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SUBJECT: Peach Bottom 2 & 3 - Recirculation Piping Reanalysis, Uniform Support

Motion, Seismic Response Spectra Based on Regulatory Guide 1.60
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PURPOSE

This letter transmittal formally documents the Uniform Support Motion (USM) seismic response
spectra which were utilized in the Peach Bott

om 2 & 3 recirculation piping seismic re-analysis
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As 15 indicated by the dates on the verification forms corresponding to each analytical phase
required to generate the jecirculation piping USM seismic spectra, the venification of the piping
seismuc input was completed before the piping analysis was performed. This transmittal provides
the formal documentation of the verified seismic input motion spectra used in the analysis

"ECIRCULATION PIPING RE-ANALYS!S SEISMIC INPUT MOTION

The seismic input motion spectra for the re-analysis of the Peach Bottom 2 & 3 recirculation
piping are given in Attachment A of this letter transmittal. The recirculation piping input motion
provided in Attachment A is given in terms of North-South, East-West and Vertical components
of Uniform Support Motion (USM) response spectra for the Peach Bottom 2 & 3 Design
Earthquake (DE) and the Maximum Cred:ble Earthquake (MCE) and is based on Regulatory
Guide 1.60 free-field motion and ASME Code Case N-411 damping. As is indicated below, the
North-South and East-West spectra were generated from the North-South and East-West primary
structure seismic models, respectively. Furthermore, as indicated in the figure titles in

Attachment A, the DE corresponds to the Operating Basis Earthquake (OBE) and the MCE to the
Safe Shutdown Earthquake (SSE)

BACKGROUND

' . Moti As indicated in the Peach Bottom 2 &
3 Updated Final Safety Analysis Report (UFSAR), the site seismic licensing design basis is
defined by the smoothed Housner free-field spectra. From Subsection 2.5.3.6. “Seismic Design
Critenia”, and Appendix C, “Structural Design Criteria” of the UFSAR. all Seismic Class ]
structures were designed in accordance with the Housner spectra provided in Figures C.3.1 and
(.3.2 of Appendix A. Figure C.3.1 defines the free-field Design Earthquake (DE) with a Zero
Period Acceleration (ZPA) equal to 0.05g and Figure C.3.2 the Maximum Credible Earthquake
(MCE) with a ZPA equal to 0.12g. The DE cor-esponds to the Operating Basis Earthquake
(OBE) and the MCE corresponds to the Safe Shutdown Earthquake (SSE)

For analytical purposes, the S69°E component of the July 12,1952 Taft, California earthquake
was selected to meet the requirements of Figures C.2.1 and C.3.2 for the purpose of generating
floor response spectra required for seismic design adequacy evaluations of structures, piping and
equipment. From Subsection C.3.3 on Page C.3-4 of Appendix C of the UFSAR. “the response
spectrum specified for the site design earthquake and the response spectrum of the July
12,1952 Taft, California S69°E Earthquake normalized for the 5 percent design earthquake
are compared in Figure C.3.12 for 2 percent of critical damping since only this value was used
Jor developing floor spectrum curves.”

Also, from Page C.3-5, “To assure the aseismic integrity of equipment, an earthquake rime-
history is selected whose raw spectrum response curve is greater than or equal to the site
design spectrum response curve.

Peach Botiom 2 & 3 - Re wcuWn Piping Seismic Rcal;u_v-.u Input Motion Response Spectra




This time-history is applied at the base of the building to generate, at selected elevadons,
additional time-histories and spe-trum response curves. These time-histories and spectrum
response curves are then utilized 10 assure the aseismic integrity of the equipment. Other
seismic Class I structures w: = also dynamically analyzed following the same procedure.”

