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Abstract

In India, the work toward seismic qualification of existing
nuclear facilities has been started. Preliminary work is being
undertaken with respect to identifying the facilities which would
be taken up for seismic qualification, approach and methodology
for re-evaluation for seismic safety, acceptance criteria, etc.
Work has also been started for framing up the criteria and
methodology of the seismic qualification of these facilities.
Present paper contains the proposal in this respect. This proposal
is on similar lines of the present practice of seismic
qualification of NPP , as summarized in the Appendix, but has been
modified to suit the special requirements of Indian nuclear
installations.

1. INTRODUCTION

Earthquakes have the potential to induce common cause failure.
The frequency and severity of seismic hazard is site related.
Measures for protection against seismic hazard are incorporated
into the plant design. Plants built using earlier standards may
have deficiencies both in the requirements relating to the
derivation of design basis ground motion (DBGM) as well as in
criteria and measures (i.e. design features) for protection against
the effects of seismic hazard. In view of this, it is necessary to
re-evaluate the capability of the structures, systems and component
(SSC) of older facilities to withstand the effect of earthquake in
line with the current criteria.

The fundamental safety principles of nuclear power plants
(NPP) and the basis for judging the safety of NPPs built to earlier
standards are given in references - 1 and 2. The approach and
methodology for the evaluation of seismic safety of existing plants
built to earlier standards can be formulated using this basis.
Reference-3 outlines the criteria for re-evaluation of safety of
WWER type NPPs of Eastern Europe. Methodology had also ^been
developed for seismic re-evaluation of PWR based NPP [4,5,6,71 . A
brief overview of the present practice of seismic qualification of
existing NPP is given in the Appendix.

Indian nuclear facilities includes all facilities under
nuclear fuel cycle and associated activities covering from the
front end to the back end of the nuclear fuel cycle processes and
also associated industrial plants (see Fig. 1). Example of such
facilities are Nuclear Power Plants (NPPs), Research Reactors,
Heavy Water Plants, Spent Fuel Reprocessing Plants, Fuel
Fabrication Plants, etc. The present approach of aseismic design of
the Indian nuclear facilities, specially the nuclear power plants,

* Note: Numerical number inside the square bracket indicates
reference number.
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FIG. I. Indian nuclear fuel cycle.

has been evolved over a period of time. Some of Indian nuclear
facilities were constructed several years back. For example
Tarapur Atomic Power Station, a light water reactor based NPP, was
commissioned in 1969. Two CANDU reactors of Rajasthan Atomic
Power Station were commissioned in 1972 and 1981 respectively. The
first indigenised pressurized heavy water reactor based NPP was
commissioned at Kalpakkam in. 1984. In addition to these, a number
of facilities of Indian nuclear fuel cycle were constructed about
30 years back- If these installations have to be re-evaluated in'
terms of current practices for seismic safety, the proposal
presented in this paper is designed to address such requirements.

2. PROPOSED SEISMIC QDALIFICATION METHODOLOGY FOR EXISTING
INDIAN NUCLEAR FACILITIES

2.1 Objective

The objective of the proposed seismic qualification
methodology is to carry out safety re-evaluation of existing Indian
nuclear installations against the perceived seismic hazard (site
specific as far as practicable) using current postulation and
aseismic design approach [7,9,10], principal objective of nuclear
safety [8] and also present status of the plant.

The seismic qualification programme based on
method would have three major components:

the proposed

1) Deriving an earthquake level for the seismic qualification.
(Experience gained elsewhere indicates that this earthquake
level is expected to be larger than the one for which the
installation was originally designed).

2) Assessment of seismic margin of the structures, systems and
components, with respect to the above earthquake level.

76



3) Upgradation of structures, systems and components, if found
necessary, using the information obtained from the seismic
margin assessment.

All activit ies of the proposed methodology need to be carried
out following planned programme. Flow diagram (see Fig. 2) for
the proposed method is similar to the one given in ref-11.
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FIG. 2. Flow diagram for seismic qualification of existing nuclear installations
(following proposed method).

