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In Reference 1, the NRC provided a comment on the use of experience data approach for
seismic and dynamic qualification of mechanical and electrical equipment and its potential
impact on the review schedule for the U.S. EPR design certification application. This was
further discussed with the NRC staff in a telephone call on April 24, 2008. Attachment A is
AREVA NP's response to the NRC's comment in order to eliminate this area of potential
uncertainty in the design certification review schedule. Supporting changes to the Final Safety
Analysis Report (FSAR) are provided in Attachment B.
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Attachment A
AREVA NP's Response to NRC's Comment on the Seismic Qualification of

Electrical and Mechanical Equipment

NRC Comment:

In a letter to AREVA NP dated March 26, 2008 (see Reference 1 of the cover letter), NRC
stated:

The proposed use of earthquake experience and/or test experience approach for seismic and
dynamic qualification of mechanical and electrical equipment is highly dependent on the
selection of equipment and the type of experience database proposed AREVA will be requested
to submit the database and the equipment to be qualified. Based on past experience with
similar applications, it has taken longer than anticipated to complete the review. If AREVA
chooses to proceed with this approach the scheduled may be impacted.

AREVA NP Response:

AREVA NP does not intend to use earthquake and/or test experience data to seismically qualify
electrical and mechanical equipment. Also the U.S. EPR FSAR will be revised to eliminate the
option of a COL applicant to use experience data for the seismic qualification of equipment.
Specifically, the following COL action item will be deleted from Sections 1.8 and 3.10.2 of the
FSAR:

If experience data are used to establish equipment qualification, a COL applicant that
references the U.S. EPR design certification will document the qualification methodology
and supporting data.

Marked-up pages to the FSAR to reflect the above change are provided in Attachment B.
Corresponding marked-up changes to FSAR Sections 3.10 and 3D Attachment E are also
provided in Attachment B to clarify that use of earthquake and/or test experience data is not
permitted to seismically qualify electrical and mechanical equipment.
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Table 1.8-2-U.S. EPR Combined License Information Items
Sheet 18 of 40

Action Action
Required Required
by COL by COL

Item No. Description Section Applicant Holder

3.9-11 A COL applicant that references the U.S. EPR 3.9.3.1 Y
design certification will provide a summary of
the maximum total stress, deformation (where
applicable), and cumulative usage factor values
for each of the component operating conditions
for ASME Code Class 1 components. For those
values that differ from the allowable limits by
less than 10 percent, the COL applicant will
provide the contribution of each of the loading
categories (e.g., seismic, pipe rupture, dead
weight, pressure, and thermal) to the total stress
for each maximum stress value identified in this
range.

3.9-12 A COL applicant that references the U.S.EPR 3.9.6.4 Y
design certification will provide a table
identifying the safety-related systems and
components that use snubbers in their support
systems, including the number of snubbers, type
(hydraulic or mechanical), applicable standard,
and function (shock, vibration, or dual-purpose
snubber). For snubbers identified as either a
dual-purpose or vibration arrester type, the COL
applicant shall indicate whether the snubber or
component was evaluated for fatigue strength.

3.9-13 A COL applicant that references the U.S. EPR 3.9.6 Y
design certification will identify the
implementation milestones and applicable
ASME OM Code for the preservice and inservice
examination and testing programs. These
programs will be consistent with the
requirements in the latest edition and addenda
of the OM Code incorporated by reference in 10
CFR 50.55a on the date 12 months before the
date for initial fuel load.

3.-04 1if experiene data is used te establish equipment 3.10.2 Y_
qualification, a CCL applicant that r.f.r.n.. s
the U.S. EPR d1sign- .. r.tifieati; n will d1 .m.nt

,th qualification methedelegy anid suppotn

Tier 2 Revision 1-Interim Page 1.8-23
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Table 1.8-2-U.S. EPR Combined License Information Items
Sheet 19 of 40

Action Action
Required Required
by COL by COL

Item No. Description Section Applicant Holder

3.10-21 A COL applicant that references the U.S. EPR 3.10.4 Y
design certification will create and maintain the
SQDP file during the equipment selection and
procurement phase.

3.10-32 A COL applicant that references the U.S. EPR 3.10.1.1 Y
design certification will identify any additional
site specific components that need to be added to
the equipment list in Table 3.10-1.

