
Westinghouse Westinghouse Electric Company
Nuclear Power Plants
P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355
USA

412-374-6206
412-374-5005
siskl rb@westinghouse.com

U.S. Nuclear Regulatory Commission
ATTENTION: Document.Control Desk
Washington, D.C. 20555

Direct tel:
Direct fax:

e-mail:

Your ref: Docket No. 52-006
Our ref: DCP/NRC2240

August 29, 2008

Subject: AP 1000 Response to Request for Additional Information (SRP3.12)

Westinghouse is submitting a revised response to the NRC request for additional information (RAI) on
SRP Section 3.12. This RAI response is submitted in support of the AP1000 Design Certification
Amendment Application (Docket No. 52-006). The information included in the response is generic and is
expected to apply to all COL applications referencing the API 000 Design Certification and the AP1000
Design Certification Amendment Application.

A revised response is provided for RAI-SRP3.12-EMB-01 through -03. This response completes all
requests received to date for SRP Section 3.12. A response to RAI-SRP3.12-EMB 1-04 and -05 was
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number: RAI-SRP3.12-EMB-01
Revision: 1

Question:

What are the zero period acceleration (ZPA) and ZPA frequency cut-off for AP1 000 design and
the HRHF analyses, respectively? Section 3.7.3.7 of AP1000 DCD stated that "For the seismic
response spectra analyses, the ZPA cut-off frequency is 33 Hz". Figures 6.3.2.1-3 & 6.3.2.2-3
have shown that the beginning of the rigid region occurs at much higher frequency than 33 Hz
for both AP1 000 design and HRHF design. The analysis in the TR-1 15 does not appear to use
33 Hz as the ZPA cut-off frequency as defined in DCD, resulting in inconsistency which needs
to be addressed.

Westinghouse Response:

The A.P100-0 CotdifoRd- Design ResponSe Spectra wAfas croratod to havo high froquoncy ipt
Theso responso Spectra areA bRAsod on Rogulatory Guide 1.609 With an additional control Point
sp9ciIoe at ffi_48 147. 4-R no pocra1 ampiitUGo a! .A9 M-z is .9Y porcent nigore tnan te i-eguliater;
Guide 1.60 rpoctral amplitude. This inro~ased soiGsmic input at 25 HZ rosults in amplifications
that occurF above 33 Hz.-

Both the API 000 design spectra and HRHF= spec-tra PIPESTRESS; models were bu ilt with the
autom~atic m~ass modeling option Get to 90 HE. In this sense, the PIPESTRESS modols are
identical: allowin~g for a 1:1 com:parison of stresses. This -allows the diStinction be~oon API 000
deseign and HRHF= analysis to be the input spectra only. Since a 33 Hz piping analysis moedel
has fewr as pints than the corresponding 99 Hz moedel, the tW9 canntbR cmae
directly. Therefore, the twe moedelsG neePd to h-ave the came Mass modeling to allowfoa
complete m r of ru, lAs.

The issue will be addressed in Revision 1 of APP-GW-GLR-1 15 (TR-1 15). The modified
Section 6.3 of TR-1 15 is attached to RAI-SRP3.12-EMB-03 and states the following:

The cutoff frequency for the APIO00 CSDRS base case was 33 Hz. The cutoff frequency for
the HRHF GMRS case was the ZPA frequency.

Reference: APP-GW-GLR-1 15, "Effect of High Frequency Seismic Content on SSCs",
Technical Report Number 115 (TR-115)

Design Control Document (DCD) Revision: None

PRA Revision: None

Technical Report (TR) Revision: TR-1 15 will be revised as described above.

RAI-SRP3.12-EMB-01 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 1

RAI-SRP3.12-EMB-02

Question:

What is the justification for stating that the two piping systems chosen are representative for all
piping systems? For example, the floor response spectrum at Elevation 134.25' of the
Containment Building has more exceedance in the high frequency region than those used in the
demonstration. Floor Response Spectra should be taken into account in determining which
packages envelope the complete piping design.

Westinghouse Response:

This prblem has two fac,-ets- the comparionr of F86130V ;ce spectra at ind-iVidulal no-de loca;tionsr
vs99. enRVelope of mnultiple locations, an~d the occurronco of both oxcoedancos in rosponso spectra
and high froquoncy pa~ticpati9R.

Looking at API 000 vs. HRHF response spectra c1pa6sn Frevea-l sever9al locations, in which
excoedances occur at individual node locations. However, when these copaisn are taken
ever multiple nodes- that encomnpass a piping system, the API 000 design reSponse specrAa tend
to boun-d the HRHF= response rspectra. For exam~ple, the package APPR PXS PL A.030 has, node
locations With oXcoodancos as high as 200% in the high frequency region, see node 2:247 for
example. When these no-dePs are com~pared With other locations, these eXcoedances are muited,
if ne-t elimiaOAte-d. T-herefore, excee-Ad-Ancose of the API2000 design response spectra by the HRHF=
spectra at inivdAl node locations6 do not properly reflect the response spectra applied to these
piping systemsG for qualification.

Exceedance in the high frequency region are insignificant without pa~ticipatieR. For the
A124000, the occurrence of the two are rare. The eXceedanco and pa~ticipatiORGcomparisons of
APP PXS-P PA-030 seems like a poor candidate. However, in comparisonA w.ith other packages

iti-nta poor candidate for analysis, by conr~ast, a stGrog one. This com:parison aloeR, shows
the piping systemsG of the API 000 are net aligned to high frequency excitation if the stOrogest
candidate seams6 weak. Also, the comnparison wa;s net li~mited to 40 packages, mnany more
i sometrics were reviewed.

T-R 115 states that to determnine if the initial list Of analysis packages was or was net a narrowA
repres6entation, isometric dr~awings from the remnaining un~analyzed piping analysis packages
woere reviewed. Piping layouit was, e-xamRineqd- Jfo Ve~tial runs andI valves, with closely spaced
suppeots. The packages with these Ye~tical runs and valves were then fu~theF eXamined, alonRg
w..ith the corresponding local high frqec seismi response spectra. This examinatio
produce~d no further c~andid-ates for analysis.

O Westinghouse
RAI-SRP3.12-EMB-02 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

The issue will be addressed in Revision 1 of Technical Report 115 (TR-115). The modified
Section 6.3 of TR-115 is attached to RAI-SRP3.12-EMB-03 and states the following:

Both the AP1000 CSDRS and HRHF GMRS have been enveloped across entire building
elevations. This is not only a conservative approach, but this also eliminates concerns of
building location as the spectra is respresentative of an entire elevation.

Reference:
APP-GW-GLR-1 15, "Effect of High Frequency Seismic Content on SSCs", Technical Report
Number 115 (TR-115)

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
TR-1 15 will be revised as described above.

OWestinghouse
RAI-SRP3.12-EMB-02 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

RAI Response Number:
Revision: 1

RAI-SRP3.12-EM B-03

Question:

Why were two inconsistent methods (enveloped vs. multiple-level response) used for piping
analysis comparison? In TR-115, the applicant used enveloped floor response spectra for
AP1 000 design and multiple level response spectra for HRHF analysis, respectively. This
comparison does not demonstrate that normal design practices result in an AP1 000 design
that is considered to be safer and more conservative than that which would result if designed
for the high frequency input. For AP1 000, Table 3.7.1-1 of DCD states that independent
support motion response spectra (i.e., multiple-level response spectra) analysis shall use either
2 percent or 3 percent damping, not the 5 percent damping used in TR-1 15. Staff requests that
the applicant provides comparison between AP1000 design and HRHF analysis using the
methodology called out in the DCD.

Westinghouse Response:

The purposc of this study is to comparc the capabilities of th pi•pRng systems designed for
API 000 FrePonse spectra. The de.ign basis analysis represents the capabilities of the piping
system. The high fbrequeny analysis repfesents the realiSti ornditions that m1ay be seen by the

piigsstemn. EXcessive cOnservatismn was removed for the high frequency analysis, so that
reascticon6dfitin1 c aould be reflected. These twe diferent urpes call for two dire
analyses. This study does not require the design analyses and high fequecry analyses be
ienticaoloto be meaninggfu

Running an enveloped response spectra for the API Ogg design csisappropriate, since this
i s they way analyses are pertormned. Running multiple level response for the HRHF case is
appropriate bec-aus-e it mo-eere closely reflects the response spectra seen by the various segments
of the piping system. The hVo can be directly cOMparod because the purpose of this

comarso is to_ reflecGt the high frequency results against the design capabilities of the piping

The issue will be addressed in Revision 1 of Technical Report 115 (TR-1 15). The modified
Section 6.3 of TR-1 15 is attached and states the following:

Both the APIOQO CSDRS and HRHF GMRS analyses used uniform support motion
methodology (USM), which allows damping values of 4% and 5% to be used.

