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Final Response to RAI 3.9-272  
 

Public Version 
 

This is a non-proprietary version of Enclosure 1, from which the proprietary information 
has been removed.  Portions of the document that have been removed are identified by 
white space within double brackets, as shown here [[     ]]. 
 
 

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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RAI 3.9-272 
GEH is requested to submit the performance and results of the ongoing strain gage 
calibration studies, with adjustments to the bias errors and uncertainties for strain 
gages.  Accordingly, GEH is requested to specify applicable ESBWR Inspections, Tests, 
Analyses, and Acceptance Criteria (ITAAC) to confirm the accuracy of the strain gages 
prior to plant startup. 

GEH Response 

RAI Response Summary 
 
Testing performed at the strain gauge manufacturer’s facility in Japan and at Grand Gulf 
Nuclear Station (GGNS) led to [[

]] The final 
stress table was included in the Power Ascension Test Plan (PATP) and was used in 
determining the acceptance limits for the startup. Changes based on the strain gauge 
results are proposed for the ESBWR DCD and are discussed below. 
 
RAI Response 

1. Review of the Installation Procedure 
 
In response to a GGNS Round 5 RAI (EMCB-GGNS1-SD-4-RAI-09), the following 
action was defined by GEH:  [[

]] GEH completed this action as described below. 
 
GEH visited the strain gauge manufacturer’s facility (Kyowa) in Japan to review vendor 
recommended installation procedures for welding the strain gauges to the steam 
dryer.  GEH reviewed with the manufacturer the installation instructions and best 
practices for ensuring consistent installation of the strain gauges, including taking part in  

                                                            
1 The SSES steam dryer was considered the GGNS prototype dryer and was used to establish the GGNS benchmark.  
In this response, the word “prototype” refers to SSES. The first ESBWR dryer will be the Reg Guide 1.20 defined 
“prototype” dryer for the ESBWR.   
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an exercise to weld “dummy” strain gauges onto test surfaces while under the 
manufacturer’s oversight.  Applicable lessons learned were incorporated into the GEH 
welding procedure specification.  Furthermore, GEH passed on these techniques  to the 
GGNS welders by holding pre-job briefs and discussing the proper technique for 
applying the gauges, emphasizing the uniform placement of spot welds at 
approximately 0.7 – 0.8 mm intervals.  Afterwards, the welders practiced on shims until 
peel tests were successfully completed.  Quality Control personnel were present to 
accept the weld process at GGNS. 
 
GEH also reviewed with Kyowa the calibration process used to establish the Gauge 
Factors (GF) for the strain gauges.  For each strain gauge order, Kyowa fabricates five 
additional gauges for the purpose of GF measurement.  Kyowa then tests the sample 
strain gauges prior to the attachment of the Mineral-Insulated (MI) cable, soft cables, 
and compensation resistors, such that just the sensor portion (flange and capsule) is 
tested.  The GF is tested in accordance with NAS942 standards at room temperature.  
The capsule gauge is welded in tension in the middle of the test beam to get a positive 
(+) output.  A displacement sensor on top of the apparatus measures the displacement 
of the beam.  A bending strain of 1000 x 10-6 is then applied to the test beam and the 
gauge output is measured.  This is done for each of the five strain gauges.  The 
individual GFs are then calculated from the mechanical strain of the test apparatus and 
the strain gauge output.  The GF value assigned to the lot is based on the average of 
these five measured gauges.  Since the finished strain gauges include the MI cable, soft 
cable and compensation resistors, the GF is adjusted to reflect this configuration and is 
included on the calibration sheets supplied with the gauges along with information on 
the temperature dependence of the gauge factor.  
 
Section 3L.4.6, “Instrumentation and Startup Testing” of the ESBWR DCD states “Strain 
gages and accelerometers are used to monitor the structural response during power 
ascension.” and later it states “Each of the sensors are pressure tested in an autoclave 
prior to assembly and installation on the steam dryer. An uncertainty analysis is 
performed to calculate the expected uncertainty in the measurements.” These results 
will then be compared to the manufacturer’s specifications to determine acceptability of 
the selected gauges.
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To demonstrate that [[

]] 
 

Table 1 
Comparison of [[
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The differences in Table 1 range from approximately [[



 
MFN-12-046 Revision 2 Page 4 of 9 
Enclosure 2 
 

]] 



 
MFN-12-046 Revision 2 Page 5 of 9 
Enclosure 2 
2. Review of the Prototype Strain Gauge Measurements 
 
To assess the impact of the [[

]]  
 
Because of the variability in the manufacturing of strain gauges, [[

]]

                                                            
2 [[

]] 
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Table 2 
Comparison of [[
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3. Impact of the [[
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]] 
 
5. ESBWR Applicability 

 
The ESBWR FE model will incorporate the same bias and uncertainty considerations as 
discussed above. This has been determined during the new benchmark being addressed 
in RAI 3.9-269. Issues discussed above will be incorporated into the ESBWR steam dryer 
design process as described below. 

