimising the inspection and maintenance programs, 
and ageing monitoring, prevention and mitigation. 
The monitoring of components degradation is included within the AMP. It is based on evaluation of the 
operating conditions for each component under analysis, such as working temperature, irradiation 
field, component functional characteristics and human errors that can lead to worst normal degradation 
conditions. 
The AMP includes the following activities: 

• Safety relevant components selection to evaluate ageing effects, 

• To study the selected components ageing mechanisms, including the identification / development 
of practical methods for ageing control, 

• Remaining lifetime evaluation and management of the degradation due to ageing through 
surveillance, maintenance and operation by suggesting mitigation actions. 

Well known methodologies are used to evaluate such degradations: 

• Predictive and preventive maintenance, 
• In-service Inspection program, 
• Additional testing, 
• Degradation evaluation, 
• Evaluation of acceptance criteria in each case. 

The Licensee have included the AMP within a Life Management Program to analyze the extent current 
NPP operation for both CNA I and CNE, considering that the safety of a NPP is a necessary but not 
sufficient condition for life extension. These programs consist in an integration of ageing management 
and economic planning to maintain the safety level and maximize return of investment over the service 
life of the plants. See 3.14.3.1.3. 
The Regulatory Body is checking the results of this program in a regular basis in order to review 
whether it is being effectively managed considering its objectives. 

3.14.3.    SAFETY ASSESSMENT 
Safety assessments concerning operation cover all the plant operating modes and include a periodic 
revision of failure modes of SSCs, identifying the consequences of such failures as well. As the NPPs 
have been operating for a long time (about 36 years in the case of CNA I), and some original 
operation safety criteria were different from those used nowadays, it is necessary to make an 
additional effort in order to take into account the application of new safety criteria. 
On one hand, safety assessments related to operation are mainly focused on the analysis of 
operational incidents and accidents that may occur in this plant or any other, the determination of the 
root causes and the evaluation of corrective actions in order to avoid their recurrence. On the other 
hand, the operation policies and principles are also analyzed taking into account safety issues, the 
surveillance program, the maintenance program and the operating manual. 
Two complementary methods are mainly applied in the evaluations: the deterministic and the 
probabilistic one. 
The deterministic method enables the knowledge of installation and safety systems response in 
operational incidents taken into account as design basis. Proven engineering methods to predict the 
course of the events and its consequences are used for the analysis, and they comprise disciplines 
such as: thermo-hydraulic analysis, reactor physics, structural integrity, system control and human 
factor analysis. 
The probabilistic method includes the evaluation of a number of conceivable accidental sequences 
and their radiological consequences, the reliability analyses (basically related to safety systems) and 
the identification of any weakness in the NPP design and operation that could contribute to risk. 
The main deterministic and probabilistic assessments done to SSCs during the period corresponding 
to this Convention are shown in subsections 3.14.3.1. and 3.14.3.2. 
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3.14.3.1.    DETERMINISTIC ASSESSMENTS 

3.14.3.1.1.    CNA I Reactor Pressure Vessel 
CNA I started commercial operation in 1974. The base material of the RPV is similar to those of other 
NPPs RPV at that time, low alloy ferric carbon steal equivalent to DIN 22NiMoCr37 and similar to 
ASTM A 508 class 2 forging. 
Initially, KWU (the Designer), didn’t consider it necessary to formulate a surveillance program for the 
RPV’s material because a very low fast neutrons fluence (E>1 MeV) was estimated in the beltline 
region, for it to produce important changes in the material brittle to ductile transition temperature 
throughout the CNA I’s design life time (EOL- end of life, corresponding to 32 years of full power 
operation). Nevertheless, the Licensee required the designer to formulate a surveillance program for 
the RPV which was undertaken by KWU in April 1974 during the CNA I commissioning. 
Although the results showed that the RPV should operate safely until EOL, the Regulatory Body 
required the Licensee additional safety studies. 
These studies consisted in performing further irradiations and testing more samples, and making new 
evaluations on neutronics and Pressure Thermal Shock (PTS) subjects. For these tasks the Licensee 
received the advise of KWU/Siemens, experts and international consultants. A detailed explanation of 
the additional studies performed was done in the fourth CNS Report  
The studies conclude that the integrity of the CNA I’s RPV is guaranteed until EOL and 1.5 EOL. Also 
could be mentioned that the acceptance criteria as defined by the French and German guides were 
also applied to the results of the irradiation programs and the same conclusions were obtained. 
ARN considers that, according to the evaluations which have been performed so far, the RPV integrity 
with respect to the material properties is assured at least until the plant design end of life. 
Nevertheless, the RPV integrity assessment is considered a permanent subject, for that reason the 
ARN considers necessary a permanent evaluation in the areas of non destructive examinations, PTS 
and neutronic, including the results from the periodic RPV inspections as well as the possible 
improvements in the evaluation techniques as a way to reduce the uncertainties and to improve the 
general knowledge on this subject. 

3.14.3.1.2.    Accident Management and Severe Accident Management Program 
As was mentioned in previous CNS Reports, the ARN required the Licensee to develop a Severe 
Accident Management Program (SAMP) for both plants in operation, starting with CNA I. The initial 
activities were (see 2004 CNS Report): 

• Development of internal procedures for the program (Organization, QA, etc.), 
• Selection of a methodology to characterize plant damage scenarios, 
• Selection of six plant damage state scenarios to be characterized during the first stage of the 

program, 
• Starting the development of a model for severe accident progression. MELCOR package was 

selected. 
The program execution continued with more specific activities (see 2007 CNS Report), as follows:  

• Plant damage states characterization including deterministic studies related to new scenarios 
(or extending the existing ones) with RELAP code up to core uncovered initiation. 

• Strategies proposal (preventive strategies for the time). 
# Small LOCA plus failure of low pressure emergency water injection. 
# Small LOCA plus moderator pumps failure which delays low pressure emergency water 

injection due to depressurization delay. 
# Blackout. 
# Unavailability of the second heat sink pumps or lack of sufficient inventory for different 

accidental scenarios. 
# Analysis of potential strategies related to both the use of an alternative control room in case 

the main control room becomes uninhabitable and the possibility of venting the containment. 
• Progress in the development of the accident progression model. The experience of CNA II PSA 

Level 2 was transferred back to CNA I SAMP. 
• In the same way, the experience gained for CNA II with Passive Autocatalytic Recombiners 

will be used as a basis for future CNA I applications. 
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The following activities were performed during period 2007–2010: 
A new Schedule to continue CNA I SAMP development was approved by ARN at the beginning of 
2009. The CNE SAMP development has been considered integrating the tasks related to the life 
extension project. 
The activities related to CNA I SAMP are those related to plant damage states characterization, 
proposal of strategies and definition of the methodology for the development of the instructions and 
guidelines. Those tasks are closely followed by ARN personnel. It could be mentioned: 

3.14.3.1.2.1.    Plant damage states characterization 
New deterministic studies using RELAP code allowed to complete the characterization and grouping of 
accidental sequences. 

3.14.3.1.2.2.    Strategies proposal 

• Small LOCA strategy, the basic engineering design changes needed to implement the primary 
system inventory refilling strategy by means of the volume and pressurizing control system 
(TA) was completed. Nevertheless, some engineering tasks focused on avoiding the heavy 
and light water mixing are under study by the plant engineering group. 

• The engineering tasks in order to implement the recovery of the second heat sink system 
(SHS) capability by injecting demineralized water to SHS make up tank is being analyzed. 

• Blackout: This scenario was at first characterized considering excessively conservative values 
for the batteries discharge time. This consideration imposed a penalty in the recuperative 
actions model. A new version for this characterization was issued interpreting in a more 
realistic way the battery efficiency curve provided by the manufacturer. The instruction for the 
blackout scenario is under development. 

• The evaluation of the strategy related to the use of an alternative control room in case the 
main control room becomes uninhabitable is under study by the plant engineering group. A 
report was issued regarding the potential strategies of the containment management during a 
severe accident. Different containment venting strategies were examined and the possibility of 
the steel containment refrigeration by internal and external circulation was considered. The 
potential strategy is under assessment. 

• A strategy proposal for the scenario of loss of the secondary coolant system (UK) combined 
with an operators failure to prevent a LOCA through the use of the pressurized valve, is being 
analyzed aimed at the recovery of the primary system inventory. 

3.14.3.1.2.3.    Progress in the development of the accident progression model 
The continuation of this task is conditioned to the progress in the CNA II Level 2 PSA modelling 
development tasks.  

3.14.3.1.2.4.    Other issues related with severe accidents 
In the CNA II case, the Licensee assesses the issue of the hydrogen behaviour and its associated 
mitigation systems by considering passive auto-catalytic recombiners (PAR) with the AREVA 
assistance. In order to optimize the PAR location and to assess its efficiency to face different 
scenarios, both the MELCOR code and plant walk-down results were used. The following three 
phases are being considered: 
Phase I:  PAR System conceptual design (finished). 
Phase II:  Detailed design. 
Phase III:  Hardware supply. 
The experience gained will be used as a basis for future CNA I evaluations. 

3.14.3.1.2.5.    Development of Instructions and Guidelines 
A new version of the methodology used to convert the strategies into instructions and guidelines was 
issued. The preventive strategies from SAMP will be included into the Operation Manual as extensions 
of abnormal operating procedures (indicating interface), or as new Instructions for SAM preventive 
domain (Instructions P). Mitigation strategies will be included as Guidelines for SAM mitigation domain 
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(Guidelines M). Most of the strategies corresponding to the preventive domain will be applied by 
control room staff before the Internal Committee of Emergency Control team becomes available. 
Two scenarios related to the loss of direct current (DC) due to rectifier failure were identified during the 
last PSA Level 1 revision. The instruction for the loss of a 220 V rectifier was issued and the 
instruction for the loss of a 24 V rectifier is under an independent revision stage. 
The CNE SAMP is based on the specific CANDU Owners Group (COG) guides, developed for 
CANDU reactors operating in Canada. AECL provided assistance to the Licensee for developing the 
CNE specific guidelines, taking into account the experience of this organization in the development of 
SAMP Guidelines for Point Lepreau NPP. 
The applicability of the Point Lepreau guidelines for CNA I is being evaluated by AECL with the aim to 
set the scope for each task and to develop the corresponding schedule. 
The program consists on: 

• The understanding of the technical bases for the management of severe accidents for CANDU 
reactors. 

• The study of the severe accidents progression phenomenology in CANDU reactors. 
• The development of guidelines for the initial response of operators in Control Rooms. 
• The development and formation of a support group to assist control room staff during the severe 

accident evolution. 
• The development of flow diagrams for diagnosis. 
• The development of operating procedures for severe accidents, including diagnosis, follow-up 

and long-term monitoring. 

3.14.3.1.3.    CNE Life Extension 
NA-SA has begun a CNE life extension feasibility study in order to establish the scope, schedule and 
necessary investments for the project. 
Therefore, NA-SA has decided to undertake, with the support of AECL, a Plant Life Management 
(PLiM) and a Plant Life Extension (PLEX) program in order to achieve a long term operation, and to 
maintain a high level of safety and plant performance. The first phase of the PLEX program has to 
identify the necessary modifications and updates of the plant, in order to ensure a safe operation for 
an extended period of 25 – 30 years. 
The PLEX of CNE is divided into three phases, as follows: 
Phase 1: Pre-project. Screening of SScs. Ageing Assessment, Safety Assessment, Design Change 

Packages, Economic Assessment and Licensing. 
Phase 2:  Engineering and material supply for retubing and steam generators (SG) replacement. 

Specification and detail engineering for other systems and components, Materials supply. 
Phase 3:  Retubing and steam generators replacement, Implementation of general modifications. 
The original PLEX schedule has a delay of about a year. At present NA-SA continues working in the 
activities mentioned in phase 1 and; the re-tubing tasks and the SG related tasks (recently initiated) 
corresponding to phase 2. The scope and the state of the tasks to be performed in CNE are the 
following: 

• Re-tubing: This methodology and the process itself consists, as a minimum, in the removal of 
feeders, pressure tubes and calandria tubes in a planned manner according to the defined 
logistics. The re-tubing pre-project activities includes: 
# Review of the reactor and Service Building and the surrounding plant structures to 

determine the capabilities and limitations related to re-tube logistics.  
# Site specific dimensional and radiation field measurements. 
# A conceptual design of a permanent Waste Storage Facility and waste characterization 

due to the re-tubing process.  
# Qualification of local suppliers of components for the re-tubing process. 
# The preparation process is being developed under the technical support of AECL (plant 

designer) relative to organization, radioactive waste management and equipment and 
training provision. The lessons learned from similar tasks performed at Point Lepreau and 
Wolsong I NPPs will be applied. 
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• Steam Generators Replacement: This task includes the replacement of the cartridges (lower 
assembly of the SG), and some of the steam drum internals (primary moisture separators) for 
the four SG. SG Replacement was not planned in the original refurbishment program, but it 
was included because of the extensive degradation detected in the “tube support plates” 
affected by flow accelerated corrosion (FAC) phenomena. It was also determined that “the 
primary moisture separators” need to be replaced since the current ones are not suitable for 
long term operation. Only the steam drum including some internals will remain from the original 
SG after replacement is performed.  
Embalse is currently carrying out the procurement process for the new SG’s cartridges. SGs 
will be manufactured in Argentina under B&W License and supervision. Local suppliers – 
IMPSA and CONUAR- have to be qualified under AECL supervision. Both suppliers are 
manufacturing prototypes for qualification. 
Also, in order to remove and replace SGs in a safe manner, strategies have been evaluated 
using 3D computational models. It has been decided to use the main airlock to remove and 
ingress components in order to keep the containment integrity. 
The replacement approach involves Steam Drum cutting and manipulating of old and new 
cartridges through the main equipment airlock. 

• Ageing Assessment. 
Ageing assessments were carried out according to IAEA recommendations and international 
practices. 
Plant ageing assessment, both Condition Assessment and Life Assessment, is part of an 
integrated strategy to assess the ageing degradation of the active and passive CNE 
components, which allow assessing the prognosis for long term operation (LTO). Maintenance 
and inspection requirements can also be determined as well as the necessary upgrades or 
replacements needed to achieve the life extension in safe condition. 
An important effort was made in this area, with the incorporation of a significant number of 
professionals, due to its importance for the decision making regarding the analyzed 
components state and life extension. 
Plant aging assessment is finished. The reports were revised by an independent reviewer 
under an IAEA Technical Cooperation Program contract –TC ARG 40/91 “Development of 
Embalse PLiM 2007/2008”.  
In general, ageing assessment results indicated that CNE components and systems are in 
good conditions for long term operation. However, several measures related to maintenance, 
inspections and testing have to be implemented in order to improve the ageing management 
program. In particular, some obsolescence problems were identified. 
Presently a recommendation consolidation process is being carried out by NA-SA in order to 
determine implementation priorities. 

• Safety Assessment. 
In the pre-project activities a detailed review of the safety and licensing issues is undertaken. 
The objective of the Safety Assessment is to determine the areas of the plant susceptible to 
improvements. 
Currently, Plant Safety Assessment for CNE Life Extension includes:  
o Periodic Safety Review (PSR): specific requisites for PSR for CNE life extension were 

elaborated by ARN according to the IAEA safety guide NS-G-2.10 recommendations. 
o Review and update of Deterministic Safety Analysis, considering new accidental scenarios, 

and modern codes and acceptance criteria. Also, reactor repowering, new shutdown trips 
and others design changes have to be included. 

o Probabilistic Safety Assessment (PSA): a Level 2 PSA and the actualization of Level 1 
PSA have to be performed. Also, doses for accidental scenarios on a probabilistic basis 
have to be determined in order to verify the compliance of the ARN standard related to 
radiological acceptance criteria for NPP design. 

o Review of Design Changes in other CANDU plants: as a result of this review several 
improvements in some issues like trip coverage, emergency power and water supply 
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systems and emergency core cooling system reliability will be implemented during CNE 
refurbishment. 

o Review of CNE design against modern national and international codes, standards and 
practices. 

o Review and update of Hazard Assessments. In particular, a seismic re-evaluation of the 
CNE site is included. 

o Seismic Re-evaluation/Qualification: 
The Peak Ground Acceleration (PGA) used in the CNE design is 0.15 g. Two additional 
evaluations were performed in 1982 and 1983. Values obtained from these evaluations 
were greater than the original. Considering the advances in the seismic evaluation 
techniques since the 80´s, it was decided to undertake the seismic re-evaluation of CNE, in 
order to identify and implement the appropriated improvements in seismic design of the 
plant. In order to address this evaluation NA-SA is being supported by the designer and 
others external advisors. See Section 3.17.5.2. 
In order to verify seismic qualification of existing components, Probabilistic Safety 
Assessment Based on Seismic Margin Assessment (PSA-SMA) methodology will be 
applied. Traditional SMA -according to EPRI methodology- had to be revised for 
application on CANDU design because of the impossibility to define two independent 
success paths.  
In addition, a Seismic Strategy for Seismic Design for CNE Refurbishment was elaborated 
by NA-SA with the support of the designer. This strategy considers three categories: Like-
Like Replacement, Minor Modification, Major Modification or New Design. For each 
category, different PGA values to be used for component design were established. This 
strategy was accepted by ARN. 

o Severe Accidents. There are two main aspects: 

Implementation of design improvements in order to deal with severe accident conditions. 
The improvements in the CNE design, related to severe accidents have two sources: the 
design changes recommended by Level 2 PSA results, and those recommended from the 
experience in others CANDU plants. Both sources have been considered by NA-SA. 
Development and implementation, with the support of the designer, of Severe Accident 
Management Guidelines for CNE using the generic guidelines for CANDU NPPs. 

• Environmental Qualifications (EQ): for CNE long term operation NA-SA has to elaborate and 
implement a program in order to assure that safety related components will be capable to 
perform their safety functions during normal and accidental conditions. This program will be 
developed on the basis of Gentilly-2 EQ. This Canadian plant has a similar design and layout 
to that of CNE. 

• Digital Control Computers Replacement. 
Although the Digital Control Computers used in CNE have had a good performance, replacement 
is required for long term operation because of reasons related to obsolescence, maintenance 
personnel, aging and expansion possibility. In order to deal with the replacement, CNE has 
participated in a COG Joint Project for DCCs constructor qualification. 
The hardware and software supply will be done by a qualified supplier and the nuclear 
designer AECL, which will also supply the technical support for reception and commissioning 
tests of DCCs. 

• PLEX Activities Performed During Planned Outages. 
The following activities were planned responding to specific objectives of the life extension 
program: repair works on piping supports and concrete structures according to the findings of 
the walk-downs performed during the 2005 planned outage; repair works on the containment 
structure; walk-downs on Balance of Plant and Nuclear plant (NP) areas, seismic walk-down, 
activities related to the logistic for re-tubing SG replacement, SG visual inspections, piping 
ultrasonic inspections and other inspections recommended by ageing assessment reports.  

• PLEX Activities Performed in 2008/9. 
Results of walk-downs were utilized to finish the aging assessment phase and for plant 
maintenance activities. The - IAEA/NA-SA/CNEA Technical Cooperation Program TC ARG 
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40/91 ”Development of Embalse PLiM” 2007/2008 was finished. Among the main activities 
carried out, training by means of workshop attendance (international and domestic) and technical 
visits, could be mentioned. Phase 2 Re-tubing and relative waste management disposal were 
developed. Planning and financial resources activities for the PLEX Project were continued. 

The main technical meetings which NA-SA specialised personnel participated in during the considered 
period are listed bellow: 

Date Location Main Activity 

2008 

September 23-26 Atucha II NPP, 
Argentina Workshop on Atucha II NPP Seismic Evaluation.  

October 6-10 AECL Sheridan 
Park, Canada 

Workshop on Safety Assessment for Embalse 
Refurbishment. 

October 20-24 Bucarest, 
Rumania 

10th COG/IAEA TCM on Exchange of Operational Safety 
Experience of Pressurized Heavy Water Reactors. 

November 26- 
December 20 

St. John, 
Canada Training on re-tubing, Point Lepreau NPP. 

2009 

February 16-27 Daejeon, South 
Korea 

IAEA 40/91 Project, CNE PLIM Independent Revision,  
On the Job Training for CNE Engineers,  
KEPRI (Korean Electric Power Research Institute). 

February 28-         
April 11 

Angra dos Reis, 
Brazil 

Technical Visit, Steam Generators Replacement 
Activities, Angra I NPP. 

May 26-28 Lynchburg, Virginia, 
USA 

Technical Meeting of Heavy Nuclear Components 
Replacements in NPPs. 

August 31- 
September 04 

Angra dos Reis, 
Brazil 

Regional Workshop on Dedication Process,  
Qualification of Equipment - IAEA. 

November 30- 
December 04 

Buenos Aires, 
Argentina IAEA, Workshop on Ageing Management. 

December 14-17 
Atucha NPP, 
Buenos Aires, 
Argentina 

Workshop on Plant Life Management Program for Safe 
Long-Term Operation. 

2010 

March 11 Buenos Aires,  
Argentina 

Participation to presentation, "CANDU EC6  
and ACR 1000 state of the design development". 

April 11-15 Bariloche, 
Argentina 

Workshop on Severe Accident Management,  
Bariloche Atomic Centre. 

3.14.3.1.4.    CNE Pressure tubes 
Repositions, inspections and scrapping are carried out on the Pressure tubes (PT) of CNE in order to 
verify that the risk of PT integrity degradation is minimum, and the PT can reach EOL in a safe 
manner. 

3.14.3.1.4.1.    Garter Springs Repositioning between Pressure Tubes and Calandria Tubes 
The objective of Garter Springs Repositioning between PT and Calandria Tubes (CT) is to minimize 
the risk of degradation of the integrity of PT as a consequence of the PT / PC contact. 
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The task is carried out during planned outages, and consists on the repositioning of the garter springs 
belongings to a group of fuel channels according to a given priority, in order to: 

• Avoid the contact of the PT with the corresponding CT, before their EOL, 

• Eliminating existing contacts, and 

• To verify, in the case that the contact has not been able to be eliminated, that the PT does not 
reach the content of equivalent hydrogen for the blister formation threshold (BFT) before the 
next scheduled inspection. 

In October 2008, a fuel channel garter springs repositioning campaign was carried out with the 
objective to avoid the possibility that blister formation conditions could be reached in any PT. 
So far, the garter springs of 379 out of the 380 PT have been repositioned to ensure safe operation 
until the next planned outage. 
The technical criteria for repositioning used by NA-SA is based on the variation of the deuterium up-
take along the PT, taking into account the possibility given by the mechanism of susceptibility to blister 
formation, allowing that the cold end of the PT may be in contact with CT. This alternative requires a 
closer control of the deuterium intake rate. 
The SLARADE computer code is used to define the repositioning strategy, and the MACACO program 
is used to obtain the value of pressure to give the tool for Garter Spring liberation. NA-SA keeps a 
close relationship with AECL engineering and continues incorporating all the operating experience of 
the Canadian plants, obtaining a better estimation of the time window for PT / PC contact. 

3.14.3.1.4.2.    Pressure Tube Inspection and Scrapping 
During 2010 planned outage, sag and gap between PT and CT measurements were performed in 
order to establish Embalse’s own fuel channel deformations, and consequently tune the models of the 
contact determination and channel deformation calculation programs. Until now these values were 
taken as the average from other reactors measurements. This improvement will allow estimating more 
accurately the contact before the EOL. 
Moreover, in accordance with the CAN/CSA N285.4-94 Standard and the Fitness for Service 
Guidelines, if fuel channels with contact exist, deuterium intake estimates should be confirmed 
acceptable for operation until the EOL. For this reason, scrape samples from ten PT will be taken for 
further analysis. 
In addition, scrape samples from ten PT rolled joint will be taken to determine their deuterium intake 
rate. Until now, average values from other reactors are used. 

3.14.3.1.5.    CNE Feeders 
An important task of CANDU reactors is based on the periodic inspection established by 
corresponding standards with new revisions based on external operating experience. During each 
planned outage, several areas (eg: first and second bends, area next to Graylock weld) of feeders are 
inspected, with the objective of determining the wall thickness reduction produced by flow-accelerated 
corrosion (FAC). Also, crack detection at feeder bends by means of ultrasonic techniques has been 
carried out. 

The inspection is performed according to what had been established by the ISI program during 
scheduled outages. The inspection methods applied, and qualified personnel involved are in accordance 
with the procedures and guidelines from COG. 
This monitoring must be done during every planned outage, in order to assure that no feeder operates 
with a wall thickness lower than the minimum values allowed, and to comply with the crack detection 
program. 
During the 2008 planned outage, 131 feeders were inspected for wall-thickness measurement, and 
206 for crack detection. The conclusions from previous planned outages, related to a thinning rate – 
due to FAC – slightly lower than in other CANDU reactors, was confirmed by the measurement results. 
Meanwhile, no indications of relevant flaws were found. The main contributor to these performances 
was attributed to the chemistry control carried out to the primary heavy water. Until now, the results 
allow to forecast that all feeders would be fit for service up to the EOL. 
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3.14.3.1.6.    CNE Steam Generators 
The CNE SG were designed and manufactured by Babcock & Wilcox (B&W). Some of their components, 
mainly the Tube Support Plates (TSP) and the U-Bend supports of tube bundles, known as “scallop 
bars”, were constructed in carbon steel. 
Due to a degradation mechanism known as Flow Accelerated Corrosion (FAC), which was not well 
known at the moment of design and construction, and after more than 20 years of operation, the 
supports started to degrade producing SG tube damage due to fretting wear in the U – Bend. This has 
caused several unplanned outages due to leakages in tubes, as well as a progressive degradation 
and loss of function of TSP. 
Since 1996, damages were observed in tubes due to fretting wear with scallop bars at tube bundles U 
– Bend. Besides, in a study performed by B&W, this mechanism was recognized as the problem’s root 
cause; also this study predicts future degradation due to FAC. 
This encouraged CNE to take corrective and mitigation actions concerning SG as part of the Life 
Management Programme. In so doing, NA-SA contracted B&W, who designed auxiliary supports 
known as anti-vibration bars (AVB’s,). These components consist of three comb-shaped supports, for 
each steam generator, which have to be inserted in the U-bend of tube bundles. 
When AVB’s were installed in 2004’s planned outage, during quality assurance boroscopic inspections 
performed in order to verify their correct installation, it was observed that the cold leg side of TSP were 
considerably damaged, and those on the hot leg side were partially obstructed. This showed that the 
steam/water flow was not uniform, and this accelerated FAC degradation in the cold leg side. 
In addition, in order to introduce corrective actions concerning water chemistry, new chemical analysis 
were performed. 
Considering the detected degradation in steam generators, the ARN required an exhaustive 
assessment of the components involved, and verification of acceptance criteria established for tubes, 
support structures and SG internals in order to determine safe operation until the next inspection, with 
an acceptable safety margin. 
Taking into account the regulatory requirements and findings during visual inspections in the 
secondary side, it was required to implement, four inspection ports between the upper TSP in each 
steam generator, in order to inspect and evaluate the TSP state, and eventually decide their cleaning. 
Inspections performed from these new ports, showed sludge obstructions in the hot leg side of TSP, 
and variable degradation in the cold leg side of TSP (the more important degradation was observed in 
the higher TSP). These inspections allowed the construction of TSP degradation/obstruction maps, 
which were used as a reference to determine degradation rates in subsequent inspections. 
Due to the degradations observed in the cold leg side of TSP, the ARN required NA-SA an assessment 
on structural integrity in order to verify the steam generators safe operation. The assessment was given 
to AECL, and included evaluations performed specifically for CNE, which were explained in detail in the 
previous National Report. 
As a consequence of the occurrence of three unplanned outages during 2006/2007 due to tube 
failures in all cases localized in the U-Bend zone, the plugging criterion was changed to a more 
conservative position, extending the inspection zone taking into account the observed defects, going 
further than what was required by regulations.  
During the planned 2007 outage several corrective actions were undertaken to mitigate FAC, following 
the recommendations of studies performed by AECL. 

• Water-lancing of the hot leg side of TSP, in order to clean “broached holes” and normalize 
secondary side flow. 

• Change of the amine used in AVT (All Volatile Treatment) treatment, in secondary circuit, in order 
to increase pH. Also a Cooper monitoring program was implemented, as well as a more exhaustive 
cation monitoring in the steam generators blow down. These corrective actions results in a 
reduction of the FAC rate of the cold leg due to the more alkaline pH (reduction of FAC rate by 
a factor of 0.5) and cleaning of broach holes (reduction of FAC rate by a factor of 0.67). 

• Additional boroscopic inspections to improve the TSP degradation maps, built from the results 
of Eddy Current (EC) Inspections. 

• EC Inspection to determine TSP degradation rate, and preventive plugging of tubes in 
degradation zones of TSP corresponding to levels L5 (ligament breach of two ligaments) and 
L6 (ligament breach of three ligaments), in agreement to AECL recommendations.  

• Program to follow-up the vibration conditions and preventive plugging due to fretting in U – Bend. 
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Due to preliminary results obtained in visual inspections that were being performed, and considering 
unplanned outages due to tube failures, the ARN decided to re-assess the SG operative conditions, to 
perform a detailed analysis of degradation rate, to assess the structural integrity considering the SG 
current state and including the consequences of seismic occurrences and other events that cause 
sudden depressurization of the secondary circuit. 
Consequently, the main tasks to be undertaken by NA-SA, related to SG safe and reliable operation, 
consisted of additional assessments concerning structural integrity, taking into account the new 
degradation maps obtained in 2007, evaluating the condition of TSP and comparing it with the result of 
previous inspections. This were performed in order to identify future hazard zones that could 
jeopardize the safe operation of components, and to allow timely corrective actions. In these studies, 
earthquakes and main steam line break were considered. The main conclusions of the study were: 

− The condition of the SG TSP was considered acceptable, both for normal operation and for 
transients caused by design basis accidents. 

− The result of the analysis of flow induced vibrations (FIV) for full power operation indicates 
that, with the TSPs condition, the SG tubes would remain stable without significant wear 
(excluding potential broken scallop bars), without breaks for fatigue or damage to tubes due to 
interaction among them. In main steam line break conditions, the initiation of fatigue cracks is 
not expected and it is concluded that the tubes will remain stable.  

− The possibility of damage in the tubes due to weak or loose scallop bars is not excluded. 
However, any damage from this cause would not be significant in terms of safety .This is 
because this mechanism produces a small localized defect that produces a leak before the 
defect becomes large enough to put a tube in risk of rupture. 

The following recommendations arising from AECL studies (in accordance with the SGs Life Management 
Program) were implemented during the CNE 2008 planned outage:  

a. All SG tubes were inspected using conventional probe (bobbin prove). 
b. Other inspections were performed with X - Probe to the tubes in the TSP critical degradation 

area, to tubes with relevant indications of degradation characterization, and to some tubes in 
the minimum radio U - Bend area.  

c. A minimum number of tubes located in the sediment accumulation area were inspected with a 
rotating probe. 

d. Preventive plugging of those tubes with L5 and L6 degradation levels in the TSPs zone. 
e. The moisture separators were inspected to determine their state in order to assess the 

feasibility of reusing them during the extended plant life.  
f. Loose parts were detected and removed from scallop bars located in the SGs U - Bend zone. 
g. The degradation progress was verified in the TSP (cold side) due to FAC, and fouling in the 

TSP (hot side) in all SGs, to assess the effectiveness of the "water-lancing" (performed in the 
2007 scheduled outage) and the modifications in the feed-water chemistry.  

h. A dimensional topographical mapping of the connection points was performed by laser 
scanning, to ensure the correct and accurate installation of the new SG cartridges. 

i. A RB and service building dimensional analysis to rooms associated with the SGs replacement 
were performed for the subsequent planning of activities. 

As a result of SG´s Life Assessment, it was concluded that SG’s Life Extension is not feasible due to 
Tube Support Plate FAC degradation. Steam Drums will remain, while SG’s cartridges and tubes will 
be replaced. Also, inspections performed during the 2008 outage showed that moisture separators are 
not in conditions to face long term operation and will have to be replaced. See Section 3.14.3.1.3. 
Meanwhile, several recommendations resulting from the SG´s Life Assessment were implemented 
related to maintenance, inspections, chemical control and structural analysis, in order to achieve a 
safe design life. 

3.14.3.2.    PROBABILISTIC SAFETY ASSESSMENT 
The activities covered during 2007-2009 period in the applications of PSA are the following: 
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3.14.3.2.1.    CNA I Probabilistic Safety Assessment applications 
The outcomes of the PSA study for CNA I, have been developed to an enhanced level 1 according to 
the objectives of the back-fitting program. This program has added new safety systems, such as the 
Second Heat Sink and redundancy improvements as in the secondary relief valve system. 
In February 2005, NA-SA submitted a technical evaluation to ARN supporting a request for increase 
the time between planned outages, from 12 to 18 months. The impact on nuclear safety due to 
frequency modifications in the preventive maintenance routine tests and In Service Inspections 
programs was evaluated. The augmented test period was the main subject considered and an 
estimation of the impact on the CDF using PSA was carried out, which turned out to be 1.3x10-5/year. 
ARN adopted an international criterion that limit the increase value of CDF due to design modifications 
to 1.0x10-5/year maximum. When the allowed value was faced with that of the technical evaluation, it 
was found that the criterion was not met. As a consequence, the ARN did not authorize such change. 
The PSA’s third revision was completed and submitted to ARN in 2009. This review incorporated final 
“as built” modifications and contains the results of new deterministic studies performed within the 
framework of the CNA I Severe Accidents Management Program. These studies extend the modelling 
with RELAP code of the main sequences until core uncovering that lead to core damage allowing the 
removal of conservative assumptions. 
These new RELAP simulations allowed a more realistic quantification of safety benefits obtained from 
the Second Heat Sink. For example, a scenario with a pressurizer safety valve small LOCA and low 
pressure injection system failure, which in previous revisions lead to core damage, according to the 
newest studies, doesn’t lead to core damage throughout the considered mission time. 
Following the PSA’s third revision, the studies carried out to extend the period between planed outages 
from 12 to 18 months, were reassessed by NA-SA and submitted to ARN for their consideration. 
Presently ARN is assessing the proposal to take a decision on the request to extend the above 
mentioned period. 

3.14.3.2.2.    CNE Probabilistic Safety Assessment applications 
A first complete version of a CNE PSA with corrective actions was accomplished by the utility in 2004. 
Then the PSA scope was spanned to the low power state. A qualitative study on other potential 
sources of radioactive release (Spent Fuel Bay, Cobalt rods, spent fuel elements dry storage, etc.) 
was also carried out by NA-SA as a PSA improvement. 
CNE PSA was applied to evaluate some particular conditions, helping ARN to take regulatory 
decisions. As was detailed in the previous CNS Report, it can be mentioned that the impact of the 
“mejillón dorado” bivalves, which clogs the heat exchanger and reduces its efficiency, was evaluated. 
As a consequence the affected component was tagged as “non repairable” and a change in the 
service inspection frequency was required.  
Another application of the PSA was the extended time between outages from 12 to 18 months. As a 
part of the decision making process, the ARN required to evaluate the impact on the nuclear safety 
due to a reduction in the frequencies of preventive maintenance, routine tests and in service 
inspection programs. 
As a part of the requirement, NA-SA developed a study using the PSA level 1 tool with the plant at full 
power. Such study fulfils the limiting criterion mentioned in subsection 3.14.3.2.1.  
The ARN authorized the increased period between outages from 12 to 18 months with a three months 
tolerance margin. 
In the frame of the CNE life Extension process it is foreseen to perform a Level 2 PSA and a Level 1 PSA 
actualization. 

3.14.3.3.    PERIODIC SAFETY REVIEW 
Since 2003 ARN has changed the methodology for license renewal of NPPs in operation, including 
Periodic Safety Review (PSR) as a licensing tool. 
The requirement to develop PSR was included in the operating license of both plants Atucha I and 
Embalse. It was established that PSR have to be developed each 10 years, with the scope described in the 
IAEA Safety Standard Series Nº NS-G-2.10 “Periodic Safety Review of Nuclear Power Plants” document. 
Approval of PSR results by ARN is a necessary condition for license renewal. 
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In the case of Atucha I, the current license was granted in 2003, including the requirement to perform 
PSR. Its results have to be presented to ARN two years before the operating license expires. In 2009 
NA-SA contracted the Empresarios Agrupados - a Spanish Company- for assistance. Even though 
some factors are already being developed, the scope of the review is still under discussion with ARN. 
On the other hand, the CNE operating license was emitted in 2007 for a ten years term. However, due to 
the fact that CNE is engaged in a plant life extension programme, PSR is being developed as part of the 
safety assessments for that project, especially devoted to identifying areas for improvement. PSR activities 
for this plant begun in 2008. 

3.14.4.    REGULATORY PLANT SAFETY PERFORMANCE INDICATORS 
Since 1998, performance safety indicators data was collected and evaluated as was explained in 
previous national convention reports. Until 2002, the indicators evaluation was made throughout the 
analysis of changes in their trends, but there wasn’t any acceptability criterion. 
In order to establish thresholds or acceptability values for performance indicators, it was necessary to 
analyze historical data, but getting historical data was not possible for most of the indicators at the 
beginning of the program. Statistics was made for those indicators that were reported in the past 
(outages, power reductions, dose, training, wastes and effluents), but such a method was not 
applicable for indicators in areas like maintenance or repetitive tests. 
In 2002, frequency distributions of each indicator were made using the data collected since 1998. 
From those distributions, an acceptability criteria was defined and a pilot implementation was initiated 
for validation. As a result of the pilot implementation experience, evaluation criteria were changed. 
Thresholds for indicators of each NPP were calculated separately because plant performances are not 
comparable.  
Validation or modification of the defined limits is a continuous task. Some indicators have an almost 
constant value along time and good operational conditions are observed so this value could be 
considered as an acceptable reference value. 
However, it is difficult to define an optimum, acceptable or unacceptable value. Even for indicators for 
which regulatory limits are applicable, they cannot be used as a threshold because the historical 
values of the indicators are below those limits. 
From 2006 and taking into account its own experience plus IAEA documentation, the number of safety 
performance indicators used in ARN was modified to 24. The set in current use is well detailed in the 
previous CNS Report, covering different aspects of normal and abnormal operation conditions. 
It should be mentioned that Argentine experience in the use of Safety Performance Indicators show 
that they by themselves are not sufficient to assess safety during NPP operation. However they 
contribute to have an estimation of the safety status and tendencies. They represent a useful tool to 
plan inspections, audits and some special regulatory assessments. 
Furthermore, this set of safety performance indicators is used as a regulatory tool to provide an 
additional view of the NPPs performance, allowing to improve the ability to detect any eventual 
degradation on safety related areas. It is a satisfactory tool for monitoring safety but not using it on its 
own but together with other tools, such as event analysis, audits and inspections. 

3.14.5. COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
The information contained in this section related to probabilistic and deterministic safety assessment 
of Argentine NPPs in operation, demonstrates that the country complies with the obligation imposed in 
Article 14 of the Convention of Nuclear Safety. 
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3.15.    ARTICLE 15: RADIOLOGICAL PROTECTION 
Each Contracting Party shall take the appropriate steps to ensure that in all 
operational states the radiation exposure to the workers and the public caused by a 
nuclear installation shall be kept as low as reasonably achievable and that no 
individual shall be exposed to radiation doses which exceed prescribed national 
dose limits. 

3.15.1.    INTRODUCTION 
The control and supervision of compliance with standards and other regulatory documents by NPPs 
are carried out with a program of routine and non-routine inspections and audits, which contribute to 
determine the fulfilment of the operating license and any other mandatory documentation. 
Resident inspectors carry out this control as well as other working groups belonging to the ARN, who 
perform analyses and evaluations related to different aspects of radiological safety. These working 
teams have their own laboratories that enable them to perform the measurements and experiments 
required for this purpose. 
Although these controls are routine, they are also carried out especially when it is necessary to 
reinforce the inspection tasks, as in the case of programmed outages and un-foreseen shutdowns or 
as a consequence of some specific situation. 
The periodic test programs related to radiological protection are monitored and observed during their 
execution, and the experimental data obtained from the mentioned tests are verified by ARN, such as 
those related to the radiation detection equipment installed in different controlled and supervised areas 
of the plant.  
The personnel dosimetry system of the plants is evaluated by means of specific audits conducted by 
ARN specialists. Also, licensee dosimetry laboratories participate in inter-comparison exercises 
organized by ARN. 
Regarding the control of effluents released to the environment by the installations, the present 
surveillance plan during normal operation consists of the measurement of the released activity taken in 
those places where effluents are emitted. This monitoring plan consists of scheduled routine controls 
and is complemented with random checks. 
In addition to the environmental monitoring plan carried out by the installations, the ARN 
independently performs environmental measurements in the surroundings of CNA I and CNE and 
nearby zones with its own laboratories and specialists. The control points, where samples for this 
monitoring plan are taken, include not only those selected by the installation but also other points 
chosen according to ARN criterion. 

3.15.2.    ATUCHA I NUCLEAR POWER PLANT 

3.15.2.1.    RADIOACTIVE RELEASES INTO THE ENVIRONMENT 
The authorized limits to the environmental releases of CNA I were set so that the dose to the critical 
group would be lower than 0.3 mSv which is the dose constraint established in the Regulatory 
Standard for the design of nuclear powers plants. 
The gaseous radioactive releases to the environment due to CNA I operation in the 2007-2009 period 
may be observed in Table 3.15.1., discriminating those corresponding to I-131, tritium, aerosols and 
noble gases; it also includes an estimation of the C-14 discharged. 
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Table 3.15.1. - Activity released from CNA I to the environment as gaseous discharges 

YEAR I -131 
(TBQ) 

TRITIUM 
(TBq) 

AEROSOLS
(TBq) 

NOBLE GASES 
(TBq) 

C -14 
(TBq) 

2007 1.0 x 10-4 6.1 x 102 4.0 x 10-6 7.2 x 101 5.5 x 10-1 

2008 1.7 x 10-5 5.2 x 102 3.3 x 10-6 6.3 x 101 5.1 x 10-1 

2009 1.0 x 10-4 8.9 x 102 2.6 x 10-6 3.8 x 102 4.9 x 10-1 

The liquid radioactive releases to the environment by CNA I during the same period are presented in 
Table 3.15.2., discriminating between liquid discharges of tritium and other radionuclides. 

Table 3.15.2. - Activity released from CNA I to the environment as liquid discharges 

YEAR TRITIUM 
(TBQ) 

OTHER RADIONUCLIDES 
(TBq) 

2007 3.0 x 103 2.5 x 10-1 

2008 9.9 x 102 8.0 x 10-1 

2009 1.4 x 103 6.4 x 10-2 

Of the total annual average discharges from CNA I to the environment, 93% corresponds to tritium. 
These annual average discharges were less than 9% of the respective annual authorized discharge 
limits. 
CNA I measures and reports the radioactive releases as required. ARN has an auditing program applied 
to the release measurement procedures and it carries out benchmarking exercises on pattern 
measurements, procedure control, measurement devices and calibration. Furthermore, the Licensee and 
the Regulatory Body perform independent measurements of activity concentration on environmental 
samples and public dose evaluation using environmental models that consider “concentration factor 
methods” as recommended in the IAEA Safety Reports Series 19 and Safety Series 57. Each model has 
specific plant information such as critical group location, habits and food consumption and local 
dispersion factors of environmental releases. Same considerations are valid for CNE. 

3.15.2.2.    PUBLIC EXPOSURE 
The effective doses have been calculated for the most exposed individual considering very 
conservative hypothesis. The annual dose estimated values are shown in Table 3.15.3., discriminated 
according to discharge type. 

Table 3.15.3. - Critical group individual dose for CNA I 

YEAR 
GASEOUS 

DISCHARGE DOSE
(mSv) 

LIQUID 
DISCHARGE DOSE 

(mSv) 

TOTAL DOSE 
(mSv) 

2007 2.9 x 10-3 1.1 x 10-3 4.0 x 10-3 

2008 2.5 x 10-3 2.3 x 10-3 4.8 x 10-3 

2009 9.2 x 10-3 4.1 x 10-4 9.6 x 10-3 

The annual average total dose to the critical group, due to CNA I operation during the 2007-2009 period, 
was lower than 2% of the established individual dose constraint, being the gaseous discharges the main 
contributor. 
The increase in the dose during 2009 was mainly due to plant operating conditions which caused an 
increase of discharges of Tritium and the updating of the model for Tritium dose estimation. 
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3.15.3.    EMBALSE NUCLEAR POWER PLANT 

3.15.3.1.    RADIOACTIVE RELEASES INTO THE ENVIRONMENT 
The authorized limits to the environmental releases of CNE were set so that the dose to the critical group 
would be lower than 0.3 mSv which is the dose constraint established in the Regulatory Standard for the 
design of nuclear powers plants. 
The gaseous radioactive releases by CNE to the environment, for the 2007-2009 period may be seen in 
Table 3.15.4., discriminating those corresponding to I-131, Tritium, aerosols and noble gases; and 
including an estimation of C-14 discharges. 

Table 3.15.4. - Activity released from CNE to the environment as gaseous discharges 

YEAR I -131 
(TBQ) 

TRITIUM 
(TBq) 

AEROSOLS
(TBq) 

NOBLE GASES
(TBq) 

C -14 
(TBq) 

2007 3.1 x 10-7 4.2 x 102 2.3 x 10-4 1.8 x 101 3.8 x 10-1 

2008 1.1 x 10-7 2.8 x 102 1.2 x 10-5 3.8 x 101 4.2 x 10-1 

2009 5.1 x 10-6 3.3 x 102 6.8 x 10-7 5.8 x 101 4.9 x 10-1 

The liquid radioactive discharges to the environment by CNE, for the same period, are presented in 
Table 3.15.5., discriminating between liquid discharges of Tritium and other radionuclides. 

Table 3.15.5. - Activity released from CNE to the environment as liquid discharges 

YEAR TRITIUM 
(TBQ) 

OTHER RADIONUCLIDES 
(TBq) 

2007 1.8 x 102 4.5 x 10-3 

2008 1.4 x 102 3.9 x 10-3 

2009 1.7 x 102 4.9 x 10-3 

As in the case of CNA I, 93% of the total annual average discharges from CNE to the environment, 
corresponds to Tritium. These annual average discharges were less than 5% of the respective annual 
authorized discharge limits. 

3.15.3.2.    PUBLIC EXPOSURE 
The annual critical group doses due to CNE´s operation during the 2007-2009 period are presented in 
Table 3.15.6., discriminated according to discharge type. The annual average value resulted lower than 2% 
of the established individual dose constraint.  

Table 3.15.6. - Critical group individual dose for CNE 

YEAR 
GASEOUS 

DISCHARGE DOSE 
(mSv) 

LIQUID 
DISCHARGE DOSE 

(mSv) 

TOTAL DOSE 
(mSv) 

2007 2.1 X 10-4 4.1 X 10-3 4.3 X 10-3 

2008 2.3 X 10-4 3.2 X 10-3 3.4 X 10-3 

2009 1.0 X 10-3 4.5 X 10-3 5.5 X 10-3 

The main contributor to the critical group’s dose corresponds to the liquid discharges due to the fact 
that they are released into the Embalse Lake. 
The main contribution to the increase of the dose in 2009 was the updating of the model used for the 
estimation of doses due to Tritium. 
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3.15.4.    OCCUPATIONAL EXPOSURE 
The radiological protection criteria used by the Regulatory Body to control the dose received by 
workers are consistent with the latest ICRP recommendations. 
Regulatory Standard AR 3.1.1. sets different criteria to ensure that the occupational dose to workers is 
as low as reasonably achievable and lower than the established dose constraints, and that the 
protection is optimised. 
ARN requires that whenever possible, radiological protection be achieved using installation systems 
rather than operational procedures. 
Each NPP´s Operating License sets the following conditions for workers: 

• Personnel working in a controlled area must be submitted to individual monitoring and annual 
medical surveillance.  

• Monthly occupational doses must be recorded for: 

# External exposure. 
# Intake of radioactive material in this period. 

• These records must contain the following information: 

# Individual dose. 
# Collective effective dose resulting from the development of different maintenance, repairing 

and operation tasks. 

• The Primary Responsible must keep the mentioned records for at least thirty years after the 
end of service of the involved personnel. 

3.15.4.1.    DOSE LIMITS TO WORKERS 
According to what Regulatory Standard AR 10.1.1. establishes, dose limits have not been exceeded 
when the following conditions are fulfiled: 
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Where: 
Hp(d) is the personnel equivalent dose at a depth of 0.07 mm and 3 mm (for skin and crystalline 

respectively), integrated in a year, 
LDT  is the limit of equivalent dose in skin or the lens of the eye, 
Hp(10) is the personnel equivalent dose at a depth of 10 mm from the skin surface integrated in one 

year, 
Ij   is the incorporation value of nuclide j during a year, 
IL,j  is the annual intake limit for nuclide j, resulting from the division of 20 mSv by the dosimetric 

factor of effective dose commitment for workers, per unit incorporation of the mentioned 
radionuclide. 

3.15.4.1.1.    Occupational Dose at CNA I 
The collective effective dose and the average individual effective dose received by workers in CNA I during 
the 2007-2009 period, are presented in Table 3.15.7. 
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Table 3.15.7. - Occupational Dose in CNA I 

YEAR COLLECTIVE EFFECTIVE DOSE
(man Sv) 

AVERAGE EFFECTIVE DOSE 
(mSv) 

2007 1.8 3 

2008 3.5 3 

2009 4.6 4 

The differences in annual collective effective doses are related to the programmed outages. For 
example, in 2007 there wasn’t any programmed outage at CNA I.  

3.15.4.1.2.    Occupational Dose at CNE 
The collective effective dose and the average individual effective dose received by CNE workers during the 
2007-2009 period are presented in Table 3.15.8. 

Table 3.15.8. - Occupational Dose in CNE 

YEAR COLLECTIVE EFFECTIVE DOSE
(man Sv) 

AVERAGE EFFECTIVE DOSE 
(mSv) 

2007 3.7 4 

2008 2.4 2 

2009 0.3 1 

During 2009 there wasn’t any programmed outage at CNE, which explains the lower dose value 
compared to the preceding years. 
Occupational doses in CNE are lower than those recorded in CNA I due to the technological 
differences between both NPPs as well as to the longer operation period of CNA I compared to CNE. 

3.15.5.    ALARA ACTIVITIES  
ALARA program is carried out in both NPPs during normal operation and during outages. Each NPP 
has a specific ALARA working group involved in the following activities: 

• planning of the activities that involve doses, 
• detailed planning in case of activities that involve significant doses, 
• operating experience feedback, 
• mock-up training for the above mentioned activities, 
• design of specific tools and shielding to be used in high radiation fields. 

The ALARA activities have been reinforced and intensified with the objective of optimizing the dose 
received by personnel occupationally exposed to ionizing radiations, reinforcing its activity with better 
implementation of mock-ups, training, improvement in tools and the analysis of work plans. 
The following charts show two examples of dosimetric improvements for repetitive tasks corresponding to 
CNA I y CNE. 
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3.15.6.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
The ALARA activities have been reinforced and intensified with the objective of optimizing the dose 
received by the personnel occupationally exposed to ionizing radiations, reinforcing its activity with the 
better implementation of mock-ups, training, improvement in tools and the analysis of the work plans. 
Limits for the doses for personnel occupationally exposed have not been exceeded. The annual 
average value of doses for the public (critical group) resulted lower than 2% of the established 
individual dose constraint established for NPPs design which is 0.3 mSv.  
Therefore the country complies with the obligations imposed in Article 15 of the Convention on Nuclear 
Safety. 
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3.16. ARTICLE 16: EMERGENCY PREPAREDNESS 

i. Each Contracting Party shall take the appropriate steps to ensure that there are 
onsite and off-site emergency plans that are routinely tested for nuclear installations 
and cover the activities to be carried out in the event of an emergency. 
For any new nuclear installation, such plans shall be prepared and tested before 
it commences operation, above a low power level agreed by the Nuclear 
Regulatory Authority. 

ii. Each Contracting Party shall take the appropriate steps to ensure that, insofar 
as they are likely to be affected by a radiological emergency, its own population 
and the competent authorities of the States in the vicinity of the nuclear 
installation are provided with appropriate information for emergency planning 
and response. 

Contracting Parties which do not have a nuclear installation on their territory, 
insofar as they are likely to be affected in the event of a radiological emergency at 
a nuclear installation in the vicinity, shall take the appropriate steps for the 
preparation and testing of emergency plans for their territory that cover the 
activities to be carried out in the event of such an emergency. 

3.16.1.    INTRODUCTION 
The Regulatory Body requires from the Licensee a plan to respond in case of a radiological 
emergency, not only inside but also outside the Nuclear Power Plants (NPPs). This plan, usually 
known as "Internal and External Emergency Plan", shall comprise every aspect related to the strategy 
required in order to control and limit the accident’s consequences. This plan is part of the 
documentation required by ARN to grant the operation license. 
In November 1998, the Executive Branch subscribed the Decree Nº 1.390 defining the scope and 
procedures that facilitates the enforcement of Act Nº 24.804 (National Law of Nuclear Activity). 
The application of the Decree Nº 1.390 establishes the functions of ARN related to nuclear emergencies, 
preparedness, training and response. 
The main important issues are: 

• ARN is empowered to regulate and control the nuclear activity as well as to advise the 
Executive Branch on issues about its scope, including radiological and nuclear emergencies. 

• ARN must provide protection against harmful effects of ionizing radiation, even under 
emergency situations. 

• ARN shall set the guidelines and criteria for the emergency plans and training of the public 
members, near NPPs, in the case of nuclear accidents. 

• Emergency plans shall be developed by local, provincial and national authorities; they must 
contemplate an active participation of the entire community and be approved by ARN. 

• ARN shall conduct the actions within the area covered by the emergency plans. Law 
Enforcement entities and representatives of Civil Organizations shall report to the designated 
ARN officer.  

Furthermore (and as an explicit demand contained in the Operating License), emergency exercises are 
carried out annually, aiming at the evaluation of the response team and the subsequent improvement of 
the plan. The specific objectives of each annual exercise must be agreed on with ARN. 
The main objectives of the emergency exercises are: 

• to extend the diffusion of the current procedures among the intervening organizations. 

• to establish command systems and verify the capacity of application of the radiological 
precautionary actions (residential sheltering, evacuation, thyroid prophylaxis, access controls, 
notifications, messages to the population, etc.). 

• to involve the members of the public with planned actions and their rehearsal. 
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3.16.2.    ARN RESPONSIBILITIES RELATED TO NUCLEAR EMERGENCIES 
ARN continues dealing with prevention of accidents at nuclear installations as its regulatory function.  
The criteria that must be adopted by the Licensee are established in the ARN document “Criteria for 
the intervention in nuclear emergencies with off-site radiological consequences”. Its compliance has 
been required of Atucha I NPP (CNA I), Embalse NPP (CNE), and must be applied in Atucha II NPP, 
now in the final construction stage. 
In order to accomplish what is set in Act Nº 24.804 and Decree Nº 1.390, ARN’s - Nuclear Emergency 
Response System (SIEN) was created by ARN Resolution Nº 25 on November 1999. 
The SIEN is the system that ARN uses to respond in cases of nuclear emergencies and coordinates 
the national, provincial and local response organizations (National Civil Protection Direction, Provincial 
Civil Defence and Local Civil Defence of every Municipality within a 10 km radius around each NPP) to 
effectively manage nuclear emergencies in preparedness, intervention and recovery stages. 
In particular, the operational capacity of the ARN in the management of the implementation of actions 
to protect the members of the public in the surroundings of the NPPs from the radiological 
consequences is currently checked by carrying out the emergency exercises. 
ARN, in addition to its main role as head of the Incident Command System for off-site consequences, 
performs the nuclear and radiological assessments, the radiological protection of intervening teams 
and the environmental monitoring. Representatives of all the intervening organizations (as established 
in the Emergency Plan) integrate a Response Command System and ARN coordinates the response 
teams that belong to civil organizations (Fire fighter brigades, Civil Defence, etc.), law enforcement 
(Police, Gendarmerie and Coast Guard), and military institutions (Army, Navy and Air Force). These 
organizations apply the precautionary measures with their response teams. All these groups have 
procedures to deal with nuclear emergencies, under ARN coordination. 
In order to conduct the actions within the 10 km radius established as the “precautionary action zone”, 
a Nuclear Emergency Operative Chief (JOEN) from the ARN is designated and integrated to the Local 
Emergency Operative Centre (COEM). The ARN-JOEN is the officer to whom civil organizations and 
law enforcement must report to. An Emergency Control Centre (CCE) has been set up at ARN’s 
Headquarters in order to coordinate the response and support to ARN representative in the COEM. 
ARN´s strategy to respond to a nuclear emergency consists in establishing expert teams and a 
decision making team at Headquarters. 
ARN is the National Competent Authority according to the “Convention on Early Notification of a 
Nuclear Accident” and in the “Convention on Assistance in the case of a Nuclear Accident or 
Radiological Emergencies”, and the CCE is the National Warning Point according to the IAEA - 
Emergency Notification Assistance Technical Operations Manual (ENATOM). 

3.16.3.    REQUIREMENTS CONCERNING EMERGENCY PLANS 
ARN has regulated the preparedness and response to emergency situations in NPPs, through 
different documents, e.g. Regulatory Standards AR 10.1.1. and AR 3.7.1., Operating Licenses and 
specific requirements to the Licensee and Primary Responsible of the installations.  
The conditions to be fulfiled by the NPP´s emergency plans are the following: 

• The implementation of protective actions of automatic application shall be foreseen within a 
circular area of a radius of 3 km centred at the installation that is called Emergency Zone. 

• Once the accident has occurred, a set of protective actions established in the emergency plan 
must be taken. 

The protective actions carried out on the basis of the plant situation and meteorological conditions 
(before carrying out environmental monitoring) in the Precautionary Action Zone (PAZ), defined as the 
area enclosed in a 3 km radius in all directions around the NPP as well as an area up to 10 km within 
an angle of 60 degrees in the direction of the wind, are:  

• Early evacuation within the 3 km radius in all directions. 
• Access Control as defined in the Emergency Plan. 
• Sheltering: people shall be informed through the massive communication media.  
• Iodine Prophylaxis: distribution of stable iodine pills to the involved people shall be implemented. 

