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ABSTRACT

The margin of safety provided in existing nuclear power plant equipment to
resist seismically induced loads and perform their intended safety functions
may vary considerably, because of significant changes in design criteria and
methods for the seismic qualification of equipment over the years. Therefore,
the seismic qualification of equipment in operating plants should be reassessed
to determine whether requalification is necessary.

The objective of technical studies performed under the Task Action Plan A-46
was to establish an explicit set of guidelines and acceptance criteria to
judge the adequacy of equipment under seismic loading at all operating plants,
in lieu of requiring qualification to the current criteria that are applied to
new plants.

This report summarizes the work accomplished on USI A-46 by the Nuclear
Regulatory Commission staff and its contractors, Idaho National Engineering
Laboratory, Southwest Research Institute, Brookhaven National Laboratcry, and
Lawrence Livermore National Laboratory. In addition, the collection and
review of seismic experience data by the Seismic Qualification Utility Group
and the review and recommendations of a group of seismic consultants, the
Senior Seismic Review Advisory Panel, are presented. Staff ascessment of work
accomplished under USI A-46 leads to the conclusion that the use of seismic
experience data provides the most reasonable alternative to current gualifi-
cation criteria. Consideration of seismic qualification by use of experience
data was a specific task in USI A-46. Several other A-46 tasks serve to
support the use of an experience data base.

NUREG-1030 ifi

B e S b I AR MIEE R ke G Gt o o e T et T




1

TABLE OF CONTENTS

DI &' w6 Wi 5% « &' b s b n b om0 e v w

Background . . . . . . .
Description of A-46 Tasks . . . . . . . . .

bt e el
W AN -

1.3.1 General Conclusions . . . . . . . . gl

1.3.2 Scope of Seismic Adequacy Review . . .
1.3.3 Equipment Qutside Applicability of Se1sn’

Experience Data Base . . . . . . . . . . . . . ..

SUMMARY OF TECHNICAL WORK WHICH SUPPORTS USI A-46
TECHNICAL RESOLUTION . . . . . . . . . . . . .+« ..

2.1 Seismic Qualification of Equipaonf Using Seismic

Experience Data Base . . . . . . . . . . . . . . . . ..

A-46 Technical Findings . . . . . . . . . . : : e

NUREG-1030

2.1.1
z2.1.2

2.1.3

2.1.4

o e Ryt SR S
Summary of LLNL Report “Corrnlation of Seismic
Experience Data in Non-Nuclear Facilities With Saismic
Equipment Qualification in Nuclear Plants (A-46)".
Summary of EQE keport, "Filot Program Report -

Program for the Development of an Alternative

Approach to Seismic Equipmert Qualification" . . . . .

2.1.3.1 Methods Used in the Pilot Program . . . . . .
2.1.3.2 Conclusion and NRC Staff Comments . . .

Summary of EQE Reports, “Seismic Experience Data
Base--Data Base Tables for Seven Types of Equipment "
"Seismic Experience Data Base--Average Horizontal
Data Base Site Response Spectra," and "Investigation
of tquipment Performance in Foreign Earthquakes and
the 1964 Alaska Earthguake" . . . . . . . . . . . ..

2.1.4.1 EQE Report, "Seismic Experience Data Base--
Data Base Tables for Seven Types of
BRRIS™ . . i s 6 v s e e h v a e

2.1.4.2 EQC Renort, "feismic Experience Date Base--
Average Horizontal Da.a Rase Site Response
DO - v % e e e e W e

2.1.4 3 EQE Report, "Investigatior of Equinaont
Per-formance in Foreign Zarthquakes and the
1964 Alaska Earthcuake" . . . . . . . . . . .

2.1.4.3.1 Survey ¢f U.S. Experts . . . . . .

2-20

2-21
2-25

2-28

2-30

2-33

2-42
2-54



TAsLE OF CONTENTS (Conlinued)

2.1.4 3.2 Literature Survey of [quipment
Pervormance in the 1964 Alaska
BOTNBRE : . . s s v w ow e s

<.a.4.5.2 LUiterature Survey of Equipment
Ferformance in Fereign
Farthquakes . . . . . . . .

