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EXECUTIVE SUMMARY

The South Texas Project Unit 3 (STP Unit 3) nuclear power plant is the first Advanced Boiling Water
Reactor (ABWR) constructed in the U.S. ABWRs have been successfully operating since 1996 in Japan;
there are four similar ABWRs currently operating in Japan and two more units are under construction in
Japan. In addition, two other ABWRs are under construction in Taiwan.

U.S. NRC Regulatory Guide (RG) 1.20, Comprehensive Vibration Assessment Program for Reactor
Internals during Preoperational and Initial Startup Testing, provides guidance for the comprehensive
vibration assessment program (CVAP) for nuclear power plants during preoperational and initial startup
testing. The program is intended to demonstrate that the reactor internals are adequately designed to
withstand flow-induced vibration (FIV) forces at normal and transient plant operating conditions for the
design life of the plant. The latest revision (Revision 3, March 2007) of RG 1.20 contains additional
requirements based with recent Boiling Water Reactor (BWR) experiences on the steam dryers. STP Unit
3 is designated as a prototype plant. Kashiwazaki-Kariwa Unit 6, herein referred to as the reference
Japanese ABWR (RJ-ABWR), commenced successful commercial operation in 1996 and went through
extensive testing to show that the reactor internals are adequately designed to withstand FIV loads.

This report documents the approach used to qualify the STP Unit 3 steam dryer for FIV loads using the
guidance of RG 1.20, Revision 3. The structural qualification of the STP Unit 3 steam dryer is based on
the following considerations:

Operating Experience

The STP dryers are essentially identical to the RJ-ABWR and [ ] herein referred to as
the J-ABWR. The RJ-ABWR has operated for over twelve years and the J-ABWR has operated since
2005. The operating ABWRs have dryers that are essentially identical in both configuration and plant
operating conditions. The dryers for both operating plants have been inspected and no indications have
been found. In addition, the ABWR dryer incorporates improvements in the dryer design that results in
greater structural capability and better performance than earlier dryer designs.

Design Modifications to Avoid Acoustic Resonance

Subscale testing was performed to determine if an acoustic resonance would occur for power levels up to
100%. The initial subscale tests[

]'. Although the operating experience and inspection results [

a~c

Instrumentation During Startup

The STP Unit 3 steam dryer will be instrumented and monitored during initial plant startup with pressure
transducers, strain gages, and accelerometers. To ensure that the operating experience for the dryer
stresses are below the fatigue endurance limit, a confirmatory plan to hold the plant during initial startup
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at 60% power to generate limit curves will be performed. Data will be collected at increments of [ ]ac
power up to 100% and limit curves will be generated at each [ ]"'c power increment.

Thus, the

]a•c will ensure the

structural adequacy of the STP steam dryer due to FIV loads.
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1 INTRODUCTION

1.1 BACKGROUND

The main function of the steam dryer in a Boiling Water Reactor (BWR) is to remove moisture from the
steam in order to minimize erosion of piping and the turbine. The dryer is not safety-related and is not an
ASME Code component. Although there have been some differences in the design configuration of the
steam dryer with evolution of BWR types (BWR/2-6) and the Advanced Boiling Water Reactor (ABWR),
the basic features of the dryer have remained essentially the same.

The steam dryer assembly is mounted in the reactor vessel above the separator assembly and forms the
top and sides of the wet steam plenum. During refueling operations, the dryer is removed to allow access
to the reactor core. Vertical guide rods on the inside of the vessel provide alignment for the dryer
assembly during re-installation. The dryer assembly is supported by brackets extending inward from the
vessel wall and is held down in position during operation by the vessel head hold down brackets. Steam
from the separators flows upward and outward through the dryer's drying vanes. These vanes are
attached to a top and bottom supporting member forming a rigid integral unit. Moisture is removed and
carried by a system of troughs and drains to the pool surrounding the separators and then into the
recirculation downcomer annulus between the core shroud and reactor vessel wall.