3.10-43 If the seismic and dynamic qualification testing 3.10.4 Y
is incomplete at the time of the COL application,
a COL applicant that references the U.S. EPR
design certification will submit an
implementation program, including milestones
and completion dates, for NRC review and
approval prior to installation of the applicable
equipment.

3.11-1 A COL applicant that references the U.S. EPR 3.11 Y
design certification will maintain the equipment
qualification test results and qualification status
file during the equipment selection,
procurement phase and throughout the installed
life in the plant.

3.11-2 A COL applicant that references the U.S. EPR 3.11.1.1.3 Y
design certification will identify additional site
specific components that need to be added to the
environmental qualification list in Table 3.11-1.

3.11-3 If the equipment qualification testing is 3.11.3 Y
incomplete at the time of the COL application, a
COL applicant that references the U.S. EPR
design certification will submit an
implementation program, including milestones
and completion dates, for NRC review and
approval prior to installation of the applicable
equipment.

Tier 2 Revision 1-Interim Page 1.8-24
Tier 2 Revision I--Interim Page 1.8-24
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EPR
* Section 3.13 defines the adequacy of programs for assuring the integrity of bolting

and threaded fasteners, including provisions for installation and maintenance of

mounting and bolting details.

3.10.1 Seismic Qualification Criteria

3.10.1.1 Qualification Standards

The methods employed for seismic and dynamic qualification of mechanical and

electrical equipment are described or referenced in Section 3.10.2. These methods

comply with the requirements of GDC 1, GDC 2, GDC 4, GDC 14, GDC 30, and 10

CFR 50, Appendix S. The methods used to implement the requirements of 10 CFR

Part 50, Appendix B are described in Chapter 17.

An acceptable method for complying with the NRC regulations on the seismic

qualification of electrical and mechanical equipment is described in RG 1.100,

Revision 2. This Regulatory Guide states that the procedures described in IEEE Std

344-1987 are acceptable to the NRC staff for satisfying the NRC regulations pertaining

to seismic qualification of electrical and mechanical equipment. Except far the use of

earthquake exp.rien... , AREVA NP plans to use IEEE Std 344-20041 (Reference 5) to

provide the technical requirements for seismic qualification of components that are

included in the environmental qualification (EQ) program, along with other

components that are not addressed in the EQprogram. Seismic qualification based on

earthquake .. per-ief. . .may be performed in accordance with IEEE Std 344 2004 wi.th

suitable justificatien in a. .. r-dan.e v.th regulat-. y practice. experience, per Section 10

of IEEE Std 344-2004, is not utilized by AREVA NP.

The U.S. EPR design utilizes the following procedures in IEEE Std 344 for seismic

qualification of electrical and mechanical equipment:

* Predicting equipment performance by analysis.

* Testing the equipment under simulated seismic conditions.

" Qualifying the equipment by a combination of analysis and testing.

* Use of applicable experiencee data (see Appenfdix 3D, Attachment E)Use of
applicable test data from previous qualification of similar equipment.

Electrical and mechanical equipment for the U.S. EPR is qualified only for the case of

the SSE defined in Section 3.7.1. As described in Section 3.7, consideration of design

cases for an operating basis earthquake (OBE) is not a design requirement for the U.S.

1. Section 3.11 provides the justification for the use of the latest version of the IEEE standards referenced in this
section that have not been endorsed by existing Regulatory Guides. AREVA NP maintains the option to use current
NRC-endorsed versions of the IEEE standards.

Tier 2 Revision I--Interim Page 3.10-4
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Testing is the preferred method for seismic equipment qualification. The type of test

used to establish qualification depends on many factors, such as the type of equipment,

its safety function, its location, and its flexibility.

Qualification by analysis only, can be used under the following conditions:

* Maintaining the structural and pressure boundary integrity is sufficient to perform
its safety-related functions.

o The equipment is structurally simple and its behavior can be predicted by a
conservative analytical approach.

e The equipment is too large or heavy to obtain a representative test input at existing
test facilities. As required, the essential control devices and electrical parts of the
equipment are tested separately.

* The interfaces, such as interconnecting cables to a cabinet, cannot be
conservatively considered in the testing.

The loads to be considered in the analysis and the methods of combining responses are

described in Section 3.9 and Attachment E to Appendix 3D.

