
From: Rodriguez, Hector
To: Smith - NRR, Brian; Dudek, Michael; Vrahoretis, Susan; Ezell, Julie; Figueroa Toledo, Gladys; Solorio, Dave; Roth

(OGC), David; Lauron, Carolyn; Colaccino, Joseph; Thomson, Bernie
Subject: FW: Action: NuScale DPO submitted response to DPO appeal decision
Date: Tuesday, March 15, 2022 9:31:56 AM
Attachments: response and request to EDO.docx

Memo to John Ma, From Dan Dorman, ref_ DPO-20220-004 Appeal Review Report.pdf

FYI
 
Hector (Pronouns: They/He/She)
 
 
From: Dorman, Dan <Dan.Dorman@nrc.gov> 
Sent: Tuesday, March 15, 2022 9:24 AM
To: Veil, Andrea <andrea.veil@nrc.gov>
Cc: King, Mike <Michael.King2@nrc.gov>; Kock, Andrea <Andrea.Kock@nrc.gov>; Taylor, Robert
<Robert.Taylor@nrc.gov>; Roberts, Darrell <Darrell.Roberts@nrc.gov>; Rodriguez, Hector
<Hector.Rodriguez-Luccioni@nrc.gov>; Nolan, Caty <Catherine.Nolan@nrc.gov>
Subject: Action: NuScale DPO submitted response to DPO appeal decision
 
Good morning NRR,
 
On February 14, I received the attached response from the submitter regarding my
decision on the DPO-2020-004 appeal, dated February 8, 2022 (also attached). While
there is no requirement or guidance under the DPO process regarding
correspondences submitted after the DPO appeal decision has been issued, I value
all staff’s work, thoughts, and concerns, and, for this reason, I asked the appeal
review team to review the response to my decision on the DPO-2020-004 appeal. 
After reviewing the response, discussing it with the appeal review team, and careful
consideration, I direct NRR to review the response to the DPO appeal decision and to
take the information provided, in its entirety, into consideration when addressing the
tasks mandated in the DPO appeal decision.   
 
If you have any questions please let me know.
 
Dan
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Respond and Request to EDO 

by

John S. Ma, Ph.D. in structural engineering

Senior structural engineer and a charter member of the NRC

Member of American Concrete Institute (ACI) and American Society of Civil Engineers (ASCE)

Recipient of the Raymond C. Reese Structural Research Award Medal from ACI

Licensed and registered professional engineer in civil/structural engineering

February 14, 2022



INTRODUCTION



I thank the EDO’s letter, dated February 8, 2022 to my Appeal to EDO report, dated June 10, 2021.  On issue #1, I agree with the EDO’s answer and applaud its open mind to accept the DEDR-led appeal review team’s finding and task the NRR to perform a necessary evaluation on the “stress averaging” issue that the Director of the Office of the NRR and the DPO panel had not considered to be necessary.  I appreciate the DEDR-led appeal review team’s dedication to find out that the original DPO panel’s acceptance of the applicant’s “stress averaging” approach had no or inadequate basis and to present the truth to the EDO.   



On issue #2, the EDO’s letter did not address my DPO’s concern.  This is because that the EDO’s letter assumed that the PRA-based SMA (seismic margin analysis) result for the entire plant safety either had included, or were applicable to, the seismic margin issue for the single reactor building safety.  This assumption is invalid and untrue.  The truth is that the PRA-based SMA for the entire plant safety is distinctively different from the seismic margin for the single reactor building safety.  The PRA-based SMA for the entire plant safety belongs to the discipline (or field) of probability and performed by probabilistic risk analysts (the PRA Branch) while the seismic margin of a building belongs to the discipline of structural engineering and performed by structural engineers (the Structural Engineering Branch).  The two disciplines are distinctively different and require different approaches and different expertise to conduct their own missions.  The PRA-based SMA uses a probabilistic risk approach while the building design and its required seismic margin uses a deterministic approach.  



In short, the PRA-based SMA approach cannot be used in the design of a building and its required seismic margin.  Building codes and building departments in the United States and some of other countries require a structural engineering approach (method and process) for the design of important buildings and their required seismic margin but do not allow or even mention the PRA approach.  No building has ever been designed by the PRA approach because it is not science-based, and all buildings and their required seismic margin are designed by the structural engineering approach because it is science-based.  The recognition of this distinction is fundamentally important.  It is the lack of this recognition that had caused the previous NRO management to move the review for the seismic margin of the reactor building from structural engineers (Structural Engineering Branch) to probabilistic risk analysts (the PRA Branch), and that action led to the result of no seismic margin being designed into the reactor building without even being noticed by causal readers.  I had challenged the previous NRO and current NRR management to name an existing building that had been designed by the PRA approach in an effort to wake them up, but they were silent and ignored my challenge, and thus my effort failed to wake them up.  This lack of recognition of the distinction between the two disciplines had caused significantly fundamental problems for the reactor building design, its required seismic margin, and its safety.  The problems are (1) no seismic margin has been explicitly designed into the reactor building while other important buildings have, including the AP1000 shield building, and (2) the PRA staff had concurred with the applicant’s false claim or implication that the reactor building possessed a seismic margin of 1.67 and would not collapse during the RLE.  These two major fundamental problems and their proper resolutions will be explained and discussed below in this report.