2.2 Review Basis Ground Motion

One of the main activities of the proposed method is to
determine the ground motion parameters (PGA, Spectra, etc.) which
will be used in the assessment of seismic margin. The terminology
review level earthquake (RLE) is used in this context [3,111-
This terminology may create confusion with regard to the other
terminology related to the aseismic design of NPP used in India
(9). In India, the level of earthquake [9] refers to the severity
of earthquake and not the ground motion parameters. For example,
SI level (OBE) or S2 level (SSE) earthquake. It may be noted that
the terminology, design basis ground motion (DBGM) is used in
defining the parameters (i.e. PGA, spectra and time history) of
different level of earthquake (i.e. SI level, S2 level) which are
considered in the design of plants. The seismic qualification of
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existing installations basically aims at reviewing the adequacy of
a nuclear installation to withstand the seismic hazard with respect
to current approach and methodology of aseismic design of nuclear
installations. In view of this, it is proposed to term tho
parameters of ground motion which would be used in seismic
qualifications as review basis ground motion (RBGM).

RBGM for the seismic qualification of a NPP is the ground-
motion parameters corresponding the S2 level of earthquake [9]. A
median plus one sigma PGA value with mean spectral shape is
proposed to define the ground motion parameters of RBGM for NPP
(3,17], If deconvolution approach [18] is used in response
analysis the ground motion parameters of RBGM may be taken as same
as those, of design basis ground motion (DBGM) which is generally
used for the design of new plant. However, This aspect needs a
very detailed deliberation.

In general, conservative approach is adopted in developing the
DGBM [9]. The areas, where conservatism are typically found, are
in the specification of design basis earthquake, deterministic
derivation of PGA, spectral shape, etc. These conservatisms a m
desirable for designing new facilities but all of them may not be
required for seismic re-evaluation of an existing installation.
Less conservative approach with minimum level of uncertainties is
proposed to be adopted for deriving the RBGM [171.

All nuclear installations are not required to be re-evaluated
with respect to same level of earthquake. The severity of
earthquake level, to be considered in the seismic re-evaluation of
an installation, should be linked with the overall safety
requirement of the installation. In view of this, structures,
systems and components of existing nuclear installation are
proposed to be. categorized in the following three groups for
defining the corresponding parameters of RBGM;

Category-1

o Systems of a NPP or a research reactor associated with the
safe shutdown of reactor, decay heat removal from reactor,
containment, spent fuel storage pool or others whose failure
would cause radioactivity release beyond acceptable limits.

o SSC of any other hazardous plants situated nearby NPP whose
failure could jeopardise the safe shutdown of reactor and
decay heat removal.

RBGM parameters of Category-1 SSCs correspond to S2 level
earthquake as mentioned above.

Category-2

o Radiochemical plants like waste management facilities, fuel
reprocessing plants, etc.

RBGM parameters for Category-2 SSCs correspond to SI level
earthquake. In the absence of detailed analysis, PGA value for
category-2 SSCs may be taken as 50% of the PGA value considered for
Category-1 SSCs.
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Ca.tegory-3

o Hazardous chemical plants whose failure would not jeopardise
the safe shut down of nearby reactor and its delay heat
removal or would not release radioactivity beyond acceptable
limits.

For Category-3 SSCs, RBGM parameters should be as per IS'
1893 [191.

2.3 Identification of Plants and Associated Structures, Systems
and Components for Seismic Qualifications.

All structures, systems and components (SSC) of an
installation need not be re-evaluated for seismic adequacy. Only
those structures, systems and components of an installation
failure of which could lead to radiological risk beyond
acceptable range would be re-evaluated. Based on this principle,
following SSCs would primarily be considered for the seismic
qualification;

1. Nuclear Power Plant (NPP) and Research Reactors.

o SSCs associated with safe shut down of reactor

o SSCs associated with decay heat removal from reactor

o Containment

o Spent-fuel storage pool

o Any other SSC whose failure would cause undue
radiological releases beyond acceptable limit.

2. Chemical plants

o Failure of which would cause undue radiological release
beyond acceptable limit.

o Plants and installations, failure of which would
jeopardise the safe shutdown of nearby NPP, if any.

The criteria / assumptions given in para A-3.0 of the Appendix, may
be followed to identify the SSCs for seismic qualifications.

