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1.0 INTRODUCTION

The original design of many W E R ' s did not take into account low probability external hazards,
in particular seismic. For this reason, additional seismic qualifications of safety-related
structures, systems and components of W E R type nuclear power plants necessary to shutdown
their reactors or otherwise part of engineered safety systems designed to prevent or mitigate
postulated accidents are now being considered.

The seismic safety margin, or the lack of it, depends on the seismic hazard associated with the
plant site as well as the inherent capability of required Structures, Systems and Components, SSC
to resist seismic loads. Unfortunately, a major problem associated many VVER sites are the lack
of realistic seismic hazard information and, consequently, the uncertainty associated with the
seismic input.

As suggested by the IAEA in Safety Guide Sl(1) and in most western countries, NNP's have been
designed generally for a Safe Shutdown Earthquake or SL2 Earthquake and also for a smaller
Operating Basis Earthquake or SL1 Earthquake. Depending upon the relative conservatism of
the design criteria, either the SL2 or the SL1 may control the design. Unfortunately, most VVER
NPP were not originally designed for currently defined SL2 and SL1 earthquake levels.
Accelerations one half to one fifth of the SL2 acceleration levels were used in the original design.

Also in recent years, increasing knowledge in the geoscience fields has led to a better
understanding that, although highly unlikely, it is credible for NPPs to be subjected to
earthquake ground motions greater than SL2 for which they have been designed. The technical
community is also well aware of the ability of well design industrial structures, systems, and
components to withstand seismic loads even when there was little or no explicit seismic design.
Also the conservatism that are included in current seismic design practices provide additional
significant margins in these design. However, there is a concern that an upper bound of seismic
capacity exists, primarily for active equipment, which would render required safety related SSC
inoperable if exceeded. For this reason interest has developed in demonstrating that NPPs can
safely withstand earthquake motion greater than their design earthquake ground motion level SSE
or SL2 which is called a Review Level, RLE, or Seismic Margin Earthquake (SME).

1.1 Purpose

The purpose of this document is to provide a criteria for the seismic evaluation and development
of potential design fixes for Structures, Systems and Components, SSC for the VVER type
Nuclear Power Plants. Design fixes are divided into two categories a) detailed and b) easy fixes.
Detailed fixes are typically applicable to building structures, components for which there is little
or no seismic capacity information, large tanks and vital systems and components which make
up the reactor coolant system and reactor protection system. Easy fixes are typically applicable
to specified safety related systems and components which perform a support or auxiliary function.



In the case of the design of "easy fixes" the criteria presented herein may be used for both the
seismic design as well as the evaluation of SSC to which the easy fix design applies. Easy fixes
are situations where seismic capacities of SSC can be significantly increased with relatively
minor, inexpensive fixes usually associated with anchorage modification of safety related SSC
or SSC which could interact with safety related SSC. Often these fixes can be accomplished
while the plant is still in operation.

1.2 Objective

The objective of seismic evaluation effort using this criteria document is not to design or redesign
the plant, but to determine the realistic seismic resistance of already-built structures, components
and systems when subjected to a postulated SME and modify only those SSC required to provide
at least a minimum level of seismic resistance. A general definition of seismic margin is
expressed in terms of the earthquake peak ground acceleration that established with High
Confidence that there is a Low Probability of Failure (HCLPF) of the specified safety related
SSC. The HCLPF is defined as about a five percent conditional probability of failure with about
a 95 percent confidence level given that the SME level earthquake has occurred.

It should be understood that a list of specified SSC to be evaluated are usually a subset of all
those safety related SSC associated with reactor safe shutdown, loss of coolant accident
prevention, accident mitigation and prevention of significant radiation release to the environment.
In general, one primary and one redundant designated safety path should be used to identify those
Structures, System and Components to be evaluated. The selection of the specific SSC to be
evaluated is usually the responsibility of the nuclear operations and engineering staffs of the NPP.
As a minimum those SSC required for safe shutdown of the reactor should be included in the
selection.

The corresponding methodology to perform this evaluation is called a Seismic Margin
Assessment (SMA)[1]. A SMA review studies the question of whether the capacity of the plant
exceeds the target earthquake input (SME) selected for review. It is assumed that the SME has
been selected with due consideration of the geotectonic and seismic conditions at the site as they
are currently known with an allowance for uncertainty depending on known site conditions. The
objectives are to identify seismic vulnerabilities, if any, which if fixed will result in the plant
being able to safely shutdown in the event of a SME or lesser earthquake.

1.3 Glossary

CDFM - Conservative Deterministic Failure Margin (See USNRC NUREG 1407)

HCLPF - High Confidence Low Probability of Failure (See USNRC NUREG/CR 4334)

ISRS - In-Structure Response Spectrum (See IAEA Design Guide D-15)

RLE - Review Level Earthquake (See USNRC NUREG 1407)

[1]If the seismic reevaluation is intended as part of a Probabilistic Safety Assessment, PSA
an alternative procedures is available for determining the seismic fragility of



SL1 - Seismic Load 1 (See IAEA Safety Guide S-l)

SL2 - Seismic Load 2 (See IAEA Safety Guide S-l)

SMA - Seismic Margin Assessment (See USNRC NUREG 1407)

SME - Seismic Margin Earthquake (See USNRC NUREG 1407)

SRSS - Square Root Sum of Squares (See USNRC Regulatory Guide 1.92)

SSC - Structures, Systems and Components (See USNRC Regulatory Guide 1.60)

SSE - Safe Shutdown Earthquake (See USNRC Regulatory Guide 1.60)

1.4 Organization of This Criteria Document

In Section 1.0 of this Criteria Document can be found the introduction, purpose, objective,
glossary of terms and organization of this document In Section 2.0 are given recommendation
for seismic site evaluation. In Section 3.0 is found a description of the Seismic Margin
Earthquakes recommended for consideration in the seismic evaluations if a site specific
earthquake is not available. Section 4 describes the methods that may be used to calculate
HCLPF seismic margin capacities. In Section 5.0 is contained a description of the seismic
walkdown procedures. Section 6.0 covers the design of easy fixes. Section 7.0 covers quality
assurance requirements and Section 8.0 the references.

2.0 SITE SEISMIC EVALUATION PROGRAM

There are four programs or tasks which typically are undertaken to perform the seismic
evaluation of a VVER-NPP.

The first program identified as the geotechnical program is intended to define the seismic demand
to be applied to structures of the NPP based on regional and site geotechonic consideration. The
second program evaluates the NPP building structures to resist the specified seismic demand and
also is used to develop the seismic demand on safety related systems and components housed and
supported by the NPP structures.

The third and fourth programs are intended to evaluate and potentially fix the systems and
components which require seismic up grading. The third program typically addresses the most
critical systems such as the reactor coolant system and the reactor protection systems whose
failure would result in a loss of coolant accident or inability to insert control rods. It also
addresses designated building structures, large tanks and systems and components for which there
is little or no seismic resistant data. Design fixes in the third program typically require detailed
analysis or testing in order to define seismic design adequacy.



The fourth program is intended for the evaluation of auxiliary or support systems and where
seismic evaluations can be based primarily on judgement of qualified experienced seismic
engineers during field walkdowns of the structures, systems and components. It also assumes
that any required modifications can be easily designed and made in place during operation or
scheduled outages.

2.1 Geotechnical Program

This program studies regional and local site conditions and foundation effects as they related to
seismic and geotectonic requirements. In particular this program based on geotectonic conditions
develops site specific seismic response spectra and evaluate foundation conditions associated with
the properties of the NPP foundation media, potential for liquefaction and slope stability as well
foundation bearing and settlement limits. In general on a probabilistic basis the Seismic Margin
Earthquake, SME is defined as having a probability of occurrence of 10"7yr. This compares with
typical design basis SL2 or SSE earthquake as deterministically defined in the IAEA S-l Safety
Guide at about the 5 to 10 x 10'4/yr probability level. This 10"4/yr level earthquake can be used
with the ductility limits suggested herein to design fixes. Alternatively, a smaller earthquake as
a function of the remaining operating life of the plant can be used with ductilities taken equal
to 1.0 can be used as the basis to design fixes.

