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Attached please find NRC staff’s request for additional information concerning review of the NuScale Design 
Certification Application.  
 
Please submit your technically correct and complete response within 60 days of the date of this RAI to the 
NRC Document Control Desk.  
 
If you have any questions, please contact me. 
 
Thank you. 
 
Gregory Cranston, Senior Project Manager 
Licensing Branch 1 (NuScale) 
Division of New Reactor Licensing 
Office of New Reactors 
U.S. Nuclear Regulatory Commission 
301-415-0546 
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Request for Additional Information No. 232 (eRAI No. 9113) 
Issue Date: 09/21/2017 

Application Title: NuScale Standard Design Certification - 52-048 
Operating Company: NuScale Power, LLC 

Docket No. 52-048 
Review Section: 03.06.03 - Leak-Before-Break Evaluation Procedures 

Application Section: 3.6.3 
 

QUESTIONS 
 
 

03.06.03-1 
 

Final Safety Analysis Report (FSAR) Section 3.6.2.1.2 mentions the use of Alloy 690 base material but there is no mention of Alloy 
690 or Alloy 52/152 welds in FSAR Section 3.6.3.2.3 or conducting leak-before-break (LBB) evaluations at those locations.  Some 
Alloy 52/152 welds can have lower toughness than stainless steel, so please identify where Alloy 690 base material and Alloy 
52/152 weld material is used in the piping systems (including nozzles) which NuScale proposes to qualify for LBB. 

 
Revise the FSAR to include information, if applicable, identifying where Alloy 690/152/52 is used in the NuScale piping systems and 
the LBB analysis for those locations. 

 
 

03.06.03-2 
 

FSAR Section 3.6.3.1.2 states that “The use of cold worked austenitic stainless steel is generally avoided, however, if used, the   
yield strength as determined by the 0.2 percent offset method does not exceed 90 ksi.”  Fabrication practices, for example the cold 
bending of small-diameter piping, can affect the material properties of the piping and potential make it more susceptible to stress 
corrosion cracking (SCC), raise the strength and lower the toughness.  Provide clarification regarding whether any stainless steel 
(SS) piping systems will have cold bent piping which NuScale proposes to qualify for LBB.  If it will be cold bent, state the magnitude 
of the strain induced from the cold bending.  Please state if the cold-worked piping will be solution-annealed after bending.  If not 
solution annealed then justify the magnitude of the cold-bending strain on SCC susceptibility. Also if the pipe material is to be left in 
the cold bent condition, determine how the toughness changes and revise the LBB analyses, if necessary.  The limit-load evaluation 
for TP304 stainless steel is only applicable to solution annealed TP304. 

 
 

03.06.03-3 
 

FSAR Section 3.6.3.1.4 specifies that the dynamic load due to water hammer is considered in the main steam (MS) system design 
by using drain pots, line sloping, drain valves, etc., to minimize their effect.  The FSAR stated that the feedwater (FW) system and 
steam generators also have features to minimize the water hammer dynamic load effects.  However, the FSAR did not specify the 
potential magnitude of the reduced water hammer loads in order for the staff to determine if they are less than the safe shutdown 
earthquake (SSE) loads used in the LBB evaluation.  Please revise the FSAR to show that the greater of the seismic or water 
hammer loads was indeed used in the LBB evaluation described in FSAR Section 3.6.3.3.



  

 

03.06.03-4 

 
FSAR Section 3.6.3.1.6 addresses thermal aging of SS materials used in piping systems NuScale proposes to qualify for 
LBB.  Contrary to the statement in FSAR Section 3.6.3.1.6 the fabrication of stainless steel welds in accordance with ASME Code 
Section III and NRC Regulatory Guide 1.31,”Control of Ferrite Content in Stainless Steel Weld Metal”, this will not prevent the 
potential for material property degradation due to thermal aging in SS welds. 

 
Provide additional justification regarding why material property degradation due to thermal aging in stainless steel welds does not 
need to be addressed in NuScale piping to be qualified for LBB, or modify the LBB analyses of such stainless steel weld locations to 
account for the material property degradation due to thermal aging over the design life. 