Issue #1



EDO directs the NRR to “Document its evaluation of the stress averaging approach used in the NuScale DC application.…. The staff should document the results of its evaluation and, if necessary, update the FSER for the NuScale design certification application and assess whether there are any impacts to the NuScale standard design approval issued in September 2020.”



I fully agree with the EDO’s directive to the NRR for the resolution of this issue.  To assist the NRR staff’s evaluation, I provide the following information:  



1.1	The correct method and the proper way to evaluate the problem when the acting force on a structural element (Demand or D) exceeds its (elastic) capacity (or C)



As stated in my Appeal to EDO report, “The Vancouver House building design states “Models of the structure with post-yield structural element properties were created” (see page 11 of my DPO report).”  Only the use of post-yield structural element properties can predict the structural element behavior adequately after the demand force exceeds the (elastic) capacity of the structural element.   Whether a structural element will fail or not during the force acting on it (demand) exceeds its (elastic) capacity depends on the amount of ductility that had been designed into that structural element.  The more ductile of a structural element, the more stress excessive over the (elastic) capacity can be redistributed to its neighboring structural elements.  A structural analysis is required under such a condition and the analysis result will show whether the structural element can redistribute the excessive stress over its (elastic) capacity to its neighboring structural elements or not without failure.  No one should use his/her judgement to determine whether the stress redistribution is possible or not and how much and to how many structural elements because that subjective approach has no basis just like the “stress averaging” issue in issue #1.  This is a structural analysis issue not a judgment issue.



The EDO letter states “ANSI/AISC N690-18, “Specification for Safety-Related Steel Structures for Nuclear Facilities,” is one example where stress averaging is explicitly allowed in a structural design code. In ANSI/AISC N690-18, stress averaging is limited to no larger than twice the section thickness,” to imply that “stress averaging” is allowed.  I want to point out that (1) the AISC standard is only applicable to steel structures and steel material is inherently ductile, and does not apply to concrete structures, such as the NuScale reactor building, because concrete material is brittle, and (2) if the “stress averaging” is limited to no larger than twice the section thickness for ductile steel material, how could anyone justify the use of “stress averaging” with four times the section thickness for brittle concrete material for the NuScale reactor building as stated in the NuScale DC application?



1.2	The EDO’s letter on the total amount of structural elements with the demand over capacity or D/C greater than 0.8 is not inclusive as demonstrated below.  The EDO letter stated:



“In the appeal review team’s review of the information related to the reactor building in the

NuScale FSAR, the demand/capacity ratio exceedance (D/C > 0.8) occurred at the following

locations:

· Wall at Grid Line 3 (FSAR Table 3B-3)

· Wall at Grid Line 4 (FSAR Table 3B-8)

· Wall at Grid Line 6 (FSAR Table 3B-11)

· Slab at Elevation 100’-0” (FSAR Table 3B-15)

· Pool Wall at Grid Line B (FSAR Table 3B-23)

Stresses at these locations were averaged over various lengths. For example, when evaluating

the adequacy of horizontal and vertical reinforcement in the wall at grid line 3, stresses were

averaged over three elements (4951, 4431, and 4421, or 4951, 4950, and 4949). The length

over which stresses were averaged range from approximately 2 to 2.5 times the wall section

thickness. At grid line 4, stresses were averaged over three elements (16180, 16479, 16778)

spanning a length of approximately four times the section width.”



The above excerpt from the EDO’s letter does not include the example that I provided in my DPO report and in Appeal to EDO report.  That example has a structural element with D/C > 3.0, much greater than the D/C > 0.8, and used ten structural elements, many more than the three elements as stated above, for “stress averaging”.  That example in my Appeal to EDO report is copied below:



“The in-plane shear force (the demand) acting on Element number 4942 is 3791 kips (1 kip = 1000 pounds) but the structural element only has a shear capacity (or strength) of 1184 kips.  The force (the demand) acting on the element is more than three times greater than its capacity.  No design modification was done, and no post-yield structural element properties were created and used to capture the condition or behavior of these overstressed structural elements when the reactor building is only subjected to the design-basis (CSDRS) earthquake.  The applicant arbitrarily brought down the high shear stress by averaging the shear stress of ten structural elements (see page15 in my DPO report).”