2.2 Structural Program

The Structural Program is responsible for modeling building structures at the VVER NPP
including Soil-Structure Interaction if applicable and including the effects of embedment. The
building and SSI models are used to determine seismic loads on structures which are based on
the SME free field surface elastic spectra defined as a median shaped spectra. In Figures 3.1 or
3.2 for a median shaped ground response spectra as recommended in NUREG/CR-0098(3)

normalized to l.Og Zero Period Ground Acceleration, ZPGA is presented. These seismic loads
are combined with other applicable loads and evaluated against CDFM evaluation criteria
contained in Section 4 of this criteria document. When such members exceed the CDFM-
HCLPF limits established, a design modification shall be considered which will meet the re-
design criteria established in Section 6 of this criteria document. In this program is also included
the development of the in-structure response spectra required to define seismic demand for
structures, systems and components supported by building structures.

2.3 Detailed Fix Program

Seismic evaluation of systems and components as determined from drawings and as built
walkdown procedures defined in Sections 4 and 5 of this criteria document in accordance with
accepted analytical techniques employing applicable design codes and standards for equivalent
elastic forces.

This evaluation typically includes all components and piping of the reactor coolant and protection
systems as well as the analytical evaluation of building structures and all large tanks and other
systems and components where there is little or no strong motion earthquake design experience.



Electrical components such as relays, switches, switchgears, motor control centers, etc. where
there is little or no knowledge of seismic capacities may require a supplemental seismic testing
program. The necessity for fixes will be determined using the criteria presented in Section 4.0
using walkdown procedures defined in Section 5.0 as well as the CDFM-HCLPF evaluation
criteria contained in Sections 4.0 and 6.0 of this criteria document.

2.4 Easy Fix Program

The easy fix program is responsible for the seismic evaluation of designated auxiliary or support
mechanical and electrical components and non-vital safety related piping and electrical and
ventilation duct distribution systems. The evaluation will be made primarily by using walkdown
procedures described in Section 5.0 and the CDFM-HCLPF evaluation criteria contained in
Section 4.0 of this document. The easy fix program will also be responsible for the design of
any easy fixes where it is deemed it can be applied to the systems and components evaluated.
The design criteria for these easy design fixes are contained in Section 6.0 of this criteria
document.

3.0 SEISMIC MARGIN EARTHQUAKE (SME)

The SME or interim SME (until such time that site specific spectra are developed) to be used in
the revaluation of designated SSC are defined as shown in Figure 3.1 and 3.2. These figures
show the median shaped NUREG/CR-0098 damped ground response spectrum normalized to l.Og
for soil and rock sites. These spectra should be normalized to 0.3 g ZPGA for use at sites where
there is little available site data and the design basis earthquake has been defined as MSK VIII
or less. For sites with MSK IX use 0.5g ZPGA. For sites with MSK X or greater the evaluation
would be made using a site specific spectra as the SME.
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Figure 3.1 NUREG/CR-0098 Median Ground Response
Spectrum for a Soil Site
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Figure 3.2 NUREG/CR-0098 Median Ground Response
Spectrum for a Rock Site
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4.0 METHODS OF CALCULATING HCLPF SEISMIC MARGIN
CAPACITY

The concept of HCLPF capacity is used in the seismic margin assessment, SMA, reviews to
quantify the seismic margins of NPPs.(4) In simple terms it correspond to the earthquake level
at which, with high confidence about (> 95 percent), it is unlikely that failure of SSC required
for safe shutdown of the plant will occur about (< 5 percent probability). The concept of HCLPF
capacities of SSC is used in SMA reviews to: (a) screen out from further consideration SSC
having the capacities genetically higher than the SME and (b) identify the specified SSC which
may require some modification of the SSC or their support in order to be able to withstand an
SME. When such modifications are made they are performed within the acceptance criteria
prescribed by existing codes and standards. This Section will also provide the following:

• description of the procedures used to evaluate structures for SME
• description of the procedures used to evaluate distribution systems (piping,

electrical raceways, duct and tubing) for the SME
• description of the procedures used to evaluate mechanical and electrical

components for the SME

Estimating the HCLPF seismic capacity of SSC requires an estimation of the response,
conditional on the occurrence of the SME. Two candidate procedures to determine the HCLPF
seismic capacities for NPP's structures and equipment components have been developed: the
Fragility Analysis (FA), and the Conservative Deterministic Failure Margin (CDFM) methods.(2i5)

This criteria document employs the CDFM procedure for HCLPF evaluation.

4.1 Response Analysis

4.1.1 General Criteria

The general criteria for CDFM approach to be used in W E R NPP seismic evaluations are
contained in Tables 4.1 and 4.2 to define the permissible damping and inelastic capacity demand
ratio, Fu or the corresponding ductility ratio, |i(6) which are used to modify the seismic demand
as defined in Section 3.0.

4.1.2 Inelastic Energy Absorption Ratio, Fa and Ductility, n

Nearly all structures and components exhibit at least some ability to elastically absorb energy as
ductility (i.e., ability to sustain strains beyond the elastic limit) before failure or even significant
damage. Because of the limited energy content and oscillatory nature of earthquake ground
motion, this energy absorption or ductility is highly beneficial in increasing the seismic margin
against failure of structures and components. The inelastic energy absorption ratio, Fu, represents
the ratio of the SME at which a limiting system or global ductility u is reached to the earthquake
level for a limit state (e.g. yield) which would be predicted by linear elastic analysis. The
additional seismic margin due to this inelastic energy absorption ratio Fu or ductility, u, should
be considered in any margin review. Ignoring these effects will lead to unrealistically low
estimations of the HCLPF failure margin.

In most cases, it is feasible to use equivalent linear elastic analysis techniques. When linear



elastic analysis is applied, the easiest way to account for the inelastic energy absorption capability
is to reduce seismic response by the ratio Fu. It means that for non-brittle failure mode inelastic
distortion associated with a Demand/Capacity ratio greater than unity is permissible. The value
Fu is divided into the linear elastic computed seismic force, moment or stress in order to
determine an equivalent seismic force, moment or stress to be used in applicable load
combinations with applicable design codes or standards to determine seismic adequacy. Typically
it is be applied as a divisor to the seismic portions of the load combinations inequalities shown
in Inequalities 6.1 to 6.8 of Section 6 when such loads are based on elastic spectra.

As an alternative to the use of the inelastic energy absorption ratio, Fu greater than 1.0 to modify
elastically computed seismic forces moments or stresses the elastic seismic demand spectra may
be modified by the global ductility ratio, p.

According to Newmark and Hall(3) the limiting global ductility ratio, \x, and associated inelastic
spectral acceleration ordinate, S'a may be defined as a function of frequency where:

S'a= SJ[i (the dominant natural frequency is below 2 Hz) (4.1)

S'a = 8/(2(1- l)m (the dominant natural frequency is between 2 to 8 Hz) (4.2)
S'a= Sa (the dominant natural frequency is above 33 Hz) (4.3)

Where:
Sa = elastically computed response spectra ordinates
S'a = inelastic response spectra ordinates

It should also be understood that in many instances generic HCLPF estimates have been
developed for systems and components where the system or component, exclusive of anchorage
and interaction which are plant specific HCLPF's, are available in the literature(4). In the absence
of component anchorage and interaction controlling the HCLPF evaluation or the component not
being able to meet the walkdown caveats, these generic system and component HCLPF's may
be used to define plant specific system and component HCLPF's.

The structural integrity of component and distribution system supports and anchorage has been
observed to be an important concern in earthquake resistant capability. The acceptance criteria
for embedded concrete anchors are usually based on the code allowable strength (e.g. as given
in ACI 349 Appendix C for poured in place bolts00. Expansion anchor bolt strength acceptance
criteria is governed by the manufacturer's average test failure loads divided by 2.0. (Note: when
designing any new anchorage this factor should be increased to at least 3.0 for anchorage systems
which exhibit ductile failure modes (i.e., tensile failure of the bolt). For anchors which can
exhibit non ductile failure modes (i.e. concrete cone failure) the factor should be increased to at
least 4.0.

It is important to clearly understand the potential application of the inelastic capacity-demand
ratio Fu as given in Table 4.2 as a means of reducing elastically computed forces, moments or
stresses. It should also be noted that use of the inelastic energy absorption ratio Fu or ductility
ratio, |i results in an increase of elastically computed displacement When Fu or \i factors greater
than 1.0 are used, spectral displacements to the extent they are used in evaluation or design shall
be multiplied by the Fu or \x factor.