In assigning the priority of the identified SSC, consideration
should be given to the healthiness (ageing effect) of the SSC,
whether any undesirable events occurred during the operating period
of the plant, etc.

2.4 Re-evaluation of Seismic Safety

The seismic safety of a plant will be quantified in terms of
seismic margin. A definition of seismic margin, similar to that
given in ref. 5, is adopted in the proposal. The seismic margin
is expressed in terms of the earthquake motion level that
compromises the plant safety sufficiently leading to melting of the
reactor core. In this context, margin is defined for the whole
plant. The margin concept can also be extended to any particular
structure, function, system, equipment, item, or component for
which compromising safety means "sufficient loss of safety function
to constitute to core melting if combined with other failure".
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When this concept is extended to SSC level, it is termed as seismic-
capacity. The seismic capacity of SSC is the ground motion
acceleration upto which, if a component is subjected, would have
the ability to sustain its effect and continue to perform tho
intended function. Therefore, in the proposal, seimsic margin
refers to the ground motion parameter (PGA) with reference to the
overall plant safety and seismic capacity will refer to the same
parameter level with respect to SSC.

Like the accepted practice [5], the concept of high confidence
low probability failure (HCLPF) will be applied in calculating
seismic capacity of the SSC. The HCLPF capacity values are
approximately equal to a 95% confidence (probability) of not
exceeding of about 5% probability of failure.

Both fragility analysis (FA) [4,12,13,14] and conservative
deterministic failure margin (CDFM) [3,6,7,15] methods are proposed
to determine the seismic capacity of SSC. Determination of HCLPF
capacity from fragility analysis is significantly dependent on the
judgment and accuracy in calculating median capacity, randomness
variability and the uncertainty factor. Moreover, there is no
consensual methodology available to develop randomness and
uncertainties factor in consistent manner. As a result of these,
there may exist inconsistency in the HCLPF capacity of plant when
different groups of experts carry out the work [3]. On the other
hand, CDFM method is a code based method. It basically assumes
that if the capacity of SSC determined using the codal value of
material strength and other parameters and codal criteria of
strength, the HCLPF criteria in determining seismic capacity would
be satisfied. As this method is principally code based, chances of
existing inconsistency in HCLPF capacity of different component
carried out by different groups of experts is minimum.

India has adequate experience of code based design analysis of
nuclear installations. Though preliminary work in the field of
fragility analysis has already been started in India, considering
the difficulties still remaining in the state of the art of
fragility analysis, it appears to be prudent to put more emphasis
on the CDFM method in the initial period of seismic qualification
work.

Assessment of the strength of structures systems and
components of an existing plant is to be carried out with respect
to the review basis ground motion (RBGM). The response analysis may
be carried out using higher damping values than those used in tho
design work. The damping values suggested in the reference-3 is
proposed to be used in the response analysis work. The linear
response analysis would be carried out using linear spectra.
Almost all the structures and components exhibit certain level of
ductility, by virtue of which they may withstand a higher level of
loading than those corresponding to elastic level prior to failure
("failure" is to be defined appropriately). The effect of
ductility would be considered in evaluation of seismic capacity.
There are two approaches available in this respect. In the first,
the spectra is scaled down by an appropriate ductility factor and
the response analysis is carried out using this modified spectrar

[15]. In the second approach, the response of structural elements
determined from a linear analysis is reduced by appropriate
ductility factor [11]. Both the approaches are acceptable to the
proposal. However, it may be noted that the second approach seems
to be more rational. The values of ductility factors, as suggested
in ref.15 and those of ref. 11, may be used for the first and
second approach respectively.
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Seismic qualification based on experience and test results may
need data from international sources.

2.5 Plant walkdown

The plant walkdown is proposed to be carried out using the
similar procedure as described in references 3 and 16. Information
on construction of the plant and that on current status of
various SSCs of the plant would be collected and documented in this
step. The activities of this step also include screening the
system and components which needs to re-evaluated. The important
systems, components which would be examined during the walkdown are
anchorages of equipment, cable trays, and other components which
may suffer excessive movement during earthquake. Possibility of
spatial interaction between near by structures, components,
equipments would also be examined during walkdown. Screening of
component would be carried out following the similar criteria as
described in reference-3.