2.1.4 .4 C(onclusions and Staff Commentis on
Aleskan and Foreign Earthquakes.

4. 1.0 Tummary of SSRAP Repori, "Use of Past Earthquake
Experience Data to Siow Seismic Ruggedness of Certain
Claiies of Equipmert in Nuclear Power Plants", . . . .

" Seicsmic Motion Bounds . . bl x> TN >

Motor Control Centers . . . . . . . . . . . .

Low-Volitage Switchgear. . . . . . . . atha w

Meral-Clad Switchgear . . . . . . . . . . . .

Unit Substation Transformers. . . . . on

Motor-Operated Valves . . . . . . . . . . . .

Air-Operared Valves . . . . . . . . . . . ..

Horizonta! and Vertical Pumps . . . . . . . .

Conclusion and NRC Staff Comments . . . . . .

RNRNNNNDNNNYN

Pt ot et et e bk ek
crernohovnin v
LN WM

2.2 Deveierment and Assessment of In-Situ Testing Methods
to Assist in Qualification of Equipment

-----------

2.2.1 Bacquound ......................

2.2.2 Summary of INEL Report, "The Use of In-Situ Procedures
for Seismic Qualification of Equipment in Currently
Operating Plants"

2.2.2.1 Summary of Part A anc ?art B, "Preliminary
Study of the Use of In-Situ Procnduros for
Seismic Equipment Qualificaiion in Currently
Operating Plants" and "Imnroved In-Situ
Procedures and Analysis Methods". . . . . . .

2.2.2.2 Summary of Psrt C, "Guidance and Acceptance
Criteria for Application of Combined In-Situ
and Analysis Procedures" . . . . . . . . ..

2.2.2.3 Summary of Part D, "Seismic Qualification
Cost Estimating Task" . . . . . . . . .. ..

2.2.3 Staff Conclusions

2.3 Development of Methods To Generate Generic Floor Response
I S i o i L TR R P - b b B W

NUREG-1030 vi

Page

2-54

2-57
2-58

2-69
2-69

2-70

2-70

2-76

2-83
2-86

2-86



TABLE OF CONTENTS (Continued)

BOEREPOMID . o 5 v v

Summary of BNL Report "Soisnir and Dynan1c
Qualification of Safety-Related Electrical and
Mechanicai Equipment in Operating Nuc ear PYower
Plants" . . Tyl - oL iy - b . m o d i
2.3.3 Start Conclusvons

NN
w w
N

3 RE-CRENCES . .

AFPENDIX A Summary of Technical work Completed That Is Not

Implemented in USI A-46 Hesolution .

APPENDIX B Performance of Power racilities During the 1964

APPENDIX C Perforn .nce of Power and Industrial Facilities During

(Sl ol R g
1 1 L} 1 1
Lo IEIG w

'
Ll ")
-0

—
L L
e
» wN

—
L I
—
oW

. 3=37

—
'
—
[

'? iy " b b
[

[
]
-

NUREG-1030

Alaska Earthquake
Some Foreign Earthquakes . .

LIST OF TABLES

Seismic Qualification Utility Group members . . .
Categories of possible seismic equipment qualification
(EQ) requirements . . . . o Lk
Documents most important for seisnic equ.pqewt
qualification . . . e y
Summary of foasibility ovaluation s % &
Selected major 2arthquakes that have affeuted
power and industrial facilities . . .

Equipment selection for SQUG pilot progran
Comparison of equipment data. .
Summary of data base plants and earthquakes '
Major conclusions of SQUG . b e e R
Summary: Motor control contors ' . .
Motor control centers at the Sylmar Convorter
Station . : » o
Summary: Hotor-oporated valvcs . ;
Motor-operated valves at near-field sites

near Coalinga . . . P
Motcr-operated valvos at fnr—fiold sitos noar
R T e A s
Vertical pumps . .

