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Safety Evaluation Report 
GEH Licensing Topical Reports 

NEDE-33312P, NEDC-33408P, and NEDC-33408P Supplement 1 
 

This safety evaluation report (SER) documents the U.S. Nuclear Regulatory Commission (NRC) 
evaluation of three licensing topical reports (LTRs) provided by GE-Hitachi Nuclear Energy 
(GEH or the applicant) to explain, substantiate, and benchmark its procedure for computing 
oscillating pressure loads acting on the steam dryers in economic simplified boiling-water 
reactor (ESBWR) nuclear power plants.  The applicant applies a plant-based load evaluation 
(PBLE) method, which is based on its experiences with existing boiling-water reactor (BWR) 
plants, including the advanced boiling-water reactor (ABWR) on which the ESBWR design is 
based.  The reports benchmark the PBLE method against measurements made in two existing 
BWR plants. 
 
This SER provides the evaluation of the applicant’s LTRs and the applicant’s responses to 
several requests for additional information (RAIs) associated with the LTRs.  The final LTRs 
submitted by the applicant reflect the resolution of all RAI resolutions.  As discussed in more 
detail below, the staff finds the applicant’s PBLE procedure to be well substantiated, suitably 
benchmarked, and conservative, since the applicant will include appropriate correction factors 
based on benchmark bias errors and uncertainties.  The staff also finds the applicant’s plans for 
updating the procedures and modeling parameters for the ESBWR plant based on future 
prototype plant measurements to be well substantiated and conservative. 
 
1.0 Regulatory Criteria 

 
The staff applied the following regulatory requirements to the three LTRs: 
 
• Title 10 of the Code of Federal Regulations (10 CFR) Part 50 (Ref. 1), “Domestic 

Licensing of Production and Utilization Facilities,” and 10 CFR 50.55a, “Codes and 
Standards,” as they relate to codes and standards 

 
• General Design Criterion (GDC) 1, “Quality Standards and Records,” of 

Appendix A, “General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50, as it 
relates to structures and components being designed, fabricated, erected, constructed, 
tested, and inspected to quality standards commensurate with the importance of the 
safety function to be performed  

 
• GDC 2, “Design Bases for Protection against Natural Phenomena,” of Appendix A to 

10 CFR Part 50, as it relates to systems, components, and equipment important to 
safety being designed to withstand appropriate combinations of the effects of normal and 
accident conditions with the effects of natural phenomena, such as the safe-shutdown 
earthquake  

 
• GDC 4, “Environmental and Dynamic Effects Design Bases,” of Appendix A to 

10 CFR Part 50, as it relates to systems and components important to safety being 
appropriately protected against the dynamic effects of discharging fluids 
 

 
  

Enclosure 1 



 
 

 - 2 -

 
• Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and Fuel 

Reprocessing Plants,” to 10 CFR Part 50, as it relates to design quality control 
 
The staff applied the following guidelines as acceptance criteria for the three LTRs: 
 
• Regulatory Guide (RG) 1.20, Revision 3, “Comprehensive Vibration Assessment 

Program for Reactor Internals during Preoperational and Initial Startup Testing,” issued 
March 2007 (Ref. 2) 

 
2.0 Summary of Technical Information   

 
The applicant provided two LTRs and an LTR supplement that describe its PBLE method for 
defining dynamic loads on the ESBWR steam dryer design.  The first LTR, NEDE-33312P, 
Revision 1, “ESBWR Steam Dryer Acoustic Load Definition,” issued July 2009 (Ref. 3), 
describes the ESBWR steam dryer load definitions based on the PBLE method.  The second 
LTR, NEDC-33408P, Revision 1, “ESBWR Steam Dryer—Plant Based Load Evaluation 
Methodology,” issued July 2009 (Ref. 4), describes the method the applicant uses to define 
unsteady hydrodynamic loads acting on the ESBWR steam dryer.   

 
[[ 
                  ]]. The supplement to the second LTR, NEDC-33408P, Supplement 1, Revision 1, 
“ESBWR Steam Dryer—Plant Based Load Evaluation Methodology Supplement 1 (Ref. 5),” 
provides additional benchmarking of the PBLE method, as well as a modified PBLE approach 
[[ 
                                                                                                                     ]]. 
  
NEDE-33312P, Revision 1, provides an overview of the approach and methodology that will be 
used to define the final dynamic loading on the ESBWR steam dryer during normal operation 
conditions.  This load definition will then be used, in combination with other design loads, to 
design the steam dryer.  [[ 
 
 
                              ]].  The results of these measurements will then be used to further validate 
and refine the method for defining steam dryer loads.  
 
2.1 Flow-Induced Loads for Steam Dryer Design    
 
The flow-induced vibration (FIV) loading on the dryer consists of (1) hydrodynamic forces 
resulting from flow unsteadiness in the reactor pressure vessel (RPV) (upstream and 
downstream of the dryer) and (2) acoustic loading associated with pressure waves generated 
inside the RPV or propagating upstream from the MSLs.  Since no purely analytical method is 
available at present to estimate these loads, the applicant proposed a PBLE method, which is 
briefly addressed in LTR NEDE-33312P, Revision 1.  NEDC-33408P, Revision 1, and its 
Supplement 1, Revision 1, provide additional details and are described below.  
 
The proposed FIV load definition process for the ESBWR steam dryer consists of the following 
basic steps: 
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• [[ 
 
 

•  
 
 

•  
 
 

•  
 
 
                        ]] 

 
In Section 5.0 of NEDE-33312P, Revision 1, the applicant explained that it is currently 
developing methods and devices to mitigate flow-induced excitations such as the acoustic 
resonance mechanism of safety/relief valve (SRV) standpipes.  In previous BWR plants, 
acoustic resonances within SRV standpipes locked in to flow-induced vortices over the 
standpipe openings, generating extremely powerful acoustic pulsations within the MSLs, which 
subsequently impacted the steam dryers, leading to fatigue cracking and the eventual 
generation of large loose metal parts within the RPV.  The applicant will ensure, through careful 
design using established practices, that such flow-induced resonance behavior will not occur in 
ESBWR plants at all standard operating conditions. 
 
In NEDC-33408P, Revision 1, dated July 2009, the applicant introduced a PBLE method for 
defining the unsteady loads acting on the ESBWR steam dryer.  A structural finite element 
analysis will use the defined PBLE to determine the steam dryer alternating stresses, as 
addressed in NEDE-33313P (Ref. 6), which is evaluated by the staff and addressed in a 
separate SER (Ref. 7).  NEDC-33408P, Revision 1, focuses on the development of the PBLE 
method, its validation against Quad Cities Unit 2 (QC2) measurements on an instrumented 
replacement dryer, and the associated biases and uncertainties resulting from both the 
benchmarking of the model and the uncertainties in the model input parameters. 
 
2.2 Flow-Induced Vibration Load Definition Process 

 
The PBLE method is [[ 
 
 
                                                                                                         ]].  The applicant contends 
that [[ 
 
 
 
                                                                                                                                                 ]]. 
 
