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Abstract

Atucha 1 nuclear power plant has unique design and its commercial operation started in
1974. The upgrading decisions, the basis for an upgrading program and its status of implementation
are presented. Regulatory decisions derived from the performance-based approach have the
advantage that they enable balancing of the overall plant risk and identifying at different plant levels
the areas where improvements are necessary.

I) Introduction

Atucha-I is a reactor pressure vessel PHWR type, 357 MW(e), fuelled with natural
uranium, cooled and moderated with heavy water and on-line refueling. The core includes 253 fuel
elements, each located within a vertical coolant channel. Its commercial operation started in March
1974.

Regulatory standards are based on a set of fundamental concepts which are part of the
regulation system established by the Argentine concerning to radiological and nuclear safety,
safeguard and physical protection. The nuclear safety of the installations is based on deterministic
and probabilistic approaches. The performance-based regulatory approach was adopted by the
Nuclear Regulatory Authority (ARN) several years ago, considers the deterministic and
probabilistic approaches as complementary using insights from reliability studies, PSA and risk-
informed operational insights while maintaining some deterministic requirements.

Initially, the Licensee scheduled a program in order to start with some backfitting
measures. In rum, the Regulatory Authority issued requirements related to the upgrading and
improvement of the plant, aimed at increasing the plant safety level based on the above mentioned
regulatory approach. Afterwards, such requirements were confirmed by the results of the
probabilistic safety analysis (PSA). Those requirements resulted from safety analyses, regulatory
inspections and accumulated operational experience, mainly from the relevant events occurred in
domestic nuclear power plants as well as in other installations located abroad.

Fundamentally, the decisions taken to upgrade the plant were based on the following
aspects:

• The plant was designed at the end of the sixties, when the main criteria, for the design
basis accidents, were based upon the deterministic conception of safety, particularly in
the so called "maximum credible accident".

The plant has been operating for more than 24 years and some operation safety criteria
are different from those applied nowadays
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• The development of the PSA as one of the most relevant safety assessment performed
up to now in this nuclear power plant.

• The modifications introduced in systems and procedures of the installation, particularly
the power increase and those related to the R06 channel failure (actions taken as a
result of the R06 fuel element channel breakage in CNA-I in 1988) required a revision

2) Upgrading Actions

Plant specific probabilistic safety assessment (PSA).
Pressure vessel analysis.
Radiation Protection new limits
Coolant channel replacement program.
Secondary heat sink.
Emergency power supply system.
Safety assessment due to the introduction of slightly enriched fuel elements
Other improvements.

Plant specific PSA

The new operating license issued when the repairing tasks related to the R06 channel
failure were finished, required, among other items, the performance of a full-scope level 1 PSA.
The Licensee appointed a group of 12 specialists who started working in 1992. The version of plant
specific level I PSA, which comprised the analysis of the internal plant events occurred during full
power operation as an initial condition (determination of the core damage probability), was finished
in March 1996. An International Peer Review Service Mission (IPERS) was carried out by IAEA
and all IPERS recommendations were taken into account.

It should be mentioned that the PSA enabled the identification of the main contributors to
risk, and at the same time it was possible to make a qualitative and quantitative comparison
between the different alternatives of nuclear power plant design, to improve and update operational
procedures and to improve the surveillance program.

The results of the PSA demonstrated some weaknesses in the plant design and operation.
Even though such weaknesses were not important enough to interrupt the plant operation license,
the ARN issued a series of requirements in order to perform corrective actions of immediate
implementation. Such immediate requirements have already been fulfilled by the Licensee. Some
examples are the electrical interconnection between CNA-I and CNA-II, and the installation of
isolation valves in the auxiliary line of the pressurizer to reduce substantially the primary low
pressure events . There are other requirements issued by ARN of mid-term implementation like the
construction of a second heat sink which have already started to be implemented

Other already implemented improvements derived from the PSA results are:

• Improvements in the residual heat removal system.
• Improvements in the safety related river circulating system.
• Updating of emergency operation procedures and operator re-training.
• Improvements on reliability of the main feedwater system
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This PSA -that includes LOCAs classified in 5 groups, 17 plant transients and other initiating
events, for instance the pressure vessel failure- made it possible to select the set of accidental
sequences mainly contributing to core damage. During PSA performance several maintenance
procedures and repetitive tests were analyzed and the thermohydraulic analysis of the main
accidental sequences were re-evaluated. External events like fire risk analysis and flooding are
being carried out. Besides, a shut down PSA is also being carried out for Atucha 1.

