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SAFETY EVALUATION REPORT 
GENERAL ELECTRIC-HITACHI LICENSING TOPICAL REPORT NEDE-33313P,  

“ESBWR STEAM DRYER STRUCTURAL EVALUATION” 
 

 
1.0 Regulatory Criteria 
 
The following regulatory requirements and guidelines provide the basis for the acceptance 
criteria for the staff’s review: 
 
• 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 U.S. Nuclear Regulatory Commission (NRC) regulations 
and NRC-endorsed codes and standards 

 
• 10 CFR 52.47, “Contents of Applications; Technical Information,” as it relates to the 

determination of the margin of safety associated with normal operation and anticipated 
operating transients 

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

Reprocessing Plant,” to 10 CFR Part 50, as it relates to design quality control 
 

• General Design Criterion (GDC) 1, “Quality Standards and Records,” in Appendix A, 
“General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50, as it relates to 
designing reactor internals to appropriate quality standards commensurate with the 
importance of the safety functions that they are to perform 

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

10 CFR Part 50, as it relates to designing reactor internals to withstand the effects of 
natural phenomena, including earthquakes, without loss of structural integrity  

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

10 CFR Part 50, as it relates to designing reactor internals to accommodate the effects 
of, and to be compatible with, the environmental conditions associated with normal 
operations, maintenance, testing, and postulated loss-of-coolant accidents  

 
• GDC 10, “Reactor Design,” as it relates to designing reactor internals with appropriate 

margin to ensure that specified acceptable fuel design limits are not exceeded during 
any condition of normal operation, including the effects of anticipated operational 
occurrences 

 
• Regulatory Guide 1.20, “Comprehensive Vibration Assessment Program for Reactor 

Internals during Preoperational and Initial Startup Testing,” Revision 2, issued May 1976 
(Ref. 2) 

 
• American Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel (BPV) 

Code, Section III, 2001 edition (Ref. 3), including the addenda through 2003 
 

Enclosure 1 
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2.0 Summary of Technical Information 
 
The applicant (General-Electric Hitachi Nuclear Energy (GEH)) describes its design analysis 
approach and design criteria for its steam dryer in Licensing Topical Report (LTR) 
NEDE-33313P, “ESBWR Steam Dryer Structural Evaluation,” Revision 0, issued 
November 2007 (Ref. 4).  This SER is based on the review of LTR NEDE-33313P, Revision 0, 
and the corresponding RAI responses.  Based on the evaluation of the RAI responses, the 
applicant has prepared LTR NEDE-33313P, Revision 1 (Ref. 5) and proposed LTR revision 
pages of Revision 1 to LTR NEDE-33313P; these pages were provided by the applicant as a 
response to NRC reactor pressure vessel (RPV) Internals Audit Comment 14 (Ref. 6).  The 
applicant will perform a finite element (FE) analysis of stresses in the steam dryer for the 
economic simplified boiling-water reactor (ESBWR) steam dryer after it obtains an approval 
from the NRC staff for a method (presented in LTRs-33312P (Ref. 7) and -33408P(Ref. 8),) 
estimating the pressure loads on the dryer.  The main objectives of the analysis are (1) to 
evaluate the susceptibility of the dryer to high-cycle fatigue cracking caused by flow-induced 
vibrations (FIVs) during normal operation and (2) to predict the stresses caused by the specified 
ASME load combinations.  The dryer design will comply with the applicable requirements in 
ASME Code, Section III, Subsection NG, including the design requirements of Section III, 
Article NG-3000. 
 
The ESBWR steam dryer design is similar to the design of the dryers in operating boiling-water 
reactors (BWRs), including operating advanced boiling-water reactors (ABWRs).  The dryer 
includes steam drying vanes and perforated plates arranged in six parallel rows called dryer 
banks.  The dryer consists of an upper and a lower support ring.  The dryer banks are above the 
upper support ring, and the skirt is below.  The dryer is supported at the upper support ring by 
the reactor pressure-vessel support brackets.  The dryer is not physically connected to the 
chimney head or the steam separator assembly.  The skirt projects downward to form a water 
seal around the array of steam separators.  During refueling outages, the dryer is placed on the 
floor of the equipment pool supported by the lower support ring, which is located at the lower 
edge of the skirt.   
 
[[ 
 
 
                                                                             ]].  In response to a request for additional 
information (RAI), the applicant has developed weld factors for estimating maximum stress 
intensities at the dryer weld locations and included these factors in the proposed LTR revision 
pages of Revision 1 to LTR NEDE-33313P; these pages were provided by the applicant as a 
response to NRC RPV Internals Audit Comment 14 (Ref. 6).   
 
The applicant will use the ANSYS finite element analysis (FEA) computer code, [[ 
                                                              ]].  The model will be subject to the FIV loading time 
history and any loading scale factors as developed in GEH LTR NEDE-33312P, “ESBWR 
Steam Dryer Acoustic Load Definition,” issued July 2009.  The FEA will also be subject to bias 
errors and uncertainties associated with the model.  The applicant will perform a [[ 
                     ]] to account for the errors in the calculation of the dryer’s natural frequencies.  The 
applicant will perform a dynamic analysis with the ANSYS computer code direct integration or 
harmonic analysis with [[                              ]].  The resulting stresses along with weld factors will 
be used to estimate the maximum alternating stress intensity.  If the estimated maximum stress 
intensity exceeds the fatigue limit, [[ 



 

 
- 3 - 

 

                                                                                                        ]]. 
 
The applicant has provided a list of the load combinations for ASME Service Level A, B, C, and 
D conditions.  The applicant will perform the ASME load combination stress analysis and 
determine the maximum stress intensities, which will be compared to the stress limits in the 
ASME Code, Section III, Subsection NG. 
 
3.0 Staff Evaluation  
 
3.1 Comparison of Economic Simplified Boiling-Water Reactor and Advanced Boiling-Water 

Reactor Steam Dryers 
   
Because the ESBWR steam dryer design is based on the ABWR dryer design, RAI 3.9-212 
(Ref. 9) asked the applicant to compare these two designs and explain how these differences 
may affect the stress analysis results for the ESBWR dryer.  RAI 3.9-212 also asked the 
applicant to provide the stress analysis results, including its fatigue evaluation for the ABWR 
design.  RAI 3.9-212 further requested that the applicant compare these calculated results to 
the measured results and provide the associated uncertainties and bias errors.  
 
In its response to RAI 3.9-212 (Ref. 10), the applicant compared the key parameters of the 
ABWR and ESBWR dryer designs in Table 3L-1 of Appendix 3L to Revision 5 to the ESBWR 
Design Control Document (DCD) (Ref. 11).  Table 3L-1 shows that the [[ 
                                                                                                                                         ]].  In 
addition, the plate thickness of the drain channels for the ESBWR dryer is [[ 
         ]], as compared to [[            ]] for the ABWR.  Because the plate thickness of several 
ESBWR components is [[                 ]] that in the ABWR, the ESBWR and ABWR stresses 
should be comparable given the [[                                          ]] in the ESBWR.   
 
