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The Executive, through the Ministry of Public 

Health, will designate a Commission to study 

and regulate the protection and safety 

conditions of the personnel who handle X-rays 

and Radium, �.as well as the prophylaxis

measures to avoid the professional injuries.
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To establish�standards of safety for 

protection of health�and to provide for 

the application of these standards,

at the request of a State, to any of that State's 

activities in the field of atomic energy

in collaboration with the competent organs of the United 

Nations and with the specialized agencies concerned)
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Figure 1: Summary description of the time evolution of the Argentine regulatory system 
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Figure 2: Criterion Curve 
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"a large variety of reactors known as SMR.
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Are States# formal commitments on nuclear 

safety sufficiently satisfactory for the new 

reactor technologies? 
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States# commitments 

on 

nuclear safety

for 

the new reactor technologies

Responding to the first question

Legally binding undertaking

The Convention on Nuclear Safety

CNS
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Are the undertakings in the CNS sufficient 

to convince sceptic members of the public 

of their representatives that States will 

guarantee that the  new reactor 

technologies would be sufficiently safe? 

After the Fukushima accident, concerns arose 

in many States on this contradiction:

States had adopted the CNS &aware of the 

importance to the international community 

of ensuring that the use of nuclear energy is 

safe!#

However, a catastrophic accident occurred

Had the Convention been violated? "or"

Are the States# obligations insufficient? 

After the Fukushima accident, concerns arose 

in many States on this contradiction:
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importance to the international community 

of ensuring that the use of nuclear energy is 

safe!#

However, a catastrophic accident occurred

Had the Convention been violated? "or"

Are the States# obligations insufficient? 
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It seems that the current legally binding

undertakings on nuclear safety are not 

sufficient for ensuring that the use of 

nuclear energy [even with the new reactor 

technologies] is safe.

It seems that the current legally binding

undertakings on nuclear safety are not 

sufficient for ensuring that the use of 

nuclear energy [even with the new reactor 

technologies] is safe.

Namely, the CNS seems to be insufficient'Namely, the CNS seems to be insufficient'

Suitability of the               

$IAEA Safety Standards%

for 

the new reactor 

technologies

Suitability of the                

$IAEA Safety Standards%

for 

the new reactor 

technologies
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Background 

on the so-called 

&IAEA Safety Standards#

Under its Statute the IAEA is 

authorized

to establish standards of safety

for the protection of life and 

property and 

to provide for their application at 

the request of a State.
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INFCIRC/18*

For implementing the Statute

the Board of Governors approved 

Agency<s Health and Safety Measures

on 31 March 1960

* IAEA, The Agency<s Health and Safety Measures, INFCIRC/18, IAEA, Vienna (1960).

IAEA safety standards"

"shall mean safety standards promulgated 

by the IAEA: 

under the authority of the Board of Governors; 

harmonized with international organizations of 

recognized competence in the matter; and,

designed to invite international acceptance. 
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A clarification

In compliance with the IAEA Statute the so-called 

&IAEA Safety Standards# are developed under 

the aegis of the IAEA but they are : 

1. cosponsored and established by all 

relevant international Agencies; and,

2. endorsed by States representatives

In compliance with the IAEA Statute the so-called 

&IAEA Safety Standards# are developed under 

the aegis of the IAEA but they are : 

1. cosponsored and established by all 

relevant international Agencies; and,

2. endorsed by States representatives

Namely, the $IAEA Safety Standards= are 

international 

(because they are co-sponsored by the             

international organizations)

and 

intergovernmental

(because they are approved by governments)

Namely, the $IAEA Safety Standards= are 

international 

(because they are co-sponsored by the             

international organizations)

and 

intergovernmental

(because they are approved by governments)
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Therefore

The so called IAEA Safety Standards are

International 

and 

Intergovernmental 

Radiation and Nuclear           

Safety Standards

The so called IAEA Safety Standards are

International 

and 

Intergovernmental 

Radiation and Nuclear           

Safety Standards

INFCIRC/18/Rev.1*

The Agency#s Safety Standards and Measures 

were reviewed by the IAEA Board of Governors 

in 1976.

The Board indicated that the name $standards%

have a multiplicity of meanings, including 

standards, norms, ..etc.

The Agency#s Safety Standards and Measures 

were reviewed by the IAEA Board of Governors 

in 1976.

The Board indicated that the name $standards%

have a multiplicity of meanings, including 

standards, norms, ..etc.

* The Agency<s Safety Standards and Measures, INFCIRC/18/Rev. 1, IAEA, Vienna (1976). 
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Confusing terminology

The English term standard has been translated

into Spanish as norma (and not as estándar)

into French as norme (and not as estandar)

into Russian as [normy] (and not as 

[standartnyy])

into Arabic as [maeayir, norm]                         

(and not as [alqaeida, standard])

into Chinesse as  [Bi ozh n - standard]            

(and not as [gu zé - norma])

!but!

Standard 

Norm

Standard 

Norm

911



Standard

> Level of attainment

(From Latin estendre denoting a flag 

raised on a pole as a rallying point)

Norm

> Precept, rule

[from Latin norma ,                        

carpenter<s square#]
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Situation

Namely, the &IAEA Safety Standards#

become a concoction of

Standards K Norms

Namely, the &IAEA Safety Standards#

become a concoction of

Standards K Norms

The basic question can now be 

divided in two

Are the standards within the &IAEA 

Safety Standards# tailored to the new 

reactor technologies?

Are the norms within the &IAEA Safety 

Standards# tailored to the new reactor 

technologies?
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The levels of attainment in nuclear safety should

be acceptable for any nuclear reactor.

Therefore:

The standards (within the IAEA Safety Standards) 

should be  aplicable to

New Reactor Technologies

The levels of attainment in nuclear safety should

be acceptable for any nuclear reactor.

Therefore:

The standards (within the IAEA Safety Standards) 

should be  aplicable to

New Reactor Technologies

But the safety prescriptions and rules shall be 

tailored to the specificity of each reactor type 

Therefore:

Safety norms (with the &IAEA Safety Standards#) 

shall be developed for dealing with the 

specificity of new reactor technologies
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Therefore:

Safety norms (with the &IAEA Safety Standards#) 

shall be developed for dealing with the 

specificity of new reactor technologies
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3.

Implementing 

the

responses

3.

Implementing 

the

responses

On the insufficiency of States# legally 

binding undertakings on nuclear 

safety for the new reactor 

technologies.

915



In response to concerns on such 

insufficiency,

the Vienna Declaration on Nuclear Safety

was adopted in 2015'

In response to concerns on such 

insufficiency,

the Vienna Declaration on Nuclear Safety

was adopted in 2015'

Political commitment

The Vienna Declaration on Nuclear Safety
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Thus, it is suggested that new reactors 

technology should obey the applicable 

principles of 

the Vienna Declaration on Nuclear Safety, 

namely:

Thus, it is suggested that new reactors 

technology should obey the applicable 

principles of 

the Vienna Declaration on Nuclear Safety, 

namely:

"New nuclear power plants are to be 

designed, sited, and constructed, 

consistent with the objective of preventing 

accidents in the commissioning and 

operation and, should an accident occur, 

mitigating possible releases of 

radionuclides causing long-term off site 

contamination and avoiding early 

radioactive releases or radioactive 

releases large enough to require long-term 

protective measures and actions.#

"New nuclear power plants are to be 

designed, sited, and constructed, 

consistent with the objective of preventing 

accidents in the commissioning and 

operation and, should an accident occur, 

mitigating possible releases of 

radionuclides causing long-term off site 

contamination and avoiding early 

radioactive releases or radioactive 

releases large enough to require long-term 

protective measures and actions.#
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"National requirements and regulations 

for addressing this objective 

throughout the lifetime of nuclear 

power plants are to take into account 

the relevant IAEA Safety Standards#

"National requirements and regulations 

for addressing this objective 

throughout the lifetime of nuclear 

power plants are to take into account 

the relevant IAEA Safety Standards#

�With immediate effect, these principles 

should be reflected in the actions of 

Contracting Parties, in particular when 

preparing their reports on the 

implementation of the CNS�

However, until now, Argentina is the only 

Contracting Party that has formally 

declared that its proposal for a

New Reactor Technology, the CAREM, is 

in full compliance with the principles of the 

Vienna Declaration on Nuclear Safety
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On the suitability of the $IAEA Safety 

Standards% to the new reactor 

technologies.

Challenges

1. Separate standards from norms within the corpus of the 

already existing &IAEA Safety Standards#.

2. Review the applicability of the existing standards (within 

the current corpus of &IAEA Safety Standards#) to the 

new reactor technologies and eventually revise their 

content.

3. Check the norms (within the current corpus of &IAEA 

Safety Standards#) that are applicable to the new reactor 

technologies

4. Develop and establish new norms (within the future 

corpus of &IAEA Safety Standards#) ad hoc to the 

particularities of new reactor technologies

1. Separate standards from norms within the corpus of the 

already existing &IAEA Safety Standards#.

2. Review the applicability of the existing standards (within 

the current corpus of &IAEA Safety Standards#) to the 

new reactor technologies and eventually revise their 

content.

3. Check the norms (within the current corpus of &IAEA 

Safety Standards#) that are applicable to the new reactor 

technologies

4. Develop and establish new norms (within the future 

corpus of &IAEA Safety Standards#) ad hoc to the 

particularities of new reactor technologies
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Applicability of the existing 

"standards#

proper
(within the current corpus of &IAEA Safety Standards#)

The main &standard# proper within 

the

&IAEA Safety Standards#

are the 

Fundamental Safety Principles
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Main &standard#:

The fundamental principles
1. Responsibility for safety: The prime responsibility for safety must rest with the person 

or organization responsible for facilities and activities that give rise to radiation risks. 

2. Role of government: An effective legal and governmental framework for safety, including 
an independent regulatory body, must be established and sustained. 

3. Leadership and management for safety: Effective leadership and management for 
safety must be established and sustained in organizations concerned with, and facilities and 
activities that give rise to, radiation risks.

4. Justification of facilities and activities: Facilities and activities that give rise to 
radiation risks must yield an overall benefit. 

5. Optimization of protection: Protection must be optimized to provide the highest level of 
safety that can reasonably be achieved. 

6. Limitation of risks to individuals: Measures for controlling radiation risks must 
ensure that no individual bears an unacceptable risk of harm.

7. Protection of present and future generations: People and the environment, 
present and future, must be protected against radiation risks. 

8. Prevention of accidents: All practical efforts must be made to prevent and mitigate 
nuclear or radiation accidents. 

9. Emergency preparedness and response: Arrangements must be made for 
emergency preparedness and response for nuclear or radiation incidents.

10. Protective actions to reduce existing or unregulated radiation risks:
Protective actions to reduce existing or unregulated radiation risks must be justified and 
optimized. 

921



Optimization

Among the available protection and 

safety options, select the &best under 

the prevailing circumstances#.

Clear definition of such a &best#'

Among the available protection and 

safety options, select the &best under 

the prevailing circumstances#.

Clear definition of such a &best#'

Individual risk restriction

Clear definition of &risk# (in the IAEA 

Glossary there are 3 definitions, 

incompatible among them).

If risk is defined as a probability, it should 

be made clear that it is a subjective 

probability rather than a probability based 

on factual frequencies.

A consensual acceptability risk criterion 

would be needed

Clear definition of &risk# (in the IAEA 

Glossary there are 3 definitions, 

incompatible among them).

If risk is defined as a probability, it should 

be made clear that it is a subjective 

probability rather than a probability based 

on factual frequencies.

A consensual acceptability risk criterion 

would be needed
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A suggested response

A PROBABILISTIC CRITERION

based on the internationally 

accepted radiation risks

Since many years ago, the Argentine 

authority requests a priori safety analysis 

vis-à-vis such a probabilistic criterion. 

It therefore considers that licensing the 

new evolutionary and innovative reactors 

designs require full application of such 

probabilistic criterion.
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Criterion compatible with the universal 

paradigm on acceptable dose limits

The logic behind the criterion

For the range of doses from which only stochastic effects 
of radiation can be incurred, the criterion must show a 
constant, negative, slope in aQlog annual probability 
versus log individual doseQcoordinate axis plane, 
ensuring that the annual probability of incurring the dose X 
the probability of death ( 10 2 per Sv) will be constant. 

In the dose range where deterministic effects may occur 
(i.e., doses Y1 Sv), the slope of the curve  increase,  
accounting the higher risks of death. 

For doses higher than approximately 6 Sv, the probability 
of death approaches unity. Above this level to higher 
doses, the criterion should remain constant at an annual 
probability of 10 7 . Below the criterion be S-shaped but, for 
the sake of simplification, is linear.

Finally, the criterion is truncated at an annual probability of 
10 2, because incidents having a higher annual probability 
(regardless the dose) are considered unacceptable.
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Warning about the criterion

Meaning of probability

Frequentist probability: the limit of the 

relative frequency of occurrence of events 

in many trials

Subjective probability: reasonable 

expectation of the occurrence of events 

quantified as a personal degree of belief of 

qualified experts representing the state of 

knowledge
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Prospective versus retrospective

Probabilistic versus deterministic

The probabilistic criterion is aimed at a 
prospective detailed examination of the 
safety design, on the basis of a subjective 
quantification of  the likelihood of 
situations that might happen.

It is not aimed at replacing deterministic 
criteria, i.e. criteria aimed at preventing 
events and actions ultimately determined 
by causes regarded as external to the will 
and mitigating their consequences

Applicability of the existing 

"norms#

proper
(within the current corpus of &IAEA Safety Standards#)
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Areas for which new &norms#

(proper) may need to be developed

for use of site,

for construction, 

for fueling, 

for core subcritical testing, 

for initial criticality, 

for zero power tests, 

for power increase, and 

for full power tests.

Improved implementation 

of the 

Defense in Depth (DiD) concept 
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Integrated primary,

featuring natural circulation and self-

pressurizing, implies eliminating events as 

large LOCAs, LOFA and control rod 

ejection.

Specific systems for 

preventing the demand of safety systems and 
reducing the occurrence of fault sequences 

preventing initiating events from escalating to a 
severe accident

featuring passive driving forces (requiring no 
power supply) and extending the grace period 
without requiring operator intervention.

mitigating conditions of core damage by the 
preservation of the confinement function.

preventing high pressure failures, hydrogen 
deflagrations and detonations, corium-concrete 
interaction, 

prevetnting containment failure, e.g. by 
sprinklers and a  cooling systems 
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4.

SUMING UP

4.

SUMING UP

Some propositions for responding to the 

regulatory safety challenges associated 

with the new family of evolutionary and 

innovative reactors designs have been 

described. 
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The  approach suggested by the Argentine 

regulatory authority (being used for the CAREM 

reactor) is an example on how these 

propositions can be used, in two fronts:

States# binding commitments, such as the 

Vienna Declaration on Nuclear Safety.

full compliance with the standards proper 

within &the Agency Safety Standards# and 

proposal for developing norms proper 

within &the Agency Safety Standards#

For all the described reasons, it is submitted 

that the approach suggested could serve 

as a good basis for responding to the 

regulatory safety challenges associated 

with the new family of evolutionary and 

innovative reactors designs in general and 

with the so called SMRs in particular. 

For all the described reasons, it is submitted 

that the approach suggested could serve 

as a good basis for responding to the 

regulatory safety challenges associated 

with the new family of evolutionary and 

innovative reactors designs in general and 

with the so called SMRs in particular. 
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a la ARN como responsable de la gestión del Centro de Capacitación Regional. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clase dictada en el Seminario de Clausura de la Carrera de Especialización en 
Protección Radiológica y Seguridad de las Fuentes de Radiación, 
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ARGENTINIAN REGULATORY CRITERION PROPOSAL FOR 
MISSION TIME IN EVENTS TREES FOR L1 PSA FOR NEW NUCLEAR 
POWER REACTORS 
 
F. J. CARLIN LLORENTE1, P. N. TORANO1 
 
1Nuclear Regulatory Authority (ARN) of Argentine, Buenos Aires, Argentina 
 
Abstract 
 
In the framework of the licensing of the Argentine CAREM 25 prototype nuclear reactor, the Argentine 

Nuclear Regulatory Authority (ARN) agreed with the Responsible Entity a work plan to carry out the evaluation 
of the Level 1 Probabilistic Safety Assessment (L1 PSA), which is considered as Mandatory Documentation 
related to the Commissioning License Milestone. As a starting point of the work plan, from the regulatory point 
of view, the need arose to focus on the analysis of the Mission Time used for modelling the initiating events 
postulated in the L1 PSA, because this time varies when applied to the analysis of active and passive systems. 
The particularity of this type of nuclear reactor is that the mission time for passive systems (it´s called: the grace 
period for the CAREM 25 reactor) is longer than for active systems. Therefore, the paper presents a regulatory 
criterion proposal for the Mission Time of the sequences of the event trees of the L1 PSA for new nuclear power 
plants. The work consisted of the analysis of different IAEA accepted definitions for the term Mission Time, the 
review of the bibliography from several sources and the state of the art in the matter. Later, an analysis of the 
information collected was carried out by the experts, taking into account the design of the CAREM 25 prototype 
reactor. 

 

1. INTRODUCTION 

In the framework of the licensing of the Argentine CAREM 25 prototype nuclear reactor, the Argentine 
Nuclear Regulatory Authority (ARN) agreed with the Responsible Entity (the licensee) a work plan to carry out 
the evaluation of the Level 1 Probabilistic Safety Assessment (L1 PSA), which is considered as Mandatory 
Documentation related to the Commissioning License Milestone. As a starting point of the work plan, from the 
regulatory point of view, the need arose to focus on the analysis of the Mission Time (MT) used for modelling 
the initiating events postulated in the L1 PSA, because this time varies when applied to the analysis of active 
and passive systems. The particularity of this type of nuclear reactor is that the mission time for passive systems 
(it´s called: the grace period for the CAREM 25 reactor) is longer than for active systems.  

Therefore, the paper presents the Argentine regulatory criterion proposal for the Mission Time of the 
sequences of the event trees of the L1 PSA for new nuclear power plants. 
 

2. METHODOLOGY 

The work consisted of reviewing the bibliography from several sources and the state of the art in the 
matter. Later, an analysis of the information collected was carried out by the experts, taking into account the 
design of the CAREM 25 prototype reactor. 

 
The steps selected to carry out the work of the Mission Time determination were the following: 

 
2.1 – Mission Time Definition Analysis 
2.2 – Proposal of the Responsible Entity for the Mission Times 
2.3 – Analysis of the State of the Art 
 
Each point is developed below. 
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2.1.  Mission Time Definition Analysis 

As a starting point, it was considered appropriate to look for the definition of the Mission Time that is 
presented in the IAEA documents. 

 
 IAEA Safety Guide “050-P-4”- 1992  

  
This document mentions “…Analysis Time: Different periods of time (Mission Time) after the initiating 

event (such as a day, a week or a month) can be considered, as necessary depending on the impact on the 
important accidental sequences or their predicted frequencies. This can influence capacity and reliability 
considerations for systems and components…” [1].   
 

  IAEA Safety Guide “SSG-3” - 2010  
  

This document mentions “…Mission Time: it is the time that the system will need to operate for the 
reactor to reach a safe and stable shutdown state and that will allow the implementation of long-term measures 
to maintain that state…” [2]. 

 

2.2. Proposal of the Responsible Entity for the Mission Times 

As a second point, the proposal of the Nuclear Safety Division of the Responsible Entity (the licensee) 
was analyzed. It proposed using two Mission Times for the L1 PSA of the CAREM-25 Reactor, making a 
differentiation between active and passive systems. For active systems, the Responsible Entity proposed using 
24 hours and 36 hours for passive systems (CAREM 25 reactor grace period). 
 

2.3. Analysis of the State of the Art 

As a last point, a search of the state of the art in what corresponds to the Mission Time (MT) was made. 
The focus was on seeing if specific times were defined or definitions presented. The following criteria were 
used to perform the search. 

  
(a) IAEA Guides, 
(b) Publications about SMR and Advanced Reactors and 
(c) U.S. Nuclear Regulatory Commission (NRC) documents 
 

The following table presents a summary of the publications found. 
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Table 1 – Summary of the publications 

References Is the Mission Time specified in the 
reference? Comment 

IAEA 

Safe Guide: 050-P-4 
“PROCEDURES FOR 
CONDUCTING PSA 
OF NPP (LEVEL 1)” 
[1] 

It does not specify. 

The reference says “Different time 
periods (mission time) following the 

initiating events can be considered (such 
as one day, one week, one month), as 

necessitated by the impact on important 
accident sequences and their predicted 

frequencies”. 
 

IAEA 

Safe Guide: SSG-3 
“Development and 
Application of Level 1 
PSA for NPP” [2] 

This has been taken to be 24 or 48 h for 
most initiating events. For new designs that 
provide the features to delay core damage, 
consideration of a longer mission time may 

be necessary. 

The reference says “The success criteria 
should specify the mission times for the 
safety systems, that is, the time that the 
safety systems will need to operate so 
that the reactor reaches a safe, stable 
shutdown state and that will allow for 

long term measures to be put in place to 
maintain this state”. 

 

IAEA 
TECDOC-1135 
“Regulatory review of 
PSA Level 1” [3] 

It does not specify. The time must be based 
on the “best estimate” analysis of the 

transients. 

The reference says “If success criteria are 
used from deterministic design basis 
analyses, those that are conservative 
should be clearly stated and justified. 
They must be carefully reviewed to 

verify that such a degree of conservatism 
does not mask relevant sequences” 

 

INL 

SMR Probabilistic Risk 
Assessment (PRA) 
Detailed Technical 
Framework 
Specification [4] 

Current static event tree/fault tree 
approaches use a predetermined “mission 
time” (usually 24 hours) that dictates the 

cut-off for core damage or not. This 
limitation would be removed since the 

simulation is able to determine when (via 
physics) a safe condition has been reached 

and the simulation is stopped. 

The reference says “This timing can have 
huge impacts when dealing with station 

blackout scenarios as demonstrated in the 
Fukushima accidents, which all occurred 

over extended (greater than 24 hours) 
periods of time” 

 

INL 
Advanced SMR PRA 
Technical Exchange 
Meeting [5] 

It does not specify. 

The reference presents a graph that 
serves to understand how scenarios that 
considering a "mission time" do not lead 

to core damage, but if the time is 
increased, it is very likely that the core 
damage will be reached, see Fig. 1 in 

ANNEX. 
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Table 1 – Summary of the publications (cont.) 

References Is the Mission Time specified in the 
reference? Comment 

INL 

Safe and Stable State 
in Standardized Plant 
Analysis Risk Model 
Event Trees [6] 

Using this PRA Standard [7] 
requirement as the basis, the following 
guidelines are recommended to define 
mission time for modelling safe stable 

states in SPAR models. 
 

- Perform T-H analysis using 24 h as 
MT. 

 
- Then, review the T-H results should 

not just focus on checking the plant 
parameters against the acceptance 

criteria (e.g., is the peak core 
temperature greater than 982°C?), 
but also checking the trends of the 

plant parameters (e.g., the peak core 
temperature is less than 982°C at the 
end of the T-H case run, but is it still 

increasing? The parameter 
acceptance criteria checks determine 
whether a safe state or core damage 
state is reached within the defined 
sequence mission time, while the 

parameter trending checks 
determine whether a safe state is 

also stable. 
 

- If stable plant conditions are not 
achieved within the predefined 

sequence mission time, then extend 
the sequence mission time and re-
evaluate the sequence. Although 

extending sequence mission times 
and re-evaluating the sequence 

could be a repetitious process until 
stable plant conditions are achieved, 

the analyst can simply choose 72-
hour as the new sequence mission 
time and re-evaluate the sequence. 

A choice of 72 hours here represents 
a balance between the diminishing 
returns in terms of analytical rigor 
and the increasing likelihood that 
non-modeled mitigative/recovery 
actions will have terminated the 

accident. 
 

(note: In the reference, there are 7 
steps but here only present 2). 

The reference makes a distinction 
between: 

 
- SSC Mission Time: the time period 

that a system or component is required 
to operate in order to successfully 

perform its function. 
 

- Accident Sequence Mission Time (or 
sequence mission time):  This is used 

as an input in T-H analyses for the 
specified accident sequences. 

 

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

Level-1 PSA to 
support the design of 
the KALIMER-600 
Sodium Cooled Fast 
Reactor [8] 

It is assumed that the mission time is 1 
week. 

The reference says “Is the time that the 
Passive Decay Heat Removal Circuit 

should operate after an accident”. 
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Table 1 – Summary of the publications (cont.) 

References Is the Mission Time specified in the 
reference? Comment 

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

Development of PSA 
Audit Guideline and 
Regulatory PSA 
Model for SMART 
[8] 

Extended mission time for the Passive 
Residual Heat Removal System. 

The reference says “The Passive 
Residual Heat Removal System in the 

SMART design needs to be successfully 
operated for 36 hours before the reactor 
coolant system reaches the temperature 
where the shutdown cooling system can 
be started for further removal of decay 

heat. Therefore, reviewers should check 
the impact of the assumptions”. 

 
    

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

 

Use of PSA in the 
Development of 
SMRs [8] 

It does not specify. 

The reference says “The passive safety 
systems for the SMR allow for no 

operator intervention required for 7 
days”. 

 

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

Achievement of the 
level 1 PSA in 
support to the CEA 
2400 MWth Gas 
Cooled Fast Reactor 
[8] 

From 24 to 168 h. 

The reference says “DHR is split over 
two periods, from IE to 24 h, and from 

24 to 168 h, during which front line 
systems or missions may be different. 

This choice is related to some systems 24 
h range, such as batteries and ternary 
water pools”. See Fig. 2 in ANNEX. 

 

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

Problems Facing the 
Use of Passive Safety 
Systems [8] 

--- 

The reference says “Merging 
probabilistic models with T-H models, 
i.e. dynamic reliability, is required to 

accomplish the evaluation process of T-
H passive systems in a consistent 

manner: this is particularly relevant with 
regard to the introduction of a passive 

system in an accident sequence, since the 
required mission time could be longer 
than 24 h as usual level 1 PSA mission 

time”. 
 

Workshop on 
PSA for New 

and 
Advanced 
Reactors 

Lessons learnt from 
PSAS for new and 
advanced reactors in 
Russia [8] 

Mission Time > 24 h, at least 3 days 
(72 h). 

The reference says “The calculations for 
accident sequences should be extended 
beyond the time point when the reactor 

has been tripped and other safety systems 
actuated, until a long term stable state 

has been reached”. 
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Table 1 – Summary of the publications (cont.) 