The acoustic finite element code, SYSNOISE, is a well-established commercial code that has 
been used widely for more than 15 years.  [[ 
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                                                          ]] 
 
[[ 
 
 
 
 
                      ]].  This assumption, while not perfectly accurate, is reasonable, and any 
inaccuracies are accounted for in the bias errors and uncertainties derived from benchmark 
comparisons.   
 
2.2.1 Load Definition by [[                                                 ]] 
 
Pressure measurements [[ 
 
 
 
 
 
 
 
 
 
 
 
 
                       ]]. 
 
[[ 
 
                                                                                                                  ]]. 
 
[[ 
 
                                                      ]]. 
 
In the final section of NEDC-33408P, Revision 1, the applicant presented a study of the bias 
and uncertainty expected in the predictions made using the PBLE method.  The study examined 
the effects of uncertainties in the following parameters on the load definition uncertainties: 
 
• [[ 

 
 
 

•  
 

•  
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•                                                                                                                               ]]  
 

Finally, all uncertainties are combined, [[ 
 
 
                          ]]. 
 
2.2.2 Load Definition by Main Steamline Instrumentation 
 
Supplement 1, Revision 1, to NEDC-33408P describes an additional load solution method that 
[[                                                                                                                                                  ]]. 
The applicant presented two approaches for performing a PBLE using [[ 
                              ]].  The first approach, which is not used for the prototype ESBWR load 
definitions, relies solely [[                                                               ]].  The second approach, 
which the applicant plans to use for ESBWR power ascension, [[ 
                                                ]]. 
 
The method of performing PBLE [[                                        ]] takes into account [[ 
                                                                  ]].  For example, it accounts for the effect of [[ 
                                                                                                               ]].  In addition, [[ 
 
 
                                                                                                                                         ]] is 
summarized below. 
 
[[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
•  

 
 

•  
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•  
                 ]] 

 
[[ 
 
 
 
 
 
 
 
 
 
 
 
                                                         ]]  
 
• [[ 
•  
•  
•                                                                                       ]] 
 
[[ 
 
 
 
                                                                                                             ]] 
 
The [[ 
 
 
 
 
                                                            ]]. 
 
2.2.3 Plant-Based Load Evaluation Benchmark Data 
 
The method of PBLE [[                                        ]], which is benchmarked against QC2 data in 
NEDC-33408P, Revision 1, is also benchmarked in Supplement 1, Revision 1, to 
NEDC-33408P against the [[ 
                                                      ]].  The bias and uncertainty errors are analyzed in a way that 
is similar to that used for QC2 benchmarking.   
 
Supplement 1, Revision 1, also describes the method used to calculate the bias and uncertainty 
errors associated with the PBLE dryer load definition for a plant-specific application.  Calculation 
of bias and uncertainty errors is based on two elements: 
 
(1) The benchmark evaluation for both [[                                                  ]], which is based on 

QC2 and SSES measurements, provides the basis for the generic PBLE application bias 
and uncertainty values. 
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(2) A plant-specific sensitivity assessment for the PBLE input parameters (Appendix G (for 

QC2) and Appendix H (for SSES) to NEDC-33408P, Supplement 1, Revision 1) is 
performed to establish the applicability of the generic PBLE application bias and 
uncertainty values to the plant under consideration and, if necessary, to determine the 
appropriate PBLE input parameter values needed to ensure that the plant-specific PBLE 
load predictions are sufficiently conservative. 

 
Appendix I to Supplement 1, Revision 1, of NEDC-33408P summarizes the analysis of [[ 
 
 
 
 
 
 
                                                                                                                            ]].   
 
2.2.4 Plant-Based Load Evaluation Bias Errors and Uncertainty 

 
Finally, Supplement 1, Revision 1, of NEDC-33408P summarizes the average as well as the 
maximum and minimum values of bias and uncertainty that are expected for both the PBLE 
[[                                                                                                 ]].  Tables 1 and 2 give the 
maximum and minimum values.  The applicant computes the minimum bias and uncertainty as 
the most nonconservative value over all frequency bands (indicating that PBLE underpredicts 
the dryer loads) and [[ 
 
 
 
 
 
 
 
 
 
                             ]].  
 

[[                                                                                                                                            ]] 
 
          [[ 
                                              ]] 

      [[
                              ]] 

      [[ 
                        ]] 

[[                           ]] [[        ]] [[       ]]
[[                           ]] [[        ]] [[       ]]
[[                           ]] [[        ]] [[       ]]
[[                           ]] [[        ]] [[       ]]
[[                                                   ]] [[        ]] [[       ]]
[[                                                    
                                              ]] 

[[        ]] [[       ]]

 

          [[                                                                                                                    
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                                                                                      ]] 
 
          [[ 
                                              ]] 

      [[
                              ]] 

      [[ 
                        ]] 

[[                                                  ]] [[        ]] [[       ]]
[[                                                  ]] [[        ]] [[       ]]
[[                                                  ]] [[        ]] [[       ]]
[[                                                  ]] [[        ]] [[       ]]
[[                                                  ]] [[        ]] [[       ]]
[[                                                    
                                             ]] 

[[        ]] [[       ]]

 
3.0 Staff Evaluation 
 
The staff evaluated the information provided by the applicant to determine whether it was 
adequate to satisfy the guidance of Section 3.9.2, Revision 3, issued March 2007, of 
NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear 
Power Plants:  LWR Edition” (Ref. 8); RG 1.20, Revision 3; and the relevant requirements of 
GDC 1 and 4, in particular, as well as the applicable portions of the other regulatory criteria 
listed in Section 1.0 of this SER.  

 
3.1  Evaluation of NEDC-33312P, Revision 1 
 
As discussed in more detail below, the applicant’s approach is technically sound as it combines 
system modeling with extensive in-plant measurements of the steam dryer stresses, vibrations, 
and pressure loading.  Several areas, however, warranted clarification and are discussed below.  
Also, the applicant had not initially provided the actual acoustic loads and plans to apply to its 
ESBWR steam dryer design. 
 
The ESBWR steam dryer will be based on the design of the ABWR steam dryer, which to date 
has not experienced any fatigue cracking during commercial operation in Japan.  [[ 
 
 
 
 
 
 
 
 
 
 
 
                                   ]]. 
 
3.1.1 ESBWR and ABWR Comparison 
 
The ESBWR steam flow rate is projected to be approximately 15 percent higher than that of the 
ABWR.  In addition, the ABWR steam dome is hemispherical, whereas that of the ESBWR is 
torispherical, which will result in different flow patterns in the steam dome region.  In 
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RAI 3.9-205 (Ref. 9), the staff asked the applicant to provide the rationale for the change in the 
steam dome geometry from hemispherical, as in the ABWRs and BWRs, to torispherical 
geometry.  In its response to RAI 3.9-205 (Ref. 10), the applicant stated that economic reasons 
drove the design change from hemispherical to torispherical, and reduced reactor building 
height.  The applicant evaluated the steam flow in the new dome geometry, confirming that the 
changes in steam flow will not affect the dryer loads.  However, since the flow velocity in the 
lower part of the outer hood region will be 15 percent higher than that of the ABWR, in 
RAI 3.9-206 S01 (Ref. 11) the staff asked the applicant to confirm that any ABWR-based dryer 
loads will be increased accordingly.  The staff therefore closed in favor of RAI 3.9-206 S01, 
which is discussed below. 
 