Vertical pumps at n.ar-fiold sitos nocr Coalinga

Procedure to estimate data base site response spectra .

Questionnaire . . .
Cost estimates. .

Damage to Enaluf Steam Plant. . . . . . . . . . . .

vii

Page
2-86

%
aoon

TRPYPY WY
wrNrNNNNoN @ ~3

'




N A i
be 0 b
(=200 % 0 -1

(]
—
'
w0

2.1-10

~N
-
'
—
r

~N
'
w

NUREG-103C

LIST OF FIGURES

USI A-46 uicreening procedure .

Methods used in pilot study. - .
Distribution of motor control center as a function
of virtage, manufacturer, acceleration, and number
of assamblies L e Ll NN (PSR PIC S
Motor coutrel centers surviving PGA > 0.18 g, data
base of motor contro! center: plotted as a function
of width in sections .

Motor control centers surviving PGA > 0.28 g :
Motor contro)l centers curviving PGA > 0.45 g . . . ;
Motor-operated valves surviving PGA > 0.18 g, data baso of

motor-operated values plotted as a function of suppoiting
p.pe diameter and operator height o

tor-operated valves surviving PGA > 0.18 q. data base of
motor-operated valves plotted as a function of supporting
pipe diameter and operator weight

Vertical pumps surviving GA > 0.19 g, data base of vertvcal

pumps plotted as a function of pump horsepower . . .
Vertical turbine pumps surviving PGA > 0.18 g, data base of
vertical turbine pumps plotted as a function of shaft
length . 6

Location of the San Fernando anloy data base sit&s and the

ground motion records which are the basis for the estimated

average peak horizonta! ground accelerations .

Response spectra for the ground motion recorc at Pacoiua Dan.

5% damping, two horizontal components and their average.
Average horizontal response spactrum, Sylmar Converter
Station, 5% damping based on the ground motion record at
Pacoima ilam scaled by a factor of 0.50/1.25. A
Questionnaire. o . 3

Seismic motion bounding spectra i d

Motor-operated valves for which type A spcctruu i» to
be used ]

notor-operated valves for which typo C spcctru- 1s to
be used . . . EE
Air-operated valves for uhich type A spcctrua 13

to be used

Line graph da;iﬁitﬂon of chion 1 Rogion 2 and froquoncy '

separation AD.
Best estimate in structure rcsponse spectrl nnd broadoncd
response spectra . .

Coupled building and ;upport structuro natural frcqucncios :

Comparison of envelopment .

USI A-46 scmning procodure -

Madel 3 . 1

Model 4 | | . :

Generic floor responsc s;octrn ¥ e

Generic peak response at top, middle, and botto. lovols

viii

2-42

2-43
2-44
2-45

2-46

2-47

2-48

2-49

2-51
2-52
2-53
2-55
2-62
2-65

2-67
2-78

2-79
2-80
2-81
2-84

2-89
2-90
2-92



NUREG-1030

LIST OF FIGURES (continued)

Conceptual approach to vibration correlation .

Comparison of actual with acceptable fragility surface ;

Basis for damage fragility ratio . .

Possible combinations of fragility functi»n and
qualification paraneters : e | TetanF 2
Effect of aging on seismic capacity

ix



ABBREVIATIONS

ACRS Advisory Committee on Reactor Safety

ANSI American National Standards Institute

BNL Brookhaven National Laboratory

BWR boiling water reactor

CFR Code of Federal Regulations

cQcC complete quadratic combination

DC U.S. Department of Commerce

EERI Earthquake Engineering Research Institute
EQ environmental qualification

EQE EQE Incorporated

ERS experience response spectra

FRF frequency response function

GDC General Design Criterion

HVAC heating, ventilating, and air conditioning
IEEE Institute of Electrical and Electronics Engineers
INEL Idaho National Engineering Laboratory (EG&G Idaho, Inc.)
JAERI Japan Atomic Energy Research Institute
LLNL Lawrence Livermore National Laboratory
LOCA loss-of-coolant accident

