
XA9952626

EXPERIENCES IN SEISMIC UPGRADING OF EQUIPMENT AND STRUCTURES IN KOZLODUY
NUCLEAR POWER PLANT (440 WER-PWR)
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1. INTRODUCTION
Within the framework of the "Emergency Programme for Nuclear Safety for
Kozloduy NPP" in the Six-Month WANO Programme financed by the Commission
of the European Communities under the PHARE Programme, a consortium
formed by Westinghouse Energy Systems International (Belgium) and
Empresarios Agrupados (Spain) was committed by the Bulgarian Energy
Committee to carry out Item HB tasks necessary for the definition, design
and engineering of seismic upgrading of essential equipment and
structures in the Kozloduy 440 W E R units.

An essential part of these tasks was carried out by the Bulgarian
company, ENERGOPROEKT, with the participation of INITEC Consulting
(Spain) in specific tasks.

The first phases of this Item were carried out during 1992-93. A
detailed description of the activities and results obtained are given in
Ref [1]. This paper describes some of the experience gained during the
project, highlighting the concepts and practical approach followed.

2 . ISSUES ̂ TREATED AND TASKS PERFORMED
The tasks carried out were oriented mainly towards providing solutions
to the following questions:
Ql. In the event of occurrence of a physically credible earthquake that
could affect the NPP, which equipment and structures should behave
adequately to bring the plant to safe shutdown? As resources are limited
(which is the case worldwide) , where should more effort be exerted?
Q2. A second vital issue concerned the definition of adequate behaviour
of equipment and systems under seismic actions and how it could be
evaluated
Q3. The third problem concerned deciding on how and by whom this
evaluation would be accomplished
Q4. The fourth question was: If seismic upgrading is required after the
evaluation is done, how can it be designed realistically and in
accordance with local practice so that it can be efficiently implemented?
Q5. The last question relating to available time and resources was: Can
the required upgrading be accomplished in a short-term period and with
cost-effective results?

The answers to these questions formed the content of the different
tasks of the programme and are described in the following paragraphs, in
the same order as the questions.
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3. IDENTIFICATION AND PRIORITIES
Al. Equipment and components essential to safety were identified. Their
adequacy or potential vulnerability to seismic actions was also
determined. Based on these concepts, the necessary upgrading could be
arranged in order of priority (essentialness—vulnerability).
A2. Evaluation criteria were established and procedures developed to
quantify this adequacy or vulnerability.

The base-line for the evaluation criteria was given as a technical
specification that was drawn up mainly on the basis of expert opinions
of the staff of IAEA and its consultants. These criteria reflected a
realistic state-of-the-art approach to establish less conservative rules
than the usual practice at most Western NPPs, while at the same time
guaranteeing sufficient safety and allowing flexibility of application
for the different cases. The goal always borne in mind was to use sound
engineering judgement - whenever possible - oriented to final performance
rather than to fixed prescriptions.

Based on the above rules, the task of evaluation and prioritization
was effectively carried out.

In relation to the prioritization mentioned, two important supports
consisted of a) a previous seismic evaluation carried out by an IAEA
mission [Ref 2], and b) interaction with other groups of the WANO
Programme (Systems and Qualification of Equipment) [Ref 3].

4. PLANT WALK-DOWNS
A3. Evaluation of equipment was accomplished through the following
procedure:

A base list of partially—evaluated equipment [Ref 3] was enhanced to
cover a broad number of specifically located and identified equipment
Seismic Review Teams (SRT) were formed, including seismic engineers
from the Western Consortium, engineers from ENERGOPROEKT and
technical personnel from the NPP, which facilitated rapid location
and identification of the items
Walk-Downs (WD) were conducted through the plant by these SRTs which
reviewed the actual condition of the equipment in situ. Prior to
the WD, checklists and formats were drawn up in order to facilitate
field note-taking
For each piece of equipment, the SRT mainly identified the structural
resisting elements, seismic load paths, anchorage conditions,
potential interaction problems (collision with other pieces of
equipment, etc) and upgrading possibilities (proximity of structures,
space, accessibility, etc)
This systematic Walk-Down procedure was repeated at different stages,
complementing and checking the information collected as needed
The SRT/WD was considered to be a key aspect of the upgrading