Although the applicant intends to perform computational fluid dynamics (CFD) simulation of the 
steady flow through the dryer and the steam dome, it was not clear how it would use this steady 
flow analysis to evaluate dynamic loading resulting from the unsteady flow component.  In 
RAI 3.9-206 (Ref. 9), the staff asked the applicant to compare the steam flow velocities issuing 
from the dryer banks, in the steam plenum, and in the MSLs with those in the ABWR.  If any of 
these velocities is higher in the ESBWR, the staff asked the applicant to explain how the steam 
dryer load definitions will account for these higher velocities.  In its response to RAI 3.9-206 
(Ref. 12), the applicant stated that [[ 
 
                                                                            ]].  It was not clear to the staff how the applicant 
will account for this flow increase.  Therefore, in RAI 3.9-206 S01, the staff asked the applicant 
to clarify the scaling process of the dryer load from the ABWR data to the new ESBWR design.  
The staff also asked the applicant to provide additional information to assure the staff that no 
FIV mechanisms would be initiated at these higher flow velocities.  In its response to 
RAI 3.9-206 S01 (Ref. 13), the applicant stated that it [[ 
 
 
 
 
 
 
 
                                                                                                                                              ]]. 
The applicant referred to the data obtained during the ABWR startup, which [[ 
                                                        ]].  The applicant also referred to the design load values, 
which are approximately [[                           ]] than the extrapolated ABWR load.   
 
[[ 
                                                                                             ]].  While the applicant’s response to 
followup RAI 3.9-206 S01 was acceptable, it did not specify the acceptable level for FIV 
stresses, and in NRC RPV Internals Audit (Ref. 14) Comment 5 the staff asked the applicant to 
provide that level.  The applicant stated in its response to NRC RPV Internals Audit Comment 5 
(Ref. 15) that the [[ 
 
 
                                                                                                    ]].  These fatigue stress limits 
meet the fatigue stress criteria in the American Society of Mechanical Engineers Boiler and 
Pressure Vessel Code, Section III, Subsection NG (Ref. 16), that are applicable to the design of 
RPV internals.  The applicant modified Section 3L4.6 of DCD Tier 2, Chapter 3, Appendix L to 
state that NEDE-33312P and NEDE-33313P include additional information on power ascension 
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testing, acceptance criteria, benchmarking loads, and finite element benchmarking for the first 
and subsequent ESBWR units.  Because the applicant has provided acceptable fatigue stress 
limits in the DCD, RAI 3.9-206 and NRC RPV Internals Audit Comment 5 are closed.  
 
In RAI 3.9-207 (Ref. 9), the staff asked the applicant to explain how steady CFD analysis can be 
used to assess differences in the dryer dynamic loading that may be caused by differences in 
flow patterns in the steam dome.  In its response to RAI 3.9-207 (Ref. 12), the applicant stated 
that it will use the CFD simulation to [[ 
 
 
 
 
 
 
                                                                                                          ]]. 
 
Since the applicant clarified that it will use the CFD model to guide general design 
improvements and not to generate inputs to the steam dryer load definition, and since other 
RAIs deal with the differences between the flow patterns in and around the ESBWR and ABWR 
dryers, RAI 3.9-207 is closed. 
 
NEDE-33312P mentions that the CFD model is being used to “[[ 
                        ]].”  In RAI 3.9-208 (Ref. 9), the staff asked the applicant to elaborate on the 
steady-state parameters that would indicate any changes (a reduction or an increase) in the 
acoustic excitation level or frequency.  In its response to RAI 3.9-208 (Ref. 12), the applicant 
referred to its response to RAI 3.9-207 and reiterated that the intent of the CFD is to look [[ 
 
 
 
                      ]] sources affecting the ESBWR dryer, RAI 3.9-208 is closed. 
 
In RAI 3.9-209 (Ref. 9), the staff asked the applicant to submit the CFD analyses of the ABWR 
and proposed ESBWR flows for review.  The staff asked the applicant to clearly state in its 
response all methodologies and assumptions, along with bias errors and uncertainties.  In its 
response to RAI 3.9-209 (Ref. 17), the applicant stated that it [[ 
 
 
                                                                                                       ]].  Therefore, the applicant did 
not submit its CFD analyses.  Since the CFD results are not used for defining dryer loads, and 
since other RAIs question the differences in flow patterns within and around the ESBWR and 
ABWR dryers, RAI 3.9-209 is closed. 
 
3.1.2 Acoustic Resonance Mitigation Devices 
 
NEDE-33312P also includes [[ 
 
                     ]].  In RAI 3.9-210 (Ref. 9), the staff asked the applicant to provide sufficient details 
on the design and performance of any FIV mitigation device if it is to be implemented in the MSL 
design.  In its response to RAI 3.9-210 (Ref. 18), the applicant stated that [[ 
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                                                                                      ]].  RAI 3.9-210 is therefore closed.    
 
3.1.3 Steam Dryer Acoustic Loads 
 
NEDE-33312P did not include the acoustic loading that the applicant plans to apply to its 
ESBWR steam dryer design.  In RAI 3.9-211 (Ref. 9), the staff asked the applicant to submit the 
acoustic loading for review, including the components of the loading that are derived from 
different plants (ABWR and BWR), and all bias errors and uncertainties.  In its response to 
RAI 3.9-211 (Ref. 19), the applicant referenced dryer loading for [[ 
 
 
                                                   ]].  The applicant provided an example of loading curves for the 
dryer skirt, which includes a factor [[           ]] to reflect bias and uncertainties in the PBLE 
method.  The applicant also discussed the peaks in the loading curves and noted that [[ 
 
                        ]].  The applicant did not clearly describe the final dryer loading, however, and 
did not include this description in its load definition report.   
 
Therefore, in RAI 3.9-211 S01 (Ref. 11), the staff asked the applicant to provide its final dryer 
load definition over key portions of the dryer surfaces. In its response to RAI 3.9-211 S01 
(Ref. 20), the applicant stated that it would revise NEDE-33312P to include the final dryer load 
definition.  The applicant revised Section 4.1 and Figure 4.1.1 of NEDE-33312P to include a 
design dryer load definition that is determined by applying the PBLE method to [[ 
 
 
 
 
 
 
 
                                                                              ]].  The applicant also included additional 
references to topical reports that describe the PBLE method and its benchmarking, but it did not 
fully explain how the overall loading for the ESBWR dryer is derived.  Section 4.1 of the revised 
NEDE-33312P also includes a new table (Table 4.1.1), which compares the plant data for the 
ABWR, ESBWR, BWR/4 replacement dryer at EPU, and BWR/3 replacement dryer at EPU.  
This comparison includes the flow velocity in the MSL, but it does not include the more relevant 
information about the Strouhal numbers based on the branch pipe diameter.  Therefore, in NRC 
RPV Internals Audit Comment 13, the staff asked the applicant to include the Strouhal number 
data in Table 4.1.1 of NEDE-33312P.  In its response, the applicant modified Section 4.1 of 
NEDE-33312P to clarify that the ESBWR design loads will be based on test data from BWR/3 
and BWR/4 plants.  Appendices A.2 and F of NEDC-33408P, Supplement 1, include PSD load 
projections based on both dryers.  Since the applicant has clarified the ESBWR dryer design 
loads, RAI 3.9-211 and NRC RPV Internals Audit Comment 13 are closed. 
 
