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Safery Evalu Report No. 2 on the SQUG GIP

The Sensmic Qualificauion Utiiry Group acknowledges receipt of Supplement 1 to
Genenc Lener 87-02 and Sugpiemental Safety Evaluation Report No. 2 ("SSER-2") on
our Genern: Impiementation Procedure (GIP) For Seismic Verification of Nuclear Plant
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Equipment. Revision 2. corresied 2/14/92. We appreciate the Staff’s extensive effon and
conperation. without which this genenc resolution of Unresolved Safery Issue A-46 wouid
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S L nas advised (U member ullities 1nat a piant-speciic response 10 $-< IS

requred by September 21, 1992, and has encouraged them 10 adopt the .ommitments
and gu.deiines in the GIP as supplemented by the explanations, clarifications and

-

retanons in SSER-2 and this letter with minimal exceptions

Although SQUG accepts SSER-2 as marking completion of the evaluation of the GIP.
Revision 2, and the starting point for the plant-specific A-46 resolution process. we would
like 10 state our understanding of some of the Staff's positions in the SSER.

First. SQUG understands the Staff position that the GIP is not currently recognized as
constituting an equipment seismic qualification methodology. In that NRC regulations do
not require "seismic qualification,” however, the Staff was able to conclude that
unplementation of the GIP satisfies NRC regulations relevant to equipment seismic
adequacy. SQUG interprets SSER-2 as recognizing that, for A-46 plants, the GIP
methodology is an acceptable engineering method to insure that required safety functions
are maintained during and after a Safe Shutdown Earthquake, consistent with 10 CFR.
Part 100.

9210060417 920921
POR K 05000266 e
FOR  ADOC SeR RUC



Mr. James G. Partiow = August 21, 1992

Second. we understand that the scope of the Staff's evaluation of the adequacy of
selected licensees’ in-structure response spectra ("ISRS") is limited to the A-46 program.
SQUG acknowledges that, in light of discussions with the Staff, any evaluations of the
adeguacy of the ISRS will be confined to the context of USI A-46, If evaluations of
plant ISRS result in the Staff rejecting the spectra for A-46 program purposes, or if Statf
actions significantly increase the cost of a licensee's A-46 program, SQUG expects the
Staff 10 comply with pertinent backfit requirements of 10 C.F.R. § 50.109.

Thurd. with regard 10 the scheduling considerations for licensees submitting ISRS
iniormation 10 the Sitaff under SSER-Z, Secuion 11.4.2.3, we undersianc numbered

para and <) 10 mean that a lcensee should await written Staff approval prcr
t imelementation. If the Staff does not respond by accepting. questicn:ing.
spesira within sixnv days. the Siad is deemed to have accepiec the
licensee’s specita anc the licensee may proceed with implementation. If a rejection or
gueston is received rom the Siaff. the licensee will provide additional information to the

Statf 10 resoive the problem. If the Staff takes no action on this new information within
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sien days. the Staff s deemed 10 have accepted the licensee’s resolution and the licensee
may proceed with impiementztion. When the Staff is deemed 10 have accepted a

heensee position by inaction for sixty days. as noted above, any subsequent Staff action to,
re'ect the licensee’s position will be considered a changed staff position requiring
10 CFR. § £0.109 considerations.

on [1.3. "Evaluation and Conclusion.” numbered paragraph 2 and the statement that
lt*e compatility cf these procedures with the USI A-4€ safe shutdown equipment ist
shouid be vendied . . . and the results included in the operator training program.” SQL G
understands that appropriate caanges to operator training will be made only if licensess
fing tha' changes to the plant oper.ung procedures are necessary 1o achieve compatibilin
with the Safe Shutdown Equipment List. Training will be modified only to the exten:
needed to famillanze operators with these procedure changes.

