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IMPORTANT NOTICE REGARDING CONTENTS OF THIS DOCUMENT 
 

Please Read Carefully 
 
The information contained in this document is furnished solely for the purpose(s) stated 
in the transmittal letter.  The only undertakings of GEH with respect to information in this 
document are contained in the contracts between GEH and its customers or 
participating utilities, and nothing contained in this document shall be construed as 
changing that contract.  The use of this information by anyone for any purpose other 
than that for which it is intended is not authorized; and with respect to any unauthorized 
use, GEH makes no representation or warranty, and assumes no liability as to the 
completeness, accuracy, or usefulness of the information contained in this document. 
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NRC RAI 3.9-278 
 
Summary: The staff’s question is in regard to describing the potential for loose parts 
resulting from the failure of welds. 

GEH is requested to discuss the potential for loose parts resulting from the failure of 
welds (such as partial penetration welds). GEH is requested to discuss the design 
criterion that the steam dryer must retain its structural integrity without the generation of 
loose parts in the reactor coolant and main steam systems. GEH is requested to 
discuss this design criterion in comparison to its evaluation of the report dated January 
24, 2012, reviewed during the audit. 
 

GEH Response 
 
NRC staff members reviewed GEH internal documentation (i.e., the report dated 
January 2012) related to Partial Joint Penetration (PJP) groove welds during the March 
21 – 23 audit.  NRC staff members reviewed this documentation again during an 
inspection of the Economic Simplified Boiling Water Reactor (ESBWR), conducted at 
the GEH facility in Wilmington, NC, on April 16 – 17, 2012.  During the inspection, NRC 
staff identified three concerns that were captured by GEH for corrective action.  Some of 
the information from the GEH corrective action response has been incorporated in this 
response.  Discussions with the NRC staff did not identify any new technical concerns, 
but were limited to the adequacy of the documentation that was reviewed. 

In the response to RAI 3.9-277 (and earlier, in the response to RAI 3.9-214 S02) GEH 
explains that it intends to eliminate the application of PJP welds in the design of the 
ESBWR steam dryer.  On this basis, a hypothetical failure of a steam dryer PJP weld is 
not likely to pose a concern for the ESBWR steam dryer.  However, this response 
discusses steam dryer PJP groove welds and loose parts in general (i.e., in the context 
of the January 2012 report reviewed by the staff). 

 
1. Operating Experience Summary 

Steam dryer Operating Experience (OE) is relevant to the discussion of potential loose 
parts resulting from the failure of welds.  GEH steam dryer design and manufacturing 
practices have remained relatively consistent over the years and PJP welds have never 
been prohibited (as well as fillet welds, intermittent welds, and other types of welded 
joints that could be considered to have reduced strength in comparison to a full 
penetration groove weld).  Furthermore, the Quad Cities and Dresden events are the 
only known instances of steam dryer fatigue cracking and degradation that resulted in 
the generation of loose parts within a reactor.  Other than these events, which had 
some unique assignable causes, OE demonstrates that GEH steam dryer designs are 
able to perform adequately and have a low potential for creating loose parts. 
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1.1 The Quad Cities and Dresden Failures 

The operational history of BWRs has identified three instances in two sister plants 
where the presence of a significant resonance peak associated with the acoustic loads 
at Extended Power Uprate (EPU) conditions, in combination with the steam dryer 
structural design, resulted in significant structural failures and the generation of loose 
parts.  In the first occurrence, continued operation post failure resulted in the generation 
of a loose part that was transported to the main steamline (MSL).  The confluence of 
several key factors led to the outer hood failures experienced at Quad Cities and the 
fatigue cracking experienced at Dresden: 

• The BWR/3 square hood dryer (bank) design used in the Quad Cities and 
Dresden units was vulnerable to high pressure loads.  The hood panels are 
supported only on the periphery, resulting in long unsupported spans.  The long 
unsupported hood panels made the hood susceptible to pressure loading at low 
frequencies.  In addition, gusset plates for internal diagonal hood braces were 
used in the interior corner between the vertical hood panel and the top panel.  
The corners of these gusset plates introduced stress risers in the hood panels 
where the fatigue cracks initiated. 