3.2 Evaluation of NEDC-33408P 

 
3.2.1 Plant-Based Load Evaluation Validation Benchmarks 
 
The PBLE method of defining steam dryer loads is based on in-plant measurements from 
instrumentation mounted on an [[                                                  ]].  However, measurements 
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from only one operating plant were used to benchmark the method.  Since the applicant plans to 
design the ESBWR dryer using in-plant pressure measurements for an existing ABWR dryer 
and another BWR/4 dryer, the staff asked the applicant in RAI 3.9-220 (Ref. 9) to submit 
additional validation studies using measurements from those dryers operating at EPU 
conditions.  The applicant provided the validation studies for the QC2 and SSES BWR dryers in 
MFN 08-827, “NEDC-33408P, Supplement 1—ESBWR Steam Dryer Plant Based Load 
Evaluation Methodology—Additional Benchmarking”, dated October 24, 2008.  In its response 
to RAI 3.9-220 (Ref. 21), the applicant stated that validation data for ABWR plants are not 
available and will not be used to further validate the PBLE.  However, limited ABWR plant data 
will be used as part of the ESBWR plant load definition, with loads increased to account for the 
15 percent increase in MSL steam flow over ABWR flow rates.  The applicant also provided a 
table of flow rates and geometric properties of the ABWR, ESBWR, SSES and QC2 BWRs but 
did not include this information in the DCD or LTR.  In RAI 3.9-220 S01 (Ref. 11), the staff 
asked the applicant to revise the DCD or LTR (either NEDC-33408P or NEDE-33312P) to 
include the table provided in its RAI response. In its response to RAI 3.9-220 S01 (Ref. 20), the 
applicant agreed to revise NEDC-33312P as requested by the NRC staff.  The staff confirmed 
this change in the LTR; therefore, RAI 3.9-220 S01 is closed.  
 
3.2.2 Plant-Based Load Evaluation Acoustic Model 
 
The material properties used in the acoustic finite element model (such as the speed of sound, 
the attenuation coefficient, and the steam density) are functions of the steam wetness fraction 
and the water droplet size.  The analysis uses the theoretical values of the speed of sound (a) 
and the attenuation coefficient (α) based on Equations 13 and14 in the LTR.  While the usage of 
input parameters based on the steam quality is appropriate, the report includes no experimental 
validation of these equations.  Therefore, in RAI 3.9-221 (Ref. 9), the staff asked the applicant to 
provide experimental validation of Equations 13 and 14.  In its response to RAI 3.9-221 
(Ref. 22), the applicant stated the following: 
 
 

[[ 
 
 
 
 
 
 
 
                                                                                          ]]. 

 
The applicant complied with the guidance of RG 1.20 by adopting the wet steam wave 
propagation model of Reference 23 of NEDC-33408P that provides that the load prediction 
methodology should be based as much as possible on physical properties and should not 
include any plant-specific tuning.  In this context, the model in Reference 23 was considered the 
most suitable for acoustic simulations in the RPV.  Confidence in the model is further increased 
by the good agreement between measurements and predictions as presented in Section 3 and 
Appendices A and B of NEDC-33408P.   
 
Although it is difficult to perform two-phase flow tests to confirm the steam acoustic properties, 
the applicant could have addressed this RAI by discussing the effect of reasonable variations in 
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the steam properties on the dryer load.  Therefore, the staff determined that the applicant’s 
response was incomplete and in RAI 3.9-221 S01 (Ref. 11) asked the applicant to explain [[ 
 
                                     ]].  In its response to RAI 3.9-221 S01 (Ref. 25), the applicant 
summarized [[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                                                                 ]].   
 
The staff agrees with the applicant that the updated sensitivity analysis of the steam wetness 
effect and the resulting regionally based PBLE bias errors and uncertainties are likely to be 
more reliable than the original spatially averaged analysis.  However, as discussed in the 
evaluation of the applicant’s response to RAI 3.9-260 (Ref. 25), this analysis is based on  
[[                                                                                                                   ]].  In NRC RPV  
 
Internals Audit Comment 16, the staff asked the applicant to repeat this analysis over [[ 
                                                                                                                          ]].  Therefore, the 
staff closed RAI 3.9-221 S01 pending resolution of NRC Audit Comment 16 discussed later in 
this report.  After further analysis by the applicant [[ 
                                                    ]], NRC RPV Internals Audit Comment 16 was closed.  
Section 3.3.2 of this SER provides further details about the staff evaluation of this issue. 
 
The acoustic finite element model uses different properties of sound waves (sound speed and 
attenuation) for the regions upstream and downstream of the dryer.  [[ 
 
 
 
 
                                                                                            ]].  In RAI 3.9-222 (Ref. 9) the staff 
asked the applicant to explain this insensitivity to the steam properties in the dryer banks.  In its 
response to RAI 3.9-222 (Ref. 22), the applicant stated the following: 
 

[[ 
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              ]]. 

 
[[ 
                                                                                                                                       ]].  
Therefore, the staff finds the applicant’s response acceptable and agrees that the steam 
properties in the steam dryer banks will become important only at frequencies higher than those 
of interest here. Therefore, RAI 3.9-222 is closed. 
 
3.2.3 Plant-Based Load Evaluation Bias Error and Uncertainty Calculation 
 
Uncertainty and bias errors are computed from benchmarking the PBLE method against the 
steam dryer measurements at QC2.  In estimating the bias and uncertainty, the PSDs of all 
27 pressure transducers are added for each frequency band.  This results in spatially averaged 
bias and uncertainty errors.  The level of “local” errors is therefore masked by this averaging 
process.  In RAI 3.9-223 (Ref. 9), the staff asked the applicant to assess the levels of local bias 
and uncertainty errors in comparison to the average values given in the report.  The staff later 
issued a similar RAI, RAI 3.9-260 (Ref. 26), for NEDC-33408P, Supplement 1.  Therefore, the 
staff closed RAI 3.9-223 pending resolution of RAI 3.9-260 discussed later in this report. 
 
 
In the Design of Experiments for uncertainty study, [[ 
 
 
 
                                                                                                       ]].  In RAI 3.9-224 (Ref. 9), the 
staff asked the applicant to explain and illustrate the effect of wetness fraction and droplet size 
on the acoustic resonance frequencies.  In its response to RAI 3.9-224 (Ref. 27), the applicant 
stated the following: 
 

[[ 
 
 
                               ]] 

 
The applicant indicated that, [[ 
 
                                                                                                                                               ]].   
The applicant also explained that the [[ 
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               ]].  The staff reviewed the applicant’s response and finds the explanation of the effect 
of the steam properties on the resonance frequencies in the FRF shown in Figure 22 to be 
acceptable because [[ 
                                                                                          ]].  RAI 3.9-224 is therefore closed. 
 