Regulatory Guide (RG) 1.20 provides guidance for the comprehensive vibration assessment program
(CVAP) for nuclear power plants during preoperational and initial startup testing. The program is
intended to demonstrate that the reactor intemals are adequately designed to withstand flow-induced
vibration (FIV) forces at normal and transient plant operating conditions for the design life of the plant.
The ABWR was designed and certified under RG 1.20 Revision 2. This same design is employed in
multiple ABWR plants in Japan. One of those Japanese ABWRs, as described in WCAP-17370-P
(Reference 1-2) and referred to as the reference Japanese ABWR (RJ-ABWR), commenced commercial
operation in 1996 after going through extensive preoperational and start-up testing to confirm that the
reactor internals are adequately designed to withstand FIV loads. The RJ-ABWR steam dryer has an
excellent operating history as demonstrated by tests and inspections. The latest revision (Revision 3,
March 2007) of RG 1.20 contains additional requirements based on recent BWR experiences on steam
dryers. Based on the need to address the current guidance, STPNOC (now NINA) decided that STP Unit
3 reactor internals will be designated as the U.S. ABWR prototype.

1.2 APPROACH - OVERVIEW

As stated above, the steam dryer design in the ABWR certified design was developed to satisfy the
guidance of RG 1.20 Revision 2. The Final Safety Evaluation Report (FSER) for the ABWR (NUREG-
1503) states that the response of the dryer to FIV must be predicted before final design approval;
discusses the analyses that were done by the Design Certification (DC) applicant which were reviewed by
the Nuclear Regulatory Commission (NRC) staff; and concludes that the combination of predictive
analysis, pre-test inspections, tests, and post-test inspections assures that the reactor internals will perform
without loss of structural integrity. The DCD specifies a peak stress amplitude limit that is significantly
lower than the ASME Code allowable value (the ASME allowable is approximately 37% higher than the
DCD allowable value). Thus, the certified dryer design has a predictive analysis that is adequate for this
lower allowable stress. This has been confirmed by pre-operational testing at the RJ-ABWR, which

WCAP-17385-NP February 2011
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confirmed the peak and alternating stresses in the steam dryer meet the allowable limit, and that the
maximum stresses are less that this conservative allowable limit.

RG 1.20 Revision 3 Part D - Implementation, states, "Except in those cases in which a licensee proposes
or has previously established an acceptable alternative method for complying with specified portions of
the NRC's regulations, the NRC staffwill use the methods described in this guide...". Because the
certified ABWR steam dryer design was not designed specifically to meet the guidance of RG 1.20
Revision 3 (as portions of this guidance were not available at the time), but was designed to satisfy the
earlier guidance of RG 1.20 Revision' 2, the approach to show the structural acceptability of the dryer is to
use a combination of the previously established qualification of the dryer along with a proposed
alternative to provide a means to demonstrate that the reactor intemals will perform without loss of
structural integrity, as discussed in the FSER. The alternate approach consists of the activities as
described in the following paragraphs:

Operating Experience

[

a,C.

Eliminate Acoustic Resonance

To ensure that the STP steam dryer is not subjected to acoustic loads, subscale tests were performed to
confirm that the design of the safety relief valve (SRV) branch connections and stand pipe do not generate
acoustic loads on the dryer. Modifications to the [ IaIc were tested to ensure that acoustic
resonance will not occur at power levels up to 100%.

Dryer Instrumentation During Startup

The STP Unit 3 dryer instrumentation uses an approach that utilizes a [ ]a~c and
relies on the [ ]Pc to determine associated stress response due to a ]c

that is used to determine locations. It also locates instruments to confirm the load definition and measure
the steady state operating stresses. The [ ]ac refers to the acoustic field in the steam dome and
the associated stress response resulting when imposing a [

]ac at one of the main steam line (MSL) entrances while setting the
]"C Each solution is calculated numerically by solving the Helmholtz equation in the steam

dome for the given acoustic sources and calculating the stress response on the steam dryer resulting from
this acoustic load. Dryer locations that show [

ac are used to determine the sensor types and locations.