Active valves and dampers can be qualified by a combination of analysis and testing to

demonstrate operability and structural integrity. Attached appurtenances, such as

operators, limit switches, and solenoid valves, can be qualified separately by testing, as

recommended in IEEE Std 382 (Reference 6) and IEEE Std 344.

Meechanical and electtrical equip ment ma also b e seismically qualified using applia

cpreiren ta data. This qualification is based an the guidelins in IEEE Std 344i,

Std 4 supplemented w alysis as required. if experiencc data are used to establish

eismcnt qualification, a EOL appicant that rferenes the U.S. EPR dIsigion

eer-tifieation will docutment the qualifieation fnethedology and supporting-

dftte-Mechanical and electrical equipment may also be seismically qualified using

previous seismic qualification testing. subject to suitable similarity analyses. where

such previous testing has been determined to meet the specified performance

requirements and acceptance criteria. This qualification is based on the guidelines in

IEEE Std 344-2004. supplemented with analysis as required.

Seismic Qualification of Electrical Equipment and Instrumentation3.10.2.1

3.10.2.1.1 Seismic Qualification by Type Test

Seismic qualification by testing is performed in accordance with IEEE Std 344. Multi-

frequency and multi-axis testing are the preferred method of qualification, though the

standard allows alternative testing methods, such as single-frequency and single-axis
testing. Regardless of which testing method is used, the test will conservatively

simulate and envelop the required seismic motion at the location of the equipment.

Tier 2 Revision I--Interim Page 3.10-7
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E.1 Purpose

The purpose of this attachment is to provide the methodology for establishing the

seismic qualification of mechanical, electrical, and instrumentation and control (I&C)

equipment. An acceptable method for complying with the NRC regulations with

respect to the seismic qualification of electrical and mechanical equipment is described

in RG 1.100, Revision 2. This states that the procedures described in IEEE Std 344-

1987 are acceptable to the NRC staff for satisfying the NRC regulations pertaining to

seismic qualification 'of electrical and mechanical equipment. Section 3.10 describes
the methods for seismic qualification of mechanical, electrical, and instrumentation

and control (I&C) equipment. Except for the usc of earthquake experience, AREVA

NP plans to use mEEE Std 344 20041 (RIfErEneS 1) t3 pr2vid6 the teehnceal

rcquirpmorts fe slismic qualifiecationsf 3 .mpand3nts that arae i3.ludLd in tho

Equipmict QualifidatiD n (EQa proegram, along with ethrca Empnuipts that aprovid

addflsst d in thc Eqprigram. Stismi n qualifieation based an earthquakc xprwithee

may be p 4Rferm ed ii aeeardanc with TEEE Std 344 2004 (Roefrntay 1) with Suitable

justificationi in aeeor-danee with regulatory-practic-. This methodology is also based on

the recommended methods and criteria in IEEE Std 382-20061 (Reference 2), and

incorporates guidelines from Sections 3.7, 3.9, and 3.10. Table 3.10-1-List of

Seismically and Dynamically Qualified Mechanical and Electrical Equipment, provides

a list of mechanical equipment that is being seismically qualified in accordance with

IEEE Std 344 (Reference 1). Table 3.11 -1-List of Environmentally Qualified

Electrical/I&C Equipment, provides a list of electrical and I&C equipment that is

located in a harsh environment and is being seismically qualified in accordance with

IEEE Std 344 (Reference 1). Table 3.10-1 also provides a list of electrical and I&C

equipment that is not located in a harsh environment but is seismically qualified in

accordance with IEEE Std 344 (Reference 1).

E.2 Definitions

This section defines the terms used in this attachment.

Operating Basis Earthquake

For the U.S. EPR, the operating basis earthquake (OBE) is defined as one-third of the

safe shutdown earthquake (SSE) as detailed in Section 3.7, and within the following

definition for an SSE.

Section 3.11 provides the justification for the use of the latest version of the IEEE standards referenced in this
section that have not been endorsed by existing Regulatory Guides. AREVA NP maintains the option to use current
NRC-endorsed versions of the IEEE standards.I

Tier 2 Revision 1-Interim Page 3D-93
Tier 2 Revision I--Interim Page 3D-93
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Similarity

Similarity is an instance in which equipment is of a type that has been previously

qualified, differing only in size or in the specific qualified devices located in the

assembly or structure.

Experience Data

As identified int IEEE Std 344 (Refcrenee 1), exper-ienee data is e-valuated data fer- a

refcr-efee equipment elass that has been exposed to earthquakes or- tesig

supplem• f ted by analysis as required.

