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Abstract
In Argentina, the Nuclear Regulatory Authority has been sustained, from beginning by a

normative system whose fundamental features are its requirements for performance.
The Authority has defined indicators for carrying out the classification of practices as

major o minor. (As a function of the complexity of processes and operation, equipment,
associate risks and type of consequences, etc.).

An example is given base on the requirements of standards related with the practice of
gammagraphy in Argentina.

From the Authority records we know that the effective dose of operators registered do not
exceed 5 mSv per year. The associate risk is lower than 2 10~4 per year.

Risk assessment in scenarios resulting in a potential exposure, taken into account the
Argentine standards gives a total riskperyear in the order of 10~4 for workers and 4 10'^ for
members of the public.

The contents and requirements of system that sustains the regulatory authority can be
prescriptive or just based in performance. A decision in favour of one of them should not only
reflect the technical-scientific reality of the country implementing it but also other factors like
social and economic issues.

1. Introduction
Any system enacted to control exposure to ionising radiation has as primary objective the

protection of health of people against the deleterious effects of radiation.
Establishing the appropriate level of radiological protection and safety of radiation sources

used in practice or intervention attains this objective. In other words, by standards that
guarantees appropriate levels of risk and insuring compliance, while performing the practice
or in accidental situations.

Obviously implementing the philosophy, principles, and objectives of a regulatory system
is not an easy task. When is carried out a decision has to be taken how detailed should be
regulations to be enforced.

The contents and requirements of a normative system that sustains the regulatory authority
can be prescriptive or just asking for performance objectives. The decision in favour of one of
them will not only reflect the technical-scientific reality of the country implementing it but
also other factors like social and economic issues.

Important points to keep in mind while establishing the framework of the regulatory
system are:
• the qualifications and
• how clearly are functions and responsibilities of regulators and registrants defined.

The importance of these characteristics facilitates the implementation and the daily control
of compliance of standards and rules established by the regulatory system.

More clarity in establishing functions, responsibilities, and training requirements simpler
would be to implement the infrastructure and control mechanisms of a regulatory system
based essentially on a performance normative. A system implemented this way allows the
responsible of the practice to act with freedom but within well defined limits.
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Consequently, carrying out regulatory tasks penalises less the practices and is possible to
direct more effectively the Authority resources towards the weakest points in the regulatory
system.

On the contrary, if there are difficulties to implement a regulatory framework on the above-
mentioned points, the initial setting of the system could be based on prescriptive standards.
In such system, a practice should be authorised fixing all parameters in order to assure normal
operation restraining the potential exposure's risk.

Nevertheless, since times degrades operating conditions and components alike and
consequently increases probability of abnormal events, the only coherent barrier to
degradation is:
• an increment in a clear definition of functions and responsibilities and
• enormous efforts towards, a permanent requalification of regulators and registrants.

A detailed system can generate a special risk from just compliance with regulations
without leaving margin or will for improvements or interpretations of new ,,forms of non-
safety" learnt during practice. Such systems generally are very extensive and must be updated
when technology changes. In particular, retraining allows, learning from experience, to
improve technical infrastructure and the safety culture in the practices.

An example is given that supports the preceding statements, on the base of analysis of
some requirements of relevant standards related with the practice of gammagraphy in
Argentina. [1][2][3]

2. An outline of the argentine regulatory system
In Argentina, the Nuclear Regulatory Authority sustains, from beginning on a normative

system whose fundamental and dominant feature is its requirement of performance. A
program of permanent training always accompanied its development and consolidation.

The Regulatory Authority has defined clearly the objectives of radiological protection and
safety of sources that should be attained, together with functions and responsibilities of the
parties. Also has fixed minimum qualification training, required to receive the authorisation
to work with radioactive material or ionising radiation. Besides the control mechanisms
established includes the need of permanent training, in order to maintain or to improve safety
level.

Above the exemption level, is only possible to carry on a practice if the Regulatory
Authority grants a License for a major or an Authorisation for a minor practice. The
Regulatory Authority has defined indicators for carrying out the classification of practices (as
a function of the complexity of processes and operation, equipment, associate risks and type
of consequences, etc.). Consequently has defined as major practice every type of nuclear
reactor (including zero power), radioactive installations or major accelerator and as minor
practice all installation or practice not exempt that have not been qualified as major.

One indicator is the denominated Radioactive Inventory Index, r = Z ; aj A ;̂ where A; is the
activity of all radionuclides present simultaneously in a practice. The parameter aj, for the
case of gammagraphy, is obtained calculating the value from the dose rate at 1 meter given by
the radionuclide i, divided by 0.1 Sv/h. If K 2 the practice is defined as a minor and if r >2 a
major.

Considering the activity of sources used in gammagraphy the practice should be declared
as major. However, it has been defined as a minor practice, with a level of requirements
superior to the average minor practice. (An application of the performance philosophy based
on a defined safety goal).