• The MSL flow velocities, which drive the acoustic pressure loading on the steam 
dryer during normal operation, are approximately 15% higher at Quad Cities and 
Dresden than the rest of the BWR fleet. 

• A resonance peak was introduced at increased steam flow conditions at the 
Quad Cities plant and was the result of plant specific geometry in the Safety 
Relief Valve (SRV) standpipes in the MSL1.  The SRV acoustic resonance (driven 
by the vortex shedding phenomenon due to steam flow across the entrance to 
the SRV standpipe) had matched the cover plate natural frequency, which 
created excessive vibration and led to a high cycle fatigue failure. 

As a result of these failures in 2002 and 2003, the BWR industry has developed lessons 
learned and taken actions that provide assurance that this type of event will not occur in 
the future.  Specifically, these actions have included the use of improved steam dryer 
mechanical designs, the development and qualification of advanced acoustical methods 
for predicting loads, implementation of detailed structural evaluations, installation and 
monitoring of instrumentation on MSLs, and rigorous inspection programs for existing 
and new steam dryers. 

From the EPU operating experience at Quad Cities, Dresden, and the remainder of the 
BWR fleet, it can be concluded that the EPU steam dryer fatigue cracking experienced 
at the Quad Cities and Dresden plants was the result of a unique combination of factors.  
These factors have not been observed in the rest of the BWR fleet and do not indicate a 

                                            
1 The Dresden units are virtually identical to Quad Cities with the exception that Dresden did not 
experience the extreme SRV resonance loads at full power. The Dresden SRV standpipe design is a 
smaller diameter than the standpipes at Quad Cities and, as a result, the acoustic resonance occurs at 
lower MSL flow velocities. The plant passes through the SRV resonance before reaching full power. 
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concern for PJP welds.  The combination of improved steam dryer design, relatively low 
MSL flow velocities at EPU, and lower potential SRV acoustic resonance loads make 
significant steam dryer structural integrity issues unlikely at EPU for the rest of the BWR 
fleet, even for plants using the original steam dryers.  New plants, such as the ESBWR, 
can take advantage of the lessons learned from Quad Cities and Dresden to design a 
“quiet plant.” 

1.2 Power Uprates Approved Prior to the Quad Cities Failures 

Almost all of the domestic BWRs have implemented stretch power uprates (~105% of 
original licensed thermal power).  Several plants have implemented EPU in the same 
time frame as the Quad Cities plants.  These plants are listed in Table 1-1.  The EPU 
license amendment submittals were all approved by the NRC prior to the failures 
observed at Quad Cities. 

The plants listed in Table 1-1 all use the original steam dryers.  The steam dryer 
structural evaluations performed in support of the EPU licensing for these plants were 
limited to demonstrating that the primary stress acceptance criteria were met for normal, 
upset, and faulted conditions.  No detailed plant-specific structural evaluations were 
performed to assess the potential for fatigue cracking during normal operation at EPU 
conditions.  Minor modifications were made to the Brunswick steam dryers following the 
Quad Cities failures; no modifications were made to the steam dryers for the other 
plants. 

Table 1-1 Steam Dryer EPU Operating Experience –  
Plants Approved prior to Quad Cities 

 

Plant (Dryer Model2) Steam Dryer Design Uprate Information 
Monticello (BWR/3) Original (same design as QC) 106% (1998) 
Hatch 1 (BWR/4) Original Equipment 115% (13% in 1998, 15% in 2003) 
Hatch 2 (BWR/5) Original Equipment 115% (13% in 1998, 15% in 2003) 
Duane Arnold (BWR/4) Original Equipment 120% (2001) 
Brunswick 1 & 2 (BWR/4) Modified (minor) 120% (2002) 
Clinton (BWR/6) Original Equipment 120% (2002), 

currently operating at 117% 
Cofrentes (BWR/6) Original Equipment 112% (2003) 

There have been no fatigue cracking issues reported for the steam dryers in Table 1-1 
that have been attributed to EPU operation.  At the Cofrentes plant, fatigue cracks were 
observed in the attachment welds for the outlet end plate after reaching the current EPU 
power level; however, cracks in these locations have also been reported in other curved 
hood steam dryers operating at Original Licensed Thermal Power (OLTP) and stretch 
power uprate conditions.  This fatigue cracking experience is indicative of a weakness in 