In the above-mentioned Design of Experiments study, a refined mesh is considered to assess 
the mesh size effect on PBLE uncertainties.  [[ 
 
                                                           ]].  In RAI 3.9-225 (Ref. 9), the staff asked the applicant to 
illustrate that further refinement of the mesh to satisfy the criterion of six elements per 
wavelength up to 250 Hz would not increase the PBLE uncertainties.  In its response to 
RAI 3.9-225 (Ref. 27), the applicant stated the following: 
 

In Figure 2 of NEDC-33408P, [[ 
 
 
 
 
 
 
 
 
                                                             ]].  As shown in Figure 3 of NEDC 33408P,  
having a detailed model in this area [[ 
 
 
 
                                          ]].  Figure 2 of NEDC 33408P shows that the [[ 
                                                                                                                       ]]. 

 
The applicant also explained that [[ 
 
 
 
 
 
                                                                                                                                           ]].  
Therefore, based on the benchmarking results, the staff accepts the [[ 
 
                                                                                                                                                                           
                  ]].   
 
The staff reviewed the applicant’s response as well as Supplement 1 of NEDC-33408P.  
Although the clarifications provided by the applicant seem reasonable, NEDC-33408P and its 
Supplement 1 [[ 
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                                      ]].  Therefore, the staff finds the applicant’s response incomplete and 
asked, in RAI 3.9-225 S01 (Ref. 11), requested the applicant to amend NEDC-33408P and its 
Supplement 1 to indicate the regions where this criterion can be relaxed and provide the 
minimum acceptable number of elements per wavelength in those regions.  The staff also asked 
the applicant to substantiate the adequacy of the chosen minimum number of elements.  In its 
response to RAI 3.9-225 S01 (Ref. 28), the applicant stated that the original intent in 
NEDC-33408P [[ 
 
 
                                                                                                                                         ]].  The 
applicant also stated that [[ 
 
 
 
                                                             ]]. The staff finds the applicant’s response and the 
revisions made to NEDC-33408P acceptable; therefore, RAI 3.9-225 S01 is closed. 
 
Table 6 of NEDC-33408P summarizes the bias and uncertainty errors obtained from the 
benchmark against plant measurements as well as the uncertainties in PBLE resulting from 
uncertainties in the acoustic model input parameters.  The bias in the first row of the table   
[[ 
 
                                                                                                                                        ]].  In 
RAI 3.9-226 (Ref. 9), the staff asked the applicant to comment on this discrepancy.  In its 
response to RAI 3.9-226 (Ref. 22), the applicant stated the following: 
 
 
 

[[ 
 
                                                                                                            ]].  

 
Since the applicant has clarified the differences between OLTP and EPU based data, and the 
staff review of NEDC-33408P substantiates the applicant’s response, RAI 3.9-226 is closed. 
 
In RAI 3.9-227 (Ref. 9), the staff asked the applicant to specify the final bias error and 
uncertainty it will apply to dryer loads estimated for the ESBWR design.  It also asked the 
applicant whether the bias errors and uncertainties are based on QC2 benchmark data, the 
Design of Experiments data, or both, and whether any conservative bias errors are credited.  In 
its response to RAI 3.9-227 (Ref. 27), the applicant stated the following: 
 

[[ 
 
 
 
 
 
                                                                                               ]]. 

 
The staff reviewed Revision 0 of Supplement 1 of NEDC-33408P and determined that despite 
the considerable effort devoted to the bias and uncertainty analysis, the final values of bias error 
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and uncertainty and their implementation in the final design load of the steam dryer were still not 
clear.  For example, it was not clear whether the same values would be applied over the whole 
frequency range, or whether frequency-dependent bias and uncertainty would be implemented.  
In addition, the discussion on page 92 concerning the [[ 
                                                                                         ]].  The staff also discussed these 
concerns in RAI 3.9-260 associated with Supplement 1.  Therefore, RAI 3.9-227 is closed as 
superseded by RAI 3.9-260, which is discussed later in this report. 
 
3.2.4 Matrix Singularity Factors and Their Effects on Load Predictions 
 
In RAI 3.9-228 (Ref. 9), the staff asked the applicant to explain whether singularities in the 
acoustic FRF matrices lead to nonconservative errors in the computed loading, such as sharp 
dips at certain frequencies.  If so, the staff asked the applicant how it will account for the errors.  
In its response to RAI 3.9-228 (Ref. 27), the applicant stated the following: 
 

From benchmarking results provided in both NEDC-33408P and NEDC-33408P 
Supplement 1, GEH found that loads were generally [[ 
                   ]].  GEH has performed benchmarking that included multiple 
frequency bands that included bands that [[ 
                                                                                                                    ]].  The 
range in PBLE (Plant Based Load Evaluation) error from narrow frequency bands 
is summarized in section 4.5.3 of NEDC-33408P Supplement 1.  [[ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                        ]]. 

 
The staff reviewed the applicant’s response, including the detailed descriptions of the 
applicant’s approach in NEDC-33408P, Supplement 1, and agrees that non-conservative errors 
should not be caused by the matrix singularities.  Therefore, RAI 3.9-228 is closed. 
 
3.2.5 Acoustic Model Computer Program Analysis Methods 
 
In RAI 3.9-229 (Ref. 9), the staff asked the applicant to describe the options used in SYSNOISE 
for its acoustic modeling as well as the interface between SYSNOISE and MATLAB.  In its 
response to RAI 3.9-229 (Ref. 27), the applicant described the SYSNOISE options, [[ 
                                                                                                                                                   ]]. 
The applicant also cited the SYSNOISE manual for more detail.  The applicant stated that [[ 
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                           ]].  The staff reviewed the applicant’s response and finds it acceptable, since it 
explains the SYSNOISE options and SYSNOISE/MATLAB interface.  Therefore, RAI 3.9-229 is 
closed. 
 
In RAI 3.9-230 (Ref. 9), the staff asked the applicant to provide a detailed description of the 
analysis procedure, including (1) [[                                                    ]], (2) implementation of 
frequency-dependent damping, (3) formulation of the finite element method for the wave 
equation, (4) determination of damping matrix coefficients, and (5) how velocity fields are 
computed via differentiation of pressure fields.  In its response to RAI 3.9-230 (Ref. 27), the 
applicant referenced [[ 
 
 
                                                                ]].  The staff’s assessment of the materials supplied by 
the applicant reveal that the direct response analysis method, implementation of frequency 
dependent damping, basic formulation of the wave equation, and determination of damping 
matrix coefficients are applicable to steam dryer acoustic loading analysis.  The applicant also 
indicated how velocity fields are computed, which is also applicable to dryer analysis.  Based on 
these documents, the staff’s experience with the acoustic modeling methods, and the 
applicability of the SYSNOISE analysis procedure to steam dryer acoustic loading modeling, the 
staff finds the elements of the applicant’s acoustic analysis procedure acceptable.  Therefore, 
RAI 3.9-230 is closed.   
 