Request #1



The NRR’s evaluation of the applicant’s “stress averaging” should include the example documented in my DPO report because it has high D/C = 3.2 value and used stress averaging over ten structural elements.



Issue #2



The EDO’s letter stated “Answer 2: Based on my review, structural collapse was evaluated, the agency has provided an interpretation of seismic margin, and the PRA-based seismic margin analysis is an appropriate method for conducting safety evaluations for design certification applications.



I am not disputing the adequacy of the EDO’s answer, but the above answer does not address or apply to my DPO issue.  My DPO issue is not about the PRA-based seismic margin analysis for the entire plant.  My DPO issue is about that the required seismic margin for the reactor building has not been designed into the building.  The PRA-based seismic margin analysis for the entire plant and the required seismic margin for the single reactor building are two different subjects that require two different approaches.  The former belongs to the discipline (or field) of probability while the latter belongs to the discipline of structural engineering.  The reason that no seismic margin had been designed into the reactor building was because the lack of recognition of this distinction between the two subjects.  The lack of this distinction was caused by that the previous NRO (now NRR) management had prohibited the use of the structural engineering approach (method and process) for seismic margin design for the reactor building and replaced it by the PRA approach and moved the review responsibility from structural engineers (Structural Engineering Branch) to probabilistic risk analysts (PRA Branch).  This management action resulted not only in no seismic margin being designed into the reactor building but also in a false claim or implication that the building possessed a seismic margin of 1.67 and would not collapse during the review level earthquake (RLE) without being noticed to causal readers.  The no seismic margin analysis/design and the false claim or implication are presented and discussed below. 



2.1	No seismic margin was designed into the reactor building while other important buildings have including the AP1000 shield building	



The structural engineering profession established its structural engineering approach (method and process) to design the required seismic margin into important buildings.  The structural engineering method is based on physics, or is science-based, and the adequacy of the method was verified by laboratory tests and data from seismic sensors embedded in buildings during earthquakes.  The process uses the required seismic margin times the intensity of the design-basis earthquake (SSE or CSDRS in NuScale) as an input to the building and by this process the seismic margin is explicitly designed into the building when the structural engineering analysis results demonstrated that the building did not collapse.  A concrete wall test on a dynamic shake table with actual seismic ground motion records input to the wall was documented and results shown in graphic presentations in my DPO report.  The actual recorded wall movements during the entire period of earthquake ground motions and its seismic margin of 2.0 when the wall collapsed were perfectly matched to those predictions by the structural engineering approach.  That is the verification of the adequacy of the structural engineering approach (method and process) for designing the seismic margin into a building and predicting the seismic intensity that cause the collapse of that building. 



For important buildings, the structural engineering profession established a required minimum seismic margin of 1.5.  My DPO report stated or showed that buildings in the Stanford University campus in California, the Vancouver house building in Canada, the Salesforce Tower building in San Francisco, and the certified AP1000 shield building have all used the structural engineering method and process to demonstrate that they possessed the minimum seismic margin of 1.5 (1.5 for Stanford University buildings, 1.8 for the Salesforce Tower building, and 3.0 for the Vancouver House building and the AP1000 shield building).  However, no seismic margin was explicitly designed into the NuScale reactor building because no seismic analysis/design was performed for the reactor building with a seismic intensity greater than that of the design basis earthquake (SSE or CSDRS) input to the building.  



2.2	The subtly false claim or implication that the reactor building possessed a seismic margin of 1.67 and would not collapse during RLE should be corrected in the FSER for the NuScale design certification application



The NuScale DC application subtly claim or implied that its PRA result indicated that the reactor building possessed a seismic margin of 1.67 and it would not collapse during the RLE.  This subtle claim or implication was confirmed by a senior probabilistic risk analyst in the NRC and was documented in references 2 and 3 in my Appeal to EDO report.  It is copied below for the demonstration:



2. John Ma email to Hanh Pham, 8/21/2020 2:42 PM, “Is my understanding correct that the PRA results in NuScale Chapter 19, PRA, indicate that the reactor building will not collapse during the 1.67 times the design-basis earthquake?”  

3.	Hanh Pham email to John Ma, 8/21/2020 3:22 PM, “Yes, your understanding is correct.”

That confirmation from the senior PRA staff led to my statement in my Appeal to EDO report “…., the applicant used the PRA results to conclude that the reactor building will not collapse during the RLE, and this is an obviously incorrect and false statement.  Even worse is that the NRC concurred with that false conclusion.”  I made that statement because I knew well that the PRA approach cannot predict whether a building will collapse or not because the method is not science-based, and only the structural engineering method can because it is science-based, and that no building codes had allowed or even mentioned the PRA approach.  If the PRA approach cannot be used to design a building, how could the applicant claim or imply that the reactor building would not collapse during the RLE and possessed a seismic margin of 1.67 and concurred by the NRC staff?  This is not only a technical blunder, but the false statement or implication impacted the building safety grievously.  This technical blunder and the false statement or implication were caused by moving the structural engineer’s review responsibility to probabilistic risk analysts, who have no expertise in structural engineering. 



