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Design, implementation and licensing of improvement measures
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Abstract

Modifications are designed to contribute to improve the level of safety, and the level
of performance of the plants. The successful implementation of a modification depends on the
quality of the design and particularly the good fitting of the modification in the existing
design, on the perfect consistency of the licensing approach and on the good management of
the project constraints and interfaces. Over the last ten years, Framatome has accumulated a
large and varied experience in these activities, as shown in the few examples briefly described
in the presentation.

Within the Mochovce completion project, Framatome has been in charge of the basic
design or implementation of about twenty safety measures. This involved establishing
efficient partnerships with design organizations and suppliers in Slovak Republic, Czech
Republic, and Russia. A similar approach is used in the frame of the Kozloduy 5-6
modernization program, where the basic engineering contract is conducted since 1998 and the
main contract under discussion.

From the very beginning of the TACIS program Framatome has been involved in
projects dealing with the design of the reactor safety systems. For example, an extensive work
aiming at developing a methodology for accident analysis in VVER reactor was initiated in
1993, in collaboration with Siemens, Kurchatov Institute and OKB Gidropress. This
methodology was recently used successfully in a new project with the objective to evaluate
the possible modification of reactor protection signals of some Russian reactors.

Within the PHARE program, a complete analysis of the primary to secondary leakage
risk was conducted for Paks nuclear power plant. This involved the writing and validation of
the relevant emergency procedure, specification of the leak detection system, study of an
improved design of the collector cover, and recommendation of some systems modifications.

A last example is the study of the modifications of main steam lines performed in the
frame of the Mochovce project as well as in a PHARE project for the Dukovany nuclear
power plant. This involved the safety analyses of the consequences of a pipe rupture,
determination of postulated ruptures, design of pipe restraints, analysis of the ability of
isolation and safety valves to operate in accidental condition, proposal of modification of
valve internals.
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Design, implementation and licensing of improvement measures

Modifications have been designed on VVER plants to contribute to improve the level of both
safety and performance of the plants. The successful implementation of a modification
depends on the quality of the design and particularly the good fitting of the modification in the
existing design, on the perfect consistency of the licensing approach and on the respect of the
project constraints and interfaces.

Though the safety concepts remain basically the same from one case to the other, the
conditions in which each modification must be designed and licensed vary significantly,
requiring a high flexibility in the approach. One obvious reason for this variability is the
technical particularities of each plant, which require specific attention. But many other
reasons contribute to make each project a unique one: the organization of the project itself, the
various actors involved with their own methods, tools and culture, the way the consistency
with other modifications implemented or planned on the same unit is ensured, the general
approach of the involved safety institutions... The challenge is then to combine the high
flexibility required to adapt one's approach to each unique situation with the high level of
rigor required to carry out the project according to schedule, budget and requirements.

Over the last ten years, Framatome has accumulated a large and varied experience in these
activities, as shown in the few examples briefly described in the presentation. This covers
large projects including whole packages of modifications, as well as smaller projects focussed
on one specific safety concern, or even on methodological concerns.

Modernization and completion projects

A first, and important example is the contribution of Framatome to the completion of
Mochovce units 1 and 2. This case is characterized by the simultaneous treatment of a large
number of safety measures within a vast organization involving many interfaces.

On the basis of the IAEA and Riskaudit reviews, Slovenske Elektrame elaborated a
comprehensive catalogue of the safety measures to be implemented on the units during their
completion. The industrial scheme adopted was similar to the one used for the initial
construction of the plant, the General Designer and the General Supplier keeping their roles in
the completion of the plant and taking charge of part of the decided measures. The balance of
the safety measures has been analyzed or implemented by the EUCOM consortium, including
Framatome and Siemens, by Atomenergoexport of Russia, VUJE of the Slovak Republic and
the power plant operational teams. EDF assisted the utility in project management.

The 87 safety measures involved a large scope of safety concerns, such as accident
prevention, protection against common mode failures, reliability of engineered safeguard
functions, integrity of confinement barriers and radiation protection, accident analyses,
probabilistic safety analyses, and man-machine interface. EUCOM has been involved in 43 of
these measures.
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Specific tasks with major involvement of Framatome were, among others: the definition of the
scope and methodology of the accident analysis, the best-estimate studies to support
emergency operating procedures, the study of the reactor pressure vessel thermal schock, the
analysis of the behavior of the steam generators in accident conditions, the review and
improvement of the reactor protection system, the review of the primary pipe whip restraints
studies, the treatment of the internal hazards due to high energy piping ruptures, the mitigation
of steam generator primary collector break...

Framatome set up specific partnerships with several local companies for the purpose of this
project: in the Slovak Republic, the Vuje institute in Trnava, the Relko institute in Bratislava
and Vuez institute in Levice have been deeply involved in the design work as well as the Rez
institute and Modranska Potrubny company in the Czesh Republic. In Russia, Framatome
worked closely with the original designers Gidropress and Kurchatov Institute, as well as with
equipment manufacturers such as SNIIP Systematom and Chekkov Power Engineering
company, whose equipment have been qualified.

The challenge for all the parties involved was to demonstrate that they could complete their
tasks in collaboration with the other parties, from basic design to implementation and
licensing of the modifications, on time and within budget. The start-up on schedule of the
units shows that this challenge has been met.