The applicant also provided stress analysis results for the steam dryer for a prototype ABWR 
plant using FEA and test data, which included measured strain and accelerations on the dryer 
skirt, drain channels, hoods, and support ring.  The applicant gathered test data during the 
ABWR prototype plant power ascension up through the [[ 
                                            ]].  [[                                                                                              
                                                                           ]].  The applicant employed Methods I and II, 
described in Subsection 3L.5.5.2 of Appendix 3L of the ESBWR DCD, Revision 5, for the stress 
evaluation of the ABWR steam dryer.  Both of these methods assume that [[ 
                                                                                                              ]].  Both methods [[ 
 
 
 
 
                              ]].   
 
3.2  ESBWR Steam Dryer Stress Analysis Methods 
 
To evaluate stress in the steam dryer in the prototype ESBWR plant, the applicant will not be 
using the two methods it employed for ABWR steam dryer analysis because these methods do 
not account for plant-based loads (acoustic pressures) acting on the steam dryer during normal 
operations.  Instead, it will use the four different methods described in the proposed LTR 
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revision pages of Section 5.2.2 of Revision 1 to LTR NEDE-33313P; these pages were 
provided by the applicant as a response to NRC RPV Internals Audit Comment 14 (Ref. 6).   
 
[[ 
 
 
 
 
 
 
 
 
                                                                                              ]].  The PBLE methodology uses the 
pressure measurements at [[                                                 ]] on the hood and end plate of the 
first ESBWR steam dryer and determines the pressure loading that is acting on all the surfaces 
of the dryer. 
 
The four methods mentioned above discuss how the bias and uncertainties will be applied to the 
FE stresses that are derived from the FEA subjected to PBLE pressure loads.  The 
determination of these bias and uncertainties, which are derived from the benchmark results for 
the QC2 and SSES) replacement dryers, is described in LTR NEDC-33408P, “ESBWR 
Steam Dryer—Plant-Based Load Evaluation Methodology,” Supplement 1, Revision 1, issued 
August 2009 (Ref. 8), and evaluated in the safety evaluation report (SER) for LTR 
NEDE-33312P, LTR NEDC-33408P, and Supplement 1 to LTR NEDC-33408P for the LTRs for 
the PBLE method (Ref. 12).   

Method 1 adjusts the FE stress results for the design loads with the [[ 
                                                                                                                   ]] (Ref. 8), [[ 
                                                    ]].  The design loads are developed from the benchmark data 
for two operating BWRs with replacement steam dryers.  [[ 
 
 
                                                                                       ]] as calculated in Table 2 of 
Attachment 1 to Enclosure 2 to a letter (MFN 09-509) dated July 31, 2009, from Richard E. 
Kingston (GEH) to the NRC (Ref. 13). 
 
[[ 
 
 
 
                                   ]]. 
 
[[ 
 
 
 
             ]]. 
 
[[ 
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                                                                                                                         ]]. 
 
3.3 Steam Dryer Instrumentation 
 
For Method 4, the applicant will install a population of pressure sensors, strain gages, and 
accelerometers at each monitoring location on the steam dryer so that it can assess the 
uncertainty in the measurements.  In RAI 3.9-212 S01 (Ref. 14), the staff asked the applicant to 
provide a detailed instrumentation plan, including the number of strain gages and 
accelerometers at each monitoring location on the prototype ESBWR steam dryer. 
 
In its response to RAI 3.9-212 S01the applicant stated the following: 
 

In response to RAI 3.9-138 S02 (Ref. 15), GEH provided the criteria and 
methods that will be used to determine the locations of pressure sensors, strain 
gages and accelerometers installed on the steam dryer for start up testing of the 
prototype ESBWR.  Corresponding ITAACs were also added to verify that the 
sensors are installed at appropriate locations. 
 
Consistent with the approach used by GEH for steam dryers in existing plants,    
[[                               ]] located and orientated in the appropriate direction of the 
FE stress field will be used.  The use of [[                               ]] maximizes the 
amount of data that can be obtained for a given number of gages and 
conductors.  [[ 
 
              ]].  In some cases, strain gages may be in a “half bridge” configuration 
with a dummy resistance (in the gage Wheatstone bridge circuit) for improved 
temperature compensation. 
 
[[ 
 
 
 
                                                                                                                          ]]. 
 

The staff review found that the criteria and the methods proposed by the applicant to select the 
instrument locations are acceptable.  Similar criteria were applied for instrumenting the 
replacement steam dryers at the operating BWRs.  The staff also verified that the applicant has 
included its commitments related to the locations of the instrumentation in Table 2.1.1-3 of DCD 
Tier 1 as inspections, tests, analyses, and acceptance criteria 12, 13, and 14.  The staff finds 
the response acceptable, but requested in RAI 3.9-212 S02 (Ref. 16) that the applicant explain 
how it will account for the uncertainty in the strain gage orientation with respect to the dryer 
geometry in its comparisons to the simulations. 
 
The applicant stated in its response to RAI 3.9-212 S02 (Ref. 17), the [[                                ]] 
will be installed on the dryer with a [[                                                                         ]].  The 
applicant has committed to incorporating this response in Section 9.0 of LTR NEDE-33313P.  
The staff finds the response acceptable because [[                                                                    ]] 
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would impose negligible uncertainty on the strain gage measurements.  Therefore, 
RAI 3.9-212 S02 is closed. 
 
In an April 17, 2008, meeting, the applicant told the staff that it is basing the ESBWR dryer 
modeling, stress analysis, and fatigue assessment approach on its application to the BWR 
replacement dryers.  Therefore, in RAI 3.9-213 (Ref. 9), the staff asked the applicant to provide 
stress analysis and fatigue assessment results for those dryers and compare these calculated 
results to the measured results along with the associated uncertainties and bias errors.  Since 
detailed discussion of the topic is presented in the response and evaluation of RAI 3.9-217 S01 
(Ref. 13), it was considered appropriate to close RAI 3.9-213 in favor of RAI 3.9-217 S01 so that 
all discussion can be presented at one place in the SER.  In response to RAI 3.9-217 S01, the 
applicant has provided the requested information related to uncertainties and bias errors 
associated with the PBLE methodology and the dryer FEM.  However, the staff had several 
concerns related to the applicant’s response to RAI 3.9-217 S01.  The staff’s audit of the 
ESBWR RPV internals on August 25, 2009, resolved these concerns.  (See Section 3.7 of this 
SE.) 
 
3.4 Steam Dryer Fabrication 
 
The applicant did not provide detailed information about the fabrication of the dryer in Revision 0 
to LTR NEDE-33313P.  Therefore, RAI 3.9-214 (Ref. 9) requested that the applicant describe 
the type of welds that it will use in the design, their locations with respect to high-stress 
locations in the dryer, their inspection during fabrication, and any heat treatment they may 
receive.   
 
In response to RAI 3.9-214 (Ref. 18), the applicant stated the following: 
 

The design approach for reactor internals subjected to FIV is described in DCD 
Appendix 3L.2.3, “Design and Materials Evaluation.”  The DCD appendix 
discusses streamlining structural discontinuities within the structure thus reducing 
stress risers that contribute to fatigue failure.  The ESBWR steam dryer design  
[[                                                                     ]].  As stated in NEDE-33313P, the 
design of the ESBWR steam dryer is similar to that of the ABWR steam dryer 
with additional fabrication improvements developed for operating fleet 
replacement steam dryers.  The ABWR steam dryers had already incorporated 
significant improvements over the BWR-6 in [[ 
                               ]]. 