The iodine pills shall be swallowed one per day, by every person staying within the above 
mentioned key-hole, including milk-fed babies, children and pregnant women. 
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The environmental monitoring starts once the radioactive material release has ended. The 
environmental monitoring results are used to define an Urgent Protective Zone (UPZ), where the 
following protective actions are taken (see Table 3.16.1.): 

• Evacuation from the zones affected by radioactive deposit. This action must be implemented: 

# Every time the radiation level of the material deposited on the ground is equal or higher 
than 100 mSv, integrated during the first 6 hours from the radioactive emission. 

# Optionally, if the same dose (100 mSv) is integrated during the first 24 hours from the 
accident. 

• Resettlement evacuated zones: values were calculated in the 80´s and are currently being 
reviewed. 

• Intervention in relation to food: the intervention levels adopted by the ARN for the substitution 
of contaminated foodstuffs for consumption were obtained from an optimizing analysis in which 
the expected effects of such food consumption and the drawbacks produced by their absence 
or replacement by non-contaminated products were taken into account. Due to the country’s 
characteristics, the contaminated food may generally be replaced by other products coming 
from areas not affected by the accident, which means that the mentioned intervention levels 
are significantly lower than those from other countries (see Table 3.16.2.). 

• Decontamination of ground: due to its high cost the implementation of this action shall be decided 
on a case-by-case analysis. 

Table 3.16.1. - Protective measures and intervention levels 

 PROTECTIVE 
ACTION APPLICATION INTERVENTION 

LEVELS COMMENTS 

Early evacuation 
within a 3 km radius Always n.a.(*) 

Access control and 
road blocks Always n.a. (*) 

Sheltering Always n.a. (*) 

URGENT 
PROTECTIVE 

ACTIONS 

Iodine prophylaxis Always n.a. (*) 

Protective measures 
carried out on the 
basis of the plant 

situation and 
meteorological 

conditions. 

Always 100 mSv (**) 

Dose integrated 
during the first 6 h 

after the radioactive 
deposition. Evacuation 

Optional 100 mSv (**) 

Dose integrated 
during the first 24 h 
after the radioactive 

deposition. 
Resettlement of 

evacuated zones Always 100 mSv (**) Dose integrated in 
one year. 

Land 
decontamination Optional n.a. (*) 

This action shall be 
decided on a case-by-

case analysis. 

NON URGENT 
PROTECTIVE 

ACTIONS 

Food ban Always  Table 3.16.2. 

(*) Non-applicable. 
(**) Values calculated in the 80’s, today in review. 

Table 3.16.2. - Intervention levels for foodstuff, in Bq/kg, 
as a result of a generic optimization analysis 

Group Cereals Vegetables 
Green Vegetables Fruits Meats Milk Fish 

1 10 10 15 15 50 10 10 
2 1000 1000 1500 1500 5000 1000 5000 

Group 1: 238Pu, 239Pu, 240Pu, 241Am, 242Cm, 244Cm, 239Np 
Group 2: 137Cs, 134Cs, 131I, 89Sr, 90Sr, 95Zr, 103Ru, 106Ru, 140Ba, 144Ce 
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3.16.4.    AGREEMENTS WITH ORGANIZATIONS CONCERNING EMERGENCY 
               PLAN 
The basic aspects mentioned in Section 3.16.2. were established not only for the operating NPP’s 
internal and external emergency plans, but also in the agreements with intervening organizations. These 
agreements, which are part of the emergency plans, enable the use of networks, communication 
systems and equipment that belong to organizations, as well as fast transportation, aerial monitoring 
remote system and fire fighting resources. 
With regards to agreements with other organizations, an important example is the treatment of injured, 
contaminated or irradiated persons through a hospitals network. The primary treatment for these cases 
is foreseen to take place at hospitals located in districts near the NPPs. If specialized health assistance 
of patients is required, there are agreements with medical institutions, hospital infrastructure and well-
trained staff for such cases. 

3.16.5.    CLASSIFICATION OF EMERGENCY SITUATIONS 
The emergency is classified as: 

• General Emergency: Events resulting in an actual or significant risk of a release requiring 
implementation of urgent protective off-site actions.  

• Site Area Emergency: Events resulting in a major decrease in the NPP defence in depth level. 

• Alert: Events involving an unknown or significant decrease in the NPP defence in depth level. 
When an abnormal situation arises at a NPP, the Primary Responsible must classify the emergency, 
apply the plant emergency procedures and notify the external emergency organizations and the ARN. 
These emergency procedures of the Primary Responsible define two emergency states: 

• Green Alert: when an abnormal situation that compromises the nuclear safety is detected. The 
internal emergency procedures are applied and the internal emergency organization is 
established. Without any delay, the Primary Responsible must start implementing protective 
actions (messages to population provide Iodine prophylaxis, preparation for access control, 
sheltering, and evacuation in the 3 km radius around the NPP). At the same time, the Primary 
Responsible requests the formation of the external emergency organization (COEM). 

• Red Alarm: it is declared by the Primary Responsible when the emission of significant amounts of 
radioactive material is initiated. Internal emergency procedures continue and the situation implies 
notifying to the external emergency organization (COEM) who immediately communicates the Red 
Alarm and applies protective actions (Iodine prophylaxis, sheltering, access control, evacuation, 
consumption restrictions, etc.). 

During the On-site and Off-Site emergency, COEM and the Primary Responsible maintain an exchange 
of information. 
ARN warns the National Response System when the Red Alarm is declared. For the international 
notification, the Convention on Early Notification of a Nuclear Accident format is adopted, and ARN is 
the National Competent Authority who declares and notifies the alarm to IAEA and the potentially 
affected neighbouring countries. 

3.16.6.    ON-SITE AND OFF-SITE NPP EMERGENCY PLANS 
The NPP’s internal and external emergency plans include the necessary information for preparedness 
and response in case of nuclear emergencies. 
Furthermore, these emergency plans take into account the following intervention objectives: 

• To lead the accidental situation. 
• To assess the potential consequences. 
• To notify the corresponding emergency situation. 
• To implement the protective action in order to avoid or mitigate radiological consequences on 

the individuals and the environment. 
• To apply the necessary actions to restore the liveability conditions in the involved zone. 
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The emergency plans of both NNPs (CNE and CNA I) include: 

• Concerning Organization and Responsibilities: 

# Agreements with intervening organizations in order to implement the protective actions. 
# Responsibilities and functions of the organizations during the response. 
# The arrangement, responsibilities and specific function of the NPPs Internal Committee of 

Emergency Control. 

• Concerning the procedures, they include: 

# Different alert levels: 

− Internal onsite alert. 
− External offsite Alert. 
− Onsite Emergency. 
− Offsite Emergency. 

# The correspondence between the different emergency levels and the alarm levels of Civil 
Defence. 

# The following actions to face an emergency situation: 

− Quick emergency detection. 
− Emergency Response System activation. 
− Evaluation of the situation. 
− Start and stop of the protective actions. 
− Remedial actions. 

# The communication systems protocols necessary to the emergency management. 
# The detailed protective actions, bearing in mind the accident and its possible evolution, 

mainly for the following cases: 

− Noble gases release only. 
− Noble gases and volatile elements release. 
− Noble gases, volatile elements and aerosol release. 

# The way of implementing protective actions, including: 

− The circumstances in which they shall be implemented. 
− Who will be in charge of their implementation. 
− The zone where they must be implemented. 

# Protocols for alert communication, information and instructions to the potentially affected 
population (broadcasting, television, loudspeakers, alarms, etc.). 

# Protocols of dose control for the emergency response team. 

• Concerning places and equipment: 

# Sets the sites for the evacuated people up to a radius of 3 km around the NPPs. 
# Specify the assembly point in the case of a possible evacuation, which shall be also able to 

give eventual sheltering. 
# Establish the necessary equipment that must be available for radiological monitoring, 
# Establish On-site and Off-site location for the NPP Internal Committee of Emergency 

Control. 
# Define who and where the public and media shall be informed. 

• Concerning maintenance of resources, they contain: 

# A procedure to update and upgrade the emergency plan. 
# A calibration and maintenance program for emergency equipment. 
# An annual exercise of the emergency plan application. 

3.16.7.    NATIONAL NUCLEAR EMERGENCY PLAN  
ARN is a National organization that acts in cases of nuclear emergencies, as described above, and 
works together with different national organizations (Law Enforcement, National Civil Defence, 
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National Meteorological Service, National Hospitals and Military Institutions). Many of these national 
organizations have been cooperating in emergency preparedness, response and training activities 
before the Act Nº 24.804 was sanctioned. 
As was stated previously in the National Nuclear Safety Reports, there wasn’t a contingency plan in 
the national scope until 1998, when a Project for a “National Civil Protection Program” was established 
which included nuclear emergencies and sets the basis for the Federal Emergency System witch is 
described below. 
At the end of 1998, the National Government started the organization of the Federal Emergency 
System to ensure the co-ordination among all national organizations and to interact with local and 
province response organizations. ARN and CNEA are members of this Federal Emergency System. 
In October 1999, the Executive Branch sanctioned Decree Nº 1.250 establishing the Federal Emergency 
System, which does not replace the function of any other response organization at different levels, but 
ensures that there are no overlapping responsibilities during an accident. In 2005, by Decree Nº 1.067, 
the National Civil Protection Direction (DNPC) assumes the functions of the Federal Emergency 
System and became the highest coordinating structure at national level. 
The National Civil Protection Direction, as a national structure, covers the organizational needs 
concerning nuclear emergencies. The National Contingency Plan for Nuclear Emergencies developed 
together by the ARN and the DNPC staff was concluded and approved by ARN. 

3.16.8.    NUCLEAR EMERGENCY PLAN AT PROVINCE SCOPE 
Civil Defence of Buenos Aires and Córdoba are involved in nuclear emergency exercises together with 
the local Civil Defence. Its function is to assist the local civil defence with resources and trained staff. 
The ARN has approved the Nuclear Emergency Plan of Córdoba and the Nuclear Emergency Plan of 
Buenos Aires is being developed. 

3.16.9.    NUCLEAR EMERGENCY PLAN AT LOCAL SCOPE 
The emergency plans of CNA I and CNE are compatible with every Local Emergency Plan within 10 km 
around each NPP. ARN approves these plans and they are tested by means of drills and exercises at 
least once a year, in accordance to licensing conditions, in which all the organizations and public 
involved participate. The exercises performed till now were satisfactory, taking into consideration the 
proposed objectives. 

3.16.10.    BILATERAL AGREEMENT AND THE EMERGENCY CONVENTIONS 
In 1986, Brazil and Argentina signed the Argentine-Brazilian Co-operation Agreement. This agreement 
includes the Chapter “Co-operation and Mutual Assistance in Cases of Nuclear Accidents and 
Radiological Emergencies”. Brazil is the only neighbour country with NPPs.  
Argentina has signed agreements related to nuclear issues with Paraguay, Bolivia, Uruguay and Chile. 
These agreements facilitate bilateral communications in case of trans-boundary release. 
Argentina, Chile, Bolivia, Uruguay and Brazil are Contracting Parties of the Convention on Early Notification 
of a Nuclear Accident, framework to facilitate the exchange of information in the event of a radiological 
emergency due to a nuclear accident. In the framework of these agreements, representatives of Brazil and 
Uruguay took part as observes in some of the exercises carried out in Argentina. 

3.16.11.    IMPROVEMENT ACTIONS CONCERNING EMERGENCY PREPAREDNESS 
                   IN THE ARN 

Geographical Information System (GIS) 
Since 2003, the Emergency Control Centre of the ARN has a Geographic Information System (GIS) as 
a versatile tool for planning the nuclear emergency response. 
The GIS is composed of a database with social, economic, physical and environmental data and 
incorporates results for forecasting models and measurements of environmental impact during the 
emergency. This enables the analysis of data in real time and facilitates decision-making. 
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The application of GIS in emergencies contributes to establish feasible scenarios, the definition of the 
most likely ones, and the determination of their possible effects. Thus, for each scenario the most 
appropriate actions may be analyzed and pre-establish them for each particular area (such as 
alternative evacuation routes, action of the response units and location of the monitoring teams).  
The results of the consequences assessment models, which are added into the GIS for further 
analysis and integration with the current database, correspond to the results of Dose Assessment 
System Accident (SEDA) and International Exchange Program (IXP of U.S. National Atmospheric 
Release Advisory Centre, NARAC, for the National Nuclear Security Administration, NNSA, U.S. 
Department of Energy). 
The first model is a calculation code based on a Gaussian atmospheric dispersion model applicable to 
releases of radioactive materials in a nuclear power plant. Its input data are: meteorological data 
(speed, wind direction and intensity, cloud cover or vertical temperature gradient and atmospheric 
stability class) and data from the release of contaminants (qualitative and quantitative estimate of the 
radionuclide’s released into the atmosphere). The results are isoconcentration and isodose lines that 
define the scope of protective actions. 
The second model is a prediction system for real-time atmospheric transport of radioactivity from a 
nuclear accident. It is based on Web-Full Version of NARAC computer system, that users employ 
around the world to perform time-dependent atmospheric dispersion and dose calculations. It has real-
time data from a large number of weather stations that allow knowing the current weather conditions in 
the point of interest, as well as the forecast for the next few hours. With this information and data 
release of pollutants, different models can be used to estimate their impact. The results obtained are: 
exposure rate contours, isolines of activity of radioactive material deposited on the ground; 
recommendation of protective actions. 
These new tools are incorporated into the CCE and contribute to improve the Emergency Preparedness 
and Response System. 

Emergency Control Centre 
The ARN Emergency Control Centre, located at ARN Headquarters, has upgraded the 
communications system. An independent Local Area Network, able to transmit videoconferencing via 
internet and ISDN has been installed. A GIS server has been installed able to transmit processed 
information at the Emergency Control Centre, through Internet, to COEM. In addition, a satellite 
system allows the sending of information (video, data and voice) from the environmental monitoring 
location to the CCE. 
For the next stage it is foreseen to establish a point-to-point connection with the NPPs. It would allow 
the transmission of on-line information about the reactor data and environmental measurements in 
emergency situations, and videoconferencing in a more efficient way.  

3.16.12.    ACTIONS TAKEN FOR THE IMPROVEMENT OF THE EMERGENCY 
                 EXERCISES 
During the period 2004-2009, it was considered necessary to qualify the emergency response groups 
from all radiological protection organizations, as well as legal aspects, in which their intervention was 
framed. The legal framework (Nuclear Law and Regulation ordinances) facilitates the recognition and 
acceptance, by all involved institutions, of the authority and leadership of the ARN in the application of 
the radiological protection actions. To this objective, all levels of the involved organizations were 
encouraged to perform and accept the different roles assigned. 
The nuclear emergency exercises carried out during the period 2007-2009 were the following: 

• Lima, CNA I 2007 Exercise, May 14, 2007. 
• Embalse, CNE 2008 Exercise, August 21, 2008. 
• Lima, CNA I 2009 Exercise, September 17, 2009. 

Besides both Licensee and ARN, the following organizations have actively participated and received 
the specific training according to what the legislation and the Nuclear Emergency Plans establishes: 

• National Army. 
• National Marine. 
• National Gendarmerie. 
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• Naval Prefecture Argentina. 
• Police of Buenos Aires. 
• Police of Córdoba. 
• Federal Emergency System. 
• Civil Defence, Córdoba Province. 
• Civil Defence, Buenos Aires Province. 
• Civil Defence, Zárate and sub delegation Lima. 
• Civil Defence, La Cruz. 
• Civil Defence, Villa del Dique. 
• Civil Defence, Villa Rumipal. 
• Civil Defence, Embalse. 
• Embalse Fire-fighter Brigade. 
• Lima Fire-fighter Brigade. 
• Zárate Fire-fighter Brigade. 
• FM radio station El Sitio, Lima. 
• FM radio station Libre, Lima. 
• FM radio station Delta, Embalse. 
• FM radio station Show, Embalse. 

All the exercises are carried out with the participation of local people (up to 10 km around the NPP), 
where the protection actions are practiced. The population's preparation is a key task to minimize the 
consequences of a nuclear incident. An important part in the preparation is the diffusion of information, 
so that, everybody will know what to do in case of receiving an alert of a nuclear emergency.  
Therefore, previous to each exercise, diffusion activities and training are carried out with special 
emphasis on primary and secondary schools of the area. The workshops at schools are divided taking 
into account the differences in the levels of understanding, considering the ages of the students. For 
this purpose, four levels are defined, they are: 

• Level 1 for children from 6 to 9 years old. 
• Level 2 for children from 9 to 12 years old. 
• Level 3 for teenager from 12 to 15 years old. 
• Level 4 for teenager from 16 to 18 years old. 

These tasks are carried out once a year during the exercise preparation and its main objective is the 
diffusion of the protection actions. Similarly, diffusion activities on protection actions are carried out with 
other sectors of the general public, with talk shows, discussions and explanation of doubts generated 
during the open meetings organized by the local civil defence, the nuclear power plant and ARN. 
During the last year a Public Information Center (CIP) was implemented as a potential action in case of 
an emergency. The CIP was put in practice during the last exercise. During Green Alert, a statement 
with the first protection action is issued and then a press conference is given. Then, after the Red Alarm 
other statements about the situation are given.  
The goal of both conferences is to communicate the state of affairs to the public through a press release 
and answer questions from reporters. Although it was the first time that this scenario was implemented, it 
met the objectives very well. 
In the exercises of Villa Rumipal and Villa del Dique in CNE 2004 Exercise, 4,700 inhabitants 
participated; in La Cruz, CNE 2006 Exercise, 1,400 inhabitants, in CNE 2008 Exercise, 3,500 
inhabitant; in the Lima, CNA I 2005 Exercise and CNA I 2007, 8,300 inhabitants; in CNA I 2009 
Exercise, 10,000 habitant. 
During all the emergency exercises, the objective of the ARN to conduct the emergency response 
teams belonging to all the civil and law enforcement organizations was achieved appropriately.  
Furthermore, the staff of ARN has acquired the necessary skills to carry out the role of conducting civil 
and Law Enforcement organizations, taking advantage of the operative experience of these 
organizations. It was also possible to integrate representatives of these organizations to the 
Emergency Control Centre to conduct the emergency. Notwithstanding, the coordination function 
assigned to the ARN, each participating organization exercised its own role and competence. 
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3.16.13.    STATUS OF NATIONAL AND INTERNATIONAL AGREEMENTS 
The agreements with national organizations such as the Army, Navy, Gendarmerie, Argentine Coast 
Guard, National Meteorological Service, Ministry of Health and the Federal Police that are used for the 
response within an area of 10 km and further, are covered in the following plans: 

• Municipal Plan for Nuclear Emergencies, La Cruz, Córdoba, approved in September 2001. 
• Municipal Plan for Nuclear Emergencies, Zárate, Buenos Aires, approved in January 2002. 
• National Plan for Nuclear Emergencies, Federal System of Emergencies, approved in December 

2002. 
• Municipal Plan for Nuclear Emergencies, Embalse, Córdoba, approved in June 2003. 
• Provincial Plan of Nuclear Emergency, Ministry of Security, Córdoba, approved in November 2003. 
• Plan of Nuclear Emergencies, External Aspects, Embalse NPP (updated in November 2003). 
• Plan of Nuclear Emergencies, External Aspects, Atucha I NPP (updated in November 2003). 
• Municipal Plan for Nuclear Emergencies, Villa Rumipal, Córdoba, approved in May 2005. 

In the quality management system of ARN, improvements to internal procedures related to emergency 
preparedness are being continuously performed. Formal and operative activities that have arisen from 
the Convention of Early Notification and Assistance in cases of Radiological Emergencies for 
Accidents in Nuclear Centres were met normally and responded to. Additionally, Argentina participates 
in emergency events and in the CONVEX International exercises. 
In connection with the safety and security of NPPs, emergency preparedness activities have 
continued. The activities have been focused on disseminating information of the radiological risk and 
the nuclear emergency plans to the population surrounding the NPPs. 

3.16.14.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE 
                 CONVENTION 
From the preceding considerations, it may be concluded that in Argentina there are updated plans 
capable of facing emergencies in nuclear installations, and moreover, such plans establish the actions 
to be followed not only inside the installations but also outside them, and periodic exercises are carried 
out for their application. 
In conclusion, the country complies with the obligations imposed in Article 16 of the Convention on 
Nuclear Safety. 
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3.17.    ARTICLE 17: SITING 

Each Contracting Party shall take the appropriate steps to ensure that appropriate 
procedures are established and implemented: 
i. for evaluating all relevant site-related factors likely to affect the safety of a 

nuclear installation for its projected lifetime; 
ii. for evaluating the likely safety impact of a proposed nuclear installation on 

individuals, society and the environment; 
iii. for re-evaluating as necessary all relevant factors referred to in sub-paragraphs (i) 

and (ii) so as to ensure the continued safety acceptability of the nuclear installation; 
iv. for consulting Contracting Parties in the vicinity of a proposed nuclear 

installation, insofar as they are likely to be affected by that installation and, upon 
request providing the necessary information to such Contracting Parties, in order 
to enable them to evaluate and make their own assessment of the likely safety 
impact on their own territory of the nuclear installation. 

3.17.1.    INTRODUCTION 
The objective of the siting studies is to select a suitable site for a NPP, including appropriate assessment 
and definition of the related design bases, taking into account that NPP design implies the consideration 
of site dependant factors which may affect, directly or indirectly, the plant safety. For instance, the 
capability and reliability of the ultimate heat sink and power supply networks, the potential occurrence of 
natural and/or man induced events, and the characteristics of communication routes and accesses. 
Therefore, the siting studies aim at determining the effects of external events occurring in the region of 
the site, to evaluate the potential radiological impact on the environment due to the plant operation 
and the feasibility of the emergency plans. 
In Argentina, the studies (for selecting the location of a NPP) are part of the requirements the Licensee 
shall comply with at the time they request a construction license, or included in the Periodic Safety 
Review, document necessary to require the Operating License renewal. A previous and independent 
licensing of a site is not explicitly required. 
The results of siting studies of the NPPs were used in determining parameters required for the 
application of models describing radionuclide dispersion to the environment. These models enabled 
the evaluation of dose exposure due to radioactive effluents released during normal operation. 
Moreover, the information supplied by siting studies enabled to foresee the implementation of actions 
required to protect population from accidental situations. These steps were taken into account in the 
elaboration of the corresponding Emergency Plans. 

3.17.2.    NORMATIVE ASPECTS 
In Argentina, a NPP construction may not be initiated without a previous Construction License issued 
by the Regulatory Body, upon request from the Licensee. 
In line with this approach, at the time of applying for the Construction License, the Licensee shall 
submit to the Regulatory Body all the documentation required to evaluate the radiological and nuclear 
safety of the installation to be built, including the site characteristics in relation to: 

• Natural and man-induced external events affecting the installation safety. 
• Dispersion of radionuclides to the environment, both in normal and accidental conditions. 

The Regulatory Body issues the license once the Licensee has demonstrated that the design of the 
NPP to be built complies with standards and other specific regulatory requirements for the selected 
site, taking into account the NPP-site interaction. 
Besides, ARN has written a preliminary version of the new Regulatory Standard AR 10.10.1. “Siting of 
Class I Nuclear Installations”, which includes the general radiological safety requirements for NPPs sites. In 
addition, preliminary versions of two new Regulatory Guides corresponding to the mentioned Regulatory 
Standard AR 10.10.1. are being written and it includes considerations related to safety assessments of 
external events and the criteria for determining the potential effect of the NPP on the region.  

All these Argentine standards are based on the corresponding IAEA’s safety documents. 
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3.17.3.    EXISTING SITES 
Two sites were at the time selected and evaluated as suitable for NPP construction in Argentina: 
Atucha, on the right bank of the Paraná de Las Palmas River, in the Province of Buenos Aires, and 
Embalse, on the coast of the Río Tercero Dam Lake, in the Province of Córdoba. 
Atucha has two independent units, CNA I in operation, and CNA II under construction. At Río Tercero, 
CNE is in operation. 
The site studies performed for CNE and CNA I in each case underwent the following three stages: 

• Survey of the region of interest, 
• Selection of the candidate site, and, finally, 
• Evaluation of the selected site. 

For each NPP, the first stage was the survey of an extensive area with the purpose of screening 
(accepting or rejecting) those spots that could be candidates for location of a NPP. At this stage not 
only were safety considerations taken into account but also their economic and social aspects, as well 
as their evolution perspective during the plants lifetime. 

3.17.4.    SITING STUDIES 

3.17.4.1.    SITING STUDIES PERFORMED 
The original siting studies related to CNA I and CNE locations were fully detailed in the previous Nuclear 
Safety Convention reports. The most significant external events affecting the design basis were seismic 
events for the CNE site (earthquakes and geological faulting) and hydrological events for the CNA site 
(extreme values of the Paraná River flooding). 
With regards to CNA II, due to the fact that the unit is located in the same site as CNA I, specific 
information was available at the time of the CNA II design stage. This was the result of continuous 
studies that are being carried out for CNA I since it first began operating, particularly about hydrological, 
extreme meteorological phenomena and atmospheric dispersion, and population distribution aspects, as 
well as to the nuclide transfer mechanisms models, both through atmospheric and aquatic media. 
Additionally, specific site related studies were carried out to determine the design basis parameters for 
CNA II. 
Extensive geotechnical investigations were performed to define the soil characteristics for stability 
verification and foundation design, as well as geophysical investigations and studies to determine the 
seismic hazard in accordance with new criteria and data. Thus, the report entitled "Seismic Study of 
CNA II NPP Siting" reflects the results of these investigations, which were carried out in 1981 by the 
"Argentine Nuclear Company of Electrical Power Plants". It should also be mentioned that the 
corresponding chapter of the "Preliminary Safety Analysis Report" was issued in 1981 and included all 
the information about the site. 
Nevertheless, the site of CNA II is of very low seismic risk, seismic design principles and construction 
measures were applied to CNA II NPP to withstand horizontal loads typical of regions with low 
seismicity. According to seismic design criteria for regions of low seismicity these values used for 
design are not related to the characteristic site design basis earthquake.  

Another natural external event that has been included in the design basis of the plant is a tornado. 
Accordingly, the impact of matter projected and the pressure loads of a tornado were also considered 
in the design of the plant. It is worth while mentioning the operation of a meteorological station (with a 
100 m tower) at the site, which provides specific site micro-meteorological data. 
Man induced external events are also considered in the plant design basis. In this regard, an 
explosion pressure wave corresponding to deflagration of a gas cloud is defined, which is duly taken 
into account through appropriate layout and structural aspects. Also, measures to avoid the entering of 
explosive gases into buildings and structures are taken into account in the design of the plant. 
Other site related studies to be mentioned are the specific population census in the plant surroundings 
(completed by regional and national census) or those related to the cattle breeding and agricultural 
production in the vicinity of the plant. 
Moreover, values of tritium concentration measurements in environmental compartments were 
confronted against the corresponding theoretical values, enabling the dilution factors validation. 
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Finally, it should be mentioned that monitoring on vegetables, atmospheric and hydrological 
sediments, cow milk from the region, fish, water, etc., are carried out, which enable the verification of 
transfer parameters that are used in the evaluation of individual and collective dose associated with 
CNA II operation. 

3.17.4.2.    SITING STUDIES UNDER EXECUTION 
The CAREM-25 prototype reactor will be constructed in Lima, Province of Buenos Aires, next to CNA I 
and CNA II. 
The main requirements for the site selection are related to the protection of the public and the 
environment from the radiological consequences due to accidents and their mitigation in case they 
should occur.   
The site selected is a part of the Atucha site where two NPPs are already located (Atucha I and 
Atucha II) which includes the necessary infrastructure and effective security measures with an 
established response force, that has proven its competence to handle emergencies effectively during 
annual drills. 
The site is suitable for building another NPP as was demonstrated during the many studies carried out 
during the CNA I Project. These studies undertaken by Nucleoeléctrica Argentina S.A. NA-SA, duly 
extrapolated and updated, were made available to CNEA (National Atomic Energy Commission of 
Republic Argentina), responsible for the design, construction and operation of the CAREM prototype 
reactor. These studies include, inter alia, external events, population density & distribution, and NPP 
lay out. 
These studies are complemented by others related to the CAREM Project and its specific location, 
such as the geological studies and the mutual impact of CAREM on CNA I and CNA II, and vice versa. 
This site selection facilitates communication with the community and a co-operation program to assist 
its needs, contributing to its social and economical development. 
At least at its initial operating stage the CAREM prototype will not supply electrical energy to the 
national grid. Consequently the implementation of a programme focused on design evaluation and 
optimization will be facilitated. 
Agreements are already signed to ensure co-operation and feedback of experience between CNEA 
and NA-SA in connection with radiological and nuclear safety, physical protection, security, exchange 
of technical information including environmental monitoring data and design of the balance of plant. 

3.17.5.    SITE RE-EVALUATION 
The selection of CNA I, CNA II and CNE sites, were performed, according to the criteria and the 
information available, during the sixties and the early seventies. 
Nowadays, there are more accurate tools to define the design parameters than those existing at that 
time. Therefore, among others, the following reasons make it necessary to re-evaluate these 
parameters including an analysis of its impact on the current safety condition: 

• Existence of new and more reliable data and information for assessing the occurrence of 
external event hazards, in comparison with those available at the time of the original design. 

• Availability of Methods and criteria consolidated through their use in different regions (i.e. 
different natural ‘environments’) and countries (i.e. different regulatory and practice 
‘environments’) allowing to reach certain consensus in the international practice about what to 
do and how to do it. 

• A more balanced situation between the regulatory requirements and the industry practices, 
through the use of more realistic and integrated criteria, with a trend to reduce the use of 
excessive conservatism. 

• Changes in both the real plant configuration and the present conditions in the nearby region; 
as well as those modifications introduced to structures, systems and equipment to improve its 
performance. 

The design parameters corresponding to earthquakes, extreme meteorological phenomena and man 
induced events were determined according to the region and site specific conditions of each plant. 
Below there follows a summary of the re-evaluation of siting aspects at different times after the original 
evaluation, as well as those being carried out at present. 
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3.17.5.1.    CNA I AND CNA II SITE RE-EVALUATION: 
For Atucha siting, the following re-evaluations were performed: 

• Re-evaluation of tornadoes and severe storms hazard, including the energy transmission lines 
which are essential for the plant safety. A work plan was prepared, starting in December 1998. 
A complete database has been compiled adding the 20 years of additional data, since 1980, 
and a more refined model for assessing the tornado impact probability was used (i.e. Twisdale 
and Dunn). 

• Concerning the re-evaluation of potential hazards from man-induced events at the plant site, 
the document of Design Basis Threat is periodically reviewed by NA-SA, and experts from the 
national organization in charge of the physical protection of the nuclear power plants undergo 
continuous training. 

• Different alternatives have been studied regarding flooding in CNA I. Actually not only the 
water-level but also other events resulting in intake channel blockage have been studied. 
Operating instructions have been developed by listing the actions that have to be taken 
depending on the water-level measured in the intake channel. 

• Those instructions take into account the configurations needed to keep the plant in a safe 
situation, considering also the cooling of the spent fuel pool. The second heat sink will improve 
safety for these scenarios providing an independent system from the actual residual heat 
removal system, which uses the river as the final heat sink. 

3.17.5.2.    CNE SITE RE-EVALUATION: 
A list of external events for re-evaluation was prepared and they were prioritised in accordance with its 
safety impact on the original design, as follows: 

• Earthquakes. 
• Extreme meteorological phenomena (tornadoes and severe storms). 
• Man-induced events (mainly, explosions and fires, external to the plant site). 

The following actions were carried out related to each external event considered: 

• Collection and analysis of related documents and reports. 
• Regarding the re-evaluation of the operational response in case of an earthquake occurrence, 

two regulatory requirements were issued in 1999, regarding the implementation of an updated 
program of plant response to an earthquake occurrence. These requirements include a re-
evaluation of the seismic safety within the framework of an integrated, systematic and updated 
program. Therefore, the plant accomplished the definition, procurement, installation and 
commissioning of new digital seismic instrumentation to detect seismic events, evaluating their 
severity and providing data to plant operators. The instrumentation, installed during the 2000 
planned outage, allows the recording of the seismic activity and provides this information 
directly to the operator in the control room for decision making in case of the occurrence of a 
seismic event.  

• Preparation and implementation of operating procedures (update and improvements) to 
assess plant physical damage and plant operational situation after an earthquake occurrence, 
and, thus, to help in the decision making process for continuing operation and long term plant 
safety assessment. It includes a number of inspections to be carried out to determine the 
status of the safety system and safety related systems and according to the inspection results, 
to determine the full power operation, hot shutdown, cold shutdown or plant start up. 

• Re-evaluation of tornadoes and severe storms hazard, including the energy transmission lines 
which are essential for the plant safety. A work plan was prepared, starting in December 1998. A 
complete database has been compiled adding the 20 years of additional data, since 1980, and a 
more refined model for assessing the tornado impact probability was used (i.e. Twisdale and 
Dunn). 

• Concerning the re-evaluation of potential hazards from man-induced events at the plant site, 
the document of Design Basis Threat is periodically reviewed by NA-SA, and experts from the 
national organization in charge of the physical protection of the nuclear power plants are 
continuously trained. 
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A revision of the risk analysis for external events and the assessment of the radiological environmental 
impact are going to be performed as a part of the CNE Periodic Safety Review. In particular, a seismic 
re-evaluation is planned as part of the CNE Life Extension Project.  

The Embalse nuclear plant was originally designed for a Peak Ground Acceleration (PGA) of 0.15 g as 
Design Basis Earthquake. The Ground Response Spectra (GRS) adopted were Housner type. 

In 1982, a seismic evaluation was performed for some typical mechanical and electrical components, 
which are part of the Safe Shutdown System. The GRS input for this evaluation was based on a 
Seismic Prevention National Institute (Instituto Nacional de Prevención Sísmica - INPRES) SL-2 level 
earthquake at a PGA of 0.35 g. The evaluation utilized different criteria from the original design 
criteria, such as different damping values. Some modifications were suggested in the report in order to 
enhance the seismic capacity of the plant. 

In 1983, D’Appolonia performed a probabilistic seismic analysis based on the geologic and 
seismologic information available at that time. It was concluded that the IAEA Seismic Level 2 (SL-2) 
earthquake for the Embalse site was 0.26 g PGA, corresponding to an occurrence frequency of 
1.4x10-4 /year. This earthquake level was used in the final verification of the structural design. 

Based on the review of updated seismic hazard information and state-of-the art technology, preliminary 
Embalse specific Uniform Hazard Spectra (UHS) corresponding to a non-exceedence probability level of 
0.0001 per annum were developed in 2008, which reflect the knowledge at that time. 

Geologycal investigations have since proceeded in order to fully characterize the seismotechtonic 
setting of the Embalse region and quantify local fault activity. These investigations include the 
following activities: 

• Flyover under low-sun-angle conditions, to identify active faults. 
• Geophysical profiling, to identify where there are breaks in the bedrock surface that could be 

buried fault scarps. 
• Geomorphic mapping and soil surveys, to characterize landform surfaces and identify their 

relationship with soil types, mapping soils to the group and subgroup level. 
• Trenching, at locations determined by the results of the previous three tasks. Samples of the 

soil will be gathered at the trenches, to be used in the next task. 
• Age dating of fault movement, to determine the age of the last movement of the faults, as well 

as the frequency that the faults have moved in the past. 
Up to April 2010, most of these studies have been completed, but still some complementary investigations 
are under way. 

The final seismotechtonic framework model will be used to update the preliminary PSHA and calculate 
the seismic hazards in terms of Uniform Hazard Spectra. The UHS will in turn be used to generate 
Floor Response Spectra (FRS) at several locations of interest. The FRS constitutes the input for the 
design and assessment of Systems, Structures and Components. 

3.17.6.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE 
               CONVENTION 
From the preceding considerations, it becomes evident that in the country the significant factors 
related to NPP site that could affect its safety during their lifetime have been evaluated. Moreover, the 
radiological impact on the general public and environment due to their operation has also been 
evaluated. At the same time, the main site-related factors that ensure the continued safety 
acceptability of the NPPs have been re-evaluated or re-evaluation is being undertaken. 

Therefore, the country complies with the obligations imposed by the Article 17 of the Convention on 
Nuclear Safety. 
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3.18.    ARTICLE 18: DESIGN AND CONSTRUCTION 

Each Contracting Party shall take the appropriate steps to ensure that: 
i. The design and construction of a nuclear installation provides for several reliable 

levels and methods of protection (defence in depth) against the release of 
radioactive materials, with a view to preventing the occurrence of accidents and 
to mitigating their radiological consequences should they occur; 

ii. The technologies incorporated in the design and construction of a nuclear 
installation are proven by experience or qualified by testing or analysis; 

iii. The design of a nuclear installation allows for reliable, stable and easily 
manageable operation, with specific consideration of human factors and the 
man-machine interface. 

3.18.1.    INTRODUCTION 
The Regulatory Body has issued standards that cover the necessary design and construction aspects 
in order to prevent accidents as well as to mitigate their radiological consequences if they occur. 
On the one hand, these standards are compatible with deterministic concepts such as the defence in 
depth principle, and on the other hand, they incorporate probabilistic concepts in order to define design 
criteria for the plants. 
The NPPs design is in accordance with the defence in depth principle and complies, in addition, with 
the criteria of redundancy, physical separation and diversity specified by the Regulatory Standards. 
In addition, requirements taking into account the prevention of eventual component degradation, 
maintenance of safety systems reliability levels, and implementation of an emergency plan are 
included in the respective Operating Licenses.  

3.18.2.    DESIGN AND CONSTRUCTION 
CNE was designed and built in such way as to count with levels and reliable protection methods 
against accidental release of radioactive materials (defence in depth principle), with the purpose of 
preventing accidents and mitigating their radiological consequences in case of occurrence.  
CNA I was designed before the defence in depth principle was first stated, but it also complies with the 
basic criteria associated with the principle. Such basic safety principles are included in the applicable 
Argentine Regulatory Standards. 
CNA II is at the end of the construction stage. It is conceptually similar to CNA I, but it includes the 
improvements derived of the use of the Konvoi design and the operative experience gained from CNA I. 

CNA II has more advanced safety aspects than CNA I, such as the redundancy of "2 out of 4" in 
relevant safety systems, better base material of the RPV, easiness for early detection of fissures and 
"stellite-6" elimination. 

The CAREM reactor prototype is in an advanced design stage, has an indirect cycle reactor with some 
distinctive and characteristic features that greatly simplify the design, and also contributes to a higher safety 
level. Some of the high-level design characteristics of the plant are: integrated primary cooling system, 
natural circulation, self-pressurized primary system and safety systems relying on passive features. 

3.18.3.    COMPLIANCE WITH ARGENTINE REGULATORY STANDARDS:   
                GENERAL ASPECTS 
Some Regulatory Standards were issued after the construction of CNA I and CNE, so the Regulatory 
Body did not ask for their immediate application. Nevertheless, those standards are already being 
fulfiled or are being implemented. The Regulatory Standards have been applied for CNA II. 
The fuel elements are controlled, inspected, tested and verified according to the guidelines established in 
each installation’s quality assurance program, which comprises manufacture, transportation, reception 
and use stages. 
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The primary circuit integrity for both normal and accidental conditions is preserved considering the 
effect of anchorages, connections, internal and external loads and deformations caused by thermal, 
mechanical and irradiation effects. 
The NPPs have a containment representing the last confinement barrier, designed to support loads 
due to different accidental situations both from internal and external initiating events. 
The containment system design criteria specially takes into account the number of barriers, retention 
capacity of radioactive material, behaviour under normal and accidental loads, and leakage rate to the 
atmosphere and the corresponding verification tests. 
The shutdown systems (control rod drop and liquid poison injection) design criteria ensure the reactor 
shutdown in normal and accidental situations, keeping the safe state for the necessary time period. 
The Emergency Electric Power Supply System design criteria allow the preservation of an adequate safety 
level under normal and accidental conditions. It also complies with the independence, redundancy, physical 
separation and diversity criteria. External events such as fire and missiles are also considered. 
With respect to the CAREM reactor, taking into account the preliminary development of this project and 
as it is a prototype, the ARN started a review of an applicable regulatory system for construction and 
commissioning of prototype reactors, so as to analyze the CAREM design in relation to that system. 

3.18.3.1.    CNA I NUCLEAR POWER PLANT 
The reactor safety systems design and confinement barriers preventing fission product release, such 
as fuel element claddings, primary circuit and reactor containment, comply with the criteria established 
in Regulatory Standard AR 3.2.1. Moreover, the safety systems design complies with the single failure 
criterion as well as with the segregation and diversity. The latter also applies to all those systems 
which may require it. 
The core heat removal system design complies with the requirements of Regulatory Standards AR 3.3.2. 
and AR 3.3.3. under normal operation (heat transport primary system and shutdown cooling system) 
and during hypothetical accidental situations (emergency core cooling system). 
Both CNA I shutdown systems design comply, in general, with the criteria established in Regulatory 
Standard AR 3.4.2., particularly as far as diversity, redundancy and reliability concerns. 
The following systems constitute CNA I confinement barriers, as required by Regulatory Standard 
AR 3.4.3.: 

• The containment system: this system is constituted by a steel sphere of approximately 50 m in 
diameter enclosed by a second safety cover of concrete, as its external shield. The system 
includes several penetrations, air locks and the isolation contention sub-system. 

• Radioactive material removal system in case of accident: this system is located between the steel 
sphere and the external shield and operates by passing air through carbon and absolute filters. 

CNA I design complies with the requirements of Regulatory Standards AR 3.2.1., AR 3.3.1., AR 3.4.1. 
and AR 3.4.3., particularly regarding the uncertainty data boundary, and the application of safety 
concepts valid when its design was developed, such as redundancy, diversity, etc. 
Such verification was obviously indirect, since the purchase contract specified that the components, 
designed and manufactured in the Federal Republic of Germany, had to comply with the requirements 
of German standards and that the CNA I design had to be licensable by that country.  
On the other hand, methods and calculation tools compatible with the state-of-the art of those times 
and verified through operation experience were used in the core design. 
Regulatory Standard AR 3.2.1. criteria, related to the operator performance, are also fulfiled. The 
operator may always make provisions in order to avoid a situation that could affect the NPP’s safety, 
but he should not avoid the necessary operation of safety systems. In any state of the NPP, all the 
manually executed commands are subordinated to the reactor’s protection system; therefore, reactor 
safety is not threatened by the non-detection of measurement devise readings or alarm signals, or any 
eventual human error that could occur. 
Taking into account the state-of-the art regarding information processing and report systems at the 
time the NPP was designed, Regulatory Standard AR 3.4.1. requirements concerning man-machine 
interface are generally fulfiled. Particularly, during an appropriate time interval after the automatic 
activation of a safety system, no action is required by the operator who, on the other hand, is unable to 
avoid or interrupt its operation. Nevertheless, the operator may initiate other safety actions. 
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3.18.3.2.    CNE NUCLEAR POWER PLANT 
The reactor safety system design and the contention barriers preventing fission product release, such 
as the fuel pellet itself, the fuel element clad, the heat transfer pressurised circuit and the reactor 
building, comply with the requirements of Regulatory Standards AR 3.3.2., AR 3.3.3. and A.R 3.3.4. 
The core’s heat removal system design comply with the requirements of Regulatory Standards AR 
3.3.2. and AR 3.3.3. under normal operation (primary heat transport system and shutdown cooling 
system), and during accidents (emergency core cooling systems, high, medium and low pressure 
stages and emergency water supply system). 
The confinement barrier required by Regulatory Standard AR 3.4.3. in CNE is constituted by the 
following systems: 

• Containment system: this system is constituted by the building reactor structure, its 
penetrations, airlocks and isolation contention devices.  

• Pressure suppression system: this system is constituted by the dousing system and the 
building air coolers.  

• Fission product removal system: this system is constituted by the ventilation and the reactor 
building atmosphere steam recovering system. 

CNE design complies with Regulatory Standards AR 3.2.1., AR 3.3.1. and AR 3.4.3. requirements, 
particularly regarding the uncertainty data boundary, and the application of safety concepts valid when 
it was designed, such as redundancy, diversity, etc. 
On the other hand, methods and calculation tools compatible with the state-of-the art in those times 
and verified through operation experience were used in the core design. 
Regulatory Standard AR 3.2.1. criteria related to the Licensee performance are fulfiled. Concerning 
the intervention in case of accidents, the Licensee must always make provisions to avoid a situation 
that could affect the NPP safety, but he should not avoid the necessary operation of safety systems. 
The operation of the low-pressure emergency cooling system can be interrupted, since it is designed 
to operate during long time intervals, and under certain circumstances it may be necessary to 
discontinue its operation. 
Taking into account the state-of-the art regarding the information processing and report systems at the 
time the NPP was designed; Regulatory Standard AR 3.4.1. requirements related to man-machine 
interface are in general fulfiled. 
During 2008, the fourth step of the dry storage program was finalized. It includes thirty two new silos to 
extend the Dry Storage of Irradiated Fuel Elements System to cover the plant’s operation needs for the 
next four years. The capacity of each silo consists of nine canisters with 60 fuel elements per canister, 
with a total storage capacity of 540 fuel elements. Today the total number of qualified silos is 216. 

3.18.3.3.    CNA II NUCLEAR POWER PLANT 
CNA II belongs to a second generation of reactors PHWR type with 745 MWe power installed. All the 
systems on the nuclear area were designed in a similar way to the German Konvoi PWR plants, 
except the specific system of design based on heavy water (for details, see Annex VII). The operative 
experience of CNA I was used, for example, to improve the reactor’s internal design. The Construction 
License was issued on 14th July 1981; and the construction process was delayed until 2006, when the 
Argentine Government decided to complete the construction and to proceed with the commissioning of 
CNA II. This is an ongoing process under the direct responsibility of the state enterprise NA-SA. 
Bearing this in mind, the National Executive Power Decree Nº 981/2005 instructed NA-SA, as Licensee, 
to conform the Atucha II Management Unit, whose objective is to carry out the activities which are 
required to put CNA II in operation. 
On the other hand, the licensing activities for CNA II are carried out by ARN in the regulatory system 
described in Chapter 3.7. of the present report. They consist principally in the update of the necessary 
features for the revalidation of the Construction License, the execution of independent safety 
assessments, and the inspection of assembly and tests carried out during the construction and 
commissioning stages.  
During the postponement period, the organization responsible for the construction worked on several 
activities related to the maintenance of the already installed equipments and those stored, as well as 
in the documentation related to detail engineering and the update of the Safety Analysis Report (SAR). 
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SAR has been prepared following the US Regulatory Guide 1.70, Revision 3, and basically fulfils the 
requirement of SAR´s laid down in the IAEA Safety Guide Nº 50-SG-G2.  
In the meantime, ARN worked on the update of the applicable ARN standards, the evaluation of the 
main safety aspects, the operative experience transfer from CNA I to the CNA II design, Quality Audits 
carried out to the Licensee, etc. 
Before making the decision of accelerating the finalization of CNA II works, the National Executive 
Power consulted ARN if the delays produced and the international advances in the state-of-the art 
related to this kind of installation could adversely affect the installation’s licensing process. 
ARN analysed the conditions and came to the conclusion that:  

1. There exists no restraints to continue the licensing process of CNA II, as far as the Licensee 
fulfils with the legal regulatory system in force, that include specific requirements that arise 
from safety evaluations and inspections that will be performed in the future.  

2. For the granting of the Operation License, the Licensee must comply with the legal regulatory 
system according to Act Nº 24.804 and its Regulatory Decree Nº 1.390/98, meaning ARN’s 
Regulatory Standards, regulatory requirements and regulation sanctions, and with the international 
legal agreements according to what is established in the International Legislation accepted by the 
Argentine Republic on matters such as radiological and nuclear safety, security audits to nuclear 
material use, licensing and inspection of nuclear installations and international safeguards. 

ARN based its opinion on the following issues: 
1. CNA I is a second generation NPP whose design dates from the 60’s and has been in 

operation since its commissioning in 1974 with a satisfactory safety level. The installation’s 
operation for more than three decades, as well as the performance follow-up of other similar 
installations at the international level, allow the acquisition of great operative experience that 
helped, in turn, to implement significant safety back-fitting improvements.  

2. CNA II has much more advanced safety aspects than its predecessor CNA I, coming from the 
“Konvoi” design concept that was used.    

3. Apart from these original design safety aspects, the operative experience of CNA I and the 
applicable international experience should be added, such as the reactor’s internal design and 
the elimination of "stellite-6" in the core materials.  

4. CNA II is the first NPP where the licensing process is made applying the Regulatory Standard 
AR 3.1.3. regulatory design standard. Regulatory Standard AR 3.1.3. considers in a probabilistic 
balanced manner the plant safety profile as well as the deterministic criteria normally taken into 
account. In CNA I and CNE this standard was not applied because it was issued after these 
installations were licensed. 

ARN personnel with the advice of domestic and foreign institutions carry out the regulatory tasks of 
evaluation, inspection and audits. The counselling is performed – as normal practice by ARN – 
through contracts or specific agreements. In fact contracts have been made with institutions in USA, 
Germany and Canada and are mentioned in Chapter 3.8.  
The increase of professional personnel in ARN as well as the hiring of third party counselling services 
between 2007 and 2010 implied an outstanding increase of the budget resources of the institution 
(see Chapter 3.8.). 

3.18.3.3.1.    CNA II Components Preservation 
During the time that the construction of CNA II was postponed, one of the principal concerns was the 
appropriate components preservation.  
The following criteria were used for the appropriate components preservation: 

• Influence on Nuclear Safety. 
• Economical value. 
• Replacement feasibility. 
• Impact on Project schedule. 
• Preservation cost versus Replacement cost. 
• Damage Sensitivity. 
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Component preservation tasks were divided in:  

• Routine: Applicable to all components and installations. Their scopes and execution frequencies 
were defined in specific procedures and instructions. 

• Non-routine: Applicable in function of the results of the routine preservation tasks. 
In some occasions it was necessary to implement some corrective actions for conservation purposes, due 
to the results of routine tasks, external or internal assessment, or improvements in preservation criteria. 
Important issues were taken into account for the materials, parts and elements affected by ageing. 
The most important were Gaskets, Rings, Electrode Weldings, Greases and Lubricants, Glues and 
Adhesives, NDT consumables, Paints (Civil and Mechanical), Fire proof mortar, gratings, Supplies for 
the first Filling (Lubrication Oils, Control Fluid Oil), Spray insulation for HP Turbine casing, Electrical 
and I&C components containing electrolytic capacitors. 
The materials, parts and elements affected by new regulations were also taken into account, such as the 
Insulation material for primary system components (experiences recently gained from sump clogging), 
change of refrigerant in chilled water machines (Ex.: R12 to R134a), and elements containing asbestos. 
The preservation processes were subjected to a continuous assessment by Licensee Internal and 
External Quality Audits, Siemens Inspections, Insurance Company Verifications and Regulatory Body 
Verification. 
Additionally, an IAEA mission took place regarding the analysis of state of preservation of stored 
components and demonstration of fitness for continued use. 
Personnel qualification, with the purpose of assuring an adequate process of preservation, was one of 
NA-SA’s main concerns. Consequently the personnel that executed preservation tasks were trained and 
qualified according to NA-SA procedures, while Siemens/FANP qualified Preservation Supervisors and 
Preservation Teams. 
The components preservation process results could be summarized as follows: 

• Stored and Erected items have been successfully preserved (including Main Components). 
• Components and Systems in Operation have been maintained according to the maintenance 

program. 
• A reduced quantity of non critical items to be repaired or replaced have been identified. 
• Criteria of specific revision of components and evaluation of possible replacement of parts 

subjected to natural ageing, will be applied during the pre-phase of the Project. 
ARN inspected and audited in an independent way all the components preservation process. No 
relevant findings were reported. 

3.18.3.3.2.    Critical Technical Issues established by ARN 

ENACE, the existing organization in 1981, responsible for the design and construction of CNA II 
(made up by 75% CNEA and 25% SIEMENS) was dissolved; therefore establishing a new 
organization to replace it became necessary. 

As a result of additional evaluations of the SAR carried out by ARN during 2006, and taking into account 
the international state-of-the-art, the ARN established as first priority a set of critical technical issues to 
be solved, which the Licensee was required to provide adequate solutions for. The critical technical 
issues were: 

• Update of the Quality System. 
• Qualification of the Design Authority. 
• Review of Basic Licensing Criteria. 
• Review of Safety Issues. 

The current status concerning each critical issue is shown in the following subsections 3.18.3.3.2.1. to 
3.18.3.3.2.4. 

3.18.3.3.2.1.    Update of the Quality System 
In order to comply with an ARN requirement, in March 2007 NA-SA sent to ARN the QAP 115 - Rev. 3 
”Quality Management System, Safety, Security and Health Program” for the Design, Construction, 
Commissioning and Operation stages of CNA II. This was performed taking into account the original 
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QA program (Overall Quality Assurance Program QAP 115 y QSP 4a and 15a/c Rev. 2 mentioned in 
PSAR of CNA II). 
In addition, in its updating process the following documents were taken into account: IAEA Practice 
Code 50-C-Q, ISO Standard 9001:2000 and Regulatory Standard AR 3.6.1. This upgrading also 
comprises occupational Health and Safety requirements taking into account IAEA-GS-R-3, 2006, 
Occupational Health and Safety - OHSAS 18000 (IRAM 3800-Safety and Occupational Health) and 
ISO Standard 14000 Environmental Management System for Environmental Management.  

Recently a new version -QAP 115 Rev.4- was sent to ARN. This is continuously audited by NA-SA 
itself and by the Regulatory Body in an independent way. 

3.18.3.3.2.2.    Qualification of the Design Authority 
With the purpose of meeting this requirement and assuming the project direction, during the years 
2004 and 2005 NA-SA maintained negotiations with the plant’s original designer –Siemens- in order to 
discuss the technical and financial conditions to resume and finalize the construction of CNA II.  
According to the negotiations, NA-SA UG-CNA II has the responsibility for finalizing the basic and 
detail engineering, the construction and the commissioning of CNA II. Cooperation agreements with 
Siemens and AREVA were signed in order to fulfil this objective. 
The CNA II detail design was completed by NA-SA with the technical assistance of different 
institutions. Some of them are shown in the following Table. 

INSTITUTION SUBJECT 

SIEMENS  Siemens provides supplies and services for the conventional area of the plant.  
AREVA  AREVA provides experts for the project in engineering, licensing, erection and 

commissioning areas.  
AECL  AECL provides experts, engineering packages and supplies.  
IAEA  A technical cooperation agreement was signed between CNEA-NA-SA and the 

IAEA. The objective of the missions was an independent revision of the engineering 
and licensing activities.  
During 2006 and 2007 two missions took place, the first mission regarding the 
Updating of Technological and Safety for CNA II and the second one regarding the 
analysis of state of preservation of stored components and demonstration of 
fitness for continued use.  
During 2008-2009 two expert missions from the IAEA were performed with the 
objective of analyzing and making recommendations about the situation of the 
Design Authority. 

UNIPI Development of a platform for thermal-hydraulic design issues and deterministic 
safety technology. The scope for the platform is constituted by the thermal-hydraulic 
design and safety environment connected with CNA II construction and licensing. 
The word ‘thermal-hydraulic’ includes any issue that needs a thermal-hydraulic 
support, e.g. structural mechanics, neutron kinetics, radioactivity release and PSA. 
Signed end of 2006. 

GRS GRS shall perform a PSA Level 2 for CNA II with the necessary support of NA-SA. 
The PSA Level 2 is together with PSA Level 1 and Level 3 (which will be both 
performed by NA-SA) a basic requirement for the licensing of CNA II to verify the 
Argentine Regulatory Standard AR 3.1.3. compliance. Signed 2007. 

CEN/SCK  Integral solution for the surveillance program of the reactor pressure vessel. 
Signed 2007. 

CNEA A strategic partnership between NA-SA and CNEA was performed. CNEA 
specialists are delegated to NA-SA to perform activities in different areas such as 
engineering, licensing, erection and commissioning. 

EMC2 Engineering Mechanics Corporation of Columbus is performing an evaluation of the 
break opening time for a 2A break LOCA. 

Tecnatom A contract with Tecnatom for a Full-scope simulator for Atucha II was signed at the 
beginning of 2010. 
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For completing CNA II’s design, the main activities in the 2006-2010 period are shown in the following 
table: 

TECHNICAL COOPERATION PROJECTS FOR COMPLETING CNA II DESIGN 
MAIN SPECIFIC ACTIVITIES (2006-2010) 

Date Host Main Activity 
2006 
July 02-07 Atucha II, Argentina First Technical Cooperation Project review and work plan 

adjustment. Updating of Technological and Safety 
Requirements. Review of the application in NA-SA of the 
state-of-the-art in Safety Technology. 

October 23-27 Atucha II, Argentina Analysis of the preservation state of stored components 
and demonstration of their fitness for continued use. 

2007 
April 15,19, 20 Atucha II, Argentina Technical Cooperation Project review. 
October 01-04 Atucha II, Argentina Workshop/Expert Meeting on Security. 
October 02-03 
Nov. 09 

Atucha II, Argentina Expert Mission - Project Management Control. 

October 29- 
November 02 

Toronto, Canada IAEA Technical Meeting on "Integration of Analog and 
Digital I&C Systems in Hybrid Main Control Rooms at 
NPPs". 

2008 
March 17-21 Atucha II, Argentina Workshop on Delayed Nuclear Power Plants. 
May 06-09 Atucha II, Argentina IAEA Technical Meeting on Lessons Learned in Large 

Modernization Projects in NPP Instrumentation and Control 
Systems. 

May 25-30 The Netherlands International Symposium on Reactor Dosimetry. 
June 02-20 Atucha II, Argentina Engineering Documents expert team review. 
June 03-06 Atucha II, Argentina Workshop on Sabotage. 
July 14-17 Atucha II, Argentina Follow-up on stored components. 
July 14-  
August 08 

Atucha II, Argentina Expert Mission - Review the overview of I&C structure and 
safety I&C concept. 

August 11-22 Atucha II, Argentina Engineering Documents expert team review (phase 2) 
September 23-24 Atucha II, Argentina Workshop on Seismic Safety of Atucha II Nuclear Power 

Plant. 
November 03-06 Beijing, China Technical Meeting on Impact of digital instrumentation and 

control technologies on the operation and licensing of 
NPPs. 