References Is the Mission Time specified in the 
reference? Comment 

NuScale 

Probabilistic Risk 
Assessment and Severe 
Accident Evaluation – 
Chapter 19 PART 2 - TIER 2 
rev.2 [9] 

Use of a 72 hour mission time for a 
passive design. Standard industry 
PRA practice uses a 24 hour 
mission time. Time -dependent 
component failures generally 
modelled using a 72 hour mission 
time. 

The reference says “Use of a 72-hour 
mission time is consistent with the 
guidance for passive reactor designs”. 
 
The reference says “The 72-hour 
mission time is conservatively longer 
than the 24-hour mission time in 
ASME/ANS RA-Sa-2009 to account 
for the slower plant response of the 
NuScale design”. 
 

NRC 

Risk Assessment of 
Operational Events – 
Handbook Vol.1 Internal 
Events rev. 2.01 [10] 

Mission Time > 24 h. 

 
The reference says “Mission Time > 
24 h for sequences in which stable 

plant conditions would not be 
achieved by 24 hours using the 

modeled plant equipment and human 
actions”. 

 
 
 
 
 
After analyzing the references presented in Table 1, we get the following outcomes: 

 
 

- For SMR type reactors, the traditional approach of considering a MT of 24 hours for the systems is not 
sufficient due to the presence of passive systems that remain operational by design for more than that 
time and other characteristics such as big inventory of water. 
 

- In the Fukushima accident it became clear that station blackout scenarios occurred over long periods of 
time (more than 24 hours). 
 

- A default fixed value of MT cannot be established for SMR reactors since it varies with the particular 
characteristics of each design. 

 
 

Therefore, a conclusion from the regulator's point of view, which is applicable to new power reactors, whether 
they are of traditional design (e.g. PWR) or SMR type (e.g. CAREM 25), is that for each accident sequence MT 
must be justified on the basis of the trend of the relevant parameters and the dynamics of the accident sequences. 
Therefore, the analyzed time must be extended until a stable situation or a trend towards a stable situation is 
reached. 
 

3. CONCLUSION 

The task of evaluating the MT of CAREM 25 served as a trigger to identify the need to establish criteria for 
determining the MT of new nuclear power plants. The challenge was to define whether such criteria would be 
applicable to both traditional design (e.g. PWR) and SMR type (e.g. CAREM 25). 

 
The conclusions that were addressed after analyzing the state of the art are the following: 
 

- For SMR type reactors, the traditional approach of considering a MT of 24 hours for systems is not 
sufficient due to the presence of passive systems that remain operational by design for more than that 
time and other characteristics such as big inventory of water. 
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- In the Fukushima accident it became clear that station blackout scenarios occurred over long periods of 

time (more than 24 hours). 
 

- A default fixed value of MT cannot be established for SMR reactors since it varies with the particular 
characteristics of each design. 

 
Based on the conclusions mentioned, the paper presents the Argentine regulatory criterion proposal for the 
Mission Time of the sequences of the event trees of the L1 PSA for new nuclear power plants (traditional or 
SMR) 
 
The following proposal is formulated for the definition of the Mission Time of the sequences of the event trees 
of the L1 PSA: 

 
 The review of the thermal-hydraulic results of the accident sequences should not be limited to verifying 

compliance with the acceptance criteria by the plant parameters within a predefined mission time. 
 

 The Mission Time for each accident sequence must be justified based on the trend of the relevant 
parameters and the dynamics of the accident sequences. Therefore, the analysed time must be 
prolonged until a stable situation or a trend towards a stable situation is reached. 
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5. ANNEX 

Below, are the figures that were obtained from the publications found on Mission Time.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
FIG. 1: The graph serves to understand how scenarios that considering a "mission time" do not lead to damage to 
the core, but if this time is increased, most likely it will lead to damage to the core, [5]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIG. 2: The graph shows that in the event tree model for a Large LOCA the Residual Heat Removal System (DHR) 
has two Mission Times, 24 h and 168 h (7 days) [8]. 
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Monitoreo en instalaciones del  

Ciclo del Combustible Nuclear en Argentina 

 
CCN en Argentina 

# 100 

Instalación nuclear:  instalación 

donde se procesa, manipula, 

almacena o utiliza material 

radiactivo fisionable. 

 

Clase I  14 

Clase II  21 

Clase III   3 

 

• Conversión a UO2 para reactores de potencia. 

• Fabricación de elementos combustibles para reactores de potencia. 

• Fabricación de elementos combustibles para reactores de investigación y blancos de irradiación 

para producción de 99Mo. 

• Producción de U3O8 para reactores de investigación. 

• Recuperación de uranio de scraps y residuos. 

• Almacenamiento interino de elementos combustibles gastados de reactores de investigación. 

• Depósitos de material nuclear. 

• Desarrollo de elementos combustibles MOX. 

• Mock-up de enriquecimiento de uranio. 

 

 Compuestos de uranio 
Tipo F Tipo F/M Tipo M Tipo M/S Tipo S 

UF6 UO2(NO3)2 UF4 U3O8   

Uranil-TBP U2O7(NH4)2 
U metálico 

vaporizado 
UO2   

UO2F2 UO4.nH2O       

UO2(CO3)3(NH4)4 UO3       

Composición isotópica Tipo DAC (Bq/m3) 

U natural 

F 14,36 

M 5,20 

S 1,46 

U enriquecido al 3,6% 

F 14,35 

M 5,18 

S 1,46 

U enriquecido al 20% 

nominal 

F 13,47 

M 4,80 

S 1,36 

Composición isotópica Isótopo % m/m 

U natural

238U 99,28 
235U 0,72
234U 0,0055 

U enriquecido al 3,6% 

238U 96,37 
235U 3,6 
234U 0,033 

U enriquecido al 20% 

nominal 

238U 86,12 
235U 19,64 
234U 0,2088 

Límite Anual de Incorporación 

 

 

Concentración Derivada en Aire 

 

 

1446



Control regulatorio 

# 100 

Monitoreo en instalaciones del Ciclo del 

Combustible Nuclear en Argentina 

 Monitoreos de aire 
Objetivo: determinar la concentración de un radionucleído en el aire para conocer la calidad del 

aire respirable en un área de trabajo. 

Puntos a destacar 

Inmediato (online) 

Personal 

Diferido portátil 

Diferido fijo 

Inspecciones 

 

• Se verifica el funcionamiento correcto de los 

sistemas y equipos de monitoreo de aire.  

• Se verifican los registros de los resultados de 

los monitoreos que realizan los operadores. 

• En algunas inspecciones, la ARN realiza 

monitoreo de aire con equipamientos propios 

(muestreos personales y muestreos con 

bomba portátil) para realizar mediciones y 

verificaciones independientes.

 

Licenciamiento 

 

Envío a ARN de documentación técnica: 

- Descripción de los sistemas de ventilación y los 

sistemas de monitoreo  

- Plan de Monitoreo Radiológico. 

 

• Evaluación y aprobación por ARN. 

• Revisión periódica (con cada renovación de 

Licencia de Operación cada 5 años) 

• +30  instalaciones del CCN en Argentina controladas por la ARN. 

• Importancia de controlar/minimizar la incorporación de uranio. Vía más relevante la inhalación. 

• Diferentes tipos de monitoreo de aire. 

• Control regulatorio mediante licenciamiento, evaluaciones de seguridad e inspecciones. 
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INTRODUCTION 

The �Class I Particle Accelerators Control Sector� of the Nuclear Regulatory 

Authority (ARN) developed a tool that helped perform safety assessments, 

particularly for the evaluation of safety systems implementation and the 

application of radiation safety standards at radiopharmaceutical production 

facilities with cyclotrons. 

This tool consisted on indicators that were developed following the guidelines in 

�Criterios para el licenciamiento y requisitos de inspección en instalaciones con 

ciclotrones para producción de radioisótopos utilizados en aplicaciones e 

investigaciones médicas� (2013) from FORO.  

For the preparation of the tool, the requirements were divided in three categories: 

plans, safety systems (which includes interlocks, manual systems and alarms), 

and records. 

In the paper, the conditions at cyclotron facilities that are in operation stage in 

Argentina are analysed. There are currently five facilities in operation stage, two of

which have self-shielded cyclotrons, and the main radiopharmaceutical produced 

in the country is FDG. 

METHODS 

It was necessary to perform a safety assessment in order to determine the level of 

adequacy for each category, by reviewing the documentation and procedures of 

the facilities under regulatory control.

For each requirement, it could be determined  

whether a requirement was fully, partially or  

not fulfilled and it was assigned a value of  

2, 1 or 0 respectively, in order to quantify the  

compliance. 

 

The results were collected using a spreadsheet, as the example shown in the next 

figure: 

Fulfilled 2 

Partially 1 

Not 

fulfilled 0 

List of requirements % of adequacy 

The following charts show the results obtained for each category, representing the 

evolution of the percentage of adequacy to the standards from 2018 to 2021, for 

the facilities that are currently operating. For the purpose of the paper, the 

facilities are named A, B, C, D and E. 

RESULTS 
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Results of the las 

assessment (2021) for 

facilities A to E, for the three 

categories. 

�It was observed a tendency towards improvement in all the facilities. 

�The tool is a systematic and simple way to measure the results of the safety 

assessments and to follow the evolution of different safety aspects.  

�It is helpful for the regulatory body to ensure that safety conditions are being 

improved over time and  to detect safety aspects which need improvement. The 

process of developing this tool was really fruitful for inspectors; the information 

has to be complemented with regulatory inspections in order to verify that safety 

systems function correctly. 

�It could be extended to other stages (construction, commissioning, 

decommissioning) and to other types of facilities, considering the particularities 

of each case. 

�The enforcement of new standards in facilities that are already constructed and 

have been operating for several years is not an easy task for the regulatory body. 

However, it is one of the main goals of the regulator to ensure that the safety 

conditions always tend to be better and stay aligned as much as possible with the 

state of the art for this type of facilities. 

CONCLUSIONS 

One major improvement was the addition of a last person button at Facility B. 

Facility D is the one with the least fulfilment with nearly 50% of adequacy because 

it does not have modern equipment in the radiopharmacy laboratory. However, the 

facility is in process of updating the laboratory and relevant improvements are 

expected in the upcoming year. 

Percentage of adequacy of 

plans for facilities A to E, 

from 2018 to 2021. 

Percentage of adequacy of 

safety systems for facilities A 

to E, from 2018 to 2021. 

Percentage of adequacy of 

records for facilities A to E, 

from 2018 to 2021. 

Ayelén Maggiolo 
E-mail: amaggiolo@arn.gob.ar 

Mauro Espósito 
E-mail: mespósito@arn.gob.ar 

1451



 



 

Enfoque graduado en el control 
regulatorio de las instalaciones del 

Ciclo de Combustible Nuclear en 
Argentina 

 
Martiri, L.; López Canton, F. y Saavedra, A. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Presentado en: XII Congreso Regional de Seguridad Radiológica y Nuclear y en el X Congreso Regional 
de la Asociación Internacional de Protección Radiológica (IRPA). 

Santiago de Chile, Chile, 23 al 27 de octubre de 2022  
 

Reunión Anual de la Asociación Argentina de Tecnología Nuclear – AATN. 
Buenos Aires, Argentina, 19 al 22 de diciembre de 2022  



 



1455 
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INSTALACIONES DEL CICLO DE COMBUSTIBLE NUCLEAR EN 
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RESUMEN 

El Ciclo de Combustible Nuclear (CCN) en Argentina abarca más de 50 instalaciones, 
distribuidas en todo el país y con importantes diferencias respecto a sus 
características particulares. El control regulatorio de estas instalaciones presenta 
grandes desafíos y para lograr que sea eficaz y eficiente es necesario aplicar un 
enfoque graduado. 
La Autoridad Regulatoria Nuclear (ARN) introdujo de manera explícita el concepto de 
enfoque graduado en la última versión de la norma AR 10.1.1: “Norma Básica de 
Seguridad Radiológica”, rev.4 (2019) [1], así como en la norma AR 10.6.1: “Sistema de 
gestión para la seguridad en las instalaciones y prácticas” [2] ambas de aplicación a la 
totalidad de las instalaciones bajo control regulatorio. Históricamente el concepto de 
enfoque graduado fue aplicado sin ser definido, como por ejemplo en la clasificación 
de las instalaciones en clase I, clase II y clase III. En las instalaciones del CCN, la 
ARN utiliza el enfoque graduado durante el licenciamiento de las instalaciones, en la 
evaluación de la documentación, en el licenciamiento del personal y durante la 
elaboración y ejecución del plan de inspecciones. Se toman en consideración: la 
escala de operaciones, ubicación geográfica, cantidad de material, forma física, nivel 
de enriquecimiento de uranio, composición química, complejidad técnica de los 
sistemas, posibles consecuencias radiológicas de un evento1, experiencia operativa y 
disponibilidad de recursos, entre otros factores. 
En este trabajo se presentan ejemplos específicos de aplicación del enfoque graduado 
en el control de las instalaciones del CCN bajo distintos indicadores. El enfoque 
graduado es un concepto fundamental para optimizar los recursos sin comprometer la 
seguridad por lo que resulta necesario seguir trabajando hacia su aplicación 
sistemática y documentada. 

1. Introducción 

La Autoridad Regulatoria Nuclear de Argentina (ARN), tiene como objetivo desarrollar 
y aplicar un régimen regulatorio para todas las actividades nucleares que se realizan 
en la República Argentina, y debe llevar a cabo tareas de verificación en más de 1280 
instalaciones bajo control regulatorio, distribuidas en todo el país (Fig. 1).  

                                                            
1 Evento: suceso incidental (incluidos sucesos iniciadores, precursores de accidentes y cuasi accidentes), 
suceso accidental o malicioso. [2] 
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Fig.1: Principales instalaciones bajo control regulatorio en Argentina y el número de 
instalaciones en cada provincia. 

El gran número de actividades bajo control regulatorio en una superficie que supera 
los 1,2 millones de km2, la diversidad de riesgos, características y complejidad 
tecnológica, y la variabilidad en los materiales radiactivos y nucleares que se 
manipulan, hacen necesaria la implementación de un Enfoque Graduado (EG) en el 
sistema regulatorio argentino. 
El EG en el licenciamiento, la fiscalización y control desde el punto de vista de 
seguridad radiológica y nuclear, salvaguardias y protección y seguridad física se aplica 
para destinar recursos regulatorios en una graduación apropiada según el riesgo, la 
complejidad tecnológica y la potencialidad de cada actividad a ser autorizada y 
controlada por la ARN.      
El EG no es un concepto nuevo, habiendo sido usado extensamente desde los inicios 
de la actividad nuclear en Argentina, incluso sin definirlo, ya que nace del sentido 
común: “graduar” el rigor del accionar regulatorio en función de los riesgos de la 
actividad a llevar a cabo. Sin embargo, en los últimos tiempos hubo un impulso 
importante desde organismos internacionales y autoridades locales para definirlo, 
desarrollar criterios con la menor ambigüedad posible y estructurar su aplicación de 
forma documentada, lo cual representa un gran desafío. 
Es importante destacar que el enfoque graduado no es una forma de evitar 
requerimientos, sino lograr el cumplimiento de los mismos de manera proporcional, 
teniendo en cuenta los riesgos y haciendo un uso adecuado de los recursos. Por 
ejemplo, un informe de seguridad es requerido para todas las instalaciones, sin 
importar el riesgo de las mismas. Sin embargo el detalle del análisis, el nivel de la 
información suministrada y la frecuencia de la revisión puede ser significativamente 
menor para instalaciones con menor riesgo, en comparación con el requerido para 
instalaciones de mayor riesgo.  
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Un esquema regulatorio pensado con un enfoque graduado contribuye a la 
optimización de recursos tanto del órgano regulador como del regulado, y otorga 
flexibilidad para adaptarse a condiciones cambiantes. Situaciones externas como 
fueron las limitaciones en viajes y en trabajo presencial durante la pandemia del Covid-
19, o crisis económicas y limitaciones de recursos, hacen que sea necesario realizar 
esta optimización sin comprometer la seguridad y lograr altos estándares de 
seguridad.  

2. El Ciclo de Combustible Nuclear en Argentina 
El Ciclo de Combustible Nuclear (CCN) en Argentina, sin incluir los reactores 
nucleares, comprende múltiples actividades tales como la minería de uranio, que en la 
actualidad comprende etapas de parada prolongada, cierre y remediación de los sitios, 
plantas de concentración de uranio, purificación y conversión de uranio, desarrollos en 
enriquecimiento de uranio, fabricación de combustible nuclear, recuperación de uranio 
enriquecido, almacenamiento interino de elementos combustibles irradiados y la 
gestión de los residuos radiactivos. Si bien en Argentina no hay reprocesamiento 
directo de los combustibles y placas irradiadas, existe un laboratorio radioquímico que 
recupera uranio irradiado de los filtros de la planta de producción de molibdeno por 
fisión. Adicionalmente, hay instalaciones de investigación y desarrollo, mediciones y 
análisis que dan soporte para distintas etapas del CCN. La Figura 2 muestra la 
distribución de las instalaciones del CCN en la Argentina, incluyendo a las centrales 
nucleares. 

 
Fig. 2: Instalaciones del Ciclo de Combustible Nuclear bajo control regulatorio en Argentina, 

incluyendo reactores. 

El número actual de instalaciones del CCN supera las 50, clasificándose en clase I, 
clase II y clase III, y dividiéndose en dos líneas principales: una línea es la de uranio 
natural (0,711 % en 235U) o ligeramente enriquecido (0,85% en 235U), dedicada al 
abastecimiento de los reactores nucleares de potencia, y la otra línea es la de uranio 
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de bajo enriquecimiento (menos del 20% en 235U), destinada a la producción de 
elementos combustibles para los reactores de investigación y de blancos para la 
producción de 99Mo. Adicionalmente, se encuentra en las primeras etapas la 
fabricación de los elementos combustibles para el reactor CAREM-25, el cual es un 
prototipo para el primer reactor modular argentino, con un enriquecimiento de hasta el 
3,1%. 
Teniendo en cuenta la gran variedad de instalaciones y procesos que se incluyen en el 
CCN en Argentina, con la consecuente diversidad de riesgos, resulta particularmente 
importante el uso del EG en la aplicación de los requerimientos regulatorios a los 
diferentes tipos de instalaciones.  

3. El Enfoque Graduado en el marco regulatorio argentino 

La Ley Nº 24.804, “Ley Nacional de la Actividad Nuclear” [3], sancionada en 1997, le 
asigna a la ARN la responsabilidad de “controlar que las personas y el ambiente 
tengan una protección adecuada contra los efectos perjudiciales para la salud que 
puedan derivarse de la exposición a las radiaciones ionizantes”. Para este fin, la ARN 
estableció un marco regulatorio compuesto de 64 Normas y 10 Guías Regulatorias, el 
cual es actualizado periódicamente.  
La ARN ha aplicado el Enfoque Graduado desde sus inicios en la clasificación de 
instalaciones, en las exigencias para el personal de cada tipo de instalaciones, en los 
requerimientos de documentación a presentar para demostrar cada evaluación de 
seguridad y en las inspecciones, así como en el alcance de algunas de sus normas. 
En la última versión de la norma AR 10.1.1: “Norma Básica de Seguridad Radiológica”, 
rev.4 (2019) [1], el concepto de Enfoque Graduado fue definido según: 
Enfoque graduado: “proceso o método en el que el rigor de las acciones de control y 
las condiciones a ser aplicadas se corresponden con el nivel de riesgos asociados, 
esto es con la probabilidad de ocurrencia y las posibles consecuencias de la pérdida 
de control”. 

A su vez, se indica que la clasificación de las instalaciones en clase I, clase II y clase 
III debe seguir los principios de enfoque graduado: 
Instalación clase I o instalación clase II o instalación clase III: “instalación o 
práctica clasificada, siguiendo un enfoque graduado, en función del riesgo radiológico 
asociado a las fuentes de radiación en la instalación o práctica, el impacto radiológico 
ambiental o las consecuencias radiológicas de las exposiciones potenciales o las dosis 
ocupacionales involucradas y, de corresponder la complejidad tecnológica”. 
De manera análoga, la norma AR 10.6.1: “Sistema de gestión para la seguridad en las 
instalaciones y prácticas”, Rev. 0 (2020) [2], utiliza la misma definición de enfoque 
graduado y establece que “El sistema de gestión debe ser desarrollado y aplicado 
adoptando un enfoque graduado y los criterios utilizados se deben documentar”. 
La introducción del concepto en ambas normas está armonizada con lineamientos 
internacionales en donde el uso documentado del enfoque graduado es fomentado y 
es un primer paso para avanzar en una mayor formalización de su uso práctico y 
estructurado.  

4. Aplicación del Enfoque Graduado 

4.1 Desarrollo de un método de graduación  
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El enfoque graduado es aplicable a la mayoría de los sistemas donde se requiera un 
grado de control, sin embargo los criterios deben desarrollarse caso por caso teniendo 
en cuenta la ponderación de factores específicos. Esta ponderación puede cambiar 
según sea la etapa en la que se encuentra la instalación y las condiciones externas 
imperantes (como restricciones impuestas ante una emergencia sanitaria y 
limitaciones de recursos), por lo que el análisis debe tener la flexibilidad suficiente para 
ser reevaluado. 
Establecer un método sistemático para graduar es fundamental, con el fin de asegurar 
consistencia y minimizar subjetividades. Luego de identificar la organización, sistema, 
o componente al cual se le va a aplicar la graduación, se debe realizar un análisis del 
mismo: determinar el funcionamiento en detalle del sistema y los factores involucrados 
con impacto en la seguridad, incluyendo las implicancias una pérdida de control. Para 
facilitar el proceso, se debe generar una división por niveles según la significancia: 
entre más alto sea el impacto del nivel, mayores serán las medidas de control.   
Como regla general, para realizar una graduación, una organización debe:  

 Determinar el criterio para graduar 
Se deben identificar las áreas con un mayor impacto en la seguridad y establecer un 
criterio respecto a la importancia relativa de cada factor. 

 Determinar el número óptimo de “niveles de graduación” 
Se deben establecer los niveles. En general 3-4 niveles se consideran adecuados [4]. 
La práctica común es que el grado “1” o “A” sea el de mayor riesgo o implicancia, 
siguiendo en orden decreciente. 

 Determinar lo que implica cada nivel. 
Determinar la relación entre determinado nivel, y los requerimientos que se van a 
solicitar para su control. 
En la Fig. 3 se presenta un esquema del proceso para graduar un sistema 

 
Fig. 3: Proceso para graduar un sistema 

Los esquemas de graduación tienen que estar fundamentados en un análisis detallado 
de los sistemas, y deben ser realizados por personal con un nivel de experiencia y 
competencias adecuadas. 
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4.2 Enfoque graduado en licenciamiento de instalaciones y su personal 

La norma AR 10.1.1: “Norma Básica de Seguridad Radiológica”, rev.4 (2019) [1], 
clasifica las instalaciones en clase I, clase II y clase III, y establece que dicha 
clasificación debe hacerse con un enfoque graduado. 
Para instalaciones del CCN (sin incluir los reactores nucleares), los factores de mayor 
relevancia para considerar una graduación en el enfoque regulatorio son:  

 Nivel de enriquecimiento de 235U 

 Cantidad y forma física del material presente 

 Características del emplazamiento 

 Escala de las operaciones 

 Consecuencias de la liberación del material radiactivo al ambiente 

 Interfaz con riesgos convencionales  

 Complejidad de los sistemas  
Como criterio principal se establece que un accidente de criticidad es el evento más 
grave desde el punto de vista radiológico en este tipo de instalaciones, por lo que 
instalaciones que procesen, manipulen o almacenen uranio con un enriquecimiento 
mayor al 1% en 235U son clasificadas como clase I. Esto permite un mayor control 
durante el diseño y la construcción de la instalación, así como un mayor seguimiento 
en la capacitación y entrenamiento del personal. Por otro lado, la clasificación en clase 
II o clase III se determina por un equipo técnico de la ARN caso por caso luego de la 
presentación del informe de seguridad, teniendo en cuenta las variables enunciadas 
para el enfoque graduado.  
A fines de su licenciamiento, una instalación clase I requiere un licenciamiento por 
etapas, que pueden ser: Licencia de Construcción, Licencia de Puesta en Marcha, 
Licencia de Operación y Licencia de Retiro de Servicio. A su vez, este tipo de 
instalaciones requieren contar con un organigrama de personal aprobado por la ARN 
donde cada puesto debe estar cubierto por una o más personas según corresponda. 
El personal designado en el organigrama debe aprobar un examen para obtener una 
Licencia Individual, que abarca contenidos generales de seguridad radiológica y 
nuclear y, después de un período de entrenamiento en el trabajo, debe aprobar otra 
instancia de examen para la obtención de una Autorización Específica, la cual está 
enfocada en la seguridad del puesto a desempeñar.  
El marco para el licenciamiento de personal de instalaciones clase I se describe en la 
Norma AR 0.11.1 “Licenciamiento de personal de instalaciones Clase I”, Rev. 3 [5], y 
los lineamientos y contenidos de los exámenes se describen en la Guía AR 10: 
“Programas de formación especializada y capacitación específica para el 
licenciamiento de personal de instalaciones radiactivas Clase I”. Rev. 0 [6] 
Aplicando un enfoque graduado, los contenidos de los exámenes de Licencia 
Individual se dividen en “Nivel 1”, destinado a personal que se propone para ocupar 
puestos de jefatura, y “Nivel 2” para el resto de los puestos. 
Por otro lado, una Instalación clase II requiere Licencia de Operación y una Instalación 
clase III requiere Registro. Para estas instalaciones el personal debe tramitar un 
Permiso Individual que puede incluir un examen o no, según considere la ARN 
aplicando un enfoque graduado. Los lineamientos para el licenciamiento del personal 
en instalaciones clase II y clase III del CCN están dados en la Norma AR 0.11.4: 
“Licenciamiento de personal de instalaciones Clase II y Clase III del Ciclo de 
Combustible Nuclear”, Rev. 0 [7] 
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La Figura 4 resume el licenciamiento de personal para instalaciones clase I, clase II y 
clase III. 