MCcC motor control center

MMI modified Mercalli intensity

MPF modal participation factor

NAS National Academy of Sciences

NCEE U.S. National Conference on Earthquake Engineering
NCEL U.S. Naval Civil Engineering Laboratory
NEMA National Electrical Manufacturers Association
NRC Nuclear Regulatory Commission

OBE operating basis earthquake

PRA probabilistic risk assessment

PSD power spectra density

PWR pressurized water reactor

RES Richardson Engineering Services, Inc.

RG Regulatory Guide

RRS required response spectra

SEP Systematic Evaluation Program

SQUG Seismic Qualification Utility Group

SRP Standard Review Plan

SRSS square root of the sum of the squares

SSE safe shutdown earthquake

SSRAP Senior Seismic Review Advisory Panel

SWRI Southwest Research Institute

TAP task action plan

uBC Uniform Building Code

UsI unresolved safety issue

NUREG-1030 X



INTRODUCTION

.

1 Background

General Design Criterion (GDC) 2 in Appendix A to Title 10 of the Code of
Federal Regulations (CFR) Part 50 (10 CFR 50) states that structures, systems,
and components important to safety in nuclear power plants shall be designed

to withstand the effects of natural phenomena, such as earthquakes, without a
loss of capability to perform their safety functions. Section III of Appendix B
to 10 CFR 50 states that design control measures shall provide for verifying

or checking the adequacy of design by the performance of a suitable testing
program It also requires that this program include suitable qualification
testing under the most adverse design conditions. These requirements point to
the need for seismic qualification of safety-related electrical and mechanical
equipment to ensure structural integrity and functional capability during and
after a seismic event. Current criteria and methods of compliance are in the
Nuclear Regulatory Commission (NRC) Revision 2 to Standard Review Plan (SRP)
Section 3.10, "Seismic and Dynamic Qualification of Mechanical and Electrical
Equipment” (NUREG-0800) (NRC, July 1981)* and NRC's Regulatory Guide (RG) 1.100,
"Seismic Qualification of Electric Equipment for Nuclear Power Plants." With
some exceptions, RG 1.100 basically endorses the Insitute of Electric and
Electronics Engineers (IEEE) Standard 344-1975, "IEEE Recommended Practices

for Seismic Qualification of Class 1lE Equipment for Nuclear Power Generating
Stations."

On the basis of the requirements and recommendations of these criteria and
methods, equipment is seismically qualified today by analysis and/or laboratory
test. Analyses alone are acceptable only if the necessary functional capabilit)
of the equipment is ensured by its structural integrity. Otherwise, some
testing is required using the required response spectra or required time
histories for the seismic input motion to equipment. When equipment is tested,
it is mounted on a shake table and subjected to certain types of excitation
corresponding to a test response spectrum that envelopes the required response
spectra. The equipment is tested in the operating condition For equipment
too large to fit on a shake table, a combined analysis and test procedure is
used.

Since commercial nuclear power plants were first introduced, seismic qualifi-
cation criteria have been changed to a significant degree. The analytical and
experimental methods used to qualify equipment N ve also changed. Because of
these changes the margins of safety provided 2xi1sting nuclear power plant
equipment to resist seismically induced lae i perform their intended

safety functions may vary considerably ~ ot meet current seismic quali-
fication criteria. Therefore, to ensur . pe, ance during and after a seismic
event, seismic capability of equipment in operating plants must be reassessed.