Startup Test - Power Ascension Plan

Additionally, the startup testing will include an initial hold point at 60% power to collect steam dryer data
and generate limit curves to ensure that the steam dryer stresses are below the fatigue limit. Thereafter,
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for every [ ], power increment up to [ ]• power, the plant will hold power to collect steam dryer
data and generate limit curves.

To ensure that the dryer stresses are within acceptable limits, the following steps will be taken during
power ascension:

1. Power will be held at approximately 60% power so that dryer instrumentation data can be
collected and the minimum stress ratio will be computed. Two sets of limit curves will be
generated for continuing power ascension based on selected pressure transducers on the STP Unit
3 steam dryer. The limit curves stress level are predicted on the full scale STP steam dryer and
represent the accelerometer, strain gage, and/or pressure transducer locations or combinations of
locations. The limit curves will be provided to the NRC for information only.

Measurements at a minimum of [ ]j'c pressure transducer locations will be required during
power ascension so that monopole and dipole sources can be computed at each of the four MSL
entrances. The MSLs will be instrumented with strain gages for [ ]a'c.

MSL data [ ]a steam dryer qualification.

2. Power ascension will continue to [ ]a,'c power and the limit curves will be redrawn. If the limit
curves are not exceeded, power ascension will continue and the revised limit curves will be
supplied to the NRC for information only. If the limit curves are exceeded, the procedure
discussed below will be followed.

3. Power ascension will continue to [ ]'c power and the limit curves will be redrawn. If the limit
curves are not exceeded, power ascension will continue"and the revised limit curves will be
supplied to the NRC for information only. If the limit curves are exceeded, the procedure
discussed below will be followed.

4. Power ascension will continue to [ ]'c power and the limit curves will be redrawn. If the limit
curves are not exceeded, power ascension will continue, and the revised limit curves will be
supplied to the NRC for information only. If the limit curves are exceeded, the procedure
discussed below will be followed.

5. Power ascension will continue to 100% power and the limit curves will be redrawn. A full stress
report will then be prepared and submitted to the NRC for review and approval per RG 1.20
Revision 3 (Reference 1-1).

At the power levels defined above, accelerations, strains, and pressures will be recorded at selected
locations on the STP Unit 3 steam dryer and the procedure described below will be followed to be
consistent with the approach implemented previously for other BWR steam dryers. [

]ac

WCAP-17385-NP February 2011
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During power ascension, should any of these quantities exceed a Level 2 limit curve, the power will be
held at that power level until a real-time stress analysis is performed to develop new limit curves. Should
a Level 1 limit curve be exceeded, the power will be reduced to a previous power level in which Level 1
was not exceeded and a real-time stress analysis will be performed to develop new limit curves.

Thus, the [
ac will ensure

the structural adequacy of the STP steam dryer due to FIV loads.

Section 2 provides an overview of the dryer design.

Section 3 discusses the operating experience of ABWRs. Specifically addressed is the field experience
that led to improvements in the ABWR dryer design, and the successful operation and available
inspection of [ Pc ABWRs in Japan.

Section 4 describes the [
resonance in the ABWR.

]c performed to [ ] a, acoustic

Section 5 describes the dryer instrumentation used during initial startup of STP Unit 3. This includes the
methodology used to determine the sensor types, number of sensors, and sensor locations.

Section 6 discusses the steam dryer power ascension plan, including the methodology for generation of
the limit curves, the application of the biases and uncertainties, as appropriate, and the validation of using
pressure data at select locations develop loads for the rest of the dryer.

Section 7 summarizes the technical basis for the conclusion that the STP Unit 3 dryer is structurally
adequate for FIV loads.
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1.3 REFERENCES FOR SECTION 1

1-1 U.S NRC Regulatory Guide 1.20, Rev. 3, "Comprehensive Vibration Assessment Program for
Reactor Internals during Preoperational and Initial Startup Testing," March 2007.