November 03-04 Vienna, Austria Technical Cooperation Project review meeting. 
2009 
March 25 Atucha II, Argentina Technical Cooperation Project review. 
May 11-14 Atucha II, Argentina Workshop on Configuration Management. 
May 26-28 Atucha II, Argentina Technical Meeting - Heavy Components Replacement 

in NPPs. 
June 22-23 Atucha II, Argentina Fire Hazard Analysis and Equipment Qualification. 
August 05-07 Atucha II, Argentina Workshop on construction completion and system turn over
October 20-23 Atucha II, Argentina Workshop on Lessons Learned from Safety Upgrading 

from Delayed Nuclear Projects. 
November 16-27 Atucha II, Argentina Operating Manual Review for Specific Systems of Atucha II 

Nuclear Power Plant. 
November 24-27 Atucha II, Argentina Workshop on Instrumentation and Control Modernization 

and Digital Instrumentation and Control. 

Additionally, as was mentioned before, during 2008-2009, two expert missions from IAEA visited 
Argentina. The objective was to analyse and make recommendations about the situation of the Design 
Authority according to the INSAG-19 “Maintaining the Design Integrity of Nuclear Installations 
throughout their Operating Life”.  
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For the recommendations fulfilment, NA-SA enterprise and the UG CNA II performed and improved 
the organization of the Design Authority. 

On the basis of the criteria set out in IAEA’s document INSAG 19 "Maintaining the Design Integrity of 
Nuclear Installations throughout Their Operating Life" and taking into account the recommendations 
issued by IAEA experts during the above-mentioned mission, NA-SA as Responsible Entity distributed 
the responsibilities of the Design Authority at three different levels of its organization in order to control 
the design changes: 
The first instance of review is conducted by a Relevant Design Changes Review Committee (CRMRD) 
composed of external experts in various disciplines being their role to advise the highest authorities of 
the Primary Responsible of the operation. 
The second review is done through the action of a Technical Review Committee (CRT) composed of 
specialized technical personnel. 
Even though the CRT, normally devoted to the treatment of changes in operation facilities, advises in 
nature to the General Manager of NA-SA, it becomes resolvent in the case of relevant design changes 
of CNA II, with capacity to approve changes jointly with the General Manager 
Finally the proposed changes relevant to safety are submitted for consideration and final approval to 
the Nuclear Regulatory Authority (ARN). 
One of the tasks to be fulfiled by the Design Authority is the preservation of information. In this regard, 
NA-SA has defined that its Operating Unit, as Primary Responsible of the operation, be in charge for 
the determination of the engineering requirements, skills, and expertise required to comprehend the 
design of all systems and components important to safety. In addition, the Engineering Coordination of 
the Operation Unit is responsible for controlling the configuration of nuclear plant design through the 
organization and maintenance of drawings, technical specifications, manuals, design guides, engineering 
calculations, data bases, theoretical bases of CNA II systems, structures and components, in order to 
ensure that the knowledge base of design is preserved and expanded by the experience to be gained 
during commissioning and operation, also ensuring the identification of Responsible Designers and other 
external support. 

3.18.3.3.2.3.    Review of the licensing basic criteria 
In November 1977, the Regulatory Body signed with KWU enterprise (precursor of ENACE as 
Designer and Constructor of CNA II) the “Protocol of Understanding on the Basic Concept of Licensing 
and some Safety aspects for Atucha II Project”, which establishes that the Argentine regulatory 
framework does not use the deterministic concept of maximum credible accident. 
Consequently for CNA II’s basic design the Loss of Coolant Accident (LOCA) evaluations were carried 
out in the frame of a probabilistic risk analysis, out of which arose, as design base accident, a rupture 
in the biggest pipe connecting the primary circuit and moderator, which is smaller than break 2A.  
From the Probabilistic Risk Analysis applied to a big LOCA (as the 2A rupture), a value less than 10-7/year 
frequency of occurrence was obtained. That value was obtained by extrapolation, from the respective 
Biblis B NPP (German) taken as reference. The adoption of that value to the Argentine regulatory 
criterion (based on risk), made the designer consider that it was unnecessary to design the safety 
systems to cope with a 2A rupture of the principal piping. 
The Regulatory Body objected to the bases of risk analysis, as it was not possible to make any 
judgment on the validity of extrapolating the occurrence frequency value to a LOCA 2A event, defined 
as 10-4/year for Biblis B, to a lower value than 10-7/year for CNA II, as the information supplied by the 
designer on the risk analysis was indicative rather than demonstrative. The Regulatory Body 
concluded that it was necessary to require more information on the LOCA 2A probabilistic evaluation. 
New probabilistic risk analysis applied to large LOCA are been developing because recent models 
improvements have been implemented, and new sequences with different break locations were identified. 

Besides, it is worth while mentioning that the conclusion of a review of the present predominant basic 
criteria all over the world was that LOCA 2A shall be considered as an accident that must be covered 
by the safety systems, independently from its occurrence probability.  
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3.18.3.3.2.4.    Review of safety aspects 
CNA II is a NPP whose original design involves that the void reactivity coefficient be positive. For that 
reason ARN considered that it is of high importance to analyze the installation’s behaviour in those 
events that may lead to steam or void equivalent formation in the primary circuit, of which the LOCA 
can be considered as most relevant.  
A thorough analysis of this problem considers the following aspects:  
a. Compliance with the regulatory criterion defined in Regulatory Standard AR 3.1.3. 
b. Application of good international practices that arise from the following analysis: 

b1. Evaluation of the Break Preclusion Concept. 
b2. Calculation performed based on adequate and validated codes. 
b3. Improvements that may be performed to the design of the fast shutdown system. 
b4. Improvements in the design in order to get a better void reactivity coefficient. 

This complete analysis is being carried out by NA-SA under ARN request. Associated with these 
points the following may be pointed out: 

a. Compliance with the regulatory criterion defined in Regulatory Standard AR 3.1.3. 

• NA-SA has performed the PSA level 1 which is being reviewed by ARN. 
• NA-SA is finishing PSA level 2 and 3 with external advising in the case of level 2 and ARN is 

performing an on-line review of both PSA. 
• With the deterministic (see b2 below) and PSA results NA-SA is fulfiling what is established in 

Regulatory Standard AR 3.1.3., and the corresponding application guide. 

b1. Evaluation of the Break Preclusion Concept 

It comprises principally: 

• Evaluation of the design criteria based on the principles of leak before break. 
• Revision and analysis of the applied concept of break size. 
• Analysis of the time of opening of rupture 2A. 
• Adequate SSCs mechanical design. 
• Main components and piping, stress analysis, fracto-mechanics, NDE.  
• Adequate Inspection Service Program. 
• Detection of leakage. 

Many of these evaluations were performed with external technical advising. 

At present the following is the status of the tasks: 

With regard to the revision and analysis of the applied concept of break size and the analysis 
of the rupture 2A opening time, the EMC2 subcontractor performed the test for CNA II’s 
material, a complete model of CNA II’s primary and moderator system with a FE program, and 
the seismic evaluation. 

Stress and Fatigue analysis for the main components are also in progress through different 
contracts with AREVA and foreign and local subcontractors. 

An update of the In Service Inspection Program is in progress. 

Concerning the leakage detection, an update of the Tritium monitoring system is in progress.  

b2. Calculation performed based on adequate and validated codes 

In order to optimize the design of the Power distribution control system of CNA II a coupling 
scheme between a plant simulation code (DYNETZ), a spatial neutronic kinetics code (PCE) and 
a two-phase thermohydraulic code (RELAP) was developed. The whole plant thermohydraulics 
and the protection, limitation and control system are simulated by DYNETZ, except for the 
reactor core that is simulated by 451 RELAP nodalizations, each representing an individual 
coolant channel from the Thermohydraulic point of view. The power distribution in the core is 
calculated by the 3D neutron kinetic code PCE in the 451x4x23 nodes representing the Fuel 
Elements. This computing tool is capable of predicting power distribution transients originated by 
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possible sub-cooled nucleate boiling at the end of the coolant channels, by Xenon transients, by 
control-rod malfunctions, etc. 
As was mentioned in subsection 18.3.3.2.2., NA-SA has signed an agreement with UNIPI for 
the development and application of a model of CNA II utilizing Relap5/3D- Nestle (thermo-
hydraulic and 3D-neutronic kinetic coupled codes) and CFX (Computer a Fluid-Dynamic 
program) to evaluate AOO, DBA and BDBA). 
Additionally, an international “ad-hoc” expert group (IRG – International Review Group) will 
supervise and approve all the activities developed by UNIPI for NA-SA. Besides it will establish 
a connection between the scope of these activities and: 
• Whether or not experimental tests that may arise as result of this analysis are necessary. 
• The probabilistic safety analysis.  
• The counselling to NA-SA due to eventual requirements or requests to extend the information 

for ARN. 
Presently the above mentioned accident analysis have been already performed. The CFD 
results for the distribution of the Boron injected by the Fast Boron Injection System in the 
Moderator tank were validated using experiments performed by the original designer 
(Siemens-KWU) during the 90’s. They consisted in a Plexiglas Moderator tank including the 
Coolant Channels (scale 1:7.666). Different lance designs and the corresponding Boron cloud 
concentration distribution inside the Moderator Tank were investigated. 
During a Loss of Coolant Accident a power excursion takes place which is shut down by the 
Fast Boron Injection System. The results of the previous CFD analysis were used to determine 
the Boron negative reactivity in the 2A break LOCA calculation. Finally, the 2A Break LOCA 
analysis were performed using the RELAP5/3D-NESTLE (TH and 3D-NK coupled codes).  
The objective of this analysis was to determine the needed delay time for the Fast Boron 
Injection System to cope with this accident. The efficiency of the Safety Systems (Emergency 
Core Cooling and Reactor Shutdown) was assessed with these coupled codes. Detailed 
analysis is presented in Chapter 15 of the Final Safety Analysis Report.  
In addition, ARN is carrying out independent assessments through an agreement with Purdue 
University based on the development and application of a CNA II model using the Relap5 
Mod3/Parcs, provided by US-NRC. 

b3. Improvements that can be made to the design of the fast shutdown system 

According to the delay time obtained from the analyses described above (see b2) NA-SA 
performed modifications to the basic design of the Fast Boron Injection System and its related I&C.  
A test facility is under construction in order to verify these modifications. The test facility (scale 1:1) 
will use the original components of the system which will be later placed in the plant. The discharge 
of the system will take place in a reservoir simulating the conditions of the moderator tank.  
ARN is undertaking the corresponding assessment, and given that the Fast Boron Injection is 
a Safety System, the modifications must be approved by ARN before their implementation. 

b4. Improvements in the design in order to get a better void reactivity coefficient 

NA-SA is analyzing an eventual modification of the original fuel element design in order to 
reduce the positive void reactivity coefficient (or make it completely negative). For the eventual 
modification of the fuel element NA-SA makes use of the experience acquired in CNA I during 
the project ULE (where the fuel element material was changed from natural uranium to slightly 
enriched uranium). ARN is carrying out the corresponding assessment. 

3.18.3.3.3.    Current Design and Engineering tasks 
Related to the current design, the following relevant activities were completed: 

• Design verification of the mass flow distribution in the lower plenum. 
• Redesign of the sump filtering systems. 
• H2 recombiners will be installed inside the containment to prevent containment failures due to 

hydrogen explosions during a severe accident. 
• Improvement of the Fast Boron Injection System reducing the injection delays and increasing 

the injection velocities. 
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Related to the engineering tasks, the following relevant activities were completed: 

• Piping detail engineering. 
• Completion of missing supports and anchorage plates.  
• Analysis of the consequential failures after a pipe break. 
• Seismic analysis. 
• Stress analysis in pipes and components missing at the time of the project resumption. 
• Detail engineering for the 500 kV substation. 
• Wiring engineering. 

3.18.3.3.4.    Current Construction tasks 
The following table shows the Main Construction items – Present Progress Status  

Civil 98% 
Piping 90% 
Mechanical Equipment 89% 
HVAC 88% 
Electrical Equipment 64% 
I&C 47% 

 
Regulatory activities carried out at the Atucha II site include evaluations and inspections aimed at 
verifying the licensing basis.  
In the case of inspections they are part of a proactive licensing process and aim to demonstrate that 
all measures taken during construction and assembly, have been and are conducted in compliance 
with the requirements outlined in the construction license and specific requirements, the applicable 
codes, standards, and specifications. 
Regulatory inspections cover the areas of Mechanics - Materials, I&C, Electrical and Processes, and 
are focused on plant systems relevant to safety (safety systems and safety related systems) according 
to their importance for nuclear and radiological safety. 
The assessments, also in the areas of Mechanics - Materials, I&C, Electrical and Processes, are 
targeted primarily to verify the design basis and evaluate deviations from the state-of-the-art on the 
subject with the intention to make recommendations to the Licensee in those cases in which the 
achievement of safety objectives could require. 
In addition, both the assessments and inspections are carried out taking into account the operating 
experience gained in Atucha I and other nuclear power plants. 
Currently, the transference of the system from the construction to the commissioning group has 
begun, so ARN is also pursuing inspections and evaluations for the preparation of regulatory activities 
to control the preliminary tests.  

3.18.3.4.    CAREM REACTOR PROTOTYPE 
The CAREM concept that belongs to the very low or low power nuclear plants, was put forward from 
the very beginning as an advanced designed reactor, being the precursor of innovative concepts as 
regards safety. It is a light water reactor that uses enriched uranium as fuel with new design solutions 
based on the vast experience accumulated worldwide regarding the safe operation of light water 
reactors; it has a design that is particularly simple in its conception, which contributes to its high level 
of safety, being the followings its main innovative aspects:  

• Integrated Primary System. 
• Self pressurization. 
• Passive Safety Systems. 

Even though both technical and engineering solutions associated to the NPP technology and the 
innovative design characteristics are correctly verified during the design phase, since the CAREM 
concept has innovative characteristics it was considered convenient to construct a reactor prototype to 
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validate its design, manufacturing, installation and operational aspects as well as verification of 
component and systems reliability. A more detailed description may be found in Annex VIII. 
Due to this fact, CNEA, as the head organism of the nuclear activity of the Argentine Republic, 
proposed, to the National Government, to carry out the construction of the CAREM Reactor prototype, 
by means of the construction of a CAREM Nuclear Plant of 25 MWe power. The size of the before 
mentioned reactor was selected taking into consideration the following reasons: 

• It is the minimum electric power output compatible with the need of recovering the operation 
and maintenance costs within the Argentine market values. 

• It is a size that tries to minimize the initial investment needed, considering its very low power. 
• It is a reactor that has good possibilities of being commercialized, without the need of 

modifications, for the introduction of nuclear energy in developing countries, since it has costs 
that are comparable to those of research reactors.  

• It has a size that allows a relatively easy change of scale into a power that could allow the 
supply to isolated areas and to satisfy the requirements of the distributed generation (in the 
range from 25 to 30 MWe). 

The CAREM project was initiated in Argentina more than twenty years ago, and the original objective 
was to study the possibility of filling an existing need in the nuclear industry: that of very small and 
small reactors to facilitate the introduction of electric generation of nuclear origin to countries that need 
to give their first steps in this field and with which Argentina already has a collaboration history. 
(Although the CAREM project might also be a good choice for countries that need to increase their 
current electrical production a small fraction). 
This project has enabled Argentina to make an incursion into the area of NPP design, assuring the 
availability of an updated technology in the short and mid term. The design incorporates the 
technology acquired in the design and construction of modern research reactors and the operative 
experience in NPPs, making possible the implementation of advanced design solutions. 
The CAREM concept was first introduced in the conference of small and medium reactors organized 
by the IAEA in Lima, Peru in March 1984. Since then, some of the design criteria of CAREM have 
been used by other designers, originating a new generation of reactors, where the CAREM is 
chronologically one of the first reactors with the greatest level of development considering the 
engineering experimental facilities constructed to validate design and codes. 
CAREM-25 was presented for its analysis in several international forums, for example, between 2001 
and 2002 the US-DOE (Department of Energy) and the Generation IV International Forum (USA), 
evaluated different technological alternatives of nuclear electric generation, including the CAREM. 
Argentina is among those countries that integrate the above mentioned Forum. The CNEA is also 
active representing Argentina at the INPRO (International Project on Innovative Nuclear Reactors and 
Fuel Cycles), within the scope of the IAEA.  
The above mentioned evaluation was in charge of approximately 100 experts of different countries, 
belonging to governmental organisms, universities and associations such as IAEA (International 
Atomic Energy Agency); AEA (Atomic Energy Agency – International); CNEA (Argentina); AECL 
(Atomic Energy of Canada Limited); Atomic Energy Commission of France; COGEMA (France); JAERI 
(Institute of Atomic Energy Investigations, Japan); KAERI (Institute of Atomic Energy Investigations, 
Korea); CNEN (Spain); ANL (Argonne National Laboratory, USA); DOE (Department of Energy - 
USA); EPRI (Electric Power Research Institute, USA); INEEL (Idaho National Engineering and 
Environmental Laboratory - USA); ORNL (Oak Ridge National Laboratory, USA) and Massachusetts 
Institute of Technology (USA), and supplier companies of nuclear plants, fuels or energy generators 
such as: BNFL (British Nuclear Fuels); Electricite de France; Framatome (France); Toshiba (Japan); 
Dominion (USA); Exelon (USA); General Atomics (USA); and Westinghouse (USA).  
The results of that evaluation for the CAREM case were: 

• It has an evolutional design available for its construction in the short term.  
• It is outstanding in terms of safety. 
• From the economic point of view, it is above the average. 
• The fuel utilization and the handling mechanisms are advanced. 
• It is considered a feasible project and Argentina has the capacity of achieving it. 

In this case, as well as in other evaluations, the results have been more than satisfactory. 
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3.18.3.4.1.    Construction of CAREM Prototype 
The “Secretaría de Energía” of the “Ministerio de Planificación Federal, Inversión Pública y Servicios” 
(Secretary of Energy, - Ministry of Federal Planning, Public Investment and Services - Argentina) has 
promoted the Decree of the Argentine President Nº 1.107/2006. By means of that decree, CNEA have 
been instructed to follow the necessary actions for the prototype construction.  
CNEA, as the owner of the technology of the CAREM Plant, will look after safety matters as well as 
planning and construction solutions. CNEA will provide scientific and technological backup to the 
works related to the project and will be responsible for the proper implementation of tests and 
qualification of fuel elements and safety components of the CAREM. 
Instead of creating a new company the Government decided to assign the responsibility of the 
Construction, Commissioning and further Operation of the CAREM-25 Prototype reactor to CNEA. 
In line with the integration of national capacities, the participation of domestic companies, such as INVAP 
S.E., Industrias Metalúrgicas Pescarmona S.A.- IMPSA, NA-SA, etc. that have the technological 
capacity to cover engineering and manufacturing of heavy components and contribute to the project 
implementation, are being selected. The Project Budget is already ensured by the National Government.  
CNEA has generated three companies with great technical capacity in the nuclear area that will play an 
important role in the CAREM-25 Project. These companies are CONUAR, FAE, DIOXITEK and ENSI.  
It is expected to finalize the construction by the end of 2014. The tests to be done without fuel will take 
more than a year.  

3.18.3.4.2.    Budget and Human Resources 
The Government has assigned a budget to CNEA to begin the CAREM Prototype construction tasks, 
and budget previsions were made until the finalization of the project. 
During the 2007-2010 period, tasks of Project Organization, Quality Assurance for the Project and 
upgrade of the engineering documentation were consolidated. In addition, computer tools were 
incorporated for design and to facilitate the documentation management. 
A test loop for the drive mechanisms and other safety components, constructed with IAEA support, will 
start operating by August 2010. 
The Project organizational structure was completed and the personnel dedicated to this project 
increased dramatically since 2007 reaching in March 2010 170 technical persons with full time 
dedication and 70 more with a dedication above 50%. Training activities are on-going to satisfy the 
needs of the Project. The incorporation of young people reduced the average age of the personnel 
dedicated to the CAREM Project which currently is 36 years. 

3.18.3.4.3.    Licenses and Siting 
The Chamber of Deputies of the Buenos Aires Province declared its interest to have the CAREM-25 
prototype constructed in Lima, Province of Buenos Aires, in the lands of CNEA, next to Atucha I and 
Atucha II NPPs.  
As a prototype, a specific licensing process is being defined by ARN. To make an initial evaluation, the 
ARN requested a Preliminary Safety Analysis Report (PSAR) and a first version was submitted in 
December 2009. ARN is currently reviewing this PSAR focusing mainly on the siting, the first 
construction steps such as the containment, and the identification of the safety issues that will require 
regulatory effort to be assessed during the development of the project. It is expected that after this 
preliminary appraisal by the ARN, the CNEA will be in condition to request the Authorization to start 
the Construction, estimated to be issued by the end of 2010. 

Taking into account the preliminary state of development of the CAREM project and due to its 
prototype character, the ARN has almost finished, a detailed revision of the regulatory framework 
appropriate for its licensing. 

As was mentioned in paragraph 3.17.4.2. of this National Report, the site selected is a part of the 
Atucha site where two NPPs are already located (Atucha I and Atucha II) which includes the necessary 
infrastructure and effective security measures with an established response force, that has proven its 
competence to handle emergencies effectively during annual drills. 

The site is suitable to build another NPP as was demonstrated in several studies carried out during the 
CNA I Project. These studies developed by NA-SA, duly extrapolated and updated, were made 
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available to CNEA. These studies include, inter-alia, external events, population density & distribution, 
and NPP location site lay out. 

These studies are complemented by others related to the CAREM Project and its specific location, such 
as the geological studies and the mutual impact of CAREM on Atucha I and Atucha II, and vice versa. 

Agreements are already signed to ensure co-operation and feedback of experience between CNEA 
and NA-SA in connection with radiological and nuclear safety, physical protection, security, and 
exchange of technical information including environmental monitoring data. 

3.18.3.5.    FOURTH NUCLEAR POWER PLANT 
Currently different technological alternatives are under study for the construction of the fourth nuclear 
power plant in Argentina. The installation, of a module of approximately 1000 MW is estimated. The 
location has not yet been determined; although the site where the nuclear plants Atucha I and II are, 
has good chances of being selected.  

This will be determined after the Environmental Impact Assessment and it is necessary to grant the 
Construction License by ARN. 

3.18.4.    COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE CONVENTION 
In Argentine, NPPs have been designed and constructed in such a way as to have several reliable 
protection levels, in order to prevent the release of radioactive materials to the environment, prevent 
accidents and mitigate their consequences in case they occur. 
Therefore, the country complies with the obligations imposed in Article 18 of the Convention on 
Nuclear Safety. 
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3.19.    ARTICLE 19: OPERATION 

Each Contracting Party shall take the appropriate steps to ensure that: 
i. The initial authorization to operate a nuclear installation is based upon an 

appropriate safety analysis and a commissioning programme demonstrating that 
the installation, as constructed, is consistent with design and safety requirements; 

ii. Operational limits and conditions derived from the safety analysis, tests and 
operating experience are defined and revised as necessary for identifying safe 
boundaries for operation; 

iii. Operation, maintenance, inspection and testing of a nuclear installation are 
conducted in accordance with approved procedures; 

iv. Procedures are established for responding to anticipated operational occurrences 
and to accidents; 

v. Necessary engineering and technical support in all safety-related fields is available 
throughout the lifetime of a nuclear installation; 

vi. Incidents significant to safety are reported in a timely manner by the holder of 
the relevant licence to the ARN; 

vii. Programmes to collect and analyse operating experience are established, the 
results obtained and the conclusions drawn are acted upon and that existing 
mechanisms are used to share important experience with international bodies 
and with other operating organizations and regulatory bodies; 

viii. The generation of radioactive waste resulting from the operation of a nuclear 
installation is kept to the minimum practicable for the process concerned, both in 
activity and in volume, and any necessary treatment and storage of spent fuel 
and waste directly related to the operation and on the same site as that of the 
nuclear installation take into consideration conditioning and disposal. 

3.19.1.    INTRODUCTION 
The ARN authorized NPPs commercial operation on the basis of the judgements mainly supported by 
both design safety assessments and commissioning follow-up results at the installations. 
Once in operation, NPPs are operated by the Licensee according to what is established in the 
Operating License, as well as Operational Limits and Conditions set in the SAR and the Policies and 
Principles Manual. This last document is based on the technical specifications of the installation and 
the operating experience. 
ARN inspectors verify that the Mandatory Documentation that includes the three above mentioned 
documents are fulfiled. Furthermore, as part of routine inspections, resident inspectors audit and 
control procedure fulfilment, regular test performance, ISI, programmed maintenance and any other 
safety related activity. 
The Reactor Manager is supported by an engineering section providing part of the technical support 
needed for the NPP operation. In addition, the Licensee also has an engineering division satisfying 
some of the technical support the installation needs. In order to cover other required services, 
domestic or international contractors are used. 
The process, through which the installation operating experience feedback is carried out, both at the 
Reactor Manager and at the Licensee level, must comply with the Operating License requirements 
and Regulatory Standard AR 3.9.2. as well as with other applicable regulatory requirements. 
The feedback process of operating experience of domestic NPPs involves the following entities: 
Licensee, ARN, Designers, Component Suppliers and international organizations dedicated to 
information distribution. 
Furthermore, NPPs have programs for fire protection and management of radioactive wastes 
generated during their operation. The later program includes low and medium radioactive waste 
treatment and its subsequent storage. 
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3.19.2.    INITIAL AUTHORIZATION TO OPERATE 

3.19.2.1.    CNA I - INITIAL AUTHORIZATION TO OPERATE 
In May 31, 1968, a contract between CNEA and Siemens was signed for the construction of CNA I. It 
was established that concerning radiological and nuclear safety, the design should comply with 
standards, rules and laws in-force in the Federal Republic of Germany. 
With the purpose of carrying out both safety assessment and independent inspections, CNEA signed 
in 1969 a contract with the German Inspection Organization Technischer Überwachungs Verein, 
Baden (TÜV). 
In 1971, the TÜV Baden issued a report concerning CNA I’s construction, mainly containing a series of 
requirements, recommendations and additional information requests. It also carried out inspections to 
the manufacture of electric mechanical components assigned to CNA I. Later on, and during the 
electric and mechanical assembling stage, it designed a test and inspection plan for safety related 
systems. In 1972 the contract with TÜV Baden ceased, and the CNEA assumed the responsibility of 
carrying out the test and inspection plan. 
A commissioning ad-hoc committee called NPPs Safety Control and Inspection (CISIN) was then 
constituted within the CNEA, with the responsibility of evaluating and putting into practice requirements, 
recommendations and still pending additional information requests, as well as advising their authorities 
concerning CNA I and its operation and personnel licensing process. 

3.19.2.2.    CNE - INITIAL AUTHORIZATION TO OPERATE 
CNE’s initial authorization was issued according to the requirements established in Regulatory 
Standards AR 3.8.1. and AR 3.8.2. The first one is related to pre-nuclear commissioning and 
establishes that the Licensee must have a Pre-Commissioning Program and an Organization to carry 
it out. The pre-nuclear commissioning program comprises those tests required to demonstrate the safe 
operation of the NPP. 
Regulatory Standard AR 3.8.2. also establishes that the Licensee must have a nuclear commissioning 
program and an organization to carry it out. The standard also establishes that the Licensee must 
appoint an ad-hoc committee for the nuclear commissioning follow-up, constituted by qualified 
personnel having experience in NPPs design, construction and operation. The ad-hoc committee has 
the main responsibility for evaluating each of the stages the commissioning program is divided into, 
and authorizes the transition from one stage to the other. 
During pre-nuclear and nuclear commissioning stages, the ARN verified that the Licensee complied 
with the mentioned standards. 

3.19.2.3.    CNA II - INITIAL AUTHORIZATION TO OPERATE 
In Chapter 3.18. of the present report, those aspects related to CNA II’s commissioning are developed. 

3.19.3.    OPERATIONAL LIMITS AND CONDITIONS, MAINTENANCE, 
AND TESTING 

3.19.3.1.    CNA I - OPERATIONAL LIMITS AND CONDITIONS, MAINTENANCE, 
AND TESTING 

The conditions for the authorization of the commercial operation of CNA I were established in the 
Operating License. The main requirements for the NPP, such as maximum reactor thermal power, 
authorized discharge limits, communications to the ARN of the occurred significant events, etc. are 
explicitly contained in the License, or referred to in other mandatory documents. 
Initially in CNA I, there were no specific document referring to operational limits and conditions, as 
there are in most of the NPPs. The existing information (at that time distributed in different documents, 
such as the SAR, the Operating Manual, and the Maintenance Manual) have been collected in the 
Policies and Principles Manual that establishes the ranges of valid values some plant operational 
parameters must comply with, other specifications, as well as the organization requirements that must 
be satisfied in order to ensure a safe operation. 
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The operational parameters concern mainly to reactor power, core reactivity control, heat transport 
systems, refuelling and secondary system related parameters. The specifications referred to the 
Licensee comprise, among others, safety related subjects, personnel licensing, minimum staff in plant 
and control room (see Regulatory Standard AR 3.9.1.), the Safety Advisory Internal Committee 
activities and the communication of significant events to the ARN. 
CNA I has preventive maintenance and ISI programs, which include scope, planning, implementation 
and control of the preventive, predictive and corrective maintenance activities. All these activities are 
performed according to a set of procedures and manuals that are part of the mandatory documentation 
required in the Operating License. 
The surveillance program including ISI activities related to significant components, equipment and 
systems are routinely carried out, mainly involving the reactor pressure vessel (RPV); primary, moderator 
and volume regulation systems, as well as steam generators (SGs) and moderator heat exchanger 
tubes. 
As was informed in the Fourth Nuclear Safety Convention (NSC) Report, CNA I’s Operational Limits 
and Conditions were modified regarding upper allowed values for some parameters. These changes 
were included into the corresponding operating procedures. 
Additionally, a CNA I ISI Manual upgrade was performed and an important review of the Periodic Test 
Procedures was carried out. Some more specific specifications were added, mainly related to test 
acceptance criteria. 

3.19.3.2.    CNE - OPERATIONAL LIMITS AND CONDITIONS, MAINTENANCE, 
AND TESTING 

The conditions for the initial authorization of commercial operation of CNE have been mainly established 
in the Operating License, where the essential requirements for the installation operation such as 
maximum reactor thermal power, limits of authorized discharges, communication of the occurred 
significant events to the ARN, etc. are explicitly contained or refer to other related documents. 
In addition, another regulatory requirement conditioning CNE’s commercial operation was issued 
including a set of complementary requirements to the operating license (see first Argentine report to 
CNS – 1998).  
Since its commissioning, CNE has a Policies and Principles Manual where operational limits and 
conditions for the safe operation of the installation are established. Such operational limits and 
conditions mainly arise from the Canadian experience on CANDU type reactor operation, transferred 
to CNE. The Policies and Principles Manual is also the reference framework for most of the NPP’s 
operational procedures. 
CNE has preventive maintenance and ISI programs, which include scope, planning, implementation 
and control of the preventive, predictive and corrective maintenance activities. All these activities are 
performed according to a set of procedures and manuals that are part of the mandatory 
documentation required in the Operating License. 
The surveillance program including ISI activities related to significant components, equipment and 
systems are routinely carried out, mainly involving the following: pressure tubes; primary, moderator 
and volume regulation systems, as well as steam generators. 
As a consequence of a Regulatory requirement, a complete review of the Periodic Test Procedures 
was carried out. Some additional specifications were added, mainly related to test acceptance criteria. 

3.19.4.    INSPECTION 
The criteria and scopes of CNA I’s and CNE’s Inspection Programmes were described in detail in the 
previous NSC Report. In the following paragraphs, the most important inspection activities performed 
during the last period in both NPPs are detailed. 

3.19.4.1.    CNA I - INSPECTIONS 

3.19.4.1.1.    In Service Inspections 
The ISI in CNA I were performed during the reported period in agreement to a previously adopted 
schedule.  



CHAPTER 3
Compliance with Articles of the Convention 121 

 

The inspections results were satisfactory as in previous inspection periods. In this way, the plant fulfils 
the inspection requirement. 

3.19.4.1.2.    RPV Internal Components Surveillance Program 
Once CNA I’s back-fitting was completed, there was a regulatory requirement for the development of a 
RPV internal components surveillance program, which started in the planned 2006 outage. 
According to this program, twelve positions were selected to take out the corresponding channels for 
their inspection. In each programmed outage, four channels are taken out in order to inspect: 

• In core neutron flux sensor guide tubes. 
• Cooling channel foils. 
• Moderator tank wall and bottom. 
• The in core neutron flux sensor guide tubes that were plugged. 
• The growth of the channel foils. 

To these selected elements some others may be added as a result of the “early failure detection 
program”. 
One cooling channel was withdrawn in order to extract samples to perform mechanical tests in hot 
cells. The corresponding final report is being elaborated.  
As part of the RPV internal components surveillance program executed during the 2008 and 2009 
programmed outages, inner diameter and length measures were performed as well as visual 
examination to some of the cooling channels taken out. 
The inspections showed that the RPV internals have not suffered any damage and measurement 
reports did not show dimensional changes.  

3.19.4.1.3.    Fire Protection 
Regulatory Standard AR 3.2.3. establishes the safety criteria against fire (or events generated by it) 
and explosions resulting from fire that may affect a NPP’s radiological or nuclear safety. These criteria 
include the stages of design, commissioning and operation of the installations. The fulfilment of the 
criteria is verified through inspections carried out by ARN inspectors and analysts. 
A Fire fighting system inspection was carried out by the Regulatory Body with the participation of the 
radiological safety team of the Federal Agency’s fire-fighting body. The most important inspection 
recommendations and the corresponding implementation were detailed in the previous CNS report. 
The following activities were performed during the reported period: 

• Personnel training / retraining is supplied by a highly qualified external fire-fighting advisor 
(Fire-Fighting Centre, CALCIC). The corresponding scenarios are implemented jointly with the 
utility. There is a fire-fighting brigade for each operation shift that is dependent directly on the 
plant’s Safety Group.  

• A container capable of collecting 110% of the fuel in case there is a fuel spill in the diesel 
generators room was constructed. A new Emergency Electric System is being built, with the 
objective of separating all the components by firewalls in order to avoid the fire spreading. See 
3.6.4.2.2. 

3.19.4.2.    CNE - INSPECTIONS 

3.19.4.2.1.    In Service Inspections 
The ISIs in CNE were performed as scheduled during this last period. Looking for a more orderly 
report of results, the most remarkable data obtained from inspections concerning pressure tubes and 
feeders are detailed in Chapter 3.14. 

3.19.5.    OPERATIONAL PROCEDURES IN NORMAL AND ACCIDENTAL 
CONDITIONS 

Most of the CNA I’s operational procedures, either in normal or accidental conditions, are included in 
the Operating Manual. This document has three parts: 
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• The first part has general plant descriptions, design parameters and operation mode. 
• The second part has specific operation information; basically instructions to modify the installation’s 

operational state, and instructions to perform infrequent hand made actions. 
• The third part includes the manual of warnings and alarms of all the installation’s boards, 

instructions for emergency cases and instructions for abnormal cases. 
Most of the normal activities carried out at CNE are considered in procedures applied either in normal 
operation or accidental situations. 
Procedures in Accidental Conditions are applied by different operation shifts during theoretical exercises 
as well as during simulator practices.  
For a better arrangement of this report, all topics (including Procedures) related to the Severe Accident 
Management Program are included in subsection 3.14.3.1.2. 

3.19.6.    ENGINEERING AND TECHNICAL SUPPORT 
CNA I and CNE NPPs have their own engineering sections. These sections are complemented by NA-SA 
headquarters’ technical services, which include specific subjects such as instrumentation-control and civil 
engineering and have a qualified staff of specialists who normally give support before and during the 
scheduled outages. 
In some issues like non-destructive tests, materials, corrosion and water chemistry treatment, the 
NPPs Licensee requests the CNEA for service and specialised advice (technical support). Frequently 
they have also used the services of INVAP S.E. (an Argentine technology organization dedicated to 
advanced technology projects). 
They have also used and will keep on using, if needed, the advice of foreign organizations such as 
Siemens - Kraftwerk Union AG responsible for the CNA I design and construction, and AECL, responsible 
for the design and construction of CNE, as well as the companies that operate CANDU type reactors, 
with which there is an active experience exchange. 
During the reported period the engineering branch of the CNA I was reorganized including a Systems 
Engineering Division.  

3.19.7.    INCIDENTS REPORTING 
One of the main concerns of the ARN is the occurrence of significant events and the actions related 
with them, considered as part of the profit gained from operating experience in NPPs. 
Regarding this, Regulatory Standard AR 3.9.2. sets the basic criteria concerning definitions, event 
communication modes to the ARN, and event analysis. This analysis includes determination of root 
causes and effective remedial and corrective actions commensurate with the situations. 
Furthermore, the Operating License sets particular conditions referred to the subject and some 
specific requirements have been issued concerning it. 
During the 2007-2010 period, 20 relevant events were reported by CNA I and CNE. A total of 17 root / 
contributing causes were identified of which 9 were related to human factors and 8 were related to 
equipment failure.  
The most significant operational events in CNA I and CNE and how the Licensee and the ARN acted 
are given in Annex IX. 

3.19.8.    OPERATING EXPERIENCE 
In order to improve operational safety in CNA I and CNE, a periodic analysis of their operating 
experience, and, to a smaller extent, an assessment of other NPPs operating experience are carried out. 
The result of the identification of direct and root causes of the selected events is transformed into 
corrective actions implemented in the NPPs, their effectiveness evaluated, and communicated to the 
other plant, to the ARN and to the international nuclear community through the IRS. 
Whenever necessary, full event analysis using appropriate techniques such as Barrier Analysis and 
Change Analysis were performed. Also the use of “precursors” both from national and international 
Operating Experience have been used to avoid occurrence or recurrence of events. 
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The lessons learned from the events occurred in the domestic plants as well as the international 
operational experience are included in the general staff training program (annual safety course), and 
particularly in the training/retraining programs of both the managerial staff and the operational 
personnel, emphasizing the diffusion of the corrective actions arising from the events, to the plant 
personnel directly involved. 
The ARN verifies that the Licensee addresses the lessons learned taking proper actions through a 
close follow-up of the actions taken by them. In addition, ARN verifies that such lessons are included 
in the corresponding training / retraining programs.  

3.19.8.1.    FEEDBACK FROM LOCAL OPERATING EXPERIENCE 
CNA I and CNE have, as part of their internal organization, an arrangement for the analysis of the 
operating experience, and carry out the resulting improvements and the information of results. 
In both NPPs the following internal events are detected, recorded and analyzed: 

• Significant events, defined according to the criteria set in Regulatory Standard AR 3.9.2., 
• Unforeseen outages, 
• Minor events or reportable events in CNA I and CNE. 

Although this task has particular characteristics for each NPP, the final results of the management of 
these events are similar. Each type of event is selected, analysed and if corresponds, the corrective 
action identified and implemented, and the information distributed in the NPP or in other NPPs 
according to specific procedures. 
As regards significant events, the NPP procedures comply with the corresponding ARN Regulatory 
Standards AR 3.9.1. and AR 3.9.2. These standards establish criteria for the selection, analysis and 
information of the significant events occurred in an installation. 
The criteria applied by the regulator and operator for screening other experience than incidents is 
mainly based on the lessons learned from domestic and international operative experience. 
Concerning the screening of domestic experience, audits and eventually inspections results are used 
as a source of investigation related to management issues. For unexpected degradations, the results 
obtained from both the Ageing Program and the Surveillance Program (ISI and inspections) are used. 
Concerning design weaknesses, the lesson learned from operative experience, deterministic and 
probabilistic safety assessments, as well as, a dynamic technical interaction with the designers are applied. 
The external hazards considered are periodically reviewed according to the frequency revision as 
established in the mandatory documentation. 
In CNE, as defined in the OPEX procedure, all personnel working at the plant, including contractors, 
have the obligation of reporting any “Inappropriate Condition” detected. Those “Inappropriate 
Conditions” are screened daily by the Management who define if they need to be corrected and coded 
for trend “Finding / Minor Event” or declared as “Event / Minor Event” and analyzed. 
Most of the minor events and findings are not analysed as individual events. Instead these events are 
categorised, supplementing data is gathered and the data of the events are entered into the plant 
event data base. These events are analysed to identify any adverse trends. In the case an adverse 
trend is identified, an Apparent Cause Analysis is performed. 
In CNA I, any person belonging to the installation can originate the notification of a minor event. A 
committee constituted by members of the different sections (Operation, Engineering, Mechanical 
Maintenance, etc.) evaluates these events, proposes corrective actions and follows their implementation 
and diffusion. All the operational incidents, significant and minor events, their corrective actions and their 
follow-up are recorded. 
In CNA I and CNE every event implying an unforeseen outage and/or a deviation from operational 
limits and established conditions, must in addition be evaluated by the plant’s “Internal Safety Advisory 
Committee” (CIAS) according to what is established in Regulatory Standard AR 3.9.1. Its conclusions 
and recommendations are written down in minutes signed by the CIAS members. 
In addition, the Technical Revision Committee (CRT), independent from the installation, must analyse 
the importance of the foreseen operational incidents, and the occurred significant events. Its 
conclusions and recommendations are recorded in minutes signed by the CRT members. 
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The significant events are communicated to the ARN according to Regulatory Standard AR 3.9.1. and 
afterwards an analytical report is issued according to a format established in the plant’s Operating License. 
When applicable, the ARN promptly notifies the international community of the occurrence of a 
significant event together with its category according to the IAEA’s International Nuclear Events Scale 
System (INES) and also informs the IAEA - IRS about the significant events occurred in the NPP, in 
order to enable the contribution of data about operating experience to other NPPs. 
A list of the events, lessons learned and corrective actions resulting from national and international 
operating experience is detailed in Annex IX. 
Finally, and as an example of the OPEX feedback of the nuclear power plants in operation in 
Argentina, the transfer to CNA II of the lessons learned from CNA I’s operation should be mentioned. 

3.19.8.2.    FEEDBACK OF THE OPERATING EXPERIENCE OF OTHER NPPS 
At the beginning of CNA I’s operation, its designer, Siemens - Kraftwerk Union AG, played an important 
role in the transmission of operating experience of the German PWR, applicable to that NPP. 
CNE has had, since the beginning of its operation, a fluent communication with other CANDU plants of 
similar design, such as Point Lepreau, Gentilly-2, Wolsung-II, in order to exchange operating 
experience. Moreover, it is member of the CANDU Owners Group since its creation. 
Presently, both CNA I and CNE NPPs receive information from the following databases: 

• CANDU Owners Group (COG). 
• World Association of Nuclear Operators (WANO). 
• IAEA’s International Reporting System. 

The processing of the information provided by the different sources is heterogeneous and not always 
profitable, as it essentially dependents on the characteristics of the plant's design. 
CNE uses COG databases as part of its usual working activities. Several corrective actions have been 
implemented as a consequence of the information received via COG. On the other hand, CNE 
provides COG a periodic report of its significant events.  
CNA I has been using the WANO database since 1996. The collection, selection and classification of 
information have been systematised. 
ARN examines the effectiveness of operating experience feedback using information coming from 
national and international databases. 
This information is analysed by an analysts team using models to identify the relevant parts that need 
a deeper investigation into the process. The team is directly involved in: 

• Events screening, 
• Definition of scope of events to be analysed,  
• Application of root cause methodologies, 
• Corrective actions, 
• Corrective action follow-up. 

As a consequence of a requirement issued by the ARN in 1998, the Licensee started a formal and 
systematic process of evaluation of the operating experience in order to obtain feedback to improve 
reliability and availability of the NPPs. 
The Licensee prepared an “Operating Experience Management Program” in order to analyse events 
(at National and International level) to be used as a feedback of Operating Experience from domestic 
NPPs. The major actions required by the ARN include: 

• Use of international and national databases, 
• Use of root cause analysis methodologies in the cases where an event is applicable in domestic 

plants, 
• Taking immediate corrective actions to avoid event occurrence or recurrence, 
• Corrective action follow-up,  
• Lessons learned from analysis. 

The Licensee constituted three working groups: two within each plant site and the third within the 
Licensee headquarters, to obtain feedback to improve plant systems (modifications) and optimize 
maintenance activities (through the execution and follow-up of corrective actions). 



CHAPTER 3
Compliance with Articles of the Convention 125 

 

The program prepared by the Licensee and presented to the ARN included goals to be reached, 
implementation procedures and the professional profiles of the working group staff. Emphasis was 
given to the improvement in safety of NPPs obtained from the feedback of operating experience. 
To fulfil the program, a set of activities to be carried out was defined and trend analysis, workshops to 
share experience and training were also included. The Licensee prepares a quarterly report including 
the results obtained from the application of the program. Besides, NPP’s senior teams evaluate “low 
level events” and “near misses” creating their own database. 
The Licensee working group performs a screening analysis using international databases selecting the 
applicable events for the domestic plants. After screening, those events are analysed in detail and 
they are presented to the ARN for evaluation. The evaluation could include recommendations, 
proposed design modifications, changes in procedures and training courses for operators if necessary. 
The program coordinator reviews more than 500 reports per year from different international Sources. 
However, due to design, procedures, systems and components or low safety significant actions, 
approximately only 10% of the events are applicable. 
The Regulatory Body has performed audits to the CNA I’s and CNE’s Operating Experience sectors 
that showed improvements on corrective actions, implementation, organization of training meetings 
and discussions as well as an increasingly experienced operating personnel. 
There are many improvement actions resulting from the feedback of the National Operating 
experience and Operating experience from Foreign NPPs in CNA I and CNE. Many of them are being 
used in the backfitting program of the plants. Examples were shown in the previous National Reports. 
Examples of lessons learned from local and international operating experience in the 2007-2010 
period are shown in Annex IX. 

3.19.8.3.    PEER REVIEWS AND ACTIVITIES BETWEEN THE LICENSEE AND WANO 
 FROM 2007 TO 2010 

The Licensee is a WANO´s member (created in 1988), at the beginning through the CNEA and then its 
condition of associate as NA-SA was ratified in Paris (1995). 
Both NPPs under operation, received WANO Peer Review (PR) Missions and the corresponding 
Follow-Up (FU) (CNA I NPP: PR in 2006, FU in 2009; CNE: PR in 2007, FU in 2009). NA-SA participated 
in WANO programs through the WANO – PC (Paris Centre): Peer Reviews, Technical Support 
Missions, Assist Visits, Operating Experience Programs, Workshops and Seminars. Argentina has 
also provided specialists from both NPPs to participate in every WANO Program. 
Main activities during the reported period are listed in Table 19.1. 

Table 19.1. 

PERIOD HOST PARTICIPANTS ACTIVITY 
May 23-27, 2007 Embalse NPP, 

Argentina 
 Embalse NPP Peer 

Review Pre-visit 
May 21-25, 2007 Almaraz NPP, 

Spain 
Atucha I NPP Radiation 
Protection Manager and 

RP Deputy Manager 

Benchmarking Technical 
Visit on RP 

June 11-15, 2007 Laguna Verde NPP, 
Mexico 

Atucha I NPP Production 
Manager 

Benchmarking Technical 
Visit on WM  

June 19-20, 2007 Embalse NPP, 
Argentina 

 WANO TSM on Safety 
Culture 

June 21-22, 2007 Atucha I NPP, 
Argentina 

 WANO TSM on Safety 
Culture 

June 21-22, 2007 WANO PC, 
Neuilly-sur-Seine, 

France 

Atucha I NPP Plant Manager Site Managers’ Seminar 

June 25-29, 2007 Atucha I NPP, 
Argentina 

 WANO AV on Operational 
Experience Management

September 3-21, 
2007 

Embalse NPP, 
Argentina 

 Embalse NPP Peer 
Review 
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PERIOD HOST PARTICIPANTS ACTIVITY 
September13-15, 
2007 

WANO PC, 
Paris, France 

NA-SA’s WIO 37th WIOs’ Meeting 

September 17-21, 
2007 

Laguna Verde NPP, 
Mexico 

Atucha I NPP Maintenance 
Coordinator, Electrical and 
I&C Maintenance Manager 

and Mechanical 
Maintenance Manager 

Benchmarking 
Technical Visit 

September 17 to 
October 5, 2007 

Trillo NPP, 
Spain 

Atucha I NPP Assistant to 
Plant Manager 

Peer Reviewer (OA) 

September 23-25, 
2007 

Chicago, 
USA 

NA-SA’s Governor / General 
Manager 

Biennial General Meeting, 
Governing Board Meeting

September 24-27, 
2007 

Aix-les-Bains NPP, 
France 

Atucha I NPP Fire Protection 
Manager 

Fire Protection Workshop

October1-5, 
2007 

Asco NPP and 
Vandellos II NPP, 

Spain 

Atucha I NPP OE Manager
and OE Deputy Manager 

Benchmarking 
Technical Visit on OE 

October 8-26, 
2007 

Grafenrheinfeld NPP, 
Germany  

Atucha I NPP Electrical 
Maintenance Manager 

Peer Reviewer (MA) 

October 16-19, 
2007 

Atucha I NPP, 
Argentina 

 Technical Support 
Mission on Task 

Observation 
October 22-24, 
2007 

Atucha II NPP, 
Argentina 

 Technical Support 
Mission on Safety Culture

October 25-26, 
2007 

NA-SA Headquarters, 
Argentina 

 Technical Support 
Mission on Safety Culture

Oct. 29-Nov. 16, 
2007 

Heysham I NPP, 
UK 

Atucha I NPP Engineering 
Coordinator 

Peer Reviewer (ES) 

Nov. 6-16, 2007 Atucha I NPP, 
Argentina 

 Technical Support 
Mission on Radiological 
Protection and Industrial 

Safety 
Nov. 12-14, 2007 Borssele NPP, 

Netherland 
HQ Communications 

Manager 
4th Communications 

Expert Group Meeting 
Nov. 19-23, 2007 Embalse NPP, 

Argentina 
 Assist Visit on Self 

Assessment 
Nov. 26-Dec. 14, 
2007 

Blayais NPP, France Embalse NPP RP 
Supervisor 

Peer Reviewer (RP) 

Nov. 26-Dec. 14, 
2007 

Angra I NPP, 
Brazil 

Atucha I NPP OE Manager 
and NA-SA’s WIO 

Peer Reviewers 
(OE and ES) 

November 24-29, 
2007 

Tokyo, 
Japan 

NA-SA’s Governor / General 
Manager 

Tokyo Managers Meeting

December 18, 
2007 

Embalse NPP, 
Argentina 

 Embalse NPP Peer 
Review Exit Meeting 

February 5-6, 
2008 

Embalse NPP, 
Argentina 

 Stream Analysis Seminar

March 6-7, 2008 WANO PC, Neuilly-
sur-Seine, France 

NA-SA’s WIO 38th WIOs’ Meeting 

March 5-7, 2008 Embalse NPP, 
Argentina 

 Root Cause Analysis 
TSM 

March 10-14, 2008 Asco NPP, 
Spain 

Embalse NPP Work 
Manager 

Work Management TSM 

March 11-15, 2008 Trillo NPP, 
Spain 

Atucha I NPP Maintenance 
Coordinator 

Task Observation TSM 

March 17-20, 2008 WANO PC, Neuilly-
sur-Seine, France 

HQ Fuel Strategy Engineer Reactivity Management 
Workshop 
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PERIOD HOST PARTICIPANTS ACTIVITY 
April 14-18, 
2008 

Embalse NPP, 
Argentina 

 Work Management TSM 

April 26-May 3, 
2008 

Embalse NPP, 
Argentina 

 Pre-job briefing TSM 

June 9-13, 
2008 

Embalse NPP, 
Argentina 

 Foreign Material 
Exclusion + Material 

Condition TSM 
August 11-15, 
2008 

Oldbury NPP, 
UK 

Atucha I NPP Chief 
Supervisor 

Operations TSM 

August 21-29, 
2008 

Atucha I NPP, 
Argentina 

 ODM + Conduct of 
Operations TSM 

August 20-24, 
2008 

NA-SA Headquarters, 
Argentina 

Atucha I NPP, Embalse 
NPP, NA-SA Headquarter 
and Eletronuclear (Brazil) 

Performance Indicators 
Seminar 

September 1-19, 
2008 

Borssele NPP, France Atucha I NPP RP Deputy 
Manager 

Peer Reviewer (RP) 

September 11-12, 
2008 

WANO PC, Neuilly-
sur-Seine, France 

NA-SA’s WIO 39th WIOs’ Meeting 

September 25-26, 
2008 

Würzburg, Germany. NA-SA’s Governor / General 
Manager 

42nd WANO PC 
Governing Board Meeting

October 6-10, 
2008 

Angra dos Reis, 
Brazil. 

Atucha I NPP I&C Manager, 
Preventive Maintenance 

Engineer and Embalse NPP 
Technical Support to 

Operation 

Leadership Workshop for 
Middle Managers 

October 27-31, 
2008 

Embalse NPP, 
Argentina 

 Engineering Assist Visit 

November 5-7, 
2008 

Barcelona, 
Spain 

HQ Communications 
Manager 

5th Communication Expert 
Group Meeting 

November 24-29, 
2008 

Atucha I NPP, 
Argentina 

 Human Performance 
Improvement TSM 

January 20-23, 
2009 

Tihange, 
Belgium 

Atucha I NPP RP Engineer Environmental Chemistry 
Workshop 

January 19-
February 6, 2009 

Torness NPP, 
France 

Embalse NPP Training 
Manager 

Peer Reviewer (TQ) 

March 13-19, 2009 Golfech NPP, 
France 

Atucha I NPP Chief 
Supervisor 

Housekeeping and 
Material Condition TSM 

March 5-6, 2009 WANO PC, Neuilly-
sur-Seine, France 

NA-SA’s WIO 40th WIOs’ Meeting 

March 26, 2009 WANO PC, Neuilly-
sur-Seine, France 

NA-SA’s Governor / 
General Manager 

43rd WANO PC 
Governors’ Meeting 

April 6-9, 2009 Germany Atucha I NPP Engineering 
Coordinator 

Dose Rate Reductio 
in PWRs Workshop 

April 13-17, 2009 Embalse NPP, 
Argentina 

 Conduct of 
Maintenance TSM 

April 20-25, 2009 Atucha I NPP, 
Argentina 

 Reduce Maintenance 
Rework TSM 

April 27-30, 2009 Embalse NPP, 
Argentina 

 Peer Review Action 
Plan Assist Visit 

May 18-22, 2009 Heysham 2, 
UK 

Atucha I NPP Production 
Manager 

Work Management 
Process TSM 

July 13-17, 2009 Atucha I NPP, 
Argentina 

 Peer Review 
Follow up 

September 7-10, 
2009 

Embalse NPP, 
Argentina 

 Practical Coaching in 
the Field Training TSM 



128  CHAPTER 3 
Compliance with Articles of the Convention 

 

PERIOD HOST PARTICIPANTS ACTIVITY 
September 14-18, 
2009 

Atucha I NPP  Chemistry 
Cleaning TSM 

September 17-18, 
2009 

London, 
UK 

NA-SA’s Governor / General 
Manager and President 

CEOs’ Meeting 

September 24-25, 
2009 

WANO PC, Neuilly-
sur-Seine, France 

NA-SA’s WIO 41st WIOs’ Meeting 

September 26-
October 2, 2009 

Golfech NPP, 
France 

NA-SA’s WIO Human Performance 
Tools TSM 

October 20, 2009 Buenos Aires, 
Argentina 

 44th WANO PC 
Governing Board Meeting

October 19-23, 
2009 

Hunterston B NPP, 
UK 

Atucha I NPP RP Manager Radiological 
Protection TSM 

November 2-6, 
2009 

Buenos Aires, 
Argentina 

 6th Communication Expert 
Group Meeting 

December 7-11, 
2009 

Embalse NPP, 
Argentina 

 Peer Review Follow up 

January 18-22, 
2010 

Wylfa NPP, 
UK 

Mr. Carlos Moreno Safety Culture TSM 

Jan 30-Feb 3, 
2010 

New Delhi, 
India 

NA-SA’s Governor / General 
Manager and President 

WANO BGM 

January 31, 
2010 

New Delhi, 
India 

NA-SA’s Governor / General 
Manager 

45th WANO Paris Centre 
Governing Board 

February 8-12, 
2010 

Tihange NPP Belgium Embalse NPP Technical 
Support to Operation 

Human Performance 
TSM 

March 1-5, 
2010 

Cattenom NPP, 
France 

Embalse NPP Production 
Manager 

Unit in Operation 
Performance TSM 

March 11-12, 2010 WANO PC NA-SA’s WIO 42nd WIOs’ Meeting 

In order to improve some particular areas in CNA I and CNE, NA-SA requested WANO’s assistance 
through technical support missions as well as follow-up and periodical support visits every four months 
in the plant, as can be seen in Table 19.1. These areas are: 

• Safety Culture. 
• Operating Experience. 
• Industrial Safety. 
• Task Observations. 
• Radiation Protection. 

3.19.9. RADIOACTIVE WASTE MANAGEMENT 
The legal framework applicable to radioactive waste is set up in the provisions of the National 
Constitution and the legislation adopted by the National Congress by Act Nº 24.804, that regulates the 
nuclear activity and other activities, and Act Nº 25.018, that lays down the Radioactive Waste 
Management Regime. 
In addition, Argentina has developed a legal and regulatory structure which complies with the safety 
provisions established in the Joint Convention. ARN is the Regulatory Body and CNEA is the 
Operating Organization for the final management of spent fuel and radioactive waste. Provisions have 
been adopted for NPP´s waste and spent fuel management (interim storage facilities) till a decision on 
their final management is taken. 

3.19.9.1. RADIOACTIVE WASTE MANAGEMENT POLICY 
The Third National Report to the Joint Convention on the Safety of Spent Fuel Management and on 
the Safety of Radioactive Waste Management (JCSSFMSRW)(2008) presents the following 
Radioactive waste management policy: 
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• The radioactive wastes originated from all nuclear applications performed in the country, 
including wastes derived from the dismantling of related facilities, will be managed safely. 

• The allocation of responsibilities for the development of radioactive waste operations, including 
the long term surveillance and institutional control required by the different applied final 
disposal systems, corresponds to the Responsible Institution and the Primary Responsible to 
whom a license is required.  

• The management of radioactive wastes will be performed safely, ensuring the protection and 
the rights of present and future generations and the environment.  

• The Radioactive Waste Strategic Plan will be periodically reviewed and audited by the National 
Parliament.  

• The establishment of a proper procedure to obtain and to manage the necessary financial 
resources in order to comply with the obligations arising from the performance of the assigned 
responsibilities.  

• An information registry and preservation system will be implemented, which must ensure total 
knowledge and control, in time, of inventories of radioactive wastes generated and to be 
generated from all nuclear activities in the country.  