2.3	The lack of distinction between the PRA-based SMA for the entire plant safety and the seismic margin for the single reactor building safety has caused the unsafe design for the reactor building



The EDO’s letter states “The failure of select walls, the crane support structure, roof, and basemat of the reactor building were assumed to result in building collapse.  In all cases of analyzed structural collapse and nearly all cases of analyzed structural failure, the consequences were assumed to lead to both core damage and large release without opportunity for mitigation. The applicant evaluated structural failure modes which include structural collapse in its SMA, and the staff found NuScale’s PRA-based SMA adequate for demonstrating sufficient margin for plant (emphasis added by me) safety.”   



The above descriptions made two assumptions all related to the PRA-based SMA for the entire plant, and the result is also related to the entire plant safety.  Neither the assumptions nor the results are related or applicable to the seismic margin of the reactor building.  It must be recognized that the PRA-based SMA for the entire plant safety is totally different from the seismic margin for the single reactor building safety.  The former belongs to the PRA Branch and its staff and the latter belongs to the Structural Engineering Branch and its staff, based on their respective expertise.  Wrongly moving the review responsibility for the design of the reactor building and its seismic margin from structural engineers to the probabilistic risk analysts resulted in the unsafe design plus a false claim or implication on the safety for the reactor building.  



	



2.4	The unsafe design of the certified reactor building and the subtle claim or implication that the reactor building possessed a seismic margin of 1.67 and it would not collapse are wrong and need to be corrected



The NuScale reactor building is an important building because its collapse could cause early and large release of radioactive materials into the atmosphere that can kill or harm people.  As stated above, important buildings are required to design for a minimum seismic margin of 1.5 which was established by the structural engineering profession and practiced by structural engineers and enforced by building departments in the United States and some other countries, such as Canada and China.   



The actual value of seismic margin that is required to be designed into a building above the minimum value of 1.5 depends on the risk consequence of the building collapse.  The Stanford University decided to use seismic margin of 1.5 for designing its new buildings and retrofitting its existing buildings on its campus.  The Salesforce Tower used seismic margin of 1.8 for the design because it houses more than 5000 people.  The building collapse would cause more deaths and injuries than buildings that house less people, and thus required a seismic margin higher than the minimum.  The Vancouver House building used seismic margin of 3.0 for its design because the shape of the building would cause unusual or extreme torsional problems during earthquakes.  The structural engineering profession has the least knowledge and confidence in the subject of torsion among all other subjects, such as bending for beams and axial force for columns.  Thus, the use of a high seismic margin of 3.0 over the minimum value of 1.5 is prudent.   The type of construction of AP1000 shield building, pouring concrete between two steel plates, had never been used in any important buildings and its behavior during earthquake is unknown or much less known to the structural engineering profession.  Therefore, critical structural elements in the AP1000 shield building were physically tested in the laboratory to reach a seismic margin of 3.0, and the whole building was analyzed using the structural engineering method and process to demonstrate that it possessed a seismic margin of 3.0.  Again, the reason for using a high seismic margin of 3.0 for the AP1000 shield building, same as that used by the Vancouver House building, higher than the minimum required values of 1.5, is due to the lack of knowledge and confidence in the behavior of such a type of building during earthquake.  



During the development of the NRC Policy for seismic margin for nuclear power plants and buildings, the NRC staff had proposed a value of 2.0, but the nuclear industry countered with 1.5, and the Commissioners chose the value of 1.67.  During the time of debating between the staff proposed value of 2.0 and the 1.5 value proposed by the nuclear industry, the structural engineering profession had established and used the value of 1.5 as the minimum required seismic margin for important buildings and thus the nuclear industry had a good basis for its argument for its proposed seismic margin of 1.5.  During a meeting among the NRO staff in discussing the requirement of using the value of 1.67 seismic margin in the NRC Policy for the NuScale reactor building a few years ago, an NRO manager stated that he would consider rescinding that NRC Policy.  I told him that even if that Policy were being rescinded, the NuScale reactor building was still required to design for a minimum seismic margin of 1.5 because that is required by the structural engineering profession which the NRC has no power to rescind.  