See below, the SRP3.12 changes to Revision 1 of Technical Report 115.

Reference: APP-GW-GLR-1 15, "Effect of High Frequency Seismic Content on SSCs",
Technical Report Number 115 (TR-1 15)

O Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Design Control Document (DCD) Revision:
None

PRA Revision:
None

Technical Report (TR) Revision:
TR-1 15 will be revised as described below.

6.3 Piping Systems

To determine the effect of HRHF seismic response spectraGMRS on piping, a comparison of
stress analyses was made using the PIPESTRESS computer program. The study compared
results for HRHF seismie GMRS input against the AP1000 CSDRS basis-input. Since piping
lines and piping supports are designed throughout the plant using specific guidelines, the stress
analysis of a sample of lines is representative of all lines in the plant.

Susceptibility to excitation caused by high frequency input requires a number of factors:

* The local HRHF floor responne speetraGMRS needs to have exceedances relative to
AP 1000 design speet•aCSDRS in the high frequency range.

* The system must have modes or natural frequencies in the high frequency range.
* The system layout must include valves or other concentrated masses that would

require closely spaced supports and therefore, cause high local natural frequencies.
This generally yields significant cumulative mass in the high frequency range.

6.3.1 Package Consideration

Packages taken into consideration were those with already completed AP1000 analyses, as
outlined in Table 6.3.1-1. Several steps were taken to filter these packages to find the package
most susceptible to high frequency excitation. First, a layout of piping lines was inspected to
determine if valves or other concentrated masses existed. To further narrow the most eligible
packages: 1.) input seismic response spectra was reviewed for elevations with exceedances, and
2.) modal mass was reviewed for high frequency participation.
Then a pair of tasks were perfor-med, in parallel, to further narro'e' the mo~st eligible packageS.!
1.) review of the input seismic r-esponse spectr-a for- the plant, and 2.) examination of modal mass

patcption of the systemls.

To determine if the initial list of analysis packages was or was not a narrow representation,
isometric drawings from the remaining unanalyzed piping analysis packages were reviewed.
Piping layout was examined for vertical runs and valves with closely spaced supports. The

RAI-SRP3.12-EMB-03 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

packages with these vertical runs and valves were then further examined, along with the
corresponding local high frequency seismic response spectra. This examination produced no
further candidates for analysis.

6.3.1.1 Layout

Layout was examined to determine whether the analyzed piping package could be susceptible to
high frequency excitation. The existence of valves usually results in closely spaced supports.
Though the mass of such a valve would reduce the natural frequency, the nearby supports could
drive that frequency upward. Packages without valves or concentrated masses were not included
in the sample because the majority of the modal mass has lower frequency participation.

6.3.1.2 Review of Spectra

The AP1 CSDRS seismic in str-ucture r-espense spectra for. the HRHF input-GMRS were-was
reviewed for exceedances of in struc.ture deigothe AP1000 CSDRS in the high frequency
region. The elevations with exceedances of seismic response spectra in high frequency were
examinedThe location of nodes with exceedances of seismic response spectra in high frequency
was examined for patterns a. r.ss the plant to either highlight or dismiss packages.

The Passive Core Cooling System (PCS) piping packages are located above the Steel
Containment Vessel in the Shield Building. This area does not have exceedances in high
frequency seismic response spectra, so the PCS packages (APP-PCS-PLA-050, 060, 070, 100,
200, 210, 220, 230, 240, 250, 270, 290, 300, 310, 410, 420, and 430) were eliminated from
consideration.

Packages below elevation 100 ft are not considered since exceedances in both the Containment
and Auxiliary buildings are small at this elevation. More significant exceedances occur at the
135 ft elevation and above. Therefore, packages closer to the 135 ft elevation are given more
consideration than packages closer to the 100 ft elevation.
Since the AP. . .. is a tw. loop plant, many of the system., equ ent, and structur.es are
mirrored, at least in funtionality, for the two loops. By examining the spectr-a, pairs of packages
were cut in half on the basis of location and the package in the area with greater exceedanceewas-
chosen. The area near the West Steam Genervato Compartment is stiffer- than tha of the East
Compartmfent because of the ataehed Pressurizer- Compartment; therefore, seismic response
spectr-a associated with analysis packages in the west side of containment were gie* mr
consider-ation than on the east side of containment. Consequently, Automatic Depr-essurizationi
Stage 4 East (APP RCS PLA 0301) wvas eliminated in favor of the Autotmatic Dcpr-essurization

RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Similarly, the off-set of containment intern.. al str.uctur.es stiffens the southern areas of containment.
The spectra in these southerni areas show greater exeeedancees than thatt Of th e northernf ar-eaS.
Therefore, Dir-eet Vessel injection B and C4T- 2B Supply' lines (APP PXS PLA 020 and APP
PXS PLA 060), whih are no..h of the cntainment inter.nal strucitur.es, were elim.inated in favor
of Dir;ect Vessel In;f÷;en A and MT- 2A Supply lines (APP PXS PLA 010 and APP PXS

6.3.1.3 Modal Analysis

Packages with layouts susceptible to high frequency excitation and exceedances in local seismic
spectra had modal extraction run in PIPESTRESS to determine the mass participation factors of
the systems. Large equipment, such as heat exchangers and pumps, were decoupled for this
analysis to reveal the characteristics of only the systen+-piping. The mass participation factors
were then calculated and plotted as a cumulative mass participation against frequency. The
cumulative mass represents the accumulated percentage mass of the system excited as the modes
are included. Packages determined to be of further interest have significant mass participation
among all directions in the high frequency range.

These plots of system behavior were compared against the corresponding plots of input seismic
response spectra. Packages with high frequency behavior shown in the cumulative mass curves
but without high frequency input were eliminated. Inverselybikewise, packages with high
frequency seismic input spectra but without high frequency behavior were eliminated. Only
packages with high frequency modal mass participation and corresponding exceedances of
seismic response spectra in high frequency were considered.

Table 6.3.1-1 lists the reasons for susceptibility of the analysis packages to high frequency
excitation. The table also shows the two packages determined to be most susceptible to high
frequency seismic input spectra, and therefore representative of the entire plant; Automatic
Depressurization Stage 4 West (APP-PXS-PLA-030) inside containment and Normal RHR Heat
Exchanger Inlet and Outlet between containment penetrations (APP-RNS-PLA-170) outside
containment.

GWestinghouse
RAI-SRP3.12-EMB-03 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Table 6.3.1-1: Reviewed Lines

Analysis Package Description Package Designator Candidate Reason

Due to the low elevation of APP-PXS-
PLA-010, exceedances in high

Direct Vessel Injection Line A APP-PXS-PLA-010 No frequency are small.Ex.eedan.ee in high
freqluency5 Only eXiSt for- the. Z7 directioen,

Due to the low elevation of APP-PXS-
PLA-020, exceedances in high
frequency are small ............. 4

Direct Vessel Injection Line B APP-PXS-PLA-020 No lcatiun cnear the nthern euetion oft

containment, APP PXS PLA 010 was
considered-over APP PXS PLA02-0.

ADS 4 th Stage West and PRHR Supply APP-PXS-PLA-030 Yes See section 6.3.2.1
Due to the low elevation of APP-PXS-

Passive RHR Return Line APP-PXS-PLA-040 No PLA-040, this location does not have
exceedances of seismic response spectra

in high frequency.
The increases in modal mass and

CMT 2A Supply Line APP-PXS-PLA-050 No exceedances of high frequency spectra
are not aligned at the same frequencies
for APP-PXS-PLA-050.
The increases in modal mass and
exceedances of high frequency spectra
are not aligned at the same frequencies

CMT 2B Supply Line APP-PXS-PLA-060 No for APP-PXS-PLA-060.Beeause of its
location near the northern section et
containment, APP PXS PLA 050 was
ecnsidered over APP PXS PLA 060.
APP-RCS-PLA-010 does not contain
significant X and Y modal mass

PSADS System (Lower Tier/Upper APP-RCS-PLA-010 No participation in the high frequency
Tier) region. Modal mass participation in the

Z direction is similar to that of the
chosen packages.
APP-PXS-PLA-030 was considered
over APP-RCS-PLA-030 for its greater
complexity and higher

ADS 4th Stage East APP-RCS-PLA-030 No elevation.Because ,f its loeatin in the
West Steam Generator and Pnesvuriles
Compartments, APP PXS PLA 030 was
considered over APP RaS-1PLA 030.

Pressurizer Surge Line APP-RCS-PLA-040 No APP-RCS-PLA-040 contains no valves.

O Westinghouse
RAI-SRP3,12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

This analysis is reviewed in section 6.2
Reactor Coolant Loop Piping APP-RCS-PLA-050 No This report.

of this report.