• The development of a public communication program.  
CNEA, as Responsible Institution for the application of the Radioactive Waste Management (Act 
Nº 25.018), establishes the acceptance criteria for Radioactive Waste conditioning and final disposal  

3.19.9.2. SPENT FUEL MANAGEMENT POLICY 
The following paragraphs, excerpted from the Third National Report to the Joint Convention on the 
Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management (2008) 
present the Spent Fuel Management Policy:  
“In Argentina the Government exercises state ownership of special radioactive fission material 
contained in spent fuels from any origin: nuclear power plants and experimental, research and/or 
production reactors (Article 2, Act Nº 24.804). In this sense, the decision to reuse fissile material 
contained in spent fuels or not, has to be adopted before 2030. At such time the installation of the 
underground geological laboratory must have been started, which allows the design and construction 
of a deep geological repository, which must be operative by the year 2060 (Strategic Plan – Act 
Nº 25.018)." 

3.19.9.3. SPENT FUEL TREATMENT AND STORAGE AT NPPS 

3.19.9.3.1. ATUCHA I NPP 
Since the beginning of operation, spent fuel elements were stored in wet storage facilities. In order to 
optimize spent fuel pool storage capacity, NA-SA initiated in 2002 a compact storage project, which 
allowed 1,360 new positions. 
The available positions in the pools will be used up by March 2015, and by that date a new option 
must be available for the spent fuel storage. Considering that date, NA-SA and CNEA have studied 
different alternatives for interim dry storage. Presently, the project is in the analysis and discussion of 
conceptual engineering stage. Once it is built, spent fuels will be gradually transferred according to the 
decay time.  

3.19.9.3.2. EMBALSE NPP 
As was informed in the report for the last convention (JCSSFMSRW) till 2007 CNE’s spent fuel dry 
storage system (ASECQ) had 184 silos. In 2008, the construction of the 4th batery begun, with 32 new 
silos installed, having now a total of 216 silos. The stored inventory at the end of 2009 is 80,897 fuel 
elements in 150 silos. 
The spent fuel stored in the ASECQ silos has been included, at ARN’s request, in the “Ageing 
Management Program for Components and Systems of the Nuclear Power Plant Associated to 
Nuclear Safety”. The surveillance plan of canisters, internal cladding and concrete structure of all the 
ASECQ system silos was incorporated in the framework of this program. The surveillance, which 
commenced from its inauguration, continues to date and no abnormality has been observed in the 
behaviour analysis of these components.  
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3.19.9.4.    RADIOACTIVE WASTE PRACTICES AT NPPS 
Radioactive waste management at NPPs was described in detail in the three National Reports 
presented to the Joint Convention on the Safety of Spent Fuel Management and on the Safety of 
Radioactive Waste Management. The following is a brief summary: 
In the case of low level liquid wastes generated from NPPs, the management is different at each plant 
on account of the different technologies used.  

• Liquid radioactive wastes generated at CNA I during operation and maintenance activities are 
collected in tanks, characterized and concentrated by evaporation; concentrates as well as sludge 
from the cleanup of tanks are immobilized in cement matrixes and conditioned in 200 litre drums. 

• At CNE, liquid radioactive wastes originated from operation and maintenance activities are 
treated in resin beds, discharging the low activity current into the environment on the basis of 
planned and controlled procedures, following pre-established procedures and within the frame 
of authorized constraints of discharges.  

Solid low level radioactive wastes at both NPPs are classified as compactable, non-compactable and 
structural. Compactable solid waste are collected in plastic bags and further compacted in 200 litre 
drums, following the corresponding CNEA guidelines. Non-compactable and structural waste are 
disassembled and sectioned prior to the conditioning in containers, if it is considered necessary, on a 
non–routine basis. Such conditioned containers are stored temporarily at the facility. 
Intermediate level radioactive solid wastes originated in the operation and maintenance activities of both 
NPP´s, consist mainly of filters and spent ionic exchange resins. These intermediate level radioactive 
solid wastes are stored at the facilities of each NPP. 
All the storage facilities are located at the NPP sites. Radioactive waste will be stored in these 
temporary facilities until disposal facilities are in operation. 
Since 2008, following a regulatory requirement, the operator developed a program for the characterization 
of solid and liquid radioactive wastes generated at the NPP and begun its implementation. This has as 
an objective, among others, the building of a data base for the design of future repositories. The program 
includes training of personnel and developing of a capability for waste handling and characterization. The 
program involves all wastes produced since the beginning of operation. This characterization also 
includes solid non compactable wastes as well as contaminated structural elements. 

3.19.9.5.    RESEARCH AND DEVELOPMENTMENT ACTIVITIES  
Some of the activities listed below were started in the past, and must be continued in the coming years 
to be completed in order to achieve the expected results. Others started during 2008. CNEA is 
responsible for R&D. 
Pre Disposal 

• Characterization 
# Development of characterization methods for radioactive wastes and quality assurance of 

conditioned radioactive waste packages.  
• Treatment and conditioning  

# Development of new materials to immobilize low and intermediate level wastes (ceramic 
compounds, polymers), as well as spent resins. Development of a method for oils treatment 
by chemical methods and spent ionic exchange resins.  

# Comparative evaluation of compacting, super-compacting and incineration methods.  
# Analysis of the different strategies for the management of radioactive sources in disuse.  
# Analysis of the different management strategies for the active carbon and filters used in 

nuclear power plants.  
# Analysis of the different strategies for the management of wastes generated from the 

dismantling of nuclear facilities.  
# Study of ferro-phosphate glasses for high level radioactive waste immobilisation.  

• Storage: 
# Evaluation of the behaviour of conditioned packages prepared for long term storage. 
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Final Disposal 
• Engineering of the facilities: 

Conceptual design of a near surface concrete type Repository for intermediate and low level 
wastes. Evaluation of the different alternatives for the disposal of very low level wastes. State-
of-the-art knowledge in deep geological repositories for high level wastes (sealing of galleries, 
interaction container – bentonite, monitoring of the repository).  

• Environmental Management: 
Environmental characterization and re-evaluation of the safety of the Ezeiza Waste Management 
Area (AGE), where there exists a final disposal system for different types of radioactive wastes. 
Environmental characterization of a new site for intermediate and low level waste repositories 
with the objective of determining the environmental base line prior to waste disposal. Analysis of 
technological alternatives of remedial actions in the case it is necessary to take eventual 
corrective actions in final disposal systems. 

• Geological barriers 
Location studies for repositories for low, intermediate and high level radioactive wastes.  

• Engineering barriers 
# Study of metallic isolation and confinement materials. 
# Study of cement materials as engineering barriers. 
# Study of clay materials as engineering barriers. 

• Spent fuels generated by NPPs: 
# Analysis of a centralized temporary storage system for spent fuels from Argentine NPPs. 
# Evolution studies of the spent fuel of NPPs under storage conditions. Characterization and 

behaviour of the spent fuel from NPPs. 

3.19.9.6. MINIMIZATION OF RADIOACTIVE WASTES 
The policy of the NPP´s Licensee is to optimize the impact on the workers, public and the environment 
as a result of its operation. Therefore, one of its main goals is to keep the radioactive waste generation 
to the minimum practicable, and thus, an efficient and effective ALARA program has been implemented 
for both NPPs. These practices include: 

• Detailed planning of the activities that involve a significant waste generation and/or individual 
doses. 

• Mock-up training for the above mentioned activities. 
• Design of specific tools and shielding to be used to handle wastes in high radiation fields. 
• Compliance with segregation procedures of radioactive wastes. 
• Damaged fuel elements are immediately withdrawn from the core and isolated. 
• Personnel training in the application of radioactive waste management procedures. 
• Measurement, characterization, segregation and compaction of radioactive wastes. 

In addition, the Licensee has taken important actions to reduce the radioactive waste generated. 
Presently, in CNA I, slightly-enriched uranium fuel elements (0.85%) are being used and consequently, 
the generation of spent fuel elements has been reduced. Further, changes of the core channels bearing 
“stellite” reduced the 60Co generation and the activity in operational wastes. 
Further details were presented in the three previous National Reports to the Joint Convention on the 
Safety of Spent Fuel Management and on the Safety of Radioactive Waste Management (2003, 2005 
and 2008). Any further information can be obtained from the above mentioned National Reports that 
can be downloaded from: 
http://www.cnea.gov.ar/xxi/seguridad-radiologica/seguridad3.asp 

3.19.10. COMPLIANCE WITH THE OBLIGATIONS IMPOSED BY THE 
CONVENTION 

The information contained in this and other Articles demonstrates that Argentina complies with the 
obligations imposed in Article 19 of the Convention on Nuclear Safety. 
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CHAPTER 4 
PLANNED ACTIVITIES TO IMPROVE SAFETY 

The ARN and NA-SA identified a number of challenges during this reported period. Those challenges 
lead to actions with regards to both safety-related issues and regulatory issues in order to maintain 
and improve the safety level of the Argentine nuclear power plants during their remaining operating 
lives, as well as to improve the regulatory framework. In the following paragraphs, the intended 
measures are presented in a summary form. 

4.1.    SPECIFIC OPERATING PLANT SIMULATORS 
Presently, the operation shifts training / retraining of the Argentine NPPs are not being carried out on 
its own operating plant simulators. As a consequence, the mentioned plant personnel training / 
retraining is being performed on simulators belonging to plants similar to CNA I and CNE making thus 
the time devoted to these activities, in some occasions, conditioned to issues related with logistic 
aspects and availability of the foreign simulators used.  
Therefore, NA-SA has decided to improve the plant personnel training / retraining by providing CNA II 
and CNE with specific operating plant simulators. In view of that, it is foreseen to acquire both an 
interactive graphic simulator and a full scope simulator to be used for CNA II plant personnel training / 
retraining. In a first stage, it is estimated that in the next two years an interactive graphic simulator will 
be available and in a second stage, a full scope simulator will be installed. 
In the scope of CNE’s life extension activities, aimed at incorporating the anticipated design 
modifications, a full scope simulator for plant personnel training / retraining will be provided and it is 
foreseen that it will be available in the near-future. 

4.2.    STRATEGIC COMMUNICATION PLAN 
ARN has the legal obligation to inform the public and the willingness to communicate with 
stakeholders. In the framework of Decree Nº 1.172/03 and bearing in mind the guiding premise of 
open, straightforward and candid communication, ARN launched a medium-term Strategic 
Communication Plan (SCP) to optimize the communication channels with society.  
Regarding external communication, the SCP’s objectives are to foster public understanding of ARN’s 
role and activities; to work on the perception of risk by the public; to develop a sectorized policy of 
training and information in nuclear matters, to manage conflict resolution in the national nuclear area 
and institutional crisis involving media issues; and to strengthen communications with other national 
and international institutions and stakeholders. In this sense, open channels of communication need to 
be constantly maintained.  
For these purposes, it became clear that the use of Internet and Website based technological 
approaches fosters a bond of confidence and trust, thus creating a positive image in the public mind 
with the aim of generating commitment with our public.  
Therefore, the ARN has decided to further develop the external communication. Some of the future 
steps in this direction will be the design of a new website and the implementation of new Web-based 
tools for a better interaction with the public, and the implementation of opinion polls and educational 
activities, among others, in order to improve the relationship with the stakeholders and also enhance 
the institutional image.  

4.3.    EXCHANGE OF REGULATORY EXPERIENCE 
One of the mayor challenges in the years to came will be licensing the Life Extension of NPPs. 
Argentina has a long standing relation and a fruitful collaboration with the Canadian Nuclear Safety 
Commission (CNSC) on regulatory matters that includes the exchange of regulatory experience, 
safeguard approaches and control of radiological sources, among others.  
Considering that the first reactor to be refurbished in Argentina will be the Embalse NPP which is a 
CANDU 6 type reactor and, the extensive experience that CNSC has in refurbishing CANDU 6 type 
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reactors, the ARN has recently started conversations with the CNSC to further enhance the 
collaboration and to include the regulation of life extension processes as one of the main issues for the 
future. It is foreseeing to formalise those conversations by signing a Memorandum of Understanding 
that will set the foundations for the collaboration. 

4.4.    NEW TOOLS FOR INDEPENDENT REVISION OF ATUCHA II SAFETY  
          ASSESSMENT 
Licensing of Atucha II NPP requires a complete regulatory review of the Final Safety Assessment 
Report (FSAR) that was revised by the Licensee.  
During the last years, ARN has been investing an important effort to improve the capability to perform 
independent calculation in the areas of Neutronic and Thermo-hydraulic for the Atucha II NPP. With 
this objective, counselling for modelling and code customization has been contracted. Because of 
Atucha II’s characteristics, benchmark calculations were made to compare results obtained using 
different codes. Also, comparison with Atucha I values (particularly data obtained during initial 
criticality) was performed. Technician personnel of ARN participated in these tasks to acquire training 
in the use of the codes. 
As a result of the above, ARN presently counts with the necessary tools and qualified staff to perform 
independent revision of the safety analysis required to complete the licensing process of the Atucha II NPP. 
The main tools acquired and their usefulness for future regulatory tasks related to Atucha II’s licensing 
are summarized in the following: 

• A detailed model with Thermo-hydraulic feedback for stationary states and slow transients 
(Xenon). The CITVAP code (reactor calculation) with an internal loop of Thermo-hydraulic 
feedback and cell code CONDOR to generate cross sections. This model, which was developed 
by INVAP (with the participation of ARN staff), will be used for the study of operational conditions.  

• A detailed Neutronic model with Thermo-hydraulic feedback aimed to analyze all type of 
transients, especially those that are fast like LOCA. Coupled codes PARCS and RELAP5 are 
used. Cross sections libraries which were prepared using the cell code HELIOS are available. 
Also, capability to prepare such libraries using the CONDOR code is under development. This 
model was developed by Purdue and Michigan Universities with active participation of ARN staff. 

• A very detailed model of the core that was prepared using Montecarlo code MCNP. This model 
is useful for validation of calculation results and it will probably be used to perform independent 
assessments related to the commissioning of Atucha II. 

The mentioned tools will be used to perform the assessment of the FSAR chapters related to Nuclear 
and Thermo-hydraulic Design. Also, a selection of transients included in the Accident Analyses 
chapter will be recalculated by ARN. 
Thermal-hydraulic computer code ATHLET (Analysis of THermal-hydraulics of LEaks and Transients) 
is an advanced best-estimate code for the simulation of design basis and beyond design basis 
accidents (without core degradation) in light water PWRs and BWRs reactor. It is used for the analysis 
of anticipated and abnormal plant transients, small and intermediate leaks as well as large breaks in 
light water reactors. 
In that sense, is planned to acquire training and guidance in the simulation using ATHLET code. The 
objective is to perform an independent analysis of the transient behaviour of the Atucha II NPP using 
the ATHLET code developed by GRS (Gesellschaft für Anlagen-und Reaktorsicherheit mbH). It allows 
to consider the activation of safety functions modelling the related plant I&C systems using the GCSM 
module coupled with ATHLET. Professional argentine staff will be trained to have the capability to 
perform the modelling, make several analyses and results interpretation.  

4.5.    TRAINING OF HUMAN RESOURCES IN THE REGULATORY BODY  
Despite that ARN continued to experience a reduction of specialized personnel due to the turnover of 
senior regulatory staff and to the sustained offer of better-paid job opportunities from industries, there 
was a positive trend in recruiting young professionals in safety related areas.  
An important milestone aimed at maintaining and enhancing competence in safety, safeguards, 
security and non proliferation, is the recent decision of ARN’s Board of Directors to establish a special 
unit for training and instruction in those areas. Since its inception at the beginning of 2010, this unit 



CHAPTER 4
Planned Activities to Improve Safety 135 

 

has begun to further develop actions to enhance training on radiation, waste, transport and nuclear 
safety. It also comprises activities to preserve ARN’s intellectual capital, including knowledge 
management. It is expected that these activities will contribute to augment safety competence of 
young and senior personnel.  
With respect to knowledge management and preservation of the intellectual capital, three main tasks have 
recently commenced with the objective to maintain and enhance safety: a mapping process to assess 
knowledge domains of the ARN, a crucial analysis of regulatory knowledge on critical areas of the 
organization, and the development of reliable indicators to evaluate the institutional intellectual capital.  
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        ANNEX I 
CONCLUSIONS ABOUT ARGENTINA 

DURING THE FIRST REVIEW MEETING 
ON THE CONVENTION ON NUCLEAR SAFETY 

I.1.    LEGISLATION AND REGULATORY FRAMEWORK 

• Since 1994, Argentina has had an independent regulatory authority, in accordance with a 
national law. It is the single authority in charge of licensing and supervision of nuclear 
installations as well as personnel licensing. It is an independently financed from the national 
budget and regulatory fees. 

• The regulatory system relies on performance-based regulation and is reliant on continuous 
interaction between regulator and licensee. 

I.2.    SAFETY OF NUCLEAR INSTALLATIONS 

• A systematic operating experience feedback program and an ageing management program 
are in place. 

• Accident management program is under development. 
• Part of the major backfitting measures of Atucha I is completed, and the remaining backfitting 

measures are planned to conclude in 2001. 
• The combined use of the PSA and deterministic approaches for regulatory decision making 

and to improve the operating conditions of the installations is considered a good practice. 
• A continuous risk management program to improve safety using PSA, reassessment and 

evaluation of various options for improvement is in place. 
• A periodic safety review is being performed every five years. 
• Regulatory predictive performance indicators are used as a complementary preventive tool to 

detect early signs of deterioration. 
 
Concern: 
Although a large portion of the safety backfitting has been completed on CNA I, there still remain 
some important measures to be implemented. 
 

Recommendation: 
Argentina should expedite the backfitting program of CNA I in a timely manner. 

I.3.    SAFETY CULTURE/HUMAN FACTORS/ QUALITY ASSURANCE  
         (MANAGEMENT OF SAFETY) 

• A corporate policy and principles manual have been issued which refers to safety culture and 
the basis in which safety culture is cultivated. 

I.4.    RADIATION PROTECTION 

• The legislative and regulatory framework in the area of radiation protection is in place. 
• ICRP-60 recommendations for public and workers were implemented in 1995. 
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I.5.    EMERGENCY PREPAREDNESS 

• Emergency planning covering the on-site and off-site responses is in place, and periodic 
exercises are carried out on a regular basis. 

Argentina provided and presented a very informative and comprehensive report and answered the 
questions in the same manner. 
The participating Contracting Parties compliment the Argentine delegation for their excellent and 
informative presentation utilizing the latest visualization technology. 
The participating Contracting Parties recognize Argentina’s dedications to further improve the high level 
of safety of its nuclear installations and encourage a continuation of assessment and improvement of 
nuclear safety. 
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ANNEX II 
CONCLUSIONS ABOUT ARGENTINA 

DURING THE SECOND REVIEW MEETING 
ON THE CONVENTION ON NUCLEAR SAFETY 

II.1.    INTRODUCTORY COMMENT 

The presentation was well structured and addressed the improvements made since the 1st Review 
Meeting. 
Major Themes and Good Practices. 
There had been an aggressive backfitting program at Atucha I. 

• Requested by the regulator in 1998 with deadlines. 
• Deadlines were not met and regulator refused to accept a revised schedule which had been 

proposed by the utility. 
• The regulator took enforcement action in 2000. 
• The plant was shutdown. 
• Eventual restart was in 2001. 
• All outstanding backfit tasks are to be completed during the 2002 outage. 
• Since the original backfit program was established, additional tasks (reactor internals) have 

been identified and incorporated. 
 

These demonstrate good regulatory practice in both requesting and enforcing safety requirements. 
• There is a strong inspection program at Embalse to demonstrate that the plant will be capable 

of operating for its full design lifetime. 
• A shutdown and low power PSA is being carried out at Embalse (completion 2003). 
• Changes to the licensee organization which may impact safety must be submitted to the 

regulator before implementation. 
• The regulator has established an oversight process for the systematic review of safety culture. 
• Re-evaluation of siting (i.e. external hazards) has been carried out. Specifically: seismic 

events, tornadoes and flooding. 
• There is a systematic OPEX program in place with a regulatory assessment of its effectiveness. 
• De-regulation has had no observed impact on safety to ate. 
• The regulator has full autonomy and adequate capability, but recently there has been a small 

reduction in staffing levels due to retirements. 

II.2.    POINTS FROM THE DISCUSSIONS 

• A recent law requires that the regulator is responsible for decision-making and co-ordination of 
actions associated with emergency Planning and Preparedness. This is a new activity that is 
still being developed. 

• The Members of Group V noted that the radiation dose levels during the necessary backfits at 
Atucha I were relatively high. The Members of Group V encourages the regulator to monitor 
these trends closely during the residual work. 
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• The regulator is developing Safety Performance Indicators. The Members of Group V 
recommended that thresholds be defined in these indicators which can be used as measures 
for acceptable safety performance and regulatory action. 

II.3.    POINTS FROM THE 1ST REVIEW MEETING NOT DISCUSSED ABOVE 

The following information was provided during the presentations: 
• A non-prescriptive strategy is preferred. 
• There is currently no difficulty in providing financing for safety upgrades of the operating reactors. 
• PSA is widely used; continuous review processes are in place as a substitute for PSR; safety 

reports are updated as part of this process. 
• Emergency preparedness exercises are carried out once per year. 

II.4.    ITEMS TO BE INCLUDED IN THE NATIONAL REPORT FOR THE THIRD 
          CNS REVIEW MEETING   

The Members of Group V suggested that updates on the item given in D above should be included in 
the next report. 
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ANNEX III 
CONCLUSIONS ABOUT ARGENTINA 

DURING THE THIRD REVIEW MEETING 
ON THE CONVENTION ON NUCLEAR SAFETY 

III.1.    HIGHLIGHTS 

• ATUCHA I: Implementation of an extensive backfiting programme prioritizing reactor internal 
issues, implementation of a second heat sink system, and analysis of RPV integrity. 

• ATUCHA II: completion of the plant construction licensed since 1981, may need additional 
requirements to incorporate latest improvements in nuclear field. 

• Improvement in the areas of: safety culture, human factors, ALARA activities, Emergency 
Preparedness. 

• Following the decision to perform 10 – year periodic safety reviews the Regulator decided to 
grant operating licenses limited to 10 years. 

• Operating experience feedback: 
# Long list of actions taken based on national and international experiences. 

• Implementation of quality management system in the Regulatory Body. 
• Development of regulatory safety indicators. 
• More openness and transparency in Regulatory Body and Operator relationship. 

III.2.    2nd REVIEW MEETING FOLLOW-UP 

Items emerged from the discussions: 
• Emergency planning and preparedness activities. 

# Rely on technical knowledge, strong legal framework, large dissemination of information, 
education and trainings. 

• ALARA activities. 
# Plant specific and headquarter (HQ) ALARA committees are established. 
# Specific plant programme implemented in several areas led to significant doses 

reduction. 
• Regulatory safety indicators. 

# 25 indicators defined using acceptable ranges rather than thresholds. 
# Mainly based on operating experience. 
# Used as additional regulatory tools. 

III.3.    GOOD PRACTICES 

• Strong programme on openness and transparency regarding community participation and 
general public information in the field of emergency preparedness and exercises on an annual 
basis required by law. 

• Regulatory Body training programme based on profile of each post (please elaborate at the next 
CNS RM). 
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III.4.    CHALLENGES 

• ATUCHA I: First stage of the sever accident management programme just finished. 
# Effectiveness of identified scenarios must be assessed to elaborate corresponding 

procedures and training programme. 
• ATUCHA II: Meeting current regulatory requirements for a 30 – year old design in compliance 

with international applicable standards to the extend practicable. 
• ATUCHA II: Status of long time stored equipment: comprehensive programme envisaged to 

evaluate the situation, spare parts issue. 
• Development of indirect safety culture indicators. 
• RB concerns regarding ATUCHA I RPV integrity before the end of life time. 
• RB human resources might be an issue by 2010 due to many retirements. 

III.5.    PLANNED MEASURES TO IMPROVE SAFETY 

• Continuation of the Severe Accident Management (SAM) programme implementation. 
# Progress could be reported at he next CNS RM. 

• Plant specific seismic PSA programme in progress for Embalse plant (PSA was not considered 
in original design). 
# Progress could be reported at the next CNS RM. 

• Continuing implementation of quality management programme within the RB. 
• Application of PSA results at ATUCHA I and EMBALSE. 
• Regulatory audit scheduled in 2005 to improve operating experience feedback in ATUCHA I. 
• Peer reviews planned in 2006 / 2007. 
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ANNEX IV 
CONCLUSIONS ABOUT ARGENTINA 

DURING THE FOURTH REVIEW MEETING 
ON THE CONVENTION ON NUCLEAR SAFETY 

RAPORTEUR REPORT 

IV.1.    HIGHLIGHTS 

• Improvement activities (CNE: design modifications from PSA results and emergency 
operating procedures) (CNA: physical protection system and emergency electric system). 

• PSA results have lead to activities to improve operator reliability and introduce a human error 
reduction programme. 

• Ageing management programmes have been established for both operating reactors, including 
plant modifications and refurbishments. 

• Plant life extension programme is in a first phase. 
• Emergency planning and preparedness activities are on-going (Geographical information 

system is under development) (Emergency control centre is under implementation). 
• Plans for new installations (CAREM prototype with high safety features is in design stage) 

(Fourth NPP is in pre-feasibility phase). 
• CNA II design issues have been reviewed comprising break preclusion approach to LOCA. 
• A comprehensive OEF system is in place that consists of a closed loop approach with active 

participation of experts from operator (head quarter and plant) as well as the Regulatory Body. 
• ALARA activities have been reinforced with better implementation of mockups, training and 

analysis tools leading to a significant decrease in dose. 
• A knowledge management system is in place that preserves the knowledge of retired senior 

personnel to be integrated in training purposes. 

IV.2.    PREVIOUS REVIEW MEETING FOLLOW-UP 

• The severe accident management programme is partly finished. Plant damage states have 
been defined and strategies have been proposed. Other actions are still ongoing. 

• 24 safety performance indicators are used as one of the regulatory tools to provide an 
additional view on NPP safety performance. 

• ARN increased in personnel, mainly young professionals under training programmes, and 
knowledge management tools are used. 

• A seismic PSA study, following the EPRI-methodology is on-going and is scheduled to be finished 
in 2009. 

• WANO Peer reviews have been performed at both sites. Experts from the plants also 
participated in various WANO missions. 

IV.3.    GOOD PRACTICES 

• The extensive OEF system consisting of a closed loop approach with participation of analysts 
at headquarters, technical experts at the plant, as well as the involvement of the regulator, 
and this as well for internal and external events is considered as a good practice. 
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• Active participation in CANDU Owners Group and exchange of information on safety issues 
with other countries that operate CANDU reactors is considered as a good practice. 

• The systematic approach with respect to communications with stakeholders, as part of the 
current quality management system is considered as a good performance. 

• The certification of laboratories and courses by the regulator to ensure that these labs and 
courses meet a certain international standard is considered as a good performance. 

• The knowledge management system in place that preserves the knowledge of retired senior 
personnel to be integrated in training purposes is considered as a good performance. 

• The human corrective actions programme that is used extensively including the modifications 
of the backfitting and PSA-results insights is considered as a good performance. 

• The use of training mock-ups and specifically trained personnel allowed to achieve a significant 
dose reduction for several tasks. 

IV.4.    CHALLENGES 
• Severe accident management programme to be further developed and implemented. 
• Technical challenges are related to: design improvements for CNA II; Seismic re-evaluation of 

CNE; CNE refurbishment. 
• Harmonisation of ARN safety standards with IAEA safety requirements and guides Argentina 

Development of an integrated management system for the Regulatory Body based on GS-R-3. 
• Emergency control centre improvements and the development of a GIS system. 

IV.5.    PLANNED MEASURES TO IMPROVE SAFETY 

• Further development of the severe accident management programme and the implementation 
of preventive measures. 

• Further development and implementation of: Design improvements for CNA II; Seismic evaluation 
of CNE; CNE refurbishment. 

• To complete the harmonization of ARN Safety standards with IAEA safety requirements and 
guides. 

• Development of new safety standards regarding life extension and new installations. 
• Integrated Management System implementation in the Regulatory Body. 
• Further enhancement of the emergency planning & preparedness activities by developing the 

GIS system, and improving the emergency control centre. 
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ANNEX V 
ANSWER TO QUESTIONS OR COMMENTS 

NATIONAL NUCLEAR SAFETY REPORT - 2007 

N° 1 
CNS-REF.-ART.: 6 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.6.4.2.3. 

What are the lessons learned from the Forsmark incident (July 2006) with respect to the 
modification of the emergency electrical supply systems? 
According to the information provided by IRS and WANO it is understood that Forsmark incident of July 
2006 is not directly applicable to CNA I and CNE. In both plants the control of rectifiers, batteries and 
inverters is not integrated in a single unit. The Emergency Diesel System control is DC supplied, with 
batteries as a passive back up. Anyway it should be verified if there is no link through the control logic of 
the Emergency Diesel System with normal power buses. In the case of CNA I, as part of the PSA update, 
a very detailed model of uninterruptible electric supply has been developed. This model verifies the 
independence between the rectifiers control and the batteries when these are required. It should be 
remarked that due to a Loss of Offsite Power event occurred in 2004 in CNA I (see Annex VIII), there were 
lessons learned and corrective actions involving grid problems and related dynamic effects and trip of 
electric protections. The basic engineering of AREVA project for future Emergency Power Supply in CNA I 
is being reviewed by NA-SA. The Forsmark event is taken into account in performing this review. The 
analysis performed for this event by OE Central Group has been sent to CNA II for its consideration and is 
presently under analysis. 

N° 2 
CNS-REF.-ART.: 7 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.7.3.2.3. 

The individual license is a permanent license. How can ARN oversee that the knowledge 
required for the individual license still is up to date and adequate? 
Regulatory Standards AR 0.11.1. and AR 0.11.2. set the criteria and procedures to provide individual 
licenses and specific authorizations to the personnel who apply for licensable functions in nuclear 
installations. Besides, both standards establish terms and conditions according to which the Regulatory 
Body issues, such individual licenses and specific authorizations, after the analysis and corresponding 
report of its Advisory Committees. 
Two kinds of conceptually different certifications are issued: Individual License: It is a certificate, of 
permanent feature, recognising the technical-scientific qualification necessary to perform a certain function 
within the operation chart of a certain type of nuclear installation. The individual license is a necessary but 
not sufficient condition for occupying a licensable position in a given nuclear installation. 
Specific Authorization: It qualifies a licensed person to perform such function in a particular nuclear 
installation. It has a maximum validity period of two years and may be renewed. The Licensee shall 
submit the necessary documentation to the Regulatory Body whenever an individual license or a 
specific authorization is required for its personnel. The "Consejo Asesor para el Licenciamiento del 
Personal de Instalaciones Relevantes (CALPIR - Advisory Committee for the Licensing of Relevant 
Installation Personnel), which advises the Board of Directors of the Regulatory Body concerning these 
matters, evaluates each applicant’s qualification and either suggests the issue of the requested 
certificate or recommends a requirement to the Licensee, for the applicant’s training and achievement 
of the needed qualification. 
Persons who need to obtain an Individual License, Specific Authorization or its renewal, must fulfil a 
number of requisites concerning qualification, working experience, training and re-training, which will all 
depend on the installation and on the function. Furthermore, these persons must fulfil a psychophysical 
aptitude certificate as well. These requisites are summarised as follows: To obtain an Individual License: 
Basic qualification requisites: an educational level (secondary, university or post-graduated) suitable to 
allow the access to higher stages of qualification according to the technical scientific capability required for 
the task and function level. 
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Specialised qualification requisites: the technical-scientific knowledge in the nuclear field required to 
perform adequately a licensable function. The specialised qualification must respond to programs 
accepted by the Regulatory Body and to the approval of examinations with the participation of 
personnel of such Body. Working experience requisites: relevant experience for the correct 
performance of the function applied for.  
To obtain or renew a Specific Authorization: It is required: a suitable license for the function.  
Specific qualification requisites: knowledge regarding radiological safety, installation operation and 
characteristics, responsibilities of the position to be licensed and the mandatory documentation. The 
extension and depth of the postulant’s knowledge shall be such that contributes to the safe operation 
of the installation. The specific qualification is obtained after taking courses according to programs 
accepted by the Regulatory Body and approving examinations with the participation of personnel of 
such Body. On-the-job-training requisites: to have carried out tasks corresponding to the function 
applied for, under the supervision of licensed personnel, in the same or similar installation.  
Re-training requisites: to take courses and periodic evaluations prepared by licensed personnel in the 
operation of a nuclear installation under normal and abnormal operating conditions, with the purpose 
of updating knowledge and developing aptitudes which will enable the applicant to face eventual 
abnormal operating conditions. 
Psychophysical aptitude requisites: the applicant’s psychophysical condition shall be compatible with 
the psychophysical profile needed to perform a licensable function as required.  
The Individual License is not transferable, its validity is permanent and only could be revoked in case 
of false data previously declared. The Specific Authorization will expire as maximum within two years 
after the issuing date and will be subject to a psychophysical certificate validity. 
The Specific Authorization could be modified, suspended or revoked due to different reasons such as 
inadequate performance, no achievement of the annual re-training program, as well as no work in the 
specified function during more than a year.  
In summary, to be authorized to work in a particular installation the personnel who perform specified 
functions shall have both an Individual License and a Specific Authorization (licensed personnel). As a 
requirement, only the personnel who have Individual License can apply for a Specific Authorization. 
To maintain licensed personnel updated and the adequate level of knowledge and skills required, an 
annual re-training program is implemented and must be approved by the licensed personnel. 

N° 3 
CNS-REF.-ART.: 7 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.7.3.2.3. 

There seems to be no difference in requirements between obtaining (for the first time) and 
renewing a specific authorization. Could you give some additional explanation? 
The differences between the requirements to obtain Specific Authorization and its renewal are the 
following:  
For Specific Authorization:  
Specific qualification requisites: knowledge regarding radiological safety, installation operation and 
characteristics, responsibilities of the position to be licensed and mandatory documentation. The 
extension and depth of the postulant’s knowledge shall be in such a way that contributes to the safe 
operation of the installation. The specific qualification may be obtained after taking courses according 
to programs accepted by the Regulatory Body and approving examinations with the participation of 
personnel of such Body. On-the-job-training requisites: to have carried out tasks corresponding to the 
function applied for, under the supervision of licensed personnel, in the same or similar installation. 
Psychophysical aptitude requisites: the applicant’s psychophysical condition shall be compatible with 
the psychophysical profile needed to perform a licensable function correctly.  
To renew a Specific Authorization: 
To have a Specific Authorization in force. 
Requisites of re-training: to take courses and periodical evaluations prepared by licensed personnel in 
the operation of a nuclear installation under normal and abnormal situations, with the purpose of 
updating knowledge and developing aptitudes, which will enable the applicant to face eventual 
abnormal situations.  
Requisites of psychophysical aptitude: the same as before. 
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The Specific Authorization will expire as maximum within two years after the issuing date and will be 
subject to a psychophysical certificate validity. The Specific Authorization could be modified, suspended 
or revoked due to different reasons such as inadequate performance, no achievement of the annual 
re-training program, as well as no work in the specified function during more than a year. To maintain 
licensed personnel updated and in the adequate level of knowledge and skills, an annual re-training 
program is implemented and must be approved by the licensed personnel. 

N° 4 
CNS-REF.-ART.: 7 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.7.3.3. 

At what frequency are the different inspections, assessments and audits performed? 
See support document: Inspections, assessments and audits frequencies. 

N° 5 
CNS-REF.-ART.: 8 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.8.2.1.3. 

Who is meant with stakeholders? How is the satisfaction of each stakeholder measured? 
See support document: Stakeholders considered by ARN. 

N° 6 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.3.1.1. 

Could you give some more detail on how the RPV surveillance programme is continued? 
As mentioned in the Argentinean Report, the CNA I RPV surveillance program led to an important 
uncertainty in the evaluation of the results, which implied not been able to use the results in a safety 
study. Therefore, the surveillance program was replaced by an irradiation program in host reactors: 
VAK (Germany), Loviisa (Finland), and BR2 (Belgium). The evaluation of the results was done by an 
international consultant lead by CEN/SCK of Belgium. The CEN/SCK report concludes that the 
integrity of the CNA I RPV is guaranteed until end of life (EOL) and 1.5 EOL without any additional 
condition using the NRC acceptance criteria. The same conclusions were obtained using French and 
German criteria. The results were independently evaluated by the ARN who considers that according 
to the evaluations performed so far, the RPV integrity with respect to the material properties is 
assured at least until the plant design EOL. 
Nevertheless, the RPV integrity assessment is considered a permanent subject. For that reason ARN 
considers that a permanent evaluation is necessary in the areas of non destructive tests, pressurized 
thermal shock (PTS) and neutronic, including the results from the periodic RPV inspections. In this 
frame, ARN has signed a contract with Oak Ridge National Laboratory (USA) in order to evaluate the 
PTS, evaluation which is now being undergone. Additionally, during the next CNA I planned outage, 
and in the frame of the ISI program, specific inspections will be conducted, which include the RPV 
nozzles. According to the results obtained from such evaluations and inspections, it will be decided if 
additional studies are needed. 

N° 7 
CNS-REF.-ART.: 15 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.15.2. 

What are the main reasons for the large difference between CNA I and CNE annual average 
collective dose per unit of electricity generated (respectively 11% and 1% of hte collective 
effective dose constraint)? 
The main reasons for the large difference between CNA I and CNE annual average collective dose 
per unit of electricity generated are: 
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a) About 90% of the collective doses are due to tritium discharges because CNA I and CNE NPPs are 
cooled and moderated with heavy water, but both NPPs have different designs. In CNA I, the coolant and 
moderator systems are connected and its tritium concentration is about 21 Ci/L, while in CNE, coolant 
and moderator systems are not connected, and the discharges mainly contain tritium coming from the 
coolant system, whose tritium concentration is about 2 Ci/L. 
b) Regional collective dose is strongly dependent on the population distribution around the NPP. 
In the case of CNA I, it is located at 100 km from Buenos Aires (where a half of the population of 
Argentina live, 17 million people approximately) while CNE is located at 700 km from this city. 
c) The power of CNE is 600 MW(e), almost double of CNA I, 335 MW(e). It means that, to express the 
collective dose per unit of electricity generated, is necessary to divide the tritium activity discharged, 
by a higher number in case of CNE than in case of CNA I. Therefore, as the discharged volume from 
both plants are quite similar, the collective dose per energy unit in CNA I is higher than in CNE. 

N° 8 
CNS-REF.-ART.: General 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: General 

Argentina has provided a comprehensive report demonstrating a strong commitment for the 
effective implementation of the obligations and the review process of the convention. 
Thank you very much for the comment from Germany. 

N° 9 
CNS-REF.-ART.: 2 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 2.7. 

Section 2.7. presents a number of improved safety aspects (features) of Atucha II unit under 
construction as compared to currently operating units. Will the above improved safety aspects 
applicable for Atucha II be implemented at the operating plants? 
As it was informed in previous Argentinean National Reports, a backfitting programme for CNA I was 
established by the Regulatory Body and has been already implemented in the plant. The improvements 
cover many of the topics which were already covered in CNA II, due to the similarity of plant’s design: 

• Elimination of Stellite-6 in reactor internals. 
• Installation of control rods and instrumentation guide tubes of new design. 
• Installation of fuel channels of new design. 
• Installation of the second heat sink system (emergency core cooling system that uses the 

steam generators). Second heat sink also included major I&C modifications and improvements 
and has an independent emergency power supply. 

• New tools used for the RPV integrity analysis. 
• Improvement of the inspection of the RPV circumference welding, through a new inspection 

device. 
Also, based on CNA II design, improvements to High Pressure Injection System and Boron Shutdown 
System and new reactor trip initiation signals were also introduced in CNA I.  
At present there is a new emergency electric supply system under study which is an updated version 
of the presented one by Siemens – KWU in 1994. 
For the CNE plant, which is a CANDU type reactor, safety improvements come mainly from CANDU 
Owners Group (COG). Many of them are now being under consideration within the plant life extension 
project framework. 

N° 10 
CNS-REF.-ART.: 2 
PAGE OF REPORT: page 15 
CHAPTER OF NAT. REPORT: 2.10. 

Section 2.10. describes the NPP operation assessment system with the help of safety 
performance indicators. Is there publicity access to these indicators, for example US NRC – at 
the official Internet site? 
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This set of safety performance indicators is not a stand alone regulatory tool, but it is used with other 
ones in the monitoring of safety. So, they provide a partial view of the NPPs performance. As 
indicated in the report, they are not, by themselves, sufficient to fully assess safety during NPP 
operation. 
In other words, taken in isolation they could lead to conclusions about the state of the operation of a 
plant and its safety-related features, which do not really reflect such status, in particular when 
interpreted by a non-technical audience. 
Nevertheless, the possibility of making operative such indicators may be considered in the future. 
Besides, the safety performance indicators that NA-SA sent to WANO are published by this Organization. 

N° 11 
CNS-REF.-ART.: 6 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.6.5. and 3.6.6. 

Sections 3.6.5. and 3.6.6. state that during this reporting period, CNE operated with “acceptable 
safety margins”. Please describe how acceptable safety margins are being demonstrated and 
maintained at CNE taking into account the effects of heat transport system ageing, in particular 
the ageing of major components including pressure tubes and steam generators. 
The safety-related ageing phenomena on the primary heat transport system (PHTS) of a CANDU 
reactor are: 

• Pressure tubes longitudinal and diametrical creep. 
• PHTS rugosity increase. 
• Oxide deposits on the steam generator (SG) tubes inner walls. 

The operational parameters associated with ageing are: 
• Reactor inlet headers coolant temperature. 
• Coolant steam quality in the reactor outlet headers. 
• PHTS total flow. 

The current values of those parameters obtained after interventions in the PHTS, such as the SGs 
tubes primary side cleaning and SGs separator plates replacements (bottom plenum), are: 

• Reactor inlet headers coolant temperature: the maximum allowable value is 270 °C. The current 
value is 265 °C. 

• Coolant steam quality in the reactor outlet headers: the maximum allowable value is 4%. The 
current value is less than 1%. 

• PHTS total flow: the current flow (estimated through heat balances in the secondary and 
primary circuits) is 8700 kg/s. This value is similar to the one estimated during the first years 
of operation. 

N° 12 
CNS-REF.-ART.: 6 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.6.3. 

Do continues nuclear power plants improvements have impact on the electricity tariff system 
and/or prices of electricity? 
Indeed, the continuous nuclear power plants improvements have impact on prices and electricity tariffs. 
Currently, the price of the energy generated by NA-SA, as well as the rest of electricity suppliers, is 
the recognition of variable costs (fuel), and fixed costs (maintenance and short-term investments for 
improvements). 

N° 13 
CNS-REF.-ART.: 6 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.6. 

CNA I has been in operation more than 33 years. PSR process was introduced in Argentina in 
2003. What is the prognosis of long – term operation of CNA I and how frequently is PSR 
performed (taking into account its age?) 
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CNA I NPP was designed to operate for 32 full power years. On December 2007 CNA I had 23.5 
effective full power years of operation. 
As was stated in the previous Argentinean National Reports, a backfitting program was established 
from 2000 to 2005 in CNA I by the Regulatory Body.  
All the backfitting activities were fulfiled. The main activities performed were: 

• Commissioning of the second heat sink system. Replacement of all channels with “Stellite-6”. 
• Replacement of all control rod guide tubes by a new one with improved nozzle design.  
• Replacement of in-core neutron flux sensor guide tubes. 
• Cleaning of moderator tank. 
• RPV integrity analysis using new tools. 
• Moderator water level measurements. 
• A control rod shutdown system test program with the objective of detecting early effects of 

potential failures in the new control rods. 
• Updating of the Safety Analysis Report, Probabilistic Safety Assessment, Operation Policies 

and Principles Manual, Maintenance Manual and Quality Assurance Manual. 
Under the continuous safety improvements policy, additional improvements are reported in the fourth 
Argentinean National Report. However, ARN has not received any formal request from the licensee to 
extend the CNA I’s life time. 
Concerning the PSR frequency, until 2003, PSR as defined by IAEA had not been required in Argentina. 
It could be mentioned that Argentinean Regulatory Standard AR 3.9.1. – “General Safety Operation 
Criteria” establishes that the Safety Reports of nuclear installations must be updated each time that a 
safety significant plant design modification is performed and once every five (5) years. These Safety 
Reviews, which are part of the continuous improvement program, foresee a continuous following of the 
safety issues, the operative experience feedback and the ageing management program.  
Additionally, there is a permanent Regulatory Body activity, on both the standards review and the 
standards updating, whose target is to maintain the Argentinean standard system updated. This 
regulatory strategy enables a continuous and effective control of the safety condition of the plants. 
However, in 2003 the ARN Board of Directors nominated a specific committee to analyse and update 
the NPPs Operating Licenses considering national and international state of the art.  
It was considered appropriate that the PSR will be applicable from the renewal of the NPPs licenses 
and not prior the issue of the new licenses, because at the time of their issuance, the safety level 
established by their design were kept, the safety documentation were updated, and the necessary 
safety improvements coming from the operative experience feedback and the ageing management 
programs, were implemented. 
As a consequence, and taking into account the improved safety condition of the installation after the 
backfitting program carried out, at the end of 2003 the new license for CNA I was issued. It includes 
two major changes: 

• To include a validity period of the Operating License of 10 years. (*) 
• To require a formal PSR for its renewal. 
(*) The validity of such licenses is subordinated to the compliance with the conditions established in the 
corresponding license, as well as with the standards and requirements issued by the Regulatory Body. The 
non-compliance with any of the standards, conditions or requirements should be enough reason for the 
Regulatory Body to suspend or cancel the corresponding license validity, according to the sanction regime in 
force. 

N° 14 
CNS-REF.-ART.: 6 
PAGE OF REPORT: Page 19; Page 27 
CHAPTER OF NAT. REPORT: 3.6.4.2.2. and 3.6.4.2.3. 

Section 3.6.4.2.2. 
1) It is mentioned that 85% of physical protection system improvement work was completed by 
April 2007 and personnel responsible for this work are undergoing specific training. Please 
provide some details regarding the training of the personnel and the system improvements. 
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Section 3.6.4.2.3. 
2) As the main designer of the plant CNA I is KWU, but NRC regulations are also adopted. 
Please inform how the NRC regulatory requirements are harmonized with the requirements of 
KTA regulations. 
Section 3.6.4.2.3. 
3) For diesel generator surveillance testing are requirements taken from KTA or NRC? Kindly 
provide detailed information about diesel generators surveillance testing (testing types and 
test frequencies). 
1) 
The CNA I Physical Protection (PP) Division, includes the following personnel in order to carry out their 
duties: 

• A Head of Division, 
• Heads of Section (Administration, Maintenance and Operations), 
• Administrative (Administration), 
• Technicians (Maintenance), 
• Assistants (Operations), and 
• Operators (Operations). 

The staff training plan has the following features:  
CNA I NPP General courses: 

• Introduction to CNA I (All PP staff). 
• General knowledge on Radiological Risks and plant lay-out (All PP staff). 
• Specific knowledge on Radiological Risks and plant lay-out (All PP staff). 
• Fire fighting (Operations section staff). 
• First Aid (All PP staff). 
• CNA I annual safety course (All PP staff). 

Specific courses on Physical Protection (PP): 
• Concepts of PP (All PP staff). 
• Procedure on CNA I input/output of materials (All PP staff). 
• Regulatory Standard AR 10.13.1. PP of materials and nuclear installations (All PP staff). 
• Computing Course (All PP staff). 
• Credential Issuance (Administration staff). 
• PP Information System Operation (Operations section staff). 
• X-Ray detection system Operation (Operations section staff). 
• PP Information System Configuration (Maintenance section staff). 
• Explosives Detection (Operations section staff). 
• Metals detector (Operations section staff). 
• Other specific courses. 

Concerning the system improvements, they are described in the text of the Report. No further details 
are provided because they are classified as confidential. 
2) 
The first Argentinean Regulatory Standards related to nuclear power plant licensing were issued some 
thirty years ago. 
The CNA I purchase contract specified that the components, designed and manufactured in the 
Federal Republic of Germany, had to fulfil the German standard requirements and that the CNA I 
design had to be licensable by that country. 
Some Argentinean Regulatory Standards were issued after the construction of CNA I and CNE, so the 
Regulatory Body did not ask for their immediate application. Nevertheless, those standards are 
already been fulfiled or are being implemented. 
Argentinean Regulatory Standards are not prescriptive but “of compliance” with safety objectives, 
which means, of performance of systems, equipment and components. Good engineering 
judgements, qualification of operators and Licensee’s way of making appropriated decisions, are the 
basis for the achievement of such objectives. 
However, in some opportunities a prescriptive criteria has to be adopted by the Regulatory Body in 
order to verify the performance fulfilment on the solutions proposed by the Licensee. 
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In that respect, recommendations or standards coming from different organizations (IAEA, NRC, etc.) 
may be adopted by ARN to regulate some specific subjects. 
As an example, from 2000 to 2005 CNA I was under an upgrading plan. One of the main design 
changes, regarding plant safety, was the installation of the Secondary Heat Sink, that includes major I&C 
modifications and improvements, such as the new logical system using TELEPERM XS technology.  
The Secondary Heat Sink was licensed under the following Argentinean Regulatory Standards: 

• AR 3.2.1. – General Safety Design Criteria for Nuclear Power Plants. 
• AR 3.2.3. – Fire Protection for Nuclear Power Plants. 
• AR 3.4.1. – I&C and Reactor Protection Systems for Nuclear Power Plants. 
• AR 3.5.1. – Emergency Power Supply for Nuclear Power Plants. 
• AR 3.6.1. – Quality System for Nuclear Power Plants. 

In addition, the German safety standard KTA-3503 “Type Testing of Electrical Modules for the Reactor 
Protection System” was applied to I&C digital technology such as the Teleperm XS System implemented. 
The qualification tests were performed by the Gessellschaft für Anlagen-und Reaktorsicherheit (GRS) 
together with the Technischer Überwachungs Verein (TÜV) from Germany. 
NRC asked Siemens AG for the provision of a comparison between German and American standards 
in the frame of nuclear industry. With this information, NRC also qualified the system through tests 
performed by EPRI.  
All mechanical components were designed and constructed according to KTA standards. 
The NRC certification helped ARN to authorize the use of the TELEPERM XS system in the CNA I 
including the restrictions mentioned in such certification. It is important to mention that there are few 
similar situations in the Argentinean regulatory practices, and they are specially considered case by 
case. 
3) 
CNA II diesel generators (DG) are provisionally part of CNA I electrical emergency system. 
Surveillance test uses KTA standard 3702.2 as a reference. 
There are two tests involving CNA II diesel generators: 

• Annual test during plant programmed shutdown: The test simulates an actual demand of 
CNA I – CNA II electric bars interconnection, with CNA II DG feeding the bars (the condition is 
loss of external electric supply inhibiting CNA I diesels to start). 

• Every 45 days (staying CNA I in operation) one CNA II diesel generator is started from CNA I 
control room, testing the availability of the interconnection up to the electric feeding of the 
switch that would connect to CNA I normal bars. After finishing this part, the rest of the DG 
operational tests below mentioned are performed. Three months is the period of time between 
tests for each DG. 

The operational tests consist on: 
• Checking the conditions for the start-up: Levels of fuel, coolant, lubricants; valves alignment, 

availability of air in the air start-up system, speed regulator setting, existence of pre-lubrication 
and pre-heating. 

• Checking the service conditions: Power and frequency synchronization with the bus bar; 
speed regulator behaviour; and others temperature and pressure measurements. 

Concerning the diesel auxiliary systems controls, there are daily controls of the DG cooling system. At 
every shift turn, there are controls of oil level and leaks. There is also a weekly control of water 
chemistry. Similar controls are performed on cooling units. 

N° 15 
CNS-REF.-ART.: 7 
PAGE OF REPORT: page 8; page 36 
CHAPTER OF NAT. REPORT: 3.7.1. 

We appreciate the information provided by Argentina on its experience with the use of safety 
indicators for the safety performance of NPPs. Australia is keen to learn more of the 
"Effectivness and Efficiency" indicators that Argentina use to measure the effectiveness and 
performance of its nuclear safety regulatory framework. For example, we have an interest in 
indicators used to measure:  
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• The effectiveness of outcomes and processes; 
• efficiency of processes in terms of timeliness, cost and resource utilisation; 
• effectiveness of enforcement and compliance activities; and 
• stakeholder satisfaction. 

See support document: Safety performance indicators. 

N° 16 
CNS-REF.-ART.: 7 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.7.1. 

With regard to the issue of transparency in nuclear safety regulatory decision making, 
Australia would be grateful for any information that Argentina could provide on the processes 
it has in place to achieve transparency of the regulatory decision making process, for both 
licensees and members of the public, particularly where there is no legislated process in place. 
By Decree Nº 1.172/03, the Regulatory Body, as an agency belonging to the National Public 
Administration, must improve the quality of its institutional information. This decree was issued by the 
President of República Argentina and regulates the access to public information within the executive 
branch, guaranteeing the exercise of this right to everyone without distinction. 
It also regulates instruments aimed at expanding citizen participation and transparent management, 
creating an institutional space that allows citizens to meet and discuss acts of government and at the 
same time provides a means to the administration to understand and perceive the community’s 
opinion regarding its decisions. 
This decree considers, among others, the rules for citizen participation in the elaboration of Regulatory 
Standards. It aims to promote effective citizen participation in the process of drafting administrative 
rules and bills. Everyone can request the completion of the procedure in question and may participate 
by submitting written views and proposals properly substantiated. 
Furthermore, ARN has in place a dedicated section in its web page to allow publicity of the standards 
to be modified and to receive the opinion of the interested parties. 

N° 17 
CNS-REF.-ART.: 7 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.7.3.2.2. 

It is mentioned that requirement of PSR was enforced by the end of 2003. Kindly indicate 
whether the PSR was carried out by CNA I and CNE for the new license issued in 2003 and 
2007 respectively? 
There were no PSR required to CNA I and CNE prior to the issue of the new Licenses. 
Until 2003, PSR as recommended by IAEA, had not been required in Argentina. It could be mentioned 
that Argentinean Regulatory Standard AR 3.9.1. – “General Safety Operation Criteria” establishes that 
the Safety Reports of nuclear installations shall be updated each time that a plant design modification 
is performed and once every five (5) years. These Safety Reviews, which are part of the continuous 
improvement program, foresee a continuous monitoring of the safety issues, the operative experience 
feedback and the aging management program. 
In addition, there is a permanent Regulatory Body activity, on both standards review and standards 
updating, whose target is to maintain the Argentinean Standard System updated. This regulatory 
strategy enables a continuous and effective control of the safety conditions of the plants. 
However, in 2003 the Board of Directors of the ARN nominated a specific committee to analyse and 
update the NPPs Operating Licenses considering national and international state of the art.  
It was considered appropriate that the PSR would be applicable from the renewal of the NPPs 
licenses and not prior to the issue of the new Licenses, because at the moment of their issuance, the 
safety level established by their design were kept, the safety documentation were updated, and the 
necessary safety improvements coming from the operative experience feedback and the aging 
management programs, were implemented. 
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N° 18 
CNS-REF.-ART.: 8 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.8.1. 

Does ARN uses services of the qualified Technical Support Organizations (TSO)? If yes, how 
these organizations are categorized/licenced and what are their responsibilities? 
The ARN as a Regulatory Body, is responsible for verifying that nuclear facilities are designed and 
operated in compliance with the existing regulatory rules and standards. In order to do so, ARN has 
qualified personnel in the appropriate disciplines, and contracts other institutions to give advice on 
specific topics but retaining its responsibilities and functions. The ARN personnel is capable of 
evaluating any assessments performed by consultants. 
As it can be seen in the point 3.8.4. of the fourth National Safety Report, ARN has several agreements 
with local and international support institutions. One of the conditions of the agreements is that the 
institutions involved do not provide assistance to the licensee in the same area.  
The international institutions were selected for their expertise in the field concerned, for being well 
established and recognized, and also for their vast experience in advising other Regulatory Bodies. 
Because of that, ARN considers that in such cases, a formal qualification of their capacities is not 
necessary.  
Among these institutions, it is possible to underline TÜV (for inspections) and GRS (for evaluations) 
from Germany, Purdue University-USA (for the development and implementation of core codes 
calculation), Battelle National Lab-USA (technical services for CNA II), as well as an agreement with 
the US-NRC on the use of specific codes. 

N° 19 
CNS-REF.-ART.: 8 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.8.1. 

Do you have currently in your regulatory staff, or in a technical support organization (TSO) 
working for the Regulatory Body, an adequate number of technical experts (e.g., in the areas 
of reac-tor physics, thermo-hydraulics, and materials engineering) who can conduct an in-
depth safety assessment of nuclear power plant, as would be needed for evaluation of 
operating events, large power upgrade, lifetime extension, or new build? Do these experts 
have tools and ability to conduct independent safety analysis, including both deterministic 
analysis and PRA? What is the number of such experts in various technical areas within the 
Regulatory Body and within the TSO? What is the outlook concerning the number of experts 
in a few years ahead? 

In section 3.8.2. of the Argentinean National Report a detailed description on the ARN human resources 
is given. 

During the period covered by the report, the ARN has increased substantially its personnel, from 202 
persons at the end of 2002 to 312 at the beginning of April 2007. 

The important increase in personnel, mainly young professionals, (in few cases retired personnel with an 
important experience) is mainly due to the need of covering positions which have to be filled as the 
generation of specialised professionals reach retirement age and also after the resignation of some 
personnel due to an increasing offer of better-paid job opportunities from other industries. The increase in 
personnel also took place to cover temporary new tasks to be undertaken by the Special Processes Unit.  

Most of the young professionals and technicians recently recruited are under training programs, 
courses and on the job training, collaborating on specialised technical tasks. Anyway, it is well known 
that the training of a huge increase in young professionals is a challenge for any institution. In the 
case of Argentina, the nuclear activities renaissance produced a positive impact in motivation that 
helps to face the situation. 

As needed, ARN response capacity is improved through work agreements and contracts with 
specialist, and domestic and foreign organizations. Concerning the ARN human resources assigned 
to evaluation, inspections and audits related to NPPs, there are 55 persons. Between 1998 and 2006 
the percentage distribution was as follows: 
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• Inspections and evaluations in NPPs 25%. 
• Support activities directly related to safety 40%. 
• Support activities indirectly related to safety 35%. 