 
Fig. 4: Esquema para el licenciamiento de personal 

Para solicitar el inicio del licenciamiento de una instalación, la Entidad Responsable2 

debe realizar y enviar una evaluación, demostrando que la instalación o practica es 
segura desde el punto de vista de la seguridad radiológica y nuclear. El enfoque 
graduado también se aplica en la extensión y el contenido de la documentación 
mandatoria que la Entidad Responsable debe presentar como parte de dicha 
evaluación. También se aplica el enfoque graduado en el alcance y la profundidad de 
la verificación que realiza la ARN sobre la documentación mandatoria antes de otorgar 
una licencia. 

4.3 Enfoque graduado en el diseño e implementación del plan anual de 
inspecciones 

Las inspecciones regulatorias son una de las principales actividades del organismo 
regulador, ya que permiten un seguimiento presencial de las condiciones de 
seguridad. Entre las principales actividades a realizar se encuentran: 

• Verificación de registros (dosis del personal, monitoreos) 
• Relevamiento del estado de la instalación 
• Verificación de sistemas de seguridad  
• Mediciones independientes de tasa de dosis 
• Mediciones independientes de contaminación 
• Verificación de sistemas de ventilación  
• Verificación del personal (plantel mínimo, personal con Autorizaciones 

Especificas) 
Al definir el plan anual de inspecciones regulatorias se deben tomar en cuenta todos 
los factores mencionados en la sección 4.2 de una manera holística, sin embargo la 
ponderación de los mismos puede variar respecto a la considerada durante el 
licenciamiento. Adicionalmente, se agregan factores operacionales que son de vital 

                                                            
2 Entidad Responsable: persona humana o jurídica a la que la Autoridad Regulatoria le ha 
otorgado una o varias licencias, registros o autorizaciones de práctica no rutinarias. 
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importancia, como la experiencia regulatoria reciente, cultura de seguridad de la 
instalación, historial de eventos, cambios en el personal o modificaciones de los 
sistemas con implicancia en la seguridad, junto con el contexto nacional e 
internacional. 
A continuación, se presenta un método para estructurar la elaboración del plan de 
inspecciones. Al tratarse de más de 50 instalaciones, es conveniente elegir un número 
acotado de factores para el análisis, lo cual se logra agrupando los mismos. Siguiendo 
este razonamiento, se eligen 4 factores principales, los cuales se van a dividir en 3 
niveles: A, B o C. A los fines de la cuantificación, a cada nivel se le asigna un número, 
y la sumatoria se traduce en el número de inspecciones planeadas para el año 
siguiente en cada instalación. Este criterio es importante que quede documentado 
como parte del sistema de gestión que tenga implementado la organización.  

Factores para aplicar la graduación en el desarrollo de un plan de inspecciones  

 Historial regulatorio  
Dentro del historial regulatorio reciente se encuentran: eventos, requerimientos 
pendientes, autorizaciones de práctica, modificaciones en la instalación, cultura de 
seguridad, cambios en el personal, si están próximos a una renovación de licencia, 
entre otros factores.   

 Clase de instalación (clase I, clase II, clase III) 
Este factor queda definido por el licenciamiento de la instalación, según fue explicitado 
en la sección 4.2. En este factor, se están considerando distintos aspectos de 
seguridad y riesgos propios de la instalación, independientemente del estado de 
situación actual de la misma. 

 Desempeño operativo 
En este factor se debe considerar la carga de trabajo de la instalación, si está 
operando, en parada prolongada o en mantenimiento, así como la correspondiente 
disponibilidad de recursos.  

 Complejidad técnica y escala de operaciones 
En este factor se agrupan la complejidad técnica de los sistemas, los riesgos 
convencionales que pueden existir, y la escala de las operaciones, incluyendo la 
cantidad de material y los recursos humanos disponibles. 
En la Tabla 1, se presenta a modo de ejemplo la aplicación en 15 instalaciones del 
CCN (sin incluir reactores nucleares) de la metodología que considera el enfoque 
graduado para cuantificar el número de inspecciones anuales para cada instalación.  

Determinación del número de inspecciones 

Luego de la clasificación, a efectos de cuantificar la evaluación realizada se asigna el 
valor de A=1, B=0.5, C=0, y sumando los valores de los 4 factores se obtiene un valor 
de referencia para asignar el número de inspecciones a realizar por año. En el caso de 
valores fraccionarios, se puede redondear al entero superior, o al entero inferior, 
teniendo en cuenta criterios adicionales, como por ejemplo la situación sanitaria del 
país, disponibilidad de recursos, disponibilidad de inspectores, etc. 
Si la cuantificación da igual a 0, que sería una instalación clase III, con categoría C en 
Historial regulatorio, C en Desempeño operativo y C en Complejidad técnica, 
significaría que el número de inspecciones es el mínimo: 1 cada 2 años, y la 
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asignación o no de una inspección en el año siguiente depende de cuándo fue 
realizada la última inspección.  

Tabla 1: Enfoque graduado para determinar número de inspecciones anuales  

Instalación Clasificación Historial 
regulatorio 

Desempeño 
operativo 

Complejidad 
técnica/Escala 

Número de 
inspecciones 

por año 

Gestionadora de residuos 
radiactivos A A A A 4 

Planta de fabricación de 
elementos combustibles 
para reactores de 
investigación  
(U enriquecido) 

A A A A 4 

Fábrica de elaboración de 
elementos combustibles 
para reactores de 
potencia 

A A A A 4 

Planta de fabricación de 
polvos de uranio A B A A 3,5 

Planta de Producción de 
UO2  

(uranio natural) 
B A A A 3.5 

Laboratorio de 
recuperación de uranio 
enriquecido 

A B C A 2,5 

Planta de enriquecimiento 
de uranio, escala mock-up B B C A 2 

Planta de almacenamiento 
en pileta de combustibles 
irradiados 

A B C B 2 

Depósito de Uranio 
Enriquecido A C C B 1,5 

Taller de fabricación de 
bultos de uranio 
empobrecido 

B B C C 1 

Laboratorio de 
investigación y desarrollo, 
enriquecimiento por láser 

B C C C 0,5 

Instalación minero fabril 
en proceso de B C C C 0.5 



 

1464 

remediación y clausura

Complejo minero en 
estado de remediación y  
parada prolongada 

B C C C 0,5 

Depósito de 
almacenamiento interino 
de residuos radiactivos 

B C C C 0,5 

Laboratorio para pruebas 
de hidrología de uranio C C C C 0 

5. Conclusiones 

El Enfoque Graduado es un concepto fundamental en el control regulatorio, ya que 
permite llevar a cabo el licenciamiento, la fiscalización y el control de las instalaciones 
de manera eficaz y con un uso eficiente de los recursos, siendo de particular 
importancia al trabajar en instalaciones con un amplio rango de riesgos, como es el 
caso del Ciclo del Combustible Nuclear en Argentina. La Autoridad Regulatoria 
Nuclear utiliza el enfoque graduado para la clasificación de instalaciones, para el 
licenciamiento de las instalaciones y del personal y para el desarrollo e 
implementación del plan de inspecciones.  
La aplicación del enfoque graduado tiene que hacerse de manera integral, teniendo en 
cuenta un conjunto de factores que deben analizarse caso por caso, y de manera 
estructurada para reducir ambigüedad y asegurar consistencia. Graduar no significa no 
cumplir con los requerimientos regulatorios, sino determinar la forma más adecuada de 
cumplir con los mismos.  
Su aplicación en el control de las instalaciones del Ciclo de Combustible Nuclear en 
Argentina ha dado resultados satisfactorios, permitiendo mantener el control 
regulatorio de manera eficaz y formalizando los criterios para determinar la frecuencia, 
el alcance y la magnitud del control regulatorio.  
Se debe seguir trabajando en la elaboración de procedimientos y guías para 
estructurar de forma documentada su utilización, facilitar la selección de criterios y 
mejorar su implementación. 
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RESUMEN 

Las facilidades experimentales se han diseñado y construido a lo largo de los años para proporcionar 
información sobre los distintos fenómenos que pueden ocurrir en los reactores nucleares. El modelo 
ROCOM (Rossendorf Coolant Mixing Model) fue una instalación de prueba que emulaba un reactor 
PWR KONVOI. El mismo permitía el análisis de fenómenos de importancia crítica para la integridad 
estructural y funcional del reactor, como el mezclado de corrientes a distintas temperaturas y PTS 
(Pressurized Thermal Shock). La bibliografía sobre esta facilidad es amplia y permite el modelado del 
mismo por medio de códigos termohidráulicos. En el presente trabajo se realizó un cálculo utilizando 
TRACE5 patch 5 (código desarrollado por US-NRC) con la finalidad de evaluar uno de los transitorios 
documentados en esta facilidad. En el mismo se simula la prueba 1.1 del proyecto OECD PKL2 y se 
compara con resultados experimentales. Dicha prueba consiste en el mezclado de agua fría (loop 1) y 
agua caliente (Loops 2 a 4). Entre los aspectos más relevantes del estudio, se puede mencionar la 
utilización del componente “vessel” en el modelado del reactor, el cual permite discretizar el mismo de 
forma tridimensional. Además, tiene la capacidad de incorporar porosidad, cambios de área en celda 
y pérdidas de carga, entre otros aspectos. Los resultados mostraron buen acuerdo respecto a los 
datos experimentales, demostrando la capacidad de este componente frente a eventos en la vasija de 
un reactor. 

 

 



 



Desarrollo preliminar de un 

modelo termohidraulico de una 

facilidad experimental tipo PWR 

por medio del código TRACE5

Mag. Ing. Juan Pedro Messiga

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

El código TRACE: GeneralidadesEl código TRACE: Generalidades

��	
	���

• Modelar y simular estados estacionarios, transitorios operacionales y
secuencias accidentales en reactores nucleares.

����������	���

• Incluye componentes 1D y 3D

• Calcula las ecuaciones de conservación de masa, energía y cantidad de
movimiento junto con las ecuaciones de cierre

• Considera dos fases, con no condensables disueltos

• Permite tratar procesos termodinámicos que no están en equilibrio térmico

�������
• Utiliza el método de volúmenes finitos

• La discretización del tiempo se realiza utilizando métodos semi-implícitos

1471



Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

• Los elementos hidraúlicos 1D suelen requerir un esfuerzo extra para modelar

los fenómenos tridimensionales

• TRACE incorpora un componente 3D llamado VESSEL

• Representa estructuras volumétricas en coordenadas cilíndricas o cartesianas

• Se puede utilizar para modelar vasijas de presión o piletas

• El carácter 3D y las opciones de usuario de este componente le dan a TRACE

una mayor versatilidad que otros códigos

• Hasta el día de hoy sigue siendo estudiado y analizado

El componente VESSELEl componente VESSEL

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

• Construido con el propósito de investigar el mezclado que se produce en

reactores PWR KONVOI

• Escala de 1:5 respecto al original

• Incluye el reactor y cuatro loops (bombas, generadores de vapor y cañerías)

• Bombas de caudal ajustable que le permite gran variedad de caudales

• Permite simular la inyección de agua del ECCS

• Cables de medición de temperatura (conductividad térmica)

La facilidad experimental ROCOMLa facilidad experimental ROCOM
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Lay-out de la facilidad ROCOM Recipiente de presión del reactor

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

Core Support Plate Ubicación de mediciones en downcomer

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5
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Componente hidráulico VESSEL

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

Celdas de un VESSEL

Componentes del reactor

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

Downcomer

Zona de tubos

Upper plenum

Lower plenum

Cilindro perforado

Pared
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Esquema de la planta

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

Temperatura promedio en el Downcomer

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5
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Temperatura promedio en Core Support Plate

Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5
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Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

• Se pudo realizar un modelo independiente de la facilidad experimental ROCOM

utilizando el componente VESSEL.

• La evolución de la temperatura se condice con la de los datos experimentales.

• Los resultados en el downcomer presentan pocas diferencias respecto a los datos

experimentales. En cambio, en la core support plate se observa una diferencia que llega

a ser de casi 9 °C (al final de la simulación).

• Las diferencias entre los resultados y los datos experimentales (poco significativas en el

downcomer y de 9 °C en la core support plate) se adjudican a que el programa TRACE

no tiene modelo de mezclado turbulento. Este fenómeno parece ser mucho más

importante en el lower plenum y la core support plate que en el downcomer.

ConclusionesConclusiones
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Desarrollo preliminar de un modelo termohidraulico de una facilidad 

experimental tipo PWR por medio del código TRACE5

• Buscar nuevas pruebas para realizar simulaciones análogas a la presentada en este

trabajo, y comparar los resultados

• Realizar un modelo del reactor utilizando un código de sistemas similar a TRACE con

componentes 1D y posteriormente comparar resultados, analizando las ventajas de

utilizar un componente VESSEL.

• Modelar esta misma prueba utilizando un código CFD.

Tareas futurasTareas futuras

Gracias por su tiempo
Autoridad Regulatoria Nuclear
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PRIMER  

OP-A170 

N° bandas 

Pares de 

bases 

(Pb) 

Control 
P 150 

Gy 
F1 

1 384 1 0 0 

2 311 1 0 0 

3 284 1 0 0 

4 260 1 0 0 

5 238 1 1 1 

6 217 0 0 1 

7 204 0 0 1 

8 181 1 1 1 

9 161 1 0 0 

10 156 1 1 1 

11 147 0 1 1 

12 138 1 0 1 

13 123 1 1 1 

14 112 1 1 1 

15 103 0 0 1 

16 99 0 1 0 

17 97 1 0 0 

18 94 0 1 0 

TOTAL  18 12 8 10 

PRIMER  

OP-H9 

N° bandas 

Pares de  

bases 

(Pb) 

Control 
P 150 

Gy 
F1 

1 310 1 0 0 

2 275 1 0 1 

3 230 1 1 1 

4 198 1 0 0 

5 147 1 0 0 

6 142 0 0 1 

7 134 1 0 0 

8 126 0 1 1 

9 108 1 0 0 

10 105 1 0 0 

11 99 0 1 0 

12 93 1 0 1 

13 88 0 1 0 

14 83 1 0 1 

15 76 1 1 1 

TOTAL 15   11 5 7 

                                                                                                          

Tuta absoluta es una plaga distribuida en todo el mundo que afecta 
principalmente a los cultivos de tomate produciendo pérdidas de hasta el 
100%.  

El control de plagas se realiza por métodos químicos, biológicos y 
mediante la Técnica del Insecto Estéril (TIE). En este último caso, la 
esterilización de los insectos que serán liberados a campo se realiza por 
radiaciones ionizantes. 

Para evaluar el éxito de la TIE es necesario conocer el comportamiento
de los machos irradiados y poder compararlo con el de la población
silvestre. Para ello, es fundamental disponer de una técnica que permita
diferenciarlos cuando son capturados en trampas de feromonas.

El objetivo de este trabajo fue implementar la técnica Random 
Amplification of Polymorphic DNA polymerase chain reaction (RAPD-
PCR) para diferenciar insectos normales de aquellos irradiados y su 
Filial 1 (F1) 

CONCLUSIONES 

INTRODUCCIÓN MATERIALES Y MÉTODOS                                                                                                           

RESULTADOS 

Las figuras 1- a, b, c, d y e, ejemplifican la cantidad y tamaño de los fragmentos amplificados con cada uno de los primers para los insectos control, 
irradiado y F1 y sus respectivas matrices donde se indica el peso molecular de cada banda y representado por 1 y 0 la presencia o ausencia de las mismas 
en las tres muestras. En el cuadro 1 muestra el IS entre el control, polillas irradiadas y sus descendientes F1. 

DETERMINACIÓN DEL POLIMORFISMO GENÉTICO INDUCIDO POR RADIACIONES 
IONIZANTES EN LA PLAGA TUTA ABSOLUTA. 

Yusef,M.V 1 *, López,S.N. 2, Michelin, S. C. 3, Solís, A. 1 
 
1 Laboratorio de Control de plagas, Centro Atómico Ezeiza (CAE), Comisión Nacional de Energía Atómica (CNEA). vyusef@cnea.gob.ar 
2 Insectario de Investigaciones para Lucha Biológica (I.I.L.B.) Instituto de Microbiología y Zoología Agrícola (IMYZA), Instituto Nacional de Tecnología Agropecuaria (INTA) Castelar.    
lopez.silvia@inta.gob.ar 
3 Laboratorio de Radiopatología, Autoridad Regulatoria Nuclear (ARN). smichelin@arn.gob.ar 

� Las polillas se criaron sobre plantas  de tomates en condiciones 
controladas de laboratorio a 24+1°C y 75+5% H.R. y fotoperiodo L:O 
16:8. Se enfriaron a 3 °C y se irradiaron (60 Co) con dosis de 150 Gy y 
tasa de dosis de 34 Gy/min. 
�  Extracción de ADN de cada polilla - Amplificación RAPD-PCR  
� Amplificación : 41 ciclos - (1 min a 94 °C, 1 min a 34 °C, 1 min a 72°C y  
10 min a 72°C  
� Primers - Secuencia 5´- 3´ 

OP-H9: TGTAGCTGGG  - OP-A17: GATTGTTTGT - OP-A8: GTGACGTAGG 

OP-D12: CACCGTATCC - OP-D13: GGGGTGACGA 

� Análisis de los fragmentos amplificados en geles de agarosa 1,5%. 
� Índice de similitud (IS) de Nei - Li en ADN de polillas adultas de T. 

absoluta  

Se observó que los ADN de las polillas irradiadas y su F1 presentan menor número de fragmentos amplificados respecto al control  La variación en el 
numero y tamaño de bandas entre los controles, insectos irradiados y de la F1 puede ser debida fundamentalmente a mutaciones o rearreglos cromosómicos 
inducidos por las radiaciones ionizantes que impiden o facilitan el reconocimiento de secuencias complementarias a los primers utilizados. 
Se concluye que la utilización de los primers OP-H9 y OP-A8 indican el menor IS o sea que permiten detectar el mayor grado de polimorfismo entre 
insectos controles, irradiados y sus descendientes (F1), lo cual implica que esta técnica puede ser empleada para el objetivo propuesto.  

a- 

       M        C       P 150 Gy  F1 b- 

  M         C       P 150 Gy   F1 

Fig. 1: Patrón representativo RAPD-PCR en geles de agarosa al 1,4 % resultante de la amplificación del ADN genómico de machos adultos de T. 

absoluta  y sus respectivas matrices - a: Primer OP-H9; b: Primer OP-A17; c: Primer OP-A8; d: Primer OP-D13; e: Primer OP-D12 
M: patrón, C: control, P 150 Gy: padre irradiado con 150 Gy; F1: hijo de P 150 Gy 

Cuadro 1:  Detección de polimorfismos en el ADN utilizando el 
Índice de Similitud de Nei �Li para los 5 primers  en  polillas de T. 

absoluta - control, padre irradiado con 150 Gy e hijo  F1 

CONTROL P 150 Gy F1

OP-H9 

CONTROL 1 0,25 0,39 

P 150 Gy 1 0,5 

F1 1 

OP-A17 

CONTROL 1 0,5 0,54 

P 150 Gy 1 0,45 

F1 1 

OP-A8 

CONTROL 1 0,61 0,15 

P 150 Gy 1 0,33 

F1 1 

OP-D12 

CONTROL 1 0,67 0,54 

P 150 Gy 1 0,6 

F1 1 

OP-D13 

CONTROL 1 1 0,82 

P 150 Gy 1 0,82 

F1 1 

PRIMER  

OP-A8 

N° 

bandas 

Pares de 

bases 

(Pb) 

Control 
P 150 

Gy 
F1 

1 228 1 0 1 

2 196 1 1 1 

3 159 1 0 0 

4 150 0 0 1 

5 137 1 0 0 

6 133 0 0 1 

7 118 0 1 1 

8 108 1 1 0 

9 105 0 0 1 

10 93 1 1 0 

11 82 0 1 0 

12 73 1 1 0 

TOTAL 12 7 6 6 

c- 

  M           C       P 150 Gy    F1 

PRIMER  

OP-D13 

N° bandas 

Pares de 

bases 

(Pb) 

Control 
P 150 

Gy 
F1 

1 354 1 1 1 

2 233 1 1 0 

3 206 0 0 1 

4 172 1 1 1 

5 153 1 1 1 

6 136 1 1 0 

7 128 1 1 1 

8 107 1 1 1 

9 89 1 1 1 

10 66 1 1 1 

TOTAL  10 9 9 8 

d- 

  M         C       P 150 Gy   F1 

PRIMER  

OP-D12 

N° 

bandas 

Pares de 

bases 

(Pb) 

Control 
P 150 

Gy 
F1 

1 417 1 0 0 

2 309 1 1 1 

3 258 1 0 0 

4 229 1 0 0 

5 209 1 1 0 

6 175 1 1 1 

7 155 1 1 1 

8 129 1 1 0 

9 122 0 1 0 

10 108 0 1 0 

TOTAL 10 8 7 3 

e- 

  M         C       P 150 Gy   F1 
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Abstract 
 
Inspections and regulatory processes at the construction stage of a radiopharmaceuticals production facility with 

cyclotron have certain particularities that distinguish them from the processes related to other stages of the life of a facility. 
Particularly, the construction of a concrete shielding of great thickness, such as a non-self-shielded cyclotron vault, requires a 
set of specific controls by the regulatory body for the purpose of avoiding construction failures that could ultimately affect the 
safety conditions during the operational phase. 

Due to the pandemic COVID-19 restrictions, the Nuclear Regulatory Authority, through the ‘Class I Particle 
Accelerators Control Department’, implemented alternative forms to develop the regulatory tasks associated to a facility 
denominated ‘Cyclotron- Radiopharmacy Laboratory’ from Oulton Institute located in Córdoba City, Province of Córdoba, 
Argentina, during the construction stage that had satisfactory results.  

1. INTRODUCTION 

The regulatory framework established by the Nuclear Regulatory Authority of Argentina (ARN) 
determines four stages for the authorization process of a radiopharmaceutical production facility with cyclotron; 
since it is classified as a Class I facility: construction, commissioning, operation and decommissioning [1]. This 
scheme of authorization stages is in line with the IAEA recommendations as the state of art for this type of 
facilities. In such way, in Argentina, the development of the construction stage of a cyclotron - radiopharmacy 
facility requires an authorization from the regulatory body [2]. 

This construction stage includes not only the development of civil works, but also the assembly of 
equipment and components of the facility. The documentation submitted by the applicant to get this authorization 
has to cover the following topics: facility layout, flow of materials and personnel, shielding design, ventilation 
system design, radiological impact on workers and the public, etc.[3]  

The ‘Class I Particle Accelerators Control Sector’ of ARN did a detailed analysis of these documents in 
order to verify that all the radiation safety aspects were properly considered. In March 2020, the ARN granted the 
authorization of construction to begin the civil work of the facility ‘Cyclotron - Radiopharmacy Laboratory’ from 
Oulton Institute located in Córdoba City, Province of Córdoba, Argentina. 

Regulatory inspections are a valuable instrument for verifying compliance with the conditions under which 
the authorization of construction is granted. Furthermore, since March 2020, the Government of Argentina has 
stablished restrictions to the circulation due to the sanitary emergency that was declared in view of the new 
coronavirus COVID-19, which affected the development of on-site regulatory tasks. 
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2. CRITERIA 

There are a series of considerations that have to be taken into account in order to verify the conditions 
stipulated during the design phase, concerning radiation protection of workers, the public and the environment are 
being followed. 

During the construction stage, a large proportion of the regulatory controls are intended to check that some 
criteria related to the cyclotron vault are followed, such as: 

1. A cyclotron vault must be a monolithic structure; this is achieved by a one single cast of concrete 
or, in case it were no technically possible, by another technical solution that guarantee the 
shielding capacity of the vault. 

2. Formwork and shoring systems must not reduce the shielding capacity; these elements remain 
inside the structure after the concrete curing decreasing the shielding capacity, so they should be 
replaced by heavy extern shoring systems. 

3. Assembly of ducts ins and outs to the vault must avoid the leakage of neutrons; 90-degree bends 
over the three cardinal axes are necessary to be placed. 

4. Future decommissioning tasks must be foreseen; the adoption of concrete blocks that work as a 
‘sacrificial’ layer that facilitate the future dismantling works of the vault. 

The compliance of these criteria has been a challenge for the licensee. Some of these criteria could be 
applied and others presented some difficulties (that are described below) that made necessary to apply innovative 
technical solutions. 

1. A cyclotron vault must be a monolithic structure, 
It was informed to ARN that there was no available concrete supply in Córdoba city to complete one single 

cast at once. Thus, it was necessary to plan several concrete casts to erect the vault in layers of concrete. A 
construction through layers of concrete can produce deficiencies in the contact surfaces that could affect the 
shielding capacity of the vault and the consequent risk of radiation leakages. After a discussion with the facility 
manager, it was agreed to insert a double wooden frame inside the steel armor, along the perimeter of the vault. 
A short time after the pour of concrete of the layer is finished, the wooden frame would be retired to produce 
‘steps’ that avoid interface plans between the layers of concrete. 

The construction project of the vault that was presented by the facility to ARN is illustrated in the next 
figure. 

 
FIG. 1. Vault project with the concrete cast in six layers 
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The ARN analyzed that plan and suggested to modify the height of the layers n°2 and 3, because the 
interface surface between those layers matched the proton acceleration plan of the cyclotron and its targets. (See 

FIG. 2) 
  

 
FIG. 2. Vault with the layers’ height modified 

 

In addition to this, it was requested to vibrate the concrete with appropriate equipment during the pouring, 
to prevent the generation of air bags inside the vault shielding. 

2. Formwork and shoring systems must not reduce the shielding capacity, 
It is common in civil constructions the use of metallic tensors to grew the resistance of the concrete 

containment during the pouring and simplify the formwork assembly. These tensors remain in the shielding 
structure and might produce possible radiation leakages due to metal corrosion. For this reason, it is requested to 
replace the use of tensors for extern shoring systems that have to be able to resist the concrete pressure.  

Extern shoring systems were foresaw in this project and this criteria could be successfully complied 
through the adoption of different kinds of shoring systems. (See FIG. 3) 

   

 
FIG. 3. Shoring systems 

 
3. Assembly of ducts ins and outs to the vault must prevent the leakage of neutrons, 

The route of ins and outs ducts to the vault that were presented in the ventilation system project, satisfies 
the requirements by adopting three 90-degree turns over the cardinal axes preventing neutron leakages. This can 
be observed in the next figure. 
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FIG. 4. Project of ins and outs ducts of ventilation system 

 
4. Future decommissioning tasks must be foreseen. 

ARN requested the facility to include a sacrificial layer in the vault project. The facility presented a project 
of concrete blocks with a particular design (See FIG. 5). This design of blocks to assemble allows the interior 
walls of the vault to be covered easily. 