1-2 Westinghouse Report, WCAP-177370-P, "South Texas Project Unit 3 Comprehensive Vibration
Assessment Program, Measurement, Test and Inspection Plan," February 2011. (Proprietary)
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2 STEAM DRYER DESCRIPTION

The STP Unit 3 reactor internal components are shown in Figure 2-1. The steam dryer is located in the
steam dome. Figure 2-1 shows the location of the steam dryer relative to the rest of the reactor internal
components.

The steam dryer consists of an upper and lower assembly. The upper assembly consists of the dryer
banks, hoods, and troughs. The lower assembly includes the skirt and the drain channels. The upper and
lower assemblies are connected by a support ring. The steam dryer is supported by four brackets welded
on the vessel shell at the location of the support ring. Figure 2-2 shows the steam dryer and the steam
dryer components.
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Figure 2-1 ABWR Reactor Internal Component Arrangement
(Taken from Reference 2-1)
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2.1 REFERENCES FOR SECTION 2

2-1 Toshiba Document, RS-5126954, Rev. 1, "Prototype ABWR Reactor Internals Flow Induced
Vibration Test Report." (Proprietary)
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3 ABWR OPERATING EXPERIENCE

The ABWR is an evolutionary design that builds on operating BWR experience and includes significant
design improvements in the dryer design.

3.1 OPERATING EXPERIENCE

Historically, there have been instances of minor cracking in BWR steam dryers, with the exception of the
more significant Quad Cities Extended Power Uprate (EPU)-related dryer cracking. A variety of options,
(e.g. hole drilling to stop crack growth, increasing weld size, and replacement of plates with thicker
plates), have been implemented successfully as design fixes. Cracking in the dryer would have to be very
significant to cause structural integrity concerns. Because dryers are visually inspected after removal in
outages, significant cracking and associated loose parts due to cracking during the subsequent cycle are
unlikely (the experience at the two Quad Cities units was an exception because of the Electromatic Relief
Valve (ERV) stand pipe configuration that caused acoustic resonance and subsequent dryer cracks when
EPU conditions were applied. When cracking has occurred as a result of plant operation, design fixes
were implemented successfully and subsequent designs (such as the RJ-ABWR) incorporated the design
fix ideas applied to the previous dryer designs. The successful operating experience with the RJ-ABWR
and J-ABWR dryers (which are essentially identical to the STP dryers) shows that the design
improvements based on the fixes for previous steam dryer problems have been effective. Table 3.1-1
shows a summary of the improvements to the ABWR dryers.

Reference 3-1 documents the successful operating experience and results of inspections of [ ]
operating ABWRs.

]2c

In 2007, RJ-ABWR experienced an earthquake that exceeded the original seismic design and the plant
was shutdown for inspections and evaluations.

a~c

[ I axc
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Table 3.1-1 Comparison of STP Dryer with Other BWR/2-6 Dryers

a,b,c
I;

Cracking Attribute
ft +

Support Ring

ft

Drain
Channel

Component Dryer Hood

ti *1-

Tie Bar

Skirt

Lifting Rod

IGSCC

ii. *1

Fatigue

Cracking
Mechanism

Crevice
cracking

14 4

Acoustic
Resonance

ASME

Regulatory
Codes

BWRVIP
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Table 3.1-2 1 I aSI

a,b,c
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Table 3.1-3 [ I a, C

ab,c

WCAP-17385-NP February 2011
Revision 0



U7-C-NINA-NRC-1 10035
Attachment 3

3-5WESTINGHOUSE NON-PROPRIETARY CLASS 3

3.2 REFERENCES FOR SECTION 3

3-1 Westinghouse Report, WCAP- 17369-P, "ABWR Dryer Operating Experience for STP Units 3
and 4," February 2011. (Proprietary)
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4 ELIMINATION OF ACOUSTIC RESONANCE

Startup data for the RJ-ABWR shows that the [ ]" Even though [
]ac on the RJ-ABWR and J-ABWR dryers. Although there is an

[ ]ja'I have been performed on the RJ-

ABWR and J-ABWR dryers, the

Thus, the [
resonance occurs up to 100% power level.