B:smmmnﬂmmmmmmmm The seismic input

motion spectra for the seismic analysis of the existing replacement recirculation piping at Peach
Bottom 2 & 3 was provided to GE by the Philadelphia Electric Company. The sei-mic inpu
Spectra is contained ia Reference 4 and corresponds to Elevation 135° 0" of the reactor buildir.g

The reactor building spectra in Reference 4 was generated by bsechtel by applying the Taft
earthquake (described above) to a six-node. mathematical, center-line, beam element seismic
mode] of the reactor building only and the seismic acceleration time historics and corresponding
amplified response spectra at the model nodes generated. The nuciear island, comprised of the
RFV and internals, biological shield wall and pedestal, was not represented in the analytical

model. Consequently, the spectra presented in Reference 4 do not account for the dynamic
interaction between the reactor building and the nuclear 1sland

In the center-of-gravity approach utilized in many of the piping analyses performed for the earlier
plants, the seismic response spectra corresponding to the center-f-gravity of the primary
Structure supporting the piping system being analyzed is taken as the USM response spectra
which is applied uniformly at all pPiping support locations in the piping seismic analyses

For Peach Bottom 2 & 3, there are no recirculation PIpPIng support points on the reactor building
Only the much sma’ _r diameter secondary RHR piping, which branches off from the
recirculation piping, has supports in the reactor building (i.e., at the drywell penetrations). One
of the snubbers waich supports the recirculation pump 1s attached to a radial beam which spans
between the shield wali and the drywell. The elevation of the support locatiun at the drywell end
of the radial beam corresponds to Elevation 135'-0" of the reactor building

Based on the foregoing, it is very clear that it was inappropriate to apply the Reference 4 spectra

at Elevation 135"-0" of the reactor building in the USM response spectrum analysis of the
replacement recirculation piping

RECIRCULATION PIPING SEISMIC REANALYSIS

The correct recirculation piping USM input response spectra, based on the Housner free-field
input motion, were developed and applied to Loop B of the Peach Bottom 3 recirculation piping
models. The technical basis for the generation of the USM spectra is as follows

As discussed above, the Peach Bottom 2 & 3 site seismic licensing design basis free-field input
motion is defined by Housner spectra given in Figures C.3.1 and C.3 2 in Appendix C of the
UFSAR for the DE and for the MCE, respectively. Consequently, spectrum consistent synthetic

Peach Bottom 2:3 + Recirculation Piping Scunu: Reanalysis Inpur Motion Response Spectra Page 3




tume histories, scaled to the required ZPA levels for the horizontal and vertical components of the

DE and the MCE, were generated based on the Figures C.3.1 and C.3.2 Housner spectra. The
required ZPA values are

Design Eaithquake (DE):
Horizontal ZPA = 0.05g

Vertical ZPA = (2/3),0.05g = 0 033g

Maximum Credible Earthquake (MCE):
Horizontal ZPA = 0.12g (3)
Vertical ZPA = (2/3):0.12g = 0.08g (4)

The Housner synthetic time histories were then applied to the Peach Bottom 2 & 3 priman
structure North-South and East-West seismic models and the response spectra at the recirculation
piping individual support locations generated for both the DE and the MCE Because the Peach
Bottom 2 & 3 primary structure seismic model vertical fui.damental frequency is beyond the
vertical seismic free-field input motion ZPA frequency, the vertical primary structure mode! is
rigid with respect to the vertical seismic free-field input motion. Consequently, there is no
amplification of the seismic vertical free-field motion through the primary structure. It then
follows that the vertical input motion to each of the recirculation piping individual vertical
supports 1s equal to the vertical free-field motion

The input motions at the recirculation individ.al were then enveloped and applied 25 USM to the
recirculation piping. Many of the piping responses exceeded the ASME Code allowable values
The greatest exceedance was by a factor of 3.13 Consequently, us:  the correct input motion
for the recirculation piping and the current analytical methodslogy contained in the Peach
Bottom 2 & 3 USFAR, it was not possible to demonstrate the seismic design adequacy of the
recirculation piping to the Peach Bottom 2 & 3 site licensing design basis seismic input motion
Also, it is noted that the overload margins wou'd be much greater if the corract USM piping
input spectra had been generated based on the Taft earthquake. This is due to the fact that free-
fisld spectra from the Taft earthquake envelop the Housner free-field spectra, as is illustrated in
Figure C.3.12 of the Peach Botton 2 & 3 UFSAR