E.3 Seismic Qualification Methods

The scope of Seismic Category I equipment that requires seismic qualification is

defined in Section 3.10. The seismic qualification is performed in accordance with

IEEE Std 344 (Reference 1) and incorporates the requirements from Sections 3.7, 3.9,

and 3.10. The qualification can be demonstrated through testing, analysis, a

combination of testing and analysis, similarity, and by use of experience data. The

method of qualification must be selected based on the appropriateness of the method

for the size, type, complexity, and functional requirements of the subject equipment.

E.3.1 Qualification by Testing

Qualification by testing is the preferred qualification method for equipment that must

perform an active function during and after a seismic event. The type of seismic test

that is recommended depends on the type of equipment, its function, the methods of

mounting, and the type of seismic motion expected according to Section 3.10.2. The

different methods of qualification by testing are presented in Section E.5 of this

attachment.

E.3.2 Qualification 'by Analysis

Qualification by analysis is selected when equipment can be accurately modeled and

when it is verified that the structural integrity of the equipment sufficiently

demonstrates that it will perform its design-intended function during and after a

seismic event. In addition, when a complete seismic test is not practical, a

combination of testing and analysis can be performed as described in Section 3.10.2.

Different methods for qualification by analysis are presented in Section E.6.

E.3.3 Qualification 'by Similarity

Qualification by similarity is appropriate when the equipment is similar to an item

previously qualified, differing only in configuration details such as size or arrangement

of specific qualified devices located in the assembly or structure. The purpose of

qualification by similarity is to avoid the impracticality of testing or analyzing

Tier 2 Revision I--Interim Page 3D-95
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E.3.4

numerous configurations of equipment that is essentially the same. Qualification by

similarity shall demonstrate the similarity of equipment (i.e., demonstrate dynamic

similarity), the applicability of the previous test and analysis, and assess the need for

supplemental device testing. Specific details associated with qualification by similarity

are presented in Section E.7.

Qualification by Experience

As noted in Section 3.10, seismic qualification based on experience, per Section 10 of

IEEE Std 344-2004, is not utilized by AREVA NP. This does not prevent the use of

applicable test data from previous qualification of similar equipment. 1EEE--Std-34-

(Referenee 1) presents requirements fer the use of properly docutmented test

xperine and seismic' .x. iec data to per-feff the seismic qualifieationt of
mechanical and electrical equipment. Experien. e data may be used oin a ease by ease

basis and includes mechani.. al and eletri.al equ.ipm.e.t. The use .f xperienec data

inclu~des ani assessmenit of the appropriateniess of the application, ebsefvancce of

limitations an its use, and completiont of docutmentatiorequrmns

Docuimentatio icurccts associated wi4th the use of experience data include the-

id en tificaP-,t io o-;; f the specific equipmentt qualified based en experiencee, the details of.

the methodology used, and the eaonespontdintg supporting xprinc data for- each

peeof equipment. Sectiont E.8 provides further iniformation on qualification-by

Requirements

Damping

Damping represents the energy dissipation within a structure while it is responding to

applied seismic inertia loads. The level of damping depends on many factors including

the materials used, the methods of mounting, and the type of loading as addressed in

Section 3.7.1.2 and in RG 1.61, Revision 1. Typical damping values used in seismic

analysis are listed in Table 3.7.1-1-Damping Values for Safe Shutdown Earthquake.

Application of Damping in Testing

Equipment is subjected to seismic inertia loads defined by the required response

spectra (RRS) for qualification of equipment by testing. Any practical value of

damping can be used in the RRS for testing. It is not necessary to use a predefined

damping value because the comparison of the test response spectra (TRS) and the RRS

is performed for a TRS damping value that is equal to or greater than that used for the

RRS. Both the RRS and TRS are described further in Section E.5.1.

E.4

E.4.1

E.4.1.1

Tier 2 Revision 1-Interim Page 3D-96
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EPR
accounted for in the low frequency modal analysis. The effects of this missing mass are

considered in the analysis as addressed in Section 3.7.3.7.

The total combined response to high frequency modes are then combined with the

total combined response from lower frequency modes as described in Section 3.7.3.7.