3. SUMMARY

Preliminary work for the seismic qualification of these
existing installations have been started in India. Present paper
contains a proposal to outline the approach and methodology for the
work. The proposal is similar to the present . practice adopted
elsewhere for the seimsic qualification of existing NPP with
certain modifications to suit special requirements of Indian
conditions. The salient features of the proposal are:

1) The SSCs related to safe shutdown of reactors, decay heat
removal from reactor, containment and spent fuel storage pool
of existing NPP or research reactors will be considered for
seismic qualification. In addition, any other SSC of NPP and
research reactors whose failure may cause radiological release
beyond acceptable limit and SSC of chemical plants whose
failure may jeopardise the safe shut down of near by NPP, if
any, are also to be included in the list of seismic
qualification.

2) The SSCs of nuclear installations are proposed to be
categorised into three groups for seismic qualification work
depending on the overall safety demand of the installations.

3) The RBGM parameters for Category-1 SSCs should corresponds to
S2 level earthquake and are defined by median plus one sigma
PGA value with mean spectral shape. If deconvolution approach
is adopted, the ground motion parameters of DBGM are proposed
to be considered; this aspect needs a detailed deliberations.
For category-2 SSCs, RBGM would correspond to Si level'
earthquake or PGA may be taken as 50% of that of Category-1.
For category-Ill, RBGM parameter should be determined from
IS1893.

4) Both fragility analysis and conservative deterministic failure
margin methods based on HCLPF concept would be used to
determine seismic capability of SSC. However, more emphasis
is proposed for CDFM method at the initial period.
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APPENDIX

BRIEF OVERVIEW OF THE PRESENT PRACTICE OF SEISMIC QUALIFICATION
OF EXISTING NPP

A.1. 0 INTRODUCTION

The nuclear power plants (NPPs), constructed before early
seventies, are being subjected to severe scrutiny through out tho
world for safety against earthquake with respect to present
standard of aseismic design of NPP. Seismic qualification of*
existing NPP has been started in the late 1970's. A number of NPPs
had already been scrutinised in different countries and several
other NPPs are being examined.

A-l.l Objective of Seismic Qualification of Existing NPP

Primary objective of seismic qualification of existing NPPs is
to assess and enhance, if required, the seismic capacity of safety
related SSCs of these NPPs required for safe shutdown of the
reactors and to reduce the potential for release of radioactivity
beyond acceptable limits during a seismic event.

A-1.2 Stages of Seismic Qualification Activities 13]

Seismic qualification of an existing NPP is generally carried
out in four stages;

Stage-1: Determination of earthquake level and corresponding ground
motion parameters which would be used for the qualification of
SSC. This earthquake level which defines the seismic demand
is known as review level earthquake (RLE).

Stage-2: In this stage, building structures of NPP are evaluated
against RLE, i.e. their seismic capacity is determined with
respect to RLE. The floor response spectra required to define
the seismic demand for SSC housed in the building structures
are also determined.

Stage-3: The seismic capacity of critical systems, such as reactor
coolant system, reactor protection systems, etc. are
determined in this stage. Engineering of rectification
measures required for seismic upgradation of SSC, if found
necessary, for which detailed analysis and test are required
is also undertaken in this stage. This stage also includes
the design of rectification measures of the building
structures and also the large tanks, systems and components
for which inadequate seismic resistance data are available.

Stage-4: In the fourth stage, seismic evaluation of auxiliary
system is carried out using the experience and judgment based
on the performance data of the similar component during actual
earthquake or test; or during walk down by qualified
personnel. The modifications, if required for these systems
and which could be easily engineered in place during
operation or scheduled outage, are carried out in this stage.
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A-2.0 REVIEW LEVEL EARTHQUAKE: GROUND MOTION FOR SEISMIC
QUALIFICATION 111,17,20]

The geological stability and the ground motion parameters are
assessed according to specific site conditions and in compliance
with criteria and methods valid for new facilities. The review
level earthquake should correspond to the S2 level which is
directly related to ultimate safety requirements (safe shut down of
reactor) and is the level of extreme ground motion having a very
low probability • of being exceeded during the plant lifetime and
represents the maximum level to be used for design and re-
evaluation purposes.