In order to demonstrate the seismic design adequacy of the recirculation piping, as currently
installed at Peach Bottom 2 & 3, to the site specific licensing design basis seismic input motion,
It was necessary to apply the Regulatory Guide 1.60 seismic free-field 17put motion in
conjunction with the methodology contained in the US NRC Standard Review Plan (SRP),
Sections 3.7.1,37.2and 3.7.3 and in Regulatory Guides 1.92, 1.122 as well as ASME Code Case

Peach Bottom 2 & 3 - Ru‘wuhnnnﬂ hpmg. Seismic Reanalysis In;nu Motion Response ;Spc:ra




N-411 damping. This approach was acceptable to the NRC staff. Also. because of GE's high
confidence (and the technical basis for thai high confidence level) that the piping responses
calculated using \nis approach would be within the ASME Code allowable. the NRC allowed
both ur.ts to remain in operation while the actual piping analyses were being performed

The activities described below were completed to generate th- appropriate seismic Input motions
required for the seismic reanalysis of the Peach Bottom 2 & 3 recirculation piping

A A sketch applicable to bou the
Peach Bottom 2 & 3 North-South and East-West prnmary structure seismic models is given in
Figure El of Attachment E to this letter. The Eigen Summary Tables for the North-South and
the East-West models are given in Tables E] and E2. respectively. The eigenanalysis input
geometries for the North-South and Fast-West primary structures are also provided in
Attachment E

The Peach Bottom 2 & 3 North-South and East-West pnmary structure seismic models were
originally developed in 1972, Reference 2, and reconstituted for the Reference 3 Peach Bottom 2
& 3 shroud repair program which was completed in 1995. Because the seismic spectra at
Elevation 135'-00" of the reacto: building were inappropriately used for the seismic design
adequacy evaluation of the replacement recirculation piping in 1984, for the current evaluation it
Was necessary (o gencrate the appropriate seismic input spectra to the recirculation piping based
on the Housner site licensing desigr: basis seismic free-field input motion. Consequently, the
Housner spectrum consistent synthetic time histories. developed for the Peach Bottom 2 & 3
shroud repair program, were applied to the primary structure seismic model and the piping
Seismic input spectra generated. However, as indicated above, when the Housner-based spectra

were applied to the recirculation piping analytical models, the piping responses exceeded ASME
Code allowedles by up to a factor of 3.13

Subsequently, the primary structure models were again applied to generate recirculation piping
input spectra based on the Regulatory Guide 1.60 seismic free-ficld input motion appropriately
scaled for the Peach Bottom 2 & 3 peak ground acceleration In this analysis the GESSAR
spectrum consistent synthetic time histories were applied to the primary structure model. The
piping responses, based on the GESSAR synthetic time histories, ASME Code Case N-411
damping, and the corresponding analytical methodology currently acceptable to the US NRC,
exceeded the corresponding ASME Code allowables by upto 13%

The primary structure seismic modes were applied a third time in order to remove additiona’
conservatism in the recirculation pij:ng seismic input motion spectra. Regulatory Guide 1.60
spectrum consistent synthetic time histories were regenerated based on the SCOTH methodology,
using the Engineering Computer Code (ECP) SCOTH (Reference 5). The resulting synti.etic
ume histories were applied to the primary structure mode! and the recirculation pIping seismic
input motion generated. The resulting recirculation piping responses for Loops A and B of Units
2 and 3, based on the SCOTH synthetic time histories, ASME Code Case N-411 damping, and

the corresponding analytical methodology currently acceptable to the US NRC, were all within
the ASME Cod: allowables

Peack Bottom 2 & .,* —Eccvruhnon Piping Sf;;u;:;;udvmlnpul Motion Respoun Spectra




. N The Regulator Guide 1.60 free-field spectrum
consistent synthetic time history plots (North-South, East-West and Vertical) based on the