*References in this report are cited parenthetically by author See Section 3,
"References," for a complete citation.
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t was also recognized that it may not be practical to qualify operating plant

I »

equipment using current seismic qualification criteria and methods because of
(1) excessive plant down time, (2) difficulties in shipping irradiated equipment
0 a test laboratory, and (3) difficulties in acquiring identical vintage
uipment for lakoratory testing In December 1980, the Nuclear Regulatory
mmission designated "Seismic Qualification of Equipment in Operating Plants’
an unresolved safety issue (USI) The objective of USI A-46 is to develop
alternative methods and acceptance criteria that can be used to assess the
capability of mechanical and electrical equipment in operating nuc lear power
plants to perform the intended safety functions

eq
Co
as

A task action plan (TAP) was developed for USI A-46 i the spring 1981
I for study were selected on the basis of their potential for providing
alternatives to current requirements for seismic qualifi
ized that a utility always has the option to requalify equipment
edures required for new plants Only alternative procedures which
ide some advantage over current requirements are likely to be used In
any alternative procedure must be sufficiently rigorous to provide
safety comparabie to that achieved by current requirements A key
of the approach was to take advantage of experience gained by previous

lification tests and analysis, and experience with actual seismic events
selected for study were

[dentification of seismic-sensitive systems and equipment;

Assesswent of adequacy of existing seismic qualification;

Development and assessment of in-situ testing methods to assist in quali-
fication of equipment;

Seismic qualification of equipment using seismic experience data,
Development of methods to generate generic floor response spectra

As work progressed it became increasingly apparent that Task 4, "Seismic
Qualification of Equipment Using Seismic Experience Data" was the most likely
alternative for assessing seismic capability, which is both economically
attractive to the plant owners and acceptable from a public safety viewpoint
Lawrence Livermore National Laboratory (LLNL), under contract to NRC, conducted
a feasibility study (NRC, August 1983) which concluded that use of seismic
experience data is feasible and can be as effective as current qualification
methods. This study is discussed in more detail later in Section 2.1.2. In
addition, a utilities group, Seismic Qualification Utility Group (SQUG), in
conjunction with its consultants EQE Incorporated, conducted a pilot program
to independently demonstrate the feasibility of using seismic experience data.
Their report was issued by EQE in September 1982. A more detailed discussion
of this effort is presented in Section 2.1.3

In March 1983, SQUG proposed to NRC management the formation of a Senior
Seismic Review Advisory Panel (SSRAP) to provide consulting services and
expert opinion on the use of experience data. This idea was endorsed by NRC
management and SSRAP was subsequaently formed in June 1983.

NUREG-1030
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The principal technical ing of A-46 is that seismic experience data applied
In accordance with the guidelines developed can be used to verify the seismic
adequacy of mechanical and electrical equipment in operating nuclear plants
Explicit seismic qualification should be required only seismic experience

data or existing test data on similar components car ue shown to apply

This finding is based primarily on the staff's review of the work accomp lished
by SQUG and SSRAP to develop a seismic experience data base and to develop
guidance for its application In addition tc endorsement of the SSRAP conclu
sions, the staff has developed general guidance for extending the applicability

of seismic experience data to other classes of components
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General Conclusions

The study completed by SQUG and SSRAP (SSRAP, February 1984) was limited to
eight classes of equipment: motor control centers, low-voltage (480-V) switch-
gear, metal-clad (2.4 to 4-kV) switchgear, unit substation transformers, motor-
operated valves, air-operated valves, horizontal pumps, and vertical pumps

General conclusions of the study on these eight classes of equipment were sum-
marized by SSRAP as follows:

(1) Equipment installed in nuclear power plants is generally similar to and
at least as rugged as that installed in conventional power plants

This equipment, when properly anchored, and with some reservations, has
an inherent seismic ruggedness and a demonstrated capability to withstand
significant seismic motion without structural damage

For this equipment, functionality after the strong shaking has ended has
also been demonstrated, but the absence of relay chatter during strong
shaking has not been demonstrated.