E.6.3.2 Time History Analysis

Time history analysis is the preferred method for seismic analysis when a piece of

equipment exhibits a non-linear response (e.g., changing stiffness or frequencies under

increasing load). This analysis is also used to generate response spectra at a specific

component location, such as an instrument inside a cabinet panel. When the

maximum time history responses to the three components of earthquake motion are

calculated separately, the maximum combined response is calculated as described in

Sections 3.7.3.6 and E.6.2.3. When the responses to the three components of

earthquake motion are statistically independent and applied simultaneously, the

responses may be obtained individually for each of the three independent components

and combined algebraically at each time step to obtain the total response time history.

This approach is further detailed in Section 3.7.3.6, which demonstrates that the

approach conforms to RG 1.92.

E.7 Qualification by Similarity

IEEE Std 344 (Reference 1) provides information about the qualification of equipment

by similarity for equipment similar to a type that is previously qualified either by test
or analysis, and which differs only in size or in the specific qualified devices located in

the assembly or structure. In such cases, it is neither practical nor necessary to test

every variation of the basic qualified configuration. For these situations, the

qualification of the various configurations is demonstrated by similarity using the

previous test or analysis qualification. Where qualification is achieved by

extrapolation of qualification results based on test, analysis, or combination of the two,

the excitation, physical system, and safety function are taken into consideration. The
need for additional qualification of the specific devices located in the assembly or

structure is evaluated in each instance.

Qualification by similarity is not considered to be the same process as qualification by

comparison to reference equipment classes derived from either earthquake experience

or test experience data addressed in IEEE Std 344 (Reference 1). The use of such

experience data is presented in the following sections.

E.8 DELETED Qu"^i;io^ti"^ 5y E-p..i;^oc

Guidelines f .r perfrming EQby mpar t ene data are provided in thi.

section. As described in IEEE Std 344 (Reference 1), the source for experiencee dat

may be a r-eferec equpm t class that has been exposed to either- earthquakes orz

Tier 2 Revision I--Interim Page 3D-1 06
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tesing supplemented by an analysis, as required. Us fepree data may not be

appropar fo a seific applicationt. The fello in p~gahs address the limitationts

ont the use of qualification by exper-ience.-

Test exper-eniee data is obtained froem test r-esults from pr-eNdous qualificationts. Test

exp erine data is moist often applicable for- establishing seismic qualification for- a

refer-ence equipmaent class based on using the test results for five or- more indixidual

itm.The test experience data should meet the requirements of IEEE Std 344-

(Refer-enee 1), including the sismic aging effects. The mini'mum requirement for

considerationt of seismic agintg (i.e., fatigue) is as descr-ibed int Section 3.7.3.2. The use

of a single test of ant item to qualif a differ-ent, but similar- candidate item is considered-

qualification by similarity anid is addressed in Section E.7.

Qualification based otest experience data involves the following steps.

1. Ch~acatcri~e test moinseperienced by the referencee equipment.

2. Establish the tes experienc .e based seismfic eapaeit for a r-efer-ence equitpment
elasst

3. Characterize the test exper-ience reference eupetcas

4. Compar-e the candidate equipmnent to the test xerec reference equipment

5. Docuimenit the qualificationt process.

A special ease for 'the use of experiencee data is established for t~he situation of

inherently mdgged equipment. Experiencee data shows that cer-tain types of equtipmfent

possess high reitnet es iciertia floads. This may be the result of inherent

char-acteristics required to accommodate oper~ational or shipping loads and the

applicationi of explicit design stanidar-ds. Such equipmfenit is deemed to be iniher-ently

rugged. Wh~ere inherent seismic mdggedness can be established throuigh analysis,

tetnor earthquake experience-,-or where the seismic loads are a small fraction of the

oeainig loads, the mzles for- char-acter-izinig the r-efer-ence equipment class anid the

procedure for defining the seisic.. i eapaeity of the referencee equipment class may be

simplified anid reduced. in this ease, the char-acterizationt of the referec equipment

class anid the technical justificationi for the assigned seismnic capacity level are

developed anid docuimented as the r-eference data for this special case.

I . I I 1-•T*--I t-1 1 - - I T I IT

Limitations on ti.e use or exprec a ara. on.ror. to I. S 344.. R..ere.ee 1.

E.9 Performance Criteria

The performance criteria for equipment that is being seismically qualified in

accordance with IEEE Std 344 (Reference 1) are as follows:

Tier 2 Revision 1-Interim Page 3D-107
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