4.1 DESIGN METHODOLOGY

],C has been [
Sac

C and subscale tests were performed to confirm that no

ac

Figure 4.1-1 Modified Stand Pipe Design
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4.2 SUBSCALE TEST

Subscale tests were performed for STP Unit 3; the initial test loop consisted of a four loop acoustic test
model as described in the test plan (Reference 4-2) and documented in Reference 4-3. The four loop
acoustic test model includes the reactor and plant from the steam-water interface in the reactor pressure
vessel (RPV) to the pressure equalizer just upstream of the turbine, the four MSLs, and the SRVs. Figure
4.2-1 shows a photograph of the four loop test setup. Details of the development of the design of the four
loop acoustic test model are documented in Reference 4-4.

The four loop subscale test had

I ac

The [ ]Pc described in Section 4.1 was tested in a [

I a~c

Tests were performed that corresponded to plant operation at [
]'c configurations. The RJ-ABWR configuration was initially tested on the single loop test setup to

confirm that the test setup resulted in the same results as the four loop configuration.

Subscale Test Results

Tests on the four loop setup were performed at a range of power levels for this configuration from [
]ac plant power levels (Reference 4-6). The [

]a'C in the four loop tests. The RJ-ABWR SRV [

]a•c

The [ C and a single line subscale test was performed to confirm that acoustic
resonance will not occur for operating conditions up to 100% power. The results of the [

] c showed that acoustic resonance does not occur for power levels

up to 110% (Reference 4-5).

]a,c Details of the single line test results are documented in Reference 4-5.

Note that the models for the subscale test [

I a~c

Conclusion

The modification to the [ ]ac will eliminate the acoustic resonance for STP Units 3 and 4.
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-1 ac

Figure 4.2-1 [ I asc
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4.3 REFERENCES FOR SECTION 4

4-1 Fauske and Associates Report, FAI/10-587, Rev. 0, "South Texas Unit 3 Single Line Acoustic
Model Test Specification," January 2011. (Proprietary)

4-2 Fauske and Associates Report, FAI/10-445 Rev. 0, "South Texas Unit 3 Supplemental Test Plan
for 4 Loop Acoustic Model," October 2010. (Proprietary)

4-3 Fauske and Associates Report, FAI/10-547, Rev. 0, "South Texas (STP) Unit 3 Supplemental
Test Report for 4 Loop Acoustic Model - Data Evaluation," November 2010. (Proprietary)

4-4 Westinghouse Report, CN-A&SA- 10-31, Rev. 1, "South Texas Unit 3 Scaling to Four Line
Subscale Model," July 2010. (Proprietary)

4-5 Fauske and Associates Report, FAI/1 1-0105, Rev. 0, "South Texas Project (STP) Unit 3 Single
Line Test Report and Data Evaluation," January 2011. (Proprietary)

4-6 Fauske and Associates Report, FAI/10-507, Rev. 0, "South Texas (STP) Unit 3 Supplemental
Test Report for 4 Loop Acoustic Model," November 2010. (Proprietary)
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5 DRYER STARTUP INSTRUMENTATION

In order to determine the acoustic loads acting on the STP steam dryer and the associated dryer stresses,
the dryer will be instrumented with a collection of pressure transducers (PTs), strain gages (SGs) and
accelerometers. This section documents the methodology and instrumentation to be used for the STP
Unit 3 steam dryer stress monitoring during the power ascension to 100%. [

a~c

Steam dryer stress estimation is a [ ]ac. The [

I ac

For this reason, the [

]ac

In addition to describing the general methodology, this discussion delineates the locations of the various
sensors used and provides reasons for their selection. The instrumentation for the STP Unit 3 dryer
consists of [ ]a"c PTs and [ ]a"C SGs with [ ]a'c accelerometers intended to monitor [c
The selection of the PT locations is based on a combination of

]ac
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a~c

The following sections describe the overall methodology and details concerning key aspects of its
numerical implementation. This is followed by a summary and accompanying discussion regarding the
placement of the [ ],C for collecting the data needed to estimate the
MSL entrance pressures. Results are also presented recording the rank and condition number (an
indication of how well the MSL entrance signals can be measured for a given sensor suite) of the least
squares estimation method as a function of frequency.