Pressure Vessel analysis

CNA I pressure vessel (RPV) surveillance program was initiated in 1974, by introducing
30 test specimens distributed in the reactor core. In 1980, 10 additional capsules containing
samples of the same type, but made of A508 class 3 material were introduced, aiming at obtaining
a relative reference for neutron exposure. On the other hand, irradiated capsules were withdrawn
and examined. No definite conclusion could be obtained about the pressure vessel material
behaviour, due to the differences between the neutron spectra present on samples located inside the
moderator tank and those spectra on the pressure vessel wall.

Due to the uncertainties associated with the previous results, KWU AG carried out an
irradiation program in the German VAK reactor in 1985. The experiments were carried out with
probes made of the same pressure vessel basis material as well as with A508 class 3 material,
simulating the conditions on the CNA I pressure vessel wall.

Although, there are some uncertainties due to the short irradiation time (high acceleration
factor), irradiation carried out by KWU AG indicated that 35 °C was the temperature for ductile-to-
brittle transition at the end of CNA-I lifetime (32 full power years). On the other hand, preliminary
results of the most unfavorable LOCA analysis showed that the pressure vessel would reach higher
temperatures than the before mentioned transition temperature at the end of its lifetime.

However, ARN analyzed these results and due to the uncertainties mentioned demanded an
evaluation of those accidental scenarios having the most unfavorable stresses for the pressure
vessel integrity (Pressurized Thermal Shock analysis), as well as a program of the necessary
actions (such as: improvement in the surveillance program) to be carried out in order to minimize
such uncertainties contained in the studies.

Radiation Protection new limits

The ARN adopted the ICRP N°60 recommendations and they were included in the
Radiation Protection Basic Standards issued in December 1994. Therefore, the ARN performed a
radiation protection review in the operating nuclear power plants and decided to make some
additional requirements to adapt them to the new criteria.

Nevertheless, some doses to workers in CNA-I cannot be substantially decreased until the
channel replacement is completed. It is estimated, due to their nature, the tasks related to the
moderator heat exchanger cleaning and maintenance will involve doses close to limits for the staff
committed to their execution

Coolant channel replacement program

In order to reduce effects of corrosion and erosion phenomena, some reactor internal,
primary and moderator circuit components were covered with a non ferrous alloy containing 60%
cobalt, commercially known as Stellite-6 (e.g. coolant channel guides and primary circuit pump
and valve seats). The channel surface covered with this alloy is approximately 16m2, constituting
around 95% of the total Stellite-6 present in the nuclear power plant primary circuit. As a result of
the material activation produced by the core neutron flux, cobalt-60 is formed.
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On the other hand, corrosion and erosion products still present, most of which contain
cobalt-60, are transported through the moderator and coolant circuit and are deposited along all the
primary circuit. Therefore, gamma emission due to cobalt-60 additionally contributes to the
radiation field on specific places of the reactor building and consequently, to the increase of
occupational dose.

The Basic Radiological Safety Standard issued and applied by the ARN, requires the
preservation of dose limits and constraints, as well as the application of radiological protection
optimization. Thus, the CNA-I Licensee was required to eliminate the cobalt-60 generation by
totally replacing the original coolant channels by others without Stellite-6. This activity is gradually
going on at each programmed outage and up to now 130 channels have been replaced, representing
more than 50 % of their total number. At the outage programmed for 1998, the replacement of 100
channels is foreseen. The job is expected to be finished at the end of 1999.

Secondary heat sink

Accidents with a small loss of coolant (SLOCA), had not been evaluated in detail in the
original plant design. This type of accident was not taken into account due to the fact that CNA-I
was designed according to the "maximum credible accident" criterion, which only considers the large
LOCA (2F), according to the in-force criteria at that time. During this type of events (SLOCA)
depending on the break size, the primary circuit depressurization is slow, thus delaying the
corresponding injection of water coming from the emergency core cooling system.

These factors and the need for increasing safety in terms of core damage probability
determined in the level 1 PSA, indicated the convenience of installing a core residual heat removal
system, independent from the present one, through the secondary system via steam generators.

This improvement consists in providing the steam generators with an independent water
supply system capable of removing the core residual heat during several hours, with the purpose of
producing the necessary cooling gradient to manage different accidental situations. At present, the
basic engineering has already been developed and the detailed engineering of the secondary heat sink
including controlled release to the atmosphere is being developed. The ARN has established the
following minimum requirements to be fulfilled by such a system:

• To be able of replacing the moderator in its functions of core cooling system, during shut
down.