Table 4.1 - SUMMARY OF CONSERVATIVE DETERMINISTIC FAILURE
MARGIN DESIGN ASSUMPTIONS

Load Combination

Ground Response Spectrum

Damping

Structural Model

Soil-Structure Interaction

Material Strength

Capacity Equation111

Allowable Inelastic Energy
Absorption

In-Structure (Floor) Response
Spectra Application

Normal Operating Loads (NOL) + SME

As Defined in Section 3.0:
(NUREG/CR 0098) Median Shaped Spectra - 0.3g
or 0.5g ZPGA used for screening and conceptual
evaluations depending on MSK level in the
absence of site specific spectrum

Structures:
a. Welded Steel or Concrete - 7.0 percent
b. Bolted or Riveted - 10 percent
c. Reinforced Masonry Walls - 7.0 percent
d. Masonry Walls - 5.0 percent

Systems & Components - 5.0 percent
Tank Liquid Sloshing - 0.5 percent
Cable Raceway - 15.0 percent if at least one quarter

full of loose cable otherwise 5.0 percent
Reactor Control Rods - 5.0 percent
Lightly Stressed < 0.25 S^ Heavy Equipment
SSI Radiation Damping should not be limited but

resultant composite modal damping should not
exceed 20.0 percent

HVAC Duct - 7.0 percent

Best estimate properties

Best estimate case and 0.5 and 2.0 times best
estimate soil properties cases for G values.
Computed121 SSI percent initial Radiation Damping
may be used.

Code specified minimum strength or 95% exceedance
actual strength if test data are available

Code ultimate strength (ACI-349) for concrete,
Extreme Environmental + Abnormal strength for
AISC N690 steel structures, Service Level D
(ASME) for steel pressure retaining components, or
functional limits or equivalent National Codes.

For non-brittle failure modes and linear analysis, use
80% of computed inertia seismic stresses and 125
percent of seismic anchor motion stresses in capacity
evaluation to account for ductility benefits if u. and Fu
taken equal to 1.0, or use Table 4.2 to Define
Inelastic Demand Capacity Ratios, Fu or global
ductility, u.

Frequency shifting rather than peak broadening may
be used to account for uncertainty

tl] Or equivalent European Codes
pl Using ASCE 4-86 ® standard or Equivalent procedures for estimating radiation damping
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Table 4.2 -INELASTIC ENERGY ABSORPTION RATIO, F n
w or DUCTILITY,

Structural System

MOMENT RESISTING FRAME SYSTEMS
Concrete:

Columns
Beams
Connections

Steel:
Columns
Beams
Connections

SHEAR WALLS
Concrete
Reinforced Masonry
Unreinforced Masonry

BRACED FRAMES
Concrete:

Columns
Beams
Diagonal Bracing (Steel)

Tension
Compression

Connections
Steel:

Columns
Beams
Connections

Adequately Anchored Passive Electrical and Mechanical
Equipment:

Bent plate panels
Steel angles framing
Steel housings
Cast Iron

Piping, Conduit, Instrument Tubing and HVAC Duct:pl

Butt joined grove welded steel pipe
Socket welded pipe
Threaded pipe
Conduit
Instrument tubing
Cable trays
HVAC duct
Distribution System Supports

Fu or u

A[2]

1.25
1.5
1.0

1.0
2.0
1.0

1.25
1.25
1.0

1.25
1.5

1.5
1.0
1.0

1.0
2.0
1.0

1.5
2.0
2.0
1.0

2.0[5]

1.50
1.25
1.25
1.50
1.50
1.50
1.25

B[3)

1.50
2.00
1.50

1.0w

2.5
1.5

1.75
1.50
1.00

1.50
2.00

3.0
1.0
1.5

1.0
2.5
1.5

1.5
2.0
2.0
—

2.0[5]

1.5
1.25
1.25
1.50
1.50
1.50
1.50

111 The relationship between the inelastic energy absorption ratios, Fo and ductility u is given in Section 4.1.2.
121 These inelastic Energy Absorption Ratios are recommended for use with existing VVER Structures, Systems and
Components.
[3) These inelastic Demand-Capacity ratios are recommended for use with structures designed using joint ductile
requirements contained in ACI-318-92 Chapter 21(9) for concrete or the SEAOC Code for structural steel or equivalent.
1+1 For components in axial compression with K 1/r rations less than 40 Fo or u may be taken as 1.25.(10)

l5J For metal pressure retaining components if stresses are limited to ASME HI - 1992<u> or earlier code allowables
otherwise Fu and u =1.0.

11



4.2 Failure Modes

In order to obtain a HCLPF, one must estimate the structure, system or component seismic
capacity for comparison with the estimated demand as defined by the floor response spectrum
since the floor spectrum will be used to normalize the capacity of the SSC to the ZPGA. One
should have a high confidence that there is a low probability of failure, even if the SME demand
is reached.

The first step in estimation of a HCLPF seismic capacity is to develop a clear definition of what
constitutes failure for each of the SSC being evaluated. Several modes of failure (each with a
different consequence) induced by seismic motions may have to be considered.

It may be possible to identify the failure mode which is most likely or the most dominant to be
caused by the seismic event by reviewing the SSC design and to consider only that mode.
Identification of the credible failure mode is based largely on the reviewers experience and
judgement. Review of experience with similar SSC in strong motion earthquakes, design criteria,
calculated stress levels in relation to the allowable limits, qualification test results, seismic
fragility evaluation studies done on other plants and reported failures are useful in this task.

Various losses of functionality of electrical, mechanical, and electro-mechanical equipment are
considered to be the dominant failure modes for such components. For piping, failure of their
supports and consequential breach of the pressure boundary are considered to be dominant failure
modes. However, functional failure modes may also occur for pipes when, for instance, the pipe
seismic displacements are limited to avoid seismic interactions and excessive impacts with other
piping, equipment or structures in the vicinity of the pipe.

Structures may be considered to fail functionally when inelastic deformations of the structure
under seismic loads are estimated to be sufficient to potentially interfere with the operability of
safety-related equipment attached to the structure, or deform sufficiently so that equipment
attachments fail. These failure modes represent a conservative lower bounds of the structure
seismic capacity since a larger margin of safety against building collapse exists for nuclear
structures. However, a structure failure has been generally assumed to result in failure of all
safety-related or systems housed within the portion of the structure which has been judged to fail,
i.e. the structural failure mode results in a common cause failure of multiple SSC if they are
housed in or supported by that structure.

In the past it has also been a common practice to assume all non-seismically qualified or
designed components fail in the event of a SSE or SME earthquake. Such an assumption should
be based on a SSC specific evaluation. Many SSC even though not seismically qualified have
inherent seismic resistance and would not fail in the event of SME.

4.3 Seismic Capacity Estimation

For failure modes evaluated by the CDFM approach, a seismic capacity estimation requires an
estimation of:

• Material strength,

12



• inelastic energy absorption ratio, Fu or associated ductility, u (if not used to
redefine demand)

• equivalent static capacity defined at the SSC support location by applicable code
or standards equations

means to relate SSC spectral capacity to ZPGA capacity

the effect of story drift

4.3.1 Material Properties

Material strengths which are used in the CDFM approach should be sufficiently conservative by
definition that there is very little probability that actual strengths are less than those used in the
SMA review. When test data are available, about 95% exceedance probability strengths should
be used to achieve this goal. Otherwise, code or design specified strengths should be used. In
most cases, the use of 95% exceedance actual test data strengths will results in a 5 to 15%
increase over code or design-specified minimum strengths.

4.3.2 Static Capacity

In most cases, static capacity estimates should be based on code-specified ultimate capacity
approaches since there is very little possibility of failure at loads less than given by these code
equations. For concrete, either the ACI 318-92 or ACI 349-90 ultimate strength approach with
load factors equal to unity in the case of ACI 318 and with the appropriate capacity reduction
factors (<j)) included should be used or their European equivalent. These factors result in a
reduction of design capacity to account for likely variations due to strength variability,
dimensional changes, workmanship, etc. Different <j> factors are specified for various loading
conditions such as flexure, axial tension with flexure, compression, compression with flexure, etc.
When the ACI-349 procedure is used the loading equation and associated load factor defined as
extreme environmental - abnormal are applicable.

For steel structures, the AISC Building Specification(12) working strength approach may be used
with the SME design strength generally taken as 1.7 times the normal stress allowables.
Alternatively, the structural steel standard for safety related steel structures N-690(I3) for extreme
environmental-abnormal loading and associated increases in allowable stresses may be used.