APP-RNS-PLA-010 lies in lower
elevations of Containment, where the
spectra contains small exceedances in

Normal RHR Suction Line APP-RNS-PLA-010 No high frequency.APP RNS PLA 010 lies
in a location that contains no
eoceed-ances in the high frequency
fegfeff
APP-CVS-PLA-520 lies in lower
elevations of the Auxiliary Building,
where the spectra contains small

Spent Resin from Cont. Pen. APP-CVS-PLA-520 No exceedances in high frequency.APP-
Spen Resn fom Cnt. en.APP-VS-PA-G-1No14; -PLA 520 lies in the northern half

of the Auxiliatry Building, where the-
spectr-a does not contain excced-anecs in

APP-CVS-PLA-530 lies in lower
elevations of the Auxiliary Building,
where the spectra contains small
exceedances in high frequency.A-PP--

From SCV Pen. to CVS-12A0007 APP-CVS-PLA-530 No ceSPa 3les in th nrthen Alt
CVSS PLTA 530 lies in the. na~hern half

of the Auxiliar-y Building, where th-e
spectra dotes inot coen-tain exceedances in
hig •.-fr. ... ,

APP-CVS-PLA-700 lies in lower
elevations of the Auxiliary Building,
where the spectra contains small

Hydrogen Supply from CVS-12A0022 APP-CVS-PLA-700 No exceedances in high frequency.APP
CVS PLA 700 lies in the northern half
of the Aux~iliar~y Building, where the
spectr-a does not contain exceedanees in

HX Inlet and Outlet between P19 &
P20 APP-RNS-PLA-170 Yes See section 6.3.2.2
Main Steam Line A APP-SGS-PLA-030 No The valves of APP-SGS-PLA-030/040

these lines reside outside containment in
lower elevations of the Auxiliary
Building, where the spectra contains

Main Steam Line B APP-SGS-PLA-040 No small exceedances in high frequency.4n
the northern half of the Auxiliar-y
Building, where the spectra dosnot

Blowdown Line B from Cont. Pen. to APP-SGS-PLA-090 No
TB APP-SGS-PLA-090/100 does not
Blowdown Line A from Cont. Pen. to APP-SGS-PLA-100 No contain any valves.
TB

O Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

From SCV Pen. to VFS-12A2004 APP-VFS-PLA-010 No The increases in modal mass and
exceedances in high frequency spectra

From Cont. Pen. to past Valve V010 APP-VFS-PLA-030 No are not aligned at the same frequencies
for APP-VFS-PLA-010/030.
The valves of APP-WLS-PLA-520
reside outside containment in lower
elevations of the Auxiliary Building,

From Cont. Pen. to past Valve V024 APP-WLS-PLA-520 No where the spectra contains small
exceedances in high frequency.int-he
northern half of the Auxiliar-y Building,
where the spectra does not contain
.x..edan..s in high frcgucncy

Supply to Distribution Bucket (Embed) APP-PCS-PLA-050 No
Recirculation Line inside PCS Tank APP-PCS-PLA-060 No
Recirculation Line inside PCS Tank APP-PCS-PLA-070 No
PCS Room 12306 (Auxiliary Building) APP-PCS-PLA-100 No
Overflow inside PCS Tank APP-PCS-PLA-200 No
Vent Line inside PCS Tank APP-PCS-PLA-210 No
Room 12701 PCS Tank Vent APP-PCS-PLA-220 No
Vent Line inside PCS Tank APP-PCS-PLA-230 No The PCS system is located at the top of

the Shield Building. The spectra at
Room 12701 PCS Tank Vent APP-PCS-PLA-240 No these elevations do not contain
Discharge Line inside PCS Tank APP-PCS-PLA-250 No exceedances in high frequency.
Discharge Line inside PCS Tank APP-PCS-PLA-270 No
Discharge Line inside PCS Tank APP-PCS-PLA-290 No
Instrumentation Line APP-PCS-PLA-300 No
Instrumentation Line APP-PCS-PLA-310 No
Overflow Line from PCS Tank APP-PCS-PLA-410 No
Supply to Distribution Bucket APP-PCS-PLA-420 No
Auxiliary Supply to Distribution Bucket APP-PCS-PLA-430 No

The modal mass and high frequency
From RNS-12A2037 to Spent Fuel Pool APP-RNS-PLA-100 No spectra are not aligned at the same

frequencies for APP-RNS-PLA- 100.

The two packages determined to be most susceptible to high frequency excitation are Automatic
Depressurization System 4 th West (APP-PXS-PLA-030) inside containment and Normal RHR
Heat Exchanger Inlet and Outlet between containment penetrations (APP-RNS-PLA-170)
outside containment. These two packages have layout sensitive to high frequency excitation and
local seismic response spectra with exceedances in high frequency.

( Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

6.3.2 Analysis of Selected Candidates

6.3.2.1 Automatic Depressurization System 4th Stage West and Passive RHR Supply (APP-
PXS-PLA-030)

Figures 6.3.2.1-1 through 6.3.2.1-3 are the plots of the AP1000 CSDRS with 5% damping and
HRHF GMRS with 5% damping and incoherence. The response spectra for both AP1000
CSDRS and HRHF GMRS are representative of the containment building up to elevation 135'.

Floor Response Spectra X-Direction 5% Damping

[- AP1000 Design --. HRHF
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3 -
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Figure 6.3.2.1-1: APP-PXS-PLA-030 Floor Response Spectra X-Direction

O Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Floor Response Spectra Y-Direction 5% Damping
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Figure 6.3.2.1-2: APP-PXS-PLA-030 Floor Response Spectra Y-Direction

O Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Floor Response Spectra Z-Direction 5% Damping
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Figure 6.3.2.1-3: APP-PXS-PLA-030 Floor Response Spectra Z-Direction

The layout of APP-PXS-PLA-030 is potentially sensitive to high frequency response; the
package spans a very small distance, yet has sixteen supports and anchors. The package also has
five large valves, three of which are greater than 10,000 lbs. Figure 6.3.2.1-4 shows the
cumulative mass of the analysis package; approximately forty, twenty, and fifty mass percent of
the package (in the X, Y, and Z directions, respectively) is active in frequencies of HRHF
exceedance.
Figure 6.3.2.1 4 sowv.s the cumulative mass of the analysis package; thirty, sixty, and eighty
mass perceent of the package (in the X, Y, and Z difreetions, respectively) is active in the high
ffequteney -Fange.

OWestinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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AP1000 TECHNICAL REPORT REVIEW

Response to Request For Additional Information (RAI)

Cumulative Mass: ADS 4th Stage West (APP-PXS-PLA-030)
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Figure 6.3.2.1-4: APP-PXS-PLA-030 Cumulative Mass: ADS 4 th Stage West

Due to exceedances of high frequency seismic response spectra and its high frequency sensitive
layout, APP-PXS-PLA-030 is representative of a piping package most susceptible to excitation
caused by high frequency input inside containment.

6.3.2.2 Normal RHR Heat Exchanger Inlet and Outlet (APP-RNS-PLA-170)

Figures 6.3.2.2-1 to 6.3.2.2-3 are plots of local 4% damping and HRHF seismic response spectra
with 4% damping and incoherence. The response spectra for both AP1000 CSDRS and HRHF
GMRS are representative of the auxiliary building up to elevation 135'.
APP DRNI DP A 1"70' ha to hea .... ge-s N-,E 0k....k 1|A andA B, wheh af flexible equipment, so

seismnic response spectra at 416 damp in a used.

APP RNS PLA 170 resides entifcly in the Auxiliary Building ex.ept for the two . .ntain.e. t
penetrations, and spans multiple elevations and causes input seismic response spectra with
exceedanees in high frequency. Figufcs 6.3.2.2 1 to 6.3.2.2 3 are plots of local AP1OOG design
seismnic respense spectr-a and HR14F seismic response spcetra with 4-% damping and incohiervencee.I

(9 Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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The dashed line represents the envelope of high frequency input seismic resp;nse spe.tra used at
the Multiple suppeft levels.

Floor Response Spectra X-Direction 4% Damping

ý-- AP1000 Design - - - HRHF

C:
0

C-,
.O,
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1.5

1

0.5

0

1 10

Frequency (Hz)

100

Figure 6.3.2.2-1: APP-RNS-PLA-170 Floor Response Spectra X-Direction

e Westinghouse
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Floor Response Spectra Y-Direction 4% Damping

- AP1000 Design - - - HRHF

3.5 -

3, -

2.5 - - -"_ _

0.