With several important caveats and exclusions, it is SSRAP's judgment that
for excitations below certain seismic motion bounds, it is unnecessary to
perform explicit seismic qualification of existing egquipment in these eight
classes for operating nuclear power plants to demonstrate functionality
after the strong shaking has ended

The existing data base reasonably demonstrates the seismic ruggedness of
this equipment up to these seismic motion bounds

Furthermore, SSRAP believes that similar conclusions might apply to other
classes of equipment, but such an extrapolation should only be made after a
very detailed and careful review

1.3.2 Scope of Seismic Adequacy Review

The staff concluded that it is unnecessary to verify the seismic adequacy of

all plant equipment defined as seismic Class I in RG 1.29 (NRC, September 1978).
This implies that only those systems, subsystems, and components required to
bring the plant to a safe shutdown condition and to maintain it in that condi-
tion are important to assure safety during and after a seismic event The scope
of the seismic verification, therefore, can be limited to the minimum equipment
necessary to perform the functions related to plant safe shutdown This ap-
proach is consistent with seismic reviews conducted by the Systematic Evaluation
Program (SEP) and with current staff thinking on simultanecus occurrence of a
loss-of-coolant accident (LOCA) with a seismic event

The initial intent of Task 1 of the A-46 TAP, "Identification of Seismic Risk
Sensitive Systems and Equipment” was to develop a generic risk-ordered list of
equipment This effort however did not result in an equipment list that could
be generally applied to operating plants This effort is described in
Appendix A
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The staff developed assumptions related to defining the equipment scope and

guidance on required plant functions The assumptions which dictate the
systems and equipment that will be needed are

The seismic event does not cause a LOCA

11

v n~ A
ne LULA w)

ersmic event

wt be postulatec occur simultaneously wi ( juring

Offsite power will be lost during and/or after a seismic event

these basic assumptions, the scope of systems and equipment nezced i1s
than currently required for new licenses

tquipment Outside Applicability of Seismic Experience Data Base

equipment required following a seismic event is within the defined scope
€ experience data The staff believes that an extension of the data base
er additional classes of equipment or to extend the limits for the orig-
ight equipment classes is feasible In addition, other procedures can be
uggested steps 1f equipment is not covered by the existing data
4 .

ed below and shown graphically on Figure 1.3-]

1
s L ' - -

experience data to include additional classes
3

gata which are applicable to equipment
evidence of seismic ruggedness

And/or in-situ te: ) show seismic ruggedness
1th data base o Les data (see Section 2.2)
le modification to provide simiiarity with data base
equipment with qualified equipment

-

o current "“‘."\"\\)"Q’m?"”"t, R
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Equipment Screened Out by
Data Base (Satisfies B8 Classes
Recommended by SSRAP)

Equipment Qutside Limits
of Data Base (Caveats and
Bounding Spectra) or
Not Belonging to the 8
Licensee Develops Classes Recommended by Equipment [
!
|

|

Plant-specific Compare List SSRAP in Data Base Alansasaton Screened Out
Equipment List With Experience - Means** e 3

From Functional Data Base
Requirement* |

Seismic Adequacy
of Equipment
Assured

rom Section 1.3.2

Extend experience data which are comparable tc »SRAP guidance and caveats

Find test data which are applicable to equipment

Develop other evidence of sei<mic ruggedness

Test prototype

Perform analysis and/or in-situ test to show seismic ruggedness oOr s | y with ta bas )r test data
Simple modification to provide similarity with data base

Replacement by qualified equipment

Qualify to current requirement

W
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2 SUMMARY OF TECHNICAL WORK WHICH SUPPORTS USI A-46 TECHNICAL RESOLUTION

As mentioned in Section 1.2, of the five tasks selected for study in USI A-46,
the most practical proved to be Task 4 "Seismic Qualification of Equipment

Using Seismic Experience Data." Tasks 3 and 5, "Development and Assessment of
In-Situ Testing Methods To Assist in Qualification of Equipment" and "Develop-
ment of Methods To Generate Generic Floor Response Spectra," play a supporting
role. The emphasis on these two tasks was focused to support use of an experi-
ence data base. In the following paragraphs these three tasks are described.
The other two tasks included in the task action plan did not airectly contribute
to resolution of USI A-46. They are discussed in Appendix A.