The ASME BPVC Section III, Division 1, Service Level D allowables may be used as adequately
conservative for non-functional failure modes of equipment components evaluated or designed
using ASME BPVC allowables. Functional failure modes particularly if they require movement
or change of state may require lesser limits. The ASME BPVC Section HI gives rules for the
construction of pressure vessels, pumps, valves, tanks, and also piping under subsections NB for
Class 1, NC for Class 2, and ND for Class 3. The rules under these subsections are intended to
ensure structural integrity and the integrity of the pressure boundary, but not necessarily
operability or functional capability. Under these rules, yielding of the material is permitted.
Primary stress indices intensification factors and flexibility factors are prescribed in ASME BPVC
Section III. Pipe supports are evaluated to AISC specification requirements. Equivalent
limitation should be applied if other codes are used.
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The ASME BPVC design procedures are applicable primarily to ductile steel materials which
yield and deform locally by 20 percent or more before the rupture. Welding materials,
procedures, and also qualifications are assumed such that the basic properties of the weldment
(i.e. yield strength, ultimate tensile strength, and ductility) are at least as good as for the basic
materials.

4.3.3 Story Drift

For the purposes of this criteria document HCLPF functional failures of systems and components
attached to the building structure may be assumed when the seismic induced lateral deflection
of the building calculated elasticity exceeds 0.5 percent of the story height (between floor
diaphragm displacements) or the height of the structure. Overall structural failure HCLPF would
not be reached until elastically computed lateral deflection exceeds 0.8 percent of the story or
overall height of the structure. It should be understood that with Fu or u ratios greater than 1.0
used for building structure actual story drifts when considering inelastic response may exceed the
values given herein.

4.4 Earthquake Experience and Seismic Test Data

In response to the US NRC unresolved safety issue A-46, the Seismic Qualification Utility Group
(SQUG), has developed jointly with the NRC by means of the SSRAP(14), an earthquake
experience and test based judgmental procedure, GIP05* to verify the seismic adequacy of the
specified safety-related equipment in operating NPPs using seismic experience methods. The
procedure is primarily based upon the performance of installed mechanical and electrical
equipment which have been subjected to actual strong motion earthquakes as well as upon the
behavior of equipment components during simulated seismic tests. However, in accordance with
the common U.S. practice, there may be SSC and structures and major pieces of equipment in
the Reactor Coolant System which are not represented in the data base and are excluded from
the scope of the Earthquake Experience Data since earthquake experience data essentially is not
available currently for these specialized SSC. It should also be noted that most building structures
are so specialized that they are not included in the earthquake experience data base. For SSC not
in the data base seismic qualification is usually by analysis in the case of structures, systems and
mechanical components and by tests or a combination of tests and analysis for electrical
equipment.
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Table 4.3 - List of Structures, Systems and Component Classes

Class of Equipment Usual Qualification Procedure131

A. Original Twenty Classes:

1. Motor Control Centers

2. Low Voltage Switchgears

3. Medium Voltage Switchgears

4. Transformers

5. Horizontal Pumps

6. Vertical Pumps

7. Fluid-Operated Valves

8. Motor-Operated Valves

9. Fans

10. Air Handlers

11. Chillers

12. Air Compressors

13. Motor Generators

14. Distribution Panels

15. Batteries on Racks

16. Battery chargers and Inverters

17. Engine Generators

18. Instrument Racks

19. Sensor Racks

20. Control Panels and Cabinets

Dynamic Tests

Dynamic Tests

Dynamic Tests

Experience Data

Experience Data (0.5g)

Experience Data

Experience Data (0.5g)

Experience Data (0.5g)

Experience Data

Experience Data

Experience Data (0.5g)

Experience Data (0.5g)

Experience Data (0.5g)

Experience Data

Experience Data

Experience Data

Experience Data (0.5g)

Experience Data

Experience Data

Experience Data

B. Additional Classes:

21. Relays, Switches, Transmitters, Solenoids,
Sensors[1)

22. Electrical Penetration Assemblies

23. Cable Trays and Conduits

24. Tanks and Heat Exchangers

25. Vital Piping

Dynamic Test

Dynamic Test

Limited Analysis121

Analysis

Analysis
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Class of Equipment

26. Piping

27. Duct Work

28. Tubing

29. Structures - Prefabricated and Unreinforced
Masonry

30. Structures - Poured in Place

Usual Qualification Procedure133

Limited Analysis121

Limited Analysis121

Limited Analysis™

Analysis141

Analysis

Notes:
[1] Dynamic test qualification are applicable to relays, switches, transmitters and

sensors which are spring or liquid level actuated.

[2] Limited analysis is applicable to typical limiting case samples of the system or
components being considered.

[3] If no acceleration level is indicated for experience data take equal to 0.3g ZPGA.

[4] Have very low seismic resistance between 0.05 and O.lOg ZPGA.

The SSRAP approach of using real earthquake experience and generic test data where available,
is an alternative to formal seismic qualification of systems and components in operating NPPs
by analysis or test for those Systems and Components. It should be noted that building
structures, large vertical tanks and systems and components forming part of the reactor coolant
systems pressure boundary and reactor protection system in W E R plants in general are not
included in the generic experience or test data base and must be evaluated on a case by case
basis by more conventional analytical or test procedures.

4.5 Use of Earthquake Experience Data

After a detailed and careful review of the full range of the available experience data base (from
seismic walkdowns, test data, and operational experience), it has been concluded for the classes
of equipment given in Table 4.3 as follows:

(a) Equipment installed in NPPs is generally similar to and at least as rugged as that
installed in conventional plants.

(b) This equipment, when properly anchored, and with some caveats has an inherent
seismic ruggedness and a demonstrated capability to withstand substantial seismic
motion without structural damage.

(c) For this equipment, functionality after the strong shaking has ended has also been
demonstrated, but the absence of relay chatter (or other spring or liquid level
device actuation) during strong shaking has not been demonstrated.

With a number of caveats and exclusions for excitations below the Spectra shown in Figure 3.1
and 3.2 normalized to 0.3g and in some cases 0.5g ZPGA, it is unnecessary to perform explicit
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seismic analysis or test qualification of existing equipment in these equipment classes designated
as experience data for operating NPPs to demonstrate functionality after the strong shaking has
ended. The existing data base reasonably demonstrates the seismic ruggedness of existing
equipment up to these seismic motion bounds. This conclusion should not be extrapolated
beyond these classes of equipment without further review.

The conclusions just stated are based on earthquake experience data which confirm that the
equipment included within the limitations is rugged enough to maintain functionality after the
strong shaking has ended. Much of the data base equipment was over 20 years old at the time
of the earthquake exposure, and some of this equipment is located in reasonably high thermal or
corrosive environments. Therefore, the data base does address the aspects of equipment aging.
However, the data base equipment was not exposed to radiation, so the aging effects from
radiation exposure upon the equipment are beyond the scope of the reviewed data base.

4.6 Verification of Seismic System and Component Anchorage

The presence of adequate anchorage is perhaps the most important single item which affects the
seismic performance of distribution system and components. Earthquakes have demonstrated that
components will slide, overturn, or move excessively when not properly anchored. This is true
for relatively large as well as heavy components. Anchored component failures in the earthquake
experience data base include expansion, cast-in-place and grouted in place anchor bolt failures
and friction clip failures as well as spot, tack, plug, seal or other non-engineered welding failures.
It is recommended that equipment anchorage be verified for adequate strength as well as for
adequate base stiffness. When the term engineered anchorage is used, it means that the
anchorage has both adequate strength and sufficient stiffness.

Adequate strength of system and component anchorage can be determined by any one of many
commonly accepted methods. Design procedures for new equipment anchorage using the CDFM
based capacity criteria as described in this criteria document can be used to evaluate existing
anchorages. Alternatively, procedures(16il7) which were specifically developed to evaluate
anchorage adequacy in NPPs, in response to the A-46 program can be applied for these purposes.

The load or demand on the anchorage system can be determined from the floor response spectral
accelerations including inelastic effects as defined in Table 4.2 and Section 4.1.2 of this criteria
document for the prescribed damping value (See Table 4.1) 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 various combinations of inspections, analyses, and engineering judgements which can
be used to verify the adequacy of component anchorage. For example, a simple hand calculation
may be sufficient for a pump which has only a few, very rugged, anchor bolts in a symmetrical
pattern. On the other hand, it may be advisable to use one of the anchorage computer codes to
determine the loads applied to a multi-cabinet motor control center if its anchorage is not
symmetrically located.