In RAI 3.9-231 (Ref. 9), the staff asked the applicant to provide the basis for the [[ 
                                               ]] and explain how that criterion is conservative.  In its response to 
RAI 3.9-231 (Ref. 27), the applicant cited the [[ 
                                                                                   ]].  The applicant also cited [[ 
 
                                                                                                                                                     ]].  
Finally, this criterion is addressed in more detail in the discussion about RAI 3.9-225 addresses 
this issue in more detail.  Therefore, RAI 3.9-231 is closed based on the resolution of 
RAI 3.9-225. 
 
In RAI 3.9-232 (Ref. 9), the staff asked the applicant to provide further details about the analysis 
method, including [[ 
 
                                                                                                                                                   ]]. 
In its response to RAI 3.9-232 (Ref. 27), the applicant stated the following: 
 

[[ 
 
 
 
 
 
 
 
                                                                                                            ]]. 

 
The staff reviewed the applicant’s response and finds it acceptable, since the requested 
descriptions were provided and are reasonable based on the staff’s experience and judgment.  
Also, [[ 
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                                                                                                                                               ]].  
Therefore, RAI 3.9-232 is closed. 
 
3.3 Evaluation of NEDC-33408P, Supplement 1 

 
3.3.1 Plant-Based Load evaluation Benchmark Comparison to Operating Boiling-Water 

Reactor Data 
 

The measurements made at QC2 are used to [[ 
                                                                                                                                                ]].  
Although the applicant imposed [[ 
                                                                                                         ]], the methodology and the   
[[                                             ]] are benchmarked against the data of only one plant (QC2).  On 
page 52 of NEDC-33408P, Supp. 1, the applicant stated but did not substantiate, its claim that 
the [[                                                                  ]].  In RAI 3.9-256 (Ref. 26), the staff asked the 
applicant to submit validation of the methodology against measurements from other plants,       
[[ 
 
 
                                                            ]].  The applicant noted that [[ 
 
                                                                                                                            ]].  Since the 
applicant will rebenchmark the method using the prototype first plant ESBWR data before 
applying it to other ESBWR plants, RAI 3.9-256 is closed.     
 
Regarding the [[ 
 
 
                              ]].  Since the dome geometry of the ESBWR reactor is torispherical, which is 
different from the [[                                            ]], it is not clear why the geometry of the reactor 
dome does not influence the [[                                            ]].  In RAI 3.9-257 (Ref. 26), the staff 
asked the applicant to compare the flow patterns, velocities, and turbulence intensities and 
length scales in the reactor domes of the ESBWR [[          ]] and substantiate the assumption 
that these coefficients remain the same.  The staff also asked the applicant to compare the 
acoustic modes within the RPV for the ESBWR [[                ]] geometries, particularly those 
modes with high amplitudes in the skirt/dome annulus and near the MSL inlets, and confirm the 
assumption that the [[                                              ]] are conservative when applied to the 
ESBWR loads.   
 
In its response to RAI 3.9-257 (Ref. 31), the applicant stated that [[ 
                                                                                                         ]].  The applicant explained 
that the [[ 
 
 
 
 
           ]].  The staff finds the proposed approach to [[ 
                                                                      ]] acceptable.  However, in NRC Audit Comment 12, 
the staff asked the applicant to update NEDC-33408P, Supplement 1, to [[ 
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                                                                                                                     ]].  In its response to 
Audit Comment 12, the applicant committed to [[ 
                                                                                ]].  Also, the applicant updated Section 9.1 of 
NEDE-33313P to reflect this commitment.  Therefore, [[ 
 
                                                                                                                                       ]].  Since 
the applicant has committed to update NEDC-33408P, Supplement 1, by [[ 
                                                                     ]] by the staff, RAI 3.9-257 and NRC Audit 
Comment 12 are closed.    
 
In the event a future nonprototype ESBWR MSL design configuration deviates from the 
prototype, the applicant explained in its supplementary response to RAI 3.9-144 S02 (Ref. 32) 
that the MSL measurements in the follow-on plant(s) would be compared to those from the lead 
plant.  At that point, [[ 
                                                                                                                                    ]], subject to 
NRC staff review, and would be [[ 
                                 ]].  Since the applicant will update its bias errors and uncertainties should 
the MSL layout change, the response to RAI 3.9-144 S02 (Ref. 33) is acceptable and 
RAI 3.9-144 S02 is closed.   
 
Based on the results shown in Figures 15 and 16 of NEDC-33408P, Supplement 1, the 
applicant [[ 
                                  ]].  The staff determined that this [[                       ]] was not clear from the 
figures.  Therefore, in RAI 3.9-258 (Ref. 26), the staff asked the applicant to provide additional 
data substantiating this conclusion.  In its response to RAI 3.9-258 (Ref. 34), the applicant 
provided its calculations to justify assuming the dependence of the [[ 
                                                                                 ]].  While the calculation and explanation are 
reasonable, the applicant did not add them to the DCD or LTR.  Therefore, in RAI 3.9-258 S01 
(Ref. 35), the staff asked the applicant to add the information to NEDC-33408P, Supplement 1.  
In response to RAI 3.9-258 S01 (Ref. 36), the applicant updated Sections 3.1.2 and 3.1.3 of 
NEDC-33408P, Supplement 1, Revision 1, to include the requested information. The staff 
confirmed these changes and, therefore, RAI 3.9-258 is closed. 
 
As mentioned in the summary of NEDC-33408P, Supplement 1, in order to [[ 
 
 
                                                ]].  However, the report did not explain how the applicant 
[[                                                                                                                   ]] of the plant data.  In 
RAI 3.9-259 (Ref. 26), the staff asked the applicant to explain how the [[ 
 
               ]].  In its response to RAI 3.9-259 (Ref. 37), the applicant stated that the [[ 
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                                      ]].  Accordingly, the staff finds this approach reasonable, and 
RAI 3.9-259 is closed. 
 
3.3.2 Calculation Methods for Determination of Total Bias Error and Uncertainty 
 
In both PBLE methods, based on [[                                                         ]], the assessment of 
uncertainty and bias errors is based on Equation 46 of NEDC-33408P, Supplement 1, which  
[[                                                                                                                        ]].  The staff 
observed as follows; this procedure results in [[                             ]] bias and uncertainty errors.  
The level of local errors is therefore masked with this [[                                         ]].  For 
example, [[ 
                                                                         ]] small bias.  [[ 
 
 
 
                                                                              ]].  In RAI 3.9-260 (Ref. 26), the staff asked the 
applicant to analyze the local bias and uncertainty errors and compare them with the [[ 
                           ]].  The applicant also [[                                                                                       
          ]] in the pressures acting on the dryer, potentially filtering out some of the worst-case 
loads.  The staff, however also determined that worst-case loads generating the largest 
alternating stress intensity for use in the dryer fatigue analysis needed to be calculated 
considering all time segments together (see Section 4.1, page 9, section entitled “ESBWR 
Steam Dryer Acoustic Load Definition,” of NEDE-33312P);”) since loads averaged over time 
segments do not represent the worst-case loads.  Therefore, the staff also asked the applicant 
to submit bias and uncertainty estimates based on worst-case dryer loads [[                                                   
                                 ]].   
 