1 10 100

Frequency (Hz)

Figure 6.3.2.2-2: APP-RNS-PLA-170 Floor Response Spectra Y-Direction

lWestinghouse
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Floor Response Spectra Z-Direction 4% Damping

-•AP1000 Design --. HRHF

3 -

2.5 _2-

2 1.5 -
a)
C /-,:=" --

0.5 _-_

1 10 100

Frequency (Hz)

Figure 6.3.2.2-3: APP-RNS-PLA-170 Floor Response Spectra Z-Direction

APP-RNS-PLA- 170 is a system with many vertical runs. The package has fourteen valves; as
well as eighty-three supports and anchors. The complexity of the package represents a wide
number of piping layout configurations, which should encompass the layouts throughout the
plant. Figure 6.3.2.2-4 shows the cumulative mass of the analysis package; approximately forty,
thirty, and fifty mass percent of the package (in the X, Y, and Z directions, respectively) is active
in frequencies of HRHF exceedance.Figure 6.3.2.2 4 shows the , umulative mass of the analysis

aea fft ixty an evnt mas ereet f the alc~ \fhi" the% IX, n" .Ah U1. 3l,

t. L : t. 4r-

iespet Ne ý si'ri" iet ve~~i' ni t, ei iigi iie.i~~luen' fang,&.

e Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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Cumulative Mass: Normal RHR (APP-RNS-PLA-170)
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Figure 6.3.2.2-4: APP-RNS-PLA-170 Cumulative Mass: Normal RHR

Due to its location near exceedances of seismic response spectra in high frequency, APP-RNS-
PLA-170 is representative of a piping package that is susceptible to excitation caused by high
frequency input outside containment.

6.3.2.3 Analysis Method

The analysis method for both the API1000 CSDRS and HRHF GMRS analyses, shown below, are
consistent with normal design practices.

Both the AP1000 CSDRS and HRHF GMRS have been enveloped across entire building
elevations. This is not only a conservative approach, but this also eliminates concerns of
building location as the spectra is representative of an entire elevation.

Identical PIPESTRESS models were run for the two selected analysis packages, with the
exception of the input seismic response spectra. The base case used API 000 CSDRS with 15%

O Westinghouse

RAI-SRP3.12-EMB-03 Rev.1
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peak broadened and enveloped response spectra. Input for the high frequency comes from the
HRHF GMRS with 15% peak broadened and enveloped response spectra with incoherence.

The cutoff frequency for the AP1000 CSDRS base case was 33 Hz. The cutoff frequency for the
HRHF GMRS case was the ZPA frequency. Both the AP1000 CSDRS and HRHF GMRS
analyses used uniform support motion methodology (USM), which allows the same damping
values of 4% and 5% to be used.

The seismic analyses were combined with deadweight and pressure analyses to show that the
HRHF results do not exceed the limits of ASME Section III Equation 9F.
Identical PIPESTRESS models were run for the two seleeted analysis packages, with the
exeeption of the input sismL. fsp•nse spe.tra. The base ease used AP desig ismi
response spectra. input for- the high frequency comes from the H4R1F GMRS 'vieth incoeherencc.
Only a seismic analysis was perform.ed. Deadweight, pressure, thermal, and ether analyses werre
not performied so that the differences between the txwo eases are due enly to the seismic loads.

The base ease was run with an enve loped, 15%06 peak broadened, floor respons sper at 50% and
4194 damping, for- APP PXS PLA 030 and APP R-NS PLA 170, respectively. The high
frequency ease was run as a multiple level response, 151% peak broadened floor response spectra
with incoher-ence at 50, and 41% damping for APP PXS PLA 030 and APP RN.S PLA 170,
respeetivel. The response from the differenti ..... levels is combined using the SRSS
method, which is consistent with licensing basis.

6.3.3 Results

The stresses shown are moment stresses for- seismic analysis only, calculated with the moment.
stress term.. of Equation 9 of the ASME Boiler and Pressur- Vessel•Cede Setin M NB 3652
Class 1 1989 Edition up to and including the 1989 Addenda.

Moment stress term of Equation 9:
M

6.3.3.1 Automatic Depressurization System Stage 4 West (APP-PXS-PLA-030)

Comparisons of the AP1000 CSDRS seismic response spectra and HRHF GMRS analyses are
listed in Tables 6.3.3.1-1 to 6.3.3.1--78.

HORHF moment stress results at the 198 points of the model w;ere lower- than APIOOO CSDRS
seismnic r-esponse spectra.

O&Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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Table 6.3.3.1-1 shows the ten highest stressed piping-points (not inluding tees, hih are
c .mpared in Table 6.3.3.1 4) of the API000 design seismic petr CSDRS analysis.
Table 6.3.3.1-2 shows the ten highest stressed piping-points (not including tees, .hi. h are
compared in Table 6.3.3.1 4) of the HRHF GMRS analysis. Table 6.3.3.1-3 shows the ten
highest stress increases of the HRHF GMRS analysis from the AP1000 CSDRS analysis.

Table 6.3.3.1-34 compares the valve end nienient-stresses ratios. Table 6.3.3.1-45 compares
stresses ratios of tee connections at both the run and branch sides. Tables 6.3.3.1- -56 and 67
compare support and anchor loads, respectively. Support loads are listed for individual restraint
directions. Table 6.3.3.1-78 compares the equipment nozzle stresses ratios.

Table 6.3.3.1-1: Ten Highest AP1000 Design Stress Points for APP-PXS-PLA-030
Node # Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change

1276 0.610 0.484 -20.66%

1275 0.558 0.433 -22.40%
1261 0.557 0.483 -13.29%

1045 0.533 0.453 -15.01%

1005 0.531 0.447 -15.82%
1345 0.500 0.409 -18.20%

Z002 0.498 0.423 -15.06%

Z013 0.494 0.398 -19.43%
1331 0.489 0.410 -16.16%

1040 0.469 0.399 -14.93%

1 AbelMoment Strzss (P4:)
,AP OOO CSDRS PR14F Change

TANGE 13969 4-594 6.1

LR089 6&79 48
4-ANG-511- &559-55.604
12591 -5-ý 49 44

LR ELBOW 121o0 6297-

-AN64 11 5497- A-

11647 600-2 48-.4%
I22 11242771 7.7'

TANW-NT 11196 3688 "

T4-14 i094 4&95 -58-5-

( Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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Table 6.3.3.1-2: Ten Highest High Frequency Stress Points for APP-PXS-PLA-030
Node # Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change
1276 0.610 0.484 -20.66%

1261 0.557 0.483 -13.29%

1045 0.533 0.453 -15.01%
1005 0.531 0.447 -15.82%
1275 0.558 0.433 -22.40%

Z002 0.498 0.423 -15.06%
1331 0.489 0.410 -16.16%
1345 0.500 0.409 -18.20%
Z012 0.469 0.406 -13.43%
1040 0.469 0.399 -14.93%

Moment Stress (ps4)

AP! 990 GSDRS H

LR ELBOW -13089 6784

LnR ELBOW 4121 ON6-9 931

6002 11617 6/t2

LR ELBOW 11028 -56724

4AN294- 52555

A4GEN-T11793 54947 5- 44
1 R~bO 10118 44 i.5

TANGE 10360 4 9.%

6R ELBOW 9244- 5125 -.-

TANGENT 08 54

Table 6.3.3.1-3: Ten Highest Stress Increases from AP1000 CSDRS to HRHF GMRS for
APP-PXS-PLA-030

Node # Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change

1420 0.142 0.142 0.00%
1421 0.140 0.140 0.00%
1425 0.139 0.139 0.00%
1160 0.034 0.034 0.00%
1345 0.146 0.145 -0.68%
1055 0.037 0.036 -2.70%

1155 0.036 0.035 -2.78%
1060 0.035 0.034 -2.86%
1110 0.318 0.302 -5.03%

( Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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1111 0.335 0.318 -5.07%/

Table 6.3.3.1-34: Valve End Stresses for APP-PXS-PLA-030

Label Equation 9F Stress Ratio

API000 CSDRS HRHF % Change

V004A 0.035 0.034 -2.86%

V004C 0.034 0.034 0.00%

V014A 0.325 0.298 -8.31%

V014A 0.350 0.317 -9.43%

V014C 0.321 0.304 -5.30%

V014C 0.293 0.266 -9.22%

Viol 0.397 0.331 -16.62%

viol 0.455 0.382 -16.04%

babel(S
AP WOOO CSPRS gHR4 0 G-C-hang

7211-7-O

9-2-6 44,70
N1004A 4-6 80

99 4-5.3977

8924 4-35.
84-34 44-7
812 1168

11014 100311

Table 6.3.3.1-45: Tee Connection Stresses for APP-PXS-PLA-030

Type Equation 9F Stress Ratio

AP1000 CSDRS HRHFI % Change

WELDING TEE 0.621 0.539 -13.20%

WELDING TEE 0.442 0.385 -12.90%

WELDING TEE 0.470 0.388 -17.45%

O Westinghouse
RAI-SRP3.12-EMB-03 Rev.1
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Table 6.3.3.1-56: Seismic Support Loads for APP-PXS-PLA-030