 
FIG. 5. Concrete blocks project for ‘sacrificial´ layer 

 
Considering the expected use of local shieldings for FDG production targets, the resulting concrete blocks 

thickness is 10 cm. 

3. INSPECTIONS AND REGULATORY CONTROL 

The development of inspections during the construction stage and especially prior to the pouring of the 
concrete, allows the regulatory body to verify whether the criteria described in the previous section have been 
considered. 

The restrictions established due to the COVID-19 pandemic made it difficult to travel to Córdoba city to 
carry out on-site inspections. Thus it was required to implement alternative solutions in order to continue with the 
regulatory control adequately. ARN adapted its regulatory processes incorporating the remote work, and to this 
extent, the ‘Class I Particle Accelerators Sector’ followed the execution of the civil works remotely by reviewing 
photographic reports that the facility sent to the ARN continually.  

In this context, photographic records of the civil works were critical and it was extremely important that 
workers in charge of taking these photos understood what needed to be depicted in them. For this purpose, a 
remote meeting between inspectors of ARN and the civil work staff was made. Inspectors of ARN clarified 
relevant concepts as well as answered questions and the staff could take great pictures of the civil work progress.  
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The following pictures show the fulfillment of the criteria, according to the approved project. 
 A cyclotron vault must be a monolithic structure, 

 
FIG. 6. Wooden frame inside the armor previous the concrete cast 

 

                   
FIG. 7.  Double wooden frame inside the armor             FIG. 8. The ‘step’ generated by the wooden frame 

1489



 
FIG. 9. A civil worker vibrating the concrete during the cast 

 
 Formwork and shoring systems must not reduce the shielding capacity, 

    
FIG. 10. Shoring system to extern vault wall  FIG. 11. Shoring system to intern vault wall 
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FIG. 12. Absence of intern metallic tensors 

 

 Assembly of ducts ins and outs to the vault must prevent the leakage of neutrons, 

    
FIG. 13. Ins and outs ventilation ducts from the vault 

 

The proper assembly of ventilation ducts was verified by these pictures. In addition to this, the electrical 
cabling, water, gas and product supply tubing to and from the cyclotron were also properly placed on trenches in 
the vault floor, connecting to the underside of the cyclotron.  
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FIG. 14. General services piping 

 

 Future decommissioning tasks must be foreseen. 

    
FIG. 15. Concrete blocks for ´sacrificial’ layer 

 

The inner walls of the cyclotron vault were covered with concrete blocks as it was approved in the design 
phase. These concrete blocks were built on the construction site. 

4. CONCLUSIONS 

The objectives of the regulatory control during the vault construction were successfully fulfilled. The 
current criteria in the matter were properly considered and adapted according to the needs and the technical 
limitations, as it could be observed. 

The Covid-19 restrictions forced inspections processes to be adapted and the results obtained by the ‘Class 
I Particle Accelerators Sector’ of ARN in the control of construction stage tasks have been very positive until 
now. The implementation of a remote meeting to exchange knowledge with not only the operators but also the 
civil work team has been a great decision in order to assure that the verification could be done properly, taking 
into account that some relevant aspects can be verified only during the concrete cast but not later. 

The early participation of the regulatory bodies in the evaluation of the design projects and the fluid 
communication with the operators could demonstrate that streamlines the progress of the civil work. 

Fortunately, a few months after the concrete cast, the restrictions were released and the inspectors of ARN 
could verify on site that the construction progress is in accordance with the approved project. However, it is 
valuable to consider that despite the fact that remote controls had satisfactory results, they do not replace on-site 
verifications; because the remote control success relies strongly on an effective communication between the 
licensee and the regulatory body, which could not always be the case.  

Currently, the construction authorization is still valid and this stage continues by the assembly of the 
radiopharmacy systems and the radiological protection equipment. The cyclotron is already placed and also the 
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hot cells of the radiopharmacy lab. At April of 2022, the external contractors are finishing their construction jobs 
and the commissioning authorization has been already requested to ARN. 
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Abstract 
 
The Argentine public health system is currently carrying out the project of the Argentine Proton Therapy Center 

(CeArP), being the first in the region to incorporate high-energy proton beams for cancer treatment. This center is designed 
to have two treatment rooms and a Research and Development laboratory, provided with a 230MeV proton beam generated 
by a cyclotron. This project represents a challenge for the regulatory body, the Nuclear Regulatory Authority of Argentina 
(ARN), as it does not have a specific regulatory framework or staff with prior experience in this technology. The paper 
summarizes the activities conducted by the ARN during the CeArP licensing process, describes the regulatory approach 
adopted and the implemented steps to strengthen its capacities. Finally, the milestones achieved so far, the lessons learned 
and future plans are presented in the paper, as well as the challenges caused by COVID-19 pandemic that led to adapting de 
regulatory process with remote collaborative work to analyze the documentation.  

1. INTRODUCTION 

In 2016, the National Commission of Atomic Energy (CNEA) notified to the Nuclear Regulatory 
Authority of Argentina (ARN) the plan to carry out the project of the Argentine Proton Therapy Center 
(CeArP). The original project included a treatment room and a Research and Development laboratory, provided 
with a 230MeV proton beam generated by a cyclotron. Despite pauses in the project that delayed construction, 
progress continued and modifications were implemented, adding one more treatment room to the original 
design. The placement has been defined in Buenos Aires City, in a strategic zone, next to the Oncology Institute 
“Dr. Angel H. Roffo” and the “Nuclear Medicine Center Foundation (FCDN)”. 

This center would be the first in Latin-America with this type of technology, representing a challenge not 
only for the entity in charge to operate the facility, but also on the regulatory side. During this time ARN had to 
work improving their technical capabilities to deal with this new technology properly. Furthermore, the 
regulatory framework of ARN had to be adapted to carry out the regulatory processes in a proper way. 

Finally, in February 2021, the Responsible Entity presented the documentation formalizing the beginning 
of the licensing process of the facility.  
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2. REGULATORY APPROACH 

The ARN is facing this regulatory endeavour working on different strategies. Since the beginning of the 
project, the development of technical capabilities of the personnel has been a priority. Furthermore, adapting the 
regulatory framework and different organizational aspects in order to facilitate the licensing processes to a new 
technology has been a great challenge.  

2.1. Training 

Since ARN was notified of the Argentine Proton Therapy Center (CeArP) project in 2016, efforts are 
being made by the regulatory body to further develop the technical capabilities of its human resources, 
through the participation of members of the evaluation group in technical meetings, workshops, 
specializations studies, collaboration projects with other regulatory bodies and internal training sessions 
related to proton therapy, among others. 

2.1.1. Participation in technical meetings, workshops 

ARN has encouraged the participation of the personnel in technical meetings and workshops; events as a 
technical meeting in the University of Philadelphia that took place in 2016 with the vendor of the center, 
or the 1st Argentine Workshop of Proton Therapy in 2019. 

2.1.2. Specialization Studies 

Most of the members of the evaluation group have completed the IAEA funded Specialization Course in 
Radiological Protection and Safety of Radiation Sources. Moreover, one member chose the licensing of a 
proton therapy center as the final project for the Specialization. 
Additionally, another member embarked on master's studies through a Fulbright scholarship in the 
United States, at the University of Florida, which houses an active proton therapy center. He was able to 
take different courses on various topics relevant to the licensing of the center and participate in the Penn 
Radiation Oncology, “Fifth Annual course in Proton Therapy”, in November 2018. 

2.1.3. Internal training sessions 

A comprehensive reading of IAEA-TECDOC 1891 was performed; the document was distributed among 
the personnel for its reading and study after its publication in January 2020. A session was organized to 
discuss the most relevant topics of the document. 

2.1.4. Collaboration projects with other regulatory bodies 

There is a collaboration project signed in 2021 between ARN and CNEN (the regulatory body of Brazil), 
where it was included the cooperation in ‘Proton therapy and authorization processes in high energy 
cyclotrons’. Thus, exchange activities were programmed including remote virtual meetings and technical 
visits in Argentinian and Brazilian facilities. The authorization processes for facilities’ personnel were 
also included in the agenda, which is in progress. 

2.2. Regulatory framework 

The Nuclear Regulatory Authority of Argentina (ARN) is the responsible of establish, develop 
and implement a regulatory regime for all nuclear activities carried out in Argentina. The national law 
Act 24.804, which came into force on April 25, 1997, gives to the ARN the power of dictate the country 
standards. The regulatory framework of the nuclear activity is sustained by 64 regulatory standards and 
10 regulatory guides. It classifies the facilities as Class I, Class II and Class III considering the following 
criteria [1]: 
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 radiological risk associated to the radiation sources in the facility or practice,  
 environmental radiological impact,   
 radiological consequences of potential exposures, 
 the ocupational doses and,  
 technological complexity. 

From the argentine regulatory framework, does not emerge a direct classification for a proton therapy 
facility. This classification is not trivial, since all the medical applications with accelerators are classified 
as Class II facilities and cyclotrons are generally considered Class I. But in this case, the facility was 
considered as one single element. 
ARN has strengthened its regulatory framework for authorization and processes oversight, to ensure that 
national and international standards are met. For this purpose, ARN has defined some general guidelines 
related with the authorization processes of the facility and the regulatory task assignments. 

2.2.1. Authorization process 

The Argentine Proton Therapy Center (CeArP) was categorized as a Class I facility ¡Error! No se 
encuentra el origen de la referencia.. This classification was defined using a graded approach, 
considering not only the radiological risk of its operation, but also the consequences of an 
incidental/accidental event and its technological complexity [3]. The authorization process is being 
implemented in four stages, with construction, commissioning, operation and decommissioning 
authorizations, as established by the ARN standards for Class I facilities and the recommendation of 
IAEA ¡Error! No se encuentra el origen de la referencia..  

2.2.2. ARN Strategic plan 

The authorization process of the Proton Therapy Center has been included as a priority in the ARN 
strategic plan for 2021-2025. In this manner, ARN reaffirms its commitment to radiation safety with the 
corresponding allocation of resources [5]. 

2.2.3. Creation of the Project 

To carry out these regulatory endeavours, a multidisciplinary working group was formed by the ARN, 
with strategic personnel with background in regulatory affairs in an attempt to leverage prior experience. 
The creation of the ‘Licensing Project of the Argentine Center of Proton Therapy’ gives a formal 
structure, but taking into account that their members belong to different working areas of the ARN with 
their own responsibilities. 
The ‘Project’ has its following objectives: 

 Manage the licensing of the facility, until the eventual granting of the Operating License, 
 Plan regulatory activities related to licensing, 
 Generate the necessary communications with the Responsible Entity, 
 Manage documentation related to licensing, 
 Coordinate the necessary evaluations and give intervention to suitable personnel of the "Class I 

Particle Accelerators" sector and the "Radiotherapy and Brachytherapy" department, in addition 
to submitting requests for external evaluations to management when necessary, 

 Prepare the relevant reports 
The ‘Project’ depends on the ‘Radiation Safety, Safeguards and Security’ Department of ARN and it is 
essentially formed by two sectors: “Class I Particle Accelerators Control” and “Radiotherapy and 
Brachytherapy¨. Two members of other ARN sectors with experience in safety assessments have been 
summoned to the working group, and to this day, it is composed of six members.  
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3. RESULTS 

After several years of work, results are starting to be seen in each of the lines of action in which the ARN 
has advanced.  

3.1. Training 

The training activities carried out to date have given satisfactory results, being able to strengthen the 
capacities of the staff introducing themselves in the particularities of the proton therapy. In addition, the 
trainings have allowed the personnel of the two main sectors participant to be able to get involved in the 
regulatory aspects that derive from the other and thus increase the technical capacities of the group.  
There are some other activities planned to be carried out soon, as the technical visits of experts and the 
development of knowledge exchange activities with other regulatory bodies with experience on 
authorization and inspection process of this technology.  

3.2. Authorization processes 

3.2.1. Facility 

In February 2021, the Responsible Entity submitted to the ARN the Preliminary Safety Report required 
for granting the construction authorization, which has been evaluated by the working group of the 
‘Licensing Project of the Argentine Center of Proton Therapy’. Due to the COVID-19 restrictions, the 
regulatory processes needed to be adapted; in this way, the safety assessment of this documentation was 
realized remotely. 
Virtual technical meetings were realized for this purpose, where technical discussion enriched the group 
work. Other ARN sectors have contributed in the evaluation working in specific topics. Technical reports 
with the safety assessment conclusions were made and circulated among the group. 
At the moment, the experience of virtual work in safety assessment has been very positive for this 
working group. The work has been smooth and efficient and it is expected to continue in this way with 
the evaluation of the remainder documentation that it is expected to come. 

3.2.2. Staff 

Facility personnel will be authorized through a mixed licensing scheme, combining the staff licensing 
process applicable to Class I facilities with the one for obtaining individual permits that applies to Class 
II facilities [6] [7]. This licensing scheme has been developed by applying a graded approach to existing 
ARN standards for staff licensing during the evaluation of the proposed organizational structure of the 
Proton Therapy Center. Emphasis will be placed on ensuring adequate education and training for all 
positions in the organization chart, as well as the application of an Integrated Safety Management System 
that includes a program for the promotion of a strong safety culture, according to ARN standards, in 
particular AR 10.6.1 “Management System for Safety” and GSR Part 3 [8]. 
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4. CONCLUSION 

The efforts made by the ARN since the notification of the construction plan to assume the licensing of a 
new technology, such as proton therapy, are showing promising results. 

On one hand, special efforts have been made to support and promote staff training. The ARN understood 
from the beginning that the training process must be continuous and once started, the skills of the personnel 
must be maintained and improved. From 2016 to date, several training activities have been completed with 
satisfactory results. It is planned to continue in this direction in the years to come. 

On the other hand, it has been necessary to strengthen the regulatory framework in order to carry out the 
licensing process in accordance with national and international standards. For this reason, work is being done on 
the application of a graded approach both to the licensing of the facility itself and in the personnel licensing 
process, with visible progress. 

To meet the aforementioned objectives, the development of an ‘ad hoc’ working group, with 
complementary backgrounds, can be considered an adequate decision. Proof of this is the work carried out, 
within the context of the restrictions due to the pandemic, delivering concrete results such the complete 
evaluation of the first version of the Preliminary Safety Report. 

Finally, the ARN's commitment to safety and good practices has been demonstrated, which are not only 
expressed in documents such as the strategic plan, but also in regulatory actions and we hope to continue on this 
path. 
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ABSTRACT 

Esta presentación se realizó en respuesta a la invitación del OIEA a integrar la mesa redonda 
“Desafíos regionales en la implementación de la protección radiológica ocupacional” (Regional 
challenges in implementing occupational radiation protection). 

En esta ponencia titulada “Previsión de estrategias normativas para fortalecer la protección 
radiológica ocupacional” se expuso, en una primera parte, la experiencia de más de 70 años de 
Argentina en tópicos relacionados con el “llamando a la acción” del OIEA en la Conferencia 
previa del 2014, relacionados con la formación de recursos humanos regionales, la 
participación en foros para el fortalecimiento de la protección radiológica y el desempeño en la 
misión I.R.R.S.  

En una segunda parte, se detalló la tarea del CONSEJO ASESOR EN APLICACIONES DE 
RADIOISÓTOPOS Y RADIACIONES IONIZANTES (C.A.A.R.) como parte estratégica del 
proceso de ARN para el licenciamiento de personal en instalaciones médicas, industriales e 
investigación con la función de verificar que sean observados los requisitos regulatorios 
establecidos en la normativa de aplicación. 

Se destacó la relevancia de contar con una opinión experta e independiente aportada en las 
recomendaciones al Directorio por los vocales de este Consejo Asesor, en cuanto a la 
aprobación o rechazo de solicitudes de permisos individuales, la actualización o propuestas de 
nuevos requerimientos, y la revisión de los programas de educación y entrenamiento de los 
regulados. 

Se concluye que los Consejos Asesores contribuyen efectivamente en las estrategias para el 
fortalecimiento del proceso de licenciamiento aportando transparencia y expertice para la 
actualización de la Normativa, principalmente, en el caso de nuevas tecnologías, prácticas 
médicas y nuevos radiofármacos.  
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ARGENTINA 

 

Regional challenges in implementing occupational radiation protection 

Round table: Friday, 9 september 2022, 10.30-11:30 A.M.  

Background 

1. Implement the existing international safety standards to 

improve occupational protection of workers (Argentine 

IRRS - Integrated Regulatory Review Service - 2022) 

 

 

Call-for-Action: 2nd O.R.P. 2014 (Argentine follow up) 
 

 https://www.argentina.gob.ar/noticias/revision-internacional-para-la-seguridad-nuclear-y-radiologica 
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Background 

5.- Increase training and education in occupational radiation 

protection 

Training and education includes periodic refresher training  

(Argentine trains and requires training by licensing process) 

 

 

Call-for-Action: 2nd O.R.P. 2014  

(Argentine follow up) 
 

Application of the requirements for education; training; qualification and 

competence in protection and safety 

Education and Training Appraisal (EduTA)  

mission to Argentina 

 
6-10 November 2017 

 
https://www.argentina.gob.ar/noticias/argentina-recibe-una-mision-internacional-para-evaluar-la-ensenanza-en-

proteccion 

 
 

Background 
Call-for-Action: 2nd O.R.P. 2014  

(Argentine follow up) 
 

Professionals Trained in Argentina 
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Background 

� 6. Improve safety culture among workers exposed to 

ionizing radiation 

Promote safety culture by regulatory authorities through outreach and 

education (Argentine participates actively) 

 

Call-for-Action: 2nd O.R.P. 2014  

(Argentine follow up) 
 

Focusing Priorities 

Regulatory strategies: Identify challenges  

for an effective enforcement 

Finding improvements 

ORP 
Which? 

INDEPENDENCE 

Transparency & Openness 

Confidence  

of interested 

parties 

Credibility 

Communication 

 

Promotion of an active 

participation  
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Milestones of Nuclear Regulatoty Authority 

Advisory Councils 

Advisory Councils of Nuclear Regulatory Authority 
(60 years of experience) 

C.A.A.R. 

ADVISORY COUNCIL ON MEDICAL, INDUSTRIAL AND 

RESEARCH USES OF RADIOISOTOPES AND IONIZING 
RADIATION USES 

Gobernmental, legal and regulatory  framework for 

safety  GSR PART 1 REV-1 
  

 

4.18  The regulatory body may decide to give 

formal status to the processes by which it is 

provided with expert opinion and advice. If 

the establishment of advisory bodies, 

whether on a temporary or a permanent 

basis, is considered necessary, it is essential 

that such bodies provide independent advice, 

whether technical or non-technical in nature.  
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Organization, Management and Staffing of the Regulatory 

Body for Safety GSG 12 
 

4.38. The regulatory body may choose to give a 

formal structure to the processes by which 

expert opinion and advice are sought and 

provided. An effective advisory committee can 

provide a valuable service to the regulatory body 

by helping to ensure that policies and regulations 

are clear, practical and complete, and provide a 

good balance between the interests of 

authorized parties and the needs of the 

regulatory body and other interested parties. 

4.39. Advisory committees should report to the 

highest level of authority within the regulatory 

body.  

 

Regulator 

challenge 

  use of medical    
procedures  

Occupational 
exposed workers 

New & complex  

health technology 

New radiopharmaceuticals 

Positive 

impact 

in ORP 

Strategies 

 to strengthen  

the ORP 

Regulatory strategies: Identify challenges  

for an effective enforcement 

MEDICINE  

q Re-Training of healthcare professionals in 

radiation protection (Requirement) 

q Listen relevant professional bodies 
 (Advisory councils) 
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ORP 

ARN 

workers 

Advisory 
councils 

(C.A.A.R.) 

Facilities 

Argentine Nuclear Regulatory Authority (ARN) 

C.A.A.R. 

commitment 

 

C.A.A.R. facilitates and 

ensures the 

communication and 

collaboration between 

interested parties 

 

Council advises to Board of Directors of the Nuclear Regulatory Authority (ARN) 

FOR completing the process of users licenses approval 

IN using ionizing radiation in medicine and industry 

 According with GSG-12:  

Organization, Management and Staffing of the Regulatory Body for Safety 

Advisory committees should report to the highest level of 

 regulatory body 

Duties 

Council reports directly to Board of Directors 

Advisory council C.A.A.R. 

ü Approval or rejection of applications 

ü Update or propose new requirements 

ü Review education and training programs 

 Recommends actions to be taken by ARN on users application:  
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Advisory Council of the Nuclear Regulatory 

Authority Argentine  

 

IS  a collegiate body, for advising Board of Directors 

 

 FOR   granting application of R.P. Standars 

 CAAR strengthens the process of licensing in Argentina 

ü for affording greater confidence and quality to the process 

ü for providing greater transparency 

 

Stakeholder expertise 

Stakeholder commitment 
ARN counts on  

C.A.A.R. Council 

Advisory council demonstrates contribute effectively  with regulatory strategies 

to strengthen occupational radiation protection 

 

Licensing Process 

License 

Application 

CAAR 

(2nd review � radiological 

protection issues) 

BOARD OF 

DIRECTORS 
Legal Affairs 

(legal review) 

RADIOLOGICAL SAFETY OPERATIVE GROUP (1st review) 
License 

Approval 

Administrative 

affairs (billing) 

RADIOLOGICAL SAFETY OPERATIVE GROUP (1st review)

Proceeding of meeting 

CAAR conducts a second revision  

checking the compliance with the requirements applicable to the personnel licensing 
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CAAR: internal procedure steps 

GSRFyS 
Plenary 

meeting 
DIR Recommendations Pre-revision 

CAAR 

CAAR Members 

Stakeholders, recognized expertise in:  

Nuclear Medicine 

Radiopharmaceutical 

Production Radiation Oncology Industrial Uses Medical Physics 
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CAAR:  EXTERNAL MEMBERS 

 Nuclear Medicine Physicians: 

ü María José Bastianello; Clinician Research and Medical Education Center, Norberto Quirno 

ü Ana Cristina Zarlenga; CNEA, National Atomic Energy Commission, Oncology Institute, Roffo,Bs As University 

ü Dra. Mariela Silvina Agolti; Clínica Modelo, Paraná Entre Rios 

 

Radiopharmaceutical produciion and research: 

ü Guillermo Casale; Bacon Laboratories SAIC  

ü Silvia Inés Gómez de Castiglia Tecnonuclear Laboratories SA  

 

Radiotherapy:  

ü Pablo Menéndez; Oncology Institute, Angel Roffo, Buenos Aires University 

ü Carlos Pizzo; RT Cumbres GG, Rosario,  Santa Fe  and   ITR  San Nicolás, Buenos Aires  

ü Pablo Andrés Castro Peña; Radiotherapy-Oncology Instituto Zunino �Marie CurieFundation , Córdoba 

 

Medical Physicist 

ü Mauro Namías; Nuclear Diagnostic Center Foundation 

ü Ricardo Ruggeri; Health Leben, Rio Negro y Neuquen Medical Foundation 

ü Leopoldo Mazzucco, Private Radiotherapy Center,  Río IV, Córdoba 

 

Industrial applications: 

ü Emilio Nicolás Olivar Godaz; CNEA National Atomic Energy Commission 

ü Marcelo Kisielewicz Schlumberger Argentina S.A 

ü Benjamín Tenconi Hidrovía S.A.  

C.A.A.R.: external members 

Instituto de Oncología A. Roffo 
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Ana Maria ROJO  
 

CAAR 

Argentine Advisory Council on Medical, Industrial and Research Uses of 

Radioisotopes and Ionizing Radiation Uses 

 

ARN  

Nuclear Regulatory Authority 

 

 

Email: arojo@arn.gob.ar  

Thank you!! 
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Enhancing gender equality in 
nuclear security regulation

Ms. Victoria Roston

Nuclear Regulatory Authority (ARN)
Overview

Women 44%

Regulatory profile: 54%

Nuclear security profile: 10%

ARN STAFF 371

Regulation

Verification

Enforcement

Radiological Safety

Nuclear Safety

Safeguards & Nonproliferation

Physical Protection (Security)
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Nuclear Regulatory Authority
Representation in Nuclear Security

• Point of Contact for the: 

• Alternate Member of the IAEA Nuclear Security Guidance Committee (NSGC)

• Co-chair of the Global Initiative to Combat Nuclear Terrorism (GICNT) 

Response and Mitigation Working Group

• CAOC for IAEA Unified System for Information Exchange in Incidents and 

Emergencies (USIE)

• WINS Academy Ambassador

− CPPNM and its Amendment

− Code of conduct for the safety and security of radioactive sources

− IAEA Incident and Trafficking Database (ITDB) 

Nuclear Regulatory Authority
Gender Policies

Framework Cooperation Agreement that will enable the ARN:

• Develop an institutional framework on gender, equity and diversity 

policies

• Develop tools to deal with and prevent situations of gender violence

• Design and implement a comprehensive training plan on gender 

perspective, diversity and gender-based violence and harassment

Strong commitment to gender equality
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Nuclear Regulatory Authority
Gender Initiatives

Task Group on 
Improving

Gender Balance

Impact Group Task Group

Strategic 
objectives

Annual
Training Plan

Inter-
departamental 

approach

Experts advice

Job-task 
analysis

Support
documentation

Nuclear Security Training Program
Development
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Execution

• General training

− Induction course

− Refresher courses

Nuclear Security Training Program

• Regional Training Center for Latin America and the 
Caribbean for the education and training in Nuclear, 
Radiological, Transportation and Waste Safety

− Specialization Degree on Radiation Protection and 

Safety of Radioactive Sources

− Specialization Degree on Nuclear Safety

− Basic Course on Radiation Protection 

Execution

• Security specific training

− On the job training

− Field training for inspectors

− Internal theme-based seminars

− Participation in regional and international 

training courses

Nuclear Security Training Program (cont’d)
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Conclusions

• Supporting rising female leaders

• Initiatives that highlight the experiences and achievements of women in 

nuclear security

• Promoting and sustaining a gender-balanced culture

• Dialogues and action plans among relevant actors

• Promotion of formal training spaces and inclusion of nuclear security

Thank you!
Ms. Victoria Roston

Non-Proliferation Policies and Institutional Affairs Department
mroston@arn.gob.ar
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Abstract 
 
Argentina joined the Member State Support Programme in 1994, as a means to contribute to the International Atomic 

Energy Agency’s safeguards development and implementation needs. Over these years, the Argentine Support Programme 
(ARG-SP), while relatively modest in size, has supported several and relevant tasks that were effective in solving technical 
safeguards issues. The national coordination of the ARG-SP, responsible for overall programme management, oversight and 
direction, is under the Nuclear Regulatory Authority (ARN) –organization dedicated to the regulation and control of the 
nuclear activity in the areas of radiological and nuclear safety, physical protection and nuclear security, and safeguards and 
nonproliferation–. Through in-kind contributions and with the support of key local partners, the ARG-SP is currently 
focused on the development of innovative methods and techniques, DA and NDA measurement of nuclear material, sealing, 
containment verification, capacity-building, and other activities under the areas of management, strategic planning and 
partnership. This paper provides an overview of the ARG-SP since its creation, reviews the most relevant technical tasks 
carried out in the past four years, and shares the challenges and steps to follow. 

