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ABSTRACT 

The purpose of this paper is to introduce the IAEA Safety Report under preparation on the Seismic Reevaluation of 
existing Nuclear Power Plants (NPPs). After an introduction on the objectives of the IAEA document and the common 
technical background of seismic re-evaluation, the outlines of the seismic re-evaluation process are discussed: the review level 
earthquake, the safety analysis of the plant as it should be considered in view of a seismic re-evaluation, the use of the 
feedback experience and the practice of walkdown. A special emphasize is given to the capacity evaluation, including some 
recommendations about non linear analyses and consequences of non linear behaviour on the seismic response. It is proposed 
to account for post elastic behaviour by the way of"Energy Absorption Factors", provided actual ductile capacity is available. 

INTRODUCTION 

Objective of the IAEA Safety Report 
The main purpose of the IAEA Safety Report under preparation is to provide guidance for conducting a seismic safety 

evaluation programme for an existing nuclear power plant in a manner consistent with current criteria and internationally 
recognized practice. 

The document may be a tool for regulatory authorities and responsible organizations for the execution of the seismic 
safety evaluation programme, giving a clear definition to different parties, organizations and specialists involved in its 
implementation on 

(i) objectives of the seismic evaluation programme; 
(ii) phases, tasks and priorities in accordance with specific plant conditions; 
(iii) a common and integrated technical framework for acceptance criteria, and capacity evaluation. 

Technical Findings 
Evaluate the safety of an existing NPP against earthquakes is a more complicated task than safely design a new NPP 

for the same purpose, and an appropriate evaluation program is not easy to set up. The IAEA Safety Report recalls main 
technical findings that should be regarded as a common background and should therefore guide the set-up of a seismic 
evaluation program. Among them, we notice the following ones. 

Despite peak ground acceleration (PGA) is a parameter widely used in order to scale the seismic input, it is also a 
known technical finding that damaging capacity of seismic input motion is poorly correlated to the PGA level, even the elastic 
response spectrum is a poor tool for that. Other parameters such as duration play a significant role in a judicious evaluation. 
Consistently, it is known that near field earthquakes with small or moderate magnitudes can lead at once to significant PGA 
levels and to non significant damages to structures; on the other hand they may lead to spurious behaviour of instrumentation 
and control systems. 

Regarding the structures and the mechanical components, it is a result of research and development in the past 
decade that, due to the usually available ductility and to the dynamic aspects of the phenomenon, a safe anti-seismic design 
relies more on capacities in accommodating large strains than in balancing large forces as they can be estimated on the basis 
of the classical engineering approach (elastic behaviour assumption and a static equivalent approach). It is the reason why a 
special attention has to be paid to actual ductile capacities. 

OUTLINES OF A SEISMIC RE-EVALUATION 

Review Level Earthquake 
The assessment of the seismic hazard of the site should evaluate the geological stability of the site, e.g. the absence of 

any capable fault that can produce differential ground displacement phenomena underneath or in the close vicinity of buildings 
and structures important to seismic safety. On the principle the re-evaluation process should not reveal dramatic changes in this 
field. Regarding the severity of the seismic ground motion, it may likely differ from the one at the design stage. It has to be 
described with appropriate parameters such as peak ground acceleration, velocity and/or displacement, ground response spectra, 
duration, time history accelerograms, etc. 



The IAEA Safety Report points out that the results of non linear time history analyses are very sensitive to the choice 
of the input motion. When such analyses cannot be avoided (in some geotechnical issues for instance), the IAEA Safety 
Report insists on the choice of the accelerograms, which has to be carried out very carefully. 

Either Safety Margin Assessment (SMA) or Probabilistic Safety Assessment (PSA) are proposed by the IAEA. In the 
SMA framework, a Review Level Earthquake (RLE) is introduced. On the principle, it should be at least at the level of the 
SL2 earthquake (as defined in the corresponding IAEA Safety Guide[ 1 ]). The SL2 level itself should be updated in case any 
reason for that appeared since the evaluation of the SL-2 design level. 

Safety Analysis 
The purpose of the Safety Analysis is to determine the Selected Structures Systems and Components (SSSC) required 

for a seismic evaluation, and to specify for each of them what are the required functions they have to assure, or what are the 
failure modes that have to be prevented from, during or after an earthquake. 