                                            
2 In general, BWR/3 plants use the square hood design.  Similarly, the slant hood design was introduced 
with the BWR/4, and the curved hood design has been applied in BWR/5 and 6 plants.  Note that Hatch 2 
is a BWR/4, but has a curved hood steam dryer. 
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the design of the outlet end plate attachment for those steam dryers.  The outlet end 
plate has been redesigned for the replacement steam dryers (and inspected in existing 
plants). 

1.3 Post Quad Cities Power Uprates 

Following the Quad Cities steam dryer failures, detailed steam dryer structural 
evaluations have been required as part of the EPU licensing submittals.  In addition to 
the primary stress evaluations, these plant-specific analyses use measured plant 
acoustic load data to demonstrate that the steam dryers have adequate fatigue margin 
during normal operation at EPU conditions to preclude the type of steam dryer failure 
experienced at Quad Cities.  The fatigue analysis results must show that there is 
sufficient structural margin to bound model bias errors and uncertainties and 
demonstrate a substantial margin to the alternating stress limit.  The need to be able to 
explicitly demonstrate this degree of structural margin has resulted in substantial steam 
dryer modifications (Vermont Yankee, Hope Creek, and Nine Mile Point 2) or steam 
dryer replacements (Susquehanna 1 and 2, Monticello, and Grand Gulf).  These 
modifications or replacements make the potential for significant steam dryer structural 
integrity issues at EPU conditions even more remote.  Table 1-2 provides a summary of 
relevant OE.  There have been no crack indications or concerns related to PJP welds. 

Table 1-2 Extended Power Uprates Approved after December 2001 
 

Plant Uprate 
Information3 

Last Inspection4 Comment 

Quad Cities 1 17.8% (2001) [[  
 

Quad Cities 2 17.8% (2001)   
 

Dresden 2 17% (2001)   
 
 

Dresden 3 17% (2001)   
 

Vermont Yankee 20% (2006)   
 
 

Hope Creek 15% (2008)   
Nine Mile Point 2 15% (2011)   
Susquehanna 1 13% (2008)   

 
Susquehanna 2 13% (2008)   
Monticello 12.9% (TBD)   
Grand Gulf 13.1% (2012)        ]] 

                                            
3 Date of uprate (year) and percent increase approved. 
4 Refueling Outage (RFO).  Also note that the inspection service may not have been provided by GEH, in which case 
no data is reported. 
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1.4 Susquehanna Specific Experience 

On March 7, 2006, an In-Vessel Visual Inspection (IVVI) conducted on the original 
Susquehanna Steam Electric Station (SSES) Unit 1 steam dryer revealed [[

]]  The original Unit 1 dryer had operated for 
more than 20 years [[  

]] 

Figure 1-1 also provides an illustration (visualization) of a typical application of a “minor” 
or secondary weld6,7,8 in a steam dryer.  [[

]]  Considering that ease of manufacturing may be 
desirable, fillet and PJP welds can be applied to connect small joints where strength is 
not the primary design consideration; [[  

]]  In 
contrast, connections between larger parts or components are typically designed with 
substantially stronger welds that are intended to bear loads.  The use of PJP welds is 
typically limited to those locations where a full depth weld is not practical (e.g., distortion 
versus strength requirement) or even possible (geometry considerations are 
prohibitive), or needed (e.g., welding in a threaded lifting rod or edge weld when butting 
two steam dryer vane units together).  