This decision was based essentially in:
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a) that equipment used are very similar,
b) the procedures and operation are simple and repetitive,
c) It is possible to limit up to reasonable values the level of risk to potential exposures.

Still, even after the regulatory framework for the practice has been defined, the user has the
possibility (and the responsibility) facing a particular situation, of carrying out an analysis of
optimisation of the operation with the purpose of evaluating and justify possible changes.

This ,,freedom" has its clear limits. One condition is to consider permanently parameters
allowing the evaluation of event precursors leading to potential exposures, (e.g. inspection,
and maintenance of the equipment, exposure rates during the operation, etc.).

As example the normative determines the use of an exclusion area (but it doesn't gives dose
rates values at the border), when the practice is carried out in open space, like the case of
taking x-rays in structures very near to highways and bridges. Complying with the standard
"blindly" transit should be stopped.

However, sometimes such decision could create a conflict with the community. The
Argentine standard allows the practice responsible to bypass its requirement.

In that case, the integrated effective dose E that the most exposed individual member of the
public would receive during the time spent at the place of the practice while transit is passing
through would be:

E = To n do / v.
Being Fo the dose rate (about 50 mSv/h) at a fixed distance do (of the order of 3 m) and v,

the speed of vehicle. A conservative calculation, without considering collimation effects,
gives as estimate a value of 6 f̂ Sv for E and a collective dose S, of the order of 10 man mSv
per x-ray. These values are acceptable in relation to cost and the economic and social burden
due to interruption of vehicle circulation.

One has to bear in mind that carrying on the practice in such manner is not the usual one
the only dose will be from external irradiation. Moreover is very unlikely the same individual
member of the public would be exposed in more than one occasion.

On the other hand, the important to keep in mind among the scenarios chosen with risk's
evaluation purpose, would be the possibility of a bottleneck creating a traffic jam or a crash at
the practice location. Such situation can be overcome by withdrawal of the source into its
shielded container.

3. Risk assessment of a "minor" practice: gammagraphy
Compliance with the Nuclear Regulatory Authority standards while carrying on the

practice ensures an appropriate radiological protection and safety level for normal operation
and a limited risk for potential exposure.

From the Regulatory Authority records we know that the effective dose of operators
registered and informed per calendar year do not exceed 5 mSv. Consequently can be assured
that the normal practice have an associate risk lower than 2 10^ per year. [4] [5]

The risk evaluation for potential exposure has been made using event tree analyses. It is
not an easy job because use of mobile sources is mostly based on good operational
procedures. Therefore quantitative analysis of potential exposures from such sources is more
difficult and there is more room for uncertainties than in the analyses of fixed installations
with designed intrinsic safety features. [6]

This does not only hinder the task to select the appropriate set of probability numbers for
every node but also for dose assessment as result of the sequences. The values used for the
probabilities were worked out from operating experience and experts1 opinion.
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The doses associated with sequences producing potential dose only to workers, were the
better quantified. On the other hand, there is more uncertainty in quantification of sequences
that conclude with a potential exposure to members of the public. In a conservative approach,
deterministic harm was assumed (f (E)= 1) for most of them.

Among all the possible scenarios involving mobile sources have been analysed those
considered important due to their contribution to total risk such as source lost due to
operational mishap or error, [i.e.]. Source disconnection or cable jamming. [6]

The result of the evaluation has been taken as representative for five possible scenarios
with sequences that could conclude in potential exposure to workers and to members of the
public. Obviously, the calculated risk is only relevant to mobile sources within the regulatory
system. [6] [7]

The risk assessment in previously mentioned scenarios with event sequences resulting in a
potential exposure, taken into account the relevant Argentine standards requirements gives a
total risk per year in the order of 10"4 for workers and 4 10"5 for members of the public. The
total risk per year for workers calculated, is of the same order than the normal operation risk.
For the members of the public, the value of total risk is larger than the regulatory defined risk
for this practice (1.5 10~5 in one year) but acceptable if uncertainties are taken into account.

It has to be underlined that for source losses especially due to road accidents or robbery,
the Argentine Nuclear Regulatory Authority has organised a Radiological Emergencies
Intervention Group in collaboration with different security forces. Intervention is triggered by
the report of occurrence of an abnormal situation and acts in the mitigation of the
consequences and only after, the practice responsible capability has been overcome.
4. Conclusions

It is possible to sustain a regulatory system on a normative based in performance when the
functions and responsibilities are well defined and importance is given to training. It allows
more freedom and gives chances to improve the radiological safety, inside a controlled
framework.

We strongly believe that even when regulatory systems are implemented initially with a
strongly prescriptive regulation, it is necessary to carry out all efforts needed to facilitate the
change towards a normative where performance is the basic rule.
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