1. INTRODUCTION 

The Member State Support Programme to the International Atomic Energy Agency’s Safeguards 
(MSSPs) arose from two main reasons: “(1) A decision by the Board that any development needs would best be 
met through Member State facilities rather than have the Agency develop its own in-house capability; and (2) 
the recognition by the Agency that certain safeguards deficiencies and needs could only be met by the 
development of new equipment and techniques” [1]. Since late 70s, Member States have been contributing to 
the International Atomic Energy Agency’s (IAEA) safeguards mission through their MSSPs. 

The MSSPs pursue tasks across the full range of the Department of Safeguards’ multi-disciplinary 
technical work, including the development of instruments and techniques, facility and nuclear material access 
for training, expert consulting, among others [2]. 

Argentina joined the MSSP in 1994, with a relatively modest and in-kind contribution under the 
coordination of the National Board of Nuclear Regulation (ENREN), which in 1997 became the Nuclear 
Regulatory Authority (ARN). Since then, the Argentine Support Programme (ARG-SP) to IAEA safeguards has 
been managed by the ARN. 

The ARN is the national agency in charge of regulating nuclear activities in Argentina, with competence 
on radiological and nuclear safety, physical protection, safeguards and nuclear non-proliferation matters. It is an 
autarchic entity within the jurisdiction of the Presidency of the Nation, with authority, competence and adequate 
financial and human resources to fulfil its assigned responsibilities; and it is independent of any organization 
dedicated to the use or the promotion of nuclear energy in any of its forms [3].  

Safeguards-related activities are performed by two areas within the ARN: the Non-Proliferation Policies 
Division and the Control of Safeguards and Physical Protection Division. Since 2016, with the aim to better 
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integrate an appropriate mix of skills and combine different kinds of expertise, the Coordination of the ARG-SP 
has been managed by these divisions.  

The ARG-SP Coordination reviews individual task requested from the IAEA, decides which will be 
accepted, identifies the experts/facilities that will participate and monitors the progress and results of each task. 
To perform those duties, the Coordination interfaces with partners it deems appropriate to be involved in the 
different activities, by coordinating meetings to agree on the main milestones and deliverables of each task; 
providing support when necessary and following up on the progress of the projects. The main Argentine partners 
are the National Atomic Energy Commision (CNEA) and Nucleoeléctrica Argentina (NA-SA). Both of them 
give support through technicians and specialists in the nuclear fuel cycle and provide installations for visits and 
testing of materials, equipment and technology.  

CNEA is the public organization devoted to research and development (R&D) in the peaceful uses of 
nuclear energy, fosters technologically innovative activities in the nuclear area and develops and transfers new 
technologies in associated fields [4]. CNEA has three Atomic Centres and a Technological Complex, owns and 
operates research reactors and is responsible for the CAREM SMR project, among other relevant activities. For 
its part, NA-SA is the state-owned company in charge of the operation of the three nuclear power plants in 
Argentina (Atucha I, Atucha II and Embalse) and the management of projects that ensure the normal operation 
of its facilities [5]. 

Likewise, the programme has the invaluable participation of the Brazilian-Argentine Agency for 
Accounting and Control of Nuclear Materials (ABACC), which has been crucial to achieving success in some of 
the most important tasks carried out by the programme. The ABACC is a bilateral safeguards agency aimed at 
the management and implementation of the Common System of Accounting and Control of Nuclear Materials 
(SCCC), established by the Agreement between the Republic of Argentina and the Federative Republic of Brazil 
for the Exclusively Peaceful Use of Nuclear Energy.  

Additionally, the Embassy and Permanent Mission of the Republic of Argentina to International 
Organizations in Vienna, which is part of all official communications with the IAEA Secretariat, also 
contributes to the ARG-SP by attending MSSP meetings based in Vienna and providing support to the 
coordination of the programme. 

2. OVERVIEW OF THE ARG-SP 

For over 25 years, the Argentine programme has made tangible contributions to the IAEA's safeguards 
mission supporting relevant tasks, most of them focused on safeguards approaches, NDA techniques and 
containment and monitoring systems [6]. Argentine participation in the MSSP has always been guided by the 
conviction that safeguards must remain objective and technically based and that States capabilities should 
contribute to improve both, their effectiveness and efficiency.  

With that aim, the first tasks accepted by the ARG-SP were directly linked to measurement methods and 
containment/monitoring systems, which would lay the basis of most of future contributions. Subsequently, the 
programme began to participate in tasks related to systems studies and information processing. Thematic 
distribution of the tasks carried out by the ARG-SP can be seen in FIG. 1.  

Through the years the focus of the programme has been mainly on projects from the Division of 
Technical and Scientific Services (SGTS), the Division of Concepts and Planning (SGCP) and the Office of 
Safeguards Analytical Services (SGAS). 

     Measurement Methods and Techniques
Containment, Surveillance and Monitoring Systems
System Studies
Information Processing
Special
Training
SG Evaluation and Admin. Support

FIG. 1. Thematic distribution of ARG-SP tasks 
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Following the guidelines of the Coordination of the Programme, the ARN includes in its annual oversight 

report -intended to monitor, supervise and control the administration and management of the public resources- 
the participation in the meetings of the Argentine Support Programme to IAEA Safeguards. Moreover, activities 
within the ARG-SP are contemplated in ARN’s Institutional Strategic Plan 2021-2025, under the strategic line 
“Consolidate safeguards and non-proliferation policies and compliance with international commitments”1. 

Although Argentina has a modest budget dedicated to the ARG-SP, the programme has made important 
in-kind contributions by providing access to different type of facilities for testing and expansion of safeguards 
equipment and techniques and support from specialized human resources to continuously improve verification 
activities. Since its creation in 1994, 25 tasks were accepted and 11 remain active (TABLE 1). 

The next sections describe the two tasks that synthesize the spirit of the ARG-SP, due to the importance 
of the contribution that is sought to be generated through its participation in the MSSP and to the successful 
coordination between different stakeholders. The last section includes a summary of other ongoing tasks. 

 
TABLE 1 

___________________________________________________________________________ 
1 https://www.argentina.gob.ar/sites/default/files/2018/10/plan_estrategico_institucional_2021-2025_vc-corta.pdf  

Task ID Title Status Acceptance date 
ARG A 857 Gamma/Neutron Signature C/S Device for SF Canisters Completed 28/08/1992 
ARG A 884 Verifications of "As Built" SF- Dry Storage Canisters Completed 28/08/1992 
ARG A 893 Feasibility Study on the Application of Bundle 

Counters/Core Discharge Monitors at Atucha 2 and 
Atucha 1 Reactors (OLRs). 

Completed 07/04/1993 

JNT A 1019 
ARG 

Implementation of Verification Methods for the Uranium 
Content in Diffusion Enrichment Plants (USA, ARG) 

Completed 18/01/1995 

ARG E 923 Remote Monitoring of Safeguards Equipment Completed 18/01/1995 
ARG A 1154 Qualification of Environmental Network Laboratories Terminated 03/08/1998 
ARG D 1228 Provision of Open Source Information Terminated 16/03/1999 
ARG E 1155 Unattended Monitoring System for Spent Fuel Transfers 

in a CANDU-600 Reactor 
Completed 14/04/1999 

ARG C 1165 Integrated Safeguards (Preparation for a Consultants' 
Meeting) 

Completed 14/04/1999 

ARG E 1156 Remote Data Transmission for Unattended Monitoring 
System in a CANDU-600 Reactor 

Completed 14/04/1999 

ARG C 1166 Application of the State-level Integration Concept on Fuel 
Cycles Under Safeguards 

Completed 14/04/1999 

ARG A 1645 Impact of Retrieval of Spent Fuel on Radiation Traces 
Taken on Dry Spent Fuel Storages 

Completed 08/06/2006 

ARG A 1637 Support for Instrumentation Technology Foresight Active  15/09/2006 
ARG A 1769 UF6 Sampling Method using Alumina Active 21/08/2008 
ARG C 1770 Guidance for Designers and Operators on Design Features 

and Measures to Facilitate the Implementation of 
Safeguards at Future Nuclear Fuel Cycle Facilities 

Completed 21/08/2008 

ARG A 1906 NWAL Qualification for Heavy Water Laboratory Active 08/07/2011 
ARG C 2310 Support for the 2018 Safeguards Symposium Completed 01/06/2017 
ARG D 2283 Creation of e-learning modules, supporting the 

preparation of State declared information 
Active 24/08/2017 

ARG A 2318 2D Laser Sealing System Test at RAD1 Active 19/09/2017 
ARG A 2452 Field Testing of the ABACC-Cristallini Method Active 22/04/2019 
ARG F 2550 International Target Values (ITV) 2020 Active 14/09/2020 
ARG A 2571 Field-testing of an Unmanned Surface Vehicle and neXt 

generation Cerenkov Viewing Device 
Active 04/12/2020 

ARG B 2627 IAEA Safeguards Traineeship Programme Support Active 29/11/2021 
ARG X 2628 COMPASS: Comprehensive Capacity Building Initiative 

for SSACs and SRAs 
Active 29/11/2021 

ARG X 2629 Support for the 2022 Safeguards Symposium Active 29/11/2021 
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2.1. “UF6 Sampling Method using Alumina” and “Field Testing of the ABACC-Cristallini Method” 

ABACC, with the support of Argentine and Brazilian researchers and laboratories, has developed a UF6 
sampling method for enrichment determination, named “ABACC-Cristallini Method”, based on a conceptual 
development of the Argentine chemist Osvaldo Cristallini. “The ABACC-Cristallini UF6 sampling method 
consists of retaining the UF6 by adsorption in alumina (Al2O3) pellets and subsequent hydrolysis of the UF6 
into uranyl fluoride (UO2F2) collected in a P-10 tube” [7]. 

The IAEA was interested in implementing this method and proposed the MSSP task “UF6 Sampling 
Method using Alumina”. The ARG-SP accepted the task in 2008 and designated an officer from the CNEA as 
point of contact. The ARG-SP together with the Brazilian-SP asked ABACC to coordinate the validation 
process of the method within this task and appointed ABACC officers as point of contact. The activities carried 
out within “the framework of the Brazilian and Argentinean Safeguards Support Programs with the coordination 
of ABACC represents a significant step towards the ultimate goal of using ABACC‐Cristallini UF6 method in 
place of some or most of the traditional UF6 sampling for safeguards. The intercomparison results obtained 
from different laboratories will be the basis of the validation process to confirm that the new method can be used 
for routine safeguards application at the enrichment plants” [8]. 

It is worth mentioning that, in parallel, ABACC continued to cooperate with other partners to validate 
and implement the method. As a result, in 2019, the ABACC-Cristallini UF6 sampling method was approved by 
the American Society for Testing and Materials (ASTM) and published as ASTM C1880-19: “Standard Practice 
for Sampling Gaseous Uranium Hexafluoride Using Alumina Pellets”.  

In 2017, and following the success of the “UF6 Sampling Method using Alumina” task, the IAEA 
submitted a proposal to some MSSP to begin field testing in order to validate the ABACC-Cristallini method at 
the commercial facility level. Again, the ARG-SP and the Brazilian-SP asked ABACC to play a leading role 
within the new proposal (“Field Testing of the ABACC-Cristallini Method”). The ARG-SP accepted the task in 
order to contribute by providing expertise and technical advice on the method itself. “Following support 
program regular meetings, and exchanges with State Authorities including on-site visits, the task was finally 
accepted by different countries and test campaigns were launched in 2019” [9].  

“The IAEA is currently validating the sampling technique at commercial uranium enrichment plants. 
Samples are delivered and analysed at NML to confirm the method performance. Practicalities of implementing 
this sampling method, such as conformance with facility safety procedures, working instructions, training, etc., 
are taking place at each facility so that the method can become a routine sampling method for UF6” [10]. 

The validation of the ABACC-Cristallini Method and its field testing at the commercial facility level are 
key activities for the ARG-SP, as a tangible contribution to the efficient application of safeguards. Among other 
advantages, the ABACC-Cristallini method allows handling non-reactive, non-volatile, solid UO2F2 sample 
instead of highly reactive and volatile UF6, where the sample amount is minimum and can be transported with 
lower radioactivity level, reducing radiological risks [11]. 

2.2. “2D Laser Sealing System Test at RAD1” 

The task “2D Laser Sealing System Test at RAD1” was intended to analyse a new containment solution 
that does not require physical attachment of seals and has the potential benefit of improving the effectiveness 
and efficiency of spent fuel verification. In particular, the task emerged as a solution to face the challenges to 
maintain the Continuity of Knowledge (CoK) in a new Dry Storage located in the Atucha I NPP, by monitoring 
the movement of canisters into each silo in the form of a Laser Curtain for Containment (LCCT) [12].  

“The LCCT creates a containment curtail which detects intrusion into predefined regions-of-interests 
(ROIs). Although its data is completely independent of optical surveillance – a requirement for dual C/S – the 
LCCT’s two-dimensional spatial data complements video data camera well, providing inspectors with high 
confidence that CoK has been maintained” [13]. The LCCT was developed by the IAEA with the technical 
assistance of the European Commission’s Joint Research Centre (JRC) and received the support of ABACC and 
Argentina through the ARG-SP for field tests.   

The ARG-SP formally accepted the task in 2017 through which it made available two Argentine facilities 
to carry out the necessary tests and provided support for the technical activities. For that aim, it involved the 
ABACC and two facility operators: NA-SA and the CNEA. The outcome of the task was expected to be 
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relevant, not only because it would provide an alternative that would reduce the inspection effort and resource 
requirements, as well as radiation exposure, but also because the 2DLC had the potential to benefit other storage 
facilities outside of Argentina facing similar challenges in maintaining CoK. 

In 2018, the preliminary testing in the pond area was conducted in order to get ready for a pre-installation 
test in the silos. “Although the proposed goals of the test were achieved, it showed that additional tests should be 
conducted to address important issues observed at that time before considering its use as a component of the C/S 
system. During 2019, the IAEA setup a LCCT test bed at its own premises in Vienna to perform further tests. 
The results were shared with ABACC. After a comprehensive review and analysis of the data, both agencies 
decided to conduct a near full-scale joint test to confirm the adequacy of the LCCT system for use at Atucha-1 
dry storage facility. This ABACC/IAEA functionality joint test was conducted in November 2019 in an 
Argentine facility which features were ideal to simulate the Atucha I NPP storage, with the cooperation of ARN 
under the MSSP” [14].  

The LCCT was successfully installed in December 2021, completing the original task. At the end of 
August 2022, the LCCT technology became operational as part of the UMS system implemented at Atucha 1 
NPP. The field test demonstrated that the system is reliable and continues to function regardless of optical 
surveillance and any lighting issues that arise, while saving safeguards inspector effort. The main conclusion of 
the task is that LCCT fulfills its function as a new containment solution and can potentially be used as a tracking 
technology. As of today, the LCCT constitutes one of the components of the dual Containment and Surveillance 
system in the new Dry Storage of Atucha 1 NPP, together with the surveillance cameras. 

2.3. Other ongoing tasks 

As mentioned above, the ARG-SP usually makes in-kind contributions by providing access to different 
type of facilities and support from its specialized human capital. 

This includes, for example, the support to the field-testing of technology, as it is the case of the task 
“Field-testing of an Unmanned Surface Vehicle and neXt generation Cerenkov Viewing Device”. Under this 
task, a Robotized Cerenkov Viewing Device (RCVD) was successfully tested at Atucha 1 NPP spent fuel ponds, 
in February 2022, obtaining valuable experience and useful information for the designers. The advantages of the 
RCVD for spent fuel verification campaigns are “better consistency in the measurements, an improved safety 
and a higher efficiency” [15]. In particular, the field test at Atucha 1 NPP made it possible to confirm that the 
RCVD meets the requirements for a safe deployment inside a spent fuel pond. Also the safety features of the 
control command software were validated and the images of the spent fuel assemblies in visual and near-
ultraviolet ranges were validated. The results of the test are expected to help the IAEA ensure that the final 
design will be acceptable to facilities and useful to IAEA Safeguards inspectors [16]. 

Also, in the past years the ARG-SP was able to resume the task “NWAL Qualification for Heavy Water 
Laboratory”, after renewing the commitment of NA-SA new authorities, which operates the laboratory that will 
go through the qualification process to support the IAEA’s Network of Analytical Laboratories (NWAL). The 
Argentine laboratory is expected to add supplementary capacity for the analysis of heavy water samples, 
considering that there is only one laboratory currently qualified under the NWAL: the Magyar Tudományos 
Akadémia (MTA) in Hungary [17].  

In terms of specialized human resource, it is worth mentioning the participation of seven experts from 
different Argentine institutions in the Consultants Group Meeting on “International Target Values 2020” and 
their contribution to the elaboration of its final document. The objective of the ITV-2020 project is to” issue the 
next set of updated and expanded ITV […] The proactive and early engagement of international stakeholders 
and the lessons learned from virtual meetings led the authors to consider a more continuous approach to ITV 
that would be more dynamic and collaborative, more resilient to resource disruptions, and more adaptive to 
changes in international communication culture and platforms” [18]. 

A few years ago the ARG-SP decided to be more active in training projects by making available its 
human capabilities and its facilities for this purpose, knowing that is an area of continuous need for IAEA 
Safeguards that rely on the availability of specialist facilities, expertise and materials to ensure that inspector 
capabilities are kept up-to-date [19]. The ARN “has always had a wide commitment to training and considers 
that these activities are a key towards competence building in the various angles of safeguards implementation” 
[20], therefore, the coordination of the ARG-SP expects to reinforce this commitment through the ARG-SP 
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Specifically, the ARG-SP has been working in the task “Creation of e-learning modules, supporting the 
preparation of State declared information” for providing the translation of the e-learning modules into Spanish, 
with the aim of reaching a broader audience. To that end it devoted a team that combines the professional and 
technical expertise of a public translator, working in the Non-Proliferation Policies and Institutional Affairs 
Department of the ARN, and four ARN non-proliferation and safeguard’s experts. At the beginning of the 2022, 
the ARG-SP sent its contributions to the IAEA and expects to take further steps. 

The ARG-SP also seeks to contribute to safeguards training efforts through the "Comprehensive 
Capacity-Building Initiative for SSACs and State Authorities (COMPASS)” and the “IAEA Safeguards 
Traineeship Program Support”. The ARG-SP is aware of the importance of the COMPASS initiative, which 
“provides tailored safeguards assistance to States to help them strengthen and sustain the effectiveness of their 
State system of accounting for and control of nuclear material (SSAC) and their state or regional authorities 
(SRAs) responsible for safeguards implementation” [21]. Within this framework, the ARG-SP has offered 
safeguards experts to provide technical training on the IdentiFINDER equipment and specialists to support the 
Development of a National Training Program on Safeguards of a Latin American country, with the option of 
planning practical exercises in Argentina, including the search for and identification of radioactive sources and 
materials. Regarding the “IAEA Safeguards Traineeship Program” the ARG-SP looks forward to contribute to 
its objective of increasing the number of qualified candidates eligible to work at the IAEA or within their State 
or Regional regulatory authority responsible for safeguards [22], by sharing, for example, the Argentine 
experience in nuclear regulation with a focus on research reactors.  

3. SHAPING THE FUTURE ARG-SP 

Nuclear safeguards have been shifting to meet the changing nuclear proliferation concerns. IAEA experts 
pointed out that as the challenges and opportunities for the Agency’s verification have evolved, so too has the 
nature of needed support [23]. In recent years, the great and rapid technological advances have demanded a 
timely and innovative response from the IAEA to be able to fulfil its safeguards mission. To this end, the 
support of the MSSP has been crucial.  

The ARG-SP is committed to enhancing its contribution to IAEA safeguards through the MSSP and is 
setting its goals towards its 30th anniversary, in 2024. 

One of these goals is to improve the structure and formal organization of the ARG-SP with the aim of 
facilitating practical cooperation and interaction between the Coordination and stakeholders and clarifying 
procedures and responsibilities of organizations involved in the programme implementation. This includes the 
outlining of the guiding principles and objectives of the ARG-SP and the approval of an internal procedure for 
the management of all communications through the national Electronic Document Management (GDE) system. 

The second goal is to increase the visibility of the ARG-SP in order to strengthen its outreach efforts. 
This objective responds to the decision of generating new partnerships with national universities and technology 
companies to provide support in areas so far unexplored by the programme. Inspired by the experiences of other 
MSSPs, an official brochure on the ARG-SP will be designed for this purpose. In recent years, the programme 
has been reinforcing its outreach activities and has already carried out various actions, in close collaboration 
with the Communication and Design area of the ARN, some of which were related to the support provided by 
the programme to the organization of the safeguards symposiums. 

The third goal of the ARG-SP is to increase efforts in a key assistance area: education and training, 
where activities have been growing in number, diversity and importance over the past decade within the 
Department of Safeguards [24]. As above mentioned, the ARN has always had a wide commitment to training 
and attaches great importance to reinforce capacity-building efforts [25]. One of the lessons learned from the 
pandemic is the importance of the availability of virtual learning resources, which also have the advantage of 
supporting safeguards national authorities’ training with reduced costs and greater accessibility. With the aim of 
avoiding duplication of efforts and aware that training and capacity building are directly linked to the 
development of core and functional competencies of IAEA staff and enhancement of effectiveness of State 
System of Accounting for and Control of Nuclear Material (SSAC’s) [26], the ARG-SP will give priority to the 
tasks suggested by the IAEA in this area. 

Based on the fulfilment of these objectives, it is expected not only to reinvigorate the ARG-SP, but also 
to renew its commitment to the IAEA safeguards by looking ahead. 
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Abstract 
 
The CAREM 25 is the first nuclear power reactor entirely designed and built-in Argentina. It is a prototype of a light 

water low power reactor with some features that simplify its design and contributes to a higher safety level. The construction 
of this prototype by National Atomic Energy Commission (CNEA), must demonstrate feasibility and safety on a smaller 
scale than that planned for commercial modules. The Nuclear Regulatory Authority (ARN) of Argentina carried out the 
CAREM 25 licensing process, which is based on the Argentinian nuclear legal framework and its performance regulatory 
approach. This framework defined the milestones for the beginning of construction and, in order to issue the construction 
authorization, the ARN established additional mandatory documentation requirements (License Conditions) regarding the 
traditional nuclear power plant licensing process to reinforce authorization. ARN construction authorization is granted 
against a safety demonstration based on comprehensive deterministic and probabilistic safety analysis. One of the most 
challenging aspects of the licensing process of the CAREM 25 prototype reactor was assessing the safety demonstration of a 
new reactor design, unique in Argentina. Regarding to this, the regulatory approach of CAREM 25 licensing was developed 
under the concept of an "integral" evaluation of mandatory documentation. The paper presents the experience of the ARN 
compiled during the years that have elapsed since the beginning of the project. 

1. INTRODUCTION 

The Atomic Energy National Commission started the project of the Central ARgentina de Elementos 
Modulares (CAREM) in the early 80’s and it was officially presented by National Atomic Energy Commission 
(CNEA) in 1984 at a conference of the IAEA in Lima, Peru.  

During the course of the 90's, the project advanced with the hiring of INVAP S.E. (Argentinean nuclear 
vendor of R&D complex technological systems) for the development of of the conceptual engineering and 
experimental facilities, under the supervision of the CNEA specialists. Basic engineering was developed jointly 
by CNEA and INVAP during 1998-2000, and then the project was halted due to economic issues. The project 
was re-launched in 2006 entirely by the management of CNEA, in the framework of the re-start of the Argentine 
nuclear plan that includes the finishing for Atucha II Nuclear Power Plant (CNA-II NPP), refurbishment of 
Embalse NPP (CNE) and the construction of RA-10 Research Reactor. Basic engineering was completed and 
engineering for construction began. 

In 2007 CNEA sent the request for issuing the Construction License for CAREM 25. The Nuclear 
Regulatory Authority (ARN) of Argentina carried out the CAREM 25 prototype reactor licensing process, 
which is based on the Argentinian nuclear legal framework and its performance regulatory approach. This 
framework defined the milestones for beginning the construction and, in order to issue the construction 
authorization, the ARN established additional mandatory documentation requirements (License Conditions) 
regarding the traditional nuclear power plant licensing process to reinforce authorization. ARN construction 
authorization is granted against a safety demonstration based on comprehensive deterministic and probabilistic 
safety analysis. 

2. ARGENTINE LEGAL AND NORMATIVE FRAMEWORK  

2.1. Legal framework  

In the framework of the Argentine Constitution (Fig.1), the national nuclear policy was initially 
established by Decree No. 10.936 [1] enacted in 1950, which created the National Atomic Energy Commission 
(CNEA) with the objective of developing and handling nuclear technology. The control of the safety aspects of 
all nuclear activities performed in the country until the year 1994 was performed by the CNEA through its 
regulatory division, according to Law No. 14.467 [2] and Decree No. 842/58 [3].  
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In 1994, the National Government assigned the exclusive performance of these duties to an independent 
state agency with federal competence. This was implemented in the frame of Decree No. 1.540/94 [4] that 
reorganized the activities of the nuclear sector, and divided them into three entities; Nuclear National 
Regulatory Body (ENREN), Nucleoeléctrica Argentina Sociedad Anónima (NA-SA), and the National Atomic 
Energy Commission (CNEA), respectively responsible for the regulation, for the operation of nuclear power 
plants, and for research and development of the aspects related to the peaceful and safe use of nuclear energy. 
Before that division, all these activities were developed by CNEA. The above mentioned decree was then 
formally substituted by the Federal Law No. 24.804 [5] known as the "National Law of Nuclear Activity" 
sanctioned by the Argentine National Congress in 1997 and later complemented by the Decree No. 1.390/1998 
[6]. The Nuclear Regulatory Authority (ARN) was created, as the successor of the ENREN. Within this context, 
Law No. 24.804 is the current legal framework for the peaceful use of nuclear energy in Argentina. Article 1 of 
the mentioned Law establishes that concerning nuclear matters the National Government, through the National 
Atomic Energy Commission (CNEA) and the Nuclear Regulatory Authority (ARN), shall define the state 
policy. 