These tasks include two resident inspectors in each NPP, and safety analysers, who perform supporting 
tasks to inspection activities and who study particular issues regarding the installation safety. 
As of that date, the increase in the licensing tasks for CNA II, CNE life extension and CAREM 
licensing as well as the pre-feasibility studies for the Fourth NPP, have implied a temporary 
redistribution of the efforts dedicated to the operating NPPs, reducing somewhat indirect support 
activities but maintaining the man-hours directly applied to the inspection of the installations. 
Concerning the human resources assigned to construction and commissioning control, ARN has 
formed an Ad Hoc organization for the commissioning of CNA II, composed by 22 Professionals and 4 
Technicians. The quantity, composition and qualification of the personnel of this organization, may 
vary in the future according to the requirements of the commissioning activities. 
Furthermore, four professionals have been appointed for the regulatory activities corresponding to the 
life extension of CNE, while for the commissioning of CAREM and for the preoperational studies of the 
fourth NPP, two professionals have been allotted. These professionals receive technical and logistic 
support from other areas of ARN. 
All those professionals graduated in physics, chemistry and different engineering specialities, have 
been trained in ARN and abroad, becoming technical experts in areas of particular interest like reactor 
physics, thermo-hydraulics, instrumentation & control, materials, radiological protection, PSA, severe 
accidents, etc. This fact allows them being in conditions to evaluate, in some cases with TSO 
collaboration, the NPP operating conditions as well as events, modifications, upgrades, and to cover 
the different aspects emerging from a licensing process. 
For that purpose the ARN experts have tools and abilities to conduct independent safety analysis, 
including both deterministic and probabilistic ones. ARN also contracts advice on specific topics, but 
retaining its responsibilities and functions. The personnel of ARN is capable of evaluating any 
assessments performed for the ARN by consultants. 
As it can be seen in the point 3.8.4. of the fourth Argentine National Report, ARN has several 
agreements with local and international support institutions. One of the conditions of the agreements 
is that the institutions involved do not provide assistance to the licensee in the same area. 
Among these institutions, it is possible to underline TÜV (for inspections) and the GRS (for evaluations) 
from Germany, Purdue University-USA (for the development and implementation of core codes 
calculation), Battelle National Lab-USA (technical services for CNA II) USA, as well as an agreement 
with the US-NRC on the use of specific codes. 
At last, and concerning the number of experts in ARN in a few years ahead, it is expected a 
favourable situation, given the expertise that young professionals recently recruited in different areas 
are getting. 

N° 20 
CNS-REF.-ART.: 8 
PAGE OF REPORT: page 30 
CHAPTER OF NAT. REPORT: 3.8.1. 

What kind of systematic training and development programmes you have for your new 
regulatory staff members? How do you ensure that they are ready to conduct their duties as 
regulatory staff members in the tasks assigned to them? 
ARN undertakes as a permanent activity the training of specialists in radiation and nuclear safety, 
safeguards and physical protection, by means of training courses and the participation in local and 
international training activities. The training activity is carried out through the Training Department in 
charge of defining, organizing and coordinating courses, workshops and follow-up seminars. 
Young professionals recruited attend the Postgraduate Courses in Radiation Protection and Nuclear 
Safety organized through an agreement with the University of Buenos Aires (UBA) and the Ministry of 
Health. The courses are sponsored by IAEA. This kind of courses had been taking place uninterruptedly 
on a yearly basis between 1980 and 2004. 
Since 2005 the original course was divided into two. Since then, ARN and the University of Buenos 
Aires, and IAEA as sponsor, provide yearly two postgraduate courses on: 
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• Radiation Protection and Safety of Radiation Sources. The course runs for a period of 25 weeks, 
on a daily seven-hour basis, and 

• Nuclear Safety. The course runs for a period of 10 weeks, on a daily seven-hour basis. 
Additionally, a course on radiation protection is provided to train technicians. This course runs for eight 
weeks on a daily seven-hour basis. 
Afterwards, the young professionals and technicians recently recruited are on the job training, 
collaborating on specialised technical tasks. Anyway, it is well known that the training of a huge 
increase in young professionals is a challenge for any institution. In the case of Argentina, the nuclear 
energy renaissance produced a positive impact in motivation that helps to face the situation. 
In addition to the general courses mentioned above, and the on-the-job training on topics of regulatory 
interest, different ARN groups provide specific courses as needed. 
Besides, some young professionals are sent to attend specific courses in national or international 
institutions to improve their knowledge on special matters of ARN interest.  
Joint works developed by ARN in collaboration with different TSO, are also used as an opportunity to 
incorporate knowledge by the young professionals. 
The initial training period of a young professional, considering formal courses and on the job training 
on topics of regulatory interest, takes not less than five years. ARN considers that only after fulfiling 
this period they could be allowed to conduct their duties in the tasks assigned to them. 

N° 21 
CNS-REF.-ART.: 8 
PAGE OF REPORT: page 37 
CHAPTER OF NAT. REPORT: 3.8.1. 

It is described that ARN has the capacity to evaluate independently the construction, 
commissioning and operation of NPPs. On the other hand ARN has a considerable loss of staff 
due to retirement and huge amount of young professionals with the need of education and 
training. 
How is the regulatory capability maintained under these circumstances and in particular with 
the challenges of licensing of CNA II and CAREM and life extension of CNE? 
In section 3.8.2. of the Argentinean National Report a detailed description on the ARN human 
resources is given. During the period covered by the report, the ARN has increased substantially its 
personnel, from 202 persons at the end of 2002 to 312 at the beginning of April 2007. 
The important increase in personnel, mainly young professionals, (in few cases retired personnel with 
an important experience) is mainly due to the need of covering positions which had to be filled after 
the generation of specialised professionals had reached reach retirement age and also after the 
resignations of some personnel due to an increasing offer of better-paid job opportunities from other 
industries. 
The increase in personnel also took place to cover temporary new tasks to be undertaken by the 
Special Processes Unit responsible for the licensing of CNA II and CAREM and life extension of CNE. 
Most of the young professionals and technicians recently recruited are under training programs, 
courses, and on the job training, collaborating on specialised technical tasks. Anyway, it is well known 
that the training of a huge increase in young professionals is a challenge for any institution. In the 
case of Argentina, the nuclear energy renaissance produced a positive impact in motivation that helps 
to face the situation. 
As of that date, the increase in the licensing tasks for CNA II, CNE life extension and CAREM 
licensing as well as the pre-feasibility studies for the Fourth NPP, have implied a temporary 
redistribution of the efforts dedicated to the operating NPPs, reducing somewhat indirect support 
activities but maintaining the man hours directly applied to the inspection of installations. 
All the ARN professionals graduated in physics, chemistry and different engineering specialities, were 
trained in the institution and abroad, and becoming technical experts in areas of particular interest like 
reactor physics, thermo-hydraulics, instrumentation & control, materials, radiological protection, PSA, 
severe accidents, etc. This fact allows them being in conditions to evaluate, in few cases with TSO 
collaboration, the NPP operating conditions as well as events, modifications, upgrades, and to cover 
the different aspects emerging from a licensing process. 
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As needed, ARN response capacity is improved through work agreements and contracts with 
specialist, and domestic and foreign organizations, but retaining its responsibilities and functions. The 
personnel of ARN is capable of evaluating any assessments performed by consultants. 
As it can be seen in the point 3.8.4. of the fourth Argentinean National Report, the ARN has several 
agreements with local and international support institutions. One of the conditions of the agreements 
is that the institutions involved do not provide assistance to the Licensee in the same area. 
The international institutions were selected by their expertise in the field concerned that are well 
established and recognized, and also by the vast experience in advising other Regulatory Bodies. 
Among these institutions, it is possible to underline TÜV (for inspections) and the GRS (for 
evaluations) from Germany, Purdue University-USA (for the development and implementation of core 
codes calculation), Battelle National Lab-USA (technical services for CNA II), as well as an agreement 
with the US-NRC on the use of specific codes. 

N° 22 
CNS-REF.-ART.: 8 
PAGE OF REPORT: pages 15, 32 and 38 
CHAPTER OF NAT. REPORT: Section 3.8.2.3.1.5. 

It is mentioned that self assessment was conducted by qualified personnel. Kindly elaborate 
what type of qualification was required for these personnel along with the methodology 
adopted for the self assessment? 
ARN has two procedures related to self assessment of the management system. One of them is 
Quality Audits Management: P-U4-04, which describes the methodology, responsibilities and actions 
for managing self assessments. 
The other one is Auditor’s Qualification: P-U4-08, which establishes methods, criteria and tools for the 
qualification of the personnel performing self assessments, according to ISO 19011:2002. 
In order to evaluate the personnel competences, the methods considered are: 

• Review of auditor records: academic degree, professional experience, etc. 
• Training (including the corresponding exams). 
• Observation during audits. 
• Review after quality audits. 
• Interviews. 
• Feedback with the personnel. 

The competences to be evaluated are the following: 
Personal competences: 

• Leadership. 
• Planning of tasks and activities. 
• Capability conflict resolutions and negotiations. 
• Commitment to objective achievement. 
• Communication. 
• Capability to work in group. 
• Adaptability to changes – flexibility. 

Knowledge and Abilities about: 
• Quality management system documents. 
• Reference documents. 
• Organizational environment. 
• Laws, standards and requirements applied to ARN. 
• Principles, procedures and techniques of quality audits. 
• Processes and products of ARN. 

Education and training: 
• Graduate education. 
• Professional experience related to quality management. 
• Experience in external audits - Quantity of hours. 
• Experience in internal audits in ARN - Quantity of hours. 
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Each competence is evaluated as 1, 2 or 3 and the maximum value is 51. 
The qualification criteria establishes that: 

• Up to 25 points: assistant auditor. 
• From 26 to 40 points: auditor. 
• From 41 to 51 points: lead auditor. 

N° 23 
CNS-REF.-ART.: 8 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.8.1. 

The report details how the ARN staff has increased from 202 to 312 persons from 2002 to April 
2007. It also states that ARN is presently going through "a marked reduction in specialised 
personnel" due to retirements and better-paid job opportunities from other industries. Please 
describe measures you have taken to attract and retain skilled personnel. Also, what 
successes/challenges have been observed related to knowledge management initiatives such 
as taped interviews and the mapping process being used by ARN? 
From the publication of the 4th Argentinean National Report (April 2007) up to now, the situation with 
regard to the reduction in specialised personnel has been getting better, and there has been no 
resignation of senior personnel in the period. 
Concerning the reduction of personnel due to retirement, ARN has achieved during 2007, that some 
skill retired personnel remain working in partial time dedication in the institution. In the case of young 
professionals the resignation was reduced to about 10% of the incoming personnel, generating a low 
impact in the response capacity of the organization because they were under training process. 
In Argentina, the nuclear energy renaissance produced a positive impact in motivation that helps to face 
the situation, helping the decision of the professionals to participate in attractive technological projects.  
Moreover, ARN in the context of a career development properly planned, is making a great effort to 
improve wages, a strong plan for training young personnel and provide an interesting perspective for a 
dynamic career in the institution. 
Concerning the successes/challenges, they have been observed related to Knowledge Management 
and up to now the results have been used to find possible projects between the experts and the new 
personnel and to strengthen the training programs in the organization. However, the process is just 
starting and is too soon to evaluate their results. 

N° 24 
CNS-REF.-ART.: 10 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.10. 

Has Argentina been planning to invite IRRS mission? 
In several parts of this Report we have indicated that the Regulatory Body (ARN) is undergoing a 
complex process of restructuring parts of its functioning, including the implementation of a management 
system, and of renewal of its personnel. All of this takes place in the frame of the re-launching of the 
nuclear energy- and fuel cycle- activities in the country, fact which possesses challenges of its own. 
The Regulatory Body efforts are at present devoted to adequately attend these processes. The 
eventual consideration of peer review missions (the value of which is not under dispute for our 
country) will occur in due course. 

N° 25 
CNS-REF.-ART.: 10 
PAGE OF REPORT: page 54 
CHAPTER OF NAT. REPORT: 3.10. 

The Report mentions about the development of a package of indirect safety culture indicators. 
1) Do you perform the comparison of safety culture performance at different units and do you 
assess the status of safety culture? 
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2) What specific indirect indicators of safety culture were adopted and how are they used to 
assess the status of safety culture? 
1. ARN do not perform comparison of Safety Culture Performance Indicators due to the difference in 
the plants design. CNE is a CANDU type while CNA I is a PHWR prototype. As a result, both 
organizations have different kinds of problems to face. 
2. The set of safety performance indicators is used as a regulatory tool to provide an additional view of 
the NPP performance allowing to improve the ability to detect any eventual degradation on safety 
related areas. 
The Regulatory Body assesses the safety culture status using all the regulatory tools available such 
as inspections, audits, use of operative experience feedback and safety performance indicators 
results. The Safety performance indicators used as indirect indicators of safety culture are: 
Training: 

• Number of hours devoted to training on safety-related issues. 
Feedback from Operational Experience: 

• Number of documented event analysis, findings or design modifications in similar power plants. 
Internal Control: 

• Number of internal technical audits. 
Compliance with Regulatory Authority standards: 

• Number of pending Regulatory Requirements. 
• Number of violations to the Mandatory Documents. 

Abnormal Operation: 
• Number of relevant events. When direct or root causes are associated with human deficiencies. 
• Safety Systems actuation’s. Considering here only the human failures related ones. 

N° 26 
CNS-REF.-ART.: 11 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.11.2.3. 

The report mentions that the schedule for completion of CNA II is already established and 
there is a short time to prepare. Please describe the major projected milestones and 
completion dates for the project and comment on successes/challenges in obtaining the 
necessary human resources to complete the work as planned. 
See support document: CNA II - Projected Millestones. 

N° 27 
CNS-REF.-ART.: 11 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.11.1. 

What efforts has NA-SA made to recruit and train new personnel for construction of Atucha II, 
Embalse life extension, and replacing an aging workforce at Atucha I? Has an effective training 
organization been established as part of the effort? 
See support document: Recruit & train new personnel. 

N° 28 
CNS-REF.-ART.: 11 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.11.1. 

What is the status of the engineering staffing and organizational structure at Atucha II? How is 
it ensured that it is adequate to support unit operation? 
See support document: CNA II organization structure. 
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N° 29 
CNS-REF.-ART.: 11 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.11.2.3. 

How the qualification and/or re-qualification programs are implementing and does NA-SA has 
sufficient means to verify quality of the plant operators? 
The qualification and re-qualification programs of operators are clearly defined in their scope and 
content and annually carried out by NA-SA; all of them fulfil the Regulatory Body requirements. 
The training is performed by professionals from NA-SA and external institutions (Instituto Dan Beninson, 
Instituto Balseiro, National Atomic Energy Commission, etc.). 
Only after acquiring the skills required at each stage of training, the staff is able to be examined in order 
to obtain the qualification needed to perform a specific function. The Regulatory Body participates in the 
examinations of the operational personnel in order to grant the authorization to operate the plants. 
The qualification and re-qualification programs include: 

• Lectures following a preset program where general topics related to the operation and 
external/internal events are reviewed with the objective of being analyzed and furthermore, to 
discuss the lesson learned. 

• Practices in full scope simulator, to assess skills and adherence to operational procedures in 
abnormal conditions.  

These programs must be accepted by the Regulatory Body. The whole qualification and re-
qualification process is included within the NA-SA Quality Program, and it is audited both internally by 
the NA-SA Quality Assurance Management and externally by the Regulatory Body. 
The training effectiveness has been demonstrated in the adequate operator’s response to face 
abnormal conditions occurred during the plant operation. 

N° 30 
CNS-REF.-ART.: 11 
PAGE OF REPORT: page 51 
CHAPTER OF NAT. REPORT: 3.11.2. 

Are lessons learnt from the various events occurring at the plants, both in Argentina and 
internationally, included in the training program of plant personnel? 
The lessons learned from the events occurred in the domestic plants as well as the international 
operational experience are included in the general staff training programme (annual safety course), 
and particularly in the training/retraining programmes of both the managerial staff and the operational 
personnel, emphasizing the diffusion of the corrective actions arising from the events, to the plant 
personnel directly involved. 
The qualification and re-qualification programs of operators are annually carried out, including: 

• Lectures following a preset program where general topics related to the operation and 
external/internal events are reviewed with the objective of being analyzed and furthermore, to 
discuss the lesson learned. 

• Practices in full scope simulator, to assess skills and adherence to operational procedures in 
abnormal conditions. 

The quality of the operators training is verified through specific evaluations. 
The training effectiveness has been demonstrated in the adequate operator’s response to face 
abnormal conditions occurred during the plant operation. 

N° 31 
CNS-REF.-ART.: 12 
PAGE OF REPORT: 
CHAPTER OF NAT. REPORT: 3.12. 

How are the results of human reliability analysis used in your regulatory inspections? 
As it is indicated in the fourth Argentinean Nuclear Safety Report, section 3.12.1., the detection, 
prevention and correction of human errors are carried out through two clearly distinguished 
processes: the analysis of incidents and the global and systematic study of the installation safety. 
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In the first case, the process acts on abnormal or unexpected events that happen in the installations 
(operating experience, OPEX). Such events are unique opportunities to detect and correct human 
errors, identifying the deficiencies regarding organization, persons, materials and practices. In this 
case, the quality of the report on the occurred events, the rigour in the investigation of their root 
causes and the corrective actions carried out are the key elements. 
In the second case, the PSA technique is used, part of which consists of the identification of human 
actions and the evaluation of their relative importance on the installation’s safety. 
The result of such evaluations enables the definition of those areas requiring improvements on both 
the operation procedures and the man-machine interface, as well as the identification of cases in 
which the operators' training and retraining should be intensified. 
Examples of the OPEX analysis are detailed in the Annex VIII of the report under the name “Examples 
of lesson learned and corrective actions resulting from national and international operative experience 
and events”. Human corrective actions carried out at CNA I and CNE as a consequence of PSAs 
results are given in sections 3.12.1.1. and 3.12.1.2. of the report.  
ARN controls all the above mentioned activities, and during the inspection and evaluation processes 
of the NPP, pays special attention to find early signals and trends such as: 

• Weaknesses in the safety policies. 
• Weaknesses in accident analyses. 
• Procedure violation. 
• Operator errors. 
• Deficient training. 
• Deficiencies in the use of operational experience. 
• Weaknesses in emergency planning. 

Results got during the last years have shown a good performance, and the progress achieved in 
human factors, in the reported period, can be summarized as follows: 

• Better knowledge in applying the methodologies used to evaluate human factor contribution in 
the events and near misses events. 

• Human reliability improvements in CNA I and CNE reviewing normal operating procedures and 
emergency procedures taken into account in the PSAs results. 

• Fostering the training program addressing past wrong human behaviour and mistakes. 
• Widespread personnel re-training using international and national events. 

N° 32 
CNS-REF.-ART.: 12 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.12. 

The staffing of ARN is very good (more than 300 staff for 3 units). The number of staff has 
increased by 50% during the last 3 years. Please describe in more details how this large staff 
increase in managed by training, courses, transfer of knowledge, etc.? 
As established in Act Nº 24.804/97, ARN is in charge of nuclear activity regulation and control, 
concerning radiological and nuclear safety, safeguards and physical protection. In addition, ARN also 
advises the National Executive Power on subjects of its competence. 
With that purpose ARN carries out regulatory inspections and assessments concerning Radiological 
Safety of Radioactive Installations (medical, research and industrial installations), transport, 
safeguards and security controls, licensing of new NPPs (CNA II, CAREM and the Fourth NPP), as 
well as the CNE Life Extension. 
Besides ARN has specialized groups to attend the Institutional Affaires and non Proliferation, Legal 
Affairs, Human Resources Department and Scientific and Technical Support Department and 
Administrative Affaires and Resources. 
The human resources assigned to the NPPs regulatory activities comprise 55 persons, involved in the 
control of nuclear installations in operation, and 33 persons assigned to NPPs construction and 
commissioning control. It means that less than a third of the ARN personnel are involved in the 
regulatory control of nuclear installations (NPPs, research reactors and other nuclear installations in 
operation, construction or design stage). 
ARN, in order to comply with its responsibilities, undertakes as a permanent activity the training of 
specialists in radiation and nuclear safety, safeguards and physical protection, by means of training 
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courses and the participation in local and international training activities. The training activities are 
carried out through the Training Department in charge of defining, organizing and coordinating 
courses, workshops and follow-up seminars. 
Young professionals recently recruited receive the Postgraduate Courses in Radiation Protection and 
Nuclear Safety organized in accordance with the provisions of an agreement with the University of 
Buenos Aires (UBA) and the Ministry of Health under the auspices of the IAEA. This kind of courses 
had been uninterruptedly taken place on a yearly basis between 1980 and 2004. 
In 2005 the original course was divided into two. Since then, the ARN and the University of Buenos 
Aires, under IAEA auspices provide yearly two postgraduate courses on: 

• Radiation Protection and Safety of Radiation Sources. The course runs for a period of 25 weeks, 
on a daily seven-hour basis, and 

• Nuclear Safety. The course runs for a period of 10 weeks, on a daily seven-hour basis. 
Additionally, a course in radiation protection is provided to train technicians. This course runs for eight 
weeks on a daily seven-hour basis. 
After this basic apprenticeship, the young professionals and technicians recently recruited are on-the-
job training, collaborating on specialised technical tasks. Anyway, it is well known that the training of a 
huge increase in young professionals is a challenge for any institution. In case of Argentina, the 
nuclear energy renaissance produced a positive impact in motivation that helps to face the situation. 
In addition to the general courses above mentioned, and on-the-job training on topics of regulatory 
interest, different ARN groups provide specific courses, as needed. 
Besides, some young professionals are sent to attend specific courses in national or international 
institutions to improve their knowledge on special matters of ARN interest. 
Joint works developed by ARN in collaboration with different TSO, are also used as an opportunity to 
incorporate knowledge by young professionals. 

N° 33 
CNS-REF.-ART.: 12 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.12. 

Do the nuclear plants have a human performance program that includes the use of error-
reduction tools and methods that focus on preventing errors and thus minimize events? 
The NPPs work continuously on the detection, prevention and correction of human errors through the 
following processes: 

• Event analysis. 
• root cause identification and corrective-actions follow-up. 
• systematic installation safety study. 

The Human Errors Reduction Programme includes the use of the following tools for reducing human 
errors: 

• Pre-review of tasks. 
• Pre-work meeting. 
• Post-work revision and analysis. 
• Witnessing of tasks. 
• Self-checking. 
• Three-way communication. 
• Peer Reviews. 
• Inclusion of operating experience in the working plans. 

N° 34 
CNS-REF.-ART.: 13 
PAGE OF REPORT: page 60, parag. 9 to 13 
CHAPTER OF NAT. REPORT: 3.13.2. 

The report refers to the quality assurance program of the licensee in which is described the 
organization of the licensee for the licensed facility. Please describe how ARN assures that the 
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licensee’s organization continues to have adequate qualified staff to operate the facility safely, 
and how ARN assures that licensee organizational changes are adequately controlled and will 
not adversely affect the continued safe operation of the facility. 
The Argentinean Regulatory Standard AR 3.7.1. “Schedule of the documentation to submit prior to the 
commercial operation of a nuclear power reactor”, indicates (point 14-5) that the “Licensee must 
submit to ARN at the beginning of the construction, the project of the Operational Organization Chart 
and the staff training program”. 
In the Organization Chart the Specified Functions should be clearly identified. Such Specified 
Functions are a set of necessary tasks for the operation of a NPP, whose performance involves the 
need of making decisions that could affect the safety of the facility. All the specified functions in the 
Organization Chart must be permanently covered. 
In turn, the AR standard states that to perform a Specified Function in a NPP, the staff must have the 
corresponding Individual Licence and the Specific Authorization, both granted by ARN. 
Once ARN approves the Organization Chart, it becomes part of the mandatory documentation of the 
installation. The Licensee may propose modifications to the Organization Chart, but they must be 
approved by ARN prior to their implementation. 
The Specific Authorizations granted to the operating personnel by ARN have a validity of no more 
than two years, and for their renewal the ARN requires to comply with the annual retraining program 
which will depend on the installation, and on the function. In addition a psychophysical aptitude issued 
by competent medical authority is also required. 
The ARN participates in the examinations for granting Individual Licenses and Specific Authorizations, 
and audits the process of training and retraining of the operation personnel. 

N° 35 
CNS-REF.-ART.:13 
PAGE OF REPORT: page 60 
CHAPTER OF NAT. REPORT: 3.13. 

How is it ensured that contractors and subcontractors for supplies and services fulfil QM-
requirements? 
Quality requirements are clearly specified in the respective contracts. 
Suppliers are evaluated by the Licensee (NA-SA) following a specific procedure. The task is 
performed by an evaluation team, integrated by an auditor, members of the technical departments and 
a procurement group.  
First of all, the supplier background is assessed taking into account special certifications/ qualifications 
(ISO Standards 9000, ISO Standards14000, ASME, hazardous waste operator license, etc.). 
Prior to the contract awarding, when deemed necessary, contractors are judged in order to verify their 
capability to meet the specified requirements. 
During the manufacturing process, checkpoints for inspections are established. Also specific audits 
are made. 
When the contractor needs to carry out part of its service in a NPP, additional precautions are taken. 
Before starting to work, the contractor staff receives training on main controls and procedures related to 
the task. Anyway, any activity performed by contractors is monitored by qualified personnel from NA-SA.  
Besides, ARN audits the QA programs of the licensee headquarter and the nuclear installations 
following the corresponding procedure. The audits are performed by ARN itself or by third parties. The 
quality system and programs must meet the Regulatory Standard AR 3.6.1. “Quality System” 
(consistent with IAEA Code 50-C-Q), the corresponding License and any other requirement for such 
subject issued by the ARN. 

N° 36 
CNS-REF.-ART.: 14 
PAGE OF REPORT: pages 69; 70 
CHAPTER OF NAT. REPORT: 3.14.3.1.2. 

The report discusses progress being made regarding the Severe Accident Management (SAM) 
Program. Please elaborate on the strategy of the program for CNE and when and how this 
program is expected to be implemented. Please describe any design changes being 
considered as part of the implementation of the SAM program. 
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The CNE Severe Accidents Management Program is based on the specific CANDU Owners Group 
(COG) guides, developed for CANDU reactors operating in Canada. 
The programme consists on: 

• The understanding of the technical bases for the management of severe accidents for CANDU 
reactors. 

• The study of the severe accidents progression phenomenology in CANDU reactors. 
• The development of guidelines for the initial response of operators in Control Rooms. 
• The development and formation of a support group to assist control room staff during the severe 

accident evolution. 
• The development of flow diagrams for diagnosis. 
• The development of operating procedures for severe accidents, including diagnosis, follow-up 

and long-term monitoring. 
At present, items 1 and 2 of the previous programme are being developed. In parallel, for the implementation 
of items 3, 5 and 6, contacts with the designer to obtain technical assistance, have been established. 
This programme will be concluded in about three years, according to NA-SA estimation. 

N° 37 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.1. 

Construction permit for CNA II was issued in mid on 80ties of the basis of PSAR. During the next 
20 years many changes/modifications, etc., were carried out for safety enhancement. How often 
has been PSAR modified (revised) and what is the process of its review and assessment by ARN? 
The Construction License was issued by ARN on 14th July 1981; in the regulatory frame described in 
Chapter 3.7. of the present Report, once all the conditions established in the current standards were 
met. One of the conditions is an adequate PSAR. 
CNA II PSAR has been prepared following the US Regulatory Guide 1.70, Revision 3, November 
1978, and basically fulfils the requirement on SAR´s laid down in the IAEA Safety Guide Nº 50-SG-G2. 
At the beginning the construction rhythm was slow, and then it was delayed for about one decade up 
to 2006. During the period of delay, the organization responsible for the construction has worked on 
several activities related to maintain the already installed equipments and those stored, as well as in 
the documentation related to detail engineering and the update of the PSAR. 
ARN carried out a new evaluation of the PSAR during 2006, taking into account the international state 
of the art. As a result, ARN established as priority a set of critical technical issues to be solved by the 
Licensee, that are mentioned below. 

• Update of the Quality System, 
• Qualification of the Design Authority, 
• Review of Licensing Basic Criteria, 
• Review of Safety Issues. 

In that sense the initial action taken by ARN was to update the process required to qualify the Design 
Authority to be proposed by NA-SA in the framework of the requisites indicated in Guides IAEA NS-R-
1 (design), IAEA NS-R-2 (operation) and INSAG-19. 
The information given at present by the Licensee for each critical technical issue is under evaluation 
process by the ARN. The information under evaluation concerning each critical issue is shown in 
subsections 3.18.3.3.2.1. to 3.18.3.3.2.4. of the Argentinean Fourth National Report. 

N° 38 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.1. 

Does ARN finance the research of safety or it is the role of CNEA? 
Act Nº 24.804/97 -National Law of Nuclear Activity- states that the National Atomic Energy Commission 
establishes by Decree Nº 10.936 of May 31, 1950, will continue to operate as a self-sufficient entity in 
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the jurisdiction of the Nation’s Presidency and will be responsible for, among other functions, (only the 
functions relevant to this answer are transcripted): 

• Promoting training of highly specialised human resources, scientific and technological 
developments in the nuclear field, and including the promotion and development programmes for 
technological innovations. 

• Developing materials and manufacturing processes for fuel elements used in advanced cycles. 
• Developing basic and applied research programmes in basic science of nuclear technology. 
• Establishing cooperation programmes, through the Ministry of Foreign Affairs, International 

Trade and Worship, with third countries for the above mentioned basic and applied research 
programmes, and for fusion technology research and development programmes. 

• Fostering and developing other studies and scientific applications for nuclear transmutations and 
reactions. 

• Continuously updating the technical information on nuclear power plants and their various 
stages, and ensuring its optimum use. 

• Signing research agreements with nuclear power plant operators. 
Concerning the Regulatory Body, in order to guarantee a proper control level, the legal competence is 
complemented with a suitable technical capability. Namely, the ARN has the capacity to independently 
evaluate the construction, commissioning, operation and decommissioning of NPPs. 
For this reason, since the beginning of the regulatory activities in the country, it was considered 
imperative to have qualified personnel with adequate knowledge and experience in order to preserve 
the ARN’s own independent criterion regarding every aspect of radiological and nuclear safety. 
With that purpose, the Scientific and Technical Support Division gives specialised technical support to 
regulatory inspections and evaluations and carries out technical scientific developments on subjects 
related to radiological and nuclear safety. 

N° 39 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 14.1. 

Do you have access to the results of large nuclear safety related experimental test 
programmes to study physical phenomena and to validate analysis models used in safety 
analysis? Does this access adequately cover your needs for experimental data in different 
areas, taking into account the current state of your nuclear programme? 
Experimental tests were performed by the original designer during the design phase in order to 
analyse Atucha II (CNA II) specific physical phenomena. 
Additionally NA-SA took and is taking the full benefit from the data obtained in large and relevant 
nuclear safety test facilities. Those benefits are either direct, in the sense that data from these facilities 
are used for addressing specific phenomenological issues relevant to the CNA II transients, or indirect 
because computational tools and procedures qualified against these facilities are being adopted for 
the safety evaluation of CNA II. In this connection the enormous relevance of the experimental data 
base obtained in the period 1980-2000 in many (at that time) industrialized countries is fully 
recognized. The access to the data base is also through international research groups cooperating 
with NA-SA (e.g. University of Pisa in Italy, AECL in Canada, etc.). 
The available access adequately covers the needs and is related, among other things, to UPTF and LOFT 
data, as well as to recent findings of international cooperative programmes (including OECD/CSNI Projects). 

N° 40 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.3.2.2. 

Under 3.14.3.2.2. the regulatory approval of the extended period between outage times – from 
12 to 18 months - for CNE is addressed. Was the decision based on PSA alone or were other 
insights used as well. If so, please indicate the other insights and the way in which they were 
combined with the PSA insights in the regulatory decision. 
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Indeed, there were other important aspects considered in addition to those directly related to periodic 
testing carried out to the CNE safety systems. In this case, the quantification via the PSA analysis is 
direct, considering, i.e., the variation in the parameter -time-between tests- used in each component 
included in the model. Among other important aspects taken into account, it could be mentioned the 
Preventive Maintenance Programme and the In Service Inspection Programme. 
Since 1983, and for about the first 10 years of operation, CNE had programmed outages every 12 
months, over which there is a registered operating experience. 
Then, since the early nineties and for about 10 years there were operation periods from 15 to more 
than 18 months, authorized by ARN case by case. This enabled to register operating experience 
regarding preventive maintenance at those periods, that was used additionally to the models included 
in the PSA. 
The information collected on test performed at 12, 15 and 18 months allowed to infer that the 
extension of the period between preventive maintenances did not have a significant impact on safety. 
Another important aspect was the consideration of the ISI Programme, which includes relevant 
components and systems like pressure tubes, feeders, steam generators, moderator heat 
exchangers, and so on. 
The ISI program embraces various programmed outages and the corresponding tasks could be 
programmed in such a way to accomplish all the tasks in fewer programmed outages. Therefore, the 
modification of period, between programmed outages from 12 to 18 months in CNE allows to comply 
with the applicable standards. 
Additionally, the ISI practices in CNE were improved along the time, exceeding the minimum 
requirements set in force in the applicable standards. For example, SG’s inspections are made 
according to a procedure that includes at least 100% of two of the four SGs in each outage. This 
demand far exceeded the applicable Canadian criterion. 

N° 41 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.1. 

Could you please provide more information on the current status of the Severe Accident 
Management Program for CNE? 
The CNE Severe Accidents Management Programme is based on the specific CANDU Owners Group 
(COG) guides, developed for CANDU reactors.  
The programme consists on: 

• The understanding of the technical bases for the management of severe accidents for CANDU 
reactors. 

• The study of the severe accidents progression phenomenology in CANDU reactors. 
• The development of guidelines for the initial response of operators in Control Rooms. 
• The development and formation of a support group to assist control room staff during the severe 

accident evolution. 
• The development of flow diagrams for diagnosis. 
• The development of operating procedures for severe accidents, including diagnosis, follow-up 

and long-term monitoring. 
At present, items 1 and 2 of the previous programme are running. In parallel, for the implementation of 
items 3, 5 and 6, contacts with the designer to obtain technical assistance, are established. 
This programme will be concluded in about three years, according to NA-SA estimation. 

N° 42 
CNS-REF.-ART.: 2 and 14 
PAGE OF REPORT: pages 5, 69 
CHAPTER OF NAT. REPORT: 2.1; 3.14.3.1.2. 

The report describes the development of a Severe Accident Management Program for the CNA 
I and CNE plants. Are there plans to develop such a program and apply insights gained from 
implementation during the completion of the CNA II plant? 
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The Severe Accident Management Programme for ATUCHA II is planned to begin in Parallel with the 
PSA level 2. 
At present GRS (Germany) is developing a MELCOR Model for ATUCHA II to be used in the analysis 
of the severe accident progression. 
CNEA participation in the project is described in item 3.14.3.1.2. of the Report. 

N° 43 
CNS-REF.-ART.: 14.2 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.2. and 3.14.3.1.3. 

Sections 3.14.2. and 3.14.3.1.3. of the report discuss the ageing management program for CNE. 
Please note that testing of relief valves in some Canadian nuclear power plants was shown to 
be an area that warrants close monitoring to ensure the continued availability of relief 
capability to meet design requirements. Please describe the relief valve testing program that 
has been undertaken at CNE to check for ageing effects of relief valves, and please elaborate 
on the experience to date and any corrective actions, if necessary, that have been taken to 
maintain acceptable relief capability. 
The liquid relief valves operability and availability are verified as follows: 

• Routinely tests to verify their operability. In those tests the logic of actuation and the 
opening/closing time are verified. 

• A preventive maintenance programme in which diaphragms of the actuators and the elastomer 
of the different components belonging to air supply pneumatic circuit are periodically replaced. 

• In the last years two primary heat transport system liquid relief valve opening occurred. It is 
important to mention that this is a recurrent event in CANDU 6 plants. Details of both events, 
lessons learned and corrective actions are given in Annex VIII, sections VIII.2.5. and VIII.2.6. 

N° 44 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.2. 

What kind of systematic aging review programmes are ongoing (by power companies or 
regulators)? 
Quarterly reports of the Ageing Management Program of both CNA I and CNE NPPs are sent by 
NA-SA to the Regulatory Body. They include a detailed evaluation of the results of the programs 
application, such as specific task carried out, comment and conclusions. 
NA-SA has a general QA program which includes audits to all areas in particular to Ageing Management 
Program. The first audit took place in 2001 when the Program effectively started. From this date has 
been several follow-ups. 
The Regulatory Body reviews and assess the results of each program through the reports reviews and 
assessments, as well as inspections and audits in order to verify whether it is being effectively 
managed considering its objectives. 

N° 45 
CNS-REF.-ART.: 19 
PAGE OF REPORT: page 113 
CHAPTER OF NAT. REPORT: 3.19.4.2.2. 

It is described, that the steam generator of CNE is highly degraded and that activities are 
ongoing to assess the structural integrity of the steam generator. 
1. Has there been performed an exchange of experience in that issue with other CANDU 
operators/authorities? 
2. Are there safety related criteria in place to shutdown the plant for a SG exchange? 
3. Has a break of multiple steam generator tubes been considered in the safety analyses? 
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1. Operational experience has been exchanged with Bruce NPP (Canada), which had in 2003 a very 
similar problem in their SGs. The most important corrective action implemented in CNE, endorsed by 
the SGs designer/constructor (Babcock and Wilcox - B&W), was the installation of antivibration bars in 
the U-Bend zone, similar to those installed in Bruce. Operational experience has also been exchanged 
within the CANDU Owners Group. 
2. NA-SA carried out a SGs assessment with the advice of AECL and B&W. Studies were conducted 
of structural integrity, seismic evaluations, and behaviour and integrity analysis of the SGs tubes in 
case of a severe depressurization. The results show that the SGs can continue its operation in a safe 
condition. The behaviour of the SGs will be strictly monitored until the implementation of the life extension 
programme scheduled for 2011, where the 4 SGs will be replaced. Meanwhile, the Regulatory Body 
conducts a strict monitoring of the SGs behaviour. 
3. The event of multiple tubes break is included in the Final Safety Report. In addition, in CNE PSA the 
scenarios of single and multiple tubes break have been modelled as an interface LOCA group. 

N° 46 
CNS-REF.-ART.: 14 
PAGE OF REPORT: page 73 
CHAPTER OF NAT. REPORT: 3.14.3.2.2. 

The CDF for low power state of the CNE reactor has been evaluated to be 35% of the full power CDF. 
Please elaborate the scope of low power PSA and the major accident sequences considered 
and their contribution to CDF. 
Scope of Low Power PSA: 
The Low Power PSA performed for CNE includes all possible shutdown states, shutdown and start up 
plant transients, and also plant in operation below 60% FP. It is a Level 1 PSA, considering internal 
events that may lead to core damage. 
Six Plant Operational States (POS) were defined: 
1. Start up and low power (below 60% FP) operation. 
2. Hot shutdown. 
3. Cold shutdown, Heat Transport System (HTS) closed, Service Water System (SWS) available. 
4. Cold shutdown, HTS closed, SWS unavailable. 
5. Cold outage, HTS open for maintenance tasks, SWS available. 
6. Heat up and cool down transients, with pressurized HTS. 
Major contributions to CDF: 
The results show a dominating contribution of POS 5. Its contribution to total CDF value is 74% 
considering recovery human actions. POS 4 and POS 6 contribute with 12 and 10% respectively. 
Besides, dominating event sequences, most of them identified for POS 5, can be described as follows: 

• The first event sequence in the ranking refers to Loss of Class IV Power Supply (loss of offsite 
power), during POS 5, followed by diesel generators failure to startup (due to unavailability of 
the main battery that supplies to startup panel), combined with human failure to recover diesel 
generators in 24 hours. 

• This event sequence contribution is 7.9 x 10-7/y, which means 9.3% of the total CDF determined 
in Low Power PSA. 

• The second sequence starts with Loss of Class IV Power Supply in POS 5, followed by 
unavailability of all the three pumps of Low Pressure Service Water System (SWS), due to 
failure of a pressure switch in lubrication oil supply, combined with human failure to recover 
the supply bypassing the pressure switch. Loss of SWS means loss of Shutdown Cooling 
System (SCS) heat exchangers. This event sequence contribution is 7.4x10-7/y, which means 
8.75% of Low Power PSA CDF. 

• The third event sequence represents Loss of SCS during POS 5. In this state, the strategy to 
cope with the scenario is to implement another heat sink. The accidental sequence considers 
the operator failure to diagnose the situation and to choose the correct strategy. This event 
sequence contribution is 6.5 x 10-7/y, which means 7.7% of the total. 

• The fourth event sequence considers the occurrence of a Small LOCA in POS 6, combined with 
operator failure to diagnose the scenario and implement Low Pressure Emergency Cooling 
System. This event sequence contribution is 5.8 x 10-7/y, which means 6.8% of the total.  

• The fifth event sequence refers to Loss of SWS during POS 5. In this state, the correct 
strategy consists in injecting Medium Pressure Emergency Core Cooling System (ECCS-MP). 
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In the accidental sequence the operator fails to follow correctly the steps to inject ECCS-MP 
manually. This event sequence contribution is 2.5 x 10-7/y, which means 3.0% of the total. 

• The sixth event sequence represents Loss of Class IV in POS 5, combined with automatic 
startup of a SDC system pump, followed by operator failure to establish long term heat sink, 
starting manually one of the SDC system pumps, or, in order to implement moderator as a 
heat sink, starting a pony motor pump of moderator circuit. This event sequence contribution 
is 2.3 x 10-7/y, which means 2.7% of the total. 

• The seventh event sequence is similar to the fifth one. In this case, the operator fails to supply 
water from Emergency Water Supply System (EWS) to ECCS-MP, after ECCS-MP reservoir 
water depletion. This event sequence contribution is 2.1 x 10-7/y, which means 2.5% of the total. 

N° 47 
CNS-REF.-ART.: 14 
PAGE OF REPORT: page 74 
CHAPTER OF NAT. REPORT: 3.14.3.2.2. 

We understand that there is only one HX in the ECCS system and it has been considered as 
non-repairable equipment. Using PSA technique, a bi-monthly surveillance has been arrived at 
for this equipment to meet the reliability target. 
Please indicate the failure modes considered in the PSA for the HX to arrive at the bi-monthly 
surveillance frequency. 
In the last few years a bivalve molluscan “mejillón dorado” has grown in Embalse lake affecting the 
CNE service water, that provides cooling to most of the plant systems. Its impact was studied within 
the PSA frame considering the heat exchangers in two groups, as follows: 
1. Heat exchangers in operation mode. 
2. Heat exchangers in stand by mode. 
1. The effect of clogging for HXs in operation mode is monitored on line by measuring the fluid 
temperature. The effect on the PSA model is that it leads to larger maintenance time or more plant 
outages.  
The incidence of the increase in maintenance time and the increase of the generic transient initiating 
event frequency, is of no significance regarding the core damage frequency (CDF). 
2. For HXs in stand-by mode, the main contributors came from Emergency Core Cooling System 
(ECCS) and Shutdown Cooling System (SDCS) heat exchangers. 
For PSA purposes, ECCS HX was initially considered as a non repairable component. It means that the 
failure appears during the mission time, once the initiating event (LOCA) has occurred. Initially there 
were no mechanisms identified which were capable of HX clogging while it was in standby mode. As was 
said before, this mechanism appeared later, once the “mejillón dorado” began to develop in the lake.  
This new mechanism indicates that a different failure mode has to be included in PSA model namely 
one which can actuate while the component is in stand by. 
There was originally a complete HXs inspection at the plant every 6 years. Since 2004, due to the 
bivalves presence, a secondary side flow test was included. 
The impact of the period between tests on CDF was analyzed taking a test period from six years to 1 
month (6 years, 4 years, 18 months, 6 months and 1 month). Six years was the original test period, 18 
months is the time between programmed outages. From the results it can be seen that when the test 
interval is around one month the CDF is almost the same as that calculated with only mission time (24 
hours) failure. The plant decided to establish a test interval of two months. 
Shutdown cooling HXs have a permanent circulation of 40% flow even when they are not in operation 
(the valves regulate at 70% when the system is in operation). For these HXs the monitoring is not the 
temperature measurement but the flow through it in order to detect low flow. 

N° 48 
CNS-REF.-ART.: 14 
PAGE OF REPORT: page 72 
CHAPTER OF NAT. REPORT:, section 3.14.3.1.4.2. 

It is understood that the annulus gas system has been isolated from the channel V08 in CNE 
reactor, thus solving the problem of humidity in the annulus gas system. 
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Since the channel is remaining in operation, please elaborate on the safety assessments 
carried out and precautions being taken for safety of this particular channel against thermal 
shock due to possible contact with cold light water and any other issue with the coolant 
channels including hydrogen pick up through the annulus. 
The V08 fuel channel is located in the last position of the 8th column. This means that V08 is the last 
channel in the gas circulation direction before being discharged to the atmosphere. Therefore, 
considering that the AGS is mainly operated in the continuous purged mode, the humidity from 
channel V08 is directly discharged to the reactor building environment, thus preventing humidity from 
returning to the other 9 channels. This means that humidity could only affect channel V08. 
As was mentioned before, in the PT/CT gap, only humidity is present. The entrance of liquid water is 
effectively prevented. So this situation is far from reaching the necessary conditions to produce a 
thermal shock. 
The involved channels are continuously surveyed through dew point temperature measurements and 
determination of water characteristics, in order to determine if the humidity is originated by heavy or 
light water. Besides, for each scheduled outage, an ISI to the involved channels is programmed. 
The monitoring system controls: 

• Channel humidity. 
• CO2 pressure. 
• CO2 flow. 
• Pressure of the End Shield Cooling System cover gas. 
• Temperature of the dew point. 

The system has humidity, flow, pressure and temperature alarms in Control Room. 
The humidity generates an oxide film layer on the PT external surface, conforming a barrier to the 
hydrogen pick-up. 

N° 49 
CNS-REF.-ART.: 14 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.14.2. 

1. Would you please give examples of the actual use of ageing management program?  
2. In what way do you assure the prevention of further component ageing? 
Some examples of ageing assessment in CNA I and CNE are the following: 
CNA I: 
The selected components to be followed-up into the Ageing Management Program are valves, 
pipelines, pumps and heat exchangers belonging to the primary system, moderator system, feed and 
bleed system, shutdown systems, emergency core cooling system, reactor system, I&C and electric 
systems. The major ageing analysis for Atucha I was included within the backfitting program and the 
main issues were fuel channels, control rods, RPV, control rods tube guides, I&C, high pressure 
injection system and residual heat removal system. 
Ageing of specific components like RPV, fuel channels, thermal isolation between fuel channel and 
moderator tank, tube guide control rods and control rods are described and analysed in previous 
national reports. Additionally, during each planned outage 100% of the steam generators tubes are 
inspected.  
CNE: 
According were mentionated it was decided to undertake a Plant Life Management (PLiM) and a Plant 
Life Extension (PLEX) program in order to achieve a long term operation, and to maintain a high level 
of safety and plant performance. The first phase of the PLEX program has to identify the necessary 
modifications and updates of the plant in order to ensure a safe operation for an extended period of 25 
- 30 years. 
The PLEX phase includes an ageing assessment as a part of an integrated strategy to assess the 
active and passive ageing degradation of the CNE components, and then to assess the prognosis for 
service life extension. Also maintenance and inspection requirements could be determined as well as 
the necessary upgrades or replacement needed to achieve the life extension in safe condition. 
The Ageing Assessment activities that have been carried out are: Screening and prioritization of 
SSCs; Ageing Assessment pilot studies and some modifications or corrective actions are in execution 
or have already been performed. 
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The selected components to be followed-up within the Ageing Management Program are valves, 
pipelines, pumps and heat exchangers belonging to the primary system, pressure and inventory 
control system, shutdown systems, reactor system, emergency core cooling system, Emergency 
water supply, containment building (concrete), feedwater system and dousing system. 
Pressure tubes: PTs present progressive degradation due mainly to the following mechanisms: 
hydrogen uptake, blister formation, rolled joint cracked and bend/deformation. The Regulatory Body 
required to constrain plant operation to following the following items: 

• To demonstrate that there are not pressure tubes containing hydrogen /deuterium over the 
blister formation threshold. 

• To present a new garter spring program for the pressure tubes not yet visited. 
The above mentioned requirement was fulfiled by performing scrapping. Inspections were performed 
according to CAN/CSA N 285.4/94 Canadian Standard. 
Additionally, it was carried out a nozzle inspection to the shutdown system #2 to follow-up the existing 
gap among the 6 nozzles and the calandria tubes in order to verify any potential freeting by contact 
getting good results. 
Feeders: The inspection was performed according to what it had been established by the In-service 
Inspection program during scheduled outages. It was determined that all feeders would have a lifetime 
higher than 25 years. The main contributors to such performance is the chemical control to the 
primary heavy water. 
Steam Generators: During each planned outage 100% of the tubes that belong to two steam generators 
are inspected. During last years it has been detected flow assisted corrosion on the tube support plate 
(TSP) in the U-bend zone as a consequence of the feed water flow. During 2004 planned outage three 
special supports were installed instead of the scallop bars to minimize vibrations and freeting. 
Moderator Heat Exchangers: A special design modification was carry out in the moderators heat 
exchangers consisting on helicoidal tubes separators to avoiding vibrations reducing freeting and as a 
consequence the number of tubes to be plugged. Mercury wetted relays: An increase in the relay 
failures number was detected and it was decided to analyze the causes indicating that mercury has 
been suffering a degradation process (ageing) that provokes the sticking of the mercury with the 
contacts. It means that contacts will remain closed. At that time, all Embalse nuclear power plant 
safety systems had this kind of relays. To reduce the relay failures rates, the Responsible 
Organization replaced the mercury-wetted relays by mercury wetted relays doped with tin. 

N° 50 
CNS-REF.-ART.: 14 
PAGE OF REPORT: page 67 
CHAPTER OF NAT. REPORT: 3.14.2. 

Do the “Ageing control programs” envisage at NPP to use appropriate methodologies of 
equipment reliability analysis, in particular, analysis of reliability changes with time? If “Yes” to 
what equipment it is applied to (heat-mechanical, electrical, instrumentation & control 
systems, design constructions, etc.)? 
The NPPs carry out an annual safety and safety-related systems availability quantification, in order to 
evaluate their performance in that period, using the data obtained from both the periodic tests, and the 
preventive and corrective maintenance activities. The components involved are those belonging to 
First Shutdown System, Second Shutdown System, Emergency Core Cooling System, Containment 
System, emergency diesel generators, Emergency Water Supply (CNE), Emergency Power Supply 
(CNE), Secondary Heat Sink System (CNA I), and so on. 
These plant historical data are used in PSA as well as data available for other equipment modeled. 
However, there are not reliability parameters changes with time identified or analyzed yet. 

N° 51 
CNS-REF.-ART.: 15 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.15.1. 

Collective effective dose in CNA I during 2006 shown in Table 3.15.13. (9.3 Man Sv) looks very 
high as compared to the collective doses received in CNE. What is the reason of such high 
collective dose? 
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During 2006, CNA I NPP was under a programmed outage with many radiological important 
maintenance tasks. 
The collective dose in the programmed outage of CNA I was almost 80% of the total annual collective 
dose. The main contributor tasks were in Moderator heat exchanger (50%) and in Reactor internal (26%) 
of the outage collective dose. 

It is important to see that CNA I collective dose in 2007 was reduced to 1.8 Man Sv because there 
was not programmed outage. 
Concerning CNE NPP it was running without a programmed outage during 2006. It was the main reason 
of the difference in the collective doses between CNA I and CNE NPPs during 2006. 

N° 52 
CNS-REF.-ART.: 16 
PAGE OF REPORT: Page 85 
CHAPTER OF NAT. REPORT: 3.16.2. 

The report stated that the ARN- Nuclear Emergency Response System (NERS) is used to 
respond in cases of nuclear emergencies and interact with the national, state and local response 
organizations. Could Argentina share the details of the Emergency Response System? 
As stated in the fourth Argentine Nuclear Safety Report, in order to accomplish with what is set in Act 
Nº 24.804 and Decree Nº 1.390, the ARN- Nuclear Emergency Response System (NERS) was 
created by ARN Resolution Nº 25/99 in November 1999. 
The NERS is the organizational scheme that the ARN uses to respond in cases of nuclear emergencies 
and interact with the national, state and local response organizations (National Emergency Cabinet, 
States Civil Defence and Local Civil Defence of every Municipality within 10 km around each NPP) to 
manage effectively nuclear emergencies in preparedness, intervention and recovery stages. 
The ARN, in addition to its main role as head at the Emergency Control Centre for off-site 
consequences, performs the nuclear and radiological assessments, the radiological protection of 
intervening teams and the environmental monitoring. 
Representatives of all the intervening organizations (as established in the Emergency Plan) integrate 
the Response Command and ARN coordinates the response teams belonging to civil organizations, 
(Fire Fighter Brigades, Civil Defence, etc.) security forces (Police, Gendarmerie and Coast Guard) and 
military institutions (Army, Navy and Air Force). These organizations apply the precautionary 
measures with their response teams. All these groups have procedures to deal with nuclear 
emergencies, under ARN coordination. 
In order to conduct the actions within the 10 km established as the “precautionary action zone”, a 
Nuclear Emergency Operative Chief (NEOC) from ARN is designated and integrated to the Local 
Emergency Operative Centre (LEOC). The ARN-NEOC shall be the officer to whom civil organizations 
and security forces report to. 
An ARN Emergency Control Centre has been set up at ARN’s Headquarters in order to co-ordinate 
the NERS. The strategy chosen by ARN to response to nuclear emergencies consists on establishing 
expert teams and a decision making team at the Headquarters, with the responsibility of conducting 
the whole emergency. 
This centre also operates in the “Convention on Early Notification of a Nuclear Accident” and in the 
“Convention on Assistance in case of a Nuclear Accident or Radiological Emergencies”, as the 
National Warning Point according to IAEA - Emergency Notification Assistance Technical Operations 
Manual (ENATOM). 
The local, provincial and national authorities should develop nuclear contingency plans following the 
criteria established by ARN. Then, contingency plans drawn up by these authorities must be approved 
by ARN. 
The Operation License for NPPs in Argentina establishes that they shall have an emergency plan 
approved by ARN and that it must be verified at least once a year. This plan must include the on- and 
off-site aspects of a nuclear emergency. Keeping in mind this annual obligation, mechanisms for 
ensuring members of the public participation in the exercises are in place. 
In such exercises, the operational capability of ARN in the management of the implementation of 
actions to protect members of the public in the surroundings of the NPPs from the radiological 
consequences is also checked. 
The population's preparation is a key task to arrive to the objective of minimizing the consequences of 
a nuclear incident. An important part in the preparation is the diffusion of information in the schools so 
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the students know what they should do in case of they receive an alert form the nuclear emergency 
command. The presentations at schools are divided taking into account the differences in the levels of 
understanding, considering the ages of students. These tasks are carried out once a year during the 
exercise preparation and it has as main objective to diffuse the primordial protection actions. Similarly 
diffusion activities on protection actions were carried out with other sectors of the general public, with 
talk shows, discussions and explanation of doubts generated during the open meetings invited by the 
local civil defence, the nuclear power plant and the ARN. 

N° 53 
CNS-REF.-ART.: 17 
PAGE OF REPORT: page 94 
CHAPTER OF NAT. REPORT: 3.17.5.2. 

A site re-evaluation of the CNE-plant is ongoing considering also earthquakes as external hazard.  
Does the re-evaluation include the loss of ultimate heat sink due to a breach of the dyke of the 
Tecero Reservoir in case of an earthquake? 
During CNE commissioning a seismic reevaluation took place and safety significant systems, structures 
and components were reviewed for a peak ground seismic maximum acceleration 1.73 times the one 
used for design. 
At that time the dam was reevaluated with methodology and tools used in the 80’s. The conclusion 
was that the intake of the emergency water system pumps was not affected. 
The dam is included in the present seismic assessment list to be evaluated by Córdoba University 
once the new seismic parameters are established. 

N° 54 
CNS-REF.-ART.: 18 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.18.1. 

Can you clarify in the relation of preparation of new big nuclear source (for instance CANDU) 
the reasons for preparation of small reactor CAREM–25? 
Argentina has a nuclear power generation programme that started in the second half of the 20th 
Century. Around 8% of the produced electricity is nuclear, delivered by two nuclear power plants, 
Atucha I (PHWR type, 350 MWe) and Embalse (CANDU type, 600 MWe). A new plant, Atucha II, is 
also under construction. 
The CAREM-25 prototype is completely a new concept in nuclear reactors and it is in the design 
stage. This project developed in Argentina and owned by CNEA, includes the new design criteria to 
improve the plant's safety. Emphasis to the prevention of core degradation accidents has been given 
since the design genesis by means of passive safety features, guarantying no need of active systems 
or operator actions for a period of two days. 
CAREM is different from the existing NPPs in Argentina, because of its size and features. 
CANDU and CAREM NPPs are designed to be used by two different electric markets. CAREM NPP 
can be used for distributed generation and to supply energy to small populations, in regions without 
big electric distribution grids. 
Argentina has several big distribution electric grids as the "Gran Buenos Aires -Litoral - Buenos Aires" 
system, for the supply to high consumption areas; and other areas where the distributed generation is 
a solution to give stability and reliability to the electric supply. 
CAREM NPP can satisfy that requirement perfectly. CAREM NPP can also be integrated to a 
seawater desalination plant to supply water and energy to coastal cities with fresh water scarcity. 

N° 55 
CNS-REF.-ART.: 18 
PAGE OF REPORT: page 101 
CHAPTER OF NAT. REPORT: 3.18.3.3.1. 

It is mentioned that actions have been taken in relation to the sump clogging issue. 
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Could you explain in what detail the sump clogging issue has been analysed and which kind of 
measures have been performed in the plants? 
NA-SA has hired AECL to make a risk assessment of sump clogging, due to dirt released (isolations, 
painting, etc.), that may cause obstructions in the flow coming from the safety injection pumps in the 
case of loss of coolant accident (LOCA). 
Such contracting was decided after assessing international background on the matter (NRC Generic 
2003 letter, RSK statement, GRS experiments and analysis, etc.) and after the improvements carried 
out by AECL in the CNE NPP sump. Also the information coming from filters suppliers for this purpose 
was considered. 
AECL has extensive experience in carrying out this activity on the Canadian CANDU NPPs and in 
NPPs of other designers (France, PWR USA), including the specification, construction and installation 
of large area filters in small places. AECL follows internationally accepted methodologies (NRC), 
approved and validated by the regulatory authorities in those countries. 