Force - X (Ib) Force - Y (Ib) Force - Z (Ib) Resultant Force (Ib)
Type AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change API000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change

RIG SUPORT -56952 -55629 -2.32% -56952 -55629 -2.32%

RIG SUPORT -35327 -35216 -0.31% -20397 -20332 -0.32% -40792 -40664 -0.31%

RIG SUPORT -30307 -29233 -3.54% -17497 -16877 -3.54% -20205 -19488 -3.55% -40410 -38977 -3.55%

SNUBBER -46119 -38248 -17.07% -46119 -38248 -17.07%

RIG SUPORT -47176 -44831 -4.97% -27238 -25884 -4.97% -54474 -51766 -4.97%

RIG SUPORT -44054 -40976 -6.99% -16020 -14900 -6.99% -27060 -25169 -6.99% -54127 -50344 -6.99%

RIG SUPORT -47750 -41295 -13.52% -47750 -41295 -13.52% -67529 -58401 -13.52%

RIG SUPORT -68771 -56763 -17.46% -68771 -56763 -17.46%

RIG SUPORT -38839 -31784 -18.16% -38839 -31784 -18.16%

RIG SUPORT -31622 -25324 -19.92% -31622 -25324 -19.92%

RIG SUPORT -41722 -33079 -20.72% -41722 -33079 -20.72%

RIG SUPORT -5911 -5240 -11.35% -15737 -13951 -11.35% -16810 -14902 -11.35%

RIG SUPORT -63958 -53087 -17.00% -63958 -53087 -17.00%

RIG SUPORT -63216 -48648 -23.04% -63216 -48648 -23.04%

FeeeX(l)Fe~ee Y (b) Faeree-Z lb) Resultant FEorcz (114
Ty-pe PzQ 1-41414P AP1000 HRH % API400 HRH % APIQO IR00

CSDRS Chng S0DRS Ghang CSDRS Gwigge _ _~ag

RIC; SUPORT 32156 6449g 47; 356 1695 47.

RIG SUPORT 364Q4 122-01 8. 13632 4448704 - % 27263 14089 4-4

RIG SUPORT 20954 9937 -52.6,4 12092 473 54.6,% 13963 6624 -642% E27927 13249 52.6%

STBBRP 413030 17287 - 9 8% 43030 17287 549%

RPIg SUPORT 29237 13477 5434% 16880 778 1 53.-% 33760 15562 4539%

P4G SUPORT 27686 13223 542-% 10068 4808 522% 17006 8 12 2% 34014 16246 52.24%

RIG SUPORT 352 151491 --5-.94 35112 5494 559% 49656 21908 49%

RIG SUPORT 2147577 24615 48-3% 17577 24 4-8.-..44

SWestinghouse RAI-SRP3.12-EMB-03 Rev. 1
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RIG SUPORT 4696 41305 61 33696 1 46.

RIG SUPORT i3334 -36 -40., 47334 0396

15G SUPOT44 464936 54i.3

RIC S4POR 4044 23 44 10660 744 -32.4 417 -72 4-

RIC SUPORT 94 2063 44-%4 369 20 -44-2-%

RIG SUPO03 4274 -42-5% 5U19 105 4-54,04%

Table 6.3.3.1-67: Seismic Anchor Loads for APP-PXS-PLA-030

Point Force - X (lb) Force - Y (lb) Force - Z (lb) Resultant Force (lb)

Label AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change

West Hot Leg -29681 -25436 -14.30% -14853 -10785 -27.39% -18466 -16241 -12.05% 37981 32048 -15.62%

PRHR HX -21320 -14836 -30.41% -22864 -12991 -43.18% -26831 -20206 -24.69% 41197 28234 -31.47%

Point Moment - X (ft-lb) Moment - Y (ft-lb) Moment - Z (ft-lb) Resultant Moment (ft-lb)

Label AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change APIO00 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change

West Hot Leg -61630 -50094 -18.72% -97519 -81270 -16.66% -103248 -69578 -32.61% 154817 118133 -23.70%

PRHR HX -62587 -36544 -41.61% -133172 -67113 -49.60% -42188 -23996 -43.12% 153074 80097 -47.67%

fWestinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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Table 6.3.3.1-78: Equipment Nozzle Stresses for APP-PXS-PLA-030

Label Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change
West Hot Leg 0.324 0.303 -6.48%

PRHR HX 0.324 0.226 -30.25%

Results Summary for APP-PXS-PLA-030

" Equation 9F stress ratios are all less than 1.0. No point of the HRHF GMRS analysis
fails qualification.

" No points show an increase in stress ratio.
* Valve nozzles stress ratios show no increase.
* Tee connection stress ratios show no increase.
" Resultant support loads show no increase.
* Resultant anchor loads show no increase.
* Piping stress ratios at equipment show no increase.

6.3.3"2ASME Code Equation 9 mAment stresses for HRHF spectra are lower-, at all pints, than
for.the.AP1000.CSDRS ',,sm, r nse spertrfa; see Tables 6.3.3.1 1,2,3,1and7.

6.3.3.3A11 support leads arc lower- for HF than AP1OOO CSDRS seism~ic r-esponse speetra; see
Table 6.3.3.14,.

6.3.3.4All anehor- leads are lower for H4F than AP1000 CSDRS seismie response speetr-a; see
Table 6.3.3.1 6

6.3.3.2 Normal RHR Heat Exchanger Inlet and Outlet between P19 and P20 (APP-RNS-
PLA-170)

Comparisons of the AP1000 CSDRS seii
listed in Tables 6.3.3.2-1 to 6.3.3.2-78.

response spe•t a ana HRHF GMRS analyses are

t T• W •
H. . . .moment stresses at all ot the 10. points wer.e lower than AP1UUU CWKS seismie
response spectra.

Table 6.3.3.2-1 shows the ten highest stressed piping points (not including tees, which are
ompared in Table 6.3.3.2 4) of the AP design seismic r s spectraCSDRS analysis.

Table 6.3.3.2-2 shows the ten highest stressed pip•ingpoints (not including tees, hi. h are
compared in Table 6.3.3.2 5) of the HRHF GMRS analysis. Table 6.3.3.2-3 shows the ten
highest stress increases of the HRHF GMRS analysis from the AP 1000 CSDRS analysis.

(Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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Table 6.3.3.2-34 compares the valve end nment-stresses ratios. Table 6.3.3.2-45 compares
stresses ratios of tee connections at both the run and branh sides. Tables 6.3.3.2--6 and 6.3.3.2-
67 compare support and anchor loads, respectively. Support loads are listed for individual
restraint directions. Table 6.3.3.2-78 compares the equipment nozzle stresses ratios.

Table 6.3.3.2-1: Ten Highest AP1000 Design Stress Points for APP-RNS-PLA-170
Node # Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change

4645 0.840 0.475 -43.45%
Z057 0.811 0.439 -45.87%
Z058 0.789 0.417 -47.15%

4650 0.724 0.381 -47.38%
4581 0.716 0.499 -30.31%

5140 0.713 0.456 -36.04%
Z056 0.706 0.394 -44.19%

4630 0.680 0.377 -44.56%

4582 0.679 0.47 -30.78%

4645 0.670 0.379 -43.43%

6abeN Mmen~t Stress (psi)
A~P 1OOOCSDPRS t4Rt4' &-hange

TANN-55 94927

4AN4EN 9268 77.40%

3525 75409 78.0-
32615 654

LRELBOW 3691 6440 --9.g8%
LRELBOW 30007 6022

TANGEN 2590-5 674

TNGENT8 4020

4AN7N 2188 586-2

( Westinghouse
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Table 6.3.3.2-2: Ten Highest High Frequency Stress Points for APP-RNS-PLA-170

Node # Equation 9F Stress Ratio
AP1000 CSDRS HRHF % Change

1525 0.607 0.600 -1.15%

2520 0.581 0.587 1.03%
5105 0.667 0.540 -19.04%
2600 0.664 0.517 -22.14%

5370 0.577 0.511 -11.44%
4581 0.716 0.499 -30.31%
3570 0.510 0.495 -2.94%

3560 0.492 0.479 -2.64%

4645 0.840 0.475 -43.45%
4582 0.679 0.470 -30.78%

Wfflent StrzSS (pSi)
AP_000 CSDRS 0,'oCharge

T.ANGE-NT -23889110

TA~NGENT 25286 10220 596,7

-.NET24621 1091Q40

T-ANGEN ~ 19307 9647 00

TAN1855 949.
T-ANGEN~ 01 92-69 :.O

P89 197-879 5040

TANiGpjT 16235 923349.3 %

TANGE-T~ 15177 78&0 49.9~%

Table 6.3.3.2-3: Ten Highest Stress Increases from AP1000 CSDRS to HRHF GMRS for
APP-RNS-PLA-170