The nuclear policy shall meet all the obligations assumed by the Argentine Republic as a party to the 
Treaty for the Prohibition of Nuclear Weapons in Latin America and the Caribbean (Tlatelolco Treaty) [7], the 
Treaty on Non-Proliferation of Nuclear Weapons (NPT) [8], Agreement (between the Republic of Argentina, 
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 [9], in addition to the 
commitments assumed by Argentina as a member of the Nuclear Suppliers Group and the National Regime for 
the Control of Sensitive Exports (Decree No. 603/92) [10] and the Convention on Nuclear Safety (Law No. 
24.776/97) [11]. 

In 2006, from Decree 1107/06 [12] of the Executive Power, the construction and commissioning project 
of the CAREM 25 Reactor Prototype was declared of national interest. 

In 2009, Law No. 26.566 [13] was passed, declaring “of national interest” and “entrusting the CNEA 
with the design, execution, and commissioning of the CAREM 25 Reactor Prototype”. This law established 
important benefits from the state that facilitate the development of the project. For example an exemption from 
all national taxes, authorization for the creation of an escrow to integrate the different sources of resources, 
facilities for the expropriation of real estate necessary for the works, a special customs control regime for the 
entry into the country of elements related to the project, mechanisms to facilitate and encourage the hiring of 
national companies participating in the project, among other measures. 

2.2. Normative framework 

The first Regulatory Standards related to the granting of licenses for NPP were established more than 
thirty years ago by the regulatory branch of the CNEA. 

One of the functions granted by the Nuclear Activity Law No. 24,804/97 [5] to the Regulatory Body is 
the power to “issue and establish the standards, which regulate and control nuclear activities, of compulsory 
application, within the whole national territory”. As a result, a normative system was established comprising 
subjects such as radiological and nuclear safety, safeguards of nuclear materials, and security. The system is 
known as "AR Standards" [14]. 

Actually, ARN is in an ongoing process of harmonization between the Argentine Regulatory Standards 
and the new versions of IAEA Safety Standards. Nevertheless, Argentine Regulatory Standards are already 
consistent with IAEA’s corresponding standards in general terms, considering that ARN has adopted a 
performance or goal-oriented approach.  

In addition, Argentine experts participates in the IAEA standards committee´s activities, technical 
working groups and cooperation projects, in order to strengthen the nuclear safety in achieving the objectives of 
the IAEA Action Plan and Nuclear Safety Convention. 

Regarding the licensing of CAREM 25 prototype reactor, there was no need to change the normative 
framework. AR Series 3 Standards for the Design of Nuclear Power Reactors were used by the designer as 
design criteria and in some cases where there was a lack of national requirements or guidelines, international 
standards were used as a way to expand the scope of AR Standards or to clarify its practical application. 
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In 2015 ARN agreed with the Vienna Declaration on Nuclear Safety and adopted it to prevent accidents 
with radiological consequences and to mitigate such consequences should they occur. In this sense, ARN 
decided to carry out a normative framework integral review that includes addressing the Vienna Declaration in 
national standards. About the design features of CAREM 25, it has an improved implementation of the Defense 
in Depth (DiD) concept and, therefore, it can be considered as an example of how the basic objective of the 
Vienna Declaration could be implemented in future projects. 

2.3. Regulatory approach 

The Argentine Regulatory Standards are based on a set of fundamental concepts, which are part of the 
Performance Approach philosophy (goal-oriented approach), sustained by the regulatory system, concerning 
radiological and nuclear safety, safeguards, and security. 

ARN understands that a performance-based regulatory approach does not imply limiting the 
requirements to qualitative issues. Moreover, it is perfectly compatible with specific deterministic requirements 
and even numerical criteria, as well as: 

— Defense in Depth concept 
— The single failure criterion 
— Conservative approach for the demonstration of Safety Cases 

As mentioned earlier, Regulatory Standards are not prescriptive but in compliance with safety objectives. 
Compliance with these objectives must be demonstrated by the Responsible Entity (RE) by detailed analysis 
written in mandatory documents that can be objectively assessed by ARN. The role of the regulator is to be 
sceptical and critical, which implies an interaction between professionals of ARN and the RE, in order to ensure 
a common understanding of the overall safety approach. This includes the statement of safety goals, the 
engineering solutions adopted, the analytical tools for evaluating and improving safety, and the methodology for 
deriving safety requirements. 

ARN regulatory approach is consistent with the IAEA approach to the establishment of safety 
(engineering) requirements, derived from the Safety Classification of Structures, Systems, and Components 
(SSCs), which in turn is based on the Safety Analysis, demonstrating the functional safety of a design. 

Regarding the adoption of a performance-based regulatory approach, some advantages, learned by the 
verified application experience are the following: 

— The nature of the interaction between ARN and the RE contributes to early detection of possible non-
compliances or deficient compliance with regulatory requirements (in early design stages), avoiding the 
increase in time and efforts in fulfilling such requirements in later phases of a project (fabrication or 
construction). 

— The design solutions to comply with regulatory requirements come, in general, from the supplier 
(Nuclear Vendor) through the RE, that know in detail the installation and the system involved in. 

— The establishment of safety objectives keeping openness to different design solutions helps to manage 
projects from different vendors, i.e. Nuclear reactors (including Small Modular Reactors) with different 
safety approaches while keeping coherence on the need for objective demonstration of the compliance 
with regulatory requirements.  

 
 
 
 
 
 
 
 
 
 
 
 

FIG. 1: Argentina Legal and regulatory framework abstract. 
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3. LICENSING PROCESS 

3.1. Licensing Process of Nuclear Facilities 

The licensing process for nuclear facilities is defined in the AR 0.0.1 standard "Licensing of Class I 
Facilities" [15] (Fig. 2), which considers the granting by the Regulatory Authority of construction, 
commissioning, operation, and decommissioning licenses, as a condition at the beginning of the RE activities 
related to each stage. The conditions that the Responsible Entity must comply with at each stage of the process 
are based on each of the Licenses. The validity of Licenses is defined in all cases and is also subordinated to the 
fulfilment of the conditions stipulated in its articles of terms and conditions. Likewise, failure to comply with 
any of the rules, conditions, or regulatory requirements is sufficient reason for the ARN to apply its power to 
suspend or cancel said validity, in accordance with the current sanctions regime. 

The Pre-licensing stage is stablished as a regulatory practice and is defined by the Memorandum of 
Understanding (MOU). MOU is an agreement between Regulator and RE, since an early stage of the project, of 
the regulatory requirements and expectations in terms of licensing process and safety level that must be fulfilled 
by the design of the proposed plant and demonstrated through the Safety Analysis to be further submitted to 
ARN.  

The Construction License covers the construction phase and preliminary tests and is issued when 
regulatory standards and requirements of the siting, basic engineering, and expected safety operation conditions 
have been met all relevant regulatory standards, prior to starting this stage. During this stage, a continuous 
interaction between RE and the ARN is initiated. It is a dynamic process, as complex as the demands involved.  

The Commissioning License is regulated by the requirements established in the Regulatory Standards AR 
3.7.1. [16] and AR 3.8.1. [17] and set conditions for the approach to criticality, operation with increasing power 
up to its nominal value, as well as verifications and tests of the SSCs to determine whether they comply with the 
original design basis.  

The Operating License is issued when the ARN verifies that the conditions of the commissioning license, 
the regulatory standards and the specific requirements applicable to a given facility are met. It is the conclusion 
obtained by the Regulatory Authority after the result of the analysis of the mandatory documentation and 
detailed studies presented by the RE, as well as the inspections carried out during the construction and 
commissioning stages together with the recommendations of the Ad Hoc Commissioning Committee.  

The Decommissioning License is granted when the process of the definitive closure of a nuclear facility 
is carried out, in order to enable the unrestricted use of the site of its location. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

FIG. 2: Argentina Licensing Process for Nuclear Facilities. 
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3.2. CAREM 25 licensing scheme 

Bearing in mind that the CAREM 25 reactor was considered a prototype, the ARN defined a licensing 
scheme applicable to construction, preliminary tests and commissioning. In the first stage, this framework 
established the milestones for the beginning of construction and, in order to issue the construction 
authorization1. In particular, the ARN has set additional mandatory documentation requirements regarding the 
traditional nuclear power plant licensing process. This license scheme was approved by the ARN in 2010 and 
was communicated to the Responsible Entity (CNEA).  

The beginning of CAREM 25 prototype reactor construction stage was authorized by ARN with the issue 
of Authorization to Use the Site and Construction (AUSC) [18]. The mandatory documentation required for 
obtaining such authorization consisted in the submissions of the following subjects: 

— Design Information (PSAR format) 
— Environmental Radiological Impact. 
— Waste Management. 
— Radiological Emergency. 
— Quality management. 
— Project Schedule.  

Additionally, this authorization had "license conditions", a Regulatory Requirement2 (RQ-CAREM-003) 
[19] that reinforced the authorization, since compliance with this Regulatory Requirement (RR) conditioned the 
start of construction of the nuclear module of the reactor. The content of the RR was based on findings obtained 
as a result of the PSAR evaluation, related to engineering whose resolution has an impact on civil works, 
whether due to structural functions, confinement or shielding. 

In December 2014, the ARN lifted the condition on the AUSC nuclear module after the assessment of the 
necessary information presented by Responsible Entity as corrective actions for the evaluation findings. 

3.2.1. Relevant aspects of design information (PSAR) assessment 

The regulatory approach of CAREM 25 licensing was developed under the concept of an "integral" 
evaluation of mandatory documentation, essentially the PSAR. The Construction Authorization of CAREM 25 
prototype reactor was granted by ARN against an assessment of safety demonstration based on comprehensive 
deterministic and probabilistic safety analysis.  

From above, establishing the engineering requirements on Structure, Systems and Components SSCs 
(namely, the Safety Classification) was verified and assessed by ARN. The most relevant PSAR chapters under 
analysis were (Fig.3), Safety Analysis (Deterministic and Probabilistic - Chap.15), Safety Classification of SSC 
(Chapter 3) and description chapters like Engineering features (Chapter 6). They have an integrating function of 
the content of the report: by the development of a comprehensive methodology for Safety Classification of SSC, 
Engineering Requirements are derived, and the compliance of these must be demonstrated in the chapters with 
description of design- engineering of SSCs. 

 
 
 
 
 
 
 
 
 
 

 
 

FIG. 3: Relevant PSAR chapters under analysis. 
1 The paper use “authorization” and “license” as synonyms. 
2 A Regulatory Requirement it’s a regulatory document by which the Responsible Entity for a NPP is urged to carry out the 
required actions within a given period. 

1541



 
  

 

 
 

3.2.2. Some licensing challenges faced by ARN:  

— Methodology for the Safety Classification of SSC consolidates. ARN reviewed the SSC safety 
classification methodology in depth. Special attention was paid to the SSCs with the passive 
operation and to the rules defined to assign the safety class of SSCs from the safety category and 
engineering rationale. 
Safety demonstration by computer modelling and simulation for SSC within consolidated 
experience. Termohidraulics and neutronics codes Verification & Validation (V&V). ARN 
doesn´t have specific standards for the system codes used for safety analysis/demonstration (TH, 
neutronics, fuel behavior, etc.).  Most commonly used codes have been already validated and 
verified within respective correlations range (RELAP5, TRACE5, CATHENA, CATHARE, 
MARS, ATHLET, and others). However, due to the special design features of CAREM 25 
reactor, ARN required a comprehensive analysis of each condition and physical phenomena that 
could occur during PIEs transients/accidents and checking codes capability for capturing and 
representing them.  This procedure holds mainly for thermal-hydraulics and neutronics codes 
(cell and core level). Some specific codes have been developed for engineering/design, e.g. 
steady-state conditions, DNB, and instabilities maps. ARN provided guidance on how to 
develop models/codes, its documentation, and the quality assurance process required (based on 
CNSC RG G-149). 

— Safety demonstration by tests on facilities with adequate similarity. 
 High Pressure Natural Circulation Rig (CAPCN) was designed to reproduce intensive 

parameters and most of the dynamic phenomena of the CAREM 25 reactor coolant system. 
 The RA-8 critical assembly was built to test the CAREM 25 prototype core Critical Heat 

Flux measurement in a model of the fuel elements. 
 High pressure test loop for characterization of the hydraulic Control Rod Drives. 

The licensing and assessment of these test facilities were considered a challenge to ARN due to 
the special design features of CAREM 25 reactor. 

— Construction inspections. In order to meet established regulatory requirements, ARN only 
conducts inspections and audits on the Responsible Entity, not to vendors. The Responsible 
Entity is in charge of assuring that the supplier quality program is implemented, and the defined 
design criteria are accomplished. ARN reviews the mandatory documentation presented, in 
order to define and plan the inspection tasks. For example, ARN leads an inspection program at 
the site of the reactor CAREM 25 related with construction of civil structures, supported by 
TSOs. 

3.3. Revision of CAREM 25 licensing scheme 

In 2019, the ARN decided to update the licensing model for facing the following stage in the lifecycle; 
Commissioning. This decision was driven by the evolution of the CAREM 25 project and the experience gained 
in other licensing projects (Atucha II NPP, Embalse NPP Long-Term Operation). The selected model is in 
compliance, as far as practicable, with the existing licensing process for Argentinean NPPs in terms of 
mandatory documents (table of contents and scope) and general approach. This was formally communicated to 
CNEA in October 2019 [20].  

In terms of regulatory process, the next licensing milestone will be the issuance of a Commissioning 
License by which ARN will authorize the performance of tests in accordance to a programme that has to be 
timely submitted for the regulatory review and approval. The Commissioning License would be valid until the 
tests of the demonstrative aspects of safety declared in the Safety Analysis Report (SAR) have been completed, 
whether they are functional tests or verifications of systems, the effectiveness of operating procedures, response 
to accidents, etc., and for a limited time period. 
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4. CONCLUSION 

Acceptance criteria set by ARN for CAREM 25 prototype reactor licensing, included compliance with 
the design criteria, regulatory standards and current regulatory requirements. In all cases, the acceptance criteria 
are fulfilled with large margins.  

In relation to this, the ARN was able to verify the correct implementation of requirements associated 
with: 

— The Defense in Depth Principle, internalized in the design. 
— Accountable safety margins regarding design limits in all design base scenarios. 
— The Safety Classification of SSC has a systematic methodology and allows establishing engineering 

requirements that ensure an adequate functional capacity, robustness and reliability of the relevant 
SSCs. 

— The safety requirements coming from the post Fukushima accident lessons were included in the design 
(before the occurrence of the accident). 

The ARN could also verify additional features of CAREM design, associated to: 
— Elimination by design of initiating events.  
— Handling a wide range of multiple failure scenarios without exceeding Safety Limits. 
— Extension of the grace period (operator actions not required to avoid core damage) up to 36 h. 
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Proyecto Regional de Cooperación Técnica RLA9090 
Fortalecimiento de la Infraestructura de reglamentación para mejorar la seguridad 

radiológica en América Latina y el Caribe 

INTRODUCCIÓN 

Es claro el rol de los sistemas de respuesta ante un evento con consecuencias para el 
público, donde se busca tomar el control de la situación tan pronto como sea posible. 

Esto va de la mano con la robustez del plan de respuesta y la capacitación y experiencia del 
personal involucrado. Del mismo modo la información al público de las posibles 
consecuencias, es otro aspecto relacionado con la respuesta. 

MATERIALES AND MÉTODOS 

La Autoridad Regulatoria Nuclear (ARN) a través de su Sistema de Respuesta en 
Emergencias Radiológicas (SIER) evalúa y elabora los informes correspondientes 
relacionados con el tipo de emergencia que corresponda. 

A su vez prepara el material para la información pública detallando el contenido de la 
información necesaria para alertar a la población sobre las medidas de protección. 

Esto forma parte de la estrategia y las políticas de transparencia de gestión de la ARN y es 
un mecanismo que se considera necesario para construir confianza con los usuarios 
autorizados, organismos de respuesta y el público. 

Los eventos radiológicos, así como otro tipo de situaciones se publican normalmente en la página 
web de ARN, donde además del evento ocurrido, se informan las recomendaciones de protección 
según sea el caso, como así también las novedades relacionadas con la respuesta. De esta 
manera, se toma como ejemplo, un caso ocurrido, donde un equipo para control de contrabando 
que contenía material radiactivo que había sido sustraído de su titular autorizado, pudo ser 
recuperado gracias a la información disponible en la página web de ARN. 

RESULTADOS 

La comunicación pública es parte de la gestión de la respuesta. Esta situación obliga a 
mantener un contacto muy estrecho con el público y otros organismos que pueden colaborar 
en la recuperación del control. 

CONCLUSIONES 

La descripción del equipo o fuente radiactiva fuera de control, las medidas básicas de 
protección contra la radiación, informar sobre el riesgo radiológico y los mecanismos de 
comunicación en caso de hallarlo, forman parte de la estrategia de la ARN para reducir 
el riesgo para los miembros del público a la vez que muestra el compromiso con la 
protección de los individuos y el ambiente. 
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El marco regulatorio

A fines de agosto y principios de setiembre, Argentina 

recibió una misión IRRS del OIEA, donde un numeroso 

grupo de expertos internacionales  interactuaron en 

10 áreas regulatorias. Entre ellas, el área relacionada 

con emergencias radiológicas y nucleares.

# 123

Mecanismos de respuesta

� Es claro el rol de los sistemas de respuesta ante un evento radiológico, donde se busca
tomar el control de la situación tan pronto como sea posible.

� Esto va de la mano con la robustez del plan de respuesta y la capacitación y experiencia
del personal involucrado. Del mismo modo la información al público de las posibles
consecuencias es otro aspecto relacionado profundamente con la respuesta.pppppuesta.
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Sistema de  respuesta ante situaciones de 

emergencia
SIER

- Atiende emergencias radiológicas en instalaciones y la 
vía pública.

-Operativo 24hs x 365 días.

-Convocado por usuarios, público o fuerzas de seguridad 
o primeros respondedores.

SIEN

- Atiende emergencias nucleares y cumple con los 

tratados de Pronta Notificación y Asistencia.

- Operativo 24hs x 365 días.

- Convocado por el operador de la CN o el OIEA en 
caso de asistencia internacional.

# 123

� Simulacro Central Nuclear Embalse 2022

Preparación para la respuesta # 123
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Preparación para la respuesta # 123

Objetivos de la respuesta

� Recuperar el control de la situación y mitigar las consecuencias

� Salvar vidas

� Evitar los efectos deterministas graves (o reducirlos al mínimo)

� Prestar primeros auxilios
� Proporcionar tratamiento médico indispensable

� Manejar el tratamiento de lesiones por radiación 

� Reducir el riesgo de efectos estocásticos

# 123
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� La Autoridad Regulatoria Nuclear (ARN) a través de la Subgerencia Intervención en Emergencias
Radiológicas y Nucleares evalúa y elabora los informes correspondientes relacionados con el tipo de
emergencia que corresponda.

� Capacita a los respondedores y fomenta la interacción entre grupos de respuesta.

� A su vez prepara el material para la información pública detallando el contenido de la información necesaria,
para alertar a la población sobre las medidas de protección en caso de hallarlo.

� Esto forma parte de la estrategia y políticas de transparencia de gestión de la ARN y es un mecanismo que
se considera necesario para construir confianza con los usuarios autorizados, organismos de respuesta y el
público.

# 123Objetivos de la respuesta

Información pública. Descripción del evento o suceso

� Establecer la causa (extravío, robo, etc.)

� Describir el radionucleído y tipo de radiación relacionada con la emergencia

� Cuando ocurrió el evento

� Informar el riesgo radiológico

� Mencionar los mecanismos para reducir la radiación alrededor del escenario establecido
y las medidas para la protección

� Teléfonos o mecanismos de contacto en caso de hallarlo

# 123Objetivos de la respuesta
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� Los eventos radiológicos, así como otro tipo de situaciones se publican en la página web
de ARN, donde además del evento ocurrido, se indican los datos de contacto y los
teléfonos del SIER en caso de informar cualquier tipo de novedad sobre el evento
radiológico en cuestión o también, si surgieran consultas del público al respecto, a través
de la Subgerencia de Comunicación, que trabaja estrechamente con nuestro sector.

# 123Objetivos de la respuesta

Ejemplo de recuperación inmediata del 

dispositivo robado 
� Informar sobre un evento, es un mecanismo de transparencia.

� La confianza y  la disponibilidad de la información son elementos clave para la  
comunicación del riesgo.

# 123
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� En este caso, se toma un caso ocurrido, donde un equipo que contenía material
radiactivo fue sustraído de su titular autorizado, y gracias a la información disponible en
la página web de ARN, pudo ser recuperado tiempo después.

Ejemplo de recuperación diferida del 

dispositivo robado 

# 123

Resultados 

� Toda situación de emergencia, requiere una
rápida evaluación del tipo de evento y la
aplicación de medidas adecuadas para el tipo de
emergencia que se trate.

� La comunicación pública es parte de la gestión
de la respuesta. Esta situación obliga a
mantener un contacto muy estrecho con el
público y otros organismos, que pueden
colaborar en la recuperación del control.

# 123
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Conclusiones 

� Los mecanismos de respuesta deben ser activados de forma inmediata ante
una emergencia radiológica.

� La participación interdisciplinaria entre organismos de respuesta debe ser
coordinada.

� La capacitación es otro aspecto relevante de la respuesta.

� La descripción de un evento radiológico, las medidas básicas de protección
contra la radiación, el riesgo involucrado y los mecanismos de comunicación
en caso de hallarlo, forman parte de la estrategia de la ARN para reducir el
riesgo para los miembros del público y para los organismos de respuesta.

� La información pública es parte del compromiso de la ARN con la seguridad.

# 123

Gracias por su tiempo
Autoridad Regulatoria Nuclear
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MARCO NORMATIVO REGULATORIO. 
BASES Y EVOLUCIÓN 

 
Valentino, L. 

 
Autoridad Regulatoria Nuclear 

Argentina 
 
 

La Ley Nacional de la Actividad Nuclear, Nº 24804 le confiere a la Autoridad Regulatoria 
Nuclear (ARN), entre otras funciones, la de establecer y actualizar normas y guías regulatorias. 
El cuadro normativo de la ARN se establece a partir de la propia experiencia regulatoria, los 
estándares internacionales del Organismo Internacional de Energía Atómica (OIEA), los 
criterios de seguridad instituidos en las convenciones internacionales, y los criterios científicos 
recomendados por la Comisión Internacional de Protección Radiológica (ICRP), el Comité 
Científico de las Naciones Unidas para el estudio de los Efectos de las Radiaciones Atómicas 
(UNSCEAR) y todo otro organismo internacional reconocido sobre la temática a desarrollar. 

La ARN es el organismo del Estado argentino dedicado a la regulación y fiscalización de la 
actividad nuclear, en las áreas de seguridad radiológica y nuclear, protección y seguridad física, 
y salvaguardias y no proliferación. 

Las normas regulatorias son de cumplimiento obligatorio para las instalaciones y prácticas 
reguladas por la ARN en el país, y establecen los requisitos para todas las etapas de vida de 
las instalaciones o prácticas, y para el accionar del personal involucrado. Asimismo, estos 
documentos, de alta jerarquía, son la base para el diseño y la planificación de las inspecciones 
llevadas a cabo por la ARN.  

Las guías regulatorias, se vinculan a normas regulatorias y son de carácter orientativo y de 
referencia, y contienen recomendaciones para el cumplimiento de requisitos contenidos en las 
normas. 

Se presentará el cuerpo normativo vigente, enfatizando sobre nuevos enfoques de verificación 
y control basados en los alcances de una nueva norma regulatoria de seguridad, la ARN 
10.6.1, Rev. 0, “Sistema de gestión para la seguridad en instalaciones y prácticas”, emitida por 
la ARN y en vigor desde el 1º de abril de 2021.  

Mediante la presentación se remarcará la importancia fundamental que imparten las Normas y 
Guías regulatorias como aliados para alcanzar los niveles de seguridad requeridos, 
considerando que el diseño y elaboración de estos documentos se enfocan a minimizar los 
riesgos radiológicos asociados al uso de materiales radiactivos y nucleares. 



 



Subgerencia Normativa Regulatoria

Marco Normativo Regulatorio 

Bases y Evolución

Lucía Valentino
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Antecedentes para el desarrollo 
del Marco Normativo Nacional

Antecedentes del Marco Normativo actual

� Desde sus inicios, la actividad nuclear en la Argentina contó con un marco regulatorio.