 

03.06.03-5 
 

FSAR Section 3.6.3.2.1 states that six segments are analyzed for the MS system.  These segments include: 
 NPS 8'' piping connecting perpendicularly to NPS 12'' piping and 
 A transition where NPS 12” piping reduces to be welded to a NPS 8'' elbow 

 
Provide information if the LBB analyses were conducted with postulated crack locations at the following locations, (i) the 
perpendicular connection between NPS 8” and NPS 12” pipes (Refer to Figures 3.6.2 and 3.6.3 pipe segments ‘a’ and ‘d’ 
respectively shown below) and (ii) the girth welds of the reducer from NPS 12” to NPS 8” elbow shown below (Refer to Figures 
3.6.2/3.6.3 segment ‘d’ and elbow ‘f’ respectively) 

 

 
 
 
 
 
 
 
 



  

 
 
 
 
 
 
 
 
 
 

03.06.03-6 

 
FSAR Section 3.6.3.2.4 describes the procedure used to estimate the weld metal minimum yield strength which is needed for 
conducting the limit-load analysis described in FSAR Section 3.6.3.3.2.  The use of weld metal strength in LBB fracture analysis is 
typically not done since it can be non-conservative.  There are several questions relative to this item; 

 
1. Please explain if the weld metal strength was used in the analyses and if so, why? 
2. Also, the LBB fracture analysis depends on the type of weld process used, i.e., SAW, SMAW, etc.  Please specify what 

welding process will be used. 
3. If the welds are SAW or SMAW weld processes, then these locations should be analyzed using elastic plastic fracture 

mechanics (EPFM) analysis rather than limit-load analysis. 
4. Revise the LBB analysis if necessary, based on the responses to (1) through (3). 

 

03.06.03-7 

 
In FSAR Section 3.6.3.2.5, values for some of the listed crack morphology parameters (i.e., roughness, number of turns, flow 
path/thickness ratio) are for air fatigue cracks and others are for Intergranular Stress Corrosion Cracking (IGSCC) flaws.  However, 
NUREG/CR-6004 also identifies other degradation mechanisms (e.g., corrosion or thermal fatigue) that could result in different 
crack morphology parameters. 

 
Provide a description and justification for the crack morphology used. 



03.06.03-8 

 
The leak-rate methodology is described in FSAR Section 3.6.3.3.3.  No moment versus leak-rate curves are provided in any of the 
LBB analysis cases.  These curves are an intermediate step in the LBB analyses procedure and are needed to verify the margin of 
safety associated with the Smooth Bounding Analysis Curve (SBAC) approach described in FSAR Section 3.6.3.3.5.  Provide the 
moment versus leak-rate curves for the LBB cases. 

 
 
 

03.06.03-9 

 
The equations presented in FSAR Section 3.6.3.3 have been used to generate the SBAC Figures referenced in FSAR Section 
3.6.3.4 showing normal operating (N) and maximum (N+SSE) stresses for LBB locations.  Many of these graphs presented in 
Figures 3.6-23 through 3.6-32 are unusual in that the maximum (N+SSE) stresses are lower than the normal stresses for some 
cases. To assist the staff in understanding these graphs, please provide the following; 

 
 Provide a table of stresses or forces and moments at the girth weld (node points) from the piping stress analysis and 

indicate which of these locations are used in the LBB analysis.  In these tables, also identify the different stress 
components, i.e., thermal expansion, pressure, dead-weight, seismic/inertial, seismic/anchor motion, etc. 

 The normal stress versus maximum stress plots shown Figure 3.6-23 to Figure 3.6-32 for various segments for MS and 
FW system show that there were some data points below 1:1 line indicating that N+SSE stresses are lower than normal 
stress. Please explain. 

 
 
 

03.06.03-10 
 

FSAR Section 3.6.3.4.1.6 discusses the load limit analysis for the NPS 8 elbow base metal, however, it does not specify the type 
and location of crack being analyzed which is critical for an elbow as opposed to a straight pipe.  Please clarify if this is a 
circumferential crack by the girth weld of the elbow, or centered on the extrados, or is it an axial crack on the flank of the elbow. 