It is now clear that with no seismic margin being designed into the reactor building is certainly wrong and improper regardless the existence or interpretation of the NRC Policy on the value of the required seismic margin for important buildings in nuclear power plants.  The subtle claim or implication from the PRA results in NuScale Chapter 19, PRA, that the reactor building possessed a seismic margin of 1.67 and would not collapse during the RLE is also wrong and should be corrected in the FSER for the NuScale design certification application. 



2.5	Moving the structural engineer’s review responsibility to the probabilistic risk analysts is improper (this is the first time occurred in my more than 47-year service in the NRC) and that improper action resulted in unsafe design and that action should be corrected



As stated in issue #1, the forces acting on the structural element number 4942 are more than three times of the (elastic) capacity of that element, D/C = 3.2, while the building was only subjected to the design-basis earthquake (SSE or CSDRS.)  No post-yield structural element properties were used for the structural analysis and no structural design modifications were done for the reactor building by the applicant.  For experienced structural engineers, the above conditions would automatically raise a red light on the safety of the building design.  However, the probabilistic risk analysts cannot see the red light because that is not their training or expertise on building design and building safety.  This is the consequence by wrongly moving the structural engineer’s review responsibility to the probabilistic risk analysts (the PRA staff) who have no training and no expertise in building design.



2.6	The two major problems for the certified reactor building and their proper resolution



The problems as stated above include (1) no seismic margin was explicitly designed into the reactor building while other important buildings have, including the AP1000 shield building, and (2) the PRA staff had concurred with the applicant’s false claim or implication that the reactor building possessed a seismic margin of 1.67 and would not collapse during the RLE, which is obviously wrong.  To clearly understand the problems and properly resolve these problems, I encourage the EDO to read the portion of my DPO report (pages 3 through 5), dated September 10, 2020, on the concrete wall testing that provides a clear understanding about the definition of seismic margin of a building and demonstrates the adequacy of the structural engineering approach (method and process) for the design of important buildings and their required seismic margins.  I also encourage the EDO to read the portion of my DPO report (pages 5 through 14) on the design of buildings within the Stanford University campus, the Vancouver House building, the Salesforce Tower building, and the AP1000 shield building because they clearly provide the structural engineering method and process for designing the required seismic margin into their buildings by using post-yield structural element properties and design modifications when demand exceeds capacity and thus ensuring safety for those buildings during earthquake.  



I am hopeful that the EDO, after reading through the recommended portions in my DPO report, will agree with me (1) that the certified reactor building is inadequate and unsafe because there was no design for the seismic margin into the reactor building while other important buildings have, including the AP1000 shield building, and (2) that the false claim or implication that the reactor building possessed a seismic margin of 1.67 and would not collapse during the RLE is dangerously wrong, and it will ruin the public trust in the NRC if it is discovered later by the public that the NRC was unwilling to correct its own mistakes.  The proper way for resolving these two problems is to perform a structural engineering analysis/design for the reactor building with the RLE input to the building, just like the same process used by any other important buildings in the United States and some of other countries.  The results of this new analysis will show that the reactor building currently certified is inadequate and unsafe and will require design modifications to ensure it possesses the required seismic margin of 1.67 and would not collapse during the RLE (this conclusion is based on my knowledge in structural engineering and my design and review experiences for buildings).  



Request #2:



2.1 The EDO needs to obtain an answer from the NRR on whether the certified reactor building will collapse during the RLE or not, and the basis for that answer, and the value (numerical number, such as 1.5 or 1.67 or any other numbers) of seismic margin that the reactor building possessed so that the public can see the adequacy of the reactor building design and its actual seismic margin value.    

2.2 The EDO needs to obtain an answer from the NRR explaining its logic and reason for prohibiting the use of structural engineering approach and replacing it by the PRA approach for assessing the seismic margin and safety of the reactor building so that the public can see and judge whether such an action is proper, or it had resulted in unsafe design for the reactor building.



If the EDO wants to get the correct answers for Request #1 and request #2, it can contact the American Concrete Institute and/or American Society of Civil Engineers, building departments that have issued permits for important buildings, such as Los Angeles, San Francisco, and Seattle, and any structural engineering firms that have designed and sealed the design for important buildings. 




















UNITED STATES
NUCLEAR REGULATORY COMMISSION


WASHINGTON, D.C. 20555-0001


MEMORANDUM TO: John Ma, Ph.D., Senior Civil Engineer
Division of Engineering and External Hazards
Office of Nuclear Reactor Regulation


FROM: Daniel H. Dorman 
Executive Director for Operations


SUBJECT: DIFFERING PROFESSIONAL OPINION APPEAL CONCERNING 
DPO-2020-004


The purpose of this memorandum is to inform you of my considerations and conclusions 
regarding the Differing Professional Opinion (DPO) appeal you submitted on June 14, 2021. 
The appeal raised concerns regarding the U.S. Nuclear Regulatory Commission (NRC) staff’s 
NuScale Final Safety Evaluation Report Chapter 3.8.4, “Seismic Category 1 Structures.” 
Specifically, you raised issues related to the NuScale reactor building design and the structural 
collapse of that building due to shaking from the review level earthquake.