N° 56 
CNS-REF.-ART.: 18 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.18.3.3.1 

Subsection 3.18.3.3.1. of the Report says that one of major problems, when Atucha II 
construction was suspended, was equipment (components) conservation. 
Can we say that the results of the conservation program, which are defined when extending 
Atucha II construction time, are in line with the requirements set for this program? 
As stated in the Fourth Argentine National Report section 2.8. “CNA II Status of Long Time Stored 
Equipment”, one of the principal concerns, during the delay on the construction of CNA II, was the 
appropriate preservation of components. 
The following criteria were used for the appropriate components preservation: 

• Influence on Nuclear Safety. 
• Economical value. 
• Replacement feasibility. 
• Impact on Project schedule. 
• Preservation cost versus Replacement. 
• Damage Sensitivity. 

About component preservation tasks, they were divided into: 
• Routinely: Applicable to all components and installations. Their scopes and execution 

frequencies were defined in specific procedures and instructions. 
• Non-routinely: Applicable basing on the results of the routine preservation tasks. 

In some cases it was necessary to implement corrective actions for conservation purposes, due to the 
results of routine tasks, external or internal assessments, or improvements in preservation criteria. 
The important aspects taken into account were the materials, parts and elements affected by ageing. 
The most important were gaskets, rings, welding electrodes, greases and lubricants, glues and 
adhesives, NDT consumables and paints. Supplies for the first filling (lubrication oils, control fluid oil), 
spray insulation for HP turbine casing, electrical and I&C components containing electrolytic capacitors. 
They were also taken into account the materials, parts and elements affected by new regulations, 
such as the insulation material for primary system components (experiences recently gained from sump 
clogging), change of refrigerant in chilled water machines (Ex.: R12 to R134a), and elements containing 
asbestos. 
The preservation processes were subjected to a continuous assessment throughout licensee internal 
and external quality audits, Siemens inspections, insurance company verifications and Regulatory 
Body verification. 
As an example the Inspections of preservation tasks performed by Siemens were the following: June 
and October 1986, May 1988, February and March 1989, October 1990, February and June 1991, 
March and December 1992, April and November 1993, March 1995, April 1996, April 1997, April 
1998, October 2003 and April 2005 (Siemens/FANP walkthrough). 
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Additionally, in 2007, an IAEA mission took place with regard to the analysis of state of preservation of 
stored components and demonstration of fitness for continued use. 
Personnel qualification, with the purpose of assuring an adequate process of preservation, is one of 
the main concerns of NA-SA. In that sense the personnel that executed preservation tasks were 
trained and qualified according to NA-SA procedures, while Preservation Supervisors and 
Preservation Team are qualified by Siemens/FANP. 
The components preservation process results could be resumed as follows: 

• Stored and Erected items have been successfully preserved (including Main Components), 
• Components and Systems in Operation have been maintained according to the maintenance 

programme, 
• A reduced quantity of non critical items to be repaired or replaced have been identified, 
• Criteria of specific revision of components and evaluation of possible replacement of parts 

subjected to natural ageing, will be applied during the pre-phase of the Project. 
The results of the routine process of components and facilities preservation are considered satisfactory. 
So far no relevant findings have been detected. Only few cases of oxidation (i.e.: ventilation ducts 
flanges, pipes and some ferritic materials accessories), on which appropriate conditioning measures 
are being carried out. 
Besides, a Review Plan for mechanical, electrical and I&C components is now under implementation, 
with the participation of outside organizations and/or original providers (eg: Andritz, Sulzer, Siemens, 
Areva, Noell, KSB, Sterling, MMA, Tecnatom, University of San Juan). The aim of this Plan is to detect 
drawbacks due to ageing or other factors not observed during the routine process of preservation, and 
then carry out timely corrective actions. The scope of this plan was defined taking as main criterion the 
inclusion of those components belonging to safety systems or belonging to safety related systems. 

N° 57 
CNS-REF.-ART.: 18 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.18.2. 

Have you met specific problems to find spare parts or replace-ment components properly 
qualified to a high safety class, as needed for plant lifetime management? If yes, how have you 
addressed the problem? 
Regarding the spare parts or replacements of mechanical/electrical components, there were no major 
drawbacks. In general, their slow technological evolution has not meant an obstacle to their substitution. 
The electronic/instrumentation is the area where the technology evolution is faster. The substitution of 
components and spare parts is not as simple as in the previous case, being difficult to carry out a 
direct substitution or a simple modification. 
In areas where the modification coming from new components where the adaptation exceeds the 
Licensee response capacity, it has looked for the support of national (e.g. CNEA) or international 
organizations that have been implementing technological developments. 
The nuclear quality spare parts supply to ensure the safe plant operation has the following drawbacks: 

• Suppliers Search: it is not always possible to have the original supplier of a component, and 
not all of the components suppliers have a national representative. Sometimes it has been 
necessary to appeal to the designer. 

• Volume purchase: in Argentina only two NPPs operate and they are of different designs. In 
some cases, the small purchase volume, leading to face surcharges or lack of offer. 

• Obsolescence: some components do no longer exist in the marketplace. To address this 
problem, the engineering groups must find a replacement, verifying functional equivalence 
with the original and qualifying the new one. 

N° 58 
CNS-REF.-ART.: 19 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: Section 3.19.3.2. 

Section 3.19.3.2. of the report refers to the Policies and Principles Manual at CNE which 
contains the operational limits for the safe operation of CNE. Please describe how this 
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document fits within the licensing framework as applied to CNE, and elaborate on any 
requirements for the reporting of non-compliances with the Manual. Also, please indicate 
experience to date with the Manual, such as compliance history and adequacy of 
requirements, and whether consideration is being given to implementing an alternative 
approach such as a technical specification. 
CNE Operational License defines the mandatory documentation that must be fulfiled for the safe 
operation of the installation. In particular, the Policies and Principles Manual (PPM), which contains 
the operational limits and conditions, is included among such documentation. 
Based on the operational limits and conditions included in the PPM, the operational procedures of 
CNE were established. The operational procedures consider normal and abnormal operation, as well 
as emergency conditions. 
NA-SA as responsible for the radiological and nuclear safety of NPPs in Argentina, surveys the PPM 
fulfilment under any operating conditions and, if a deviation occurs, the Licensee usually proceeds 
following the PPM instructions. 
In practice, only in a few cases the intervention of ARN was necessary. In such cases ARN has 
submitted the corresponding complementary requirements referred to remedial actions, including the 
considerations to avoid recurrences. 
The following examples show the actions taken by ARN from non-compliances with the PPM: 
1. Containment leakage test: As a mean to assure that the leakage rate is maintained below the 
allowable value, the PPM details a five year test period, and the corresponding acceptance criteria. 
During the test carried out in 2005, the measured leakage rate was higher than the allowable leakage 
rate established in the acceptance criteria.  
As a consequence, ARN had not considered valid the test and required the Licensee the following: 

• To present a containment conditioning program to repair the leak detected, to be fulfiled in the 
next programmed outage; 

• To carry out a new containment leakage test addressed to verify the acceptance criteria 
according to what is established in the PPM. 

2. Steam generators tube failures: The PPM indicates the operational abnormal event procedure that 
must be applied by the operator in case of a steam generator tube failure occurrence. 
Three steam generator tubes failures affected different steam generators from July 2006 to February 
2007. Despite the fact that PPM instructions were followed, considering the recurrence of this event, 
ARN required the Licensee: 

• As a condition to authorize the plant to start after the programmed outage 2007, to submit a 
report including the action taken to demonstrate that the safe operation till the next 
programmed outage is assured. 

• To re-assess long term SGs operation conditions, a detailed analysis of degradation rate, the 
structural integrity considering the SGs current state and the consequences of seismic 
occurrences and other events that cause sudden depressurisation of secondary circuit. 

• Argentinean Regulatory Standards are not prescriptive but of compliance with safety objectives, 
that means, of performance of systems, equipment and components. How such objectives are 
achieved is based on good engineering judgement, in the operators’ qualification and in the 
Licensee’s way of making appropriate decisions. 

• It could be mentioned that the PPM has successfully been used since the commissioning, 
covering the requirements for a safe operation. Therefore, taking into account that the 
regulatory philosophy applied by ARN is non-prescriptive, the implementation of an alternative 
approach, such as a technical specification, is not being considered. 

N° 59 
CNS-REF.-ART.: 19 
PAGE OF REPORT: page 112 
CHAPTER OF NAT. REPORT: 3.19.4.1.3. 

It is mentioned that heat exchanger in RR circuit is returned to service with partial repair. 
Whether this has resulted in any activity buildup in the related circuit and whether any limit on 
activity is specified for continued operation in this mode. 
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The repaired heat exchanger is the interface between RR-RL circuit and UK circuit. RR RL system 
circulates non radioactive demineralized water, RL is boilers feedwater system and RR is an 
intermediate system between primary system and UK, which pumps water from the river (heat sink). 
So there is no concern about radioactivity levels in the circuits related to this heat exchanger, or any 
radioactive release due to its failure. 
The 26-05-07 CNA I NPP outage was due to the increase in a loss of demineralized water from the 
intermediate system RR (no radioactive) to the UK circuit. 
The repair partially eliminated the loss of water, remaining a small leak, but recovering the 
functionality of the system. The heat exchanger RR42W02 replacement will be carried out during the 
2008 planned outage. 

N° 60 
CNS-REF.-ART.: 19 
PAGE OF REPORT: page 113 
CHAPTER OF NAT. REPORT: section 3.19.4.2.2. 

CNE has encountered frequent outages due to SG tube leaks. Several major steps have been 
taken for continued operation with these SGs. Also, the criterion for keeping the SG tubes in 
service has been made more conservative which may lead to plugging of more number of tubes. 
Please indicate the original and revised criteria for plugging the tubes. Were any limits 
specified for permissible leak rate and activity build up in the feed water circuit for continued 
operation of the reactor. 
The CNE criterion adopted from the beginning of its operation for the tubes plugging, was the defined 
by the Canadian Standard "CAN / CSA - N285.4," Periodic Inspection of CANDU Nuclear Power Plant 
Components " Clause 14.2.5.2. " that establishes the following: 

• All relevant indications from current and previous inspections where predicted wall loss will not 
exceed 40% of the nominal wall thickness before the end of the next inspection interval; or 

• Indications that shows that no deterioration has occurred since the previous inspection. 
Based on the Operating Experience gained during the last years, where three unplanned outages due 
to recurrent SGs tubes failures occurred, the above mentioned criterion was reviewed, adopting a 
more conservative one as follows: 

• Every tube with a defined signal (phase, percentage and amplitude) > 1 V, within the U - Bend 
critical area (near tube support plates 14C, 15 A, 16 A, 17 A, 18 A, 19 A, 20A, 21A and 22H) 
with or without previous signals in that area must be plugged. 

• Conduct an eddy current inspection to determine the tube support plates (TSP) degradation 
rate. As a result, in a preventive way tubes located in areas where TSP presents degradation 
levels L5 (ligament breach of two ligaments) or L6 (ligament breach of three ligaments) must 
be plugged. 

Concerning the specified limit for permissible leak rate, the procedure establishes that the leakage 
rate evolution must be followed till it reaches 5 kg / hour, due to only for leakage rates higher than this 
value it is possible to detect the failed tube by fluorescein test. 
The operating procedure establishes that the plant must be shutdown if the mentioned condition is 
reached. The only specific limit applicable for continued operation of the reactor is the environmental 
discharge restrictions. 

N° 61 
CNS-REF.-ART.: 19 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: Section 3.19.5. 

CANDU Owners Group (COG) has also developed Emergency Operating Procedures (EOPs) 
based on symptom-oriented approach as done by Westinghouse Owners Group (WOG) for 
LWRs. Please indicate whether Argentina is planning to adopt same approach for its PHWRs? 
CNE NPP has been developed Emergency Operating Procedures based on a criterion that, consider 
each event and details the corresponding symptoms that the operator have to identify in order to carry 
out a diagnosis and to decide the actions to be taken. Up to the moment it is not projected any change 
in EOPs approach. 
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N° 62 
CNS-REF.-ART.: 19 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.19.7. 

Please explain the principles or criteria applied by the regulator and operator for screening 
other experience than incidents (e.g., management issues, unexpected degradation, design 
weaknesses, external hazards not considered earlier), for the purpose of ensuring adequate 
sharing of important experience with international interested parties (regulatory bodies, 
operators, designers, international bodies). Identify the relevant guide documents, if any, used 
for the screening. 
The criteria applied by the regulator and operator for screening other experience than incidents is 
mainly based on the lessons learned from domestic and international operative experience. 
Concerning the domestic screening related to other experience than incidents, it could be mentioned 
audits and eventually inspections results are used as a source of investigation related to management 
issues. 
For unexpected degradations, the results coming from both the Ageing Program and the Surveillance 
Program (ISI and inspections) are used. 
Concerning design weaknesses, the lesson learned form operative experience, deterministic and 
probabilistic safety assessment, as well as, a dynamic technical interaction with the designers are 
applied.  
The external hazards considered are periodically reviewed according the frequency revision as 
established in the mandatory documentation. 
Regarding international screening, there is a continuous and active participation in international 
forums like as CANDU Owners Group and WANO by the Licensees; and CANDU Senior Regulators, 
Forum of Ibero - American Nuclear Regulators, and the Network of Regulators of Countries with Small 
Nuclear Programs (NERS), as well as other specialized international technical meetings. 

N° 63 
CNS-REF.-ART.: 19 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.19.7. 

Please explain how the Regulatory Body ensures or verifies that the operators are informed 
and properly analyse the operating experiences reported through the well established 
international channels (e.g., WANO, IRS), and that they address the lessons learned by taking 
proper actions. 
The Regulatory Body (ARN) verifies that the Licensee properly analyses the operating experience 
shared through different international channels by means of an Operating Experience Feedback 
Program (OEFP) implemented by the utility according it were required by the ARN. Through the OEFP 
the actions taken as a consequence of use of external and local experience is evaluated. 
The Licensee receives information related to operating experience from different international 
channels (i.e. WANO, IRS). Then the licensee carries out an analysis of the before-mentioned 
information, a screening aimed to choose the experience that could be applied to Argentinean NPPs, 
and submits the results to plant operators. Once the analysis is completed within the Licensee 
organization, the results are submitted to ARN. 
The ARN verifies that the Licensee addresses the lessons learned taking proper actions through a 
close follow-up of the actions taken by them. Besides, ARN verifies that such lessons are included in 
the corresponding Retraining Programs. 

N° 64 
CNS-REF.-ART.: 19 
PAGE OF REPORT:  
CHAPTER OF NAT. REPORT: 3.19.7. 

Please explain your national policy and practice of sending feedback reports to the 
international interested parties on actions that have been taken in your country as response to 
significant events reported through international channels (e.g., WANO, IRS). 
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The Regulatory Standard AR 3.9.2. sets the basic criteria concerning definitions, event communication 
modes between the Licensee and ARN, and event analysis. There is no national policy on sending 
feedback report to the international interested parties. 
In the same respect, NA-SA procedures for operating experience management, do not consider 
sending back feedback reports to WANO. 
However, to send feedback reports to international interested parties on actions taken in Argentina, 
they are usually carried out via informal ways like e-mail. 

N° 65 
CNS-REF.-ART.: 19 
PAGE OF REPORT: page 117 
CHAPTER OF NAT. REPORT: 3.19.8.2. 

According to the description of the OEF of other NPPs, many events per year have been 
screened by the licensee and the remaining, thought to be important events have been 
reported to ARN.  
Are there screening criteria in place for this procedure? 
According to what was informed in the Argentinean National Report, the screening criteria in place 
consist on the selection of all applicable events to the domestic plants, coming from international data 
bases.  
After the screening, the selected events are analysed in detail and quarterly reported to ARN for 
evaluation. 
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        ANNEX VI 
MAIN TECHNICAL FEATURES 

OF THE ARGENTINE NUCLEAR 
POWER PLANTS IN OPERATION 

VI.1.    ATUCHA I NUCLEAR POWER PLANT 

VI.1.1.    INTRODUCTION 

In 1964 CNEA initiated the feasibility study for the construction of Atucha I Nuclear Power Plant 
(CNA I) which would be the first nuclear power plant in Argentina and Latin America designed for 
electric power generation, and in 1967 entrusted its design and construction to the Siemens 
Aktiengesellschaft Company of Erlangen, Germany. The construction began in June 1968 and the 
commercial operation in June 1974. 
CNA l is located by the right side of Paraná River, some 7 km from Lima, Province of Buenos Aires, 
and near 100 km to the north-west of Buenos Aires city. Figure VI.1-1 shows its geographic location. 
The owner of CNA I is Nucleoeléctrica Argentina S.A., and the plant provides a net electric power 
of 335 MWe to the interconnected national system. 
The station contains a reactor of the pressure vessel type, and is fuelled with natural uranium as well 
as slightly enriched uranium; it is heavy water moderated and cooled (being of the PHWR type); it is 
periodically refuelled on power. 
Besides, the plant also has the big systems which characterize the classic electric power generating 
plants, steam turbine and electric generator, as well as components, equipment and sub-systems 
required for the functioning of the big systems located at its "nuclear' and "conventional" sections. 
Figure VI.1-2 shows schematically the main systems of the nuclear power plant. 
CNA I's original design considered only natural uranium as fuel, being its electric power of 340 MWe 
and its thermal power of 1100 MWt at that time. 
Nevertheless, afterwards, the station suffered two essential modifications that improved its performance: 

• In 1977 bits electric power was increased to 357 MWe (335 MWe net) and, correspondingly, 
its thermal power to 1179 MWt. 

• Since 1995 until 1999 a progressive loading with slightly enriched uranium (0.85% w) was 
done, so that at present the core contains only slightly enriched fuel elements. 

As regards the technological precedents associated with CNA I, it should be mentioned that in 1955 
Siemens AG began developing reactors fuelled with natural uranium and moderated with heavy water, 
since free access to enrichment services was not envisaged for the immediate future. Two design 
principles for the pressure boundary of the reactor core were investigated: the pressure vessel type 
(PHWR) and the pressure tube type (PTR). 
The PHWR was realised at the beginning of 1962 as a Multi-Purpose Research Reactor (MZFR) of 
57 MWe which went into operation at the Nuclear Research Center Karlsruhe in 1966. The PTR was 
realised as a demonstration reactor of 100 MWe near Niederaichbach, Bavaria. This reactor line was 
given up due to poor operating economics. 
On the basis of the MZFR the reactor of Atucha I Nuclear Power Plant was designed and up to date 
this reactor has shown excellent operating performance with high rates of availability and demonstrating 
its full operating reliability. 
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VI.1.2.    OVERALL PLANT LAYOUT 

The overall layout of Atucha I Nuclear Power Plant on the site is governed by the following basic 
considerations: 

• Clear separation of nuclear and conventional systems. 
• Clear energy flow paths. 
• Short piping and cable runs. 
• Good transport conditions and access for construction, installation and operation. 

Building and structure arrangements of CNA I are shown in Figure VI.1-3. As it can be seen from the 
site plan, the main buildings and structures of the plant are: 
(1) Reactor building. 
(2) Reactor auxiliary building. 
(3) Fuel storage building. 
(4) Turbine building. 
(5) Switchgear building. 
(6) Secondary installations building. 
(7) Cooling water intake channel. 
(8) Cooling water intake structure and service cooling water pump house.  
(9) Cooling water seal pit. 
(10) Water turbine building. 
(11) Cooling water outfall channel. 
(12) High-voltage station service transformer. 
(13) Generator transformer. 
(14) Off-site system transformer. 
(15) Secondary Heat Sink. 
In the CNA I, a clear physical separation exists between the nuclear and conventional sections of the 
plant. The reactor building, the reactor auxiliary building and the fuel storage building constitute the 
"controlled area" in which all systems assigned to the nuclear section are installed. In this way the 
potential radioactivity is limited to defined regions. There is only one controlled access to the 
“controlled area". 
The reactor building is linked with the reactor auxiliary building through a personnel airlock and this 
auxiliary building is, in turn, linked to the fuel storage building through an underground tunnel. The rest 
of the buildings are located in the "conventional" section of the nuclear power plant. 
The reactor building (Figure VI.1-4) contains the reactor, the reactor coolant system, the moderator 
system and associated equipment. Its outer structure is formed by a cylindrical reinforced concrete 
shield with a hemispherical top enclosure and is founded on a base slab. 
All high-pressure-retaining components of the plant are arranged within the spherical full-pressure steel 
containment. The containment sphere (diameter: 50 m) is constructed as a pressure vessel and designed 
for the maximum pressure associated with the worst event which has to be taken into account. 
The ancillary and low-pressure-leading auxiliary systems and components (e.g. residual heat removal 
system, safety injection system or heavy water storage system) are accommodated in the reactor 
building annulus, the annular space between the cylindrical part of the concrete containment and the 
spherical steel containment. 
A special ventilation system for the annulus ensures that even under accident conditions small 
radioactive leakages from the containment are retained by charcoal filters, thus preventing any 
radiation hazards to the environment. 
The low-level arrangement of the reactor building and the heavy internal concrete structures, as well as 
the massive outer concrete shield provide good protection against seismic and other external loads. At 
the same time, they subdivide the interior of the reactor building into operating and plant compartments. 
Due to special ventilation systems the former is accessible for Inspection and maintenance work during 
reactor operation without restriction and without any special protective measures. 
The plant compartments for reactor, steam generators and pumps are provided with removable covers, 
so that all heavy components can be serviced by the polar crane. 
The systems necessary for on-load refuelling are also housed in the containment structure. 
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The reactor auxiliary building adjoins the reactor building, and surrounds a part of it, thus allowing 
short connections to the equipment located in the reactor building annulus. 
On top of the building the vent stack is situated. 
The fuel storage building is linked with the reactor building by the fuel transfer system. Personnel 
access is possible from the reactor auxiliary building. The spent fuel assemblies are transferred from 
the reactor to the fuel storage pools with the aid of the fuel transport system, consisting of refuelling 
machine, tilter, transfer tube, tilting device and manipulating bridges. The new fuel assemblies are 
supplied to the reactor in the reverse way. 
The turbine building is of a two-bay design. Its dimensions are governed to a large extent by the 
dimensions of the turbine generator and its auxiliaries. The main bay houses the turbine generator set 
and the feedwater tank. 
The lower bay houses the condenser, the feedwater pumps and other equipment associated with the 
steam/feedwater cycle. All these compartments are free of radioactive media. Besides the turbine 
building contains the emergency diesel generator and the high-voltage station service transformer. 
The main steam lines coming from the reactor building enter the turbine building along the shortest 
route leading to the area of the high pressure casing of the turbine, where the main steam flows 
through the steam strainers into the high pressure turbine. Vertical moisture separators are installed 
on both sides of the high-pressure casing. 
The turbine operating floor is clear of off pumps and piping so that floor, space is available to set down 
components removed when the turbine generator unit is opened yap for major overhauls. 
Floor space has been left clear for a clamping fixture. The feedwater tank with the deaerator is 
installed on the level of the turbine-operating floor. The feedwater pump units and the start-up and 
shutdown pumps are installed underneath. 
An overhead travelling crane for transporting and erecting plant components is installed in the turbine 
building. 
The controlled access to the "controlled area" is located in the same floor of the switchgear building as 
the control room. 
Ventilation of individual floors is provided by the ventilation systems through redundant intake and 
exhaust air shafts and smokes vents. 
This is accomplished by the extreme leak-tightness of the primary systems, adequate shielding and 
physical separation of equipment, and by the ventilation which enforces a definite continuous airflow 
from rooms with lower activity to rooms with higher activity. 

VI.1.3.    CNA I MAIN SYSTEMS 

In what follows the main safety and process systems that are part of the station, are briefly summarised. 

VI.1.3.1.    Reactor 
The reactor (Figure VI.1-5) is of the pressure vessel type, natural and slightly enriched uranium 
fuelled and heavy water moderated and cooled. The bulk thermal power is 1179 MWt. 
The reactor core is approximately cylindrical in shape and consists of 252 enriched uranium fuel 
assemblies located in the same number of coolant channels. The fuel assemblies are bundles of 36 
closely packed fuel rods which are arranged in 4 concentric rings having 1, 6, 12 and 17 fuel rods each, 
plus an additional structural rod located in the external ring. Each fuel rod consists of a stack of 
uranium dioxide pellets enclosed by a thin walled zircaloy 4 canning tube, which is both gas and 
pressure tight. Each fuel assembly, together with the filler body and the closure plug, forms the fuel 
bundle column. The coolant channels are arranged vertically in a trigonal lattice within the moderator 
tank. Each coolant channel contains one fuel bundle column. 
The coolant channels are surrounded by the moderator, which is enclosed in the moderator tank. For 
reactivity reasons, the moderator is maintained at a lower temperature than the reactor coolant. This is 
accomplished by the moderator system, which extracts the moderator from the core, cools it down in 
the moderator coolers, and feeds it back into the core. 
The heat removed from the moderator is used for pre-heating the feed-water. This is one of the 
reasons for the high net efficiency of the power plant. 
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The reactor coolant system and the moderator system are connected by the pressure equalisation 
openings of the moderator tank closure head. Therefore, the pressure differences in the core are 
comparatively small, which results in thin walls for the reactor, pressure vessel internals. This allows a 
very high burn-up to be attained. Furthermore, the connection between the reactor coolant system and 
the moderator system permits the use of common auxiliary systems to maintain the necessary water 
quality. The number of auxiliary systems can therefore be reduced to a minimum. 
In order to control reactivity, and thus the power output of the reactor, various methods are applied. 
The reactor contains 24 "black" (absorbers made of hafnium) and 5 "grey" (steel) control rods. The 
control rods are used to control reactivity and power distribution, to compensate the build-up of xenon 
poisoning after a reactor power reduction, to provide damping of azimuthal xenon oscillations, and to 
shut down the reactor. 
In addition to the control rods, reactivity control is provided by the boric acid dosing system. The 
injection or extraction of boric acid serves to compensate slow reactivity changes due to bum-up 
during the first period of operation. Extraction of the boric acid is performed by anion exchangers. 
Additionally, a boron injection system, as a second independent shutdown system is provided, which 
injects boric acid into the moderator. 
In addition to these reactivity control systems, reactivity can also be controlled by varying the 
moderator temperature within a certain range, which is advantageous for some operating modes. 
The reactor pressure vessel constitutes the pressure boundary of the reactor core and encloses core 
components and reactor pressure vessel internals. The reactor pressure vessel consists of a lower 
part, the closure head and the studs and nuts which connect both sections. The connection is made 
leak-tight by means of a welded lip seal. 
Most of the reactor pressure vessel internals form the structure of the reactor core. The moderator 
tank accommodates all core components, separates the moderator from the coolant, and, in 
conjunction with the reactor pressure vessel, forms the annulus for the in-flowing coolant. The 
moderator tank bottom serves as the lower fixing level for the coolant channels and the control rod 
guide tubes. The moderator tank shell serves as thermal shielding. 
The moderator tank closure head forms the upper plenum for the reactor coolant leaving the coolant 
channel slots. The closure head and the moderator tank jointly form a unit which keeps the coolant 
channels and the control rod guide tubes in position firmly and without displacement during all 
operating modes, as well as during postulated accidents. The moderator tank and its closure head are 
suspended from the flange of the reactor pressure vessel and are field tightly in position by the 
pressure vessel closure head. 
The coolant channels consist of vertically-arranged tubes which contain the fuel bundle columns, 
direct the reactor coolant flow and separate the reactor coolant from the surrounding moderator. 
The reactor coolant flows inside the coolant channels in an upward direction. After passing through 
the fuel assembly, it leaves the coolant channel through slots and enters the upper plenum formed by 
the moderator tank closure head. 
The coolant channel closure head, together with the coolant closure plug, forms the pressure-tight cap 
of the coolant channel. It can be opened by the refuelling machine during reactor operation in order to 
exchange the fuel bundle column located inside the coolant channel. 
The moderator piping serves for supply, distribution and extraction of the moderator inside the 
moderator tank. The moderator piping essentially encompasses down-comers, the sparger ring on the 
moderator tank bottom, and the suction boxes with nozzles in the moderator tank closure head. 
The moderator flows downwards through the down-comers to the sparger ring, where it is distributed 
at the moderator tank bottom. After rising and heat-up in the moderator tank, the moderator flows to 
the suction boxes and leaves the moderator tank through two nozzles. 

VI.1.3.2.    Reactor coolant system and moderator system 
The reactor coolant system (Figure VI.1-6) removes the heat generated in the reactor core and 
transfers it via the steam generators to the turbine generator plant. 
The system is structured similar to that of a pressurised light water reactor and consists of two 
identical loops, each comprising a steam generator, a reactor coolant pump and the interconnecting 
piping, as well as one common pressurizer. 
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The heat is carried by the reactor coolant, which flows from the reactor pressure vessel to the steam 
generators, where it is cooled down and then pumped back to the reactor pressure vessel by the 
reactor coolant pumps. 
The pressurizer system is connected to one reactor coolant loop and basically comprises the 
pressurizer with the electric heaters, the surge line, the spray lines with valves, and the safety valves. 
Besides pressure control by sprays in the pressurizer, protection against over-pressure in the reactor 
coolant system is provided in accordance with international codes for pressure vessels and systems. 
Protection is afforded by independent, self-actuating safety valves. 
When the safety valves open, the steam discharged from the pressurizer is directed into the 
pressurizer relief system, where it is condensed to water. 
The moderator system consists of two identical loops operating in parallel. Each loop comprises a 
moderator cooler, a moderator pump, and the interconnecting piping with valves. 
The moderator system performs various functions depending on the operating mode of the reactor. 
During normal operation the moderator system maintains the moderator at a lower temperature than 
that of the reactor coolant. The moderator leaves the top of the moderator tank flows to the moderator 
pumps, is pumped to the moderator coolers and flows back to the bottom of the moderator tank. The 
heat transferred in the moderator coolers is used for pre-heating the feedwater. 
For residual heat removal the moderator system is switched over to the residual heat removal position 
by means of the moderator valves. Under this mode of operation, the moderator is extracted from 
bottom of the moderator tank by the moderator pumps and fed into the cold legs of the reactor coolant 
loops, and also directly into the reactor coolant inlet annulus of the reactor pressure vessel via the 
moderator coolers. The moderator system forms the first link of the residual heat removal chain. The 
residual heat is transferred from the moderator system to the residual heat removal system and thin to 
the service cooling water system. 
During emergency core cooling the moderator serves as a high-pressure core re-flooding and cooling 
system. The emergency core cooling position is similar to that of the residual heat removal, but 
additionally, water is injected into the hot legs of the reactor coolant loops and into the upper plenum 
of the reactor pressure vessel. The residual heat removal chain connected to the moderator coolers 
during emergency core cooling is the same as during residual heat removal. 
An essential feature of the moderator system together with the residual heat removal system is the 
allowing of the hot shutdown condition of the reactor to be maintained for as long as required, or the 
cool-down at a pre-set gradient, as well as emergency core cooling without main steam blow-off and 
thus without an additional heat sink. 
All systems of the residual heat removal chain are of a consistent two-loop design. The residual heat 
removal system acts as a barrier between the active moderator and the service cooling water and 
prevents the escape of radioactivity into the service cooling water in the event of leakages in the 
moderator coolers. 

VI.1.3.3.    Refuelling system 
The slightly enriched uranium reactor makes it possible and desirable, with a view to obtaining a high 
burn-up, to shuffle and replace the fuel assemblies during power plant operation. The refuelling 
procedure is carried out by a single refuelling machine. The fuel assembly transport system is located 
in the reactor building and in the fuel pool building. The main items of the fuel transport system are: 
refuelling machine, tilter with supporting structure, fuel transfer tube, fuel pools, and the corresponding 
auxiliary systems and maintenance installations. 
The refuelling procedure is fully automated and monitored from the control room. 
The refuelling machine is moved from a maintenance position in the refuelling machine maintenance 
room, by remote control, to a previously selected coolant channel position in the reactor well in which 
the machine is centered. The seat-on seal is pressed on to the coolant channel closure head by the 
dead weight of the refuelling machine to form a watertight seal between the machine and the coolant 
channel. Pressure equalisation takes place between the refuelling machine and the reactor before 
opening the isolation valve of the refuelling machine and opening the coolant channel closure. 
Following this, the fuel bundle column is withdrawn into an empty position in the refuelling machine 
magazine. The magazine is then rotated in such a way that a fuel bundle column with a partially burnt-
up fuel assembly or with a new fuel assembly is positioned above the open coolant channel. This fuel 
bundle column is lowered into the coolant channel position and the coolant channel closure is locked 
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again. After closing the isolation valve of the refuelling machine a check for leak-tight closure is 
performed. Then the refuelling machine is removed from the reactor pressure vessel and positioned 
above the vertically arranged tilter. The tiIter has the following functions in the indicated sequence: 

• Take-over of the fuel bundle column with the spent fuel assembly. 
• Removal of the decay heat by cooling with heavy water. 
• Drying and cooling the spent fuel assembly with gas. 
• Flooding and cooling of the tiIter with heavy water. 
• Tilting to the horizontal position and connecting with the fuel transfer tube. 
• Transfer of the fuel assembly into the fuel transfer tube. 

When a new fuel bundle column is transported from the fuel pool building into the tilter via the transfer 
tube, and later from there into the refuelling machine, the process of cooling and change of cooling 
medium takes place in the reverse order. 
The task of the fuel transfer tube is to establish a connection between the tilter within the reactor building 
and the tilting device in the fuel pool building, while both components are in the horizontal position. 
The tilting device takes the fuel bundle column from the fuel transfer tube and swivels it from the 
horizontal into the vertical position. 
Besides the main components mentioned above, important auxiliary systems, tools and maintenance 
and service equipment necessary inside the fuel pool building are provided. 
The great advantage of the refuelling system is that it handles the fuel assemblies with only one 
refuelling machine and that it has one seal ring for each coolant channel. A silver-clad seal ring with 
good material flow properties is used as sealing material. In this established design, the coolant 
channel seals are almost perfectly tight. 
Using the gas drying and cooling circuit in the tilter, the heavy water humidity is completely removed from 
the tilter and then recovered by cooling and condensing the extracted gas stream. This Is one of the 
reasons for the very low heavy water -in Atucha I Nuclear Power Plant. With this fuel transport system, it 
is also possible to transport semi-burnt fuel assemblies from the fuel pool building to the reactor. 

VI.1.3.4.    Reactor auxiliary and ancillary systems 
The auxiliary systems are basically organized in the same way as the auxiliary systems in PWR 
plants. The auxiliary systems work together with the reactor coolant system and moderator system to 
ensure the specified chemical conditions of the coolant and moderator. The systems containing heavy 
water are strictly separated from the systems containing light water in order to avoid downgrading the 
heavy water. The main tasks of the auxiliary systems are: 

• Storage of heavy water. 
• Volume control, seal water supply. 
• Treatment and upgrading of heavy water. 
• Boric acid dosing and chemical feeding into the primary circuit. 
• Fast boron injection. 
• Nuclear component cooling. 
• Fuel pool cooling. 
• Supply of refuelling machine with auxiliary fluids. 
• Compensation of leakages. 
• Removal of decay heat from the core, emergency core cooling. 

The auxiliary and ancillary systems are located mainly in the auxiliary building and partly in the 
annulus of the reactor building.  
Based on the primary system concept, the number of auxiliary systems in CNA l is minimized. This is 
the result of simple water chemistry in the primary system, of the same heavy water quality and 
enrichment in the reactor coolant and moderator system, and is also a logical consequence of the 
material concept for the primary system and for the auxiliary systems. 

VI.1.3.5.    Main control room 
The main control room of the nuclear power plant contains the operating and information equipment 
for the control and monitoring of the plant systems. This means that manual control, set-point 
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adjustment and monitoring of the reactor, important reactor auxiliaries, the feedwater/steam cycle, the 
turbine, the generator and the auxiliary power equipment are controlled from the main control room. 
Additional enunciator panels are located in the main control room. These include the fire alarm 
system, area monitoring, etc. 

VI.1.3.6.    Instrumentation and control systems 
The instrumentation and control equipment includes measurement, control, protection and monitoring 
systems. 
The control room is, through the automation and plant interface equipment, connected to the drives 
and signal transmitters in the plant. Plant conditions and operational transients are transmitted via 
analog and binary signal transmitters to both the operator in the control room and to the automatic 
equipment. The command signals to the drives in the plant are transmitted via the control interface as 
required for maintaining proper operation. 
Measured-value and status signals from the entire plant are continuously monitored by means of a 
process computer. The computer provides the data for trend logging and fault analysis and transmits 
the information to the operating personnel in the control room and other places via data display 
terminals and tele-printers. 
Automatic functional group controls are provided to minimise the operating errors and to obtain a 
higher degree of automation. 

VI.1.3.7.    Electric power system 
The Atucha I nuclear power plant has two physically independent grid connections (Figure VI.1-7). 
One of them is the 220 kV grid and the other is the 132 kV grid. In addition, the basic concept enables 
CNA I auxiliary power supply from the generator in case of a grief disturbances after load rejection. 
Only in the case of common outage of all three power supply possibilities, the emergency power 
system with the diesel generators will be required. Definite loads, mainly of the control and 
instrumentation field, are power supplied by rectifiers and converters or by means of batteries with 
direct current. 
The generator feeds into the 220 kV network via one generator transformer and supplies the station 
auxiliary service requirements by means of one high-voltage station service transformer. 
The high-voltage station service transformer or the off-site system transformer feed into two separate 
medium (each 6.6 kV) high voltage bus sections, to which the large auxiliary loads and the 
transformers for the low voltage switchgears are connected. 
If the station service power system fails, certain equipment (pumps, etc.) are needed to remove 
residual heat and to run the plant into safe conditions. This equipment must remain in operation or has 
to be put into operation and must therefore be supplied with emergency power. 
The emergency power system is like the other safety equipment divided into redundant separate 
trains. Under normal operating conditions, the auxiliary switchgears of the auxiliary power system feed 
the emergency power system. To avoid loss of power in case the auxiliary power system fail, each of 
the redundant trains in the emergency power system is equipped with a quick-starting diesel set. 
CNA I 's electric system may be divided into two main subsystems: the offsite power system and the 
onsite power system. 
The offsite power system is constituted by the 220 kV and 132 kV transmission lines connecting CNA I 
with two sub-stations belonging to the national electric grid. 
With the generator load-breaker in the "off" position the station service power for "start up" and "shut 
down" of the CNA I can be drawn from both 220 kV grid and 132 kV grid. Upon simultaneous failure of 
the main grid and the turbine generator set the 132 kV grid provides power for shut down operation of 
the plant down to the "hot-subcritical" condition. 
The onsite power system consists, in turn, of two subsystems: the auxiliary power system (“normal 
system") and the emergency power system. 
The auxiliary power system provides power for the loads of the nuclear power plant, which are 
necessary during normal operation, start-up and shutdown operation. It is subdivided into two trains 
{6.6 kV buses BA and BB} which are supplied normally by the high-voltage station service 
transformer. This transformer is fed either from the generator or from the 220 kV grid via the generator 
transformer. For shutdown operation or after loss of the normal power supply grid and generator, it 
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may be fed by the off-site power supply via the off-site system transformer. The offsite power supply 
system is available via automatic changeover. 
The emergency power system provides the power required for safe shut-down of the reactor to 
maintain it in the shut-down condition, for removal of residual heat and to prevent release of 
radioactivity during normal operation and accident conditions, and for some loads important for plant 
availability. It is subdivided into two trains - 6.6 kV uninterruptable BU and BV buses-, which are 
usually supplied by 6.6 kV buses BA and BB as well as the water turbine driven generator (located in 
the water turbine building). 
During emergency situations only safety related loads are fed. For those situations in which one or 
more out of the three power supply possibilities before mentioned are available, buses BU and BV 
continue to be fed by buses BA and BB. In this last case, the condition of uninterruptible voltage in BA 
and BB is initially achieved by the emergency diesel generators supply. 
As the water turbine-driven generator was connected to bus BV before the emergency situation, this 
turbo-generator continues supplying energy after the emergency signal, during a time period of 40 
seconds; during such period, the emergency diesel generators start and they are connected to buses 
BU and BV. 
The emergency diesel generators are three redundant units and it is enough that any two of them are 
functioning, for the supply of all the loads fed from buses BU and BV. Each emergency diesel 
generator is, in turn, constituted by different main and auxiliary subsystems, such as the starting 
subsystem, the lubrication subsystem, etc. 

VI.1.3.8.    Safety systems 
The safety philosophy, on which the design is based, fulfils, In all conceivable plant conditions, the 
following basic requirements: 

• The reactor can be safely shut down and kept shut down over prolonged periods (the decay 
heat can be reliably removed). 

• Any release of radioactivity is within the limits established by the radiation protection regulations. 
In order to meet these requirements, safety measures against damage to the systems or components 
are provided. Safety measures can be classified in three safety levels according to the possible plant 
conditions: 
Components and systems necessary for normal operation (including startup, partial load and full load 
operation, load changes, shutdown) are of such design as to preclude failure. The safety measures 
provided are: 

• Conservative and careful design. 
• Stringent quality assurance and control. 
• Regular examinations and inspections. 

According to general engineering experience, it must be considered that systems and components 
can fail during their service life despite adequately high quality. It is assumed that operational 
disturbances (e.g. reactor coolant pump failure, load rejection) can occur. In order to prevent faults 
and operational disturbances and to mitigate their consequences the following safety measures are 
provided: 

• Inherently safe Operational characteristics. 
• Alarm annunciation. 
• Reactor protection limitation. 

Despite the safety measures of the first and second safety levels, theoretically assumed accidents are 
postulated. In order to prevent these accidents and to mitigate their consequences, safety systems are 
provided. The design of the safety systems is based on the assumption that parts of the safety 
systems (sub-systems) can fail simultaneously with the accident. As a consequence, safety systems 
are of redundant design. 
The basic safety systems provided are: 

• Fast Reactor Shutdown System. 
• Emergency Core Cooling System. 
• Containment System. 
• Emergency Electric Power System (safety related system). 
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In order to protect the environment against the release of radioactivity, the following radioactivity 
barriers are provided as passive safety measures: 

• The fuel matrix of the uranium dioxide pellets. 
• The seal welded cladding tubes enclosing the fuel. 
• The closed and seal-welded reactor coolant system and moderator system. 
• The full-pressure gas-tight steel containment structure. 
• The concrete secondary shield. 

The components of the radioactivity barriers act according to their mechanical properties, without auxiliary 
energy. In case of damage to one of these barriers the next one will act and thus retain the radioactivity. 
The accidents considered in the plant design are the plant internal and external accidents. The internal 
accidents are, above all, loss of coolant accidents (LOCA), with the whole spectrum of pipe ruptures 
including the break of the largest connection pipe to the reactor coolant loops or to the moderator 
system. The external accidents considered are aeroplane crash, explosion pressure wave, floods, 
tornadoes, etc. 
In order to meet the safety requirements even during the considered internal and external accidents, 
the following design principles were established: 

• Multiplicity of safety features. 
• Redundancy of safety systems and of their auxiliary systems. 
• Diversity of important parts of the reactor protection system. 
• Physical separation and/or protection by concrete walls of the redundant sub-systems. 
• Protection of safety systems against external accidents. 
• Periodic testing of safety systems. 

The task of the safety systems is to prevent any damage to the radioactivity barriers during 
operational malfunctions and during accidents in order to fulfil the safety philosophy requirements. 
The fast reactor shutdown safety system consists of two separate sub-systems: the shutdown control 
rod system (first independent shutdown system) and the boron injection system (second independent 
shutdown system). The emergency core cooling safety system consists of the following basic sub-
systems: the moderator system, the residual heat removal system, the service cooling water system 
for the secured plant, the nuclear component cooling system and the safety injection system. 
The containment safety system consists of several basic sub-systems: the concrete containment, the steel 
containment, the containment isolation system and the reactor building annulus air extraction system. 
The safety systems are supported by a high degree of quality assurance and quality control 
measures, regular inspections during operation of the plant and in-service inspection programs. 
Through these measures, a high safety standard can be ensured. 

VI.1.3.9.    Technical data 
Some of the main technical data are detailed in what follows: 

Overall Plant Data 
Reactor type Pressurised heavy water (PHWR) 
Net nominal electric power 335 MWe 
Bulk nominal electric power 357 MWe 
Authorized thermal power 1179 MWt 

 
Reactor Core Data 

Type of fuel Slightly enriched uranium (0.850 weight) 
Shape of fuel assembly 37 - rod cluster 
Number of coolant channels or fuel assemblies 252 
Cladding material Zircaloy 4 
Fuel assemblies length 6180 mm 
Refuelling On load 
Coolant and moderator Heavy water 
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Thermal and Hydraulic Data 
Pressure at reactor vessel inlet 12.2 MPa 
Pressure at reactor vessel outlet 11.6 MPa 
Coolant channel inlet temperature 264 °C 
Coolant channel outlet temperature 303.3 °C 
Maximum temperature on the fuel assembly 
cladding surface 

325 °C 

Coolant flow in coolant channels 20210 t/h 
Average coolant speed in central channel 9 m/s 
Mean heat-flux density 67.7 W/cm2 
Average specific thermal power of fuel roofs 232 W/cm 
Heavy water concentration 99.75 (weight) 

 

Steam and Power Conversion System Data 
Live steam pressure at steam generator outlet 4.46 MPa 
Live steam temperature at steam generator outlet 254.9 °C 
Live steam flow 1856 t/h 
Live steam moisture 0.3% 
Turbine rated speed 3000 rpm 
Condenser pressure 4.56 kPa 
Cooling water inlet temperature of condenser 22 °C 
Cooling water flow of condenser 62500 m3/h 
Generator apparent power 425 MVA 
Generator power factor 0.8 
Generator voltage 21 kV 
Generator transformer rated power 400 MVA 
Generator transformer transformation ratio 21 kV / 245 kV 
High-voltage station service transformer rated power 35 / 20 / 20 MVA 
High-voltage station service transformer 
transformation ratio 

21 kV / 6.95 kV 

Generator off-site system transformer rated power 35 / 20 / 20 MVA 
Oft-site system transformer transformation ratio 132 kV / 6.95 kV 

  
   



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 11 

 

 



12  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 13 

 

 



14  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 

 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 15 

 

 

 



16  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 

 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 17 

 

VI.2.    EMBALSE NUCLEAR POWER PLANT 

VI.2.1.    INTRODUCTION 

In 1967 the Comisión Nacional de Energía Atómica (CNEA) of Argentina initiated the feasibility study 
for the construction of Embalse Nuclear Power Plant (CNE) and in 1973 signed a contract with Atomic 
Energy of Canada Limited (AECL) and Societa Italiani Impianti P.A. (IT) for a 600 MWe CANDU-PHW 
(pressurized heavy water) type nuclear power plant at the Embalse site in the Province of Córdoba, 
Argentina, on the Almafuerte Peninsula just out from the south shore of Río Tercero Lake, as shown 
in Figure VI.2-1. 
The construction of the station began in May 1974 and the commercial operation in January 1984. 
At present, the owner of CNE is Nucleoeléctrica Argentina S.A., and the plant provides a net electric 
power of 600 MWe to the interconnected national system. 
The plant is designed for commercial base-load operation. It contains a turbine generator set, with 
steam supply from a CANDU-PHW type nuclear reactor. This design has been used in all Canadian 
designed nuclear power plants built to date, with the exception of Gentilly-1. 
Besides, the plant also has components, equipment and sub-systems required for the functioning of 
the big systems located at its "nuclear" and "conventional" sections. 
The CANDU-PHW type reactor uses heavy water as moderator and as a heat transport medium. The 
fuel is natural uranium supplied in the form of bundles loaded into and removed from the reactor 
during "on power" operation. Its thermal power is 1987 MWt. A closed loop cooling circuit is provided 
to transfer the heat from the fuel and to produce light water steam in the steam generators. The 
turbine cycle is similar to that which has been used for other plants of this type. 
Figure VI.2-2 shows schematically the main systems of the Embalse Nuclear Power Plant. 

VI.2.2.    OVERALL PLANT LAYOUT 

Building and structure arrangements of CNE are shown in Figure VI.2-3.  
CNE's main buildings and structures may be classified into nuclear steam plant and balance of plant. 
The nuclear steam plant includes the reactor building, service building, emergency water supply 
building, high-pressure emergency core cooling building, and their contents except for balance of 
plant equipment in the control room. The balance of plant includes all other buildings and their 
contents. 
The reactor building (Figure VI.2-4) houses the reactor, fuel handling systems, the heat transport 
system, including the steam generators, and the moderator system, together with their associated 
auxiliary and special safety systems. 
The reactor building is divided into three major structural components: the containment structure, the 
internal structure, and the reactor vault structure. 
The containment structure is the main component of the containment system. This structure is a pre-
stressed concrete building comprising three structural components: a base slab approximately 1.74 m 
thick; a cylindrical wall approximately 41.5 m diameter with a minimum wall thickness of about 1.07 m, 
and a spherical segmental dome with a thickness at the crown of about 0.60 m. 
Beneath the outer dome there is a second dome having an opening in the crow, which together with 
the perimeter wall forms a container to provide storage for 2170 m3 of water for dousing and emergency 
core cooling. 
The internal structure is a reinforced concrete building dividing the reactor building into two areas as 
follows: the "accessible area” to which operating and maintenance personnel have access during normal 
plant operation, and the "inaccessible area" which is not accessible during plant operation, but to which 
access can be obtained after plant shutdown. The internal structure is separated from the containment 
structure. All those system and items of equipment to which access is routinely required for operation, 
servicing or maintenance, are housed in rooms within the accessible area. Outside of the accessible 
area, the remainder of the reactor building forms the inaccessible area containing the reactor and its 
vault, the heat transport and moderator system, the fuelling machine operating areas, steam generator 
room, and the areas for auxiliaries. Service cranes are provided as required in this area. 
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The reactor vault structure is a reinforced concrete, carbon steel-lined, light water-filled tank which 
contains and supports the calandria and end shields. Adequate shielding is provided by the concrete 
vault for access within the reactor building during plant operation. The vault is independent of other 
structural units within the reactor building. 
The service building is a conventional reinforced concrete structure with concrete floors. It contains 
the following main facilities: control room, spent fuel transfer and storage facilities, and heavy water 
treatment and radioactive waste treatment facilities. It also contains conventional and nuclear service 
facilities such as stores, workshops, charge rooms, a decontamination centre and laboratories. 
The turbine building, consisting of a turbine hall and the turbine auxiliary bay, has a reinforced 
concrete main structure. The turbine hall houses the turbine generator and some associated auxiliary 
equipment. Other auxiliary equipment and electrical power distribution equipment are contained in the 
turbine auxiliary bay. 
The auxiliary bay is adjacent to and structurally independent from the service building which forms part of 
the plant. The main access leading to the loading bay In the turbine building is at the end of the turbine 
hall. 
The building complex has reinforced concrete foundations and structures. The turbogenerator 
pedestal is a reinforced concrete structure rising from the foundations slab. Only the roof of the turbine 
building is structural steel work. 
The other main structures of the station are: diesel building, emergency water supply pumphouse, and 
water supply structures. 
The diesel generator and emergency steam generator building has reinforced concrete slabs. The 
diesel building consists of one single building formed of concrete walls and roof. This building is 
divided into five rooms, four of which contain generator sets together with the related control panels. 
The fifth room is used for storage purpose. Partition walls between these rooms are full height 
reinforced concrete. The auxiliary steam generators are located outdoors near the diesel building. 
The emergency water supply pumphouse is a reinforced concrete structure with a floor elevation of 
97.0 m. Two removable hatches in the concrete roof slab are located over the diesel-driven pumps. 
The water required for the different services of the station is taken from the reservoir of Embalse by 
means of the water supply structures. These structures include: pump house, water intake structure, 
and the water circulation piping. 

VI.2.3.    CNE MAIN SYSTEMS 

In what follows the main safety and process systems that are part of the station, are briefly summarized. 

VI.2.3.1.    Reactor 
The Canadian heavy water-moderated, natural uranium-fuelled, pressurized heavy water reactors 
utilize the “pressure tube" concept. This consists of an array of pressure tubes, containing the reactor 
fuel, passing through a large cylindrical vessel (the calandria) containing the heavy water moderator 
and reflector. 
Pressurized heavy water coolant is pumped through the pressure tubes, cooling the fuel and 
conveying heat from the fuel to the outlet header and to the steam generator. Each pressure tube is 
isolated and insulated from the heavy water moderator by a calandria tube. The annular space 
between concentric pressure and calandria tubes is filled with a gas. 
It should be noted that this type of design results in a partially redundant structure, insofar as any 
localized failure of the moderator boundary will not result in the failure of the structure as a whole, and 
is therefore tolerable from a safety standpoint. 
The reactor assembly (Figure VI.2-5) comprises the calandria assembly within the calandria vault, fuel 
channel assemblies and reactivity control units. The calandria vault is an ordinary carbon steel-fined 
concrete structure, and is filled with light water. The water serves as a thermal shield and as a cooling 
medium. 
The calandria assembly comprises the calandria, two end shields, and an embedment ring at each end 
shield (the embedment rings are grouted into the concrete wall of the calandria vault). This assembly 
forms an integral multi-compartment structure which provides containment for the heavy water moderator 
and reflector, the fuel channels (less end fittings), the reactivity control units, and the reactor shielding. 
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The calandria comprises a horizontal, cylindrical, single-walled, stepped shell, enclosed at each end 
by the tubesheet of an integral end shield, and spanned horizontally by 380 integral calandria tubes. 
The functions of the calandria are the following: 

• Contains the heavy water moderator and reflector enveloping the in-core portions of the fuel 
channels. 

• Helps support the in-core components of the reactivity control units. 
• Helps support the fuel channels. 
• Helps support the moderator piping, and any other piping, attached to it. 

The calandria is designed for a postulated pressure tube/calandria tube rupture. To limit the pressure 
resulting from such an accident, four pressure relief pipes are provided. These pipes extend from the 
top of the calandria through the shield light water in the calandria vault, and terminate at the rupture 
discs located in the top of the calandria vault adjacent to the reactivity mechanism deck. 
The end shields are horizontal, cylindrical shells enclosed at each end by tubesheets, and spanned 
horizontally by 384 lattice tubes. They contain biological shielding material in the form of carbon steel 
balls and ordinary light water. The functions of the end shields are as following: 

• Shields the fuelling machine areas from the reactor during reactor operation and during 
shutdown. 

• Helps support the calandria. 
• Helps support and align the fuel channels. 
• Provides a gas-filled annulus between the hot end fittings and lattice tubes in order to 

minimize the heat loss. 
Two end shields are integral parts of the calandria assembly, one end shield being welded to each 
end of the calandria. Outside of each end shield, and concentric to it, is the end shield embedment 
ring which is grouted into the calandria vault wall. The end shield support structures are designed to 
accommodate the differential movements between the reactor assembly and the calandria vault which 
result from thermal and loading effects. 
Each fuel channel assemblies consists of a zirconium-niobium alloy pressure tube expanded at each end 
into the hub of an alloy steel end fitting. Each assembly with its fuel and heavy water coolant is supported 
by the end shield lattice tubes through sliding bearings and, partially, by the calandria tube/pressure tube 
annular spacers. The end fittings are designed to allow relative axial movement between the fuel channel 
assemblies and the lattice tubes to cater for thermal expansion and pressure tube creep. 
The inlet and outlet end fittings are designed to meet the following requirements: 

• To provide a suitable high pressure closure that can be operated by the fuelling machine to 
allow insertion and removal of fuel. 

• To provide shielding in the end shield penetrations to allow service access to the fuelling 
machine operating areas and to the face of the end shields at shutdown. 

• To provide a transition between the pressure tubes and the primary circuit piping. 
• To provide support for the pressure tubes and their contents. 

The channel closure consists of a flexible seal disc mounted on a body witch locks firmly into the end 
fitting by means of a set of extendable jaws. The seal disc bears against a seal face in the end fitting 
to prevent leakage and is nickel plated to improve leak tightness. A shield plug is locked into each end 
fitting where the end fitting passes through the end shield. Both the channel closure and the shield 
plug can be removed and reinserted by the fuelling machine during refuelling. 
The fuel is designed to be compatible with the operating conditions imposed on it by the heat 
transport system, the fuel handling system and reactor nuclear design. 
The reactor is fuelled with natural uranium in the form of compacted and sintered cylindrical pellets 
of uranium dioxide. About thirty-five uranium dioxide pellets are stacked end-to-end and are sealed 
in a zirconium alloy sheath to form a fuel element. An interlayer of graphite between the pellet stack 
and the sheath is used to reduce the pellet/sheath interaction. These fuel elements are also fitted 
with zirconium alloy spacers and bearing pads. Thirty-seven fuel elements are welded to two 
zirconium alloy end plates to form the cylindrical bundle. The end plates maintain separation among 
the fuel elements at the bundle element extremities.  
The separation among the fuel elements at the bundle mid-length is maintained by the spacers which are 
brazed to the fuel elements. The spacers are positioned on each individual fuel element such that the 
contact between any two mating elements is spacer-to-spacer. Bearing pads are brazed to the outer ring 
of fuel elements. The three planes of bearing pads maintain proper clearances between the bundle and 
the fuel channel during fuel handling operations and during the bundle's residence in the reactor. 
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Concerning reactivity control units it should be mentioned that neutron absorbing devices, both liquid 
and solid, are provided to control reactivity. During operation, reactivity is controlled by adjuster units, 
control absorber units, and liquid zone control units. Under emergency or abnormal conditions, reactor 
shutdown is quickly achieved by dropping shutoff absorbers into the reactor core, or by injecting liquid 
poison into the heavy water moderator. 
Twenty-one vertical adjuster units are provided, each comprising an assembly of zircaloy clad cobalt 
absorber elements, a vertical guide tube and a drive mechanism. The absorber shape the neutron flux 
for optimum reactor power and fuel burnup when inserted in the calandria, and upon removal from the 
calandria allow excess reactivity for overriding xenon poison following a power reduction. 
Four control absorber, mounted vertically, adjust the flux level at times when greater reactivity rate or 
depth is required than that provided by the zone control system. The design is essentially the same as 
that of the shutoff units, except that the shutoff unit accelerator spring is omitted from the design. 
The liquid zone control units are tubular members divided into compartments within the reactor core, 
each capable of being filled to any desired level with light water. There are six vertically oriented zone 
control units in the reactor. The units are used to adjust the flux level in any one of fourteen zones in 
the reactor. This is accomplished by introducing a continuously controlled amount of light water into 
the zones to provide a local control of neutron absorption. 
On the other hand the reactor has two shutdown systems: the shutoff units and the liquid poison 
injection system; these systems are discussed in section VI.2.3.9. 