 
The applicant further stated, “The ESBWR design may use [[ 
                ]], but these welds are at locations [[                                            ]].  In addition, the 
ESBWR steam dryer design eliminates some welds in previously identified high stress locations 
by using [[                      ]] in the design rather than welding separate plates together.” 
 
The applicant also stated that for the ESBWR steam dryer fabrication, each pass of any 
multiple-pass weld is examined for weld quality using [[                                            ]].  In 
addition, structural welds are given a solution heat treatment to the extent possible.  The staff 
finds the changes in the fabrication of ESBWR steam dryer acceptable because these changes 
would mitigate the high-cycle fatigue damage to the dryer components.  Although the staff finds 
that the applicant had provided the requested information, it needed additional information about 
solution heat treatment.  Therefore, supplementary RAI 3.9-214 S01 (Ref. 14) requested that 
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the applicant confirm whether all the welds at high-stress locations would receive solution heat 
treatment. 
 
In response to RAI 3.9-214 S01 (Ref. 19), the applicant stated that all the welds at high-stress 
locations will receive solution heat treatment provided the weldments do not present size, 
material, or distortion issues.  To reduce the susceptibility to fatigue cracking, the ESBWR 
steam dryer design [[ 
                              ]] in the design rather than [[ 
 
                                                          ]]. 
 
The staff finds the information provided by the applicant about the fabrication and inspection of 
the steam dryer welds acceptable.  The use of [[ 
                                                                                  ]] are likely to increase the dryer’s resistance 
to high-cycle fatigue.  In addition, [[                         ]] of each pass of the weld would reduce the 
possibility of fabrication flaws in the welds, and [[                                                     ]] would 
reduce residual stresses in those welds; these actions would reduce the susceptibility to high-
cycle fatigue.  The applicant states, “The ABWR steam dryers had already incorporated 
significant improvements over the BWR-6 in maximizing the use of full penetration welds.”  
RAI 3.9-214 S02 (a) (Ref. 20) requested that the applicant provide some examples of these 
improvements.  The applicant further stated, [[ 
                                                    ]].  RAI 3.9-214 S02 (b) requested that the applicant provide 
the stress level at which a location is considered a high-stress location and confirm whether [[ 
                                                                                                     ]]. 
 
In response to RAI 3.9-214 S02 (a), the applicant identified [[       ]] weld joint design 
improvements that it implemented in the ESBWR steam dryer.  Examples of these 
improvements include [[ 
 
 
 
                                       ]].  The staff finds that the details of the proposed steam dryer design, 
including the weld configurations, would reduce the stresses at the welds and improve the 
fatigue resistance of the ESBWR dryer.  Therefore, RAI 3.9-214 S02 (a) is closed. 
 
In response to RAI 3.9-214 S02 (b), the applicant stated that if, after applying the SCFs, the 
stress at a given weld is higher than the acceptance criteria or if a maximum stress location falls 
on a weld, then that weld is considered a high-stress location and will be redesigned as 
discussed in its response to RAI 3.9-214 S01.  The staff finds this response acceptable because 
the proposed approach for redesigning the high-stress weld would reduce the possibility of high-
cycle fatigue cracking at the welds.  Therefore, RAI 3.9-214 S02 (b) is closed.   
 
 
 
3.5 Stress Concentration Factors for Steam Dryer Welds 
 
In Section 5.1 of Revision 0 to LTR NEDE-33313P, the applicant stated that it will develop 
additional weld factors that it will apply to the maximum alternating stress intensities calculated 
using the FEM of the dryer structure.  However, the applicant did not explain how it will develop 
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and validate the additional weld factors.  The staff requested this information in RAI 3.9-215 
(Ref. 9). 
 
In response to RAI 3.9-215 (Ref. 21), the applicant included General Electric Nuclear Energy 
(GENE) DRF GE-NE 0000-0092-7093-1P, Class II, “Recommended Weld Quality and Stress 
Concentration Factors for use in the Structural Analysis of Exelon Replacement Steam Dryer,” 
issued April 2005.  For the ESBWR steam dryer structural analysis, the applicant will apply the 
recommended weld factors to the [[                                                                                  ]] 
calculated using the FEM of the dryer structure. 
 
In Section 3.1 of the GENE report, the applicant stated, “[[ 
 
 
                                                                                    ]]”  RAI 3.9-215 S01 (A)(i) (Ref. 14) 
requested that the applicant provide a report that summarizes the results of the metallurgical 
evaluations.  The applicant further stated that for the ESBWR dryers, the weld root and final 
weld will receive a PT examination similar to that done for the operating BWR replacement 
dryers.  However, a PT examination of the root pass may not be able to detect a rejectable 
defect at the root.  RAI 3.9-215 S01 (A)(ii) requested that the applicant explain whether a 
rejectable root defect will always penetrate the surface of a root pass so that a PT examination 
can detect it.   
 
The applicant responded to RAI 3.9-215 S01 (Parts A, B, C, and D) (Ref. 22).  Part A of the RAI 
is described above; other parts are described after the evaluation of the response to Part A.  In 
response to RAI 3.9-215 S01 (A)(i), the applicant stated [[ 
 
 
                                               ]].  However, after the publication of the GENE report, [[ 
 
                                                                                                        ]].  The metallurgical 
evaluation of this weld reported lack of penetration in the weld, which is considered a weld 
defect according to the applicant’s requirements.  The use of the partial penetration welds 
required the applicant to submit test welds for metallurgical evaluation.  However, the 
applicant’s requirements did not clarify that a metallurgical evaluation was necessary before the 
use of the weld procedure.  The applicant has corrected this deficiency for the ESBWR.  The 
applicant stated, “[[ 
 
                               ]]”  The applicant has also added a similar statement in Section 4.2 of 
LTR NEDE-33313P.  The staff finds the applicant’s summary of metallurgical evaluations and 
the resulting change in the ESBWR weld quality requirements acceptable.  Therefore, 
RAI 3.9-215 S01 (A)(i) is closed.    
 
In response to RAI 3.9-215 S01 (A)(ii), the applicant agreed that its field experience indicates 
that rejectable root defects will not always penetrate the surface of the weld root pass, and, 
therefore, PT examination of the weld root pass may not be able to detect such defects.  This 
concern involves full penetration welds with limited backside access, partial penetration welds, 
and fillet welds in which the root side of the welds cannot be easily inspected.  The applicant 
needs robust weld qualification requirements to ensure that the weld processes stay in control 
and do not produce weld defects.  These requirements include [[ 
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                                                                    ]].  The staff finds that these requirements are 
adequate to avoid any root defects in the welds that are considered here.  The applicant has 
added this requirement in Section 4.2 of LTR NEDE-33313P.  Therefore, RAI 3.9-215 S01 (A)(ii) 
is closed. 
 
The GENE report provides the SCF that may be used with an FEA to obtain the peak stress at 
the fillet weld using one of the following three approaches: 

 
(1) For a shell element model, an [[ 

                                ]].   
 

(2) For a shell element model, an [[ 
                   ]]. 

(3) For a solid element model, an [[ 
                                                                                ]].  
 

For Approach 1, the applicant defined the nominal stress as a stress [[ 
 
                             ]].  RAI 3.9-215 S01 (B)(i) requested that the applicant explain how it will 
determine the distance from the weld discontinuity for estimating the nominal stress. 
 