In defining the ground motion parameters of RLE, a median
plus one sigma peak ground acceleration (PGA) is considered along
with mean response spectra ordinates.

A-3.0 IDENTIFICATION OF SSC FOR SEISMIC QUALIFICATION 111]

Each and every structure, system and component of an existing
NPP need not be re-evaluated for seismic safety. The SSCs are
identified for seismic qualification based on the following
criteria and assumptions,

1) The plant must be capable to be brought to and maintained in a
safe shutdown condition during the first 72 hours following
the occurrence of the RLE;

2) Safe shutdown means hot or cold shutdown

3) Simultaneous off site power loss occurs for up to 72 hours

4) The required safe shutdown systems should fulfill single
active failure criterion

5) Loss of make-up water capacity from off-site sources occurs
for upto 72 hours

6) Other external events such as fires, flooding, tornadoes,
sabotage, etc. are not postulated to occur simultaneously;

7) Loss of Coolant Accident (LOCA) and High Energy Line Breaks
(HELB) are not postulated to occur simultaneously.

It is seen from the above that those SSCs which are associated
with the safe shut down of the reactor (at least for 72 hours) in
the event of S2 level earthquakes (25) and also those associated
with the decay heat removal need to be assessed. Other systems,
like containment system which perform the mitigatory role in
connection with radiological release in the event of design basis
accidents like LOCA and MSLB, are also included in the scope of
seismic re-evaluation programme. The seismic safety essential
list (SSEL) is the list of minimum SSC, selected for seismic safety
qualification. This is an important outcome of this step of
activities.

A-4.0 DETERMINATION OF SEISMIC CAPACITY OF SSC [4,5,6,7,161

The terminology seismic margin refers to different type
parameters compared to the ones which standard codes generally
refer to in using the word margin. Seismic margin refers to the
earthquake motion level that compromises plant safety, expressed in
terms of earthquake ground motion which is generally defined by
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means of peak ground acceleration (PGA). Therefore, broadly,
seismic margin is quantified by a PGA value; which if exceeded
during an earthquake would lead to accident scenario jeopardizing
the overall plant safety. The concept of seismic margin is
extended to define the seismic capacity of component which is tho
ground acceleration value upto which if a component is subjected'
will not loose its performance on intended function.

The concept of High Confidence Low Probability Failure (HCLPF)
capacity is used in the assessment to quantify the seismic
capacity. HCLPF corresponds to the earthquake level at which, with
high confidence (2 95%), it is unlikely (< 5%) that failure of
structures, systems and components required for safe shutdown of
the plant will occur.

Available methodology to determine the seimsic capacity may
broadly be categorized into two groups.

i) Methods based on analytical approach,

ii) Methods based on experience.

In both the methods, seismic capacities of the identified SSCs are
assessed with respect to RLE. In general, RLE is greater than that
was considered in the original design of the plant. In the first
approach, the seismic capacity of a SSC is assessed using primarily
analytical methods while in the second method the seismic margin
of a given safety related SSC is assessed considering the
experience on the behavior of similar type of SSC at other plants
under earthquake or from the test results.

A-4.1 Determination of seismic capacity by Analytical Approach

Estimation of HCLPF seismic capacity includes response
analysis, conditional on occurrence of RLE and estimation of the
capacity of the structures, systems and components. Two methods
are generally used for determination of HCLPF seismic capacity;

1) Fragility Analysis (FA)

2) Conservative Deterministic Failure Margin (CDFM)

Building structures, major equipment and pipelines associated with
the reactor coolant system and protection system, etc. are covered
by the analytical approach.

A-4.1.1 Fragility Analysis Method [3,4,5,12,13,14]

The general definition of fragility of a component is the
conditional probability of its failure given a value of the
response parameter, such as stress, moment, spectral acceleration,
etc. For seismic re-evaluation, the component fragility is
calculated by developing the frequency distribution of the seismic
capacity of a component and finding the frequency for this capacity
being less than the response parameter value. The capacity of a
component for a particular failure mode is expressed in terms of
the ground acceleration capacity. The fragility is the frequency
at which the random variable, the ground acceleration capacity, is
less than or equal to the specified value.
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The HCLPF seismic capacity using fragility model, is given
by [51;

ac = ara exp[-1.65(br+bu)].