� La facultad para dictar las normas recayó a través de los años en la Comisión Nacional de Energía 

Atómica (CNEA), el Ente Nacional Regulador Nuclear (ENREN), y la Autoridad Regulatoria Nuclear 

(ARN)

El ENREN refrendó la normativa vigente al momento de su creación 
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Hitos en el proceso de elaboración del Marco Normativo nacional 

Por el Decreto 824 se aprueba el Reglamento para Uso de 
Radioisótopos y Radiaciones Ionizantes

Se adopta el Reglamento para el transporte seguro de materiales 
radiactivos del OIEA

Se publica la primera edición de las Normas Básicas de Seguridad 
Radiológica y Nuclear

Se emiten las �Normas para el uso de radioisótopos en medicina� y 
�Normas para proceder a la autorización de responsables como 
asesores físicos en servicios de radioterapia�

El Consejo Asesor para el Licenciamiento de Instalaciones Nucleares
�CALIN� comienza a emitir Normas aplicables a instalaciones nucleares

1958

1961

1966

1976

1979

Entró en vigencia la Convención sobre la Protección Física de los Materiales 

Nucleares 

Entró en vigencia la Convención sobre Seguridad Nuclear

Entró en vigencia la Convención Conjunta sobre Seguridad en la Gestión del 

Combustible Gastado y sobre Seguridad en la Gestión de Desechos 

Radiactivos

Entró en vigencia la enmienda a la Convención sobre la Protección Física de 
los Materiales Nucleares

1987

1994

2001

2016

Hitos internacionales en el proceso de elaboración del Marco Normativo nacional 
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� Normas y Guías de seguridad del OIEA  

� Las recomendaciones del ICRP 

IEA  

Armonización del Marco Normativo nacional con documentos internacionales

Otras series de documentos del OIEA  
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� El OIEA está autorizado por su Estatuto a establecer normas de seguridad para proteger la 
salud y reducir al mínimo los efectos nocivos de las radiaciones ionizantes para la vida y la 
propiedad 

� El OIEA debe utilizar sus normas en sus propias operaciones, 

� Un Estado puede adoptar las normas del OIEA, 

� Las normas de seguridad del OIEA son revisadas periódicamente, 

� La asistencia del OIEA para la aplicación de sus normas, se ha convertido en elemento clave de 
un régimen de seguridad mundial

�.Sin embargo, las normas de seguridad sólo pueden ser eficaces si se aplican 
correctamente en la práctica. Prólogo Director General del OIEA (SF-1)

Consideraciones generales

Normas de Seguridad del OIEA

Enuncian los principios, requisitos y recomendaciones para garantizar la seguridad y 
constituyen una referencia mundial para la protección de las personas y del medio ambiente

1571



2. Tomadas como referencia, en la elaboración de 
nuevas normas y guías y en la revisión de las 
vigentes

GSR parte 2 para: 

AR 10.6.1, Rev. 0 

GSR parte 3 para: 

AR 10.1.1, Rev. 4 y la Guía AR 1, Rev.3

1. Adoptadas

Requisitos de Seguridad Específicos
Nº SSR-6 (Rev. 1) para:

AR 10.16.1, Rev. 3

A nivel nacional las Normas de Seguridad del OIEA son:

Categorías de la colección de normas del OIEA

Base: Objetivos y Principios  de 
protección y seguridad 

Garantizan protección de las 
personas y el MA en el presente  y 

futuro 

Recomendaciones y orientaciones 
Ejp. de buenas prácticas 

internacionales
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Inclusión de los Principios Fundamentales de Seguridad 

En Argentina, se han reflejado en distintos documentos:  

� Constitución Nacional, 

� en Leyes y Decretos, y 

� en las Normas �Básicas� AR 

Principios Fundamentales de Seguridad - Safety Fundamentals:

Presentan los objetivos y principios 
fundamentales de protección y 

seguridad, y 

constituyen la base de los requisitos de 
seguridad
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Normas de Seguridad del OIEA 

� Objetivo fundamental de la seguridad:  

Proteger a las personas y el medio 
ambiente contra los efectos nocivos de 
las radiaciones ionizantes.

SF-1 �Principios fundamentales de seguridad� 

incluye:

� Diez Principios de Seguridad

Requisitos de Seguridad - Safety Requirements: 

Conjunto integrado y coherente de requisitos de 
seguridad que se han de cumplir para garantizar la 

protección de las personas y el medio ambiente, 
tanto en el presente como en el futuro 

Se rigen por los objetivos y principios de las 
Principios Fundamentales de Seguridad

De no cumplirse, deben adoptarse medidas para 
alcanzar o restablecer el grado de seguridad 

requerido 

Se emplean formas verbales imperativas 

Cuando no se dirigen a una parte en particular, 
significa que incumbe cumplirlos a las partes que 

corresponda
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Guías de seguridad - Safety Guides

: 

Recomendaciones y orientación para cumplir los 

requisitos de seguridad

Indican un consenso internacional, por lo que es 

apropiado adoptar las medidas recomendadas u otras 

medidas equivalentes

Contienen ejemplos de buenas prácticas 
internacionales que existen para ayudar a los 
usuarios que tratan de alcanzar altos grados de 

seguridad

En la formulación se emplean formas verbales 
condicionales

Principios Fundamentales de seguridad en SF-1

Diez Principios de Seguridad, que constituyen la base 

para elaborar los requisitos y aplicar las medidas de 
seguridad con el fin de alcanzar el objetivo fundamental 
de la seguridad. 
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Principios Fundamentales de Seguridad del OIEA 

Principio 1:  RESPONSABILIDAD DE 
LA SEGURIDAD

La responsabilidad primordial de la 

seguridad debe recaer en la persona 

u organización a cargo de las 

instalaciones y actividades que 

generen riesgos asociados a las 

radiaciones

Principio 2:  FUNCIÓN DEL GOBIERNO Debe establecerse y mantenerse un 

marco de seguridad jurídico y 

gubernamental eficaz, que incluya un 

órgano regulador independiente

Principio 3:  LIDERAZGO Y GESTIÓN 
EN PRO DE LA SEGURIDAD

Deben establecerse y mantenerse un 

liderazgo y una gestión que 

promuevan eficazmente la seguridad

en las organizaciones que se ocupan 

de los riesgos asociados a las 

radiaciones y en las instituciones y 

actividades que los generan

Principio 4: JUSTIFICACIÓN DE LAS 
INSTALACIONES Y ACTIVIDADES

Las instalaciones y actividades que 

generen riesgos asociados a las 

radiaciones deben reportar un 

beneficio general 

Principio 5: OPTIMIZACIÓN DE LA 
PROTECCIÓN

La protección debe optimizarse para 

proporcionar el nivel de seguridad 

más alto que sea razonablemente 

posible de alcanzar

Principio 6: LIMITACIÓN DE LOS 
RIESGOS PARA LAS PERSONAS

Las medidas de control de los 

riesgos asociados a las radiaciones 

deben garantizar que ninguna 

persona se vea expuesta a un riesgo 

de daños inaceptable

Principio 7: PROTECCIÓN DE LAS 
GENERACIONES PRESENTES Y 
FUTURAS

Deben protegerse contra los riesgos 

asociados a las radiaciones las 

personas y el ambiente del presente

y del futuro.

Principios Fundamentales de Seguridad del OIEA 
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Principio 8: PREVENCIÓN DE 
ACCIDENTES

Deben desplegarse todos los 

esfuerzos posibles para prevenir los 

accidentes nucleares o radiológicos 

y para mitigar sus consecuencias

Principio 9: PREPARACIÓN Y 
RESPUESTA EN CASOS DE 
EMERGENCIA

Deben adoptarse disposiciones de 

preparación y respuesta para casos 

de incidentes nucleares o 

radiológicos

Principio 10:  MEDIDAS 
PROTECTORAS PARA REDUCIR LOS 
RIESGOS ASOCIADOS A LAS 
RADIACIONES EXISTENTES O NO 
REGLAMENTADOS

Las medidas protectoras para reducir 

los riesgos asociados a las 

radiaciones existentes o no 

reglamentadas deben justificarse y 

optimizarse

Principios Fundamentales de Seguridad del OIEA 

Principio 1

Principio 2

Principio 3

Principio 4

Principio 5

Principio 6

Principio 7

Principio 8

Principio 9

Principio 10

Constitución
Nacional: art. 41

24804

Ley 25675 (Gral del 

ambiente)

Decreto 1390 / 98

AR 2.12.1

AR 10.1.1

AR 10.6.1

AR 10.12.1

AR 10.16.1

AR 10.10.1

Reflejo de los Principios de Seguridad en Documentos nacionales
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Principio 1

Principio 2

Principio 3

Principio 4

Principio 5

Principio 6

Principio 7

Principio 8

Principio 9

Principio 10

Constitución
Nacional: art. 41

24804

Ley 25675 (Gral del 

ambiente)

Decreto 1390 / 98

AR 2.12.1

AR 10.1.1

AR 10.6.1

AR 10.12.1

AR 10.16.1

AR 10.10.1

Referencias: 

AR 2.12.1 Criterios de 

seguridad radiológica para la 

gestión de los residuos 

radiactivos provenientes de 

instalaciones minero fabriles

AR10.1.1 Norma Básica de 

Seguridad Radiológica

AR10.6.1 Sistema de gestión 

para la seguridad en las 

instalaciones y prácticas

AR 10.12.1 Gestión de residuos 

radiactivos

AR 10.16.1 Transporte de 

materiales radiactivos

AR 10.10.1 Evaluación del 

emplazamiento de reactores 

nucleares de potencia

Reflejo de los Principios de Seguridad en Documentos nacionales

Situación Actual y Desafíos 
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Fundamentos para la elaboración del Marco Normativo Regulatorio

Artículo 16 de la Ley Nacional de la Actividad Nuclear Nº 24.804  -
publicada en el Boletín Oficial el 25 de abril de 1997 

La Autoridad Regulatoria Nuclear (ARN) está facultada para:

Dictar las normas regulatorias referidas a seguridad radiológica y nuclear, protección 
física y fiscalización del uso de materiales nucleares, licenciamiento y fiscalización de 
instalaciones nucleares, salvaguardias internacionales y transporte de materiales 
nucleares en su aspecto de seguridad radiológica y nuclear y protección física

Seguridad 
Radiológica

Seguridad Nuclear

Protección y 
Seguridad Física

Salvaguardias
y No Proliferación 

Marco Normativo Regulatorio aplicable a: 

Transporte de 
Material Radiactivo 
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� Usar del material nuclear y las fuentes de radiación

� Licenciar  instalaciones y prácticas 

� Licenciar al personal 

� Verificar el  transporte de materiales nucleares y fuentes de radiación   

� Fiscalizar y Controlar instalaciones y prácticas 

Marco Normativo Regulatorio

Establece requisitos para: 

ón

cticas 

mateteririalales nucleleares y fue acióión 

ar del materia

ión   ióión   

Distribución de las Instalaciones en Argentina 
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� Elaborar las normas regulatorias nacionales atendiendo necesidades de áreas 

técnicas 

� Armonizar el conjunto de normas regulatorias internamente y con las normas de 

seguridad del OIEA y otra documentación internacional

� Actualizar, modificar y completar el cuerpo normativo 

� Opinar sobre documentación técnica en proceso de elaboración por el OIEA. 

Subgerencia de Normativa Regulatoria

Funciones

El marco normativo actual de la ARN cuenta con
64 Normas y 10 Guías Regulatorias 

Noma y Guía Regulatoria - Diferencia

La ARN, en el ámbito de su competencia, elabora:  

Norma Regulatoria: documento aprobado de cumplimiento obligatorio respaldada por la 
Ley N° 24.804, a la que debe ajustarse toda persona humana o jurídica para desarrollar una 
actividad nuclear en la República Argentina

Guía Regulatoria: documento aprobado complementario a la norma emitida por la ARN 
destinado a las personas humanas o jurídicas que desarrollan una actividad nuclear, para 
orientarlas, mediante recomendaciones técnicas, en el cumplimiento de las Normas o 
requerimientos emitidos por la ARN, referidos a prácticas específicas o para realizar 
evaluaciones de seguridad
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Características de las Normas Regulatorias

Incorporan la experiencia regulatoria, 
operativa y científico-técnica

Son compatibles con los estándares 
del OIEA y con las recomendaciones 

del ICRP y las convenciones 
adoptadas por el país

Documentos de "desempeño�. 
Cumplimiento de objetivos de 

seguridad y por lo tanto no son 
prescriptivas 

Características de las Guías Regulatorias

Ofrecen soporte a los 

regulados

Generalmente son desarrolladas 

ante solicitud de las partes 

interesadas

Pueden desarrollarse en cualquier 

momento durante la vigencia de la 

Norma Regulatoria que complementa
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Específicas:

ü Licenciamiento

ü Centrales nucleares

ü Reactores de investigación

ü Aceleradores (Clase I) e instalaciones 

radiactivas

ü Aplicaciones industriales

ü Aplicaciones médicas

ü Minería y concentración de uranio

Marco Normativo Vigente

Básicas:

ü Seguridad Radiológica 

ü Sistema de Gestión para la seguridad en instalaciones y 

practicas

ü Evaluación del emplazamiento de reactores de potencia

ü Gestión de los residuos radiactivos

ü Protección física de materiales e instalaciones nucleares

ü Seguridad física de fuentes selladas

ü Garantías de no desviación de materiales nucleares y de 

materiales, instalaciones y equipos de interés nuclear

ü Transporte de Material Radiactivo

64 Normas AR, agrupadas en :

20

13

11

7

2

2
2

1 1 2

R nucleares

R invest

Radiactivas CI

Médicas

Gamagrafía

Industriales

P/S Física

Transporte

Salvaguardias

Residuos

8 normas sobre competencias del personal

Distribución de NR
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Vista del Conjunto de Guías Regulatorias 

Revisión Integral del Marco Normativo de la ARN - Desafío

Desarrollo en la ARN

SNR analizó el marco 

regulatorio vigente

Análisis del marco 

normativo para cada 

sector

Elaboración de un diagnóstico

Propuesta de un plan de trabajo

Se concluyó en la necesidad de elaborar nuevas normas 
y guías;  y en revisar y actualizar o modificar normas y 
guías vigentes

Nueva Revisión 

Norma Guía Norma Guía 

33 34 24 2
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Procesos de Elaboración de 
Normas y Guías regulatorias  

Proceso de elaboración y revisión de normas y guías regulatorias 

NORMATIVA REGULATORIA

P-NORM-
01

Rev.
7

30-11-
17

Elaboración y revisión de normas y 
guías regulatorias
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Proceso de elaboración de normas y guías Regulatorias

ü Identificar necesidad de revisión o elaboración de una norma o guía

ü Elaborar y aprobar la Iniciativa Regulatoria (IR)

ü Aplicar del Procedimiento de Consulta Previa (de corresponder)

ü Elaborar el proyecto de norma o guía

ü Efectuar un proceso iterativo de revisión hasta obtener proyecto 

final

ü Aplicar el Procedimiento de Elaboración Participativa de Normas 

(no aplicable a Guías Regulatorias)

ü Aprobar la Norma o Guía

ü Publicar e iniciar difusión

Publicación y 
DifusiónAprobaciónProyecto 

Final 

Proceso de 
Elaboración 
Participativa

Revisión 
interna hasta 
proyecto para 
elaboración 
participativa

Elaborar 
Proyecto de 

NR o GR

Procedimiento 
de consulta 
previa, solo 
para normas

Elaborar y 
presentar 

Ia IR

Identificar 
necesidad 

de 
revisión 

Proceso de elaboración de Normas y Guías Regulatorias
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ARN

NORMAS/
GUÍAS 

Protección 
Radiológica

Seguridad
Nuclear

Salvaguardias y 
no proliferación 

Protección 
Física 

Seguridad Física 

Experiencia regulatoria
Experiencia operativa

Experiencia 
científico/técnica

Recomendaciones internacionales 
Convenciones internacionales

Partes
Interesadas

Certificado
IRAM-ISO 

9001/2015

Si
st

e
m

a 
d

e
 G

e
st

ió
n

d
e

 C
al

id
ad

Proceso de elaboración y revisión de Normas y Guías Regulatorias 

Proceso de elaboración y revisión de Normas y Guías Regulatorias 

NORMAS/
GUÍAS

Seguridad 
Radiológica 

Seguridad 
Nuclear 

Salvaguardias y 
no proliferación 

Protección 
Física 

Asuntos 

Jurídicos 
Comunicación

Seguridad Física No 

Proliferación y 

Asuntos 

Institucionales

Gestión de la 

Calidad
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1. Proceso de consulta previa 

Debe aplicarse en el caso que se deba �modificar o dictar una nueva norma que 

alcanza a instalaciones nucleares relevantes ya licenciadas�

� Ley 24.804, Art. 16, Inc. ll: �Determinar un procedimiento de consultas con los titulares de licencias para 
instalaciones nucleares relevantes toda vez que se propongan nuevas normas regulatorias o se 
modifiquen las existentes. El procedimiento deberá prever que las modificaciones de normas existentes o 
el dictado de nuevas normas se fundamenten en un criterio de evaluación basado en la relación 
beneficio/costo de la aplicación de la nueva regulación�

� Decreto 1390/98 establece el Procedimiento de Consulta Previa �..antes de modificar o dictar una nueva 

norma aplicable a instalaciones nucleares relevantes ya licenciadas..

� Constitución Comité ad hoc 

� Participación de los licenciatarios en el proceso de elaboración

2. Proceso de elaboración participativa de normas 

Por el Decreto 1172/2003 de Acceso a la Información Pública  se aprobó el Reglamento para la 

Elaboración Participativa de Normas

El procedimiento para la Elaboración Participativa de Normas: 

� constituye un mecanismo por el cual se habilita un espacio institucional para la expresión de 

opiniones y propuestas respecto de proyectos de normas antes de emitidas por la ARN.

� permite y promueve una efectiva participación ciudadana en el proceso de elaboración de 
las normas.

� garantiza el respeto de los principios de igualdad, publicidad, informalidad y gratuidad.
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Se inicia mediante una Resolución del Directorio de la ARN una vez
que el proyecto de Norma ha sido consensuado internamente

2. Proceso de elaboración participativa de normas 

La ARN  publica durante 2 días en el Boletín Oficial, y 15 días en su página web, el 
contenido del acto de apertura del procedimiento de Elaboración Participativa de Normas, 
invitando a la ciudadanía a expresar sus opiniones y propuestas. 

En los casos en que, a juicio de la ARN resulte procedente, puede ampliarse la 
publicación a diarios de circulación nacional, medios locales y especializados en la temática 
de la norma

2. Proceso de elaboración participativa de normas 

Publicación
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� Expediente a disposición de los interesados para consulta, en el lugar que defina la ARN. Las copias del 
mismo son a costa del solicitante.

� La ARN habilita un Registro para la incorporación de opiniones y propuestas que deben realizarse por 
escrito y presentarse a través del formulario.

� La presentación es libre y gratuita.

� El plazo para la presentación de opiniones y propuestas es de 15 días desde la publicación del acto de 
apertura del procedimiento de Elaboración Participativa de Normas.

� La ARN  brinda una casilla de correo electrónico y una dirección postal a efectos de recibir comentarios 
informales, los cuales no se incorporan al expediente.

Vista del expediente y registro de opiniones y 
propuestas

2. Proceso de elaboración participativa de normas 

Concluido el plazo para recibir opiniones y propuestas, la ARN deja constancia en el expediente 
sobre la cantidad de opiniones y propuestas recibidas, y de cuáles considera pertinentes 
incorporar al proyecto de norma. 

La ARN únicamente debe expedirse sobre aquellas presentaciones incorporadas al expediente.

Consideración de las presentaciones

2. Proceso de elaboración participativa de normas 
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Las normas y guías una vez aprobadas por el Directorio de la ARN: 

� se publican en el Boletín Oficial por el plazo de 1 día, 

� se incorporan a la página web de la ARN y, 

� de ser necesario, se comunica a los regulados por otros medios

2. Proceso de elaboración participativa de normas 

Difusión

Norma AR 10.6.1, Rev. 0

Sistema de gestión para la seguridad 
en instalaciones y prácticas
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Nos alinea con la Normativa internacional, 
acordada por la Argentina en su carácter de 
Estado Miembro del OIEA: GSR- Parte 2 y 
GSR Parte 3

¿Porqué una norma sobre Sistema de gestión para la seguridad?

El gran desafío: 
Integrar en un sistema, sin comprometer a la 
seguridad, los elementos de:
� seguridad radiológica y nuclear, 
� seguridad y protección física, 
� salvaguardias, 
� calidad, 
� higiene y seguridad convencional,
� ambientales, 
� económicos, 
� sociales, 
� organizacionales y 
� factores humanos

54AR 10.6.1. Requisito 16  

55

Evolución de las normas del OIEA
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Armonizar y superar:
� AR 3.6.1 Rev. 2 (no esta en vigor)

Surge: 
� Proyecto de norma AR 10.7.1 �Glosario de normas regulatorias�

Tomar como referencia, cuando corresponda: 

� ISO 9000:2015 e ISO 9001:2015, 
� GSR parte 3 y GSR parte 2  
� Glosario de seguridad tecnológica del OIEA

56

Consignas sobre el diseño del primer borrador de la AR 10.6.1 

REQUISITOS GENERALES 
RELATIVOS A LA 
PROTECCIÓN  Y LA 
SEGURIDAD 

REQUISITOS DE 
GESTIÓN:  5

Las partes principales asegurarán que la 
protección y la seguridad estén efectivamente 
integradas en el sistema general de gestión de 
las organizaciones de las que sean responsables

GSR Parte 3
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Los sistemas de gestión diseñados para cumplir los 
requisitos seguridad integrarán elementos relacionados 
con la seguridad tecnológica, la salud, el medio ambiente, 
la seguridad física, la calidad, los factores humanos y 
organizativos, la sociedad y la economía. 

El sistema de gestión respalda la consecución del 
objetivo fundamental de la seguridad de proteger a las 
personas y el medio ambiente contra los efectos nocivos 
de las radiaciones ionizantes y tiene en cuenta las 
interrelaciones entre la seguridad tecnológica y la 
seguridad física. 

Esta norma de seguridad concentra la experiencia de los 
Estados Miembros en lo referente al desarrollo, la 

aplicación, el mantenimiento y la mejora de los 

sistemas de gestión

GSR Parte 2

Para implementar un sistema de gestión para la seguridad se necesita: 

compromiso con la protección y la seguridad de 
las Direcciones de las Entidades Responsables

Se debe demostrar el cumplimiento 
efectivo de los requisitos sobre la 

protección y la seguridad en el sistema 

de gestión para la seguridad inmerso en 
el sistema de gestión de la organización 

Sistema de gestión 
para la seguridad

Sistema de gestión de la 
organización

59

Se debe asegurar que los elementos de protección y seguridad 

del sistema de gestión para la seguridad son proporcionales a 
la complejidad de la actividad y a sus riesgos radiológicos
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https://www.argentina.go
b.ar/arn/instalaciones-
practicas-y-personal-
regulado/marco-
regulatorio

Marco normativo regulatorio vigente

60

Contenido de la Norma 10.6.1

B. ALCANCE

C. EXPLICACIÓN DE TÉRMINOS

D. REQUISITOS

D.1 Responsabilidad por el sistema de gestión

D.2 Generalidades del sistema de gestión

D.3 Integración del sistema de gestión

D.4 Documentación del sistema de gestión

D.5 Provisión de los recursos

D.6 Gestión de procesos
D.7 Gestión de cadena de suministro
D.8 Fomento de la Cultura de Seguridad
D.9 Evaluación y mejora del sistema de 
gestión

A. OBJETIVO

61
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OBJETIVO

Establecer los requisitos para el desarrollo y la 
implementación de un sistema de gestión que 
contribuya a asegurar la seguridad radiológica y 
nuclear, la seguridad y la protección física y las 
salvaguardias y la no proliferación

ALCANCE

Aplicable a todas las instalaciones y prácticas 
que regula la Autoridad Regulatoria, de acuerdo 
a las atribuciones que le confiere la legislación 
vigente

Norma AR 10.6.1, Rev.0

62AR 10.6.1. A. Objetivos; B. Alcance  

1.282 
instalaciones reguladas

por la ARN

� Cadena de suministro
� Calibración
� Competencia
� Cultura organizacional
� Cultura de seguridad
� Eficacia
� Enfoque graduado

� Gestión del conocimiento

� Indicador

� Manual de gestión

� Liderazgo

� Sistema de gestión

� Trazabilidad

� Verificación

63

Nuevos Términos incluidos en la norma AR 10.6.1, Rev.0 

AR 10.6.1. C. Explicación de Términos  
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64

Proceso de elaboración de la AR 10.6.1, Rev.0 - timeframe

2
0
1
5
 

Primer 
borrador

2
0
1
9

Se publicó 
en la web  
proyecto de 
norma 
AR10.6.1 
para la 
elaboración 
participativa 
de norma. 

Se 
analizaron 
todas las 
propuestas 
recibidas en  
SNR

F
e
b
re

ro
 2

0
2
0

Se publicó 
en el BO y 
web de 
ARN la 

AR 10.6.1,  
Resolución 
36/2020 
del 
Directorio 
de ARN

E
n
e
ro

 d
e 

2
0
2
1

Entra en 
vigencia 
AR 10.6.1

Se deroga 
la AR 3.6.1

üContar con un Cuerpo Normativo Regulatorio es una responsabilidad nacional 

üSon numerosos los Estados Miembros que han decidido adoptar las normas de seguridad 
de OIEA e incorporarlas en sus marcos regulatorios  

üLas normas del OIEA son un medio coherente y fiable de asegurar el eficaz cumplimiento de 
las obligaciones contraídas en virtud de las convenciones

üLos objetivos de las Normas Regulatorias se alcanzan con la apropiada toma de decisiones 
por parte de la Entidad Responsable; 

üLa Entidad Responsable debe demostrar a la Autoridad Regulatoria que los medios técnicos 
que propone permiten cumplir los requisitos establecidos en las normas

Consideraciones 
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ü La Elaboración de una norma regulatoria es un proceso extenso 

ü El proceso de elaboración y revisión de Normas y Guías Regulatorias incluye a los 

regulados y a todas las partes interesadas

ü La norma sobre sistema de gestión para la seguridad marca una evolución al enfocarse 
en la seguridad desde los sistemas de gestión de las Entidades Responsables

Consideraciones 

Gracias por su atención"

Autoridad Regulatoria Nuclear
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Capacitación virtual: 
Conceptos básicos en intervención en 
emergencias radiológicas y nucleares. 
Adaptándonos a nuevos escenarios y 

necesidades 
Vázquez, M.; Di Giorgio, M.; Discacciatti, A.; Puerta Yepes, N.; 

Rearte, J.; Gossio, S.; Truppa, W.A.; Rodríguez, M.; Martinez, X.; 
Zyngiel, A.; Cascon, A.; González Redondo, H.; 

Poccioni, C.; Pérez de Antueno, M.; Ovejero, M.; 
Cuiulli, J.M.; Núñez, C.; Ruiz, E. y Portas, M. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Presentado en: XII Congreso Regional de Seguridad Radiológica y Nuclear y en el X Congreso Regional 
de la Asociación Internacional de Protección Radiológica (IRPA). 

Santiago de Chile, Chile, 23 al 27 de octubre de 2022  
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CAPACITACIÓN VIRTUAL: CONCEPTOS BÁSICOS EN INTERVENCIÓN EN 
EMERGENCIAS RADIOLÓGICAS Y NUCLEARES. ADAPTÁNDONOS A 

NUEVOS ESCENARIOS Y NECESIDADES 
 

Vázquez,  M.1; Di Giorgio, M.1; Discacciatti, M.1; Puerta Yepes, N.1; Rearte, J.1; Gossio, S.1; 
Truppa, W.1; Rodríguez, M.1; Martinez, X.1; Zyngiel, A.2; Cascon, A.2; 

González Redondo, H.2; Poccioni; C.2; Pérez de Antueno, M.2; Ovejero, M.3; 
Cuiulli, J.M.3; Núñez, C.4; Ezequiel Ruiz, E.4 y Portas, M.5 

 
1 Autoridad Regulatoria Nuclear 

2 Instituto de Medicina y Radiomedicina Gente Sana  
3 Coordinación de Salud y Bienestar de las Fuerzas Armadas 

4 División Riesgo Radiológico y Nuclear de la Policía Federal Argentina 
5 Hospital de Quemados de la Ciudad de Buenos Aires 

 
Argentina 

 
PROYECTO REGIONAL DE COOPERACION TECNICA RLA 9091 

INTRODUCCIÓN 

Durante la pandemia de COVID 19, que motivó el aislamiento de las personas y la suspensión 
de las actividades de capacitación presencial, las metodologías virtuales permitieron continuar 
con las actividades de formación continua. Asimismo, para los profesionales que debido al 
ritmo de sus actividades rutinarias o su ubicación geográfica no pueden acceder a nuevos 
conocimientos, estas herramientas han cobrado relevancia. 