In its response to both RAIs 3.9-223 (Ref. 25) and 3.9-260 (Ref. 25), the applicant provided 
Enclosure 3, Attachment 1, which summarizes steam dryer pressure loading bias errors and 
uncertainties computed for the QC2 and SSES benchmarks. The applicant computed the errors 
and uncertainties over [[ 
             ]].  In addition, the applicant computed the errors and uncertainties at [[ 
 
 
                                                                    ]].  The applicant provided Table 5 (which will be 
included in a revision of NEDC-33408P, Supplement 1), which summarizes the updated PBLE  
[[ 
 
 
 
 
 
                                                                                                                        ]].   
 
Although the regionally based PBLE bias errors and uncertainties were an improvement over 
the original nonregional values, the applicant’s [[ 
                                                                     ]] was not supported by the data shown in Table 2 of 
Attachment 1, Appendix 1, to the response to RAIs 3.9-213 (Ref. 38) and 3.9-217 S01 (Ref. 38).  
[[ 
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                                             ]].  These nonconservative bias errors are also evident in the 
spectra shown in the figures of Attachment 1.  Therefore, in NRC RPV Internals Audit Comment 
16 (Ref. 15) the staff asked the applicant to [[ 
 
                                                                  ]].  
 
The applicant submitted proposed Revision 2 of Supplement 1 to NEDC-33408 that 
incorporated in Section 3.4 the [[ 
          ]].  The applicant also submitted proposed Section 5.2 in NEDE-33313P, Revision 2, to 
reflect four methods that it will use to apply end-to-end bias errors and uncertainties to ESBWR 
dryer stress calculations (Ref. 15).  The staff found the proposed revision acceptable for 
incorporation into the approved version of the LTR.  [[ 
 
 
 
 
 
 
 
                         ]].  The applicant’s new methods for assessing [[ 
 
                                    ]], conservative (since the [[ 
                         ]], and therefore acceptable.  Therefore, RAI 3.9-260 (and associated NRC RPV 
Internals Audit Comment 16) are closed.  
 
3.3.3 Measurement of Pressure Fluctuations in Main Steam Piping  
 
Figure 337 in Appendix I to NEDC-33408P, Supplement 1, compares a [[ 
 
 
                                                                                                                          ]].  The applicant 
attributed these peaks [[                                      ]].  However, the array of [[ 
                                                                        ]] should [[                                           ]] except 
those generated by hoop stresses.  In RAI 3.9-261 (a) (Ref. 26), the staff asked the applicant to 
comment on this observation and explain why the pipe resonant vibrations are [[ 
                                                          ]].  The MSL strain gage measurements are made to 
estimate acoustic pressures (related to hoop stress).  Although the opposite strain gages at 
each of the eight MSL locations are connected in a half Wheatstone bridge so that the bending 
strains are cancelled out, the signals may include some bending strains.  In addition, the 
acoustic pressures are quite small and require strain gages with a high signal-to-noise ratio for 
reliable measurements.  Because of these limitations, the staff was concerned about how 
reliably the strain gage measurements estimate the acoustic pressure.  The applicant had 
previously suggested the use of pressure sensors (microphones) to measure the MSL acoustic 
pressure.  The staff asked the applicant in RAI 3.9-261 (b) if it [[ 
                                                                            ]].   
 
In its response to RAI 3.9-261 (Ref. 39), the applicant provided a [[ 
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         ]].  While not mentioned by the applicant, geometry and material property imperfections in 
a pipe can also inhibit filtering of mechanical vibrations from the summed strain gage array 
signal.  The staff finds the applicant’s explanation reasonable and accepts its reluctance to use 
microphones in the MSLs of ESBWRs, considering the safety risks associated with drilling holes 
in the MSL walls, which constitute primary coolant pressure boundary.  Therefore, RAI 3.9-261 
is closed. 
 
Page 77 of NEDC-33408P, Supplement 1, includes a brief discussion of possible [[ 
                                ]] so that it can be used in cases when [[ 
                                                                   ]].  Although [[                             ]] may require this, 
the present [[ 
                                                                                  ]].  In RAI 3.9-262 (Ref. 26), the staff asked 
the applicant to express explicitly that the [[ 
                                                                             ]].  The staff also indicated that any extensions 
of the PBLE method should be submitted to NRC staff for approval before implementation.  In 
its response to RAI 3.9-262 (Ref. 40), the applicant agreed with the staff’s request in RAI 3.9-
262 and revised NEDC-33408P, Supplement 1, to explicitly state that extensions of the PBLE 
method must be submitted to the NRC staff for approval before implementation.  Therefore, 
RAI 3.9-262 is closed. 
 
Page 37 of Supplement 1 made another statement that needed clarification.  The applicant 
stated that [[ 
 
                                                                                                                   ]]  In RAI 3.9-263 (a) 
(Ref. 26), the staff asked the applicant to explain this statement.  In RAI 3.9-263(b), the staff 
asked the applicant to provide or explain any plant measurements that support its statement on 
page 36 that [[ 
 
                      ]]. 
 
In its response to RAI 3.9-263 (a) (Ref. 41), the applicant explained that the analysis [[ 
 
 
 
 
                                        ]].  This response clarifies which acoustic sources were referred to by 
the applicant and the reasoning for [[                                                                                    ]].  
The staff finds this response acceptable, and therefore RAI 3.9-263 (a) is closed.   
 
In response to RAI 3.9-263 (b), the applicant explained that the moisture carryover is measured 
for the steam exiting the dryer.  This information is [[ 
                                                                                  ]].   Therefore, the applicant [[ 
 
 
 
         ]].  The staff finds this response reasonable.  Also, since any errors associated with 
inaccuracies in the wetness fraction modeling are accounted for in the benchmark bias errors 
and uncertainties.  RAI 3.9-263 (b) is closed. 
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On page 80 of NEDC-33408P, Supplement 1, under the section entitled “PBLE Script 
Preparation and Load Generation,” third bullet, the applicant stated that [[ 
                               ]].  In RAI 3.9-264 (Ref. 26), the staff asked the applicant to explain how it 
[[                                  ]] to ensure computation of a conservative load and how it ensures that 
its selection approach supports the applicant’s proposed 60-year reactor design life (a 
conservative design goal relative to the 40-year license term).  In its response to RAI 3.9-264 
(Ref. 42), the applicant stated that it discussed time segment selection in its response to 
RAI 3.9-219 (Ref. 43).  In its final response to RAI 3.9-219, the applicant proposed revisions to 
Section 5.2.4 of NEDE-33313P, Revision 1 (Ref. 12), to clearly define time intervals chosen for 
its stress analysis.  Since multiple sets of test data, [[ 
 
                                                                                     ]], were analyzed, the staff finds that 
conservative loads have been computed.  Therefore, RAI 3.9-264 is closed. 
 