Generally, the four main steps for evaluating the seismic adequacy of equipment anchorage
include:
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1) anchorage installation inspection

2) anchorage capacity determination

3) seismic demand determination

4) comparison of capacity to demand

The first main step in evaluating the seismic adequacy of anchorages is to check the anchorage
installation and its connection to the base of the equipment. A check of the following equipment
anchorage attributes should be made:

equipment characteristics (i.e. estimation of mass, center of gravity location,
natural frequency, damping for flexible equipment, and equipment base
overturning moment center of rotation)

type of anchorage (i.e. expansion anchors, cast-in-place bolts and headed studs,
cast-in-place J bolts, grouted-in-place bolts, welds to embedded or exposed steel)

size and location of anchorage (size, number, and location of anchors)

installation adequacy (visual checks of weld joints, visual checks to determine
whether the bolts or nuts are on the place and use washers where necessary,
tightness check to detect great installation defects such as oversized concrete
holes, total lack of preload, loose nuts, damaged subsurface concrete, etc.)

embedment lengths (visual inspection that the anchor is one of the makes and
models covered by this procedure, or ultrasonic testing when no information is
available; grout pads should not be included in the embedment length)

gap at threaded anchors (the size of the gap between the base of the equipment
and the concrete surface should be less than 5 mm in the vicinity of the anchors
to prevent excessive flexural stresses in the anchor bolt or stud and excessive
bending moments on the concrete anchorage when shear loads are applied)

spacing between anchorages (the spacing from an anchor to each nearby anchor
should be checked to confirm that it meets the minimum value so that nominal
allowable anchor capacities can be used, or a capacity reduction factor should be
used when bolt-to-bolt spacing is less than the minimum specified value)

edge distances (the distance from an anchor to free edge of concrete should be
checked to confirm that it meets the minimum value so that the nominal allowable
anchor capacities can be used, or a capacity reduction factor should be used for
an anchor which is closer to an edge than the minimum)

concrete strength and condition (the concrete compressive strength should be
obtained from design documentation or tests to confirm that it meets the minimum
value so that the nominal allowable anchor capacities can be used, or a reduction
factor should be used for concrete which has lower strength than the minimum;
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in addition, the concrete in the vicinity of the anchor should be checked to be sure
that it is free of gross defects which could affect the holding strength of the
anchor)

concrete crack locations and sized (the concrete should be checked to confirm that
it is free of significant cracks in the vicinity of the installed anchors so that the
nominal pullout capacities can be used, or a pullout capacity reduction factor
should be used for concrete which has cracks larger than acceptable maximum
widths and are located in the vicinity of the anchor)

essential relays in cabinets (electrical cabinets and other equipment which are
secured with expansion anchors should be checked to determine whether they
house essential relays; if essential relays are present, an additional capacity
reduction factor of 0.75 should be used for cabinets which are anchored by
expansion anchors)

equipment base stiffness and prying action (the base and anchorage load path of
the equipment should be inspected to confirm that there is adequate stiffness and
there is no significant prying action applied to the anchors - see also Figure 4.1)

equipment base strength and structural load path (the equipment base and
structural load path should be checked to confirm that it has adequate strength to
transmit the seismic loads from the center of gravity to the anchorage; several
connections may need to be checked in the evaluation to confirm that the weak
link in the load path is addressed, e.g., the channel or stud embedment, the weld
between the embedded steel and the cabinet base, and the connection bolts
between the base of the equipment and its frame members)

embedment steel and pads (if the equipment is welded to embedded steel or it is
mounted on a grout pad or a large concrete pad, the adequacy of them should be
evaluated; equipment mounted on grout pads should be checked to confirm that
the anchorages penetrate through the grout pad into the structural concrete, it the
equipment is anchored into a large concrete pad, the pad should have reinforcing
steel and be without prominent cracks)

2T

Figure 4.1 Influence of Equipment Base Stiffness and Prying Action
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The second main step in evaluating the seismic adequacy of anchorages is to determine the
allowable capacity of the anchors used to secure an item of equipment The allowable capacity
is obtained by multiplying the nominal allowable capacity reduction factors as follows:

RLp RSp REp RFp RCp RR,

where:

P^ = the allowable pullout capacity of an installed anchor

Pnom = the nominal allowable pullout capacity of an anchor

RTp = the reduction factor for the type of expansion anchors

RLp = the reduction factor for short embedment lengths

RSp = the reduction factor for closely spaced anchors

REp = the reduction factor for near edge anchors

RFp = the reduction factor for low strength concrete

RCp = the reduction factor for cracked concrete

RRp = the reduction factor for expansion anchors securing equipment with essential
relays

and

V,u = Vnom RTS RLS RS$ RES RFS RR,

where:

V-m = the allowable shear capacity of an installed anchor

vnom = m e nominal allowable shear capacity of an anchor

RTS = the reduction factor for the type of expansion anchors

RLS = the reduction factor for a short embedment lengths

RSS = the reduction factor for closely spaced anchors

RES = the reduction factor for near edge anchors

RFS = the reduction factor for low strength concrete

= the reduction factor for expansion anchors securing equipment with essential
relays
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Specific values recommended for these reduction factors can be found in the SQUG-EPRI
developed Generic Implementation Procedures, GEP, Section 4.0 and Appendix C of Reference
15.

Note that the pullout and shear capacities for anchors given above are based on having adequate
stiffness in the base of the equipment, and on not applying significant prying action to the
anchor. A conservative reduction factor for potential prying action may be taken as 0.5.

The third main step in evaluating the seismic adequacy of anchorages is to determine the loads
applied to the anchorages by the seismic demand imposed on the item of equipment. This is
done using the following five steps:

a) Determine the appropriate input seismic accelerations for the item of equipment
for each of the three directions of motion.

b) Determine the seismic inertial equipment loads for each of the three directions of
motion using the equivalent static load method.

c) Determine the seismic inertial anchor loads by calculating the various load
components for each direction of motion.

d) Calculate the combined seismic loads on each anchor from each of the three
directions of seismic motion. Then combine the load components from these three
directions using the SRSS rule.

e) Calculate the total anchor load on each anchor by adding the combined seismic
loads to the equipment deadweight loads and any other Normal Operating Load,
NOL.

If the equipment is located in the area where there are two applicable lateral response spectra
(nominally one N-S and one E-W), then one of the following alternatives can be used to define
a single horizontal seismic demand acceleration for load calculation:

use the higher acceleration for both horizontal directions

use the acceleration value (either N-S or E-W) which aligns with the direction of
the "weak" anchorage for that item of equipment

use the actual direction N-S and E-W accelerations for the N-S and E-W loads on
each item of equipment

As a first substep the lowest natural frequency of the equipment may be estimated by past
experience with testing or analysis. Unbroadened ISRS can be used for comparison to seismic
capacity spectra. Uncertainty in the natural frequency of the building structure should be
addressed by shifting the frequency of the seismic demand response spectrum at these peaks.

The second substep in determining the seismic demand loads on the anchorage is to compute the
inertial equipment loads on the anchorage for each of the three basic directions of motion. In
this method, the seismic analysis is performed by applying the inertial load to the equipment.

21



The inertial load in each direction may be determined from a response spectrum modal analysis
or an equivalent static analysis equal to the input seismic acceleration, times an equivalent static
coefficient, times the mass of the equipment.

The third substep in determining the seismic demand loads on the anchorage is to compute the
seismic inertial anchor loads for each of the three directions of motion. This is done by applying
the seismic inertial equipment loads determined in the previous step to item of equipment and
calculating the resultant loads on the anchors. The following types of seismic inertial anchor
loads should be determined:

anchor shear loads due to the lateral component of force caused by the seismic
inertial equipment loads, including, if significant, the anchor shear loads due to
any torsional moments when center of gravity of the component is not in line with
the center of shear of the component.

anchor pullout loads due to the overturning moment caused by the seismic inertial
equipment loads, with an appropriately estimated location of the overturning axis

anchor pullout loads caused by the seismic axial inertial equipment loads due to
the component of force which is in line with the axes of the anchor bolts, e.g. for
floor-mounted equipment include the vertical component of the seismic load.

The anchor loads caused by the equipment overturning moment can be based on the assumption
that plane sections remain plane during loading and that the material in the equipment and the
anchors behave in a linear-elastic or, if substantiated, in a plastic manner. The recommended
location of the overturning axis is at the equipment centerline for equipment where base
flexibility will effect load distribution to the bolts. For rigid bases, the overturning axis can be
taken at the edge of the equipment or as otherwise determined by equilibrium.

The fourth substep in determining the seismic demand loads on the anchorage is to compute the
combined seismic anchor loads by taking the SRSS of the seismic loads on each anchor from the
three directions of earthquake motion. The last substep is that the total loads on the anchorage
are computed by combining the combined seismic anchor loads from the previous step to the
equipment deadweight loads and to any other significant loads which would be applied to the
equipment e.g. pipe reaction loads on pumps, etc.