MATERIALES Y MÉTODOS 

La Autoridad Regulatoria Nuclear (ARN) y el Instituto de Medicina y Radiomedicina Gente 
Sana (IMRM) desarrollaron un video curso dirigido principalmente a profesionales de la salud y 
primeros respondedores en emergencias radiológicas y nucleares. Esta actividad de 
capacitación es compaginada y coordinada por la Unidad de Capacitación y Entrenamiento 
de la ARN. Los capítulos del curso son autoadministrables y con instancias de autoevaluación 
para verificar los conocimientos adquiridos. Finalmente, los alumnos son evaluados en forma 
virtual sincrónica, planteando casos que permitan demostrar la comprensión en forma integral. 

El temario comprende: 

 Las radiaciones ionizantes, tanto del punto de vista físico como biológico. 
 Los servicios de radiopatología que acompañan la respuesta a la emergencia como 

dosimetría física, interna y biológica entre otros. 
 Las enfermedades asociadas a la exposición a radiaciones ionizantes. 
 El accionar de los primeros respondedores y otras organizaciones en la escena. 
 Aspectos legales vinculados al daño por radiación. 

RESULTADOS 

La convocatoria para la primera edición ha sido muy importante, y condujo al requerimiento de 
dos instancias para el 2022 y para el 2023, para abarcar la demanda de inscriptos, lo que 
demuestra la importancia de estas estrategias para la difusión del conocimiento. 

CONCLUSIONES 

El impacto de esta modalidad de capacitaciones en la comunidad de profesionales no 
específicamente relacionados en sus actividades diarias con las radiaciones ionizantes, 
redundará en una mayor y mejor capacidad de respuesta a las emergencias radiológicas y 
nucleares. 
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CAPACITACIÓN VIRTUAL:   CONCEPTOS BÁSICOS EN INTERVENCIÓN EN 
EMERGENCIAS RADIOLÓGICAS Y NUCLEARES. ADAPTÁNDONOS A NUEVOS 

ESCENARIOS Y NECESIDADES

Introducción

Durante la pandemia de COVID 19, que motivó el aislamiento de las personas 
y la suspensión de las actividades de capacitación presencial, las 
metodologías virtuales permitieron continuar con las actividades de 
formación continua. 

En situaciones de normalidad  los profesionales respondedores en 
emergencias debido al ritmo de sus actividades rutinarias o su ubicación 
geográfica no pueden acceder a nuevos conocimientos. Por ello las 
capacitaciones a distancia y asincrónicas  han cobrado relevancia ya que 
permite adaptarlo  a sus necesidades. 

Las capacitaciones en idioma español en esta modalidad y temática son muy 
escasas.
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Materiales y Métodos I
-La Autoridad Regulatoria Nuclear (ARN) y el Instituto de Medicina y Radiomedicina
“Gente Sana” (IMRM) desarrollaron un video curso no arancelado dirigido principalmente 
a profesionales de la salud y primeros respondedores en emergencias radiológicas y 
nucleares. 

-El video curso consta de capítulos los cuales  son autoadministrables y con instancias de 
autoevaluación para verificar los conocimientos adquiridos.

- Finalmente los alumnos son evaluados en forma virtual sincrónica, planteando casos que 
permitan demostrar la comprensión de la temática en forma integral.

- Contenidos generales:
Las radiaciones ionizantes, tanto del punto de vista físico como biológico.

Los servicios de radiopatología que acompañan la respuesta a la emergencia como dosimetría física, interna y biológica 
entre otros.

Las enfermedades asociadas a la exposición a radiaciones ionizantes.

El accionar de los primeros respondedores y otras organizaciones  en la escena.

Aspectos legales vinculados al daño por radiación.

Seminarios sincrónicos relacionados con eventos de magnitud como Fukushima, Chernobyl etc.
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Materiales y Métodos II
1) Cuerpo docente multidisciplinario: 
Físicos con expertise en dosimetría externa e interna

Médicos especialistas en radiomedicina y protección radiológica, emergencias, psiquiatría, radioterapia, medicina laboral, cirugía 
plástica y reconstructiva

Biólogos especialistas en biodosimetria y radiopatología

Licenciados en emergencias y ecología

Fuerzas Armadas con orientación QBRN y del Ministerio de Defensa 

Bomberos pertenecientes a Brigadas de Riesgos Especiales

Especialistas en Derecho

2) Plataforma virtual LANENT ( Red Latinoamericana para la Educación y la Capacitación 
en Tecnología Nuclear) administrada para este video-curso por una especialista en 
contenidos E-Learning
Esta actividad de capacitación es compaginada y coordinada por la Unidad de Capacitación y Entrenamiento de la ARN
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Resultados I
En el año 2022 se realizaron dos ediciones del Video Curso.

1° edición (Solo Argentina)

# 46

38%

14%9%

9%

10%

5%

5%

5%
5%

INSCRIPTOS POR ORGANISMO

PFA Hospital Italiano Fundación Inectus
Gente Sana IMRM EA
FA Hospital Fernandez Hospital Militar

6…
16%

6%

3%
3%

3%

PROFESIÓN

Especialistas en Salud Bombero
Bioquimico Militar
Tecnico Policia

Resultados I
En el año 2022 se realizaron dos ediciones del Video Curso.

1° edición (Solo Argentina)

# 46

53%47%

SEXO

Femenino Masculino

25%

66%

9%

EDAD

>= 50 años >= 30 y <= 49 años
>= 20 y <= 29 años
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Resultados II
En el año 2022 se realizaron dos ediciones del Video Curso.

2° edición

#46

22%

14%

12%
10%

6%

6%

4%

4%

2%
2%

2%
2%

2%
2%

2%
2%2%2%2%

INSCRIPTOS POR ORGANISMO

PFA Bomberos Voluntarios
CNEA Caja Costarricense de Seguro Social
ARN GNA
PFA - BRE Particular
AA NA-SA
Canal de Panamá Centro de Medicina Nuclear y Radioterapia
Hospital Materno Infantil San Roque PSA
Promotora Médica Las Americas UBA

84%

10%

2%

2%
2%

PAISES

Argentina Costa Rica
Colombia México
Panamá

3…

23%8%

6%

6%

4%

4%

4%
4%

4%
2% 2%

PROFESIÓN

Especialistas en Salud Bombero
Ingenieros Empleado Público
Capacitación Académica Gendarme
Técnico Ministerio de Seguridad
Policia Químico
Docente Militar

Resultados II
En el año 2022 se realizaron dos ediciones del Video Curso.

2° edición

# 46

74%

16%

10%

EDAD

>= 30 y <= 49 años >= 50 años >= 20 y <= 29 años

45%

55%

SEXO

Femenino Masculino
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Intro Video Curso

Módulo 1

1. Introducción

2. Interacción de la radiación con la materia y 
efectos biológicos de las radiaciones.

3. Midiendo la radiación

4. Efectos en la salud de las radiaciones 
ionizantes.

5. Respuesta Médica en emergencias radiológicas 
y nucleares.

6. Radiación y embarazo.

7. Carcinogénesis radioinducida.

8. Aspectos emocionales en accidentes 
radiológicos y nucleares.

9. Triage médico y radiológico. 

# 46

Módulo 2
1. Magnitudes de uso en protección radiológica.

2. Quemaduras radiológicas

3. Contaminación interna (exposición interna) con radio 
nucleídos.

4. Dosimetría externa y reconstrucción dosimétrica en 
emergencias médicas.

5. Recomendaciones para primera respuesta a emergencias 
con material radiactivo. 

6. La biodosimetría como técnica esencial para guiar el 
tratamiento médico en la respuesta multiparamétrica a 
emergencias nucleares y radiológicas.

7. Presentación de Ca Ing. QBN y Apy. Emerg. 601. Ejército 
Argentino + Sanidad Militar.

8. La Importancia de los Planes de Emergencia.

9. Preparación ante Emergencias Nucleares. Planes de 
Emergencia.

10. Manejo Seguro de Cadáveres Portadores de Radiaciones 
Ionizantes. 

11. Radio-Litigación. 

Conclusiones I

-La adecuada respuesta en emergencias  radiológicas y nucleares requiere la 
capacitación de los diferentes actores (primeros respondedores, personal que 
brinda atención a la salud, fuerzas de seguridad y protección civil).

-El impacto de esta modalidad de capacitaciones en la comunidad de profesionales 
no específicamente relacionados en sus actividades diarias con las radiaciones 
ionizantes, redundará en una mayor y mejor capacidad de respuesta a las 
emergencias radiológicas y nucleares.

-La efectividad de la intervención para enfrentar y mitigar las consecuencias de los 
accidentes radiológicos requiere de la optimización de los recursos humanos y 
materiales, situación para la que resulta esencial una adecuada capacitación.

# 46
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Conclusiones II

El E-Learning a través de este video-curso:

-facilita que los participantes aprendan en forma activa y a su ritmo

-el acceso de los docentes a las autoevaluaciones  y foro de preguntas 
posibilita un seguimiento de los mismos

-traspasa barreras geográficas y minimiza costos

-los encuentros sincrónicos además de la evacuación de dudas permiten la 
interacción entre las distintas disciplinas de los participantes “conocimiento 
previo de sus actividades y funciones”

Esta previsto continuar con el video-curso “ Conceptos básicos en 
Emergencias Radiológicas y Nucleares” y  crear una versión con conceptos 

“avanzados” para distintos profesionales para el año 2023

#46

Para mayor información e inscripción:

https://www.argentina.gob.ar/arn/capacitacion-y-formacion-
regulatoria/centro-de-capacitacion-regional

Mail: uce@arn.gob.ar
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Abstract 

The Nuclear Regulatory Authority (ARN) of Argentina through the Control of Safeguards and 
Physical Protection Division (SCSyPF) is responsible for the application of safeguards within the country. 
Its responsibilities include conducting national safeguards inspections, coordinating international 
safeguards inspections with the Brazilian-Argentine Agency for Accounting and Control of Nuclear 
Materials (ABACC) and the International Atomic Energy Agency (IAEA), participating in the import and 
export control of nuclear materials and nuclear commodities, and administrating the State System of 
Accounting for and Control of Nuclear Material (SSAC), among others. 

Since the beginning of the COVID-19 pandemic, the National Government implemented a 
decree with a set of sanitary measures known as Preventive and Mandatory Social Isolation (ASPO by the 
acronym in Spanish). The ASPO represented a challenge to the implementation of safeguards in 
Argentina. The SCSyPF tackled this challenge adopting the necessary measures to continue fulfilling its 
duties within the new framework established by this unexpected situation. It is important to stress that the 
safeguards inspections continued being carried out even under a very strict lock down. During the 
pandemic, restrictions were imposed not only by the national and local authorities but also by the 
different facility operators. In that situation, the coordination with different State organizations involved 
was essential. 

This paper summarizes the measures adopted by the SCSyPF to guarantee the implementation of 
national and international safeguards during the pandemic. 

1. SAFEGUARDS IMPLEMENTATION IN ARGENTINA 

The Agreement between the Republic of Argentina and the Federative Republic of Brazil for the 
Exclusively Peaceful Use of Nuclear Energy [1] has been in force since December 1991. In order to 
verify the commitment of the States Parties under the Bilateral Agreement, ABACC was created. 
ABACC's objective is to administer and implement the Common System of Accounting and Control of 
Nuclear Materials (SCCC), also established by the Agreement. The SCCC is a full scope safeguards 
system that is being applied in both countries with the purpose of verifying that all nuclear materials in all 
nuclear activities are not diverted to the manufacture of nuclear weapons or other nuclear explosive 
devices. A Quadripartite Safeguards Agreement among Argentina, Brazil, ABACC and IAEA [2] was 
signed in December 1991. This agreement is a full scope safeguards agreement, similar to INFCIRC/153 
model agreement, which entered into force in March 1994 after its ratification by the Congresses of both 
countries. Thus, all the Argentinian facilities are under safeguards control by ABACC and IAEA. 
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The Nuclear Regulatory Authority (ARN) of 
Argentina - which through National Nuclear Activity 
Act (Law No. 24.804) - is the State agency in charge 
of regulating and supervising activities at the national 
level in matters of radiological and nuclear safety, 
safeguards and non-proliferation, and physical 
protection and security matters. The ARN’s SCSyPF 
is responsible for the application of safeguards within 
the country. Its responsibilities include conducting 
national safeguards inspections, coordinating and 
participating in international safeguards inspections 
with ABACC and IAEA, participating in the import 
and export control of nuclear materials and nuclear 
commodities, and administrating the State System of 
Accounting for and Control of Nuclear Material 
(SSAC). In order to fulfil its responsibilities, every 
year the SCSyPF perform about 70 domestic 
safeguards inspections and participate in about 60 
international safeguards inspections at 50 nuclear 
facilities and locations outside facilities (LOFs) 
(FIG.1) within the country. These inspections imply a 
total inspections effort of 700 person-day. 

 

 

 

2.           IMPACT OF THE PANDEMIC IN SAFEGUARDS IMPLEMENTATION  

On March 11, 2020, the World Health Organization (WHO) declared the outbreak of the new 
coronavirus SARS-CoV-2 causing the disease COVID-19 as a pandemic. On March 20, 2020, the 
Argentine Government, with the aim of protecting public health, established the measure of "Social 
Isolation, Preventive and Mandatory” known as ASPO [3]. In principle, the measure would be in force 
until March 31 inclusive. 

Many of the measures implemented by the Argentine Government to provide an immediate 
response to the spread of the virus had a direct consequence in the implementation of safeguards at the 
national level: 

- Flight restrictions: the severe restrictions imposed on commercial flights on the vast majority of 
routes caused the cancellation of practically all flights causing difficulties to reach nuclear 
facilities and LOFs. 

- Cross-border travel: the introduction of strict immigration measures and the closure of borders 
restricted the entry only to Argentine citizens and residents.  

- Land travel restrictions: the introduction of restrictions, particularly with regard to the movement 
of people and the availability of other services such as hotel accommodation and businesses 
linked to tourism within the national territory. This made it even more difficult for inspectors 
and technicians to circulate. Each province had its own restrictions; most of them did not allow 
the transit from one province to another. 

- Access restrictions to offices and laboratories of ARN. 
- Restrictions on access to facilities and LOFs within the country: the closure of nuclear facilities 

or sites, or the introduction of strict access restrictions to these places had a direct impact on the 
planning of the implementation of safeguards. 

- Health and safety requirements: the Government established the obligation of a negative COVID 
test and two weeks quarantine period after entering the country. Additional requirements were 
applied to enter different provinces and to access nuclear facilities. 

- Facility Operation: The COVID-19 pandemic had an impact on the normal operation of 
Argentinians nuclear facilities. Small facilities devoted to Research and Development (R&D) 

FIG 1 Distribution of facilities under safeguards in 
Argentina 
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activities and LOFs that were not directly connected with energy production or medical supplies 
were not working on a regular basis. Nuclear fuel cycle activities were considered “essential 
activities” by the National Government, so they had not been interrupted, redirecting all 
resources, including human resources, in a way to assure the normal the operation of these 
facilities. The construction of new facilities in Argentina was interrupted during several months 
in 2020.  

 

3. ACTIONS TAKEN TO REDUCE THE IMPACT OF THE PANDEMIC IN THE NORMAL 
ACTIVITIES  

3.1         National Safeguards staff 

- During the pandemic, the safeguards staff was considered essential personnel. This allowed them 
to perform national and international safeguards inspections. ARN inspectors were allowed to 
circulate, to travel from one province to another and to access to ARN’s Headquarters and to the 
different Atomic Centers despite the lockdown. 

- Home office activities were recommended as much as possible to reduce the presence at the 
office. R&D activities were on hold. 

- “Risk population” was released of the obligation of going to work. 
- Domestic safeguards field activities: Re-scheduling of inspections and activities (only if the 

impact of “not carrying out” the activity is low). Focusing the inspection effort on achieving the 
safeguards objectives, the SCSyPF adapted its inspection schedule, changing the date of 
inspections and other activities. 

- The planning of in-field verification activities included the creation of the so-called “Inspection 
team bubbles”, whose main objective was to minimize the impact of potential exposure due to 
close contact or virus infection. Each team was made up of inspectors who tried to optimize the 
time assigned to each task to be carried out in the shared work spaces, taking care in addition to 
following all health protocols. 

- COVID-19 Testing: The SCSyPF coordinated the performance of rapid tests or PCR for its 
inspectors before initiating verification activities in selected facilities or group of facilities. This 
task required the joint collaboration and support of the different departments of the ARN. 

- Encouraging a responsible behavior by training: the SCSyPF worked in the promotion of a 
general protocol of prevention and safety measures, where the ARN met all the requirements 
established by the country's Ministry of Health 

3.2          Infrastructure and other tools 

- Virtual platforms to replace, in some extent, face-to-face activities: 
during the period of restrictions, virtual meetings and interviews were held with the aim of 
continuing with some routine activities that the SCSyPF develops together with the operators 
and other ARN departments. Also, eventually some inspections activities were carried out in 
such way. (I.e. accounting data examination). 

- The ARN ensured tha SCSyPF staff were equipped with all extra Personal Protection 
Equipment. 

3.3         International Safeguards Inspectors (ABACC and IAEA) 

- COVID-19 health and safety measures that were implemented in the country directly affected all 
international safeguards field activities. Whenever necessary, the SCSyPF coordinated Re-
scheduling of inspections and activities. At all times, the ARN acted as an interlocutor between 
the operators, IAEA and ABACC, and the other government stakeholders that were involved. 

- During the establishment of 14 days quarantine at inspector arrival: the SCSyPF and ARN 
authorities have played a very important role in ensuring compliance with all State requirements. 
Specific examples include the support for agencies to find accommodation in times of lockdown 
or the provision of necessary assistance to obtain special circulation permits when necessary. In 
the second quarter of 2020, this requirement was replaced by increasing the frequency of 
COVID testing.  
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- COVID 19 tests before starting activities in selected facilities or group of facilities. 
- Encouraging a responsible behavior. 

3.4        Communication channels 

- Creation of communication channels with State, Province and Local governments. 
- Creation of communication channels with other governmental stakeholders not usually involved 

in safeguards activities planning, e.g. security forces, National Civilian Aviation Administration 
(ANCAC), Ministry of Health, amongst other. 

3.5          Key Challenges Faced Implementing Safeguards during Pandemic 

- Traveling restrictions in the country 
- Charter flights 
- Land travels 
- Circulation Permits 

3.6          Inspector’s security concern (COVID free zones) 

- Police escort 
- COVID testing 

 

4.           COORDINATION CHALLENGE 

During the procedures of entering and leaving the country, the ARN has played a fundamental 
role in the coordination of logistical matters. In this way, communication channels were established with 
the Ministry of Foreign Affairs, International Trade and Worship, the ANCAC, Customs, and the 
Ministry of Health of each province. Some logistical issues associated made Agencies to consider an 
alternative procedure to short notice random inspection (SNRI) scheme in Argentina. The entrance of 
foreigners, including inspectors, had to be informed in advance, in order to get clearance from the 
Ministry of Interior and the Ministry of Health. These entrance procedures made it difficult to maintain 
the unpredictability of the SNRI scheme. In addition, Country entrance procedures required performing 
quarantine and carrying out COVID tests. In this sense, an Ad-hoc procedure had been agreed and had 
been successfully implemented since July 2020. It is important to mention that the flexibility of 
Operators, the National Authority and both safeguards Agencies was essential to achieve the procedure 
goals.  

Additionally, the work inside facilities was organized in several independent teams in order to 
overcome any situation that could be generated due to staff COVID-19 infections. Some operators and 
facility personnel were included in that group. This condition could interfere in the normal development 
of the inspections, even though we have already considered this possibility during inspections 
coordination. 

5.           LESSONS LEARNED IN IMPLEMENTING SAFEGUARDS DURING PANDEMIC  

The restrictions imposed on international flights and the measures imposed related to health and 
safety, as well as access to true and updated information, subject to frequent changes, represented a great 
challenge when planning safeguards verification activities. The SCSyPF was able to overcome this 
challenge and played a fundamental role as coordinator between all the interested parties. 

Additionally, the SCSyPF managed to advance in the expansion of the use of Information 
Technologies through the integration of virtual communications platforms in inspection activities, 
complying at all times with the necessary cybersecurity considerations. 

 The establishment of a contingency plan which highlights the creation of the so-called 
"inspection bubbles" allowed to optimize continue with all the verification activities and optimize the 
time assigned to one of them. 
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The need to define and establish secure and reliable communication channels allowed the 
development of partnerships with “non-nuclear related” stakeholders such as Federal security forces, 
Local Governments, Ministries, among others. 
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Abstract 
The aim of this work is to investigate the Stark shifts of some hydrogenic atoms and ions in hot 
dense plasmas. For this, Debye-Hückel (DH) and Ion-Sphere (IS) potential are used to estimate 
Hα(HI) and Pα(HeII) line shift. These calculations have been implemented through self-
consistent methods by using atomic structure code AUTOSTRUCTURE. These results have 
been compared with 50 experimental data for Hα and more than 40 measurements for Pα 
obtained by different authors. The main conclusion is that a self-consistent calculation with the 
Ion-Sphereperturbing potential fairly well describes the shifts of hydrogenic ions in plasmas for 
electron density in the range (1017 − 3 × 1019) cm−3. 

 
 

 
 
 
 
 
 
 
 

                                                            
* Publicado en: Spectrochimica Acta Part B; v.192, 2022. 
https://doi.org/10.1016/j.sab.2022.106425 
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El Organismo Internacional de Energía Atómica (OIEA) publicó el libro 
Derecho Nuclear: El Debate Mundial en 2022. La publicación incluye una compilación 

de ensayos escritos por líderes mundiales y artículos de destacados académicos, 
políticos y científicos en la materia, sobre este campo legal altamente especializado. 

 
El capítulo 7 ha sido una contribución del Ing. Abel J. González, en el que analiza 

cómo podría establecerse la responsabilidad ante un tribunal de justicia en casos de 
exposición a la radiación. 

 
El libro Derecho Nuclear: El Debate Mundial fue presentado en la Primera Conferencia 

Internacional sobre Derecho Nuclear del OIEA, que se realizó del 25 al 29 de abril de 
2022 en Viena, Austria.  

 
 
 

Abstract 
The doctrine for legal imputation (including the derivative concepts of legal charging, suing, 
indicting, prosecuting and judging) of detrimental health effects to those responsible for 
radiation exposure situations has been a matter of debate for many years and its resolution is 
still unclear. While the attribution of harm in the situations involving high radiation dose is 
basically straightforward, the challenge arises at medium doses and becomes a real conundrum 
for the very common situations of exposure to low radiation doses. The ambiguous situation 
could be construed to be a Damocles sword for the renaissance of endeavours involving 
occupational and public radiation exposure. This chapter describes the epistemological situation 
on the attribution of radiation health effects and the inference of radiation risks, relying on 
estimates from the United Nations Scientific Committee on the Effects of Atomic Radiation 
(UNSCEAR) reported to the UN General Assembly. It discusses the implications of UNSCEAR’s 
refined paradigm for assigning legal liability. The chapter concludes with a recommendation to 
develop an international legal doctrine on the ability to impute detrimental radiation health 
effects. 
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Abstract 
This chapter will explore the ethical, social, epistemological, and legal considerations relevant to 
Radiobiology. The chapter will cover the basic principles relevant to each aspect along with 
more in‐depth analyses where relevant. Each section will be followed by exercises to help the 
reader to better understand and assimilate the content of the sections. 
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Abstract 
This paper summarizes the results of an intercomparison on the use of the ICRP Reference 
Computational Phantoms with radiation transport codes, which was organized by EURADOS 
working group 6. Three exercises are described: exposure to an anterior-posterior (AP) photon 
point source, exposure to an AP neutron point source, and exposure to two typical medical X-
ray examinations. The three exercises received 17, 8 and 8 solutions, respectively. Participants 
originated from fifteen different countries, and used a wide range of Monte Carlo codes. Due to 
difficulties in defining the precise source location unambiguously in the exercise description, 
agreement to within ∼10% of the reference solution was considered satisfactory for a given 
participant's results. Although some participants provided initial solutions in good agreement 
with the reference solutions, differences of several tens of percent, or even several orders of 
magnitude, were exhibited for many of the others. Following feedback and suggestions from the 
organizers, revised solutions were submitted by some of the participants for the photon 
exercises; in general, agreement was improved. The overall observations from these three 
intercomparison exercises are summarized and discussed. 
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El libro “Toxicología Clínica: Fundamentos para la prevención, diagnóstico y tratamiento de las 
intoxicaciones” está dirigido a estudiantes de medicina e interesados en la asistencia de 
pacientes con cuadros sospechosos de intoxicaciones en los servicios de emergencias.  

Las especialistas de la ARN – Marina Vázquez, Nancy Puertas y María Emilia Taja – 
contribuyeron en la redacción del apartado sobre radiaciones ionizantes, que integra el capítulo 
titulado “Radiaciones ionizantes y no ionizantes”. Este apartado aborda generalidades de las 
mismas, principios básicos de radiobiología, síndromes relacionados con la exposición interna 
y externa, estudios complementarios y dosimétricos que se aplican, y principios de 
tratamientos. 
 
Deseamos destacar la contribución de María Emilia Taja (1971-2015), médica especializada en 
radioprotección con experiencia en radiopatología y medicina laboral, quien se desempeñó en 
la ARN. María Emilia se destacó por su capacidad para trabajar en equipo y compartir lo 
aprendido con sus colegas; y sus cualidades personales de amabilidad, dedicación, 
compromiso y compañerismo, proactiva en su tarea de radioproteccionista y en la asistencia 
médica.  
 
La presentación del libro se realizó el 19 de abril de 2022 en el Salón del Consejo Directivo de 
la Facultad de Medicina de la Universidad de Buenos Aires. 
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