                                            
5 For inspection purposes, the steam dryer banks are labeled A through F, sequentially, starting from one 
outer hood and ending at the other.  Banks C and D are interior banks. 
6 It is not uncommon to classify structures or members according to their application.  For example, the 
Reference 2 guidance for welded connections and structures provides terminology such as “primary” (or 
fracture critical) and “secondary.”  A primary structure covers elements whose sole failure would be 
catastrophic.  A secondary structure covers elements whose failure would not lead to catastrophic 
collapse.  The guidance notes that for some structures, failure of a single brace or its end connection is 
not likely to lead to collapse under normal or even moderately severe loads. 
7 Reference 3 states that primary welds transfer the entire load at the point where it is located and must 
have the same strength properties as the members (if the weld fails, the member will fail).  Secondary 
welds are those that simply hold the parts together to form a built-up member. 
8 The ASME Boiler and Pressure Vessel Code, Section III, Division I, article NF-1215 contains similar 
definitions (primary and secondary members). 
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[[ 

 
 ]] 

Figure 1-1 [[ ]] on the 0° Side End Panel for Dryer Bank C in the 
SSES-1 Original Steam Dryer 

Figure 1-2 shows [[  
 

]]  
In general, PJP welds in steam dryers have been relatively minor from an overall 
structural strength standpoint and the steam dryer subcomponents are constrained by 
other, higher strength welds.  As evidenced by Figure 1-1, [[

]] failed, loose parts would not have been generated.  The major 
steam dryer components that have PJP welds (e.g., [[

]]) do not have high risk of becoming loose parts in the event of 
cracking and subsequent degradation in the PJP weld areas. 

As stated earlier, the comparable location [[
]] 
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[[ 

 ]] 
Figure 1-2 Original SSES Steam Dryer Bank Design 

 

2. Summary and Conclusions 

The steam dryer does not perform a safety function and is not required to prevent or 
mitigate the consequences of accidents.  Although the steam dryer is not a safety 
related component, the steam dryer is designed to withstand design basis events 
without the generation of loose parts.  In order to address potential loose parts (i.e., 
potential failure modes and consequences), GEH performed a Failure Modes and 
Effects Analysis (FMEA) after the Quad Cities and Dresden events [1].  However, the 
request for additional information emphasizes the design criterion that the steam dryer 
must retain structural integrity, so this analysis is only mentioned in this response.  In 
order to provide information supporting the adequacy of GEH steam dryer designs, the 
focus of Section 1 of the response is on steam dryer operating experience and the 
unique aspects of the original failures.   

Section 1 provided a discussion of BWR fleet operating experience with a focus on the 
Quad Cities and Dresden experience.  Industry experience with steam dryer fatigue 
cracking has demonstrated that specific assignable causes drove the observed failures.  
These circumstances are not expected in other plants and not related to the application 
of PJP welds in steam dryers.  Furthermore, based on BWR fleet operating experience, 
original steam dryer designs are successfully operating at EPU conditions.  In summary, 
a review of BWR fleet experience (i.e., lessons learned from Quad Cities and Dresden, 
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power uprated plants using both original and replacement steam dryers, and SSES 
specific OE) does not indicate that there are general fatigue concerns for PJP welds. 

For the structural integrity of the steam dryer, the design objective is to avoid fatigue 
cracking that would pose a concern for loose parts.  To this end, all operating BWR 
plants have completed a vibratory assessment program as part of plant startup under 
Regulatory Guide 1.20 [4]9, in order to demonstrate satisfactory design, analysis, and 
performance under licensed operating conditions.  Ongoing inspections (e.g., 
adherence to BWRVIP guidelines) are sufficient to manage any steam dryer crack 
indications that may emerge over time.  Similarly, regulatory requirements applied to 
operating plant changes (e.g., power uprate) or new reactors are sufficient to prevent 
any unanticipated consequences due to flow-excited resonances or FIV.  In either case 
(i.e., original equipment or new/replacement steam dryers), partial penetration welds will 
not lead to fatigue cracking or degradation; and subsequently generate loose parts.  
 

2.1 Relevance to the ESBWR 

As noted in the introduction, the GEH response to RAI 3.9-277 states that GEH intends 
to eliminate PJP welds in the ESBWR steam dryer design.  Based on this, as well as 
the fact that the design must conform to regulatory requirements and licensing 
commitments, a hypothetical failure of a steam dryer PJP weld does not pose a concern 
for the ESBWR. 
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ESBWR Licensing Basis Changes 

No change is proposed for the DCD or other licensing basis documents. 

                                            
9 Older revisions of the Regulatory Guide, starting in 1971, would have been applied to most BWR startup 
programs. 