After careful consideration of your appeal, I conclude that the basis for accepting NuScale’s 
stress averaging approach of the reactor building design was not sufficiently documented.  I am 
tasking the Office of Nuclear Reactor Regulation to 1) document its evaluation of the stress 
averaging approach used in the NuScale design certification application, including, if necessary, 
updating the Final Safety Evaluation Report for the NuScale design certification application and 
assessing whether there are any impacts to the NuScale standard design approval issued in 
September 2020 and 2) evaluate and update guidance, or create knowledge management tools, 
as appropriate, on how to evaluate applications that use stress averaging for structural building 
design.


Your DPO appeal raised two specific issues.  A paraphrased summary of issues and my 
conclusions for each are as follows:


Issue 1:  The NuScale reactor building design is incomplete, inadequate, and unsafe for the 
design basis earthquake (safe shutdown earthquake/Certified Seismic Design Response 
Spectra).  This is primarily because no design modifications were made when demand forces 
exceeded the capacity.


Answer 1:  The staff’s evaluation of the stress averaging approach for the reactor building used 
in the NuScale application was not sufficiently documented.


CONTACT:  Suzanne Dennis, OEDO
         301-415-0760


February 8, 2022


Signed by Dorman, Dan
 on 02/08/22
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Issue 2:  Structural collapse due to shaking from the review level earthquake (RLE) was not 
evaluated for the NuScale reactor building, so there is no seismic margin incorporated into the 
structural design.  This is, in part, because the NRC has not provided a definition or 
interpretation of the NRC policy in SECY-93-087 with respect to seismic margin.  Using a 
probabilistic risk assessment (PRA) method alone for evaluation of building safety at the RLE is 
incorrect.


Answer 2:  Based on my review, structural collapse was evaluated, the agency has provided an 
interpretation of seismic margin, and the PRA-based seismic margin analysis is an appropriate 
method for conducting safety evaluations for design certification applications.


Thank you for taking the time to raise your concerns to me and for the detailed information you 
provided to support your position and my review.  Your willingness to raise concerns through the 
DPO process is consistent with our organizational values of Openness and Commitment.  More 
in-depth analysis of each of the issues you raised is provided below.


In accordance with MD 10.159, a summary of this appeal decision will be included in the Weekly 
Information Report posted on the NRC’s public website to advise interested employees and 
members of the public of the outcome.
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DEPUTY EXECUTIVE DIRECTOR FOR REACTOR PROGRAMS-LED APPEAL REVIEW 
TEAM ANALYSIS


To better understand your concerns, the former Executive Director for Operations, Margaret 
Doane assigned the Deputy Executive Director for Materials, Waste, Research, State, Tribal, 
Compliance, Administration, and Human Capital Programs (now the Deputy Executive Director 
for Reactor Programs (DEDR)), an Executive Technical Assistant from my office, a subject 
matter expert from the Office of Nuclear Regulatory Research, a subject matter expert from the 
Office of Nuclear Reactor Regulation (NRR), and an attorney from the Office of the General 
Counsel, to review the issues raised in your appeal.  This DEDR-led appeal review team 
gathered information through discussions with you, the NRR Director, the Differing Professional 
Opinion (DPO) Panel, and other knowledgeable staff who reviewed documents pertinent to your 
appeal.  The appeal review team also gathered additional information through their own 
independent reviews of the NuScale application and associated documents, the staff’s 
evaluation of the application, and other agency documents.  The information collected provided 
independent insights and perspectives for my consideration.


On September 17, 2020, you submitted a DPO on “NuScale SER Chapter 3.8.4, 'Seismic 
Category 1 Structures.’”  On October 6, 2020, an Ad Hoc Review Panel was formed and tasked 
by the U.S. Nuclear Regulatory Commission (NRC) Differing Views Program to review your 
DPO.  The DPO Panel subsequently issued their findings report to the Director of NRR on 
April 19, 2021.  With respect to the concerns discussed in your appeal, the DPO Panel 
concluded that 1) the seismic design of the NuScale reactor building meets the design 
requirements in the applicable regulations; 2) there were no safety issues related to 
overstressed structural components in the NuScale reactor building; 3) NuScale's seismic 
margin analysis followed agency guidance, and the guidance provides reasonable assurance of 
adequate protection; and 4) the design of the NuScale reactor building is complete for the 
design certification scope.


On May 19, 2021, the Director of NRR issued their decision regarding the DPO’s concerns as 
informed by the DPO Panel report and their own review.  The Director agreed with the DPO 
Panel’s findings and directed staff to complete knowledge management activities to ensure the 
lessons-learned during the process were captured.