It is not necessary to verify the seismic adequacy of all plant equipment defined as Seismic Category 1 for the design of 
new facilities in IAEA Safety Guide 50-SG-D15 [2]. In the SMA method it is common international practice to focus the 
evaluation only on a list of Selected Structures, Systems and Components (SSSC) (e.g. structures, mechanical and electrical items, 
I & C, distribution systems, components) essential to bring the plant from a normal operation condition to safe shutdown 
conditions and to ensure safety during and following the occurrence of a RLE. The objectives are to identify seismic 
vulnerabilities, if any, which, if remedied, will result in the plant being able to shut down safely in the event of such earthquake. 

Because there is redundancy and diversity in the design of nuclear power plants, there may be several paths or trains 
which could be used to accomplish the required safety functions. As a minimum condition, only the active and passive 
equipment in a primary path (or train) and back up equipment within that path and a backup path need to be identified for 
seismic evaluation purpose to the RLE. The preferred safe shutdown path should be selected and clearly indicated. In 
selecting the primary and alternate shutdown paths, a single active failure must not lead to a significant increase in damage 
core frequency. 

Most of the criteria and assumptions developed for the margin method are equally applicable to the PSA method. 
The primary difference is that in the PSA method the list of SSSC to be reviewed is based on the results of the PSA plant 
systems analysis. The internal event and fault trees are modified to include spatial interactions, failure of passive components 

such as structures and supports, and common-cause effects of seismic excitation. A detailed discussion of the interpretation of 
seismic PSA results can be found in IAEA Tec. Doc. 724 [3]. 

The SSSC list may be expanded to include additional components as requested or required by the owner, operator, 
licensee or the regulator. A typical example of expanded scope is cooling of the spent fuel pool. 

Failure Modes 
For each SSSC, the required functions it has to assure has to be specified. For instance: a) For a structure it should be 

specify whether stability or functionality (supporting of equipment) is required. Due consideration should be given to structural 
elements required for fulfilling leak tightness requirements, b) For mechanical components, those which should keep their 
integrity and those which should remain operable should be listed. 

At this stage, it is necessary to develop a clear definition of what constitutes failure for each of SSSC being evaluated. 
Several modes of seismic failure may have to be considered. Identification of credible failure modes is based largely on the 
feedback experience and judgement of the reviewers. In this task, a review of the performance of similar structures, systems and 
components and of reported failures in industrial facilities subjected to strong motion earthquakes will provide useful information. 
In these regards, the IAEA Safety Report reminds the most frequently observed failure modes. Likewise, consideration of design 
criteria, qualification test results, calculated stress levels in relation to allowable limits and seismic fragility evaluation studies 
done on other plants will prove helpful. 

Feedback Experience 
The IAEA Safety Report recognizes that seismic evaluation of existing NPPs rely much more on feedback 

experience than assessment of new NPPs does. Estimate of seismic capacity of systems and components may often be 
accomplished by the use of experience gained from real strong motion seismic events. Such qualification requires that: 

a) the seismic excitation of an item installed in a plant subjected to a real strong motion earthquake effectively 
envelops the seismic input motion defined for similar items at the given NPP; 

b) the item being evaluated and the one which underwent the real strong motion earthquake have similar physical 
characteristics and have similar support or anchorage characteristics (alternatively, the support or anchorage 
capacities can be evaluated by additional analysis); 



c) in the case of active items, the item subjected to the strong motion earthquake performed similar functions during 
or following that earthquake, including the potential aftershock effects, as would be required for the safety related 
item being evaluated. 

Use of feedback experience has to be made in the framework of a validated procedure associated to an appropriate 
database. The IAEA Safety Report regards the Generic Implementation Procedure (GIP), developed by the Seismic 
Qualifications Utility Group (SQUG) jointly with the NRC as an example of such a procedure [4]. 

However, it is pointed out that most building structures and some systems and components are so specialized that they 
are not included in the earthquake experience database. Particularly, it is the case of components and structures and major pieces 
of equipment of the reactor coolant. 