2.1 Seismic Qualification of Equipment Using Seismic Experience Data Base

2.1.1 Background

It is well known that many non-nuclear power plants and industrial facilities
containing equipment similar to that in nuclear power plants experienced major
earthquakes. It is also recognized that during the course cf qualifying
safety-related equipment for licensing nuclear plants in the last decade or

so, numerous equipment items were tested on shake tables in laboratories for
seismic capabi’ity. Therefore, there is a weaith of information regarding
seismic experience that potentially can be utilized as an alternative to

formal qualification of equipment in operating plants. To use this information
the data must be collected and organized, and guidelines and criteria must be
developed. Two independent efforts to develop a seismic experience data base
were initiated. The SQUG (Table 2.1-1) conducted a pilot program, "Program

for Development of an Alternative Approach to Seismic Equipment Qualification."
The pilot program was completed by the SQUG contractor, EQE Incorporated.
Results of this pilot program were recorded in a two-volume report issued in
September 1982. A second effort was initiated by the NRC staff, with LLNL as
the contractor. NRC published "Correlation of Seismic Experience Data in Non-
Nuclear Facilities With Seismic Equipment Qualification in Nuclear Plants”

in August 1983.

The results of both studies confirmed the feasibility of utilizing non-nuclear
seismic experience data to verify seismic adequacy of equipment in operating
nuclear power plants.

A group of seismic consultants, the Senior Seismic Review Advisory Panel
(SSRAP) was formed by the SQUG in June 1983 to provide consulting services and
expert opinion on the use of experience data. The staff worked closely with
SQUG and SSRAP to develop an acceptable approach to using seismic experience

data.

In February 1984, SSRAP released its report which describes the SSRAP findings
and recommendations (SSRAP, February 1984). Conclusions on the use of seismic
experience data including caveats and exclusions were presented in the report.
The study included motor control centers, low-voltage (480-V) switchgear, metal-
clad (2.4 to 4-kV) switchgear, unit substation transformers, motor-operated
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Seismic Qualification Utility
Group members

Baltimore Gas and Electric Company
Commonwealth Edison Company
Consolidated Edison Company

Consumers Power Company

Detroit Edison Company

Duke Power Company

ENEL (Italy)

Florida Power Corporation

GPU Nuclear Corporation

Maine Yankee Atomic Power MPR Associates, Inc
Nebraska Public Power District

Power Authority of State of New York
Northeast Utilities

Northern States Powe' Company
Philadelphia Electric Company
Rochester Gas and Electric Company
Sacramento Municipal Utility District
Southern California Edison Company
Wisconsin Electric Power Company
Yankee Atomic Electric Company

valves, air-operated valves, horizontal pumps and vertical pumps General
conclusions of SSRAP on these eight classes of equipment can be summarized as

Equipment installed in nuclear power plants is generally similar and at
least as rugged as that installed in conventional power plants

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

Functionality after the strong shaking has ended has also been demonstrated,
but the absence of relay chatter during strong shaking has not been
demonstrated

With several important caveats and exclusions, it is the SSRAP judgment
that below certain seismic motion bounds it is unnecessary to perform
explicit seismic qualification of existing equipment in these eight
classes for operating nuclear power plants to demonstrate functionality
after the strong shaking has ended

The existing data base reasonably demonstrates the seismic ruggedness of
this equipment up to these seismic motion bounds
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Categories of possible seismic equipment
qualification (EQ) requirements (continued)

Category of Possible
Seismic EQ Requirement Brief Description of Category

Seismic loads (continued)

11 Single vs. multiaxis testing How many independent test excitation
axes are required?

wave form A number of issues are related to the
waveform of the test motion imparted to
equipment

13 Fatigue The fatigue requirements are considered
here. An example is 5 OBE plus 1 SSE

Strength/capacity

14 Fragility Do the EQ requirements address the
strength of equipment, and if they
do, how do they address it?

i Tures Addresses failures that occur during
qualification testing

ictional requirements Addresses the functional performance
of the equipment before, during, and
after qualification testing

Critical parameters Addresses the parameters that are most
important to the survivability or func-
tionality of equipment

Degradation under test Has the qualification testing has been
$0 severe that the capacity of the
equipment to perform as required in
the future can be gquestioned?