Feurth. with regard 10 the Staff’s position on operator training as discussed in SSER-Z.
Sel

Fii:h. SQUG notes that SSER-2. Section [1.4.4.9, was modified by the Staff, and ditfers
considerably from the March 13, 1992, draft version of SSER-2, which was the subject of
discussion berween SQUG and the Staff. Specifically, the final version of SSER-2
suggests that licensees consider soncrete crushing strain, determination of the overturning
axs, and the applicability of the rigid base plate assumption when using the ANCHOR
and EBAC codes. Concrete crushing has been shown by extensive experience data to
not be a concern for A-46 equipment. The only plausible situation for actual concrete
crushing might be for unconfined concrete pedestals and footings. For those situations,
SQUG will agree to consider concrete crushing.

When using the EBAC code, it is understood that the overturning axis location should be
evaluated in the field by Seismic Capability Engineers. These types of evaluations are
covered in the SQUG training program and are within the capability of their engineering
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judgement; therefore SQUG believes that these considerations are adequately covered in
the GIP.

With regard to the ANCHOR code, SSER-2 incorrectly states that a rigid base plate
assumption is used in the analvsis. In fact, ANCHOR uses ultimate strength design
principles 10 establish the location of the neutral axis and to determine the capac'cy of
the anchorage: the flexbility of the equipment and its base plate do not have any
influence on the anchorage capacity values calculated using this method.

Sixth, with regard to exchangng GIP-implementation information among the SQUG
member wilines, SCUG commzuts 10 facilitate a transfer of nowiecge regarding maior
protiems identified. and lessons eamned. in the US] A-46 plant 'va'kdowns and thirc-
pacty reviews. Thus trznsfer sl consist of pericdic written communications 0 all
member utilities and. as needed. periodic workshops.

As a final note, SQUG has identified a process for long-term maintenance of the GIP for
appiications bevond the A-46 resolution. The procedure for upcating the GIP in
acsordance with SSER-2 is attached.

Sincerely,
' . p—— Y a
Nt P S il g
Bk . s e
Neil P. Smith. Chairman
Seismic Qualification
Utility Group

Enclosure

cc:  P.Sears, NRC
J. Richardson. NRC
J. Norberg, NRC (6 copies)
B. D. Liaw, NRC
P. Y. Chen, NRC
G. Bagchi, NRC
W. Russell, NRC
J. Conran, NRC
E. Igni, ACRS (3 copies)
W. Rasin, NUMARC
R. Kassawara, EPRI
R. Schafistall, EPRI
SQUG Member Utilities
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Attachment to
SQUG Letter Dated
August 21, 1992

PROCEDURE FOR REVISING THE GIP

INTRODUCTION

The purpose of this procedure is to provide a framework for reviewing and evaluating
new information and data on seismic ruggedness of equipment, and for implementing
necessary changes to the criteria and guidelines contained in the Gereric Implementation
Procedures (GIP) for Seismic Verification of Nuclear Plant Equipment.

Changes to the GIP are anticipated for several reasons. First, since the GIP is based or.
experience data from past earthquakes and testing, it is posuible that new areas of
concern or vulnerability may become evident from new earthquakes and tests. Also, it is
likely that new information could be used to expand the coverage of the GIP and
possibly refine or eliminate certain restrictions. Changes to the GIP are also anticipated
from practical experience gained while applying the criteria and guidelines during
implementation of the US] A-46 program. These type of changes would include
clanfications and corrections of typographical errors. It is also planned that the GIP will
be revised to reflect NRC positions contained in the SSER #2 which are different than
the current version.

4

PROCEDURE

The mazin elements of this procedure for revising the GIP are summarized below. This
approach is similar to that used by SQUG/EPRI to develop the GIP. Specifically, a
SQUG/EPRI oversight panel will supervise the review and evaluation of available
informeation and data which becomes available, an independent peer review panel will
review and comment on substantive GIP changes, and the NRC Staff will review and
approve GIP changes before use by the utilities. The details of each of these activities
are desciibed below.
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with unit loads to obtain the flexibllity coefficients of the
building at the mase locations.