In Section 2.3 of the GENE report, the applicant claimed that the fatigue stress calculated using 
Approach 2 is equal to, or higher than, the one using Approach 1.  RAI 3.9-215 S01 (B)(ii) 
requested that the applicant provide a technical justification for this claim.  In Section 3.2, the 
applicant further stated that the various studies have shown that the calculated fatigue stress 
using Approach 1 correlates reasonably well with that using Approach 2.  The staff asked the 
applicant to summarize the results of these studies and confirm whether they support the claim 
made in Section 2.3.  RAI 3.9-215 S01 (B)(iii) requested that the applicant provide data showing 
how well the fatigue stress calculated using Approach 3 compares to that calculated using 
Approaches 1 and 2.  RAI 3.9-215 S01 (B)(iv) requested that the applicant explain whether the 
three approaches mentioned above are applicable to fillet welds mainly subject to bending 
stresses or whether they are equally applicable to the welds mainly subject to membrane 
stresses.   
 
In response to RAI 3.9-215 S01 (B)(i), the applicant has proposed a newly developed method to 
calculate the [[ 
 
                                                                                                                    ]].  The applicant has 
added a corresponding statement about the proposed method in the LTR.  The staff finds this 
response acceptable because it is consistent with the guidance in ASME Code, Section III, 
Subsection NG, for determining the fatigue life in welded members.  Therefore, RAI 3.9-215 S01 
(B)(i) is closed. 
In response to RAI 3.9-215 S01 (B)(ii), the applicant presented a stress analysis of a fillet weld 
in a replacement BWR-4 steam dryer and determined the alternating stresses using two 
approaches:  (1) [[                                                                          ]] and (2) the [[ 
                                           ]].  The results show that Approach 2 gives higher stresses than 
Approach 1 does.  The applicant further stated that the difference in these stresses will reduce 
as the [[ 
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                                      ]].  The staff noticed that the applicant has changed the method it used 
for calculating the nominal stresses at the weld line; [[ 
 
                                                                   ]].  The staff audited the applicant’s calculations for 
the nominal and peak stresses on August 25, 2009.  The staff found that the applicant had not 
considered the presence of undersized welds in calculating the peak stresses required for 
Approach 2.  (See NRC RPV Internals Audit Comment 10.)  To estimate the fatigue stress at an 
undersized weld, [[ 
                                                    ]].  As a result the peak stresses calculated using Approach 2 
are more than 50 percent higher than those reported in the RAI response.  The applicant has 
agreed to account for the undersized welds and has modified Section 4.1 and Figure 4-1 of this 
LTR.  The staff finds this response acceptable, and, therefore, RAI 3.9-215 S01 (B)(ii) is closed.      
 
In response to RAI 3.9-215 S01 (B)(iii), the applicant stated that it uses [[                                ]] 
to determine the peak stresses at fillet welds when shell element models are not capable of 
determining the accurate peak stresses at a weld location with small discontinuities.  [[ 
              ]] are used in a submodel, which models the weld region with discontinuities.  Because 
this approach (called Approach C in the GENE report) uses [[                     ]] submodels, it 
cannot be compared to the other two approaches (called Approaches A and B), which use shell 
element models.  The staff finds this response acceptable and asked the applicant to explain 
how it will determine the size of a submodel to ensure that the displacement and stresses at the 
cut boundaries of the submodel remain unchanged as the mesh is refined and as stress and 
strain are changed at the local discontinuity.  The NRC discussed this issue with the applicant 
during the August 25, 2009, audit (Ref. 6).  (See NRC RPV Internals Audit Comment 6.)  
Therefore, RAI 3.9-215 S01 (B)(iii) is closed, and the closure of NRC RPV Internals Audit 
Comment 6, discussed later in Section 3.6 of this report further addresses this issue. 
 
In response to RAI 3.9-215 S01 (B)(iv), the applicant explained that the three approaches 
mentioned in the GENE report are applicable to both bending and membrane stresses.  
Paragraph NG-3352 in ASME Code, Section III, Subsection NG, does not make a distinction in 
terms of applicable stress types—that is, whether it is a membrane or bending stress or a 
combination of both.  Therefore, the staff concluded that the specified fatigue factor of 4 is 
applicable to both membrane and bending stresses.   
 
The applicant further stated as part of its response to RAI 3.9-215 S01 (B)(iv), that the fatigue 
factor of 4 consists of two subfactors:  (1) [[ 
 
                   ]], and (2) [[ 
                ]].  For Approaches B and C, the FEA predicts peak stress, which already includes the 
stress increase accounted for by the first subfactor.  Therefore, only a second subfactor needs 
to be applied to the predicted peak stresses to determine alternating stress (fatigue stress).  
Thus, Approaches B and C are equivalent to Approach A.  Therefore, the staff concludes that 
these approaches are also applicable to both bending and membrane stresses.  The applicant 
has added this explanation of the applicable fatigue factors in Section 4.1 of the LTR.  The staff 
finds the applicant’s response acceptable because it adequately explains the applicability of the 
three approaches used to determine the SCFs for the fillet welds that are subject to both 
bending and membrane stresses.  Therefore, RAI 3.9-215 S01 (B)(iv) is closed.  
 
In Section 2.3 of the GENE report, the applicant stated that [[ 
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                                                                                                               ]] and should be used with 
nominal stresses.  RAI 3.9-215 S01 (C) requested that the applicant explain the meaning and 
significance of the terms “ends of the weld are not covered” and provide  the recommended 
values of SCFs if Approach 2 or 3 is used to obtain the peak stress at the fillet weld .  
 
In response to RAI 3.9-215 S01 (C), the applicant stated that the phrase, “ends of welds are not 
covered,” refers to a two-sided fillet weld in which the weld is not wrapped around the ends—
that is, the ends of the plate are not welded.  However, the ESBWR steam dryer does not use 
this weld.  The staff finds this explanation acceptable because the additional explanation 
clarifies the design detail.  Therefore, RAI 3.9-215 S01(C) is closed. 
 
In the GENE report, the applicant stated that [[ 
 
              ]].  The staff agrees with the applicant that this approach is a conservative method for 
assessing fatigue damage because [[ 
                                                                                                                                     ]].  
RAI 3.9-215 S01 (D) requested that the applicant mention this particular method of calculating 
the alternating stress intensity in LTR NEDE-33313P and revise LTR NEDE-33313P to include 
a summary and conclusions of the GENE report.   
 
In response to RAI 3.9-215 S01 (D), the applicant has incorporated the summary and 
conclusions of the GENE report in Section 4.1 of the LTR.  Because the applicant has 
addressed the staff’s request, the staff finds the response acceptable.  Therefore, 
RAI 3.9-215 S01 (D) is closed.  In summary, RAI 3.9-215 and all of its supplements are closed. 
 
3.6 Finite Element Modeling Methods 
 
In Section 5.1 of Revision 0 to LTR NEDE-33313P, the applicant did not provide sufficient detail 
on its FEM and FEA procedures for the staff to determine their adequacy.  The staff review 
determined that additional information was needed about the mesh size used for modeling 
different parts of the dryer.  RAI 3.9-216 (Ref. 9) requested that the applicant provide mesh 
convergence studies in high-strain and -stress regions in the ESBWR dryer to assess whether 
the dimensions and mesh spacing used for the model are adequate and to determine the 
associated errors.   
 