VI.2.3.2.    Heat transport system 
The heath transport system circulates pressurized heavy water (reactor coolant) through the reactor 
fuel channels to remove heat produced by fission of uranium fuel. The heat is carried by the reactor 
coolant to the steam generators where it is transferred to light water to form steam, which 
subsequently drives the turbine generator. 
The major components of the heat transport system are the reactor fuel channels, four vertical steam 
generators, four motor driven pumps, four reactor inlet headers, four reactor outlet headers, one 
electrically heated pressurizer, and all necessary interconnecting piping and valving. The fuel 
channels are horizontal and allow access to both ends by the fuelling machines. The header, steam 
generators and pumps are located above the reactor. The normal operation flowsheet for the heat 
transport system is show in Figure VI.2-6. 
The main features of the transport system are as follows: 

• Circulation of the reactor coolant is maintained at all times during reactor operation, shutdown 
and maintenance. 

• Each heat transport pump has sufficient inertia in rotating components to prevent a sudden 
decrease in the flow if power to the pump motor is lost. 

• Adequate heat transport system flow for shutdown heat removal is maintained by natural 
convection flow following pump rundown. 

• Heat transport system pressure is controlled at an acceptable value for all normal modes of 
operation. 

• System components are protected from overpressure by instrumented relief valves and 
suitable reactor regulating and/or safety system action. 

• A separate shutdown cooling system is provided to remove reactor shutdown heat, thus 
permitting the draining of steam generators and pumps in the heat transport system, for 
maintenance. 

• Purification by filtering, ion exchange and degassing is provided to control the chemistry of the 
reactor coolant. 

• Potential heavy water leak sources are kept to a minimum by using welded construction and 
bellows sealed valves wherever practicable. Where potential leak sources exist, they are 
connected to closed collection and recovery systems. 

The heat transport system has two loops in order to reduce the rate of positive coolant void reactivity 
insertion in the event of a loss-of-coolant accident. The two loops each contain two steam generators, 
two pumps, two reactor inlet headers, two reactor outlet headers, one set of inlet feeders and one set 
of outlet feeders. Feeders flow are matched to individual fuel channel powers to give an equal heavy 
water steam quality for each channel at the reactor outlet headers when the reactor is at full power. 
Pressure drop causes the heavy water steam quality to increase at the inlet to the steam generator. 
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The two figure-of-eight loops provide bi-directional flow through the core such that the flow is in opposite 
directions in adjacent channels. Each loop removes the heat from half of the fuel channels in the reactor 
core. Each loop has one inlet and outlet header at each end of the reactor core. Heavy water is fed to 
each of the fuel channel through individual feeder pipes from the horizontal reactor inlet headers, and 
heavy water is returned from each fuel channel through individual outlet feeder pipes to the horizontal 
reactor outlet headers. Individual feeder piping sizes depend on the coolant flow to the particular channel. 
The pressure in the reactor outlet headers is controlled by a common pressurizer connected to a line 
linking the outlet headers at one end of the reactor. Valves in these lines provide isolation between the 
two loops in the event of a loss-of-coolant accident. 
Two pipes connect each reactor outlet header to one steam generator. As the reactor coolant passes through 
the four steam generators, heat is removed and the reactor coolant at the outlet of the steam generator is 
sub-cooled. Each steam generator is connected to the pump suction of one heat transport pump by one pipe, 
and each heat transport pump delivers coolant to one reactor inlet header through two pipes. 

VI.2.3.3.    Moderator system 
Neutrons produced by nuclear fission are moderated by the heavy water in the calandria. The heavy 
water is circulated through the moderator system of cooling, for purification and for control of the 
concentration of substances used for reactivity adjustment. Figure VI.2-7 is a simplified flow diagram 
for the moderator system. The system consists basically of two 100% capacity pumps (connected in 
parallel) which are connected in series with two 50% capacity heat exchangers (connected in parallel). 
The series/parallel arrangement permits the operation of either pump with the two heat exchanger. 
Main moderator system connections are provided for the purification, liquid poison addition, heavy 
water collection, heavy water supply and heavy water sampling systems. 
The heavy water in the calandria functions as a heat sink in the unlikely event of a loss-of-coolant 
accident coincident with failure of emergency core cooling. The capacity of the heat sink is assured by 
controlling the heavy water temperature in the calandria at a constant value. 
Potential heavy water leak sources are kept to a minimum by using welded construction, seal welding, 
and bellows seals wherever practical. Where potential leaks sources do exist in the moderator 
system, the leak sources are connected to the heavy water collection system. The reliability of the 
moderator system is assured by appropriate component, Instrument and power supply redundancies. 
The main moderator system pumps, valves and heat exchangers are in compact arrangement at 
approximately grade elevation to one side of the calandria vault. The pump suction lines and heat 
exchanger outlet lines are anchored to a rigid penetration seal where they pass through the calandria 
vault concrete to eliminate any possibility of loss of vault shielding water. 
The moderator pump motors are connected to the high voltage Class III power supply. In addition, 
each pump has a pony motor capable of driving the pump at 25% speed and connected to the low 
voltage Class III power supply. In the event of a loss of Class IV power the power to the main motors 
is lost until the diesel generators can supply Class Ill power. The cooling water supply to the heat 
exchanger is also re-established after three minutes at a lower flow following a total failure of Class IV 
power. The rate of heat removal is sufficient to limit the increase of moderator temperature in the 
calandria to an acceptable value during a failure of Class IV power and subsequent reactor shutdown. 
The heavy water in the calandria is maintained at relatively uniform temperature and circulated to 
eliminate hot spots. The circulation is promoted by pumping the heavy water from the bottom of the 
calandria and, after cooling, returning it through nozzle jets inside both sides of the calandria at the 
horizontal diameter. 
Live-loaded double-packed stem seals are used on large valves in the moderator system to reduce 
leakage and maintenance. Bellows stem seals are used on small valves. All of the equipment in the 
moderator system is accessible for isolation and maintenance when the reactor is shutdown. Space 
for heat exchanger shell removal and other provisions for maintenance are features of the equipment 
arrangement. 

VI.2.3.4.    Fuel handling system 
The fuel handling system comprises equipment for storage of new fuel for fuel changing and for 
temporary storage of spent fuel. Reactor fuel is changed on a routine basis with the reactor operating 
at full power. Space and Iifting facilities are provided for shipping spent fuel. The new fuel storage 
room, the fuelling machine decontamination and service rooms and the spent fuel storage rooms are 
located in the service building. The fuelling machines, which load and unload the fuel discharge 
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equipment are normally operated remotely and automatically from the control room of the plant. 
Personnel are only required to enter the reactor building to load new fuel into the new fuel transfer 
mechanism and for maintenance of the fuel handling system components. These access areas are 
provided with full biological shielding. 
Storage and handling facilities are provided to accommodate bulk storage of fuel in the service building, 
safe transfer of fuel to the reactor building and easy manual loading of new fuel bundles into the 
motorized new fuel ports. New fuel is received in packages in the new fuel room in the service building. 
This room can accommodate 9 month's fuel inventory and can store temporarily the fuel for the initial 
loading. When required, the packages with new fuel are transferred to the new fuel loading area in the 
reactor building. Here the bundles are identified, inspected and loaded manually into the magazines of 
the two fuel ports which penetrate into the fuelling machine maintenance locks. Mechanisms of the ports 
are motorized and can be controlled remotely. To load a fuelling machine with new fuel, the machine 
locks on to the port and normally accepts up to 10 bundles into a magazine within the head. The spent 
fuel discharge and storage equipment is sized for the accumulation of fuel over a period of 10 years at 
the average fuelling rate of the reactor, with provision for loading a shipping flask with fuel underwater.  
After the minimum decay period established in 6 years, spent fuel elements are transferred to special 
dry storage silos, also located inside the nuclear power plant site. The fuel elements are introduced in 
stainless steel baskets, each of them containing up to 60 fuel elements vertically arranged in a circular 
grid; this operation is carried out under water. Later on, the baskets are sent to the transfer building, 
where the lid is weld. Finally they are introduced in a special container providing enough shield and 
containment (transfer 'flask") to be transported to the silo field where they are stored. Each silo 
contains 9 baskets. 
Handling and storage space is also provided underwater for irradiated parts of the reactivity control 
mechanisms which may be removed from the reactor, and for shipping irradiated cobalt adjuster 
bundles from the station. 
The spent fuel handling system consists of: discharge and transfer in the reactor building, reception, 
storage bays in the service building, and dry storage system. The transfer of spent fuel between 
buildings is under water through a transfer channel. The discharge and transfer operations are 
controlled remotely, while operations in the storage bays are carried out manually underwater using 
long tools, and aided by powered cranes and hoists. The equipment incorporates devices for canning 
failed fuel bundles and is arranged to reduce the radiation exposure of personnel when handling failed 
fuel to acceptably low levels. The discharge equipment comprises two valved spent fuel ports located 
above the water level, while the transfer equipment is located in a shielded room and extends down 
under the water and into a reception bay in the service building. 
The on-power fuel changing equipment is located in the reactor building and consists of two identical, 
unshielded fuelling machines, which are operated remotely. The fuelling machines are normally stored In 
two fuelling machine maintenance locks and are suspended by tracks. Each set of tracks connects with a 
bridge at each face of the reactor. Powered shielding doors separate the maintenance locks from the 
reactor and, when closed, allow access to the fuelling machines while the reactor is at full power. While 
in the maintenance locks the fuelling machines can lock on to the new fuel port to accept new fuel, to the 
service port for maintenance or service, or on to the spent fuel port discharge spent fuel. 
The fuel loading is based on the combined use of the two remotely controlled fuelling machines 
operating at each end of a fuel channel. New fuel bundles, from one fuelling machine, are inserted into 
a fuel channel in the same direction as the coolant flow and the displaced irradiated fuel bundles are 
received into the second fuelling machine at the other end of the fuel channel. Either machine can 
load or receive fuel. The direction of loading depends upon the direction of coolant flow in the fuel 
channel being fuelled, which alternates from channel to channel. The fuelling machine receive new 
fuel while connected to the new fuel port and discharge irradiated fuel while connected to the 
discharge port. The entire operation is directed from the control room. 

VI.2.3.5.    Auxiliary systems 
The main auxiliary systems of the Embalse Nuclear Power Plant are the heat transport auxiliary 
systems and the moderator auxiliary systems. 
The heat transport auxiliary systems are the following: 

• Heat transport system purification circuit: this system minimizes the accumulation of radioactive 
corrosion products in the circuit, controls the fission products concentration (iodine) released by 
defective fuel elements, and contributes to a proper control of the coolant pD. 
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• Gland seal system: it supplies filtered heavy water at high pressure to the heat transport pump 
glands. 

• Shutdown cooling system: it cools the heat transport system from 170 °C down to 54 °C and 
holds the system at that temperature indefinitely. 

• Heat transport pressure and inventory control system: it provides the pressure and inventory 
control for each heat transport circuit, and provides overpressure protection and a controlled 
degassing flow. 

• Heat transport heavy water collection system: it collects leakage from mechanical components, 
and receives heavy water sampling flow, and heavy water drained from equipment prior to 
maintenance. 

• Heat transport heavy water sampling system: it is used to obtain samples of heavy water from 
various points in the heat transport system. The samples are tested in the laboratory for pD, 
conductivity, chloride, tritium, lithium, dissolved gases, fission products and corrosion products. 

• Steam and feedwater systems: they enable the live steam supply to the plant turbine 
generator, the control of the feeding water level and the vapour pressure in the steam 
generators, the steam release to the atmosphere under certain situations of the station, and 
an adequate protection against overpressures in the steam generator secondary circuit. 

The moderator auxiliary systems are the following: 
• Moderator purification system: it maintains the heavy water purity, thereby minimizing 

radiolysis which may cause excessive build-up of deuterium in the cover gas; minimizes 
corrosion of components and crud activation by removing impurities present in the heavy 
water and by controlling the pD; removes soluble poisons, boron and gadolinium, used for 
reactivity control in response to reactivity demands; removes the gadolinium, after initiation of 
the liquid injection shutdown system. 

• Moderator cover gas system: it prevents the accumulation of gaseous deuterium and oxygen 
produced by water radiolysis of the moderator in the calandria. The system recombines 
deuterium and oxygen catalytically, generating heavy water. The cover gas used in the 
moderator system is helium, because it is an inert gas and is not activated by neutron irradiation. 

• Liquid poison system: this system adds negative reactivity to the moderator to allow for excess 
reactivity in new fuel; adds negative reactivity to the moderator to allow for loss of xenon 
reactivity after a poison-out or long shutdown; provides a means of decreasing reactivity 
together with other reactivity control devices; provides a means to guarantee enough poison in 
the moderator to prevent criticality during shutdown. 

• Moderator heavy water collection system: this system collects heavy water leakage from the 
moderator pump seals, from the interpacking space of the main moderator gate valves, and from 
the intergasket of the main moderator heat exchangers. 

VI.2.3.6.    Control centre 
The control centre is a clean air conditioned area comprising the main control roam and adjacent 
auxiliary control areas. The control centre is divided into four basic areas. The centre portion contains 
the main control panels, the operator's desk and the fuelling machine and fuel handling console. A 
control equipment area containing the bulk of the control and instrumentation equipment for the unit is 
located behind the main control panels. The plant computers are located in a room behind the 
switchyard and electrical services panel. Also located in the control centre are a shift supervisor's 
office, a technical office, a washroom and a work control area. 
The control room contains a unit control panel, an electrical services panel, an operator's desk with 
two high speed line printers, and a fuel handling and fuelling machine control console. The control 
room instrumentation is based on the philosophy of having sufficient information displayed to allow the 
unit to be controlled safely from the control room. To achieve this goal, all indications and controls 
essential for operation (start-up, shutdown and normal) are located on the control room panels. Also 
located there are controls for any systems requiring attention within 15 minutes of an alarm 
occurrences. For system no requiring attention within 15 minutes, local control may be provided. 
Most information is presented to the operator via the station computer system. However, sufficient 
conventional display, annunciation and recording of plant variables is included to allow the plant to be 
properly run in the shutdown condition with both computers out of service. 
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In case the control room becomes uninhabitable, enough display and control instrumentation is 
provided at a location remote from the control room (the secondary control area) to allow the plant to 
be shut dawn and maintained in a safe shutdown condition. 

VI.2.3.7.    Instrumentation and control systems 
The instrumentation in the CNE encompasses a variety of equipment, designed to perform a number of 
monitoring, control and display functions. Nuclear instrumentation is provided to allow automatic control of 
reactor power and flux shape and to monitor local core behaviour. Conventional instrumentation provides 
signal for control and display of other plant variables. Central to the instrumentation and control system is a 
dual digital computer system. The plant is automated to require a minimum of operator actions during all 
phases of operation. All major control loops use the two computers as direct digital controllers, giving a 
redundant and highly reliable system which is powerful and flexible. Conventional analog control 
instrumentation is used on smaller local loops.  
Instrumentation and control systems are designed to a large variety of detailed requirements, 
depending on their function, importance and physical environment. However, all the systems are 
designed according to the following general criteria: 

• The maximum practical amount of automatic control is incorporated in the design, to allow 
CNE to be operated safely with a minimum staff, and to leave operating staff free for high 
level monitoring of overall plant status. 

• Adequate redundant information is designed to be available to the operator at all times, in order to 
allow him to assess the status of the plant quickly, and to intervene with manual actions if 
necessary. 

• Equipment is designed for a minimum of regular maintenance. Any necessary maintenance 
operations are kept as simple and speedy as possible. 

• The instrumentation and control systems are designed for a high reliability and availability, to 
maximize both plant availability and safety. This reliability is achieved through a combination 
of component selection and design and through redundancy. 

• The control systems are designed to make CNE tolerant to expected and unexpected 
transients in order to prevent unnecessary plant outages. 

• Where possible, the control system are designed to prevent or minimize damage to plant 
equipment. 

• The control systems are designed to minimize the number of unnecessary reactor trips by strong 
control action. A design objective is to make the intervention of the shutdown systems 
unnecessary (although not necessarily avoidable) in all cases except real accidents in which 
public safety is threatened. 

• The instrumentation and control design complies with the applicable standards. 

VI.2.3.8.    Electric power system 
The Embalse Nuclear Power Plant has two physical independent grid connections (Figure VI.2-8). 
One of them is the 500 kV grid and the other is the 132 kW grid (offsite power system). The generator 
supplies power to the 500 kV grid through the main output transformer. During normal station 
operation, the auxiliary service is supplied through the unit service transformers, which are supplied by 
the generator output. On start-up, the station auxiliary service power supply is provided by the system 
service transformers, which are supplied from the electrical grid via the switchyard at 132 kV.  
A load switch is provided on the 22 kV generator bus bars. The purpose of the load switch is to make 
possible station start-up having the auxiliary services supplied from the 500/22 kV main transformer 
and from the 22/6.6 kV transformers as alternative to the 132/6.6 kV transformers. In this eventuality 
the parallel between the 500 kV grid and the generator is achieved using the load switch.  
To provide electrical power with higher than usual reliability to the Class IV and Class III loads, an 
automatic transfer scheme is incorporated which ensures continuity of supply in the event of a failure of 
the unit or a failure of the system supply. Standby diesel generators and station batteries are provided. 
The electrical system of CNE is similar to that found in conventional large thermal stations, with 
modifications introduced to satisfy the increased redundancy requirements. This results in a more 
selective bus arrangement and more standby and redundant equipment. 
The station service system is designed to meet the following major design criteria from safety and 
reliability point of view: 
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• Following a fault resulting in the severance of the unit from the grid, the unit must be able to 
supply its own station services. 

• Dual bus or better reliability must be provided. 
• The system must be stable under fault conditions. 
• The design must meet the requirements of all classes of power and lend itself to automatic 

and emergency transfer schemes. 
• Simplicity and economy are to be maintained. 

The safety and reliability requirements of the CNE onsite power system are realized by applying two 
main concepts: 

• The subdivision of power according to reliability of supply (classes of power and emergency 
power supplies to safety related systems). 

• The odd and even supply concept which relates to redundancy of supplies and loads. 
As regards the subdivision of power according to reliability of supply, it should be mentioned that: 
1) The CNE service system buses are classified in order of their four levels of reliability to provide 

power during the routine operating states of the plant. The lowest number classified buses are the 
most reliable. These are as follows: 
• Class IV power supply: normal ac supplies to auxiliaries which can tolerate long duration 

interruptions without affecting personnel or equipment safety. Complete loss of Class IV power 
initiates a reactor shutdown. Class IV power is the normal source of power to Class I, lI, and III 
systems. The voltages for the supply Class IV are as follows: 6.6 kV ac – 380 V ac - 50Hz. 

• Class III power supply: ac supplies to essential auxiliaries which can tolerate the short interruption 
required to start up and load the on-site standby generators, after the interruption of the normal 
(Class IV) supply sources. These essential auxiliaries are necessary for an orderly safe shutdown 
of the reactor. The voltages for the supply Class III are as follows. 6.6 kV ac – 380 V ac - 50 Hz. 

• Class II power supply: ac supplies for safety related and other essential loads. Power is normally 
provided through dc/ac inverter systems from the Class I dc buses. In the event of inverter 
system trouble, alternative power is supplied automatically from the Class Ill buses via 
appropriate transformers. Upon interruption of the normal power source (Class Ill) to the Class I 
bus the on-site battery supplies power without break until Class III is restored and hence the 
supply is termed "uninterruptable". The voltages for the supply Class II are as follows: 380 V ac – 
220 V ac -- 50 Hz. 

• Class I power supply: dc supplies for safety related and other essential loads. Power is 
provided from on-site batteries when the normal power source (Class III via rectifier) is 
interrupted. The transfer of power supply from one source to another is without break and 
hence the supply is termed "uninterruptable". The on-site batteries are continuously charged 
from Class III sources. The voltages for the supply Class I are as follows: 220 V dc - 48 V dc. 

2) The standby power for the Class Ill loads is supplied by four diesel generator sets. These are 
housed in four separate rooms with fire resistant walls. Two diesel generators together are sized 
to supply the total shutdown of the unit with the exception of Class IV loads. The Class Ill 
shutdown loads are duplicated, one complete system being fed from two diesel generator sets. On 
loss of Class IV power the four diesel generators are required to start automatically. When they 
come up to speed and voltage, an automatic sequencing system will connect all necessary safety-
related loads in a few seconds. 

3) CNE emergency power supply system is provided as an independent backup electrical supply for 
certain safety related loads. It supplies power to facilitate safe shutdown of the reactor and decay 
heat removal in the event that the Class I, II, III, and IV power systems are unavailable or the main 
control room is uninhabitable due to a design basis earthquake. The system is seismically qualified 
and is also able to supply power to emergency core cooling valves to ensure that the emergency water 
supply system can supply makeup to the heat transport system after an earthquake. The voltages 
supplied by the emergency power supply system are as follows: 380 V ac-220 V ac-50 Hz and 48 V dc. 

As regards the basic aspects of the odd and even supply concept, it should be mentioned that: 
• The distribution systems for all classes of power at all voltage levels are divided into odd and 

even buses so that the dual bus, or better, reliability is provided. 
• Loads and redundant auxiliaries are connected wherever practical such that half of any 

process is supplied from an odd bus, and the other half from an even bus. 
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• Auxiliaries supplied at a lower voltage than the associated primary element are connected to 
an odd or even bus to match the source for the primary element. 

• The odd and even concept is also applied to the cable tray system, junction boxes, etc. in 
order to maintain physical separation between the odd and even systems. 

VI.2.3.9.    Safety systems 
Safety related systems are incorporated in the plant design to perform the following functions: 

• Shutdown the reactor and maintain it shut down. 
• Remove decay heat and thus prevent subsequent process failures which might lead to 

accidental releases of radioactivity to the public. 
• Supply necessary information for post accident monitoring to permit the operator to assess 

the state of the nuclear steam supply system. 
• Maintain a barrier to limit the release of radioactive material to the environment. 

The systems included under the general term "safety related systems" are classified as special safety 
systems and safety support systems. 
The special safety systems are incorporated in the plant to limit radioactive releases to the public for two 
classes of events: the single failure of a process system, and the single failure of a process system 
combined with the coincident unavailability of one of the special safety systems (a dual failure). 
The CNE contains the following special safety systems: 

• Shutdown system Nº 1 (shutoff units). 
• Shutdown system Nº 2 (liquid poison injection). 
• Containment system. 
• Emergency core cooling system. 

These systems are independent in design and operation and free from operational connection with 
any of the process systems, including the reactor regulating system, to the greatest possible extent. 
The purpose of shutdown system Nº 1 is to rapidly and automatically terminate reactor operation 
under emergency conditions. Twenty-eight vertical shutoff units are provided, each comprising a 
stainless steel sheathed cadmium absorber, vertical guide tube, and a drive mechanism. The system 
shuts down the reactor by releasing the cadmium absorber elements of the shutoff units, introducing 
negative reactivity. This release is initiated when any two of the three independent trip channels are 
actuated. When a reactor trip occurs, the reactivity control units of the regulating system automatically 
take a safe attitude. Typically, the liquid zone control compartments are flooded, the control absorbers 
are dropped, and the adjuster drives are shut off (the adjusters remain inserted or as is). 
The purpose of shutdown system Nº 2 is to rapidly and automatically terminate reactor operation 
independently of shutdown system Nº 1. The system trips the reactor by injecting liquid poison into the 
bulk moderator when any two of the three independent trip channels are actuated. The system 
comprises injection nozzles, thimbles, bellows assemblies, gadolinium pressure vessels (poison tanks), 
a helium supply tank, a poison mixing tank, valves and piping. 
The containment system is an envelope around the "nuclear” components of the heat transport system 
where failure of these components could result in the release of a significant amount of radioactivity to 
the public. Because of the large amount of energy stored in the heat transport system, the envelope must 
withstand a pressure rise. The criterion for determining the effectiveness of the envelope is the integrated 
leak rate for the period of the pressure excursion. To meet the design leakage requirements two 
approaches are taken. The first involves the detailed design of the envelope to minimize the leak rate. 
The envelope comprises a primary containment, and systems to filter and monitor the gas removed from 
the primary containment after a loss-of-coolant accident following dousing. The second approach 
involves the addition of a system that will absorb the energy released to the envelope, thus reducing the 
peak pressure and the duration of the pressure excursion. This energy absorbing system is composed of 
a source of dousing water, spray headers and initiating valves, and building air coolers. 
The emergency core cooling system has three stages of operation: high, medium and low pressure. 
System operation is triggered, on a loss of coolant accident (LOCA), when the heat transport system 
pressure drops to 55.25 kg/cm2 and a circuit isolation system (independent of emergency core cooling 
system logic) closes the applicable valves to isolate the ruptured circuit. 
The safety support systems provide reliable services, such as power and water, to the special safety 
systems, but may also perform other normal process functions in addition to their safety support roles. 
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Because of the reliance on these systems for both normal plant operation and continuing operation of 
the special safety systems, special measures are taken in their design to assure reliability. 
Two of the CNE safety support systems are the emergency water supply system and the emergency 
power supply system. 
The emergency water supply system ensures that there is always sufficient water available to 
establish an adequate heat sink for decay heat removal when the normal source of such water is not 
available. The emergency power supply system is designed to act as an alternative source of 
electrical power for certain safety related loads when the normal source of supply is unavailable; this 
system was discussed in section VI.2.3.8. 

VI.2.3.10.    Technical data of Embalse Nuclear Power Plant 
Some of the main technical data are detailed in what follows:  

Overall Plant Data 
Reactor type CANDU-PHW horizontal pressure tube. 

Model: CANDU 6 
Net nominal electric power 600 MWe 
Bulk nominal electric power 648 MWe 
Authorized thermal power 2015 MWt 
 

Reactor Core Data 
Type of fuel Natural uranium 
Shape of fuel bundle assembly 37 - rod cluster 
Length of fuel bundle assembly 495 mm 
Number of fuel channels 380 
Cladding material Zircaloy 4 
Fuel bundles per channel 12 
Refuelling On load 
Coolant and moderator Heavy water 
 

Primary Heat Transport System Data 
Pressure in the reactor inlet header 11.24 MPa 
Pressure in the reactor outlet header 9.99 MPa 
Temperature in the reactor inlet header 268 °C 
Temperature in the reactor outlet header 310 °C 
Primary coolant flow 32.750 t/h 
Heavy water concentration More than 99.75% (weight) 
 

Turboset Data 
Stages  1 high pressure ; 3 low pressure 
Speed outlet 1500 rpm 
Steam pressure 46.2 kg/cm2 
Steam flow 3.366 t/h 
Condenser coolant flow 163.800 m3/h 
Generator type Direct coupled, three-phase, four poles, 

hydrogen/water cooled 
Generator power factor 0.85 
Generator voltage output 22 kV 
Generator frequency 50 Hz 
 
 



28  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 29 

 

 

 
 



30  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 

 
 
 

 
 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 31 

 

 

 



32  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 

 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 33 

 

 

 



34  ANNEX VI 
Main Technical Features of the Argentine Nuclear Power Plants in Operation 

 

 
 

 
 



ANNEX VI
Main Technical Features of the Argentine Nuclear Power Plants in Operation 35 

 

 

 



 



ANNEX VII
Principal Technical Characteristics of Atucha II Nuclear Power Plant 1 

 

        ANNEX VII 
PRINCIPAL TECHNICAL CHARACTERISTICS OF 

ATUCHA II NUCLEAR POWER PLANT 

VII.1.    INTRODUCTION 

The CNA II - a PHWR type of 700 MWe - was designed by the Siemens, with the participation of 
ENACE as architect engineer at the time the project began. CNA II construction license was issued in 
July 14, 1981. The construction and commissioning process is, since 1994, under the direct 
responsibility of the State enterprise NA-SA, as the Licensee.  
The 700 MWe PHWR makes full use of KWU's experience in the light and heavy water reactor fields 
and the operating experience of CNA I, a station that has shown excellent operating performance with 
high rates of availability and thereby furnished proof of its full operating reliability. 
The pressure vessel type PHWR implemented in the 700 MWe PHWR is derived from CNA I and the 
1300 MWe KWU standard PWR. Thus, the heavy water specific components such as moderator 
pumps, moderator coolers, moderator valves, coolant channel closures, refueling system, heavy water 
upgrading columns, etc. used are of almost identical design with CNA I; all other components of the 
nuclear and conventional part of the plant, almost all main and auxiliary systems and the layout of the 
buildings are derived from the KWU standard PWR design.  
CNA II plant is located 110 km north-west of Buenos Aires city, on the southern bank of the Río 
Paraná de las Palmas, in 9 km distance of the Community of Lima, Zárate County, Province of 
Buenos Aires. The plant is located adjacent to the east side of CNA I (Figure VII-1).     
The station contains a reactor of the pressure vessel type, fuelled with natural uranium (like CNA I, it 
could also be fuelled with slightly enriched uranium); it is heavy water moderated and cooled. The 
moderator heat is used for preheating of steam generator feedwater and its temperature for reactivity 
control of the reactor. The reactor is on-load refueling with a single refueling machine arranged on top 
of the reactor pressure vessel. 
Four redundant trains are installed for every safety system, thus enabling repair work on one train 
during plant operation. In every conceivable accident condition, the reactor plant can be kept "hot 
subcritical" or cooled down with the help of the high pressure residual heat removal system or with the 
emergency feeding of water on the secondary side of the steam generators as in PWR technology.  
Figure VII-2 shows schematically the main systems of CNA II. 

VII.2.    OVERALL PLANT LAYOUT  

The overall layout (Figure VII-3) and arrangement of the CNA II on the site is governed by the 
following basic considerations: 

• Clear separation of the nuclear and conventional systems. 
• Clear energy flow paths. 
• Short piping and cable mans. 
• Good transport conditions and access for construction, installation and operation. 

Buildings and structure arrangement of the CNA II are shown in Figure VII-3. As it can be seen from 
the site plan, the main buildings and structures of the plant are:  

• Reactor building, incorporating containment structure and annulus. 
• Reactor auxiliary building with heavy water enrichment tower and vent stack. 
• Fuel store building, with storage areas for new and spent fuel assemblies. 
• Switchgear building, including the plant control room. 
• Turbine building. 
• Switchgear building. 
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• Fuel storage building. 
• Emergency power and chilled water supply building. 
• Main steam and feedwater valve compartment. 

CNA II has a clear physical separation between the nuclear and conventional sections of the plant. 
The reactor building, along with the annulus, reactor auxiliary building and the fuel storage building, 
constitutes the “controlled area” in which all systems assigned to the nuclear section are installed. In 
this way the radioactivity which arises is limited to defined regions. There is only one controlled access 
to the "controlled area". 
All pressure retaining components of the nuclear steam supply system such as the reactor, the reactor 
coolant system, the moderator system and associated equipment are arranged inside the reactor 
building, which is enclosed by the inner spherical steel containment and the outer concrete shield. The 
containment structure is designed for the maximum pressure associated with the worst event which 
has to be taken into account.  
A special ventilation system for the annulus ensures that even under accident conditions small 
radioactive leakages from the containment are retained try charcoal filters, thus preventing any 
radiation hazards to the environment. The systems necessary for on-load refueling are also housed in 
the containment structure. 
In the lower part of the annulus between the containment sphere and the concrete shield various 
auxiliary and ancillary systems are accommodated, such as: residual heat removal system, safety 
injection system, heavy water storage system and components of the reactor cooling system.  
The reactor auxiliary building adjoins the reactor building, and surrounds a part of it, thus allowing 
short connections to the equipment located in the reactor building annulus. 
On the upper floors of the building there are active and inactive sanitary rooms, the laundry with 
ancillary rooms, the controlled access area ventilation system, the radiochemistry laboratory, the 
areas for radiation protection and the respiration apparatus room. From this area of the reactor 
auxiliary building there is an access to the reactor sphere via a personnel airlock. 
The lower floors accommodate different auxiliary systems, such as: volume control system, heavy 
water purification and degassing system, heavy water treatment and enrichment system, boric acid 
and chemical control system and the gaseous, liquid and solid waste processing systems. 
The fuel storage building is linked with the reactor building by the fuel transfer system. Personnel 
access is possible from the reactor auxiliary building. 
Inside the building, there are four fuel storage pools, a manipulating pool, a small pool for the spent 
fuel shipping cask, a new fuel store and the necessary auxiliary equipment. The spent fuel assemblies 
are transferred from the reactor to the fuel storage pool with the aid of the fuel transport system, 
consisting of: refuelling machine, tilter, transfer tube, tilting device and manipulating bridge. The fresh 
fuel assemblies are supplied to the reactor in the reverse way. 
The switchgear building has nine floors. They are used as follows: 

• Cable ducts. 
• Cable basement. 
• High voltage switchgear.  
• Cable race below D.C. systems. 
• Battery, rectifiers, DC distribution boards. 
• Cable race, instrumentation and control. 
• Cabinets for instrumentation and control. 
• Ventilation ducts, cable race below control room. 
• Main control room, computer room, ventilation systems. 
• Vent air system. 

Access to the switchgear building is from the staff facilities and office building via a personnel 
passageway. Access to the reactor auxiliary building is at the same level. The personnel passageway 
between staff facilities and office building/ turbine building allows passage between switchgear 
building and turbine building. 
The off-site power transformer is located in front of the longitudinal side of the building facing the 
turbine building. 
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The turbine building is located adjacent to the reactor building with the turbine axis pointing in the 
direction of the reactor building. This gives maximum protection of the reactor building should the 
highly unlikely event of a turbine rotor burst occurs. 
The building is of a two bay design. The main bay houses the turbine generator set and the feedwater 
heating equipment. The lower ancillary bay houses the feedwater tank, deaerators and feedwater 
pumps and other equipment associated with the water/steam cycle. All these compartments are free 
of radioactive media. 
The main steam lines coming from the reactor building enter the turbine building along the shortest 
route leading to the area of the high pressure casing of the turbine, where the main steam flows 
through the steam strainers into the high pressure turbine, Vertical moisture separators are installed 
on both sides of the high pressure casing. 
The basement of the turbine building is used mainly to accommodate pipes and cables. The heat 
exchangers for the low pressure feed heater drains, the closed circuit cooling water system and the 
associated pumps are also installed in the basement. 
The generator busbars are routed from the generator to the generator transformers installed against 
the wall outside the turbine building, and to the high voltage station service transformers. 
The circulating water pipes enter and leave the turbine building on the same side. 
The emergency power and chilled water supply building has two service floors. The building is further 
subdivided into four equal sections of similar construction which house redundant systems and equipment. 
The diesel fuel storage tanks, pumps, secured component cooling heat exchangers, air recirculation 
system and the cable and pipe spreading rooms are installed on the lower floor. 
The emergency power generators with their switchgear and the water-chilling units are installed on the 
upper floor. The diesel fuel day tanks and the start-up air supply system for each of the emergency 
power generators are installed on a gallery structure. 

VII.3.    CNA II MAIN SYSTEMS  

VII.3.1.    Reactor 
The reactor (Figure VII-4) is of the pressure vessel type, natural or slightly enriched uranium fuelled 
and heavy water cooled and moderated. The total thermal power is 2160 MW.  
The reactor core is approximately cylindrical in shape and consists of 451 natural uranium fuel 
assemblies located in the same number of coolant channels. Each fuel assembly consists of 37 fuel rods 
arranged in three concentric circles, the rod supporting plate, the spacers for lining up the fuel rods, and 
the linkage with a coupling for connection to the filler body. Each fuel rod consists of a stack of uranium 
dioxide pellets enclosed by a thin walled zircaloy 4 canning tube, which is both gas and pressure tight. 
Each fuel assembly, together with the filler body and the closure plug, forms the fuel bundle column. The 
coolant channels are arranged vertically in a triangular lattice within the moderator tank. The fuel bundle 
columns can be removed from the coolant channels during reactor operation by the refueling machine. 
The filler bodies serve to reduce the volume of the coolant in the reactor coolant system.  
The heat generated in the fuel assemblies is transferred to the reactor coolant, which flows through 
the coolant channels and transports the heat to the steam generators. 
The coolant channels are surrounded by the moderator, which is enclosed in the moderator tank. For 
reactivity reasons, the moderator is maintained at a lower temperature than the reactor coolant. This is 
accomplished by the moderator system, which extracts the moderator from the core, cools it down in the 
moderator coolers, and feeds it back into the core. The heat removed from the moderator is used for pre-
heating the feed-water. This is one of the reasons for the high net efficiency (approx. 32%) of the NPP. 
The reactor coolant system and the moderator system are connected by the pressure equalization 
openings of the moderator tank closure head. Therefore, the pressure differences in the core are 
comparatively small, which results in thin walls for the reactor pressure vessel internals. This allows a 
very high burn-up to be attained. Furthermore, the connection between the reactor coolant system and 
the moderator system permits the use of common auxiliary systems to maintain the necessary water 
quality. The number of auxiliary systems can therefore be reduced to a minimum.  
For control of the reactivity, and thus of the power output of the reactor, various methods are applied. 
The reactor contains nine "blacks" (absorbers made of hafnium) and nine "grey" (steel) control 
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elements arranged in 3 groups. The control elements are used to control the reactivity and the power 
distribution, to compensate the build-up of xenon poisoning following a reactor power reduction, to 
provide damping of azimuthal xenon oscillations, and to shut down the reactor. The reactivity value of 
all control elements is sufficient to shut the reactor.  
In addition to the control, elements, reactivity control is provided by the boric acid dosing system. The 
injection or extraction of boric acid serves to compensate slow reactivity changes due to the burnup 
during the first period of operation and to maintain the reactor in a safe subcritical condition at zero 
power. Extraction of the boric acid is performed by anion exchangers. 
Additionally, a boron injection system, as a second independent shutdown system is provided, which 
injects boric acid into the moderator. 
The reactivity can, in addition to these reactivity control systems, also be controlled by varying the 
moderator temperature within a certain range, which is advantageous for some operating modes. 
The reactor pressure vessel constitutes the pressure boundary of the reactor core and encloses the 
core components and the reactor pressure vessel internals. The RPV consists of the lower part, the 
closure head and the studs and nuts which connect both sections. The connection is made leak-tight 
by means of a welded lip seal. 
The lower part of the RPV consists of the hemispherical bottom section, two shell courses and a shell 
flange which carries the coolant inlet and outlet nozzles and the support pads located between them. The 
reactor coolant inlet and outlet nozzles are arranged on one plane; there are no penetrations or pipe 
connections below this plane. The reactor core is housed below the plane of the inlet and outlet nozzles. 
The closure head consists of a flange and a dome plate connected by a circumferential weld. The 
closure head dome carries the nozzles for coolant channels, moderator pipes, and control element 
drives and for in-core instrumentation. The nozzles are screwed into holes in the closure head dome 
and sealed by an overlay weld. 
Most of the RPV internals form the structure of the reactor core. The moderator tank accommodates 
all core components, separates the moderator from the coolant and, in conjunction with the reactor 
pressure vessel, forms the annulus for, the in-flowing coolant. The bottom of the moderator tank 
serves as the lower fixing level for the coolant channels and the control element guide tubes. The 
moderator tank shell serves as thermal shielding. 
The moderator tank closure head form the upper plenum for the reactor coolant leaving the coolant 
channel slots. The closure head and the moderator tank jointly form a unit which keeps the coolant 
channels and the control element guide tubes in position firmly and without displacement during all 
operating modes, as well as during postulated accidents. The moderator tank and its closure head are 
suspended from the flange of the reactor pressure vessel and are held tightly in position by the pressure 
vessel closure head. 
The coolant channels consist of vertically arranged tubes which contain the fuel bundle columns, 
direct the reactor coolant flow and separate the reactor coolant from the surrounding moderator. 
The reactor coolant flows inside the coolant channels in an upward direction. After passim through the 
fuel assembly, it leaves the coolant channel through slots and enters the upper plenum formed by the 
moderator tank closure head. 
The coolant channel closure head, together with the coolant closure plug, forms the pressure-tight cap 
of the coolant channel. It can be opened by the refueling machine during reactor operation in order to 
exchange the fuel bundle column located inside the coolant channel. 
The moderator piping serves for supply, distribution and extraction of the moderator inside the 
moderator tank. The moderator piping essentially encompasses four down-comers, the sparger ring 
on the moderator tank bottom, and the suction boxes with nozzles in the moderator tank closure head. 
The moderator flows downwards through the down-comers to the sparger ring, where it is distributed 
at the moderator tank bottom. After rising and heat-up in the moderator tank, the moderator flows to 
the suction boxes and leaves the moderator tank through two nozzles. 
The filler pieces are provided in the reactor pressure vessel in order to displace the heavy water and 
thus reduce the heavy water inventory rewired. The upper filler pieces are adapted to fit the reactor 
pressure vessel closure head. The lower filler pieces are divided into several interlocking rings and 
adapted to fit the bottom head of the pressure vessel. 
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VII.3.2.    Reactor coolant system and moderator system 
The reactor coolant system (Figure VII-5) removes the heat generated in the reactor core and 
transfers it via the steam generators to the turbine generator plant. 
The system is structured similar to that of a pressurized light water reactor and consists of two 
identical loops, each comprising a steam generator, a reactor coolant pump and the interconnecting 
piping, as well as one common pressurizer and pressurizer relief system. 
The heat is carried by the reactor coolant, which flows from the reactor pressure vessel to the steam 
generators, where it is cooled down and then pumped back to the reactor pressure vessel by the 
reactor coolant pumps. 
The pressurizer system is connected to one reactor coolant loop and basically comprises the 
pressurizer with the electric heaters, the surgeline, the spray lines with valves, and the safety valves. 
The function of the pressurizer system is to maintain the appropriate pressure in the reactor coolant 
system in order to prevent boiling of the coolant under all operating conditions (principle of the 
pressurized water reactor), and to avoid or limit the pressure variations caused by volume fluctuations 
during load changes. The pressurizer is partly filled with saturated water and partly with steam. If the 
pressure drops, water is evaporated by switching on the electric heaters, raising the pressure to its set 
point. In the event of a pressure rise, steam is condensed by spraying water into the steam space. 
Besides pressure control by sprays in the pressurizer, protection against overpressure in the reactor 
coolant system is provided in accordance with international codes for pressure vessels and systems. 
Protection is afforded by independent, self-actuating safety valves. 
When the safety valves open, the steam discharged from the pressurizer is directed into the 
pressurizer relief system, where it is condensed to water.  
The moderator system consists of four identical loops operating in parallel. Each loop comprises a 
moderator cooler, a moderator pump, and the interconnecting piping with valves. 
The moderator system performs various functions depending on the operating mode of the reactor. 
During normal operation, the moderator system maintains the moderator at a lower temperature than 
that of the reactor coolant. The moderator leaves the top of the moderator tank, flows to the moderator 
pumps, is pumped to the moderator coolers and flows back to the bottom of the moderator tank. The 
heat transferred in the moderator coolers is used for preheating the feedwater. 
For residual heat removal, the moderator system is switched over to the residual heat removal 
position by means of the moderator valves. Under this mode of operation, the moderator is extracted 
from bottom of the moderator tank by the moderator pumps and fed into the cold legs of the reactor 
coolant loops, and also directly into the reactor coolant inlet annulus of the reactor pressure vessel, 
via the moderator coolers. The moderator system forms the first link of the residual heat removal 
chain. The residual heat is transferred from the moderator system to the residual heat removal system 
and then to the service cooling water system. 
During emergency core cooling, the moderator serves as a high pressure core reflooding and cooling 
system. The emergency core cooling position is similar to that of the residual heat removal, but 
additionally, water is injected into the hot legs of the reactor coolant loops and into the upper plenum 
of the reactor pressure vessel. The residual heat removal chain connected to the moderator coolers 
during emergency core cooling is the same as during residual heat removal. 
The steam generators transfer heat from the reactor coolant on the primary side to the feedwater/ 
steam cycle on the secondary side. The transferred heat raises the feedwater temperature and 
generates the saturated steam which drives the turbine generator unit. The steam generator constitutes 
the barrier between the radioactive reactor coolant and the non-radioactive feedwater/steam cycle, 
preventing the carry over of radioactive matter. 
The steam generator is a vertical U-tube heat exchanger with natural circulation of the feedwater on 
the secondary side. The primary side of the steam generator consists of the channel head (primary 
plenum) and of the heating tube bundle. On the secondary side, the feedwater enters through a 
nozzle located in the steam dome and is distributed by a feedwater ring manifold in the annulus, 
(down-comer) formed by the secondary side shell and the tube bundle wrapper. The feedwater flows 
downwards to the tube sheet and enters the tube bundle region (riser). The feedwater is heated and 
partly evaporated around the U-tubes in this region. The generated steam-water mixture leaves the 
riser region and flows through cyclones and steam driers arranged in the steam dome. The dried 
steam is discharged through the main steam outlet nozzle, the separated water flows downwards into 
the down-comer where it is mixed with the incoming feed-water. 
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All systems of the residual heat removal chain are of a consistent “four loop” design. The residual heat 
removal system acts as a barrier between the active moderator and the service cooling water and 
prevents the escape of radioactivity into the service cooling water in the event of leakages in the 
moderator coolers. 
 
VII.3.3.    Refuelling system 
The natural (and slightly enriched) uranium reactor makes it possible and desirable, with a view to 
obtaining a high burnup, to shuffle and replace the fuel assemblies during power plant operation. The 
refueling procedure is carried out by a single refuelling machine. The fuel assembly transport system 
is located in the reactor building and in the fuel pool building. The main items of the fuel transport system 
are: refuelling machine, tilter with supporting structure, fuel transfer tube, fuel pool, and the 
corresponding auxiliary systems and maintenance installations. The refueling procedure is fully 
automated and monitored from the control room. 
The refueling machine is moved from a maintenance position in the refueling machine maintenance 
room, by remote control, to a previously selected coolant channel position in the reactor vessel. in 
which the machine is centered. The seat-on seal is pressed on to the coolant channel closure head by 
the dead weight of the refueling machine to form a water-tight seal between the machine and the 
coolant channel. A pressure equalization takes place between the refueling machine and the reactor 
before opening the isolation valve of the refueling machine and opening the coolant channel closure. 
Following this, the fuel bundle column is withdrawn into an empty position in the refueling machine 
magazine. The magazine is then rotated in such a way that a fuel bundle column with a partially burnt 
up fuel assembly or with a new fuel assembly is positioned above the open coolant channel. This fuel 
bundle column is lowered into the coolant channel position and the coolant channel closure is locked 
again. After closing the isolation valve of the refueling machine a check for leak tight closure is 
performed. Then the refueling machine is removed from the reactor pressure vessel and is positioned 
above the vertically arranged titter. The titter has the following functions in the sequence indicated: 

• Take-over of the fuel bundle column with the spent fuel assembly. 
• Removal of the decay heat by cooling with D2O. 
• Drying and cooling the spent fuel assembly with gas. 
• Flooding and cooling of the titter with H2O. 
• Tilting to the horizontal position and connecting with the fuel transfer tube. 
• Transfer of the fuel assembly into the fuel transfer tube. 

When a new fuel bundle column is transported from the fuel pool building into the titter via the transfer 
tube, and later from there into the refueling machine, the process of cooling and change of cooling 
medium takes place in the reverse order. 
The task of the fuel transfer tube is to establish a connection between the tilter within the reactor building 
and the tilting device in the fuel pool building, while both components are in the horizontal position. 
The tilting device takes the fuel bundle column from the fuel transfer tube and swivels it from the 
horizontal into the vertical position. 
A silver-clad seal ring with good material flow properties is used as sealing material. In this 
established design, the coolant channel seals are almost perfectly tight. 

VII.3.4.    Reactor auxiliary and ancillary systems  
The auxiliary systems are basically organized in the same way as the auxiliary systems in PWR plants 
and work together with the reactor coolant system and moderator system to ensure the specified 
chemical conditions of the coolant and moderator. The systems containing heavy water are strictly 
separated from the systems containing light water in order to avoid downgrading the heavy water. The 
main tasks of the auxiliary systems are: 

• Storage of heavy water. 
• Volume control, seal water supply.  
• Treatment and upgrading of heavy water. 
• Boric acid dosing and chemical feeding into the primary circuit.  
• Fast boron injection. 
• Nuclear component cooling.  
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• Fuel pool cooling. 
• Supply of refueling machine with auxiliary fluids.  
• Compensation of leakages. 
• Removal of decay heat from the core, emergency core cooling. 

The auxiliary and ancillary systems are located mainly in the auxiliary building and partly in the annulus 
of the reactor building.  

VII.3.5.    Instrumentation and control systems 
The instrumentation and control equipment includes the measurement, control, protection and 
monitoring system.  
The control room is, through the automation and plant interface equipment, connected to the drives 
and signal transmitters in the plant. Plant conditions and operational transients are transmitted via 
analog and binary signal transmitters to both the operator in the control room and to the automatic 
equipment. The command signals to the drives in the plant are transmitted via the control interface as 
required for maintaining proper operation. 
Measured-value and status signals from the entire plant are continuously monitored by means of a 
process computer. The computer provides the data for trend logging and fault analysis and transmits the 
information to the operating personnel in the control room via data display terminals and teleprinters. 
Automatic functional group controls are provided to minimize the operating errors and to obtain a 
higher degree of automation. 

VII.3.5.1.    Main control room 
The main control room of the nuclear power plant contains the operating and information equipment 
for the control and monitoring of the plant systems. This means that manual control, setpoint 
adjustment and monitoring of the reactor, important reactor auxiliaries, the feedwater/steam cycle, the 
turbine, the generator and the auxiliary power equipment are controlled from the main control room. 
The main control room is situated on the top floor of the switchgear building above the electronic 
equipment rooms. For security reasons, it shall only be entered through monitored entrances. 

VII.3.6.    Electric power system 
The CNA II has two physically independent grid connections. One of then is the 500 kV grid and the 
other is the 132 kV grid.  
There is additionally, auxiliary power supply from the generator in case of grid disturbance after load 
rejection. Only in the case of a common outage of all three power supply possibilities, the emergency 
power system with the diesel generators will be required. Definite loads – mainly of the control and 
instrumentation system – are power supplied by rectifiers and converters or by means of batteries with 
direct current.  
The generator feeds into the 500 kV network via one generator transformer and supplies the station 
auxiliary service requirements by means of two auxiliary transformers. 
The four secondary windings of the auxiliary transformers or the two secondary windings of the offsite 
system transformer feed into four separate medium high voltage bus section (each two 6.6 kV and 
13.2 kV), to which the large auxiliary loads and the transformers for the low voltage switchgears are 
connected.  
If the station service power system fails, certain equipment (pumps, etc.) are needed to remove 
residual heat and to run the plant into safe conditions. This equipment must remain in operation or has 
to be put in operation and must therefore be supplied with emergency power. Here a distinction must 
be made between two groups with regard to safety related requirements: loads allowing a voltage 
interruption while the diesel run up and loads which must remain in operation without interruption or 
which must be put into operation immediately should the normal station service system fail.  
The diesel emergency power system is like the other redundant safety equipment, divided into for 
separate trains. Under normal operating conditions, the auxiliary switchgears of the normal power system 
feed the emergency power system. To avoid loss of power in case the auxiliary power system fails, each 
of the four trains in the emergency power system is equipped with a quick-starting diesel set.  
The CNA II electric system may be divided into two main subsystems: the offsite power system and 
the onsite power system.  
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The offsite power system is constituted by the 500 kV transmission line, which is linked to the 
substations Rosario Oeste (113 km), Colonia Elía (160 km) and Ezeiza (67 km), and the 132 kV 
transmission line, source that is connected to the Zárate substation (23 km) and, in addition, to the 220 
kV switchyard at the power plant Atucha via a 150 MVA coupling transformer.  
With the generator load-breaker in the “off” position the station service power for “start up” and “shut 
down” of the power plant can be drawn from the 500 kV grid. Upon simultaneous failure of the main 
grid and the turbine generator set the 132 kV grid provides power for shut down operation of the plant 
down to the “hot-subcritical” condition.   
The onsite power system consists of two subsystems: the auxiliary power system (“normal system”) 
and the emergency power system.  
The auxiliary power system provides power for the loads of the nuclear power plant which are 
necessary during normal operation, start-up and shut-down operations. It is subdivided into four trains 
which are supplied by the 13.2 kV and 6.6 kV windings of the two unit auxiliary transformers. The 
transformers are fed in via single phase totally enclosed leads either from the min generator or from 
the grid via the external generator transformer. For shut-down operation or after loss of the normal 
power supply grid and the generator, it may be fed by the offsite power supply. The offsite power 
supply is available via automatic changeover.   
The A.C. emergency power system provides the power required for safe shut-down of the reactor to 
maintain it in the shut-down condition, for removal of residual heat and to prevent release of 
radioactivity during normal operation and accident conditions resulting from system faults, and for 
some loads important for plant availability. It is subdivided, according to the safety system to be power 
supplied, into four redundant independent trains, each capable of supplying 50% of the power 
required to perform the safety function. 
Normally the A.C. emergency power supply system is connected with the two 6.6 kV buses of the 
plant auxiliary power system by means of two circuit breakers, connected in series, for each train. 
Therefore, it can be fed via the plant auxiliary power system or the offsite system. At loss of the plant 
auxiliary power it is fed by the diesel generator emergency power system supply. 
The stand by diesel generator emergency power system is provided for safety related loads. Each 
diesel generator set is assigned to one train, each with 50% capacity. Each emergency diesel 
generator is constituted by different main and auxiliary subsystems, such as the compressed air, the 
fuel supply equipment, the lubrication system, etc. 
In the event of the power plant and the high voltage system failing at the same time, an emergency 
power supply can be obtained from diesel sets to permit proper shutdown of the plant. On failure of 
the auxiliary voltage, a period of 20 to 30 seconds elapses before the emergency diesel sets can take 
load. However, certain loads, such as the reactor protection system, measuring systems, and other 
protective systems must remain operative at all times. These are therefore fed directly from 220 V or 
24 V D.C. batteries or from static converters fed from the 220 V breakers. 

VII.3.7.    Safety philosophy and safety systems 
The safety philosophy, on which the design is based, fulfills, in all conceivable plant conditions, the 
following basic requirements: 

• The reactor can be safely shut down and kept shut down over prolonged periods.  
• The decay heat can be reliably removed. 
• Any release of radioactivity is within the limits laid down by the radiation protection regulations. 

In order to meet these requirements, safety measures against damage to the systems or components 
are provided. The safety measures can be classified under three safety levels according to the 
possible plant conditions: 

• Components and systems necessary for normal operation (including startup, part load and full 
load operation, load changes, shutdown) are of such design as to preclude failure. The safety 
measures provided are: 
o Conservative and careful design. 
o Stringent quality assurance and control.  
o Regular examinations and inspections. 

• According to general engineering experience, it must be considered that systems and 
components can fail during their service life despite adequately high quality. It is assumed that 
operational disturbances (e.g. reactor coolant pump failure, load rejection) can occur. In order 
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to prevent the faults and operational disturbances and to mitigate their consequences the 
following safety measures are provided: 
o Inherently safe operational characteristics. 
o Alarm annunciation. 
o Reactor protection limitation. 

• Despite the safety measures of the first and second safety levels, theoretically assumed 
accidents are postulated. In order to counter these accidents and to mitigate their 
consequences, active safety systems are provided. The design of the safety systems is based 
on the assumption that parts of the safety systems (sub-systems) can fail simultaneously with 
the accident. As a consequence, the safety systems are of  redundant design. This multiple-train 
design is reflected not only in the redundancy of the equipment, but also in the consistent 
physical segregation of the subsystems. This ensures that a sub-system failure (random failure), 
postulated in addition to the accident, remains restricted to one subsystem and does not affect 
the others.  

According to the design principles of the safety systems all engineered safety features necessary to 
control accidents are built as four identical sub-systems. Two of these are sufficient for the control of 
the accident. Thus, functional availability is assured even when one subsystem is being inspected or 
repaired and a single failure occurs simultaneously in another subsystem. Each subsystem also 
comprises the associated power supply and the necessary auxiliary equipment. 
The basic safety systems provided are: 

• Fast reactor shutdown system. 
• Emergency core cooling system. 
• Containment system. 
• Emergency electric power system. 

In order to protect the environment against the release of radioactivity, the following radioactivity 
barriers are provided as passive safety measures: 

• The fuel matrix of the uranium dioxide pellets. 
• The seal-welded cladding tubes enclosing the fuel. 
• The closed and seal-welded reactor coolant system and moderator system. 
• The full pressure gas tight steel containment structure. 
• The concrete secondary shield. 

The components of the radioactivity barriers act according to their mechanical properties, without 
auxiliary energy. In case of damage to one of these barriers, the next one will act and thus retain the 
radioactivity. 
The accidents considered in the plant design are the plant internal and external accidents. The 
internal accidents are, above all, LOCA, with the whole spectrum of pipe ruptures including the break 
of the largest connection pipe to the reactor coolant loops or to the moderator system. The external 
accidents considered are aeroplane crash, explosion pressure wave, floods, tornadoes, etc.  
In order to meet the safety requirements even during the considered internal and external accidents, 
the following design principles were established: 

• Multiplicity of safety features. 
• Redundancy of the safety systems and of their auxiliary system. 
• Diversity of important parts of the reactor protection system. 
• Physical separation and/or protection by concrete walls of the redundant sub-systems. 
• Protection of the safety systems against external accidents. 
• Periodic testing of the safety systems. 

The task of the safety systems is to prevent any damage to the radioactivity barriers during 
operational malfunctions and during accidents in order to fulfil the safety philosophy requirements.  
The fast reactor shutdown safety system consists of two separate subsystems: the shutdown control 
rod system (first independent shutdown system) and the boron injection system (second independent 
shutdown system). The emergency core cooling safety system consists of the following basic 
subsystems: the moderator system, the residual heat removal system, the service cooling water 
system for the secured plant, the nuclear component cooling system and the safety injection system. 
The containment safety system consists of several basic subsystems: the concrete containment, the 
steel containment, the containment isolation system and the reactor building annulus air extraction 
system (Figure VII-6). 
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The emergency electric power system is not a safety system but a safety related one due the nature 
of the loads it feeds. It was described in section VII.3.6. 
The general plant layout features a compact, controlled area with short pipe and cable connections, 
physical separation of redundant cable and piping trains, minimum exposure of the operating personnel 
during maintenance and repair work, availability of sufficient shielding and radiation protection measures. 