BUILDING NATURAL FREQUENCIES AND DAMPING VALUES

The natural frequencies and mode shapes of the structures were
obtained by a Bechtel computer prog am, CE617. This program
utilized the flexibility coefficients and lumped weights of the
model. The flexibility coefficients were formulat 4 into a
matrix and inverted to fom a stiffness matrix. The program then
uaed the technigque of diagonalization by successive rotations to
obtain the natural freguencies and mode ghapes. The mode ghapes
and natural frequencies were determined for the structures in
both the north-south and east- -weet directions.

In the original design ¢f Point Beach, Bechtel determined that
the first and second modes were tlhie predominant modes of
vibration., Table B.1 provides the natural frequency associated
with the first and second modes for the Seismic Class 1
gtructures ¢f concern.

Darping values for th: wtructural system weire selected based upon
evaluation of the maturials and mode shapes. Both first and
second modeg indicated activity mainly due to the elasticity of
the underlying soil. The first mode showed the soil to be
contributing to a translating effect and only a little rocking of
the building. The second mode indicated translation, but the
amount of rocking is considerably larger. For both modes,
flexure of the structure ie considered negligible. Due to this
strong effect from the goil elasticity and the relatively small
flexibility of the structure, no proportional combining of
damping values wag necessary. The values of the domping
coefficients used in the analyeis are presented and compared to
REGULATORY GUIDE 1.61, Rev. 0, *Damping Values for Seismic Design
of Nuclear Power Plantse" values in Table B.2

BUILDING RESPONGE

In determining the response of the building to the earthquake,
the response spectrum technigue was utilized. For this
technigque, the earthquaka2 was described by a Housner spectrum
regponse curve scaled to 0.06g for the operating basis earthquake
(OBE) and 0,12g for the hypothetical or safe shutdcan earthquake
(SSE). From the curves, acceleration levels were determined as
associated with the natural freguency and damping value of each
mode. The standard spectrum response technique used these values
to determine inertial forces, shears, moments and displacements
per mode., These results were then combined on the basis of the
sgquare root of the sum of the squaree (SRSS) to obtain the
structural response. The structures were analyzed for earthguake
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motion in both the north-south and east-west directions acting
non-concurrently. The process was accomplished by a Bechtel
computer program CE €41, "Earthquake Spectrum Response Analysis
of Structures."

801L STRUCTURE INTERACTION

The type of soil/structure interaction used for Point Beach was
based on a rigid foundation mat situated on an elastic half-space
(the ground). In thie representation, the soil properties were
modelled using soil springs as shown in Figures B.3 through B.S.
For buildinge other than the Containment, the vertical spring
constant is given by the formula:

Ex B x @,

1 -4

and the horirontal spring constant by the formula:
K« E x 8, |BxL

where B, L « foundation plan dimensions and B ig the
dimension perpendicular to the direction of analysis.

E « dynamic modulus of elasticity of the soil.
u = Poission’'s ratio of the soil.
B., B, = constants.

The rocking stiffness of the structures is accounted for by
placing two vertical springs at the edges of the foundation. For
the containment, which is supported on piles, spring constants
were developed for the piles using the properties of the piles.
Table B.3 provides a breakdown of the scil spring constant.
used.

EQUIPMENT IN:STRUCTURE RESPONSE SPECTRA

Hori-ontal response spectra curves {or eguipment inside the
buildings were generated by the time history technique of seismic
analysis. The sample earthquake utilized is ‘hat recorded at
Olympia, Washington, NAOE, April 13, 1945. The in-structure
response spectra (ISRS) curves were generated by apglying the
Clympia earthquake acceleration time history, normalized to 0.0ég
horizontal peak ground acceleration, at the base of each building
model. Time histories were then developed for each elevation
(lumped mass node) in the building model. These time histories
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were then app!ied at each elevation of the applicable structure
to a eingle degree of freedom system, for which values for
damping and natural frequency were varied. The 1SRE were
generated with respect to the OBE value of 0.06g. The
acreleration values of the curve are increased by a factor of 2.0
for seismic analyses of equipment with respect to the S8SE. At
the high frequen y end of the curves, the acceleration levels
converge to the value of the peak acceleration of the time
history at the location inside the building. The response
gpectra curves were smoothed to eliminate the erratic response of
the earthguake’'s random behavior, and the peaks of the resnonse
gpectra curves were widened to account for inaccuracies in values
of the properties for the building, soile and calculation., The
resulte of the structural analysie showed that the structure
responge was very similar in both north-south and east-west
directicone. Therefore, horizontal ISRS were generated for one
horizontal direction and considered applicable for seismic
analysie in either the north-south and east-west direction,