In response to RAI 3.9-216 (Ref. 21), the applicant provided a table of approximate element 
sizes for each component of the dryer.  The applicant also explained that it used mesh 
convergence studies to define the element sizes based on a relative stress change of                
[[               ]] from a previous iteration.  Regions where this criterion is not met are modeled 
coarsely in the overall analysis, but then finer shell or solid submodels are used to obtain 
converged stresses based on displacement boundary conditions taken from the overall analysis. 
 
Although the applicant’s approach appeared acceptable, RAI 3.9-216 S01 (Ref. 14) requested 
that the applicant provide the following additional information:  (1) explain how it accounts for 
the [[                ]] stress underpredictions that resulted from its converged models and (2) 
describe its detailed submodeling procedure along with verification studies.  RAI 3.9-216 S01 
also requested that the applicant explain whether the displacements used as boundary 
conditions on the submodels are time dependent and are extracted from the corresponding 
displacement time history results from the global analysis. 
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In response to RAI 3.9-216 S01 (a) (Ref. 23), the applicant confirmed that it will apply a 
nonconservative bias of [[               ]] to the FEA stress results directly unless it performs an 
additional plant-specific evaluation to justify a different bias value.  This means that the 
applicant will combine this bias error with other bias errors reported in Section 3.7 of this SER 
and then apply the resulting error along with estimated uncertainties to the calculated stresses.  
The staff finds the applicant’s response acceptable because it will properly account for the bias 
error associated with the FE mesh convergence.  Therefore, RAI 3.9-216 S01 (a) is closed. 
 
In response to RAI 3.9-216 S01 (b), the applicant stated that it will apply a submodeling 
procedure to further analyze the portions of the dryer that do not meet the [[                ]] 
convergence criteria or include locations with high-stress intensity or stress singularity.  This 
procedure [[ 
 
                ]].  The applicant will [[ 
 
                               ]].  The applicant will then [[ 
 
                                                                                                                                      ]].  The 
stress report lists the corresponding stress results.  The staff finds the response acceptable 
because the applicant has refined the mesh of the submodel until the convergence error 
becomes [[                                  ]].  However, the applicant did not explain how it will determine 
the size of the submodel to ensure that the displacements and stresses at the cut boundaries 
remain unchanged as the FE mesh is refined and as stress and strain are changed at the 
location of interest.  The NRC discussed this concern with the applicant during the 
August 25, 2009, audit.  (See NRC RPV Internals Audit Comment 6.)  In response to this 
comment (Ref. 6), the applicant stated that [[ 
 
 
                                                                                                                                  ]].  The staff 
finds this response acceptable because the applicant’s approach to determine the size of the 
submodel ensures that the local changes caused by the refined mesh would not affect the 
stresses and displacements at the cut boundaries.  Therefore, NRC RPV Internals Audit 
Comment 6 is resolved.  
 
3.7 Finite Element Model Bias Errors and Uncertainties 
 
As discussed in Section 5.2 of Revision 0 to LTR NEDE-33313P, the applicant will [[ 
                  ]] of the ESBWR steam dryer loading to account for uncertainty and bias in the FEM 
resonance frequencies.  However, such [[            ]] does not account for errors in the mean and 
peak frequency response amplitudes resulting from the uncertainty or bias in plate dimensions, 
boundary conditions (joints between plates and other members), prestresses within members, 
and friction between internal vanes and other components.  Therefore, RAI 3.9-217 (Ref. 9) 
requested that the applicant estimate the uncertainty and bias in the dryer FEM frequency 
response function amplitudes [[ 
                                                                                                                 ]].  The final uncertainty 
or bias may be applied directly to the dryer stresses.   
 
In response to RAI 3.9-217 (Ref. 24), the applicant provided the following:   
 

[[ 
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                                                                           ]].  With the much improved PBLE 
FIV load definition, the applicant is able to benchmark the FE model against 
instrumented dryers that include well-placed pressure transducers, strain gages, 
and accelerometers. The applicant agrees with the NRC staff statement in the 
RAI.  Therefore, for the ESBWR steam dryer structural analysis, in addition to the 
[[                                               ]], the applicant will include the [[ 
 
                                                                      ]]. 

 
The staff finds the applicant’s response acceptable because the benchmarking of the FEM 
against instrumented dryers, as proposed by the applicant, would properly account for errors in 
the mean and peak frequency response amplitudes.  RAI 3.9-217 S01 (Ref. 14) requested that 
the applicant provide the results for the benchmarked FEM against instrumented dryers that 
include pressure transducers, strain gages, and accelerometers.   
 
In response to RAI 3.9-217 S01 (Ref. 13), the applicant responded by assessing data acquired 
from the SSES replacement steam dryer.  The applicant analyzed the strain gage, 
accelerometer, and pressure sensor signals and compared them to simulations conducted using 
PBLE loads (generated based on dryer pressure sensor measurements, not on the strain gage 
data of main steamlines) and ANSYS time integration analysis of the applicant’s steam dryer 
FEM.  [[ 
                                                                                 ]].  The analysis assumed [[               ]] 
damping.  The applicant developed the loads using a conservative [[ 
 
 
                                                                                                                        ]].  The applicant 
provided the resulting FEM bias errors and uncertainties over frequency bands and over 
different dryer regions. 
 
The applicant then stated that the peak dryer stresses may be inferred by using either an           
[[             ]] approach, similar to that used during the Vermont Yankee Nuclear Power Station 
(VY) extended power uprate (EPU) power ascension, or a new [[                                         ]] 
method as described in Enclosure 2 to the applicant’s response to RAI 3.9-217 S01.  (See 
Section 3.9 of this SER for further discussion of the [[                             ]] analysis methods.)  
The applicant demonstrated that for the SSES replacement steam dryer, the [[ 
         ]] methods provide good estimates of the peak dryer stresses with the [[        ]] method 
producing the most conservative (highest) stresses.  The applicant then stated that there is no 
need to use frequency-dependent FEM bias errors and uncertainties in any future dryer 
simulation.  The applicant also provided the following bias errors and uncertainties (where 
positive bias is conservative): 
 
• [[ 
•  
•  
•                                                                ]] 
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The applicant justified the mesh refinement bias error in its response to RAI 3.9-216.  The time 
segment selection bias is based on a [[ 
                                                                                                                           ]].  The applicant 
estimated the peak stresses using the [[        ]] approach.  The applicant also describes its 
rationale for strain gage location and measurement uncertainty based on installation uncertainty 
and calibration uncertainties. 
 
Although the staff concurs with the above bias errors and uncertainties, it does not agree that 
the applicant may apply a [[                                      ]] bias error and uncertainty to all future 
steam dryer analyses.  Although the applicant may have demonstrated that the [[         ]] method 
provides reasonable peak stress estimates for the SSES dryer and reactor, it has not 
established that the [[        ]] method is universal to all dryers and plants.  During the August 25, 
2009 staff audit of ESBWR RPV internals discussed below, the staff asked the applicant to 
provide [[                                 ]] bias errors and uncertainties for the FEMs based on the results 
provided in Appendix 2 to Attachment 1 to the applicant’s RAI response. 
 