In Section 4.4.3.2 of NEDC-33408P, Supplement 1, the applicant neglected plant measurement 
uncertainty of [[                   ]], which is small compared to other uncertainty values.  In 
RAI 3.9-265 (Ref. 26), the staff asked the applicant to include the plant measurement 
uncertainty, even if it is small, in its overall load modification factor.  In its response to 
RAI 3.9-265 (Ref. 25), the applicant stated that the final PBLE dryer load uncertainties now 
include a pressure transducer uncertainty of [[                    ]].  The response also explains that 
the pressure transducer measurements should include negligible bias errors, since they are 
dynamic, not static, transducers.  The staff finds this response acceptable, and therefore 
RAI 3.9-265 is closed. 
 
Appendices A–F to NEDC-33408P, Supplement 1, show comparisons for the last [[ 
                            ]] by the applicant.  In RAI 3.9-266 (Ref. 26), the staff asked the applicant to 
provide instead the worst-case load PSDs, based on cumulative summations over all time 
segments, [[                                                                                                                       ]].  In its 
response to RAI 3.9-266 (Ref. 25), the applicant provided Appendices 1–17 as an attachment.  
However, the applicant used a different procedure to compute worst-case load PSDs, as 
described in Section 5.2 of NEDE-33313P, Revision 1.  The applicant selected a worst-case 
time interval based on an assessment of [[                                              ]].  Since the worst-case 
interval cannot include peak loads over all frequencies, the applicant also included a [[ 
 
                                                                        ]].  Since the applicant has provided the data 
requested and has provided an acceptable procedure, since it uses time interval bias factors, for 
ensuring that worst-case loads are applied to the dryer model, RAI 3.9-266 is closed. 
 
3.3.4 Consideration of Plant Background Noise on Instrumentation Output 
 
The QC2 [[                                                                                                                ]] but also 
signals caused by plant background noise; that is, the [[ 
                                                                                                   ]].  The applicant used these 
contaminated signals without filtering out the plant noise to calculate the [[ 
                    ]], which may be applied to the steam dryer analyses at other ESBWR/ABWR/BWR 
plants.  However, the staff observed that different plants are likely to have different 
characteristics for their MSL acoustic pressures and different plant noise, which raised a 
concern about the applicability of the [[                                             ]] that are based on the QC2 
measurements to other plants.  Such applications could be nonconservative for a plant, for 
example, having the same acoustic pressure signals but lower plant noise as compared to QC2.  
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Therefore, in RAI 3.9-267 (Ref. 26), the staff asked the applicant to account for the 
nonconservative effects of this background noise on any future ESBWR or BWR dryer load 
estimates based on MSL signals.   
 
In response to RAI 3.9-267 (Ref. 44), the applicant [[ 
 
 
 
 
 
                                           ]]  The staff determined that while this assessment is useful for ruling 
out any nonconservative influence of incoherent background noise on the [[ 
           ]], it does not address the impact of any coherent background noise, such as that caused 
by electrical fields or other operating plant machinery.  During the NRC audit, the staff asked the 
applicant to address the nonconservative effects of coherent plant background noise on its 
PBLE [[                   ]].  The applicant addressed this question in a supplemental response to 
RAI 3.9-144 S02 by updating Section 9.1 of NEDE-33313P, adding a background noise 
measurement for [[                            ]] to be made [[ 
                       ]].  The applicant set a lower limit of [[                               ]] for its noise floors.  
The applicant’s commitment and update of NEDE-33313P close RAIs 3.9-144 S02 and 3.9-267. 
 
3.3.5 Extent of Plant-Based Load Evaluation Benchmarking 
 
Section 3.0 of NEDC-33408P, Supplement 1, provides benchmarking for fully coupled analysis 
based on the QC2 data for [[                                                                             ]].  The staff 
understood that the applicant will use this benchmarked procedure at the plants where only 
[[                                                                         ]].  For example, after the first prototype 
ESBWR, the applicant [[ 
                                                          ]].  For the operating plants, the analyses will also be based 
on [[                  ]].  The staff identified a concern about the applicability of the benchmarked 
procedure to these plants because the benchmarking is based on the data from [[ 
           ]].  Therefore, so that the benchmarked procedure can be applied with confidence to 
BWRs, ABWRs and ESBWRs, in RAI 3.9-268 (Ref. 26), the staff asked the applicant to provide 
(1) an assessment of the benchmarked procedure by applying it to one or more plants [[ 
                 ]] where [[                                                         ]] were measured during the power 
ascension for EPU operation, and (2) the plans for such assessments in the future.  
 
In its response to RAI 3.9-268 (Ref. 45), the applicant explained that its PBLE benchmarking 
included benchmarking data from all dryers that it is authorized to use.  The applicant also noted 
that the prototype ESBWR dryer will be used [[ 
                                                                                                                  ]].  Since the applicant 
will use the prototype ESBWR data to update its procedure, RAI 3.9-268 is closed. 
 
4.0 Conclusions 

 
For the reasons set forth above, the staff finds that the subject LTRs for the ESBWR comply  
with the requirements of GDC 1, 2, and 4 in Appendix A to 10 CFR Part 50 and 10 CFR 50.55a.  
The applicant’s submissions show that the ESBWR steam dryer acoustic loading derived from 
application of the PBLE method should be conservative.  This conclusion is based on the 
following findings: 
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• The applicant has submitted sufficient information describing its modeling approaches 
for specifying acoustic loads acting on the ESBWR dryer.  The PBLE approaches—[[ 
 
                                                                                                 ]]—have been 
benchmarked against [[                                                                  ]].  The benchmarking 
data show that the PBLE dryer load estimates are generally conservative.  Where the 
dryer loads are not conservative, bias errors and uncertainties have been defined for 
both PBLE methods and are found reasonable after staff review, as described in this 
SER. 

 
• The terms used in the PBLE models ([[                                    ]]) will be confirmed as 

conservative, or updated, following new benchmarks based on measurements of the 
instrumented prototype ESBWR dryer.  The [[                 ]] PBLE method, which will be 
applied to all subsequent ESBWR plants, will use the [[ 
                                    ]] and will be conservative provided that the RPV, dryer, MSL, and 
MSL valve configurations remain essentially identical to those of the baseline plant.  Any 
[[                       ]] PBLE application to subsequent plants will include the(prototype) plant.  
The effects of differences in plant-to-plant background noise levels in the [[ 
                                  ]] will be accounted for, as discussed in this SER.  Finally, the 
instrumentation data for the prototype dryer will also provide confidence that alternating 
stress levels are below allowable fatigue limits. 

 
The staff cannot, however, approve the use of the [[                      ]] PBLE in followon ESBWR 
plants which differ from the configuration of the steam dryer, RPV, MSL, or MSL valve designs 
of the prototype plant.  In such cases, a factor of safety may be applied to the computed dryer 
alternating stress ratios computed using the MSL-based PBLE.  This factor of safety will be 
determined following review of additional applicant LTR submissions regarding the use of the  
[[                   ]] PBLE for existing BWRs. 
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