5.1 FINITE ELEMENT MODEL

The STP steam dryer FEM was built with ANSYS Version 11 and is shown in Figure 5.1-1. The FEM
consists of mostly [ ]ac

The model has [ ]ac nodes and [ ]a•c elements. Details of the development of the FEM are
documented in Reference 5-1.

]8C The model is separated into many elements. Generally, these

components have boundaries at welds.

The dryer structure consists of [

] C
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[

],ac are shown in Figure 5.1-8.

The [

]" The lifting lug arrangement is shown in
Figure 5.1-11.

Finite Element Model Mesh and Connectivity

The dryer plates are all modeled [

The vane bank [

Iapc

a,c

Vane Bank Representation

The vane bank modules are box-like structures with many internal hanging chevrons. [

]Pc The perforated
plates [

]a,c
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a~c

Figure 5.1-14 shows the [

Ia~c

Lifting Rod Representation

The lifting rod itself is modeled

],c are shown in Figure
5.1-12. [

I a~c

Dryer Skirt Submerged in Water

The dryer skirt is partially submerged in water. The skirt and drain channel components are separated
into groups above and below the water line. The acoustic loading is only applied to elements above the
water line. The material density for the stainless steel below water has been adjusted to account for the
effect of the hydrodynamic mass.
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Figure 5.1-1 Steam Dryer FEM
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-1ac

Figure 5.1-2 [ I a~c
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ac

Figure 5.1-3 1

Figure 5.1-4 Vane Bank [

I R

--- ac

I ftc
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a,x

Figure 5.1-5 Vane Bank Mass Blocks

Figure 5.1-6 [ I a~c
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-- Ia~c

Figure 5.1-7 Hood Supports

--- ac

Figure 5.1-8 Hoods
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a,c

Figure 5.1-9 Dryer Viewed From Below

- ac

Figure 5.1-10 Skirt and Drain Ducts
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ac

Figure 5.1-11 Lifting Rods

1 ac

Figure 5.1-12 Moment Transfer Beams
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--- ax

Figure 5.1-13 Vane Bank Details
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a,c

Figure 5.1-14 Solid Element Vane Bank Mass Blocks

5.1.1 Modal Analysis

As part of the preoperational and startup testing for the RJ-ABWR, a hammer test was performed to
identify the as-built frequencies and mode shapes of several key components of the dryer at ambient
environment conditions. Because the STP Unit 3 steam dryer is essentially identical to the RJ-ABWR,
the results of the RJ-ABWR hammer test can be compared to the modal analysis results for the STP Unit
3 steam dryer.

A modal analysis has been performed for the STP Unit 3 dryer that incorporates the same boundary
conditions as the hammer test of the RJ-ABWR for the purpose of comparing analytical and test results.
The dryer components that were compared include the outer and middle hoods, cover plate (270-degree
side with no manhole cover), skirt, and drain channel. Details of the modal analysis and comparison to
the RJ-ABWR hammer test results are documented in Reference 5-2. Table 5.1-1 provides a summary of
the comparison between the hammer test results and the STP Unit 3 analytical results. This comparison
between the RJ-ABWR hammer test results and the STP FEM modal analysis results show that the STP
FEM provides a realistic representation of the actual dryer.
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Table 5.1-1 Comparison of RJ-ABWR Hammer Test and STP Modal Analysis Results
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5.2 DRYER INSTRUMENTATION METHODOLOGY

The STP steam dryer will be instrumented with [ ]" PTs, [ ]"C accelerometers and [ ]aC SGs. In
addition, SG measurements at [ ]"• locations on each of the MSLs will also be recorded to indirectly
measure the dynamic pressure responses at those locations, though the intent of that data is for
information purposes only. Using the methodology described in the following sections, it is planned to
use the collected data to estimate the stresses on the steam dryer and quantify the biases and uncertainties
attached to this estimate. The data are also available to address a secondary objective of [

]ac

5.2.1 Methodology

- ax

5.2.2 [ IJ'
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__ a.