In addition, the staff was uncertain as to whether the applicant plans to apply these location-
dependent bias errors and uncertainties to the ESBWR dryer design process. 
 
Finally, the applicant had made no DCD or subject LTR modifications reflecting its response.  
Consequently, the staff had the following three concerns resulting from its review of the 
applicant’s response to RAI 3.9-217 S01: 

 
(1) Although the applicant demonstrated in its response to RAI 3.9-217 S01 that the [[        ]] 

method provides reasonable peak stresses for the SSES replacement steam dryer in the 
SSES plant, it has not done so for all dryers in all plants.  Therefore, the staff requests 
that the applicant provide [[                                  ]] bias errors and uncertainties for its 
dryer FEMs.  The [[                                  ]] values should clearly account for the              
[[                                                                                                                             ]] in the 
plots provided in Figures 5–13 of Attachment 1 to Appendix 2 to Enclosure 2 to the RAI 
response.  The applicant should clearly distinguish bias errors in the FEMs from those in 
the PBLE loads.  

 
(2) The applicant should clarify if it plans to use location-dependent bias errors and 

uncertainties in its ESBWR dryer design efforts. 
 

(3) The applicant should document its final dryer FEM bias errors and uncertainties, both 
frequency dependent and frequency independent, along with justifications in 
modifications to either the DCD or to appropriate LTRs. 

 
The NRC discussed these concerns with the applicant during the staff audit of ESBWR RPV 
internals on August 25, 2009.  (See NRC RPV Internals Audit Comment 14.)  The staff has 
evaluated the response to NRC RPV Internals Audit Comment 14 in the SER for 
LTR NEDC-33408P (Ref. 6) and found it acceptable.  As part of that response, the applicant 
has incorporated the [[                                                                                                         ]] in 
Reference 8.  Therefore, the Concerns 1 and 2 listed above are resolved.  
 
Specifically in response to Concern 3 above, the applicant stated in the response to RPV 
Internals Audit Comment 14 included in Reference 5, that it [[ 
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                                                                                                                                            ]].  
 
The applicant has incorporated this procedure in Section 5.2.3 of the LTR NEDE-33313P.  The 
staff finds the response acceptable because the applicant has documented [[ 
                                                                                          ]] along with its justification in the LTR 
as requested by the staff.  Therefore, Concern 3 is resolved.  Because the applicant has 
addressed the [[                                                                                               ]] for both the PBLE 
methodology and the dryer FEM in an acceptable manner, all of the staff’s technical concerns 
related RAI 3.9-217 S01 are resolved.  
 
3.8 Dynamic Stress Analysis and Fatigue Analysis Considerations 
 
In Section 6.0 of Revision 0 to LTR NEDE-33313P, the applicant stated that the [[ 
                                                ]] available in the ANSYS computer code will be used for the 
stress analysis of the dryer.  RAI 3.9-218 (Ref. 9) requested that the applicant discuss which 
analysis method may be more appropriate for the dynamic stress analysis of the dryer operating 
at power, taking into account the [[                ]] structural damping and initial conditions of the 
dryer.   
 
In response to RAI 3.9-218 (Ref. 14), the applicant discussed its plans to use either or both       
[[                                                                                                                                  ]] to assess 
dryer stresses.  In the [[ 
 
 
 
 
                                                     ]]. 
 
The applicant also discussed how it conducts its [[ 
 
                                                                                                                           ]].  The applicant 
uses [[ 
                                                                      ]].  The staff finds the response acceptable because 
the applicant has adequately discussed the use of the dynamic analysis method, taking into 
account the initial conditions and structural damping.  Therefore, RAI 3.9-218 is closed. 
 
The applicant did not provide information in LTR NEDE-33313P about the length of the pressure 
time history that it will consider in performing the FEA of dynamic stress in the ESBWR dryer.  
High-cycle fatigue cracking has occurred in some operating BWR steam dryers after extensive 
operating time (more than 10 to 20 years) at current licensed thermal power before EPU.  This 
implies that the frequency of the highest range of the alternating stress intensity experienced by 
the steam dryer is low [[                                                                 ]].  Therefore, the length of the 
pressure time history considered in the analysis should be long enough to assess the high-cycle 
fatigue damage during its intended lifetime of 60 years.  RAI 3.9-219 (Ref. 9) requested that the 
applicant further define the length of the pressure time history used in this analysis process. 
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In response to RAI 3.9-219 (Ref. 14), the applicant agreed with the staff that in order to 
characterize the high-cycle fatigue usage over a 60-year component life, the FIV loading used in 
the FEA of stress should consider peak stress intensities that occur at frequencies as low as 
approximately [[                                         .  The ESBWR steam dryer will experience                 
[[                                                                       ]] during the design life of 60 years; the 
corresponding maximum allowable amplitude of the alternating stress intensity is about 
15,400 psi, according to Figure I-9.2.2 in Appendix I to Division 1 of Section III of the ASME 
BPV Code.  This value is conservative because the alternating stress intensity of 15,600 psi is 
higher than the allowable fatigue limit of [[                 ]] for the ESBWR steam dryer design.        
[[ 
 
                                                                                                             ]]. 
 
[[ 
 
 
 
 
 
 
 
 
                                                           ]].  The NRC staff finds the response acceptable but, in 
RAI 3.9-219 S01 (Ref. 14), requested that the applicant incorporate the response in the LTR.  In 
its response to RAI 3.9-219 S01 (Ref. 25), the applicant incorporated the requested information 
in Section 5.2, “Dynamic Pressure Loads,” of Revision 1 to the LTR.   
 
The review of Section 5.2 of LTR NEDE-33313P raised additional questions.  The applicant did 
not clearly explain the length of time that it uses to compute stresses and uses several terms 
that are seemingly interchangeable:  time interval, time segment, and subinterval.  How the 
applicant determines the time interval bias factors is also unclear.  RAI 3.9-219 S02 (Ref. 16) 
requested that the applicant clarify the meanings of the terms time interval, time segment, and 
subinterval.  It also requested that the applicant further clarify how it determines time interval 
bias factors and explain the frequency dependence (if any) and location dependence of these 
factors.   
 
In response to RAI 3.9-219 S02 (Ref. 17), [[ 
 
 
 
 
 
 
 
                                                                                                    ]].   
 
[[ 
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                                                       ]]. 
 
The applicant further states that the term “subinterval” is no longer used.  The staff finds this 
response acceptable because the applicant has clarified the terms time segment, time interval, 
and time interval bias factor by describing the procedure for direct integration FEA.  
 
3.9 [[          ]] and [[                                   ]] Methods for the Calculation of Stresses Caused 

by Flow-Induced Vibration  
 
In the response to RAI 3.9-219 S02 the applicant has provided the description of the [[             ]] 
method and [[        ]] method for determining steam dryer stresses to facilitate the staff review.  
The staff’s evaluation of these two methods is presented here.  The main objective of these 
methods is to [[ 
                        ]].  This can be accomplished because the FIV evaluation of a steam dryer 
follows a linear elastic analysis.  These methods are computationally efficient and provide a 
nearly [[                                 ]] of the FIV stresses during power ascension and normal 
operation.  These methods [[ 
 
                                                                      ]].  
 
[[ 
 
 
 
 
 
 
                                                       ]].  The [[          ]] method was validated during the EPU 
application for the VY operating plant.   
 