The fourth and final main step in evaluating the seismic adequacy of anchorages is to compare
the seismic capacity loads of the anchors to the total anchor loads. This comparison can be done
using SRSS shear-tension interaction formulations. These formulations can be performed as
follows:(13)

a) Expansion anchors

linear formulation (conservative)

+ P/P^ < 1.0 (4.4)
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quadratic formulation (unconservative)

(VAVJ2 + (P/PJ2<1.0 (4.5)

bilinear formulation (more realistic)

P / P ^ l . O V/V^ <0.3 (4.6)

and

0.7 P/P^ + V/V,,, < 1.0 for 0.3 < V/V.,, < 1.0 (4.7)

where

P = the applied pullout anchor loads

V = the applied shear anchor loads

Pjj, = the allowable pullout capacity load for the anchor

V^ = the allowable shear capacity load for the anchor

b) For cast-in-place bolts (including cast-in-place J bolts), headed studs, and grouted-
in-place bolts use the bilinear formulation, INEQ (4.6) and (4.7), when failure in
the bolt steel is governing. Otherwise, when failure in concrete is governing, then
Figure C.3.2 of Reference 15 applies.

c) Welds to embedded or exposed steel

(P/FJ2 + (V/FJ2 < 1.0 (4.8)

where

P = the pullout (tensile) load applied to the weld

V = the shear load applied to the weld

Fw = the allowable load for the weld

d) Steel to steel bolts or welds

For steel to steel interface bolts or welds the requirements of AISC N690<13> shall
be met.

4.7 Seismic Anchor Motion

The preceding seismic evaluations have been associated with seismic inertia effects. In addition
to the inertia effects there may also be significant stresses induced in systems and components
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by differential or relative anchor motion if the system or component is supported or restrained
at two or more points. In such cases the stresses are secondary in nature since they are
deformation limited by the deformation response of the supporting building or other structure.
In systems and components they are generally treated as secondary and are not evaluated because
of the relatively low number of seismically induced cycles (typically < 50 cycles). So long as the
systems and components are relatively ductile they will accommodate such cyclic seismic anchor
motions without any low cycle fatigue or ratchet type failure. For supports it is common practice
to evaluate such seismic induced anchor motion because the required ductility or flexibility
cannot be observed. The relative or differential motion of the building structure at the different
points of attachment should be input to a model of the multiply supported component or system.
Resultant forces, moments and stresses in the support system determined from the seismic anchor
motion effects acting alone shall meet the same limits contained in this criteria document for
normal operation plus SME inertia stresses.

4.8 Loads on Nozzle

Loads on nozzles shall be determined in the same manner as supports. In general it is
conservative to assume the nozzle rigid and providing restraint in all 6 degrees of freedom (3
translations and 3 rotations) when making such evaluations.

4.9 Seismic Interactions

Seismic interactions can be implied as those significant collisions of structures, distribution
system, or components with nearby items of mechanical and electrical equipment necessary for
safe shutdown which are caused by relative motions from an earthquake when one or more of
the SSC is safety related. An inspection should be performed to identify any seismic interactions
which could affect the capability of the safety-related SSC to perform their required safety
functions. For SSC whose failure is governed by structural response a significant impact would
be one whose relative velocity at impact exceeds about 4.0 m/sec. For components which are
potentially vibration or shock sensitive such as relays and other spring or liquid level actuated
devices no impact would be permitted unless definitive test demonstrate the ruggedness of the
potentially vibration or impact sensitive component.

The identification and assessment of potential interactions requires good judgement from the
walkdown team. Only those conditions which truly represent a serious interaction hazard should
be targeted for the easy fix program.
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5.0 SEISMIC WALKDOWN

The main focus of the walkdowns will be on a) anchorage of the equipment, b) load path from
the anchorage up through the equipment and on c) spatial systems interactions. Structures and
large vertical tanks in general and reactor coolant and protection components and distribution
systems will require analysis to determine if fixes are required. In general, there will be three
alternative dispositions categories for each SSC evaluated: (1) fix is required, (2) capacity is
uncertain and an evaluation is required to determine if a fix is required and (3) capacity is
adequate for the specified SME. The three alternate dispositions of the SSC are primarily based
on judgement and the walkdown teams must be experienced in order to make these judgements.
If fixes are required, it must be further decided if the fix falls within the "easy fix" or detailed
fix categories.

The screening guidelines discussed in Section 4 of this criteria document are used to determine
if the components are represented by the experience database and applies to the component in
question. Anchorage is to be evaluated separately. Most of the components and distribution
systems in VVER's were manufactured by organizations for which seismic and testing experience
has not been gathered and reviewed. The components and systems are those in the earthquake
and testing experience database which generally can be used as guidance to determine the general
ruggedness of the equipment.

The Seismic Walkdowns may be conducted in two phases. Phase 1 is typically referred to as the
Preliminary Screening Walkdown. During this walkdown disposition category 3 (capacity is
adequate for the specified SME) are identified and disposed as a line item on a Preliminary
Screening Table as typically shown in Table 5.1. The other disposition categories 1 and 2
require a more detailed walkdown where a SSC specific evaluation form referred to as a Seismic
Evaluation Work Sheet, SEWS as typically shown in Figures 5.1 and 5.2 are completed for each
item.

5.1 Requirements for the Walkdown Teams

Each walkdown team should contain two experienced seismic capability engineers plus systems
engineers and plant personnel as appropriate. The seismic capability engineers should be degreed
engineers with five or more years of experience as a function of the SSC being evaluated in
design and analysis of SSC to resist earthquake and other normal and abnormal loading. Each
team should also contain one engineer with direct experience in seismic evaluations of Soviet
designed NPP to resist earthquake loads.

Other members of the walkdown team are to provide support to the seismic capability engineers
and may be VVER plant personnel. At least one team member must be familiar with the design
and operation of the SSC being walked down. This may require support from several technical
disciplines such as mechanical, electrical and instrumentation and control departments.

5.2 Walkdown Process

A SSC list must be prepared by the VVER NPP identifying the SSC discussed in Section 1.2 of
this criteria document. Each SSC item on the list to be visually examined in the screening
walkdown to determine whether a seismic fix is required, an analysis is required or whether the
item appears to be seismically rugged as installed. The focus will be on the anchorage of the
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Table 5.1 Preliminary Screening Walkdown Sheet
94C1841AYTAB5.1

Component
ID

Description Class Location

BIdg Room Support
Elev

Capacity
Exceeds
Demand

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

Caveats
Met

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

Are

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

Anchorage
Adequate

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

N

N

N

N

N

N

N

N

N

N

N

N

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

UNK

Interaction
Adequate

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Screened
Out

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Y N UNK

Notes:

Notes: Signed: Date:
1. Circle applicable indicator:

Y = Yes
N = No
UNK = Unknown

2. If either N or UNK is circled, a SEWS FOR THAT COMPONENT SHOULD BE PREPARED.
3. Number any notes and give more description on back of this form.
4. It is anticipated that most systems and components will be screened out for further consideration by this preliminary screening and no further evaluation will be

required.



94C1841A\SEWS

Status Y N U

Figure 5.1 SEISMIC EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID. No. Equip. Class 4 - Transformers

Equipment Description _ _ ^ _ _ ^ _ _ _

Location: Bldg. Floor El. Room, Row/Col
Manufacturer, Model, Etc. (if known)

Y N U 1
U N/A
DOC
BS
ABS

AGS
ISRS
Y N U

A. SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 13.0 meters from grade Y N U N/A
3. Equipment has fundamental frequency above about 8 Hz Y N
4. Capacity based on: Existing Documentation

Bounding Spectrum
1.5 x Bounding Spectrum

5. Demand based on: Ground Response Spectrum GRS
1.5 x Ground Response Spectrum
In-Str. Resp. Spec.

Does capacity exceed demand?