• To be able of removing the core residual heat considering the following conditions:
a) Loss of emergency power supply,
b) Considering failures on cooling pump operation,
c) Considering failures on the intermediate cooling system operation.

Taking these requirements into account, the Licensee proposed the following characteristics for the
new system design:

• Two independent water supply routes to the steam generators and two lines of hot steam
release to the atmosphere each having 100% capability, shall be provided.

• The injection water temperature shall be room temperature, so that the deposit tank may be
made of concrete.

• The second heat sink pumps shall be impelled by diesel engines. Their power shall be enough
to impulse electric generators, each of them being able to satisfy the complete system demand.
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Emergency power supply system modification

The plant has three diesel generators of 1.6 MW operating with a 2/3 logic, meets the
energy demands of those necessary systems to maintain the plant on safe shutdown condition.
According to design, the emergency power supply system has to comply with the non-interruption
condition; this is the reason why the installation has a hydraulic turbine.

The ARN required from the Licensee a significant improvement of the emergency power
supply system reliability in order to reduce the annual probability of core damage in case of an
event of loss of off-site power, which is one of the most significant accidental sequences.

In response to this requirement, the Licensee implemented the electrical interconnection
between CNA I and CNA II through the normal power supply bars. The ARN accepted such
solution because as a result of its implementation, a considerable increase in the system reliability
was achieved, limiting its use until the CNA II commissioning tasks began.

Such interconnection, which operates either in automatic or manual mode, incorporates a
back up emergency power system and can restore the electric supply to CNA-I normal bars in a
very short time. It also complies with the criteria of physical and functional independence and it is
composed of two redundant trains, each one capable of satisfying 100% in demand.

Safety assessment due to the introduction of slightly enriched fuel elements

Originally, CNA-I standard fuel element is constituted by 36 natural uranium dioxide fuel
rods, disposed in concentric rings having 1, 6, 12 and 17 fuel rods each, plus an additional
structural rod located in the external ring.

As a result of several technical and economic analyses, the Licensee proposed to replace
the standard fuel element by another one having similar characteristics but slightly enriched
uranium dioxide as fuel (0.85% w in U235). The advantage of using such slightly enriched fuel
elements are: a better use of the fuel through the higher achievable burn up, and consequently a
reduction in the use of the fueling machine, and a smaller number of irradiated fuel elements to be
stored in the rest of the nuclear power plant lifetime.

Nevertheless, the greater contents of the isotope U235 imply certain differences in the
standard fuel element, such as variations in global parameters, reactivity coefficients and kinetic
parameters, having different response in operational events and transients. This is the reason why
additional studies were necessary. The feasibility and safety analyses carried out by the Licensee
showed that it was possible to add slightly enriched fuel elements in successive stages, each of
them supported by the corresponding safety report. During the first stage of the project, 12 slightly
enriched fuel elements were loaded (representing 5% of the total number of fuel elements in the
core). The second stage included up to 99 slightly enriched fuel elements (25% of the total number
approximately). The Licensee demonstrated that even with this number of slightly enriched fuel
elements, it was possible to operate the plant under the same safety conditions as those under which
it had been designed.

Safety assessments are being carried out by both the ARN and the Licensee, with the purpose of
including more than 100 slightly enriched fuel elements in the core.
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Other improvements

There are some fire protection improvements were implemented: location of fire protection
barriers on emergency diesel generators, location of collecting pots for flammable liquids, replacement
of grid lids for blind lids to wire protection, replacement of control room doors and location barriers to
delay fire propagation in the medium tension bar (6,6 kV) room and in the battery room. However,
additional improvements will be implemented when the fire risk analysis is finished.

Organizational changes were also included within the upgrading program such as:

• Constitution of a highly qualified team specialized in robotics, for special maintenance tasks in
areas of difficult access and with high radiation fields taking into account ALARA principle.

• Improvements in the area of re-training and qualification with the aim of meeting the increasing
demands for staff training and competence

• Improvements in the QA team.

Conclusions

The safety level of Atucha 1 has been significantly increased by implementing an
upgrading plan. The performance-based approach, which involves insights from reliability studies,
PSA and risk-informed operational insights while maintaining some deterministic requirements
(defense-in-depth, etc), has substantially improved the safety level in Atucha 1 nuclear power plant.
This approach aims at balancing the overall plant safety, to minimize conservative requirements, to
optimize inspection efforts and to ensure an optimized cost-safety relationship.
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