[[ 
 
 
 
 
 
 
                                                                                                                                                   ]].  
SSES used the [[            ]] and [[        ]] methods during its EPU power ascension testing; these 
two methods provided comparable results.  The staff finds the use of the [[             ]] and [[        ]] 
methods acceptable because their technical bases are reasonable and because VY and SSES 
successfully used them to analyze replacement steam dryers during power ascension for the 
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implementation of EPU operating conditions.  The staff’s review of the applicant’s responses 
concludes that the additional details provided for the steam dryer stress analysis process are 
sufficient to resolve the staff’s technical concerns, which are related to the length of pressure 
time history used in the stress analysis and the definitions of different factors used in the dryer 
stress analysis, raised in RAI 3.9-219 and the associated supplementary questions.  Therefore, 
RAI 3.9-219 is closed. 
 
3.10 Additional Comments from the NRC Staff Audit 
 
During the August 25, 2009, audit (Ref. 26), the NRC further discussed steam dryer issues with 
the applicant.  (See NRC RPV Internals Audit Comments 2, 3, and 5.)  The following is the 
applicant’s response (Ref. 6) to these comments and the staff’s evaluation: 
 

NRC RPV Internals Audit Comment 2 
 

In Section 3L.4.6 of Appendix 3L to DCD Tier 2, the applicant provides 
acceptance criteria for the strains measured on the instrumented steam dryer 
during power ascension.  This response is acceptable for the first ESBWR plant 
where [[                                                                                         ]].  However, this 
response does not address the subsequent ESBWR plants [[ 
                                                                                                                              ]].  
The DCD needs to address the subsequent ESBWR plants acceptance criteria. 

 
In response to NRC RPV Internals Audit Comment 2, the applicant refers to its response to RPV 
Internals Audit Comment 5.  Therefore, NRC RPV Internals Audit Comment 2 is discussed 
below in the discussion that addresses RPV Internals Audit Comment 5. 

 
NRC RPV Internals Audit Comment 3  

 
Ensure modifications to Appendix 3L are included in Revision 6.  The applicant 
clarified Item 5 in DCD Tier 2, Section 3L.2.1 (page 3L-4), stating that it does not 
apply to the steam dryer or chimney partition assembly.  The significance of this 
clarification was not clear to the staff.  The applicant agreed to reorganize the 
Appendix to eliminate confusion. 
 
The applicant has also clarified that vibration data for all equipment listed in DCD 
Tier 2, Table 3L.4, will be acquired [[ 
 
 
                                             ]].  It was not clear to the staff whether the last 
sentence applied to [the] steam dryer.  The staff also wanted to know whether 
the pressure data will be evaluated for benchmarking the PBLE methodology. 
 

In response to NRC RPV Internals Audit Comment 3, the applicant concurred with the staff that 
Item 5 in Section 3L.2.1 of DCD Tier 2 is confusing because items listed in this section do not 
apply to all the reactor internals and specifically do not apply to the steam dryer.  The applicant 
has revised Sections 3L.1 and 3L.2.2 to include this clarification.  The applicant further stated 
that because of the complexity of the steam dryer, its FIV evaluation is not presented in 
Reference 27 but is addressed in References 4, 7, 8, and 28.  The applicant has revised 
Table 3L.4.  The revised table implies that [[ 
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                                                                                                                           ]].  These forcing 
functions will be used for Method 4 described in proposed revisions of Section 5.2.2 of 
Revision 1 to LTR NEDE-33313P (Ref. 6).  Method 4 is also discussed in this SER as part of 
the discussion on RAI 3.9-212.  The staff finds the response acceptable because the applicant 
revised the appendix and fully clarified its applicability to the steam dryer.  Therefore, NRC RPV 
Internals Audit Comment 3 is resolved. 
 

NRC RPV Internals Audit Comment 5 
 

GEH has stated that [[ 
 
                           ]].  The staff would like to know what the acceptable level of the 
alternating stress intensity is for the instrumented steam dryer.  In other words, 
the staff would like to know the minimum fatigue margin [[ 
                                                                             ]] that the applicant would 
maintain for the instrumented steam dryer.  The staff would also like to know the 
acceptable level of the alternating stress intensity, or the minimum fatigue margin 
for the subsequent ESBWR steam dryer that is not instrumented. 

In response to NRC RPV Internals Audit Comment 5, the applicant stated that during the design 
of the steam dryer, [[ 
 
 
                                                                                                            ]].  Also note that these 
limits will be used with the stress evaluation Methods 1, 2, and 3 discussed in this SER with 
respect to RAI 3.9-212.   
 
[[ 
 
 
 
 
                     ]].  Note that this stress evaluation approach is the same as Method 4 described in 
the proposed LTR revision pages of Section 5.2.2 of Revision 1 to LTR NEDE-33313P; these 
pages were provided by the applicant as a response to NRC RPV Internals Audit Comment 14 
(Ref. 6).  The applicant further justifies this stress limit by stating that the steam dryer is not a 
safety-related component.   
 
For the subsequent ESBWR steam dryers, [[ 
 
 
 
 
 
 
 
 
 
 
                                                                                                   ]].  Therefore, NRC RPV Internals 
Audit Comments 2 and 5 are resolved.     
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4.0 Conclusions 
 
Based on its review of the subject LTR and the applicant’s responses to the RAIs, the staff 
concludes that the ESBWR steam dryer structural evaluation is compliant with the requirements 
and guidance of GDC 1, 2, and 4 of Appendix A to 10 CFR Part 50, 10 CFR 50.55a, 
Regulatory Guide 1.20, and the design requirements of the ASME Code, Section III, 
Subsection NG, Article NG-3000.  The staff finds that the ESBWR steam dryer is designed to 
adequately resist fatigue damage and to maintain structural integrity such that no loose parts 
are generated during its 60-year design life.  This conclusion is based on the following findings: 
 
• The ESBWR steam dryer design includes several features that increase its fatigue 

resistance:  [[ 
 
 
 

                                                                                   ]]. 
 
• The ESBWR steam dryer design has conservative acceptance standards for fatigue 

stresses acting on components whose failure may produce loose parts. 
 
• The PBLE methodology used for estimating the pressure loading on the ESBWR steam 

dryer is benchmarked with the pressure measurements on the QC2 and SSES 
replacement dryers. 

 
• Design loads have been conservatively derived from the QC2 and SSES acoustic 

pressure loads using the PBLE methodology. 
 
• The bias errors and uncertainties associated with the FEM method used for the steam 

dryer have been estimated from the analysis of the BWR replacement dryers and will be 
applied to the ESBWR steam dryer design.  These modeling bias errors and  
 
uncertainties will be further evaluated by [[ 
 
                    ]]. 

 
• Actual pressure loads acting on the steam dryer will be measured, and the 

corresponding fatigue stresses will be estimated during power ascension testing of the   
[[                                        ]] to further assess the dryer’s structural integrity. 
 

 



 

 
- 21 - 

 

5.0 References  
 
1. U.S. Code of Federal Regulations, Title 10, Energy, Part 50, “Domestic Licensing of 

Production and Utilization Facilities.” 
 
2. Regulatory Guide 1.20, Revision 2, “Comprehensive Vibration Assessment Program for 

Reactor Internals during Preoperational and Initial Startup Testing.” 
 