SCOTH methodology and normaliz2d to a 1.0g ZPA are provided in Figures D4, D10 and D16.
respectively, of Attachment D, Corresponding displecement and velocity time history plots are
also provided in Attachment D Spectral plots, whici compare the Regulatory Guide 1.60 source

spectra with corresponding spectra generated from the synthetic time histories for oscillator
damping values of 0.5%, 2.0% and 7.0%. are aiso provided

mmmﬂmﬂmmmwn The SCOTH

generated, Regulatory Guide 1.60 spectrum consistent, synthetic time histories were applied to
the Peach Bottom 2 & 3 primary structure seismic models and the seismic Input mations at the
recirculation piping individual support locations generated. The recirculation piping ISM
generated unbroadened and broadened (+ 15%) Spectra are provided in Attachment C for the DE

and the MCE. All spectra are provided at 2.0%, 3.0% and 5 0% oscillator damping. Spectra are
provided for the North-South, East-West and Vertical directions

| ISM S ' , The enveloped
components of the North-South, East-West and Vertical recirculation piping ISM spectra

presented in Attacliment C are provided in Attachment B for the unbroadened curves at 2.0%.
3.0% and 5.0% oscilator damping

Reg. Guide 1.60, Reci lation Piping, Code C N-411 D ing, USM Seismic R
Spectra. The ASME Code Case N-411 speciral accelerations corresponding to the enveloped
Spectra presented in Attachment B are given by the spectral curves provided in Attachment A for
the North-South, East-West and Vertical directions for both the DE and the MCE. The spectral
accelerations contained in these curves were generated at the recirculation piping natural
frequencies using the GE Engineering Computer Program RINEX03 (Reference 6). The

Attachment A spectra were utilized in the final Peach Bottom 2 & 3 recirculation pIpIng seismic
reanalysis

If there are any questions, o1 if I can be of additional help, please call me at (408) 925-5964 o
page me at (408) 932.3194

..

DK. Henrie, f’nncnpal Engineer
Engineering and Licensing C onsulting Services

Verified by };Pﬂaﬂm ..ﬁ/_-a/k

B. Shah, Senior Engineer
Engineering and Licensing Consulting Services
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ATTACHMENT “A"

FECO Energy Company
Peach Bottom Atomic Power Station, Units 2 & 3

Recirculation Piping Uniform Support Moiion (USM)

ASME Code Case N-411 Seismic Input Motion Response Spectra
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ATTACHMENT “B”

PECO Energy Company

Peach Bottom Atomic Power Station, Units 2 & 3

Recirculation Piping Uniform Support Motion (USM)
Seismic Input Motion Response Spectra
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ATTACHMENT “C»

PECO Energy Company
Peach Bottom Atomic Power Station, Units 2 & 3

Reci-culation Piping Independent Support Motion (ISM)

Seismic Input Motion Response Spectra
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Earthquake), Independent Support Motion Spectra, East-West, Node 28
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Figure D2 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synthetic Acceleration Time History - N/S, 2.0% Damping, ZPA = 1.0g.
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Figure D3 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synthetic Acceleration Time History - N/S, 7.0% Damping, ZPA = 1.0g.
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Figure D4 Peach Bottoun 2 & 3 - Regulatory Guide 1.60 Free-Field, Synthetic Acceleration
Time History - N/S, ZPA = 1.0g.
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Figure D5 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field. Synthetic Velocity
Time History - N/S,
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Figur: Do Peach Bottom 2 & 3 - Regulators Guide 1.60 Free-Field, Synthetic Displacement
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Figurc D8 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
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Figure D9 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synthetic Acceleration Time History - E/W, 7.0% Damping, ZPA = 1.0g.
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Figure D11 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field, Synthetic Velocity
Time History - E/W,
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Figure D12 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field, Synthetic Displacement
Time History - E/W, Peak Grourd Displacement = 36 Inches.
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Figure D13 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synthetic Acceleration Time History - Vert., 0.5% Damping, ZPA = 1.0g,
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Figure D14 Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synihetic Acceleration Time History - Vert., 2.0% Damping, ZPA = 1.0g.
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Figure DIS Peach Bottom 2 & 3 - Regulatory Guide 1.60 Free-Field Response Spectra
from Synthetic Acceleration Time History - Vert., 7.0% Damping, ZPA = 1.0g.
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