Node # Equation 9F Stress Ratio
AP1000 CSDRS HRHF % Change

2750 0.386 0.454 17.62%

2760 0.165 0.194 17.58%
2720 0.138 0.162 17.39%

2710 0.076 0.087 14.47%

2740 0.243 0.277 13.99%
Z032 0.052 0.057 9.62%

4080 0.052 0.057 9.62%
1660 0.084 0.092 9.52%
Z033 0.054 0.059 9.26%

4090 0.092 0.100 8.70%

( Westinghouse
RAI-SRP3.12-EMB-03 Rev. 1
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Table 6.3.3.2-34: Valve End Stresses for APP-RNS-PLA-170

Label Equation 9F Stress Ratio
AP1000 CSDRS HRHF % Change

V005A 0.197 0.131 -33.50%
V005A 0.317 0.205 -35.33%
V005B 0.178 0.132 -25.84%
V005B 0.268 0.197 -26.49%
V006A 0.134 0.131 -2.24%
V006A 0.106 0.098 -7.55%
V006B 0.129 0.13 0.78%
V006B 0.108 0.113 4.63%
V007A 0.147 0.148 0.68%
V007A 0.094 0.092 -2.13%
V007B 0.2 0.197 -1.50%
V007B 0.122 0.125 2.46%
V008A 0.373 0.263 -29.49%
V008A 0.359 0.25 -30.36%
V008B 0.241 0.239 -0.83%
V008B 0.286 0.285 -0.35%

VOl1 0.375 0.344 -8.27%

VOll 0.159 0.125 -21.38%
V022 0.249 0.195 -21.69%
V022 0.257 0.212 -17.51%
V053 0.226 0.179 -20.80%
V053 0.184 0.116 -36.96%
V055 0.135 0.134 -0.74%
V055 0.277 0.253 -8.66%
V056 0.096 0.09 -6.25%
V056 0.132 0.13 -1.52%

V057A 0.421 0.401 -4.75%
V057A 0.492 0.479 -2.64%
V057B 0.346 0.309 -10.69%
V057B 0.395 0.369 -6.58%

Moment Streec (Pci)

A P 1 OOCSDPRS •

436-3 4449 -74-1,

76144 1

4-59 4---972.19%

6624 2-4-54o

g1831'.1006A

-5911 443

5700
100V7B

2361 59-5-%

* Westinghouse
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9&5 5 424- 57.3%

AP001SDS0RF 9Aag

9244- 39104 524.60%
'.008B

1 0079 646-4 -5943%

6442 22-5-5 64.84

9W4D 291-5 -6.9-%

WELDING TE .720.79 74.642

N102-2
-7211 49-487.6

10129 65.30,0
V053

1G0800 0465 .6%

9466 6T44 11.15/

660-2 4W9 719.23%

&5C46 4.4-0 -9.5 3%

I1I86A 644-4 is.90%
LIN057A8

15177 7&Q 49.5,

WELN T48 52.34%
43WL4 1 840.6 -29 0.76%

Table 6.3.3.2-45: Tee Connection Stresses for APP-RNS-PLA-170

Type Equation 9F Stress Ratio

AP1000 CSDRS HIRHF % Change

WELDING TEE 0.511 0.439 -14.09%

WELDING TEE 0.466 0.464 -0.43%

WELDING TEE 0.776 0.730 -5.93%

WELDING TEE 0.597 0.55 8 -6.53%

WELDING TEE 0.702 0.719 2.42%

WELDING TEE 0.800 0.651 -18.63%
WELDING TEE 0.495 0.320 -3 5.35%

WELDING TEE 0.594 0.605 1.85%

BRANCH CONN 0.827 0.663 -19.83%

BRANCH CONN 0.579 0.408 -29.53%

WELDING TEE 0.797 0.578 -27.48%
WELDING TEE 0.801 0.574 -28.34%

WELDING TEE 0.8 14 0.645 -20.76%

( Westinghouse
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Table 6.3.3.2-56: Seismic Support Loads for APP-RNS-PLA-170
Force - X (lb) Force - Y (lb) Force - Z (lb) Resultant Force (Ib)

APIOOO CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change API000 CSDRS HRHF % Change

RIG SUPORT 5001 4817 -3.68% 5001 4817 -3.68%

RIG SUPORT -6639 -4819 -27.41% -6639 -4819 -27.41%

RIG SUPORT 7447 5351 -28.15% 7447 5351 -28.15%

RIG SUPORT -7336 -6684 -8.89% -7336 -6684 -8.89%

RIG SUPORT 1879 1703 -9.37% 1879 1703 -9.37%

RIG SUPORT 1767 1561 -11,66% 1767 1561 -11.66%

RIG SUPORT 2689 2057 -23.50% 2689 2057 -23.50%

RIG SUPORT 4144 3731 -9.97% 4144 3731 -9.97%

RIG SUPORT -4114 -4083 -0.75% -4114 -4083 -0.75%

RIG SUPORT 5369 4861 -9.46% 5369 4861 -9.46%
RIG SUPORT 2105 2150 2.14% 2105 2150 2.14%

RIG SUPORT -7046 -6835 -2.99% -7046 -6835 -2.99%

RIG SUPORT 1423 1439 1.12% 1423 1439 1.12%

RIG SUPORT 3207 2858 -10.88% 3207 2858 -10.88%

RIG SUPORT -2158 -2124 -1.58% -2158 -2124 -1.58%

RIG SUPORT 4209 3402 -19.17% 4209 3402 -19.17%

RIG SUPORT -1182 -1121 -5.16% -1182, -1121 -5.16%

RIG SUPORT 917 915 -0.22% 917 915 -0.22%

RIG SUPORT 2006 2081 3.74% 2006 2081 3.74%

RIG SUPORT -6194 -5810 -6.20% -6194 -5810 -6.20%

RIG SUPORT 1098 1222 11.29% 1098 1222 11.29%
RIG SUPORT 3762 3858 2.55% 3762 3858 2.55%

RIG SUPORT -3026 -3047 0.69% -3026 -3047 0.69%
RIG SUPORT 3648 3477 -4.69% 3648 3477 -4.69%

RIG SUPORT 2934 2572 -12.34% 2934 2572 -12.34%
RIG SUPORT 2658 2770 4.21% 2658 2770 4.21%

RIG SUPORT 3485 3008 -13.69% 3485 3008 -13.69%

RIG SUPORT -2148 -1963 -8.61% -2148 -1963 -8.61%

RIG SUPORT -1156 -1167 0.95% -1156 -1167 0.95%

RIG SUPORT 1059 1146 8.22% 1059 1146 8.22%

RIG SUPORT -4308 -3560 -17.36% -4308 -3560 -17.36%

RIG SUPORT 4992 4756 -4.73% 4992 4756 -4.73%
RIG SUPORT -190 -215 13.16% -190 -215 13.16%

RIG SUPORT -224 -223 -0.45% -224 -223 -0.45%

RIG SUPORT 2485 1964 -20.97% 2485 1964 -20.97%

RIG SUPORT 2465 1218 -50.59% 2465 1218 -50.59%

( Westinghouse
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RIG SUPORT 1808 1431 -20.85% 1808 1431 -20.85%