VII.4.    TECHNICAL DATA  

Some of the main technical data are detailed in what follows: 

Overall Plant Data 
Reactor type Pressurised heavy water (PHWR) 
Bulk nominal electric power 745 MW 
Net nominal electric power 692 MW 
Net efficiency 32% 
Number of steam generators  2 
Number of reactor coolant pumps 2 
Number of moderator coolers and moderator pumps 4 

 
Reactor Core Data 

Material of fuel Natural uranium 
Total thermal power 2160 MW 
Shape of fuel assembly 37 – rod cluster 
Number of coolant channels or fuel assemblies 451 
Cladding material Zircaloy 4 
Active core length 5300 mm 
Refuelling On load 
Fuel burnup at equilibrium 7500 MWd/MgU 
Number/material of control rod elements 9/hafnium and 9/steel 

 
Thermal and Hydraulic Data 

Number of coolant circuits 2 
Number of moderator circuits 4 
Coolant and moderator Heavy water 
Pressure at reactor vessel outlet 115 bar 
Coolant temperature at reactor pressure vessel outlet 312° C 
Coolant temperature rise though the core 34° C 
Moderator temperature normal/maximum 170°/220° C 
Total coolant circulation flow 37080 Ton/h 
Total moderator circulation flow 3200 Ton/h 
Steam pressure at steam generator outlet 56 bar 
Steam temperature 271° C 
Total steam flow 3445 Ton/h 

 
Steel Containment Data 

Diameter 56 m 
Wall thickness 30 mm 
Design pressure 5.3 bar 
Design leak rate 0.25 vol %/day 
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       ANNEX VIII 
PRINCIPAL TECHNICAL CHARACTERISTICS 

OF CAREM REACTOR PROTOTYPE 

VIII.1.    INTRODUCTION 

CAREM reactor prototype (CAREM-25) has an indirect cycle reactor with some distinctive and 
characteristic features that greatly simplify the design, and also contributes to a higher safety level. 
Some of the high level design characteristics of the plant are: integrated primary cooling system, 
natural circulation, self-pressurised primary system and safety systems relying on passive features. 

VIII.2.    PRIMARY CIRCUIT AND ITS MAIN CHARACTERISTICS 

CAREM-25 NPP design is based on a light water integrated reactor. The whole high-energy primary 
system, core, steam generators, primary coolant and steam dome, is contained inside a single 
pressure vessel (Figure VIII-1). 
The flow rate in the reactor primary systems is achieved by natural circulation. Figure VIII-1 shows a 
diagram of the natural circulation of the coolant in the primary system. Water enters the core from the 
lower plenum. After been heated the coolant exits the core and flows up through the riser to the upper 
dome. In the upper part, water leaves the riser through lateral windows to the external region. Then it 
flows down through modular steam generators, decreasing its enthalpy. Finally, the coolant exits the 
steam generators and flows down through the down-comer to the lower plenum, closing the circuit. 
The driving forces obtained by the differences in the density along the circuit are balanced by the 
friction and form losses, producing the adequate flow rate in the core in order to have the sufficient 
thermal margin to critical phenomena. Reactor coolant natural circulation is produced by the location 
of the steam generators above the core. Coolant acts also as neutron moderator. 
Self-pressurization of the primary system in the steam dome is the result of the liquid-vapor 
equilibrium. The large volume of the integral pressuriser also contributes to the damping of eventual 
pressure perturbations. Due to self-pressurisation, bulk temperature at core outlet corresponds to 
saturation temperature at primary pressure. Heaters and sprinkles typical of conventional PWRs are 
thus eliminated. 

VIII.3.    REACTOR CORE AND FUEL DESIGN 

The core has Fuel Assemblies (FA) of hexagonal cross section. Each fuel assembly contains 108 fuel 
rods of 9 mm outer diameter, 18 guide thimbles and 1 instrumentation thimble (Figure VIII-2). Its 
components are typical of the PWR fuel assemblies. The fuel is enriched UO2. Core reactivity is 
controlled by the use of Gd2O3 as burnable poison in specific fuel rods and movable absorbing 
elements belonging to the Adjust and Control System. Chemical compounds are not used for reactivity 
control during normal operation. The fuel cycle can be tailored to customer requirements, with a 
reference design for the prototype of 330 full-power days and 50% of core replacement. 
Each Absorbing Element (AE) consists of a cluster of rods linked by a structural element (namely 
“spider”), so the whole cluster moves as a single unit. Absorber rods fit into the guide tubes. The 
absorbent material is the commonly used Ag-In-Cd alloy. AE are used for reactivity control during 
normal operation (adjust and control system), and to produce a sudden interruption of the nuclear 
chain reaction when required (fast shutdown system). 

VIII.4.    STEAM GENERATORS 

Twelve identical ‘Mini-helical’ vertical steam generators, of the “once-through” type are placed equally 
distant from each other along the inner surface of the RPV (Figure VIII-3). They are used to transfer heat 
from the primary to the secondary circuit, producing superheated dry steam at 47 bar. The secondary 
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system circulates upwards within the tubes, while the primary goes in counter-current flow. The lay-out 
guarantees that the primary system flows through the steam generators. In order to achieve a rather 
uniform pressure-loss and superheating on the secondary side, the length of all tubes is equalized. Due 
to safety reasons, steam generators are designed to withstand the primary pressure without pressure in 
the secondary side and the whole live steam system is designed to withstand primary pressure up to 
isolation valves (including the steam outlet / water inlet headers) in case of SG tube breakage.  

VIII.5.    REACTOR AUXILIARY SYSTEMS 

Figure VIII-4 shows a diagram of the main reactor auxiliary systems chemical / volume control system. 
This system maintains a high degree of water purity within the RPV and allows controlling the water 
level while volume changes are produced by the operating conditions. The water removed from the 
RPV is cooled in a letdown heat-exchanger, undergoes a stage of pressure reduction, is treated in 
filters, resin beds, de-gasifier columns and returned to the RPV by the charging pumps through a 
regenerative heat exchanger. A control volume tank provides a volume reservoir that allows to contain 
all the water surplus of the RPV from the operation in solid way at 45°C until full power operation. 

VIII.5.1.    Suppression pool cooling and purification system  
This system cools and purifies the suppression pool and the cooling pool for the residual heat removal 
system. The cooling system has redundancies: each branch has a heat exchanger and a pump, while 
both share the ion exchange bed for water purification. In the event of a LOCA, this system is capable 
of feeding pure water into the RPV. 

VIII.5.2.    Shutdown cooling system 
This system has two functions: 

• To cool RPV water, removing decay heat during standard shutdown and refueling. 
• To heat RPV water during plant start-up by an auxiliary steam system. 

It is also redundant, each branch comprising a pump, plate heat exchanger for cooling, and shell and 
tube heat exchanger for heating. 

VIII.5.3.    Components cooling system - closed external circuit 

The components cooling system supplies cooling water to the systems that may contain radioactivity, 
providing a barrier among the radioactive fluid and the closed external circuit. It is redundant and 
comprises pumps and heat exchangers. 
The closed external circuit is also redundant. It has cooling towers and pumps. 

VIII.5.4.    Fuel pool cooling and purification system  
It removes the heat resulting from nuclear decay of stored fuel elements and purifies pool water. The 
cooling system comprises two circuits - one in stand-by - each with a heat exchanger and a pump, 
sharing the filter and the ion exchange bed for water purification. 

VIII.5.5.    Control rod drive - hydraulic system  
This system circulates water from the RPV to operate and maintain the Control Rods in position. It has 
two pumps in operation, to enhance system availability, as well as filters, valves for step-wise Control 
Rod motion and for operating Safety Rods rising, and redundant SCRAM valves. 

VIII.6.    OPERATING CHARACTERISTICS 

The natural circulation of coolant produces different flow rates in the primary system according to the 
power generated (and removed). Under different power transients a self-correcting response in the 
flow rate is obtained. 
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Due to the self-pressurizing of the RPV (steam dome) the system keeps the pressure very close to the 
saturation pressure. At all the operating conditions this has proved to be sufficient to guarantee a 
remarkable stability of the RPV pressure response. The control system is capable of keeping the reactor 
pressure practically at the operating set point through different transients, even in case of power ramps. 
The negative reactivity feedback coefficients and the large water inventory of the primary circuit 
combined with the self-pressurization features make this behaviour possible with minimum control rod 
motion. It concludes that the reactor has an excellent behaviour under operational transients. 

VIII.7.    TURBINE GENERATOR PLANT SYSTEMS 

The CAREM has a standard steam cycle of simple design. The twelve steam generators are 
connected alternately in two groups of six to an annular collector. Each branch has its own relief and 
isolation valves and finally they are joined to deliver the steam to the turbine. A single turbine is used.  
CAREM secondary circuit is not a safety-graded system; the nuclear safety of the plant does not rely 
on the functioning of the steam circuit. 

VIII.8.    INSTRUMENTATION AND CONTROL SYSTEMS 

The control and supervision system is a “real time” computerized system for the control and supervision of 
the plant operation. This system includes the control centers, the information processing centers, the man-
machine interfaces, the automatic systems for process control, sensors, actuators and a communication 
net that connect these systems. The general architecture of the system has four hierarchic levels clearly 
identified for the processes and three communication levels. The process levels are: 

• Supervision level: composed by a net of supervision nodes. At this level occur all the man-
machine interactions between the operators and the supervision system. 

• Information level: composed by a net of information nodes. 
• Control level: Composed by a net of control units. These units constitute the connection with 

the field units. 
• Field level: Composed by a net of field units that are the connection with the sensors and 

actuators and by all the sensors and actuators of the control and supervision system. 

VIII.9.    REACTOR PROTECTION SYSTEM 

The design of the reactor protection system was performed according with the most advanced 
technology for nuclear power plants design, the “defence in depth” principle and the early failure 
detection, with the objective of avoiding the occurrence of accidents beyond the design base. 
The reactor protection system has two independent subsystems. The first subsystem, responsible of 
the generation of the first shutdown system trip signal, consists in a combination of hard logic and 
digital processing modules. The second subsystem, responsible of the generation of the second 
shutdown system trip signal, is based in a hard logic technology in order to fulfil with the diversity 
principle for the first and second shutdown systems. 
The reactor protection system has four independent and redundant channels with voting and 
protective logic of dynamic type. This allows a high availability and reliability. 
The main applied design criteria are: 

• Physical and electrical independence. 
• Functional diversity. 
• Reduced size and robustness. 
• Failure tolerance. 
• Possible in operation testing. 
• Safe failure. 

The interaction between the protection system and the control system is performed through electrical 
isolation. The interfaces are design in order to avoid that any protection action could be inhibited by a 
control system action. The design guarantees that once a protective action is initiated it will be completed. 
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VIII.10.    ELECTRICAL SYSTEMS 

The electrical loads are divided in three classes: 
• Class I: DC, no supply interruption is admitted. 
• Class II: AC, no supply interruption is admited. 
• Class III: AC, supply interruption is admitted during a certain period. 
• Class IV: AC, Supply interruption is admitted. 

Classes I, II and III correspond to the Safety-related system. Class IV includes all the conventional 
systems. The electrical power supply corresponding to class I, II and III systems are distributed by two 
systems of independent buses. This redundant system is separately connected to each bus with 
independent layout and connections. Both bus systems can be interconnected in case of failure. 
Auxiliary generators will supply power to the essential systems in case of no power generation or 
external supply. These auxiliary generators are redundant, physically separated and they can supply 
each of the power distribution systems of classes I, II and III. 
Classes I and II are sized to supply power to selected safety-related loads before needing a 
connection to classes III, IV or other external power source. 

VIII.11.    PLANT LAYOUT 

CAREM nuclear island is placed inside a pressure suppression containment system, which contains 
the energy and prevents fission product release in the event of accidents (Figure VIII-5). 
The building surrounding the containment is placed in a single reinforced concrete foundation mat. It 
supports all the structures with the same seismic classification, allowing the integration of the RPV, 
the safety & reactor auxiliary systems, the fuel elements pool and other related systems in one block. 
The plant layout is divided in three main areas: Nuclear Module, Turbine Module and Control Module 

VIII.11.1.    Nuclear module 
This building acts as a Secondary Containment. The Containment itself is a free standing, vertical, 
cylindrical reinforced concrete structure, with flat head and bottom, designed to support pressure and 
temperature conditions, and act as a barrier to prevent fission product release to the Secondary 
Containment in the event of an accident. 
The Nuclear Module has another relevant structural component in the shape of a box surrounded by 6 
levels. In the upper part of this box are the Fuel Elements Pool and the Auxiliary Pool, and in the lower 
part are mainly Safety-Related Sistems equipment. In CAREM-25 these six levels are described 
below from 11.1.1 up to 11.1.6: 

VIII.11.1.1 Level +15.20: The Reactor Hall where tasks related with the refuelling will be performed. 

VIII.11.1.2 Level +10.00: The Exhaust stage of the HVAC system (Heating, Ventilation /Air Conditioning), 
the shielded rooms for filters and resins beds of the several water purification systems and the Gaseous 
Waste treatment system. 

VIII.11.1.3 Level +5.20: Valves rooms for the filters and resins beds, pumps and heat exchangers for 
the Components Cooling System. 

VIII.11.1.4 Level 0.00: The connection between the Control and Turbine modules is here, as well as 
the emergency exit and the access to the Emergency Injection Systems. Workshops, compressors, 
the HVAC injection equipment, and Radiactive liquid effluents equipment. 

VIII.11.1.5 Level -5.80: All the liquid effluents and spent resins collected are stored in shielded pools 
and treated at this level. Also the process equipment for the Reactor Auxiliary Systems like pumps 
and heat exchangers are housed in this area, with physical separation of equipment belonging to 
different redundancies. 



ANNEX VIII
Principal Technical Characteristics of Carem Reactor Prototype 5 

 

VIII.11.1.6 Level -10.00: Pumps, Filters and Heat Exchangers of Safety-Related systems are housed 
in this area. 

VIII.11.1.7 Containment: The containment is divided in two main compartments: a drywell and a wetwell. 

The upper drywell lodges the Second Shutdown System, the Relief valves and the headers of the 
Residual Heat Removal System. The emergency condenser pool is located at this level. The central 
drywell houses the RPV and below it, separated by shielding, is the lower drywell. The Peripheral 
Drywell surrounds the Central Drywell, below the upper level and houses the pipelines connected to 
the SG’s, HVAC pipelines and the SG’s inspection robot. The Wetwell (below the Peripheral Drywell, 
and surrounding the Central Drywell) is partially filled with water, conforming the Pressure 
Suppression Pool. The tube vents are immersed deep in the pool and they connect to the floor of the 
Peripheral Drywell. The lower drywell houses Safety-Related systems equipment. 

VIII.11.2.    Turbine module 
It houses the turbo-generator group, auxiliary services like de-mineralised water production system, 
chilled water, service steam, condensate polishing, and electric switchboards. 
Close to the Reactor Module are the redundant diesel-generators with switchboards. 

VIII.11.3.    Control module 
The Control Complex is placed in this area of the building. It is formed by the Cable Room, Instrumentation 
Rooms, Main Control Room, the Remote Shutdown System (or Secondary Control Room), the Heating, 
Ventilating and Air Conditioning System for each Control Room and the offices for the operation 
personnel.  
Rest rooms, lockers, Radiological Protection Facilities and the Safety Access System for personnel 
access lock to the Nuclear Module, are located in the basement.  

VIII.12.    NUCLEAR SAFETY 

Emphasis has been given since the design genesis to prevention of core degradation accidents by 
means of passive safety features, guarantying no need of active systems or operator actions for a 
period of at least 36 hours. 
Technical and safety advantages are obtained with the CAREM design compared to the traditional design: 
In order to simplify the design, the whole high-energy primary system, core, steam generators, primary 
coolant and steam dome, is contained inside a single pressure vessel. This considerably reduces the 
number of pressure vessel penetrations and simplifies the layout. Due to the absence of large diameter 
piping associated to the primary system, no large LOCA has to be handled by the safety systems. This 
integrated concept and natural convection, has several advantages, such as: 

• Elimination of large LOCA that considerably reduce the needs in ECCS components, AC supply 
systems, etc.  

• Eliminating primary pumps precludes loss of flow accidents. 
• The development of innovative hydraulic mechanism completely located inside the reactor 

pressure vessel eliminates the rod ejection accident.  
• Large coolant inventory in the primary results in large thermal inertia and long response time 

in case of transients or accidents. 
• The large water volume between the core and the wall leads to a very low fast neutron dose 

over the RPV wall. 
• Shielding requirements are reduced by the elimination of gamma sources of dispersed 

primary piping and parts. 
• The ergonomic design and layout make the maintenance easier. Maintenance activities like 

the steam generator tubes inspection does not compete with refueling activities because it will 
be carried out from outside the vessel. 

• The use of less active components increases plant availability and load factor, reducing the 
frequency and kind of initiating events. 
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VIII.13.    SAFETY SYSTEMS AND FEATURES 

The safety systems are duplicated to fulfil the redundancy criteria (Figure VIII-6). The shutdown 
system should be diversified to fulfil Argentine Regulatory Body requirements.  
The First Shutdown System (FSS) is designed to shut down the core when an abnormality or a 
deviation from normal situations occurs, and to maintain the core sub-critical during all shutdown 
states. This function is achieved by dropping neutron-absorbing elements into the core by the 
action of gravity.  
Hydraulic Control Rods Drives (CRD) avoid the use of mechanical shafts passing through RPV, or 
the extension of the primary pressure boundary, and thus eliminates any possibilities of large Loss 
of Coolant Accidents (LOCA) since the whole device is located inside the RPV. Their design is an 
important development in the CAREM concept. Six out of twenty-five CRD (simplified operating 
diagrams are shown in Figure VIII-7) are the Fast Shutdown System.  
The Second Shutdown System (SSS) is a gravity-driven injection device of borated water at high 
pressure. The system consists of two tanks located in the upper part of the containment. Each of 
them is connected to the reactor vessel by two piping lines: one from the steam dome to the upper 
part of the tank, and the other from a position below the reactor water level to the lower part of the 
tank. When the system is triggered, the valves open automatically and the borated water drains into 
the primary system by gravity. The discharge of a single tank produces the complete shutdown of 
the reactor. 
The Residual Heat Removal System (RHRS) has been designed to reduce the pressure on the 
primary system and to remove the decay heat in case of Loss of Heat Sink. It is a simple and 
reliable system that operates condensing steam from the primary system in emergency 
condensers. The emergency condensers are heat exchangers consisting of an arrangement of 
parallel horizontal U tubes between two common headers. The top header is connected to the 
reactor vessel steam dome, while the lower header is connected to the reactor vessel at a position 
below the reactor water level. The condensers are located in a pool filled with cold water inside the 
containment building. The inlet valves in the steam line are always open, while the outlet valves are 
normally closed, therefore the tube bundles are filled with condensate. When the system is 
triggered, the outlet valves open automatically. The water drains from the tubes and steam from the 
primary system enters the tube bundles and condenses on the cold surface of the tubes. The 
condensate is returned to the reactor vessel forming a natural circulation circuit. In this way, heat is 
removed from the reactor coolant. During the condensation process the heat is transferred to the 
water of the pool by a boiling process. This evaporated water is then condensed in the suppression 
pool of the containment. 
The Emergency Injection System prevents core exposure in case of LOCA. The system consists of 
two redundant accumulators with borate water connected to the RPV. The tanks are pressurised, 
thus when during a LOCA the pressure in the reactor vessel reaches a relative low pressure, 
rupture disks break and the flooding of the RPV starts, preventing core un-covery for a long period. 
The Residual Heat Removal System is also triggered to help to depressurise the primary system, in 
case the breakage area is small. 
Three safety relief valves protect the integrity of the reactor pressure vessel against overpressure, 
in case of strong unbalances between the core power and the power removed from the RPV.  Each 
valve is capable of producing 100% of the necessary relief. The blow-down pipes from the safety 
valves are routed to the suppression pool. 
The primary system, the reactor coolant pressure boundary, safety systems and high-pressure 
components of the reactor auxiliary systems are enclosed in the primary containment - a cylindrical 
concrete structure with an embedded steel liner. The primary containment is of pressure-
suppression type with two major compartments: a drywell and wetwell. The drywell includes the 
volume that surrounds the reactor pressure vessel and the second shutdown system rooms. A 
partition floor and cylindrical wall separate the drywell from the wetwell. The lower part of wetwell 
volume is filled with water that works as the condensation pool, and the upper part is a gas 
compression chamber. 
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A summary of functions to cover and the available safety systems is shown in Table VIII.I.  

Table VIII.I.  SAFETY FUNCTIONS AND SAFETY SYSTEMS 
Safety Function Safety System 

Reactivity Control First Shutdown System: Safety control rods 
 Second Shutdown System: Boron Injection 
Primary Pressure Limitation Safety Relief valves  
 Residual Heat Removal System 
Primary Depressurisation Residual Heat Removal System 
Primary Water Injection Low pressure: Emergency Injection System  
 Second Shutdown System 
Secondary Pressure Limitation Relief valves 
Residual Heat Removal Residual Heat Removal System 

 
For CAREM-25 accident analysis several initiating events were considered:  
Reactivity insertion accident: as the innovative hydraulic control drive for the Fast Shutdown System 
and the Adjust and Control System is located inside the RPV, Rod Ejection Accident is avoided, only 
inadvertent control rod withdraw transients are postulated. Two scenarios considering FSS success 
and FSS failure with SSS actuation were modelled assuming conservative hypothesis. Simulation 
results show that safety margins are well above critical values (DNBR and Critical Power Ratio), no 
core damage is expected. Moreover, as there is no boron in the coolant, boron dilution as reactivity 
initiating event is precluded. 
Loss of heat sink: in case of a total loss of feedwater to the steams generators, the Residual Heat 
Removal System is demanded cooling the primary system reducing reactor pressure to values lower 
than the ones of hot shutdown. In case of hypothetical failure of FSS, the reactor power reduces due 
to the negative reactivity coefficients without compromising the fuel elements. The SSS will guarantee 
medium and long-term reactor shutdown. 
Total loss of flow: due to the absence of primary pumps, this initiating event is avoided.  
Loss of coolant accident: RPV penetration maximum diameter is limited by design, therefore no large 
LOCA is possible and there is no need of a high-pressure injection system. In case of LOCA the FSS, 
SSS, RHRS are demanded and when pressure decreases the Emergency Injection System discharge 
water to keep the core covered for several days. As no credit is given by design to active systems, the 
secondary system is not considered to cool and depressurise the primary system in safety evaluations, 
of course if it is available and in case of need it could be used as part of Accident Management Strategy. 
Moreover, by design no credit is given to a broken pipe as an injection line (steam coming into the RPV 
from the containment in case of high depressurisation of the primary system due to the use of the steam 
generators). The reactor inherent response to LOCA was also analyzed, considering FSS success and 
failure of all the Safety Systems related with core cooling. Due to the large water inventory over the core 
and the small penetration diameters through the RPV, the core uncovers after several hours. 
Steam generator tube rupture: this accident is mitigated by isolating the group of steam generators 
affected, closing both the steam and feedwater lines. The secondary side of the steam generators 
reaches thermal equilibrium with the primary circuit, equalising pressure with this system. Eventually 
the reactor could continue operating at 50% of power.  
Steam line break accident: The sudden depressurisation of the secondary side of the steam 
generators increase heat removal from the primary system with the consequent core overpower. 
Reactor shutdown (FSS and SSS) and Residual Heat Removal System are demanded and the reactor 
reaches a safe condition.  In case of hypothetical failure of both shutdown systems, reactor overpower 
does no compromise safety critical values (DNB and CPR) because primary total heat removal by the 
steam generators is intrinsically limited by the reduced tube side water inventory. 
Blackout: It is one of the events with major contribution to core meltdown probability in a conventional 
light water reactor. The extinction and cooling of the core and the decay heat removal are guaranteed 
without electricity by the passivity of safety systems. Loss of electrical power produces the interruption 
of the feed-water to the hydraulically driven CRDs, and thus produces the insertion of the absorbing 
elements into the core. Nevertheless in case of failure of the First and Second Shutdown Systems 
(both passive), in CAREM, feedback coefficients will produce the self-shutdown of the nuclear reaction 
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without compromising safety related variables. The decay heat is removed by the Residual Heat 
Removal System with autonomy of several days. 
As a general conclusion, it could be said that, due to the large coolant inventory in the primary circuit, 
the system has large thermal inertia and long response time in case of transients or accidents. 
Severe accident prevention and mitigation features: The CAREM concept highly enhances accident 
prevention and mitigation by simplicity, reliability, redundancy and passivity. Nevertheless, in case of the 
extremely low probability of failure of the passive safety systems (both redundancies) or no recovery 
actions after the design period to be covered by the passive safety systems (grace period of at least 36 
h), a severe accident could be postulated to occur. Several features are considered to protect the 
confinement and to manage hypothetical severe accidents, allowing also the optimum use of all process 
systems for the primary cooling system and containment recovery after the grace period. 

• The absence of large LOCA prevents an early and sudden containment pressurisation, and 
together with the impossibility of a high reactivity insertion (no rod ejection) the possibility of a 
fast core melt and early containment pressurization are limited.  

• Complementary and simple measures and accident management after the design period to 
be covered by the passive safety systems.  

• Prevention of high-pressure core melt situation is ensured by means of the Residual Heat 
Removal System, complemented by relief valves opening. 

• The suppression pool cooling and purification system cools and refills -if necessary- the 
suppression pool and the cooling pool for the residual heat removal system and feeds spray 
in the dry and wet-well to depressurise the containment. In the event of a LOCA, this system 
is capable of feeding pure water into the RPV. 

• Devices for reduction of the hydrogen-concentration in the containment. 
• The suppression pool type containment provides a good physical mechanism for fission 

products retention by water. 

 
Figure VIII-1 - Reactor Pressure Vessel 
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Figure VIII-2 – Fuel Assembly Diagram. Fuel rods, guide thimbles 

and instrumentation thimble distribution 
 

 
Figure VIII-3 – Steam Generation Layout 
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Figure VIII-4 – Auxiliary Systems 

 

 
Figure VIII-5 – Plant Layout 
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Figure VIII-6 – Containment and Safety Systems 

 
Figure VIII-7 – Simplified Operation Diagram of a Hydraulic 

Control Rod Drive (Fast Shutdown System) 
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ANNEX IX 
EXAMPLES OF LESSON LEARNED 

AND CORRECTIVE ACTIONS RESULTING 
FROM NATIONAL AND INTERNATIONAL 
OPERATING EXPERIENCE AND EVENTS 

The Operative Experience derived from National and International events are given in this Annex. 
The most significant operational events in CNA I and CNE during the period 2007 – 2010, are listed 
and how the licensees and the ARN consequently and accordingly acted, are shown. 

IX.1.    EXAMPLES OF LESSON LEARNED AND CORRECTIVE ACTIONS  
           RESULTING FROM INTERNATIONAL EVENTS AND OPERATING  
           EXPERIENCE 

EVENT -  
OPERATING EXPERIENCE 

EXAMPLES OF LESSONS LEARNED -  
CORRECTIVE ACTIONS 

− Rupture of drain line from moisture 
separator reheater drain tank 
(Callaway 1, PWR, USA) 

− Flow accelerated corrosion detected in 
low pressure feed heater piping 
(Koeberg 2, PWR, South Africa) 

CNE: Acquire and implement a Computational 
Predictive Analytical Program that allows to identify 
and select the potential areas of high FAC 
(Flow Accelerated Corrosion) process risk. 
CNA I: A program was designed to calculate the rate 
of wear from erosion-corrosion for each type of 
component. This methodology includs the feedback 
of plant experience. 

Fire in the external cable channel 
(Bohunice 1, PWR-VVR, Slovak Republic) 

CNE: Cable aging assessment is planned as part of 
the tasks for CNE life extension. This assessment 
includes mechanical and electrical tests. 

Stand-by service transformer trip on 
overcurrent protection and ground fault 
protection 
(Cernavoda 1, PHWR, Romania) 

CNE: Replacement of ground fault protection for 132 
kV and 500 kV is planned as part of CNE life 
extension tasks. 

Manuall shutdown due to the total loss of 
cooling to a main transformer 
(Susquehanna 2, BWR, USA) 

CNE: Correct design faults that could cause major 
failures with potential severe consequences for 
safety. 
CNA I: Spread this event as a lesson learned for 
electrical maintenance and training staff. 

Oil leaks from fuelling machine hydraulic 
system during refuelling of channel A09 
(Cernavoda 1, PHWR, Romania) 

CNE: This event was discused during technical 
meeting of plant staff. The event will be considered 
as a lesson learned for components aging 
management. 

Loss of external power and subsequent 
failure of power supply from 2 of 4 
emergency diesel generators 
(Forsmark 1, BWR. Sweden) 

CNE: Spread the event lessons learned and verify 
calibration of inverter protection. 
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EVENT -  

OPERATING EXPERIENCE 
EXAMPLES OF LESSONS LEARNED -  

CORRECTIVE ACTIONS 
Cracks discovered in Moderator Cover Gas 
lines (Bruce 7, PHWR, Canada) 

CNE: Inspection of similar type of lines were planned 
for next programmed outage. 

Station alert due to D2O spill from primary 
heat transport purification system 
(Cernavoda 1, PHWR, Romania) 

CNE: A new procedure will be issued considering 
the participation of engeeniring and quality 
assurance personnel. Also, staff qualification will be 
taken into account. 

Failure of boiler closure inspection program 
to identify foreign material exclusion 
deficiencies (Bruce 6, PHWR, Canada) 

CNE: It was published as a learned lesson 
applicable for disassembly of important equipment. It 
was considered especially important for 
refurbishment tasks. 
CNA I: It was communicated as a learned lesson to 
Maintenance Coordination and Engineering and 
Planning sectors. 

Maintenance on an unsafely configured 
emergency core cooling parameter 
(Gentilly 2, PHWR, Canada) 

CNE: Meetings before task execution practice will be 
reinforced as a learned lesson from this event. 
CNA I: Disseminate learned lessons to I&C, Training 
and operation staff.  

Adjuster rod unexpected response 
(Pickering 4, PHWR, Canada) 

CNE: Application of learned lesson and revision of 
the procedures for cobalt bar extraction 

Nonconformity of the emergency core 
cooling system 
(Gentilly 2, PHWR, Canada) 

CNE: Some design changes were recomended 
based on PSA results. It may be implemented for life 
extension. 

Manual trip of Shutdown System #1 
due to entry into "General Transient" 
with reactor at low power 
(Cernavoda 1, PHWR, Romania) 

CNE: 
1) Disseminate this event to operation, coordination, 
services and maintenance staff. 
2) Include a scenario based on this event in the 
operators training on simulator. 
3) Modify some actions in the Shutdown Cooling 
System operation manual. 

Water ingress into the turbine lube oil 
system and the generator seal oil system 
above the maximum accepted content 
(Cernavoda 2, PHWR, Romania) 

CNE: 
1) Implement a design change to provide emergency 
electrical supply to steam extractors of turbine seals. 
2) Include temporary modifications on the 
procedures for abnormal events. 
3) Reinforce the training of operation staff including 
information about this event. 
4) This event was included in the 2009 annual 
training of operation personnel. 

IX.2.     MOST SIGNIFICANT OPERATIONAL EVENTS IN CNA I AND CNE. 
             LESSON LEARNED AND CORRECTIVE ACTIONS RESULTING FROM  
              NATIONAL EVENTS. OPERATING EXPERIENCE 

IX.2.1.    Increase of steam pressure due to shutting down of turbine valves  
               resulting in reactor trip (CNA I, March 27, 2007. Reported as IRS  
                Number 7925) 
On 27 March 2007, Atucha I Power Plant was operating at full power under normal conditions. At 11:22 
PM the reactor automatically tripped on "Steam high pressure" as a consequence of a sudden 
shutdown of the turbine feed valves, generating, among other actions: 

• Closure of the valve which allows water entry to Steam Generators, 
• Opening of the turbine bypass valve to condenser at 100% for two and a half minutes, 
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• Tripping of the SG feedwater pumps, and 
• Activation of "ready for emergency power" signal. 

As a consequence of the previous actions, the level in SG # 1 decreased, producing the actuation of 
Secondary Heat Sink (SHS) and subsequent SG isolation due to its low level (< 1 m). Also, the steam 
pressure reached 52 kg/cm2 in SG # 1 and # 2, producing the actuation of Safety Valves in the SG. 
After the plant shutdown, the analysis of occurrences showed that the only common component which 
could had produced the sequence of the events was the failure of a Simatic card. After reviewing the 
card, some subcomponents were found faulty. That component initiated the sequence of events.  

Lessons learned / Corrective actions: 

• Simatic card P V21 was replaced 
• 3 alternative corrective actions were proposed: 

# Upgrade of the V21 cards through replacement of some of the output transistors of some 
cards by a previously qualified equivalent transistor of a new design. When all of the V21 
cards (2 out of 3 logic, Reactor Protection System) are identified, the replacement will be 
initiated. 

# Card redesign: considering that option doesn't cover all possible failures, the possibility of 
replacing all of them for one of new design is being studied. 

# Change in the design of the 2 out of 3 logic: likelihood of replacing the cards by relays is 
being analized, however this option would increase availability instead of reliability of the 
system. 

IX.2.2.    Failure to open of three high pressure injection valves during testing 
              (CNA I, July 25, 2007) 
During the testing of the water high pressure injection system valves, three valves did not open. The 
system consists of two lines with two injection valves in a parallel configuration. Therefore, one line 
was unavailable while the other line was degraded but able to fulfil its function.  
Each of these valves is driven by two sets of two pilot valves. When the valves are demanded to open, 
the four pilot valves are energized and open. Two of these valves allow the air to enter the lower 
chamber and two upper chamber vented to the atmosphere. Injection valves open whenever one of 
the pilot valves of each pair is triggered .  
In all the cases mentioned, the injection valves failed because the pilot valves associated with the 
upper chamber failed. There were no failures in those associated with the lower chamber.  
Various tests were performed in the I&C workshop. It was revealed that the pilot valves would not 
operate when the upper chamber is pressurized. This occurs when the upper seal leaks air (e.g., 
because of aging or wear). It was also found that there was a difference between the assembly of the 
pilot valve associated with the upper chamber and the lower chamber. The air supply was different in 
each case.  
It was determined that the type of air connection of the pilot valves asociated to the upper chamber 
was unsafe, because it caused a permanent seal pressurization. It was decided that it was posible to 
switch the direction of the air supply of the valves that failed. 
Design documentation showed that air supply was planned for a different type of valves to those 
installed. 
Similar failures had ocurred before, but in those cases the root cause was not determined. 
Availability of the system was restored in order to comply with regulatory requirements. 

Lessons learned / Corrective actions: 

• Air supply direction for the valves involved in the event was modified. 
• A program for testing and follow-up of the system was implemented. 

IX.2.3.    Trip of turbine and manual scram during the normalization of a heat  
                exchanger of the main output transformer  
                (CNA I, December 15, 2007. Reported as IRS Number 8011) 
On December 15th, 2007, following its repair, while putting in service a heat exchanger of the main 
output transformer, the actuation of the warning “MAIN TRANSFORMER, LEAK OF THE TANK” was 
ON because of the actuation of a flow switch, which detects the oil flow from the compensation tank to 
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the main transformer tank This produces the actuation of block protections, leading to a turbine trip 
followed by the-excitation of the generator and electrical transfer of the start up line. 
The reactor remained critical, but because the protection of the transformer remained active thus 
preventing an electrical normalization, a manual SCRAM 20 min later was needed to be performed, 
according to the corresponding operating instructions. The plant was maintained in hot shutdown 
condition. 
Before the event occurrence, the exchanger was showing an oil leak. Because of this, it was removed 
and repaired. 
The event took place during its normalization while the operation of filling up the oil. The flow of the oil 
filling the exchanger, activated the protection, as if there had been a rupture of the oil pipe. 
The normalization carried out following the OPO 1173 (Order to Operate - Operating instructions for 
isolation / de-isolation). 
The Plant remained out of service during 46 hours. 

Lessons learned / Corrective actions: 

• Modify the OPO 1173. 
• Control the distribution of all the electrical drawings that are associated to the MI 01/03. 
• Disseminate this event to the operation maintenance and engineering personnel emphasizing 

the importance of keeping an update with the copies of the drawings. 
• Improve the index for the drawings, making them easily available to users. 

IX.2.4.    Manual reactor trip due to off-site power disturbance  
             (CNA I, April 30, 2008. Reported as IRS Number 8018) 
On April 30, 2008 at 03:34 AM a load rejection happened because an electrical disturbance caused 
total unavailability of the external grid (two lines 220 kV). 
At 03:38:25 AM an automatic turbine trip (TUSA) occurred due to “High level at Steam Generator # 1”. 
At 03:45:23 AM, the reactor was manually shutdown (RESA) due to “low reactivity remaining”. 
Various facts after the loss of electrical power hinted at the operators that xenon poisoning could not 
be avoided, therefore, the plant was conducted to a “hot shutdown condition”. 
Facts that happened after loss of electrical power were: 

• Early disconnection (due to Coolant Pressure lower than 108 at, instead of 105 at) of the Flux 
Regulators reducing reactor’s power. 

• Regulator Valve from SF13S011 by-pass did not open. As a consequence of the power 
decrease by the acuation of flux regulators along with the failure of the turbine by-pass valve, 
steam generator levels lead to automatic TUSA on “Steam Generator# 1 high level” 
increased. 

Afterwards, manual RESA due to “low reactivity remaining” was activated. 

Lessons learned / Corrective actions: 

• Despite of the contracts signed between Atucha NPP and Transener, the event showed that 
surveillance of the external procedures must be done by Atucha I. 

• SF13S011 (by-pass valve): was repaired. 
• QHO2P104/105: Values of hysteresis which set limit values were adjusted (JRl y JR2 A56.20) 

to 110 at (ascendant) and to 105 at (descendant). The mentioned adjustments were recorded 
in the corresponding document in the Control Room (Numbers 1595 / 1596). 

IX.2.5.    Unadverted removal of keys of CNA I/CNA II electrical interconnection 
Control Room Staff found that the drums of both redundancies keys enabling electrical interconnection 
with CNA II were withdrawn, so that interconnection was unavailable. The drums were introduced, and 
the situation immediately normalized.  
The event occurred during the execution of the annual test of the CNA II interconnection, when the 
key was removed unnecessarlly to reset the interface. This condition should have been achieved by 
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pushing the appropriate button, whose localization is not listed in the procedure. The keys were 
subsequently removed, omitting the introduction of the drums involved.  
It was determined that the knowledge of the logic of CNA II interconnection must be improved. 
Deficiencies in the test procedure were detected as contributing factors. Also, there was not an alarm 
on the board indicating that the interface was disabled.  

Lessons learned / Corrective actions: 

• Dissemination the information of the event to the control room personnel, strengthening the 
knowledge of the logic of the interconnection. 

• Correction of the procedure, adding the localization on the board of the proper actions and a 
checklist of the final state of the board. 

• Implementation in the system of a warning sign “Interconnection disabled to help the 
operator". Installation of an alarm tagged “Interconnection disabled "on the panel. 

IX.2.6.    Anomalies during annual testing of CNA I/CNA II interconnection  
              (CNA I, April 11, 2009) 
During the annual test "Electrical interconnection with CNA II" it was detected that while both 
redundancies A and B were interconnected, redundancy A was not completed due to lack of voltage, 
despite that the associated Diesel generators were running and the indication of the switches in the 
control room was correct. The CNA II operator found the switches associated with redundancy A 
(BAZ16) in “test” position and he normalized it. It was not possible to determine how long the 
redundancy A of the interconnection was disabled due to this cause. The position of the switches was 
not known by CNA II operators because there wasn´t any indication of that position. Moreover, the 
room where the switches for the interconnection are located is accessible to personnel who is working 
on the construction of CNA II.  
When the situation was normalized, the 132 kV electrical supply became available and the 380 V 
loads continued being fed by redundancy B from the CNA II interconnection. 
In this condition, a second test was performed. 
In this second test, connection of redundancy A (without loads) worked properly but redundancy B failed. 
Therefore, the pumps of the moderator, volume control and the intermediate cooling systemsamong 
other things could not restart.  
Operators tried to normalize the situation from the control room but it was not possible. Finally, the supply 
to 380 V loads were normalized actuating the switches in the field. 
The primary/moderator system remained without cooling for 41 minutes. The temperature of the primary/ 
moderator system increased approximately from 54° C to 60° C. 
This second failure was caused by an error committed during a preventive maintenance that affected 
an instrument which was left in a “test” position, blocking the actuation of 380 V switches. 

Lessons learned / Corrective actions: 

• Installation of a test condition indication for the switches BAZ16 and BBZ16 in CNA II. 
• Training of the CNA II personnel on the consequences of handling interconnection switches 

and the importance of routine control of panels. 
• Avoid the intervention of component interconnection without the authorization of CNA II 

Control Room. 
• Strengthening the review and check practices in the intervention of electrical cabinets of CNA I. 
• Review of preventive maintenance procedures for the components associated with the event. 

IX.2.7.    Actuation of SD#1 due to Steam Generator Low Level  
              (CNE, October 21, 2007) 
Subsequent to a block of the turbine due to a very high level spurious signal from MSR E 107B, a step 
back was initiated to about 50% FP. In that moment, the valves of feed-water to SG have to close and 
then regulate the water flow according to reactor power. The pressure on the inlet headers was 
maintained within the nominal values 60 and 70 kg/cm2. 
The pressure on the SGs was maintained within the nominal values 46 and 47 kg/cm2. 
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The temperature of the feed-water following the step back, as a consequence of the by pass to the 
pre-heaters, was reduced from 160° C to 70° C, changing later to a temperature of 130° C. This effect 
is a common one for the four steam generators. 
Later, the level of the SG Nº 1 decreased thus resulting in a step back followed by a trip of the SD#1. 
A failure of the level control valve 63620 LCV 1C1 was found.  

Lessons learned / Corrective actions: 

• Using the flowscanner equipment, it was found that valve LCV 1C1 did not recover its position 
due to the fact that the elastomers of the transductor were not flexible and did not work 
correctly. The elastomers were replaced and the valve was recalibrated to fulfil its functions. 

• During the plant operation, calibration of feed water valves must not be modified if not strictly 
necessary. If necessary, a TDO must be completed. Besides, in order to have the information 
needed to make a decision, graphs describing valves behavior for different static and dynamic 
conditions must be provided. These graphs will be elaborated using the flowscanner equipment 
during a scheduled revision of the plant. 

• To verify the calibration of all the LCV valves of SG feed water, comparing the answer time of 
these valves with those of the LCV3C1 and LCV4C1 that worked correctly during the event. 

• To create a file with the mentioned graphs and the corresponding evaluation reports for each 
valve analyzed. (I&C Maintenance action). 

• To verify that the replacement of elastomers of the different components of the valves actuator 
is indicated in the preventive plan inspection. 

• To replace positioners and transductor for others of proven efficiency. 

IX.2.8.    D2O spill on Refuelling Machine (F/M) due to failure of oil pumps  
               (CNE, August 14, 2007) 
During refuelling tasks on P-14 channel, a spill coming from F/M “A” was observed through the 
video system. The task was interrupted and the pressure value of both F/M was lowered by the 
operator thus reducing the leakage. Two oil pumps of F/M “A” stopped automatically and the other 
two pumps were started up manually, so that the situation was normalized. 
The spill occurred because when the pumps were stopped the F/M valves 3532-MV 31 and 31 closed, 
causing relief valves 3523-RV 1 and 2 “A” to open. The spill caused the activation of 63861-ME 42 
causing the D2O being collected by 3333-TK3. 
The pump 3524-PM 7 was found out of calibration, causing high energy consumption by the pump. 
The pump was calibrated and tested. Refuelling tasks /kept on going. 
148 litres of D20 96% approximately isotopic content were collected by 3333-TK 3. 

Lessons learned / Corrective actions: 

• To implement an alarm in case of oil pumps stop (it could be accomplished by a lit indicator on 
the panel of oil pump). The actual alarm for abnormal pressure goes on the monitor while the 
light indicator of “normal oil pressure” turns off. LED´s of lit indication for “pumps running” 
were replaced by lamps to get more brightness. 

• To analyze the automatic start up of the standby pumps in case the pumps that are running 
stop functioning. 

• To issue a procedure for control and regulation of the pressure of oil supply to F/M. It must 
contain measures of electric current and vibrations of the feed water pumps to avoid spurious 
opening of F/M relief valve. Preventive maintenance instructions must be adapted to that 
procedure. 

• Spread this event to F/M operators. 
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IX.2.9.    Reactor shutdown due to loss of power supply of turbine hydraulic 
              control system (CNE, June 25, 2008. Reported as IRS Number 7962) 
On June 25, 2008, Embalse Nuclear Power Plant was operating at 100% full power (FP). It was 
planned that preventive -annual- maintenance tasks would be carried out in the auxiliary 
transformer 5324-T1. Therefore, the Power Centre 5434-PC 4O1 BUA usually fed by this 
transformer, had to be fed through the circuit-breaker 5434 CB2A from the Power Center 5434 PC 
4E1. This task had already been carried out several times before. 
After 40 minutes approximately from the beginning of the maintenance, the high temperature alarm 
was activated in the transformer 5324-T2, the Power Center 5434-PC 4E1 being normally fed by 
the latter. 
At the time of the maintenance tasks, the abovementioned transformer supplied both Power Centers. 
The high temperature in the transformer was immediately verified as a valid value. Therefore, all tasks 
being carried out at that moment were cancelled. 
The power supplied to the Power Centre 5434-PC 4O1 BUA from 5324-T1 was normalized. 
When the workers were performing the corresponding tasks for the normalization of both 
transformers, the breaker 5434-CB1B opened on “Electric Protection of Maximum Current”, 
resulting in both Power Centers being left without any power supply. 

• Several equipments then shutdown due to lack of power, among them: 
# Both oil pumps of the turbine regulation system (EHC), which in turn resulted in turbine 

shutdown. 
# For the same reason motor operated by-pass valves of live steam to the condenser 

remained unavailable (CSDV’s). 
• An initial automatic Step-Back and Set-Back by the turbine trip set down the power to a 

value of 44% of its full power. 
• Due to high pressure in the secondary system (consequence of the unavailability of 

CSDV’s), a new setback of the reactor power took place on “High Pressure of Live Steam”. 
• However, despite the second power reduction, the steam generators pressure reached the 

opening value of Main Steam Safety Valves (MSSV’s) which opened for a short period. 
It was decided to manually trip Shutdown System Nº 1. 
Once the Power Centers were normalized, reactor power recovery was attempted twice without 
success: two Step-Backs occurred due to “low level in Steam Generator Nº 3”. 
As it was difficult to control the level of the steam generators, mainly due to low temperature in the 
feeding water, it was decided to take the plant to a hot shutdown condition, because the reactor 
was poisoned with Xe. 
Lessons learned / Corrective actions: 
To develope procedures that guarantee that an evaluation of contribution of loads has been made 
before using a single bar configuration. Those procedures must include: 

• To analyze the loads involved. 
• Preventive actions (e.g. to inhibit loads). 
• To re-training of personnel about risk of disabling equipment that could compromise plant 

safety. 
• To revise the Plant Operating Manual and the electric design, in order to correct, if necessary, 

the requirements to be met so as to perform the connection of the Power Center buses. 
• To analyze whether transformers fan coolers are needed to be installed in order to improve 

transformers response to high temperatures during summer. 
• To evaluate preventive maintenance of Class IV auxiliary transformers during outages. 
• To update inspection sheets of the new transformers. Inspection sheets documentation to 

perform the test were based on previous design of transformers since the design change was 
not thought to impair the test results. 

• To analyze new arrangements of the electric lines that supply the critical equipments included 
in the Life Extension Project. Hence, in case of having to arrange a single bus in the Power 
Centers, the redundancies will not be lost when the equipment selected for the operation go 
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out of service. This is applicable not only in the case of the referred event, but also when the 
operation is being done with a single bus configuration and simultaneously there is an 
important loss in the pressurizer steam zone and mitigation actions are difficult to be carried 
out because all the heaters are lost simultaneously. 

IX.2.10.  Fatal accident on a large door of the turbine building (CNE, July 22, 2008) 
On July 22, 2008, at 16:30, the shift supervisor was informed about a man found trapped between the 
large door and the door frame on the turbine building. The man turned out to be one of the shift 
electricians. 
The body was discovered by a worker who managed to liberate it, helped by an operation auxiliary 
man, by acting the mechanism of the door to open it. 
When the nurse examined the body, he determined that there were no vital signs. Procedures of the 
plant were applied and the authorities were informed about the event. 
The large door is normally operated by an electric motor at an open/close speed of 2 cm/sec. The 
large door is only intended to be used for materials and equipment and its activation requires the 
authorization of the shift supervisor. It was determined that the shift supervisors did not authorize the 
worker to use the large door in this case. 
The worker had some keys but none of them could open the padlock of neither the panel door nor the 
switch key operated. The switch was found in the position numbered 1; in this position the large door 
can be opened/closed by a push-bottom (by design, the key of the switch can be withdrawn in position 
“0” or “1”). The closing push-bottom was found pushed and blocked by a metallic element. The large 
door stopped its movements at accident moment by the actuation of a thermal protection of the 
electrical motor that operates the door. 
The last person to operate the closing push-bottom before the accident had left the control panel in an 
unsafe condition: the large door closed but without the padlock and the key of the switch in position 1 
(allowing the operation of the door using the push bottom). Despite the above mentioned, the spring 
operated push bottom could keep the operation in a safe condition. 
Apparently, the worker passed by the large door to leave the turbine building easily, because the door 
for the personnel (where an entry/exit personnel control equipment is installed) was farther away. It is 
supposed that the man saw on the panel that it was possible to operate the door, opened it partially, 
pushed the close bottom, blocked it and tried to pass, but he had not enough time. 

Lessons learned / Corrective actions: 

• To reinforce the training of all plant staff on human factors. 
• To reinforce on personnel the concept of importance of procedures compliance. 
• To reinforce the instructions related to the use of keys and the verification of condition of the 

room or panel left behind, before returning the keys to the Main Control Room. 
• To replace the key operated switch by another which only allows the operator to withdraw the 

key with the switch in position “0”. 

IX.2.11.    Trip of turbine due to actuation of differential protection of generator 
                 (CNE, December 18, 2008) 

With the plant operating at 100% FP in normal conditions, at 01:42:22 the differential protection of 
the main alternator was activated, and the consequent disconnection to the grid occurred. The trip 
of turbine caused the step-back of the power followed by a set back to 45% FP. 
After the verification of the critical parameters of the reactor, power was increased to 55% FP in 
order to avoid the poisoning by Xe. Measures of insulation of the alternator, verification of its 
electrical protection and associated amperometric circuits were performed. 
No failure was found, and the plant was reconnected to the grid at 08:31:00. At 10:36:00 when the 
power was at 400 MWe a new actuation of the same protection occurred, and the power of reactor 
increased automatically to 55% FP. 
After performing new verifications and analyzing their results it was decided to disable the trip 
protection and keep available the associated alarm. Additionally, a register was connected in order 
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to obtain data if a new actuation of the protection was activated. The Plant was connected to the 
grid at 16:44:00 but it was decided to shutdown the plant because the recurrence of protection trip. 

Lessons learned / Corrective actions: 

• Checks were performed of the circuit corresponding to the trip logic of the turbine generator set 
through actuation of the differential protection. 

• In order to be able to determine the root cause of the incident, measurements of the external 
temperature of the nine current transformers at the alternator output were taken, and the 
temperature of the one replaced was found approximately 20° higher than that of the other two 
located on the S phase. 

• It was recommended that the insulation be replaced during the next scheduled shutdown. 
• To monitor the trend of the T phase insulation during the next scheduled shutdown and defining a 

strategy to eliminate faults prior to full planning of the life extension programme. 
• To make the preparatory actions to avoid or mitigate the consequences of similar incidents. 

IX.2.12.    Other operational events in CNA I and CNE. Lesson learned and 
                corrective actions resulting from national events 
                and operating experience 

In the following chart other events that occurred in CNA I and CNE during 2007 – 2010 are given with 
less details. 

EVENT /  
OPERATING EXPERIENCE 

EXAMPLES OF LESSONS LEARNED /  
CORRECTIVE ACTIONS 

Manual Shutdown due to Heat Exchanger 
RR42W002 failure 
(CNA I, May 26, 2007) 

− Tubes of RR42W02 were changed during 
programme outage. This change was already 
planned. 

Manual shutdown due to trip of main cooling 
pumps of the secondary system. 
(CNA I, August 4, 2007) 

− Revision of turbine hydraulic regulator and 
calibration of stator. 

− Analysis of operation of the hydraulic turbine with 
less than two diesel generators connected. 

− Disseminate the event to operation staff. 
Manual Shutdown due to leackage 
of oil in the turbine 
(CNA I, February 17, 2008) 

− Reparation of damaged piping. Also others pipes 
and associated supports were revised. Preventive 
actions were carried out.  

− Revision of supports was included in the work 
procedure for turbine inspection.  

− Similar oil pipes will be replaced using a new 
design. 

Manual Shutdown due to malfunctioning 
of the Boro Injection System detected 
during testing 
(CNA I, June 13, 2009) 

− Instalation of a drain on the filter. 
− Cleaning of the piping afected by this event, 

during outage. 
− A plant modification was implemented. Sections of 

carbon steel were replaced. Also, tank inlet and 
outlet were separated, in order to trap the oxides 
and humidity. 

Detection of internal contamination in a 
worker coming from another installation. 
(CNE, November 19, 2009) 

− Procedure for Whole Body Counter (WBC) 
measurements will be reviewed including in the 
corresponding form a question to the person 
referring to the existence of previous internal 
contamination or nuclear medical treatment. 

− Before WBC measurement of alpha, beta and 
gamma contamination in monitors for superficial 
contamination of Delta geometry will be 
implemented. 
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Reactor trip due to significant arrival 
of dust from the lake. 
(CNE, November 24, 2009) 

− A team of divers inspected and cleaned the pump 
house filter area. Periodic cleaning was 
incorporated as a preventive maintenance. 

− Inspection and cleaning of potentially afeccted 
equipment: condenser boxes, heat exchangers and 
filters associated to main pumps and heat 
exchangers and filters of turbine building. 

− Revision of the Operation Manual related to rotating 
grids. 

− Verifiy functioning of rotating grids. 
− Analize the implementation of the preventive 

maintenance suggested as a result of the event 
analysis in order to assure the availability of the 
feed water from the lake. 

− Make the external arrangements in order to prohibite 
the grazing and sowing on the land belonging to 
CNE. 

− No clearing of vegetation some specific zones around 
the plant neither the margins of the discharge channel.

Refuelling due to suspect of failed fuel 
element with unexpected activity 
(CNE, October 19, 2009) 

− Investigation to determine the cause of the fuel 
element failure: 
- Identification of failed bundle. 
- Visual inspection of the failed bundle, with the 

manufacturer and CNEA personnel. 
- Ask the manufacturer the analysis of traceability 

of the failed fuel element. 
- Perform the root cause analysis of the failure. 
- Analyze the feasibility to shield the walls of some 

rooms. 
- Analyze alternatives for the detector GENIE 

2000 in order to decrease the dead time for 
measurement to acceptable levels. 
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        ANNEX X 
RESUME OF NA-SA QUALITY ASSURANCE 

GENERAL MANUAL CONTENT 

X.1.    TABLE OF CONTENTS 

Introduction (objective, scope, grading requirements, distribution). 
Quality Policy. 
Basic Requirements: 

• Documentation. 
• Direction: organization, responsibilities, training, corrective and preventive actions, controls. 
• Execution. 
• Evaluation: self assessment – independent evaluation. 

Annex 1 Nucleoelectric Argentina S.A. General Organization Chart. 
Annex 2 Procedures & General Documents. 
Annex 3 Definitions / glossary. 

X.2.    QUALITY POLICY 

Nucleoeléctrica Argentina S.A., an organization committed to electric generation in a safe, 
competitive and clean way, declares and assumes the following Quality Policy: 

• Ensure the control of activities 
Perform a continuous effort to plan and control every activity directly or indirectly related to 
safety and the availability of its facilities, applying the appropriate codes and technical standards 
throughout the Company. 

• Adapt the management to the applicable standards 
Meet the applicable standards for the different facilities and activities. 

• Promote personnel training 
Train personnel ensuring its competence in order to develop the assigned tasks, conscious of 
the safety issues. 

• Promote internal and external communications 
Communicate the Quality Policy to all the personnel, ensuring its  understanding and fulfilment. 

• Continuously improve Quality Management 
Try to achieve continuous improvement by the systematic and periodical assessment of 
quality management, and by benchmarking with the best international practices. 

X.3.    ENVIRONMENTAL POLICY 

Nucleoeléctrica Argentina S.A., an organization committed to electric generation in CNA I, electric 
generation and Cobalt production in CNE, maintenance construction and commissioning in 
CNA II, Technical and Administrative Direction in Headquarters, declares and assumes the 
following Environmental Policy: 

• Prevent Environmental Contamination  
Perform a continuous effort to prevent and diminish the adverse environmental impact 
resulting from our activities in nuclear power generation and operate our plants making a 
rational use of energy and natural resources.  
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• Continuously Adapt Environmental Management to the Applicable Standards 
Meet the applicable standards for the different facilities and activities and any other requisite  
subscribed by the organization. 

• Promote Personnel Training in Environmental Care 
Train personnel ensuring its competence in order to develop the assigned tasks, conscious of 
the safety and environmental issues. 

• Promote Internal and External Communications 
Communicate the Environmental Policy to all the personnel, ensuring its  understanding and 
fulfilment and make it available to all parties involved. To inform the clients and general public 
on the benefits of the nuclear option and its contribution to environmental preservation. 

• Evaluate Potential Risks of the New Projects and minimize Environmental Impact during 
its execution 

• Continuously improve Quality Management 
Try to achieve continuous improvement by the systematic and periodical assessment of 
environmental management.  
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