Where,

ac = HCLPF Seismic capacity determined by fragility
analysis.

am = Median ground acceleration capacity

b r = Logarithmic standard deviation representing
randomness in capacity.

b u = Logarithmic standard deviation representing
uncertainties in median value am.

The median capacity ara can be estimated as a product of an
overall median safety factor times the PGA value of RLE.

A-4.1.2 Conservative Deterministic Failure Margin (CDFM) Method
[3,6,7,15]

The CDFM method to determine HCLPF seismic capacity is the
code based standard design analysis method. In CDFM, deterministic
value of ground motion parameters of RLE(PGA and response spectra
ordinates) and material properties (strength, damping value,
ductility, etc.) are considered. However, The excessive
conservatism, in determination of the design value of these
parameters, is avoided in the case for CDFM. The guidelines of
CDFM approach are [3];

1) Ground motion parameters, as outlined in A-2.0 above, is to be
considered.

2) Response analysis of SSC is carried out using mean values of
material properties like, damping, etc.

3) Material strength as specified in code or 95% excedence actual
strength, if adequate test data is available, is used in
capacity estimation.

4) The capacity or strength of a component is determined using
the equations and criteria given in codes ( for example, limit
state methods, etc.). However, if adequate test data is
available on the strength of component, 84% excedence of test
data for capacity may be used. In estimation of capacity
conservative values of ductility is considered.

Other important considerations for the evaluation of seismic
margins capacity are;

i) The term "failure" for each of the systems, structures and
components being evaluated is to be clearly defined. It is
possible that there may exists several failure mode of a
component. However most dominant failure mode, to be caused
by the seismic event, is identified by reviewing the SSC
design. This mode only is considered in the capacity
calculation. Sometimes more than one mode of failure are
also considered.
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ii) The response analysis for RLE is conducted with appropriate*
damping values, which may be used if the stresses in the
majority of the resisting building elements for the applicable
loading combination are greater than 50% of ultimate strength
for concrete or yield capacity for steel. However, higher
damping values may be used for the seismic re-evaluation work
if properly justified considering the stress level.

iii) Nearly all structures and components exhibit at least some
ductility (i.e. ability to strain beyond the elastic limit)
before failure or even significant damage. The additional
seismic margin due to ductility are considered in capacity
calculation.

iv> Seismic response of building structures is evaluated on the
basis of dynamic analysis of models of the soil-structure
system. In order to develop appropriate analysis models,
special attention is given to the following;

(a) structural configuration and construction details
(joints, gaps, restraints and supports).

(b) non structural elements, such as masonry or precast
reinforced concrete panels that may modify the structure
response. Stiffness and strength of such panels, and
those of their attachments to the structure, should be
accounted for in the formulation of the models.

(c) as-built material properties and dimensions of structural
members.

(d) geotechnical data of foundation materials and their
potential implications on the necessity to perform soil-
structure interaction analysis, for which direct methods
are usually being applied. For soil-structurn
interaction analysis radiation damping value is not
limited but resultant composite modal damping would not
exceed 20.0%. x

iv) Combinations of seismic and non-seismic loads as per
acceptable design codes.

The HCLPF seismic capacity determined using CDFM method is
given by 1131;

a c = C ar

ac = HCLPF seismic capacity determined by CDFM method

C = k[(S-PN)/(PT-PN) ]

a r = PGA value corresponding to RLE

k = ductility factor

S = Seismic capacity of the component against a given
failure mode

PN = N o n seismic concurrent loads on the component.

P T = Total load on the component.
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A-4.2 Evaluation of Seismic capacity Based on Experience and
Test Data [3,6].

Seismic qualification based on experience is basically an
earthquake experience and test based judgmental procedure.
The procedure is principally based on the performance of installed
equipment which have been subjected to actual strong motion
earthquakes as well as the behaviour of the equipment during
simulated test condition. Primary sources of experience data are
the non-nuclear facilities which have been subjected to strong
motion earthquakes. Seismic qualification using experience and test
data is carried out in following steps 13,163.