Response Addresses the observed response of the
equipment during qualification testing

Unexpected results Includes failures at unexpectedly low
levels, unusual response patterns,
and behavior that is inconsistent
with predictions

eismic _and other loads

21 Load combination Relates to appropriate combinations
of loads such as seismic, thermal,
and pressure

Load sequencing A variant of load combination
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Categories of possible seismic equipment
quaiification (EQ) requirements (continued)

Brief Description of Category

Includes design, qualification,
construction, mouniing, and
maintenance errors

Maintenance Includes consideration of how normal
(rather than erroneous) maintenance
might affect the qualification status
of eguipment

Mounting adequacy Addresses the adequacy of the equipment
mounting

Post earthguake Addresses the issue of assessing EQ
subsequent to an earthquake

value/impact Addresses the benefit of seismic EQ
in risk reduction (value) versus the
cost of such requirements (impact)

EQ by analysis Addresses the issue of performing EQ
by analysis rather than testing

testing and Addresses the issue of performing EQ
by a combination of testing and
analysis

In-situ testing Addresses the issue of the possible
role of in-situ testing in EQ

Inadequate - 0 This is the worst ranking The issue is aither not addressed

at all or, if it is addressed, it is addressed poorly

This ranking usually occurs when an issue that does
not have to be addressed is included for completeness

Next, the use of experience data was also evaluated for each of the 30 categories
The same ranking as above was used These rankings were then weighted according
to importance, and the two sums (current requirements and experience data) were
compared to arrive at a feasibility judgment The result of the evaluation is
summarized in Table 2.1-4 Table 2.1-4 shows that when the current requirements
in existing NRC and national standards were evaluated against the common set of
30 issues, they were est mated to score 91 out of 156 overall, or about 60%
Experience data were estimated to score 97 out of 156 overall, also about 60%

The fact that the current requirements and experience data score about the same
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Documents most important for seismic equipment guali

Nuclear Regulatory Commission, Standard Review Plan, Sectior

Seismic and Oynamic Qualification of Mechanical and Electrical Equipment,

NUREG-0800, Rev. 2, July 1981
Nuclear Regulatory Commission, Regulatory Guides

40 - "Qualification Tests of Continuous-Duty Motors Installed
nside the Concainment of Water-Cooled Nuclear Power Plants." March
q,")‘

"Qualification Tests of Electric Valve Operators Installed
the Containment of Nuclear Power Plans," January 1974

| Seismic Qualification of Electric Equipment for Nuclear
Power Plants," Rev. 1, August 1977
1.148 - "Functional Specification for Active Valve Assemblies in
Systems Important to Safety in Nuclear Power Plants." March 1981

[EEE Standard for Type Tests of Continuous Uu(i Class 1E Motors for
4

Nu(7Pd' {fyg'_ueﬁevﬁﬁﬁqg )tdt‘u”‘; ANST N41.9-19

76, 1EEE Std. 334-1974

TEEF Qp‘ ommended Practices for Sei <m1r ”(H]"‘ki""f‘ of Class 1t

i” Lmen"fuv Nu1 lear iowe( bewpvdtlng )tdtlu‘\‘bAN\L‘Ir(& Std. 344-1975

IEEE Standard for Qualification of Safety-Related Valve Actuators, IEEE

'382-1980
tandard Seismic jpftﬂ”ﬁ,ﬁ?_ﬁexdjs~ [EEE Std. 501-1978

)YanAarﬂ for Q}asxfj.qi bl@&s LE M((u' Control Centers for Nuclear
fenordtwgi tations, IEEE Std 649-1980

Le"f1(at‘un Standard, ANSI N278.1-1975
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