On June 14, 2021, you submitted an appeal.  This appeal stated two continuing concerns.  The 
first concern was that the NuScale reactor building design is incomplete, inadequate, and 
unsafe for the design basis earthquake (SSE/CSDRS).  This is primarily because no design 
modifications were made when demand forces exceeded capacity in several structural elements 
in the finite element analysis, and no post-yield structural element properties were used to 
capture element behavior after the demand exceeded the capacity.  The second was that the 
NuScale reactor building has no seismic margin incorporated into the structural design because 
1) structural collapse due to shaking from the review level earthquake (RLE) was not evaluated; 
2) the NRC has not provided a definition or interpretation of the NRC policy in SECY-93-087 
with respect to seismic margin; and 3) using a probabilistic risk assessment (PRA) method 
alone for evaluation of building safety at the RLE is incorrect.  The appeal review team’s 
assessment is limited to these issues.  The Director of NRR issued their statement of views on 
June 29, 2021.
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Response to Issue 1


On September 22, 2021, members of the DPO appeal review team met with you to gain a better 
understanding of your concerns regarding the reactor building design for the design basis 
earthquake.  This discussion highlighted your view that there is no basis for averaging stresses 
across multiple elements at locations where stresses from the finite element analysis exceed 
allowable stresses.


Section 3B.1.1.1 of the applicant's Final Safety Analysis Report (FSAR) notes that element 
forces and moments were averaged over the length of the failure plane, which is approximately 
four times the element thickness, where the element thickness is generally equal to the 
structure section thickness.1  When evaluating in-plane shear, the demand was averaged over 
the available section length.  In the final safety evaluation report (FSER) documenting the staff’s 
review of the NuScale design certification (DC) application, the staff noted that it found the 
applicant’s approach of averaging demand acceptable “because it is a realistic engineering 
practice to consider adjacent finite elements’ demand forces and moments when calculating 
[demand/capacity] D/C ratio exceedances over a single finite element.”2


Design equations in structural engineering codes such as ACI-3493 are based on experimental 
data and empirical equations, which are most representative of the overall global or component 
response.  Historically, seismic loads were developed using lumped-mass-beam-models, and 
structures were evaluated at the component level with these dynamic loads.  Due to 
improvements in computational power, practitioners now use detailed finite element analyses 
with shell and solid elements that provide structural stresses at a much finer detail.  However, 
not all structural engineering codes have been updated to achieve consistency with these 
analytical results.


Averaging finite element analysis stresses can be acceptable for evaluating the adequacy of a 
structural design.  ANSI/AISC N690-18,4 “Specification for Safety-Related Steel Structures for 
Nuclear Facilities,” is one example where stress averaging is explicitly allowed in a structural 
design code.  In ANSI/AISC N690-18, stress averaging is limited to no larger than twice the 
section thickness.  Another approach proposed by Kohli et al. (2006)5 uses the overall axial 
force, bending moment, or shear force acting over a group of elements as opposed to using a 
single element as the basis for evaluating structural demand.  The appeal review team’s 
understanding of how the structural engineering codes are developed along with these cited 
references show that averaging stresses across multiple elements is used in structural 
engineering practice.


1 NuScale Design Certification Application, FSAR, Revision 5, Tier 2, Appendix 3B, “Design Reports and Critical 
Section Details” (Aug. 28, 2020), (Agencywide Document Access and Management System (ADAMS) Accession No. 
ML20224A491). 
2 NuScale Design Certification Application Final Safety Evaluation Report (Aug. 28, 2020), (ADAMS Accession No. 
ML20205L405). 
3 American Concrete Institute. (2014). ACI 349-13 Code Requirements for Nuclear Safety-Related Concrete 
Structures and Commentary.
4 American Institute of Steel Construction. (2018). ANSI/AISC N690-18 Specification for Safety-Related Steel 
Structures for Nuclear Facilities.” American Institute of Steel Construction.
5 Kohli, T., Orhan, G., and Ostadan, F. (2006). “Integrated Seismic Analysis and Design of Shear Wall Structures.” 
Proceedings of the 8th U.S. National Conference on Earthquake Engineering, Earthquake Engineering Research 
Institute, San Francisco, California, USA.
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In the appeal review team’s review of the information related to the reactor building in the 
NuScale FSAR, the demand/capacity ratio exceedance (D/C > 0.8) occurred at the following 
locations:


 Wall at Grid Line 3 (FSAR Table 3B-3)
 Wall at Grid Line 4 (FSAR Table 3B-8)
 Wall at Grid Line 6 (FSAR Table 3B-11)
 Slab at Elevation 100’-0” (FSAR Table 3B-15)
 Pool Wall at Grid Line B (FSAR Table 3B-23)


Stresses at these locations were averaged over various lengths.  For example, when evaluating 
the adequacy of horizontal and vertical reinforcement in the wall at grid line 3, stresses were 
averaged over three elements (4951, 4431, and 4421, or 4951, 4950, and 4949).  The length 
over which stresses were averaged range from approximately 2 to 2.5 times the wall section 
thickness.  At grid line 4, stresses were averaged over three elements (16180, 16479, 16778) 
spanning a length of approximately four times the section width.