B. CAVEATS - BOUNDING SPECTRUM (Identify with a numbered note in the margin those caveats
which are met by intent meeting the specific wording of the caveat rule and explain the reason for this
conclusion in the COMMENTS section)
1. Equipment is included in earthquake experience equipment class Y N U N/A
2. 4.16 KV rating or less Y N U N/A
3. For floor-mounted dry- and oil type unit, transformer coils

are positively restrained within cabinet Y N U N/A

4. For 750 KVA or larger units, coils are top braced or adequacy
shown by evaluation Y N U N/A

5. For 750 KVA or larger units, 50 mm clearance is provided between
energized component and cabinet Y N U N/A

6. For 750 KVA or larger units, the slack in the connection between
the high-voltage leads and the first anchor accommodates 75 mm
relative displacement Y N U N/A

7. For wall-mounted units, transformer coils anchored to enclosure
near enclosure support surface Y N U N/A

8. For floor-mounted units, anchorage does not rely on weak-way
bending of cabinet structures under lateral forces Y N U N/A

9. Adjacent cabinets which are close enough to impact are bolted
together if they contain essential relays

10. All doors secured by latch or fastener
11. Motion sensitive devices mounted on equipment evaluated
12. Have you looked for and found no other adverse concerns?
Is the intent of all the caveats met for Bounding Spectrum?

Y
Y
Y
Y
Y

N
N
N
N
N

U
U

u
u
u

N/A
N/A
N/A
N/A
N/A
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Figure 5.1 (cont.) SEISMIC EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

C. ANCHORAGE
1. Appropriate equipment characteristics determined (mass,

center of gravity, natural freq., damping, center of rotation) Y N U N/A
2. Type of anchorage covered by experience Y N U N/A
3. Sizes and locations of anchors determined Y N U N/A
4. Visual inspection of anchorage installation in place adequate

(e.g., weld quality and length, nuts and washers, anchor bolt
installation), no significant erosion or corrosion Y N U N/A

5. Factors affecting anchor bolt capacity or margin of safety
consider: embedment length, anchor spacing, free-edge distance,
concrete strength/condition, concrete cracking and gap under
base less than 6 mm Y N U N/A

6. Factors affecting motions sensitive devices (relays, switches, etc.)
considered: gap under base Y N U N/A

7. Base has adequate stiffness or effect of prying action on anchors
considered Y N U N/A

8. Strength of equipment base and load path to center of gravity
of transformer

9. Embedded steel, grout pad or large concrete pad adequacy evaluated
Are anchorage requirements met?

D. INTERACTION AFFECTS
1. Soft targets free from impact by nearby equipment or structures Y N U N/A
2. If equipment contains, motion sensitive devices, equipment is

free from all impact by nearby equipment or structures
3. Attached lines have adequate flexibility
4. Overhead equipment or distribution systems are not likely to

collapse
5. Have you looked for and found no other adverse concerns?
Is equipment free of interaction effects?

IS EQUIPMENT SEISMICALLY ADEQUATE? Y N U

COMMENTS

Y
Y
Y

N
N
N

U
U
u
N/A
N/A
N/A

Y
Y

Y
Y
Y

N
N

N
N
N

Uu
u
u
u

N/A
N/A

N/A
N/A

Attach any applicable photos, sketches, drawings and calculations. If there are any suggested fixes they can be
described on the back of this sheet.

Evaluated by: Date:
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94C1841A\SEWS-5.2

Status Y N U

Figure 5.2 SEISMIC EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

Equip. ID. No. Equip. Class 5 - Horizontal Pumps
Equipment Description

Location: Bldg. Floor El. Room, Row/Col
Manufacturer, Model, Etc. (if known)

Horsepower/Motor Rating (if known) RPM Head Flow Rate

A. SEISMIC CAPACITY VS DEMAND
1. Elevation where equipment receives seismic input
2. Elevation of seismic input below about 13.0 meters from grade Y N U N/A
3. Equipment has fundamental frequency above about 8 Hz Y N U N/A
4. Capacity based on: Existing Documentation DOC

Bounding Spectrum BS
1.5 x Bounding Spectrum ABS

5. Demand based on: Ground Response Spectrum GRS
1.5 x Ground Response Spectrum AGS
In-Str. Resp. Spec. ISRS

Does capacity exceed demand? Y N U

B. CAVEATS - BOUNDING SPECTRUM (Identify with a numbered note in the margin those caveats
which are met by intent meeting the specific wording of the caveat rule and explain the reason for this
conclusion in the COMMENTS section)
1. Equipment is included in earthquake experience equipment class
2. Driver and pump connected by rigid base or skid
3. No indication that shaft does not have thrust restraint in

both axial directions
4. No risk of excessive nozzle loads such as gross pipe motions

or differential displacement
5. Base vibration isolators adequate for seismic loads
6. Attached lines (cooling, air, electrical) have adequate flexibility
7. Relays mounted on equipment evaluated
8. Have you looked for and found no other adverse concerns?
Is the intent of all the caveats met for Bounding Spectrum?

Y
Y

Y

Y
Y
Y
Y
Y
Y

N
N

N

N
N
N
N
N
N

U
U

u
u
u
u
u
u
u

N/A
N/A

N/A

N/A
N/A
N/A
N/A
N/A
N/A
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Figure 5.2 (cont.) SEISMIC EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

C. ANCHORAGE
1. Appropriate equipment characteristics determined (mass,

center of gravity, natural freq., damping, center of rotation) Y N U N/A
2. Type of anchorage covered by experience Y N U N/A
3. Sizes and locations of anchors determined Y N U N/A
4. Visual inspection of anchorage installation in place adequate

(e.g., weld quality and length, nuts and washers, anchor bolt
installation), no significant erosion or corrosion Y N U N/A

5. Factors affecting anchor bolt capacity or margin of safety
consider: embedment length, anchor spacing, free-edge distance,
concrete strength/condition, concrete cracking and gap under
base less than 6.0 mm Y N U N/A

6. Factors affecting motions sensitive devices (relays, switches, etc.)
considered: gap under base Y N U N/A

7. Factors affecting motion sensitive devices considered: gap
under base, capacity reduction for expansion anchors Y N U N/A

8. Base has adequate stiffness or effect of prying action on anchors
considered Y N U N/A

9. Strength of equipment base and load path to center of gravity
of transformer Y N U N/A

10. Embedded steel, grout pad or large concrete pad adequacy evaluated Y N U N/A
Are anchorage requirements met? Y N U N/A

D. INTERACTION AFFECTS
1. Soft targets free from impact by nearby equipment or structures Y N U N/A
2. If equipment contains, motion sensitive devices, equipment is

free from all impact by nearby equipment or structures Y N U N/A
3. Attached lines have adequate flexibility Y N U N/A
4. Overhead equipment or distribution systems are not likely to

collapse Y N U N/A
5. Have you looked for and found no other adverse concerns? Y N U N/A
Is equipment free of interaction effects? Y N U

IS EQUIPMENT SEISMICALLY ADEQUATE? Y N U

COMMENTS

Attach any applicable photos, sketches, drawings and calculations. If there are any suggested fixes they can be
described on the back of this sheet.

Evaluated by: Date:
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equipment, the load path from the anchorage through the equipment the equipment structure and
potential systems interactions which could render the equipment inoperable. Specifically, the
proximity of unreinforced masonry walls or non-structural concrete walls to the equipment being
examined must be assessed.

Spatial systems interactions which can potentially affect the performance of the SSC should be
identified. These interactions include falling, proximity, spray and flood.

Falling is the structural integrity failure of a nonsafety related item that can impact and damage
a safety related item. In order for the interaction to be a threat to the SSC, the impact must
contain considerable energy and the target must be vulnerable. A light fixture falling on a 10
cm diameter pipe may not be a credible interaction. However, the same light fixture falling on
an open relay panel is an interaction which should be fixed. In most VVER's unreinforced
masonry walls will be the most common source of falling interaction. If the wall are close to
electrical, instrumentation or control cabinets, failure of the wall could result in damage to the
cabinets and their contents. Conversely, failure of masonry walls that result in impact on large
diameter pipes is not considered to result in a piping failure and does not require a fix.

Proximity interactions are defined as a condition where two items are close enough together that
their seismic displacements will result in impact. Pipes impacting pipes are generally not a
proximity issue. Impact of soft targets such as relay panels, instruments or valve operators is of
more concern.

Spray and flood can result from failure of piping systems or vessels which are not properly
supported or anchored. Most sources of spray arise from wet fire protection piping systems.
Impact of sprinkler heads is the most common source of spray. Seismic anchor motion may also
fail small pipes. If spray sources can spray equipment sensitive to water spray, then the source
should be backfit, usually by adding support to reduce deflections and impacts or stresses. Large
tanks which are not properly anchored may be potential flood sources. If a flood source could
fail, the walkdown team, with the assistance of plant personnel, should assess the potential
consequences and the ability of the floor drain system to mitigate the consequences of a source
failure.