3. American Society of Mechanical Engineers, “Boiler and Pressure Vessel Code, 
Section III, Subsection” NG, Divisions 1 2001 Edition and Addenda through 2003, 
New York, NY, 2004.  

 
4. Transmittal of GEH Licensing Topical Report (LTR), “ESBWR Steam Dryer Structural 

Evaluation,” NEDC-33313P, Revision 0, November 2007 (ADAMS Accession No. 
ML073240176). 
 

5. Transmittal of GEH Licensing Topical Report (LTR), “ESBWR Steam Dryer Structural 
Evaluation,” NEDC-33313P, Revision 1, July 2009 (ADAMS Accession No. 
ML092170644). 

 
6. Letter from Richard E. Kingston, (GEH), to NRC, “Subject: Response to NRC Report of 

the August 25, 2009, and September 9, 2009, Regulatory Audit of Reactor Pressure 
Vessel Internals of the Economic Simplified Boiling Water Reactor,” October 8, 2009 
(ADAMS Accession No. ML092860177). 

 
7. Transmittal of GEH Licensing Topical Report (LTR), “ESBWR Steam Dryer Acoustic 

Load Definition,” NEDC-33312P, Revision 1, July 2009 (ADAMS Accession No. 
ML092170657). 

 
8. Transmittal of GEH Licensing Topical Report (LTR), “ESBWR Steam Dryer – Plant 

Based Load Evaluation Methodology Supplement 1,” NEDC-33408P, Supplement 1, 
Revision 1, August 2009 (ADAMS Accession No. ML092460354). 
 

9. Letter from Chandu Patel, (NRC) to Robert Brown, (GEH), “Request for Additional 
Information Letter No. 220 Related to NEDE-33312P, “ESBWR Steam Dryer Acoustic 
Load Definition,” NEDE-33313P, “Steam Dryer Structural Evaluation,” NEDC-33408P, 
“ESBWR Steam Dryer Plant Based Load Evaluation Methodology,” NEDE-33259P, 
“Reactor Internals Flow Induced Vibration Program,” and ESBWR Design Control 
Document, Revision 5 - RAI Numbers 3.9-205 through 3.9-246,” July 29, 2008 
(ADAMS Accession No. ML082060534). 
 

10. Richard E. Kingston, GEH, to NRC, “Response to Portion of NRC RAI Letter No. 220 
Related to ESBWR Design Certification Application - DCD Tier 2, Section 3.9 - 
Mechanical Systems and Components; RAI Number 3.9-212,” January 30, 2009. 
(ADAMS Accession No. ML090340667). 
 

11. GEH, “ESBWR Standard Plant Design, Revision 5 to Design Control Document Tier 1 
and Tier 2,” June 1, 2008. (ADAMS Accession No. ML081820343). 
 



 

 
- 22 - 

 

12. NRC, Safety Evaluation Report for LTR NEDE-33312P, LTR NEDC-33408P, and 
Supplement 1 to LTR NEDC-33408P, September 2010.  (ADAMS Accession No. 
ML102640350). 
 

13. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 220 and 339 Related to ESBWR Design Certification Application - DCD 
Tier 2, Section 3.9 - Mechanical Systems and Components; RAI Numbers 3.9-213 
and 3.9- 217 S01,” July 31, 2009. (ADAMS Accession No. ML092300515). 
 

14. Letter from Zahira Cruz Perez, (NRC), to Jerald G. Head, (GEH), “Request for Additional 
Information Letter No. 339 Related to ESBWR Design Certification Application - RAI 
Numbers 3.9-206 S01, 3.9-211 S01, 3.9-212 S01, 3.9-214 S01, 3.9-215 S01, 3.9-216 
S01, 3.9-217 S01, 3.9-219 S01, 3.9-220 S01, 3.9-221 S01, 3.9-225 S01, 3.9-244 S01, 
3.9-245 S01, 3.9-246 S01,” May 26, 2009. (ADAMS Accession No. ML091400731). 
 

15. Letter from Richard E. Kingston, (GEH), to NRC, “Partial Response to NRC RAI Letter 
No. 320 Related to ESBWR Design Certification Application - DCD Tier 2, Section 3.9 - 
Mechanical Systems and Components; RAI Numbers 3.9-138 S02 and 3.9-144 S02,” 
June 8, 2009. (ADAMS Accession No. ML091610337).  
 

16. Letter from Leslie Perkins, (NRC), to Jerald G. Head, (GEH), Request for Additional 
Information Letter No. 392 Related to ESBWR Design Certification Application - 
RAI Numbers 3.9-212 S02, 3.9-214 S02, 3.9-219 S02, 3.9-245 S02, 3.9-258 S01,” 
November 5, 2009. (ADAMS Accession No. ML093090208). 
 

17. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 392 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Numbers 3.9-212 S02, 3.9-219 
S02 & 3.9-258 S01,” December 4, 2009. (ADAMS Accession No. ML093410604). 
 

18. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 220 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Number 3.9-214,” January 30, 
2009. (ADAMS Accession No. ML090340672). 
 

19. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 339 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Number 3.9-214 S01,” July 6, 
2009. (ADAMS Accession No. ML091890749).  
 

20. Letter from Zahira Cruz Perez, (NRC), to Jerald G. Head, (GEH), “Request for Additional 
Information No. 392 Related to ESBWR Design Certification Application - RAI Numbers 
3.9-212 S02, 3.9-214 S02, 3.9-219 S02, 3.9-245 S02, and 3.9-258 S01,” November 5, 
2009. (ADAMS Accession No. ML093090208). 
 

21. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 220 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Numbers 3.9-215 and 
3.9-216,” November 13, 2008. (ADAMS Accession No. ML083220436).  
 



 

 
- 23 - 

 

22. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 339 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Numbers 3.9- 215 S01 
Parts A, B, C & D (revised) and 3.9-244 S01 (revised),” July 10, 2009 
(ADAMS Accession No. ML091950502). 
 

23. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 339 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Number 3.9-216 S01,” July 8, 
2009. (ADAMS Accession No. ML091910308). 
 

24. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 220 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Number 3.9-217,” February 13, 
2009. (ADAMS Accession No. ML090490131).  
 

25. Letter from Richard E. Kingston, (GEH), to NRC, “Response to Portion of NRC 
RAI Letter No. 339 Related to ESBWR Design Certification Application - DCD Tier 2, 
Section 3.9 - Mechanical Systems and Components; RAI Numbers 3.9-211 S01, - 212 
S01, -215 S01 Part D, -219 S01, -220 S01, -244 S01 & -246 S01,” June 18, 2009 
(ADAMS Accession No. ML091730173).  
 

26. NRC, “Report of the August 25, 2009 NRC Staff Audit on RPV Internals,” September 15, 
2009 (ADAMS Accession No. ML0925704291). 
 

27. GEH, LTR NEDE-33259P, “ESBWR Reactor Internals Flow Induced Vibration Program,” 
Revision 2, June 2009.  (ADAMS Accession No. ML091660436.)  
 

28. Transmittal of GEH Licensing Topical Report (LTR), “ESBWR Steam Dryer – Plant 
Based Load Evaluation Methodology,” NEDC-33408P, Revision. 1, July 2009 
(ADAMS Accession No. ML092190422). 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