Walkdown 
The procedure associated to the use of feedback experience implies the practice of walkdown. Major objectives of a 

walkdown are: 
a) to review the SSSC: to confirm the list of the SSSC, their required functions, their possible failure modes; to screen 

out the SSSC which feature a seismically robust construction and to identified the easy-fixes that have to be carried 
out regardless any analysis; to confirm that the database is appropriate to the SSSC under consideration, 

b) to check the extent to which the as-built conditions correspond to design drawings when the evaluation is based on 
analysis, 

c) to def'me representative sample configurations for limited analytical evaluations. 
As the basis for a plant seismic walkdown, the SSSC list should be prepared in advance, indicating the required 

functions to be assured. During a walkdown, a special care should be paid to spatial interaction and to anchorage of 
equipment. Each SSSC should be visually examined. After a 'preliminary screening walkdown', there will be three alternative 
disposition categories for each SSSC: 

a) the seismic capacity is not adequate, so a modification is required; 
b) the seismic capacity is uncertain and further evaluation is needed to determine whether a modification is required, 

or 
c) the seismic capacity is adequate for the specified RLE. 
General experience with plant walkdown have indicated that most electrical and instrument cabinets require 

modifications to increase the anchorage capacity and many unreinforced masonry walls also require upgrades. Electrical and 
mechanical distribution system supports have required selective upgrading. Some mechanical equipment require upgrading of 
their anchorage capacity. 

EVALUATION OF SEISMIC MARGIN CAPACITY 

Consequences of Post-Elastic Behaviour 
The evaluation process basically leads to deal with post elastic behaviour. Nevertheless to the possible extent, it is 

recommended by the IAEA Safety Report to avoid sophisticated controversial non-linear analyses. In order to make a judgement, 
it is highly preferable to document about the "as is" facilities relevant data that support a simple analysis than to provide a large 
amount of non linear analyses. However it is recognize that static non-linear analyses (such as the "push-over" method) may be of 
interest to assess the margins of a structure or of a mechanical system. 

According to the state of the art, due to the post elastic behaviour, the purpose of the evaluation of seismic margin 
capacities should be to analyse the strains induced by the postulated RLE in the structure and to compare them to ultimate 
admissible strains. Basically it means that approaches orientated to strain evaluation (displacements approach) are more 
relevant that those based on stresses evaluation (forces approach). 

Consistent strain analysis is generally difficult to obtain because engineering practices and engineering tools 
(education, standards, criteria, computer codes...) are orientated towards stresses analysis. For this reason, in order to provide 
convenient guidance, the IAEA Safety Report is written in the general framework of stresses analysis; in this framework the 
inelastic energy absorption factor F~t is introduced. 

Response Analysis 
In computing the response of the structure, the following principles are recommended: 
a) a reference model of the structure, including soil-structure interaction effects, should be derived from a best 

estimate approach without intentional conservative bias (for instance values of structural damping higher than for 
design are accepted), however 

b) parametric studies have to be carried out in order to cover the uncertainties of the model. Particularly the 
variability of the soil profile Young modulus is recommended to be at least in a range from 0.67 to 1.5 times the 



best estimate, preferably from 0.5 to 2 times. Also the fragility of masonry wall is pointed out, which should lead 
to parametric studies. 

In any case the range of the natural frequency to be taken into account for the parametric study, and accordingly for 
the description of the floor response spectra should be so that 

Af = fmax- fmin > 0.2 fbest estimate 

This range of variation is centered on the best estimate in case of elastic analysis and shifted to the low frequency in 
case Fg factors are used in the capacity analysis. In case Fg factors above a given threshold are used the dynamic model of the 
structure has to be updated and the response accordingly computed. 

Capacity Evaluation 
The IAEA Safety Report recommends that the general criteria for the assessment of the seismic margin capacity be 

more conservative than those which would be permitted in conventional seismic design but more liberal than in original 
nuclear power plant design. The above mentioned Fg factors are calibrated accordingly. 

The Fg factors are introduced as a practical inclusive method that takes into account the ductile capacity of the 
structures, in this context, g is the admissible ductile capacity. In this regards, the IAEA Safety Report insists on the fact that an 
actual ductile capacity has to be available and requires that any use of Fg factors be documented, even roughly. The objective is 
to be sure that any brittle failure mode is impossible or has been duly addressed, and that the engineers in charge of the re- 
evaluation have a good knowledge of the structure and components they are in charge of assessing. 

Values of Fg larger than those proposed in the Safety Report are permitted, provided they are supported by an 
appropriate documentation including experimental evidences and analytical background (such as the displacement orientated 
approach), and a consistent analysis process is used for estimating the response of the structure or components considered. 

