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QUESTIONS for Engineering Mechanics Branch 1 (AP1000/EPR Projects) (EMB1) 

 
03.09.02-1 

RAI 3.9.2-01 

The applicant stated in Subsection 3.9.2.1 of the US-APWR Design Control Document 
(DCD) that the structure, system, and components (SSCs) for which the vibration, 
thermal expansion, and dynamic effects testing is performed are identified in DCD Tier 
2, Subsection 14.2.1, and include the following piping systems: 

1.      American Society of Mechanical Engineers (ASME) Code, Section III, Class 1, 
2, and 3 piping systems as defined by the “Boiler and Pressure Vessel Code,”  

2.      Other high-energy piping systems inside seismic category I structures,   
3.      High-energy portions of systems of which failure could reduce the functioning 

of any seismic category I plant feature to an unacceptable level, and  
4.      Seismic category I portions of moderate-energy piping systems located outside 

of containment.   

The staff reviewed Subsections 3.9.2.1 and 14.2.1 of the DCD but did not find where the 
applicant identified which specific systems are included in the testing program, and 
whether, as required by Standard Review Plan (SRP) Section 3.9.2, testing is conducted 
on all ASME Code Class 1, 2, and 3 piping systems.  The applicant is requested to (a) 
provide a listing of the high- and moderate-energy piping systems which are covered by 
the vibration, thermal expansion, and dynamic effects testing program, and (b) verify that 
the systems to be monitored include all ASME Code Class 1, 2, and 3 piping systems.  
This information is needed in order to comply with the specific acceptance criteria in 
SRP Section 3.9.2 and assure compliance with General Design Criteria (GDC) 1, 2, 4, 
14, and 15.  Revise the DCD to include the requested information. 

 
 
03.09.02-2 

RAI 3.9.2-02 

The applicant stated in DCD Tier 2, Subsection 3.9.2.1 that the purpose of the 
preoperational test program is to assure that the ASME Code, Section III, Class 1, 2, 
and 3, and other high-energy or seismic Category I piping systems meet functional 
design requirements and that piping vibrations are within acceptable limits.  The specific 
systems and the associated transients that are considered in the transient-induced 
vibration tests are outlined in DCD Tier 2, Section 14.2.   
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The staff reviewed Section 14.2 of the DCD and it is not clear whether the vibration, 
thermal expansion, and dynamic effects testing program simulates actual operating 
modes.  Section 3.9.2 of the SRP states that an acceptable test program to confirm the 
adequacy of the design should include a list of the flow modes of operation and 
transients such as pump trips, valve closures, etc. to which the components will be 
subjected during the test [see Regulatory Guide (RG) 1.69 for additional guidance].  For 
example, the transients of the reactor coolant system heat-up tests should at least 
include reactor coolant pump (RCP) start and trip, operation of pressure relieving valves, 
and closure of turbine stop valve.  The applicant is requested to provide a listing of the 
different flow modes to which the systems will be subjected during the vibration, thermal 
expansion, and dynamic effects testing program to confirm that the piping systems, 
restraints, components, and supports have been adequately designed to withstand flow-
induced dynamic loadings under the steady-state and operational transient conditions 
anticipated during service.  The staff needs this information to ensure that these different 
flow modes are included in the test program and to assure conformance with GDC 1, 2, 
4, 14, and 15.  Revise the DCD to include the requested information. 

 
 
03.09.02-3 

RAI 3.9.2-03 

The applicant stated in Subsection 3.9.2.1.1 of the DCD that the detailed test 
specifications for the piping vibration, thermal expansion, and dynamic effects testing 
program are written in accordance with the general requirements of RG 1.68 and the 
specific vibration testing requirements of ASME Standards and Guides for Operation and 
Maintenance of Nuclear Power Plants (OM-S/G) Parts 3, and that they address such 
issues as prerequisites, test conditions, precautions, measurement techniques, 
monitoring requirements, test hold points, and acceptance criteria.   