RIG SUPORT 663 620 -6.49% 663 620 -6.49%

RIG SUPORT 1369 1399 2.19% 1369 1400 2.26%

RIG SUPORT 1506 1216 -19.26% 1506 1217 -19.19%

RIG SUPORT -588 -534 -9.18% -588 -532 -9.52%

RIG SUPORT -1728 -1748 1.16% -1728 -1747 1.10%

RIG SUPORT 4726 4867 2.98% 4726 4866 2.96%

RIG SUPORT -863 -652 -24.45% -863 -642 -25.61%

RIG SUPORT 795 820 3.14% 795 821 3.27%

RIG SUPORT -2326 -2484 6.79% -2326 -2481 6.66%

RIG SUPORT 2385 2602 9.10% 2385 2604 9.18%

RIG SUPORT 1133 1265 11.65% 1133 1265 11.65%

RIG SUPORT 1042 937 -10.08% 1042 964 -7.49%

RIG SUPORT 1051 1094 4.09% 1051 1100 4.66%

RIG SUPORT -1343 -1355 0.89% -1343 -1357 1.04%

RIG SUPORT 5918 6169 4.24% 5918 6177 4.38%

RIG SUPORT -587 -531 -9.54% 1017 919 -9.64% 1174 1073 -8.60%

RIG SUPORT -1043 -974 -6.62% -602 -562 -6.64% -1204 -1126 -6.48%

RIG SUPORT -3225 -3442 6.73% -3225 -3462 7.35%

RIG SUPORT 2068 1851 -10.49% -2068 -1867 -9.72%

RIG SUPORT 1496 1363 -8.89% -1496 -1366 -8.69%

RIG SUPORT 1410 1346 -4.54% 1410 1356 -3.83%

RIG SUPORT -1598 -1614 1.00% -1598 -1614 1.00%

RIG SUPORT 728 704 -3.30% 728 704 -3.30%

RIG SUPORT 2109 2044 -3.08% 2109 2081 -1.33%

RIG SUPORT -608 -976 60.53% -608 -985 62.01%

RIG SUPORT 1984 1723 -13.16% 1984 1776 -10.48%

RIG SUPORT -4043 -3193 -21.02% -4043 -3325 -17.76%

RIG SUPORT 2143 1199 -44.05% 2143 1381 -35.56%

RIG SUPORT 1 624 538 -13.78% 624 567 -9.13%

Label AgQg HRH1 14RMF AP000 -

_ _EST2N1T 24416 44 -4-% 2446 4_2 -7
RESTPNT 6944 2664 -6 54- 6_9_4 24664 5%
PSTNT _ __ 494D 42-4 -34.% 4905 4254 -3429
RE T.NT 67-3642 3417 6%__ 6344 37-1
RPEST4INT 4--5-2-_ :7-2-3 542.7% 4-5-9 7-24 52
P.ET _ _ _ 346- 4474-6 -S& 33-42 4-- 1-7
P•STP•.INT 45469

- - - - - - h
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PEST T 694-36 2467 -64-4% 69-36 2462- A40
P.EST2AWT 206 4424 4i44 24"6 4424 --si4g4
P.ESTP46N 4449 926 494% 4S49 926
P•S&TPA.!NT 3144 - 448 4--39% 22447 424 64.%
RESTdN4T _6_-5 --- 44859.g4% 2684 44-9 4o%
PESTPUkMT 4-506 449 74-.% 4-506 4304 74"
RESTRAINT 42272 929 74.14 4-7, 9U -244144
RE STRAIT 90 504 A440 903 -44-224
RESTPF NT 294 44234 43.9% 22-4 4244 43.%
RP4TRPNT 44--54 28-- 46.3% 44-58 7,3- 464-
PNSTP A!N 44-4 4464 66% 43-54- 4464- -66
RSTPý.!NT 2264 446-4 -5048% 2q64 4364- 4%
P26ST9ý 2NT 9 4482 -4-4% 2269 44- 479%
PRESTRA1 2946 4444 -6-34% 2946 4444 -6-%REST4UINT 57-74 2-44-14 --ýQg -lo-/ g4

&~L~2 424 244 4&% -74 244-2- 44
R•STPLNT 2402- 4499 52.6% 249 44-9 42
RP&TP.!NT 49q4 82- 4--4 49-4 20 54894%
RZETPRMNT 244 94 4 2234- 894

4EST4P• 54NT 49-6 62.% 4-54 4946 24-
PEST___ 24-4-4 42-4 9% 24-5-5 4-244 40.9%
RESTRAINT 4Q- 444 14-%4 482 444 454%
RESTRAINT 224 84 6 .4 % 2-24 84- -638%
.EST4P0NT 2949 4448 -609% 294- 4604_ -6.4

RE8TP•.NT 4492 499 -42494, -l440 49-9 ---4--4
_____. 4444 594 57.4% 4447 &94 5424%

_ST_ _ 48-54 S4 44 424 -4_54 44" 52.%

R.STPA4NT 640 39. 52-A4 64 M4 452.7%
RESTPJ.NT 22 8-349 -4% 22-2-9 8-3-9 -62
RESTR•.NT -24-44 849 -60.947 24-44 84- -6944
__PT 4-24 244 41.3% 4244 :744 4.%
P _ST_?.N 244-9 4-2-9 46.0% 2459 4-2- -4464%
RSTPNT 4q24 762 % -4---24 q76--7 5

ESTRAINT, 4S4 2899 4 6-.% 4843 7U8 46.3%
RET 4--7-86 4-20- 24% 4286 4429 4-3%
RESTP_ _ T 4446 846 440,% 446 8-56 -44-6"
PRETRAINT 924 45S -39..% 924 444 49-9%
R682RE 4NT 4644 75 44-5 47445- --54
RPSTP4!NT 2624 442 4 9.2% 2624- 442 49.2
RESTRAINT 44-5-- 44-3 -6--24 4427 444 62.2

84ES9 4-59 964 4.2% 4849 96 48-4%
RESP5NT -44 444 -4244 244 444 4-44
REST4PW'1NT 4-26 499 -59.8% 4-26 4-9 598%
RESTP?.!NT 4499 2 -60.9444 -1 4998 1 794- -60.4
RESTPRNT _5P 2--4 4746% -5-P 22- 476%
R88TýT __ 8927 34 8.% __ _ 92 -444 4849%
RESTRPI.NT 4442 2792 44.1% 4442 292- 44"o

4q69 1 -2-4% 4q69 162-"

O Westinghouse
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REP• 4 42-66 4-724 59.6 4 492- 59.4
11ST3IN2 444 183 4 4 46442 4830 44---

PSTP T 74gM 24-4 675, 74- 24-36 747%4
RESTP22NT 293 4--5-36 43; 20 444 4-.7%
P4ST446 T •4 19.2% 3440 9-79.%
PrT4N 2461 6642 55-2% 4244- 55K 464%
PESTR!NT -3416 2282 40 9-4 326 22S4 464%
PESTP•39Tg 442 6 -62.4 1% 9 44-1--62- 4 1-o'4
P _ _TP ýT 4 -5-7G44 44 l-/ 1241 .4c l%

P _EST _ __NT 9-74 44%96 4 45746 46 44% -444.%
RESTP4NT 4462 922 -41.2o4 446 92-2 --4--%
P _STP_ __NT _-724 744 - % 4-74 244--

Table 6.3.3.2-67: Seismic Anchor Loads for APP-RNS-PLA-170
Force - X (lb) Force - Y (lb) Force - Z (lb) Resultant Force (lb)Label

AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change

Penetration P20 1813 1618 -10.76% -1360 -1118 -17.79% 3607 3230 -10.45% 4259 3781 -11.22%

ANCHOR 1075 669 -37.77% 896 748 -16.52% 3258 2506 .-23.08% 3546 2699 -23.89%

ANCHOR 1470 649 -55.85% -1548 -709 -54.20% 651 555 -14.75% 2232 1111 -50.22%

ANCHOR 636 362 -43.08% 825 438 -46.91% 1079 805 -25.39% 1500 986 -34.27%

Penetration P19 11097 10056 -9.38% -7929 -5286 -33.33% 5081 5403 6.34% 14554 12580 -13.56%

ANCHOR -4020 -3548 -11.74% -1532 -1601 4.50% 3722 3288 -11.66% 5688 5095 -10.43%

ANCHOR -3208 -3367 4.96% 2431 2250 -7.45% 4053 3933 -2.96% 5713 5645 -1.19%

ANCHOR 3780 2938 -22.28% 4787 4311 -9.94% 6332 4819 -23.89% 8792 7102 -19.22%

Moment - X (ft-lb) Moment - Y (ft-lb) Moment - Z (ft-lb) Resultant Moment (ft-1b)Label
API000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change AP1000 CSDRS HRHF % Change API000 CSDRS HRHF % Change

Penetration P20 -3541 -3102 -12.40% 13752 12441 -9.53% 5702 5687 -0.26% 15303 14026 -8.34%

ANCHOR 5593 3902 -30.23% -8566 -4437 -48.20% 1747 987 -43.50% 10379 5990 -42.29%

ANCHOR -298 -255 -14.43% 280 237 -15.36% -301 -131 -56.48% 507 372 -26.63%

ANCHOR -450 -458 1.78% 621 585 -5.80% -217 -173 -20.28% 797 . 763 -4.27%

Penetration P19 -21916 -23723 8.25% 11168 12148 8.78% 69914 54200 -22.48% 74115 60399 -18.51%

ANCHOR -4880 -4185 -14.24% -18235 -16218 -11.06% -8176 -8115 -0.75% 20571 18612 -9.52%

ANCHOR -9923 -9625 -3.00% -6067 -6336 4.43% 2865 3211 12.08% 11979 11962 -0.14%

ANCHOR -13095 -11856 -9.46% -11543 -10006 -13.32% 12149 11017 -9.32% 21268 19028 -10.53%

OWestinghouse
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FoefeeX (lb) FaneeY (lb) ee-Z(k Requltant Frz(b
APN F F %Cme APING MRF ch • APri00