The original design basis 1S5RS were generated by Bechtel for the
initial plant design, Table B.4 provideg a breakdown of the
original 1SRS developed for Seismic Class 1 structures at PBNP.

During the review of masonry walle for NRC IE Bulletin Mo, 80-11,
additional ISRS were developed for the Auxiliary Building and the
Control Building for other damping values. These spectra, scaled
to the 0,129 S8E, were generated at 1%, 2%, 4%, &% and 7% damping
by Computech Engineering Services Inc. Wisconsin Electric’'s
resclution of the IE Bulletin No. 80-11, which utilized the ISRS
developed by Computech, weg reviewed and approved by the NkC in
NRC Safety Evaluation Report (SER) dated May 11, 1982,

At a later date, additional ISRS8 curves at higher damping values
were aenerated for other €zismic Class 1 structures. Spectra for
the Containment Structure, Containment Internals, and Pipeways
were developed at 1%, 2%, 4%, 5%, and 7% damping, scaled to the
0.06g OBE, T7he curves were developed by Impell Corporation using
their computer code, FLORA. FLORA used random vibration thoory
to generate respunse spectra directly from the original design
0.5% damped resporse spectva developed by Bechtel. Table B.4
&lso provides a br:akdown of the follow-on in-structure response
spectra developed Ior Point Beach,

To facilitate the use of the ISRS for Point Beach, the ISRS
developed by Com utech and Impell, were consolidated into a
single format b Sargent & Lundy Corporation. The curves were
peak broadened oy & 15% and the Computech ISRS curves were scaled
down to the 0.06g OBE. Figures B.6é through B.8 provide sample 5%
damped horizcatal ISRS for the Containment Internals, the
Auxiliary P.ilding Central Part, and the Control Building. Table
B.* provides peak horizontal in-structure acceleration values at
«mportant eguipment locations for the SSE.
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£TRUCTURE SHAPE _(Hz)

Ceatainment Structure
and Internale

Auxiliary Building
Central Fart

Auxiliary Building
North & South Wings
Control Building
Pipeway #1

Pipeways #2 & #3

Pipeway #4

Fuel 0il Pump House
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Hypothetical
Earthguake (SSE)
PBNE  EG 1.6)
Welded Stecl Plate Aspemblies 2% 4%
Wolded Steel Framed Structures 2% 4%
E Bolted Steel Framed Structures £% 7%
Interior Concrete Equipment 2%
Supports
Reinforced Conrvore Structures 7.5% 7%
i on Soil
Prest ressed Concrete Containmen’ 5% 5%
Structure on Piles
| Vital Piping Systems 5% 2%

| <12 in., diameter
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FIGURE 8.1

OLYMPIA 1949 - N8OE
5% DAMPING
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STRUCTURE

Containment Structure

Containment Internals

Auxiliary Building
Central Part

Auxiliary Building
North & Souvth Wings

Control Building
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FIGURE B.3

PENF - CONTAINMENT STRUCTURE *ND INTERNALS MATHEMATICAL MODEL
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FIGURE B.S

PENP - CONTRUL BUILDING SEISMIC MODEL
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PBNP - AUXILIARY BUILDING CENTRAL PART 18RS
ELEVATICA v2,75’, 0,069 OBE (HORJZONTAL), 5.0% UAMPING

FIGURE B.7
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