The applicant does not provide any details regarding specific locations in the systems 
where visual inspections and other measurements would be performed during the 
testing program.  Section 3.9.2 of the SRP states that an acceptable piping vibration, 
thermal expansion, and dynamic effects program to confirm the adequacy of the design 
should include a list of selected locations in the piping system at which visual inspections 
and, as needed, measurements will be performed during the testing.  The applicant is 
requested to provide (a) list of locations in the piping system selected for visual 
inspection and other measurements during the vibration, thermal expansion, and 
dynamic effects testing program, and (b) an assurance that for each of these selected 
locations, the deflection, pressure, or other appropriate criteria should be obtained 
during the tests to confirm that the stress and fatigue limits are within the design levels.  
The staff needs this information to ensure that such observations will be performed at 
selected locations, and to assure conformance with GDC 1, 2, 4, 14, and 15.  Revise the 
DCD to include the requested information. 
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03.09.02-4 
RAI 3.9.2-04 

The applicant stated in DCD Tier 2, Subsection 3.9.2.1.1 that the detailed test 
specifications for the testing program are written in accordance with the general 
requirements of RG 1.68 and the specific vibration testing requirements of ASME OM 
Part 3 and address such issues as prerequisites, test conditions, precautions, 
measurement techniques, monitoring requirements, test hold points, and acceptance 
criteria.   

The staff reviewed Subsections 3.9.2.1 of the DCD but did not find where the applicant 
had provided the details regarding any one of these issues.  Section 3.9.2 of the SRP 
states that an acceptable piping vibration and dynamic effects program to confirm the 
adequacy of the design should include a list of locations selected for visual inspections 
and other measurements, the acceptance criteria, and possible corrective actions if 
excessive vibrations are observed.  The applicant is requested to provide a detailed 
description of the vibration and dynamic effects testing program to address issues such 
as measurement techniques, monitoring guidelines, acceptance criteria, and corrective 
action if necessary, and discuss in detail how compliance with the acceptance criteria is 
verified for the different measurement techniques.  The discussion should include the 
vibration measurement and analysis methodology, monitoring requirements including 
considerations for selection of monitoring locations, test evaluation and acceptance 
criteria, and possible corrective action when the criteria are violated.  Alternately, provide 
a reference document that describes the vibration test program.  The staff needs this 
information to assure conformance with GDC 1, 2, 4, 14, and 15.  Revise the DCD to 
include the requested information or provide a reference where this information is 
available. 

 
 
03.09.02-5 

RAI 3.9.2-05 

In DCD Tier 2, Subsection 3.9.2.1.1, the applicant stated that detailed test specifications 
for the preoperational and startup testing program are written in accordance with the 
general requirements of RG 1.68 and the specific vibration testing requirements of 
ASME OM Part 3 and that they address such issues as prerequisites, test conditions, 
precautions, measurement techniques, monitoring requirements, test hold points, and 
acceptance criteria.   

The applicant does not identify which specific technique will be used for a particular 
system.  The choice of measurement technique depends on factors such as the safety 
significance of the system, expected mode and magnitude of the vibrations, and 
accessibility of the system during testing.  Section 3.9.2 of the SRP states that an 
acceptable piping vibration and dynamic effects program to confirm the adequacy of the 
design should include a list of locations in the piping system selected for visual 
inspections and, as needed, other measurements during the testing.  The applicant is 
requested to identify which measurement technique (e.g., visual observation, remote 
monitoring, or local measurements) would be used for each of the piping systems 
covered by the vibration and dynamic effects testing program, and describe methods 
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used to anticipate piping movements and deflections.  Also, discuss any computer codes 
used in the analysis and whether they have been reviewed and approved by the NRC.  
The staff needs this information to ensure that for each location in a piping system 
appropriate measurement technique is used to verify the adequacy of the design, and to 
assure conformance with GDC 1, 2, 4, 14, and 15.  Revise the DCD to include the 
requested information. 

 
 
03.09.02-6 

RAI 3.9.2-06 

The applicant stated in Table 3.9-6 of the DCD that the ASME Section III, Class 1 
pressure boundary components are subject to fatigue usage evaluations over the 60-
year design life, and that the environmental effects on fatigue of these components 
follow the guidance delineated in RG 1.207.  Through this regulatory guide, the NRC 
staff endorses a new stainless steel (SS) air design curve given in Appendix A, 
Figure A.3 of NUREG/CR-6909.  Recent evaluations of SS test data indicate the ASME 
fatigue design curve is inconsistent with the appropriate test material and conduct of the 
fatigue test.  Earlier the NRC staff has reviewed this non-conservatism of the current 
ASME Code design curve in respect to the existing fatigue data for austenitic SSs and 
has endorsed use of the new SS air curve for fatigue evaluations of ASME Code, Class 
1 components.   