CSDRS CSDRS w cme SRS MI

Penetration P20 24-5S3 41187 4 4-250 824 4.1% 4742 944 -444% 32-54- 4--3 4%

HX ME/0 1 B 442894 39709 4.0% 4.65-89 444 75.% 50254 3-85- 34.6 264 659 2-34-g%

HX ME/01 A 474594 3 --9--444. 44-152-0 4"2 40 374-94 24269 34.0444 224468 6244- 72.-44

ANG10 41924 644 04% 940 47-0 406% 89 401- 44.904 23-46 -24 644-.4

ANGHOI 44-66 349 721 4433 440 T78% 4-53 444 62.9 2440 484 7- 04

ANCHOR 624 208 444 8,24 194 .4,04 286 444 504% 44- -4-7 0%

PAM P0 A 44-5-7 444 52.01% 4--3- 446 65 440 0 --- %-.-. 44019 33- -404%

R-... *19, 2625 4-2-94 4 % 25-88 4444 444o W0875 2--54- 74.47, 144 83 32457 4-"

r P9 9926 391 640-04, q-5199 419-2 3844% 0-3 4-2 438.-..4 12654 4404 44

ANCHO 41009 692 - 12-414 444 692 - 4 0-54 554- 4 48464 44-2 4-0%

ANC-H4 4-190 4449 64% 48279 4444 4-7-444 190 42-46 2.% 34045 224 - 2.60%

A-20 1-044 07% 4766 -241 -342--.% 4464 444- 4044 5244 -544 42.4

MoetX(tl)Mzrnnt Yý (ft lb) Mement Z (ft lb) RulatMomont(f )

+ HR]F % G -mRe G il -C-h-me C.SRS M 1f CSS i NR4 %V-G-e

PeeaP20 2043 4449 49444 8424 4240 404 7 44-5 4-346 44744 32-54 4q-3-36.7

AN-4OR 36484-70 8624392 7770 352401 844810 70; 24-80 5844 7444% 2444432- 65424• .4744

ANCHO 3849900 84945 7 ,0% 1 344475 789030 7.% 444458 49-56 57% 224484 624454 704

ANC-4O 64748 2-49 60; 16895 489943 7. 48 81 4 47% 2-46 924 44.4%

ANCHO 226 444 -50.4 4-P 400 -44.% 300 64 78.% 24-50 484 77.%

ANQ40 44-7 440 -6,4% 294 2P -19.4% 244 64 -694% 107- 44 40.5%

PuMP A 344-3- 9-244 -7449% 444-798 6444 -5-5% 1-7542 6746- 64-.44 4-0P-9 3&34- 7464

R-apW4-9 39934 8428 47.904% 42449 45442 5474% 10Q60 1 544445 5140% 1 14448 9242- -4-"%

Penetration P 19 9240 5,g441 474A 7-55 334-9 -42-.3-4 647461 207 -64 0,4 4--2654 460- 4 3.%

ANC-40 398-9 240-5 47% 46013 440- 9 40444 499 24.0 .404• 186 44-0 -404%

ANC-0 85440-7 4-4 3% 39745 2660 -4.84% 24 4943 4 30-59 44 224 2464.

ANC-. OR 44094 4404 4-4.%0/ 37-7- 2448 2727 4-24-86 824-9 32.9,04 5-24 45-4, -324%

*Westinghouse
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Table 6.3.3.2-78: Equipment Nozzle Stresses for APP-RNS-PLA-170

Label Equation 9F Stress Ratio

AP1000 CSDRS HRHF % Change

HX ME01A Inlet 0.174 0.163 -6.32%

HX MEO0A Outlet 0.119 0.119 0.00%

HX ME01B Inlet 0.167 0.174 4.19%

HX MEO0B Outlet 0.165 0.194 17.58%

Pump MP01A Inlet 0.257 0.169 -34.24%

Pump MPO1A Outlet 0.042 0.043 2.38%

Pump MPOIB Inlet 0.248 0.174 -29.84%

Pump MPO1B Outlet 0.061 0.06 -1.64%

Label eetSrs(pi

AP1000 CSDRS- 14R14F %0-6Chaigee

P6942 17077
472 2255 71.49

Pup -4P/O4-B 9W1467 58.39
77-45 2132 -72.5%

HX ME/4 A 477349-60.409;~
20989 4701 77.09

14X M&O 1 B 7-5574 3qw 49.99
7%4 3499 4584%

Results Summary for APP-RNS-PLA -170

* Equation 9F stress ratios are all less than 1.0. No point of the HRHF GMRS analysis
fails qualification.

" The ten highest stressed points for both the AP1000 CSDRS and HRHF GMRS analyses
show decreases in stress ratio at all but one point, which is a 1% increase.

* Less than 15% of all points show an increase in stress ratio. These increases occur at
points with low stress ratios (< 0.5). The greatest increase is approximately 18%.

* Valve nozzles stress ratio increases are within 5%.
* Tee connection stress ratio increases are within 2%.
* The greatest resultant support load increases occur at supports with low loads (< 2000

lbs). All other resultant support loads show increases less than 10%.
* Resultant anchor loads show no increase.

( )Westinghouse
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Piping stress ratios at equipment show small to moderate increases, but at stress ratios
less than 0.2.

1 .OASN4E Code Equatien 9 moement stresses far high frequeney speetra arc lower, atal
points, than for the AP1000 design seim r spectr.a; see Tables 6.3.3.2 1, 2, 3, 4,

1..A.I support loads are lower for high frequency spe.tra than AP1000 design seismi creponse
spectr-a; see Table 6.3.3.2-25.

2.OAl1 anchor- loads are lower fer high frequency spectr-a than APIOOO design seismic repons
spectra; see T-able. 6.3.3.2-6.

6.3.4 Summary and Conclusions

PIPESTRESS seismic analyses of the two packages were performed with both AP1000 CSDRS
and HRHF GMRS input. The AP1000 CSDRS analysis was performed with, 15% peak
broadened and enveloped response spectra. The HRHF GMRS analysis was performed with
15% peak broadened and enveloped response spectra with incoherence.

The majority of all points showed a decrease or no change in stress ratio. For the points that did
show stress ratio increases, the stress ratios were already low and remained low (< 0.5). The
largest increase was approximately 18%, but this still resulted in a low stress ratio of 0.454.

The few resultant support and anchor loads increases were at points with low loads (< 2000 lbs).
At other points with higher loads, increases were within 10%.

These small increases could be reduced or eliminated with more complex analysis techniques.
These techniques would further show that HRHF has minimal impact on piping stresses. These
techniques include:

* Use of multiple input response spectra. Multiple input response spectra reduces the
spectra exciting the lower points dues to attachments at higher elevations.

* Use of more selective input response spectra. The spectra shown here, envelope entire
floors: a practice used for the API000 design basis analysis. A more localized selection
of nodes would lower the input HRHF GMRS to a more appropriate level.

* Use of a time history analysis. A time history analysis would further reduce results by
eliminating the conservatism of a response spectrum analysis.

* Use of non-linear analysis. A non-linear analysis would allow for more accurate
modeling of gapped supports. The gap of installed supports are not reflected in a
PIPESTRESS analysis. By modeling support gaps, the response of higher modes may be
eliminated because supports are not engaged due to the low displacements (< 1/16 of an
inch) of high frequency inputs.

RAI-SRP3.12-EMB-03 Rev. 1
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The layouts of ASNE Class 1, 2, and 3 pa.kag. wrev.d along. ith lcal input seismi
response spectra fer suseeptibilit' to iexcittatine from H4R1F seismie input mnotion. Twoppn
pa1kages, APP PXS PLA 030 and APP RNS PLA 170, inside and outside .ontainment

repciely, were chosen as the most susceptible to excitation from HR14F seismic input motion.

PIPESTRESS seismic analyses of the two packages wer-e performed with both AP1GOG design
seismic r-esponse spectra and H4RHF seismaic inu spectr.a. AP1000 design seismice response
spectra analysis was per-formed with 150%, peak broeaddenie-d and enveloped response spectr-a. The
high f.equency analys i... ..... .er.formed with 150% peak broadened, multiple level HRHF
response pt w i r

The str-ess eulso the HR44F seismic analysis are bounded by the stress results of the API 00
CSDRS seismic analysis. Despite the different layout~and locations, both analysis packages
showed simfilar response to high frequency sismicI inpt against APIOOO design seismic
r-esponse spectr-a seismic input. Because of the way the sample packages were selected for study,
the results are deemed as repr-esentative for- all safeý' class piping in the plant. As a result, the
effcct of high frequency, input on piping analysis is found to be bounded by the CSDRS analysis.

O Westinghouse
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