Figure 5.2.2-1 Steam Dryer Schematic with One MSL Entrance

ac

Figure 5.2.2-2 1 I a~c

Sac
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a,c
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a,c
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- a,

5.2.3 Application to Strain Gage Measurements

-- a~c
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m ,a

5.2.4 Numerical Implementation Details

-- ax
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-- I a,c
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ax

Figure 5.2.4-1(a) [
I SIC

Note: [ p ~c
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-- Ia,

Figure 5.2.4-1(b) [
I a.c
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ac

Figure 5.2.4-2(a) I
I axC
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ax

Figure 5.2.4-2(b) [

I ac
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mac

Figure 5.2.4-3(a) [
I a
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---- aýc

Figure 5.2.4-3(b) [
IJa
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- acx

Figure 5.2.4-4(a) [
I a~c
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- a,c

Figure 5.2.4-4(b) [
I 8,C
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Figure 5.2.4-5(a) [
I SIC
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Figure 5.2.4-5(b) [
I 94C
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5.2.5 Stress Evaluation
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1 ac

5.2.6 Application of Frequency Shifting and Biases and Uncertainties
a,c
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-1- &'C
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5.3 DRYER INSTRUMENTATION

This section describes the sensor types and locations for the STP Unit 3 dryer.

5.3.1 Pressure Transducers

ax
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1 a,c

Redundancy
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Table 5.3.1-1 PT Locations

a,c
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a,c

Figure 5.3.1-1 RJ-ABWR Steam Dryer Instrumentation
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a,x

Figure 5.3.1-2 PT Locations [ 1 94C

ac
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-- 8,c

Figure 5.3.1-3 PT Locations [ I ax

K
ax
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5.3.2 SG Locations

- ax
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-I a,c
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Table 5.3.2-1 Strain Gage Locations
- a,c
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-- ac

Figure 5.3.2-1 [ I .,C
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a,c

Figure 5.3.2-2 [
I BC
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1 a,c

Figure 5.3.2-3 Strain Gage Locations [

The stress contours represent estimated alternating stresses.

I ax
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- ac

Figure 5.3.2-4 Strain Gage Locations [

The stress contours represent estimated alternating stresses.

I a~c
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5.3.3 Accelerometer

- ac

Table 5.3.3-1 Accelerometer Locations
-1 ac

Figure 5.3.3-1 Accelerometer Locations
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5.4 RESULTS OF INSTRUMENTATION EVALUATION

-- a~c

5.4.1 Condition Number and Rank for PT Arrangement
ac
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a,c

Table 5.4.1-1 Condition Numbers and Frequency for PT Sensor Arrangement 1
- ac
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- ac

Figure 5.4.1-1 Condition Number Variation with Frequency for PT Sensor Arrangement 1
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a,c

Figure 5.4.1-2 Rank Calculated in SGELSS using RCOND=0.01
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5.4.2 Condition Number and Rank for SG Arrangement

-- ac

Table 5.4.2-1 Condition Numbers and Frequency for SG Sensor Arrangement
a,c
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-- a,c

Figure 5.4.2-1 Condition Number Variation with Frequency for SG Sensor Arrangement
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5.5 SUMMARY

The methodology for placing pressure transducers, strain gages, and accelerometers on the STP Unit 3
dryer and evaluating their effectiveness in estimating the MSL entrance sources have been described in
the preceding sections.