The staff reviewed relevant sections of the DCD and it is not clear whether the guidance 
of RG 1.207 regarding the new SS air design curve will be followed for fatigue 
evaluations of ASME Code, Class 1 components of US-APWR.  Section 3.9.2 of the 
SRP states that an acceptable piping vibration and dynamic effects program to confirm 
the adequacy of the design should include a list of locations in the piping system 
selected for measurements during the testing, and that for each of these locations, the 
deflection, pressure, or other appropriate criteria should be obtained during the tests to 
confirm that the stress and fatigue limits are within the design levels.  The applicant is 
requested to verify that the fatigue evaluations of ASME Code, Class 1 components will 
be performed in accordance with the guidelines of RG 1.207.  Alternately, provide a 
technical basis for using Figures I-9.2.1 and I-9.2.2 for the fatigue evaluations.  The staff 
needs this information to assure conformance with GDC 1, 2, 4, 14, and 15.  The 
applicant is to provide the requested information. 

 
 
03.09.02-7 

RAI 3.9.2-07 

In DCD Tier 2, Subsection 3.9.2.1.2, the applicant stated that the system thermal 
expansion tests are developed in accordance with the guidance of ASME OM Part 7.   

The applicant does not provide a detailed description of the thermal expansion program 
in the DCD.  Section 3.9.2 of the SRP states that, an acceptable thermal expansion 
program to confirm the adequacy of the design should include a description of the 
thermal-motion monitoring program.  The applicant is requested to provide a detailed 
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description of thermal motion monitoring program for verification of snubber movement, 
adequate clearances and gaps, including the acceptance criteria and how motion will be 
measured.  Alternately, provide a reference document that contains details of the 
thermal-motion monitoring program.  The staff needs this information to assure 
conformance with GDC 1, 2, 4, 14, and 15.  Revise the DCD to include the requested 
information or provide a reference where this information is available. 

 
 
03.09.02-8 

RAI 3.9.2-08 

The applicant stated in Subsection 3.9.2.1 of the DCD that operability of snubbers is 
checked during the preoperational testing, by comparing their hot and cold positions with 
calculated hot and cold positions.   

The staff reviewed the DCD but did not find where the applicant had identified the 
snubbers that experience sufficient thermal movement, or described the acceptance 
criteria to ensure that the snubber is operable.  Section 3.9.2 of the SRP states that an 
acceptable piping vibration, thermal expansion, and dynamic effects program to confirm 
the adequacy of the design should include, in addition to measurements of snubber 
travel from cold to hot position, a description of the corrective action to be taken to 
ensure that the snubber is operable when no snubber piston movement is measured at 
these stations.  The applicant is requested to provide a list of snubbers on systems 
which experience sufficient thermal movement to measure snubber travel from cold to 
hot position during the vibration, thermal expansion, and dynamic effects testing 
program, and describe the procedure used to verify snubber operability when no 
snubber piston movement is noted.  The staff needs this information to ensure snubber 
operability and verification of snubber movement, and to assure conformance with GDC 
1, 2, 4, 14, and 15.  Revise the DCD to include the requested information. 

 
 
03.09.02-9 

RAI 3.9.2-09 

The applicant stated in Subsection 3.9.2.1.2 of the DCD that system thermal expansion 
tests are developed in accordance with the guidance of ASME OM Part 7.  The applicant 
stated that thermal monitoring of the systems was performed to assure that thermal 
predicted movements meet the required design considerations within appropriate 
support and whip restraint gaps.  Excessive thermal deflections are noted and checked 
against as-analyzed piping results.   

The applicant does not provide possible corrective actions when excessive indications of 
thermal motion are recorded.  The staff finds the information provided in the DCD 
inadequate to ensure that no unacceptable restraint of normal thermal motion occurs.  
Section 3.9.2 of the SRP states that the piping vibration, thermal expansion, and 
dynamic effects testing program should include possible corrective actions if excessive 
indications of thermal motion restraint occur.  The applicant is requested to describe 
possible corrective actions taken when excessive thermal motion is noted during system 



REQUEST FOR ADDITIONAL INFORMATION 204-1569 REVISION 0 
 

 
 

6

thermal expansion testing.  The staff needs this information to confirm that no 
unacceptable restraint of normal thermal motion occurs, and to assure conformance with 
GDC 1, 2, 4, 14, and 15.  Revise the DCD to include the requested information. 

 
 