 
6. Applicable ITAAC and Tier 2 References 
 
Section 3L.4.6, “Instrumentation and Startup Testing”, in the ESBWR DCD discusses 
the ESBWR Steam Dryer startup tests and specifically states “Strain gauges and 
accelerometers are used to monitor the structural response during power ascension.” 
And “The steam dryer startup test and monitoring power ascension limits are developed 
on a similar basis as the monitoring limits used for recent extended power uprate 
replacement steam dryers”. Therefore the lessons learned from ongoing EPU projects 
will be used during the ESBWR PBLE methodology implementation.  
 
Section 3L.4.6 further states “The strain gauges, accelerometer and pressure 
transducers are field calibrated prior to data collection and analysis.” This will be 
modified to state, “The strain gauges, accelerometer and pressure transducers are field 
calibrated prior to data collection and analysis. This calibration includes the addition of 
natural strain gauge factors based on the specific vendor supplied calibration sheets 
and their effects on the final stress tables. 
 
The locations of the gauges are more distributed than BWR EPU gauge locations. The 
locations are selected to avoid pressure nodes in the acoustic harmonic response for 
frequencies that contribute most heavily to loading in the dryer components with the 
highest stress.  The final pressure transmitter locations are evaluated using the PBLE 
model with multiple combinations of Frequency Response Function (FRF) sets 
corresponding to different transmitter locations. The resulting data is used to find 
locations that provide redundancy and minimize singularities over the frequency ranges 
of interest, with special consideration at frequencies critical to high stress locations in 
the dryer. The sensitivity of locations to dimensional tolerances is also considered. 
 
Strain gauge manufacture installation procedures are followed to duplicate previous 
installations. Care is taken to assure surface preparation (attachment surface area 
polish), spot weld welding energy, and weld strength recommendations are followed for 
each gauge.”
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Applicable lessons learned from manufacture’s recommendation were also incorporated 
into the GEH welding procedure specification.  Furthermore, knowledge is passed to the 
welders by holding pre-job briefs and discussing the proper technique for applying the 
gauges, emphasizing the uniform placement of spot welds at approximately 0.7 – 0.8 
mm intervals.  Afterwards, the welders practiced on shims until peel tests are 
successfully completed.  Quality Control personnel are present to accept the weld 
process.” 
 
Section 2.1.1, Reactor Pressure Vessel and Internals, of DCD Tier 1, ITAAC Item 13 
describes the strain gauges installed on the Steam Dryer. Section 3.9.2.3, which is 
designated as Tier 2*, describes the performance criteria of the strain gauges. Section 
3.9.2.4 further amplifies the Initial Startup testing requirements including a discussion of 
the process, using the guidance of Regulatory Guide 1.20, for analyzing and using the 
information from these strain gauges.  

In addition Section 3.9.2.4 of the DCD, Tier 2 states “The Combined License (COL) 
Applicant will classify its reactor per the guidance in RG 1.20 and provide a milestone 
for submitting a description of the inspection and measurement programs to be 
performed (including measurement locations and analysis predictions) and the results of 
the vibration analysis, measurement and test program (COL 3.9.9-1-A).” The resultant 
reports will be available for inspection after those milestones. 
 
COL item 3.9.9-1-A Reactor Internals Vibration Analysis, Measurement and 
Inspection Program states: 

The COL Applicant will classify its reactor per the guidance in RG 1.20 and provide a 
milestone for submitting a description of the inspection and measurement programs to 
be performed  (including measurement locations and analysis predictions) and the 
results of the vibration analysis, measurement and test program (Subsection 3.9.2.4). 
This description of the inspection includes analysis predictions and the results of the 
tests which would address accuracy of the strain gauges. 
 
7. ITAAC Closure Plan 
 
The ESBWR Design-Centered Working Group will develop an ITAAC Closure Plan 
(also referred to as an ITAAC Completion Plan).  As defined in NEI 08-01, this Plan will 
address how to execute and document each ITAAC, including the methods to be used 
to perform required inspections, tests, and analyses, and the documentation necessary 
to demonstrate that specified acceptance criteria are met.  Through this process, each 
ITAAC will be reviewed, activities necessary to complete the ITAAC will be identified, 
and the types of documentation that will need to be created will be listed.  In addition, a 
schedule will be developed that will identify pre-cursor activities that relate to an ITAAC 
or must be completed before certain actions can be taken.  Through this process, 
relationships between different ITAAC will become evident.  For example, as discussed 
in response to this RAI, it is clear that Section 2.1, ITAAC 13 is the specific ITAAC 
related to the strain gauges use and calibration.  Section 3L.4.6 requires these 
instruments to be calibrated prior to use.
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Further discussion on the regulatory process associated with the ITAAC-related 
activities and COL information items is included in the introduction section of GEH 
responses to RAIs 3.9-289, 3.9-290 and 3.9-291 and therefore is not repeated here. 
 
9. Conclusion 
In conclusion, the above statements provide a design basis process to document the 
calibration of these instruments. 
 

10. DCD and LTR Impact 

Changes to Section 3L4.6 of the DCD are described above. Lessons learned are also 
added to the applicable engineering report (2) in response to RAI 3.9-269 and are 
therefore not shown here. 
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