The PT sensor arrangement has
]ac

An arrangement of SG sensors is also presented and evaluated. [

]Iac
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6 STEAM DRYER POWER ASCENSION PLAN

6.1 APPROACH - OVERVIEW

The following sections (details provided in Reference 6.1) describe the power ascension plan for the
steam dryer will include an initial hold point at 60% power to collect steam dryer data and generate limit
curves to ensure that the steam dryer stresses are below the fatigue limit. At [ ]aC power, the flow is
approximately [ ]a,' at 100% thus; no acoustic resonance is expected to occur.
Thereafter, for every 10% power increment up to 100% power, the plant will hold power to collect steam
dryer data and generate limit curves.

a,c

The following sections describe

* Limit curve methodology

* Power ascension process

* Validation of the use of steam dryer pressure data

* Biases and uncertainties

WCAP-17385-NP February 2011
Revision 0



U7-C-NINA-NRC-110035
Attachment 3

6-2WESTINGHOUSE NON-PROPRIETARY CLASS 3

6.2 LIMIT CURVE METHODOLOGY

-- ac

Figure 6.2-1 Schematic of the Solution Field

-1 ac
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--- Ia,
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6.3 POWER ASCENSION PROCESS

To ensure that the dryer stresses are within acceptable limits, the following process will be used during
initial startup power ascension:

-1 ac
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--- I a,c
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6.4 VALIDATION OF THE USE OF [ ]AC

--- I ac

These results give qualitative confidence that the methodology will provide an accurate representation of
the [ ]c loads on the dryer.
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Figure 6.4-1 Schematic of the Subscale PT Locations IDP1 to IDP12 (Reference 6-5)
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- a,c

Figure 6.4-2 Schematic of the [ I axc

I ac

WCAP-17385-NP 
February 2011

WCAP-17385-NP February 2011
Revision 0



U7-C-NINA-NRC-1 10035
Attachment 3

6-9WESTINGHOUSE NON-PROPRIETARY CLASS 3

--- 1 ac

Figure 6.4-3 [

I 8,c
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--- i ax

Figure 6.4-4 [
I 8,c
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a,c

Figure 6.4-5 [

IJR
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a,c

Figure 6.4-6 [

I B.C
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6.5 BIASES AND UNCERTAINTIES

- ac

6.5.1 Bias and Uncertainty at [ ]",c Power

-- i a~c
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-- i ac
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Table 6.5-1 Bias and Uncertainty forI[ 1R

Sac
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--- j ac

Figure 6.5-1 [

Ia~c
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axc

Figure 6.5-2 [
I RIC
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-1 ac

Figure 6.5-3 [

I B~C
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= alc

Figure 6.5-4 [

I aBc
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7 CONCLUSIONS

The structural adequacy of the STP Unit 3 dryer is based on
],C The approach to qualify the STP Unit 3 dryer

using the guidance of RG 1.20 Revision 3 (Reference 7-1) is based on the following.

* Operating Experience

]a•c

Design Modifications to Avoid Acoustic Resonance

I

I a~c

Instrumentation During Startup

[

I a~c

In summary it can be stated that:

* The ABWR design is an evolutionary design that has incorporated design changes and
improvements based on operational experience of previous generations of BWR designs.

RJ-ABWR has undergone an extensive preoperational and power testing and a thorough
inspection program during startup without showing any damage to the dryer.

RJ-ABWR and J-ABWR have accumulated over 12 years of operation without any indication of
damage to the dryers as shown by the results of inspections described in Reference 7-2.
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* RJ-ABWR and J-ABWR have never undergone any repairs to the dryers.

* STP Units 3 and 4 dryers are essentially identical to RJ-ABWR and J-ABWR in both structural
configuration as well as operational parameters.

* Acoustic resonance has been eliminated ac ]aC

* The STP Unit 3 dryer will undergo a CVAP that involves a power ascension plan to hold the
power level at 60% to collect [ Ia," to allow development of limit curves
that would be utilized to go up to 100% power level in discrete steps.

This report concludes that the STP Unit 3 dryer would meet the cyclic stress requirements and perform
without degradation during power operation.
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