process.
(Complementary Recognition Note: The use of in situ inspection [walk-
down] of the plant for evaluating seismic upgrading has been impressively
promoted by the approach of the SQUG and its consultants for evaluating
equipment [Ref * * * ] r which establishes clearly-defined procedures. This
attitude intrinsically seeks a return to the traditional engineering
approach that was promoted in the seismic engineering practice followed
for conventional buildings [Ref 4]).

5. UPGRADINGS
A4. The procedure for the seismic upgrading of certain equipment was as
follows:

A conceptual design was made by the SRT members of the Consortium.
Using the evaluation base-line criteria mentioned above, the
conceptual design covered:
- Quantification of the appropriate seismic loads (taking into

account potential future changes in the seismic input level)
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- Evaluation of the structural capacity of the equipment -
pathload, inertial forces, internal loads

- Quantification of the anchor loads and anchoring capacity
- Flexibility of the structural system (can large internal

amplification affect critical electrical devices?)
- Definition of different methods of increasing stiffness capacity

(if needed), weighing different alternatives
- Development of structural sketches for the different solutions
A detailed design was made by ENERGOPROEKT engineers, based on the
former conceptual design. The final design thus incorporated local
engineering practice (using local criteria, materials, codes,
practices) and the initial concept could be adjusted to a riper
solution. The end products were formal engineering detailed drawings
and technical characteristics of materials

6. IMPLEMENTATION
A5. As the programme allocated very short terms for accomplishing the
different tasks, and at the end of many of them the physical hardware of
the upgradings had to be implemented in the plant, the detailed design
upgradings were discussed with construction technicians involved in .the
NPP, so that feedback could be received from them in order to improve the
designs. A detailed construction schedule was developed by the SRTs, in
order to evaluate and check that the upgradings proposed could be
implemented in an acceptable time.

In this last issue, it was considered of vital importance for the
construction technicians, who would actually be implementing the proposed
upgradings, to be in contact right from the stage of conceptual designing
of the upgradings, in order to obtain more realistic solutions and to
gain time in their implementation.

7 . UPGRADINGS IN BUILDING STRUCTURES
In this first phase of the programme, the evaluation of the pumphouse
structure [Ref ***] and the diesel generator building [Ref ***] , together
with quality evaluation of the turbine building were covered; the
evaluation of a potential liquefaction problem was also included at the
first evaluation stage.

The details of the upgrading studies of the diesel building and the
pumphouse will not be discussed here, as a companion paper will describe
this area. The philosophy of the approach to evaluate the need for
upgrading was similar to the case of equipment qualification*** (SRT, WD,
conceptual design, detailed design) . Due to the volume of the items
involved and the structural problems resulting from the different
upgrading alternatives, a cost-benefit approach had to be considered
which took into account functional, operational and outage period
factors, that could significantly influence the structural option
proposed for upgradings.

8. MOTIVATION AND OBJECTIVES
The Question-Answer approach followed in the former paragraphs, served
in reality as a basic motivation to accomplishing the different tasks.
The participants in the project received a true impression of having
answered real questions of safety, by concentrating their efforts on
obtaining factible solutions and not merely trying to comply with certain
prescriptions*** per se. A clear understanding of the final objectives
of their technical efforts could serve as a stimulus and aid towards
improving the decision-making process.

9. CONCLUSIONS
An increase in seismic safety of an NPP can be accomplished by

upgrading key equipment in a cost-effective way
Essential and vulnerable equipment has to be identified
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Seismic capacity should be evaluated on the basis of realistic state-
of-the art criteria

Seismic review teams of experienced engineers should conduct planned
walk—downs in order to identify and propose effective upgrading solutions

Team work by the SRT plant engineers and construction engineers would
enhance the effectiveness of the solutions

It is recommended that all the participants be motivated and have a
clear understanding of the objectives of the upgradings
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