The bulk of Framatome work on this project is now over but another similar configuration is
now encountered in the frame of new modernization and completion projects. For the
Kozloduy units 5 and 6 modernization program, in Bulgaria, a consortium including
Framatome, Siemens and Atomenergoexport signed a first contract in 1998, called "Basic
Engineering Phase" which is aimed at defining in detail the needed hardware modifications.
For Rovno 4 and Kkmelnitsky 2 completion project, in Ukraine, Framatome is the leader of a
consortium including Siemens and Atomstrojexport, to act as general contractor.

A methodology for accident analyses

In a totally different context, TACIS 91 project "accident analysis" gave us the opportunity to
develop a methodology for accident analysis of Russian VVER 440/230 reactors. This project
was performed jointly by Framatome, Siemens and Electricite de France. The beneficiary was
Rosenergoatom and the local institutes involved were Kurchatov Institute and Gidropress.

The project lasted two years and a half and allowed an in-depth review of western and Russian
practices, methods and tools.

The French and German methodologies for accident analysis were analyzed in detail during
the first year in order to determine their correct applicability to VVER 440/230. The principles
to be adopted, the list of accidents and transients to be analyzed, and the precise assumptions
to be made for each calculation were discussed at length. Eventually, a common methodology
was proposed to Rosenergoatom and approved.

The French and German codes for thermal hydraulic and confinement analysis were
transferred to the local institutes, with corresponding training. The necessary input data were
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elaborated and verified. A comparison of the western and Russian codes was performed to
identify which code could be used for each purpose, and to eliminate the code-specific results.

Once the methodology had been defined, a total of 60 initiating events, leading to over 100
scenarios, were analyzed. The results corroborated the conservatism of the earlier approaches
for the original design basis of these reactors and allowed to propose potential improvements.

More recently, in 1999, a new project called "emergency protection signals evaluation for
VVER 230" was launched, aiming at proposing and evaluating a new set of protection signals
for VVER 440/230. Despite changes in the western team, with the arrival of new participants,
the large preparatory worked performed in the first project allowed this evaluation to be
carried out in 8 months.

Primary to Secondary leakage

The possibility of a large Primary to Secondary leakage is considered with a particular
attention for VVER reactors, especially because of the design of the steam generators primary
collector. This accident can lead to significant radioactive release in the environment and the
primary coolant inventory can be jeopardized.

The issue encompasses accident analyses, measures aiming at improving the prevention of the
accident, improvement of the means for detection of the accident, and for the mitigation of its
consequences.

Accident analyses involve the determination of the overall response of the plant, the
calculation of activity released, the determination of the structures mechanical loads, the
analysis of the influence of the various systems involved in the accident management.
Analyses are performed with penalizing assumptions for licensing purpose and with best
estimate assumptions for accident management purposes.

Accident prevention includes the study of improvements of the collector cover design and of
the secondary water chemical control. The systems for early detection of small leaks are
generally based on Nitrogen 16 activity measurement when the plant operates at full power.
For low power or shutdown states the detection can be based on the detection of noble gases
gamma activity.

Framatome studied this issue successively in the frame of a PHARE project with Paks
Nuclear Power Plant as main beneficiary, and in the frame of the Mochovce project. The
PHARE project involded a western consortium lead by Framatome and including Siemens,
Electricite de France, IVO engineering and NNC, and the Hungarian companies KFKI-AEKI
Eroterv, and also Budapest University. The sharing of the responsibilities, and the limits and
sharing of the technical scope were widely different from one project to the other but the
safety approach was successfully adapted in both cases.

High energy piping ruptures
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Another important safety concern is the consequences of high energy piping ruptures in the
intermediate building of VVER 440/213 reactors. Framatome had to deal with this topic in
the frame of the Mochovce completion program and, in the frame of a PHARE project, for the
Dukovany nuclear power plant.

During the PHARE project, the following approach was followed, in collaboration with the
plant and with REZ Nuclear Research Institute, acting as main local sub-contractor.

The most significant existing accident analyses were reviewed in order to validate their
applicability to the safety demonstration undertaken in the project.

Detailed stress analysis of the steam and feed water lines were performed to determine the
postulated break locations. Dynamic calculations were performed to identify where restraints
were necessary. Additional calculation were performed to allow the accurate design of these
restraints.

A new routing of the Emergency Feed Water System, presented by the plant, was reviewed to
verify the consistency of its design with the safety criteria used in the project.

The closure in accidental conditions of the main steam isolation valves was investigated.
Recommended modifications have been documented. Calculations have been performed to
justify that these modifications were efficient enough. In addition, the behavior of the steam
safety and relief valves has been assessed, and larger modifications of the discharge system
have been investigated.

The proposed modifications have been documented in form of a safety analysis, a description
of the modified or added equipment, and a price assessment for the procurement and
installation of this equipment.

Conclusion

During the last ten years, Framatome has been involved in many contracts involving most of
the significant partners in VVER industry, thus accumulating a large experience both in the
technical and the industrial fields. An important lesson learnt from these activities is that it is
of the utmost importance to remain open to the particularities of each plant and each country
in order to fit into the proper technical and organizational scheme the most adapted to each
case. We have always met this challenge with success and we are confident that we will
continue in the future to bring an efficient support to the continuation and improvement of the
VVER industry.
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