1) Establishment of various alternative methods or paths related
to safe shutdown functions.

2) Identification of SSC associated with safe shut down
functions.

3) Identification of SSCs which satisfy the seismic demand for
qualification. This is carried out using following screening
criteria.

i) The seismic capacity of the equipment, based on
earthquake experience data, seimsic testing data or
equipment qualification data should be greater than the
seimsic demand imposed on equipment by RLE.

ii) In order to use the seismic capacity determined using a
standardized spectrum, the equipment under consideration,
should be similar to the one for which existing data
bases are available and also gets the specific caveats
for that class of equipment.

iii) The equipment anchorage installations and rigidity should
be adequate to withstand the seismic demand at the
equipment location as per in-structure response spectrum
determined from RLE.

iv) The effect of possible seismic spatial interactions
with near equipment or structures should not cause the
equipment failure in performing its intended safe
shutdown functions.

The evaluation of equipment with respect to above screening
criteria is carried out through walk down, analyses and using
supporting data. The effective and successful appreciation of
the above method greatly depends on the engineering judgment of
the engineers associated with the work. Active mechanical and
electrical component such as motor control center, switch gears,
transformers, distribution panels, cabinets and racks,etc. can be
effectively evaluated by this method.

A-5.0 PLANT WALKDOWN [3,11,161

During plant walkdown, emphasis is given to the collection and
compilation of original design basis data and documentation in
order to minimize the efforts required for the re-evaluation
programme. Plant walkdown is principally performed to collect
information on as-built conditions and to assess the seismic
capacity of equipment. The important aspects of the walkdown is to
examine the status of anchorages of the equipment; load path from
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the anchorage up through the equipment; the equipment structure;
and spatial systems interactions.

In general, there could be three alternative disposition
categories for each structure, system and component being evaluated
during the walkdown.

1) Disposition 1: a fix is required

2) Disposition 2: the seismic capacity is uncertain and an
evaluation is needed to determine if a fix is
required.

3) Disposition 3: the seismic capacity is adequate for the
specified RLE and the items appear to be
seismically rugged.

Judgement of walkdown teams plays significant influence in
working out the above disposition. When the dispositions are
worked out using earthquake experience and test data, screening
guidelines mention in A-4.2 above are used.

Screening guidelines are used to determine if the components
are represented by the experience database and applies to the
component in question. In case of the components and distribution
systems for which seismic and testing experience has not been
gathered and reviewed, seismic response analysis should be carried
out.

Seismic walkdown may be conducted in two phases. In the first
phase, which is also known as preliminary screening walkdown,
disposition category 3 is identified. The disposition categories 1
& 2 require detailed walkdown and are covered in the second phase.
The walk down are completed by filling up standardized screening
walkdown sheet for preliminary phase and seismic evaluation work
sheet for the second phase.

A-6.0 ASSESSMENT OF ANCHORAGES [11,16]

The presence of adequate anchorage is important for the
satisfactory seismic performance of distribution systems and
components against slide, overturn, excessive movement etc.
Strengths of system and component anchorage are determined by one
of the many commonly accepted methods. The load or demand on the
anchorage system are obtained from the in-structure response
spectra acceleration for the prescribed damping value and at the
estimated fundamental or dominant frequency of the system or
component. A conservative estimate of the spectral acceleration"
may be taken as the peak of the applicable spectra. This
acceleration is then applied to the mass of component or system at
its center of gravity. There are four main steps for evaluating
the seismic adequacy of equipment anchorage;

1) Anchorage installation inspection;

2) Anchorage capacity determination;

3) Seismic demand determination;

4) Comparison of capacity to demand.
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In addition to the inertia effects, there may also be
significant secondary stresses induced in systems and components by
differential or relative anchor motion if the system or component
is supported or restrained at two or more points. For supports, it
is common practice to evaluate such seismic induced anchor motion,
where the relative or differential motion of the building structure
at the different points of attachment should be input to a model of
the multiple supported component or system. Resultant forces,
moments and stresses in the support system determined from the
seismic anchor motion effects acting along with normal loading
shall meet the same limits for normal operation plus RLE induced
inertia stresses.'
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