Masonry walls are generally in close enough proximity that their failure could damage the safety
related equipment within the enclosure bounded by the masonry walls. Also, in many cases,
there are safety related panels and electrical conduit mounted on the masonry walls. Those cases
where failures of these walls have a reasonable probability of damaging safety related equipment
and blocking access to critical areas should be identified for fixes.

5.3 Documentation of the Walkdown

Documentation of the walkdown is required in a manner and format acceptable to the W E R
NPPP, but generally will include the complete summary Form shown in Table 5.1 and individual
SEWS as typically shown in Figure 5.1.
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6.0 DESIGN OF EASY FIXES OR EXTREMELY IMPORTANT AREAS

Fix design should be in accordance with recognized codes and standards used in the Nuclear
Industry. An exception to this may be the backfit design of distribution systems. The
distribution system should meet the requirements developed in Section 8 of the GJP. Section 8
is specifically applicable to electrical raceways but can be modified to include piping and duct
work. Credit may be taken for ductility where warranted but in general, fix design should be
conducted so that the components and their supports remain elastic. Guidance on allowable
ductility and associated inelastic energy absorption ratio, Fu and ductility, |i are provided in
Section 4.0 of thw Criteria Guide. Allowable loads for design of potentially non-ductile supports
are contained in Table 6.1.

6.1 Seismic Input Response Analysis

Three directions of earthquake input motion should be considered to act simultaneously and
independently. The response to the three directions of input motion may be combined by SRSS.
For components to be fixed, the response shall be determined by a dynamic analysis or by
simplified static coefficient methods. If the SSC frequency has not been determined and cannot
be estimated, the static coefficient to be applied to equipment is the peak of the applicable
response spectrum at the damping value specified in Table 4.1. The coefficient is to be
multiplied by the component weight and applied at the center of gravity of the component. If
the component can be determined to be rigid'2], then the zero period acceleration can be applied.
If the frequency is known or can be estimated and the component responds predominantly as a
single degree of freedom system the spectral acceleration associated with the component
fundamental natural frequency may be used. Multi-supported distribution systems with support
spacings as shown in Table 6.2 may be designed for static coefficients times the peak of the
applicable floor response spectra for damping as defined in Table 4.1. Alternatively, a response
spectrum modal analysis may be conducted.

Using the static coefficient method for distribution systems there is no requirement to make
supports rigid or evaluate the effect of support stiffness. When a response spectrum modal
analysis is performed it shall be necessary to include the effect of support stiffness.

t2]Rigid for most SSC can be defined as having a fundamental frequency 15.0 Hz or higher.
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Table 6 .1- Allowable Loads for Non-Ductile Supports

Fillet Welds

Expansion Anchors

Concrete Failures

Non-Ductile Steel Lead Anchors or
Cast Iron

1.6 x AISC

Manufacturer's recommended pullout
capacity, usually 1/4 of average pullout
strength

ACI 349 including criteria for embedded
bolts

Not allowed for new design. Based on
average of tests to failure/5 for old designs.

Table 6.2 - Static Load Coefficients K to be Multiplied by the Peak of the Applicable
Response Spectra to Determine Inertia Seismic Coefficient Accelerations

Support Spacing[3]

Equal to or
Greater Than

4.0

2.0

0.5

Less Than

0.5

Frequency Range

ff < 1.5 Hz

1.5 <ff < 3.5 Hz

3.5 Hz ff < 15 Hz

f, > 15 Hz

Seismic Coefficient

K = 0.4

K = 0.6

K = 1.0

K = 0.4

[3]Number indicates is the ratio of lateral to deadweight support spans as defined by the
ASME BPVC Section m Subsection NF as shown in Table 6.3. For vertical earthquake loads
take K=1.0.
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6.2 Capacity Calculations

Load combinations and allowable stresses from recognized codes for nuclear power plant design
shall be used. Current versions of the ASME BPVC Section i n Level D Code should be used
for the analysis of pressure boundaries in conjunction with fixes. Level D does not include the
effects of seismic anchor motions or restraint of thermal expansion except in defining the piping
reactions on nozzles and supports and in the design of these supports and nozzles. Component
and distribution systems supports should be designed to meet the requirements of the AISC code
or standard pipe support catalog values. In conformance with the USNRC Standard Review Plan
normal working stress allowables may be multiplied by a factor of 1.7 for load combinations
involving the SSE.

Masonry walls, when externally reinforced, should meet the requirements of ACI 531-?^1^ for
in plane loads. For out of plane loads it is only necessary to demonstrate the stability of the
wall. This may be done by using energy methods or non-linear time history analysis. If essential
equipment is mounted on the walls, then out of plane loading should meet the requirements of
ACI 531-79.

Cable raceway fixes may be conducted using the criteria described in Appendix B to this
document. The cable raceways must be demonstrated to provide support for the cables. The
SSRAP described methodology for evaluation of cable raceways are based upon earthquake and
testing experience where standard raceway installations have been demonstrated to remain
functional while undergoing large inelastic deformation.

New expansion anchors should meet the manufacturer's standard safety factors to expected failure
which include earthquake loads (usually 3.0).

Fixes for large vertical flat bottom storage tanks shall be in accordance with ASME Section i n
NC-3800 and NC-3900 requirements and AISC requirements for anchorage.

In summary, for fix designs lacking any alternative national criteria, the load combinations and
applicable criteria are:

Concrete Structural Elements*

1.0DL + LOLL' + 1.0To + l.OSSEj < 1.0 X ULT by ACI 349 (6.1)

Steel Structural Elements*

1.0DL + LOLL' + 1.0To+ 1.0SSE; < 1.7 x AISC Normal Allowable (6.2)
or AISC N690 Extreme Environmental and Abnormal Load Case
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Component Pressure Boundaries*

1.0DL + l.OLL + LOP + 1.0To + [SSE,2 + SSEm
2]1/2 (6.3)

< ASME Level D[4)

Components Supports for Piping and Pressure Components

Ductile Supports*
1.0DL + LOLL' + LOT + [SSE2 + SSEm

2]m < 1.7 x AISC (6.4)
or AISC N690 Extreme Environmental and Abnormal Load Case

Non-ductile Supports (expansion anchors, concrete failures)

1.0DL + LOLL' + LOT + [SSE2 + SSEm
2]1/2 < 1.7 x AISC (6.5)

or AISC N690 Extreme Environmental and Abnormal Load Case with
Fu and u = 1.0

Cable Raceways

Refer to Appendix B.

Masonry Walls:

In-plane Loads

1.0DL + LOLL' + SSE; < ACI 531-79 (6.6)

Out-of-plane Loads

1.0DL + LOLL' + SSE, < 2/3 of the instability point derived (6.7)
from energy methods or more rigorous non-linear analytical
methods

Walls Supporting Essential Equipment

1.0DL + LOLL' + SSE; < ACI 531-79 (6.8)

* Ductility or inelastic demand ratios, u and F^other than 1.0 as given in Table 4.2 may
be used to divide the SSE, and multiply the SSEm terms in ENEQ 6.1 to 6.8 if elastic
spectra are used to determine these values.

[4]The allowable secondary stresses are limited to 3.OS independent of primary stresses and
the combination of primary plus secondary stresses are limited to 6.0S.
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where:

DL = dead load (includes all permanently installed equipment)

LL' = live load applicable at the time of the SSE level earthquake typically taken
equal to 0.25LL used in normal design

T = Restraint of free end displacement load

SSEi = Design basis (SME) earthquake inertial load

SSEm = Design basis (SME) earthquake anchor motion load

Fu = Inelastic demand ratio is applicable to earthquake loads either to reduce
applied inertia load or to increase applied anchor motion load

7.0 QUALITY ASSURANCE

Those portions of this seismic evaluations and design fix program which result in a physical
modification of safety related SSC or their supports or anchorages will be performed under a
nuclear grade Quality Assurance Program. Such a program will meet the requirements and intent
of IAEA Safety Guides 50-SG-QA5 Rev. 1(19) and 50-SG-QA6(20) or as an alternative, the U.S.
Code of Federal Regulation 10CFR50 Appendix B. Documents to be included will be Design
Drawings (Plans). Specifications and Calculations used to design and install such modifications.

Consistent with current international practices, the walkdowns and walkdown documentation in
this project are not required to be performed under a nuclear Quality Assurance Program but will
employ those standard procedures used by the organizations involved in their conventional or
commercial engineering practice. However, the generation and documentation of demand seismic
response spectra since they will affect the design of any physical fixes or modifications to the
plant shall be done under a nuclear grade Quality Assurance Program.
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