In order to illustrate the order of magnitude of the Fg factors, table 1 gives some typical values that were used in seismic 
re-evaluation of existing NPPs. It has to be pointed out that the use of such values is consistent only with the use of the associated 
values of parameters that govern the seismic response, such as damping. 

Table 1. Some Typical Fg values used in seismic re-evaluation of existing NPPs 

Concrete columns where flexure dominates 1.25 to 1.50 

Welded steel pipes 

Concrete columns where shear dominates 1.00 to 1.25 

Concrete connections 1.00 to 1.25 

Concrete shear walls 1.50 to 1.75 

Steel columns where shear dominates 1.00 to 1.25 

Steel beams where flexure dominates 1.50 to 1.75 

1.50 to 2.00 

The principle for the use of the Fg factors is the following one: first an elastic behaviour analysis of the structure is 
carried out. Then the elastic stresses resulting from this analysis are divided by the Fg factor before entering the classical criteria 
for stress analysis. In case of stresses resulting from a displacement controlled load (seismic differential anchor motion), the 
elastic stresses are divided by la. Basically this rule means that dividing either by F~t or by g, the intent is to account for the 
primary part of the considered stresses. 

On the other hand elastically computed displacements are amplified by the Fg factor. According to a~ common view, 
elastically computed displacements are slightly modified in case of post elastic behaviour. In this regard the IAEA rule is 
intentionally more severe than the common practice, taking into account a lesson of the feedback experience: many observed 
damages are due to an underestimate in the design phase of the displacements induced by an earthquake. 

Formula governing the use of the Fg factors are given in the appendix. 

Special Items 
The IAEA Safety Report states that special care has to be taken with two items: 
a) Anchorage capacities, since anchorages are well known as a weak point of industrial facilities in case of 

earthquake; specific criteria are mentioned. 



b) Functional capacities of electromechanical relays, since feedback experience draws attention to theft frequent 
spurious alarms. 

EXAMPLES OF SEISMIC RE-EVALUATION OF NPPs 

Several eastern Europe NPPs proceeded to seismic re-evaluation in the last years. These re-evaluations were carried 
out on the basis of guidelines that were reviewed by the IAEA. So it is possible to say that in spite the Safey Report itself is 
just to be issued, its principles have been already extensively used in seismic re-evaluations of existing NPPs. Furthermore it 
is also used for re-evaluation of sites with other facilities than NPPs. The table 2 indicates some values of Review Level 
Earthquakes. 

Table 2. Examples of Review Level Earthquake 

Armenian NPP 0.3 5g 

Bohunice, Slovakia 0.35g 

Paks, Hungary 0.25g 

Kozloduy, Bulgaria 0.20g 

APPENDIX : USE OF THE Fg FACTORS 

For a primary structure : 

Sp: inertial stresses computed assuming an elastic behaviour of the structure, with ground motion RLE as input. 

S'p Sp reduced by the appropriate Fpp value of this primary structure, as follows: 

S'p -- S p / F ~  

Dp: displacements computed assuming an elastic behaviour of the structure, with ground motion RLE as input. 

D'p Dp amplified by the appropriate Fpp value of this primary structure, as follows: 

D'p = Dp F~ 

For a secondary structure (piping systems, components, ducts...), two types of input motion have to be provided: floor 
response spectra and anchor displacements; they have to be consistent, i.e. they have to be computed with the same model of the 
primary structure. In most of the cases, anchor input motion have to be taken into account to the extent they result in non nil 
differential displacements. 

Ss: inertial stresses computed assuming an elastic behaviour of the secondary structure, with FR'p as input. 

S'S Ss reduced by the appropriate Fgs value of this secondary structure, as follows: 

S's = Ss / F~ts 

am stresses induced by anchor motion computed assuming an elastic behaviour of the secondary structure, with D'p 
motion of the primary structure as anchor input motion. 

S~m am modified as follows (primary part of a displacement controlled load): 

S'm "- Sm / ~s 



In case the displacements in this secondary structure have to be estimated (for instance displacements of a run pipe are 
anchor input motion for a connected branch pipe), the following formula can be used: 

DS displacements computed assuming an elastic behaviour of the secondary structure, with FR'p and D'p as input 
motions. 

D~S Ds amplified by the appropriate F~ts value of this secondary structure, as follows: 

D's = Ds F~ts 

The S' stresses are used in superposition with stresses induced by permanent loads in order to verify compliance with 
seismic capacity criteria. 
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