The DPO appeal review team finds stress averaging is generally acceptable in engineering 
practice to make finite element results more consistent with capacities defined in design codes 
and standards; however, as noted by the Ad Hoc Review Panel, since there is no universal 
guidance on using the averaging method, this method should be used with caution.  When the 
applicable design code does not provide specific guidance on the use of stress averaging, the 
basis for accepting such an approach should be well documented.  The appeal review team 
finds that the basis for accepting the applicant’s averaging method was not sufficiently 
documented by the staff in its FSER.  The DPO appeal review team recommends that the staff 
document its evaluation of the stress averaging approach used in the NuScale DC application.  
This documentation should focus on averaging over the failure plane length that extends up to 
approximately four times the section thickness and in-plane shear demand over the full 
available section length.  The staff should document the results of its evaluation of the stress 
averaging approach used by the applicant and, if necessary, update the FSER for the NuScale 
design certification application and assess whether there are any impacts to the NuScale 
standard design approval issued in September 2020.  Additionally, NRR should consider 
guidance updates or development of knowledge management tools on this topic, as 
appropriate. Because the staff’s evaluation and basis for accepting the stress averaging 
approach used by NuScale in its DC application is not adequately documented in its FSER, the 
appeal review team does not reach a conclusion on adequate protection.


Response to Issue 2


Section 19.1.5.1 of the NuScale FSAR provides a description of the PRA-based seismic 
margins assessment (SMA) performed by the applicant.  The selection of structural failures to 
model was based on a qualitative assessment of the external mechanisms that could damage 
the Nuclear Power Module.  The failure of select walls, the crane support structure, roof, and 
basemat of the reactor building were assumed to result in building collapse.  In all cases of 
analyzed structural collapse and nearly all cases of analyzed structural failure, the 
consequences were assumed to lead to both core damage and large release without 
opportunity for mitigation.6  The applicant evaluated structural failure modes which include 


6 See NuScale Design Certification Application, FSAR, Tier 2, Section 19.1.5.1.1.3, “Seismic Fragility Evaluation” 
(ADAMS Accession No. ML20224A508).
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structural collapse in its SMA, and the staff found NuScale’s PRA-based SMA adequate for 
demonstrating sufficient margin for plant safety.7


Regarding the interpretation of seismic margin, General Design Criterion (GDC) 2 states that 
systems, structures, and components (SSCs) important to safety at nuclear power plants must 
be designed to withstand the effects of natural phenomena such as earthquakes, tornados, 
hurricanes, floods, tsunami, and seiches without loss of capability to perform their intended 
safety functions.  The design bases for these SSCs reflect consideration of the most severe of 
the natural phenomena that have been historically reported for the site and surrounding area. 
The design bases also reflect margin to account for the limited accuracy, quantity, and period of 
time in which the historical data have been accumulated.  The seismic design bases for 
currently operating nuclear power plants were either developed in accordance with or meet the 
intent of GDC 2 and 10 CFR Part 100, Appendix A.8  Although the regulatory requirements in 
Appendix A to 10 CFR Part 100 are fundamentally deterministic, the NRC process for 
determining the seismic design basis ground motions for new reactor applications after 
January 10, 1997, as described in 10 CFR 100.23, requires that uncertainties be addressed 
through an appropriate analysis such as a probabilistic seismic hazard analysis.


In addressing the severe accident preventions and mitigations for new reactors, 10 CFR 
52.47(a)(27) requires that the FSAR for a DC application describe the design-specific PRA and 
its results.  Regulatory Guide 1.206 further states that the scope of this assessment should be a 
Level 1 and Level 2 PRA that includes internal and external hazards and addresses all plant 
operating modes.9  However, it may not be practical for a DC applicant to perform a seismic 
PRA because a DC application typically does not contain site-specific seismic hazard 
information.10  As an alternative approach to a seismic PRA, the staff proposed a PRA-based 
seismic margin analysis (PRA-based SMA)11 approach in SECY-93-087, “Policy, Technical, and 
Licensing Issues Pertaining to Evolutionary and Advanced Light-Water Reactor (ALWR) 
Designs.”12  The Commission approved the staff’s approach with slight modification in the 
corresponding staff requirements memorandum.13  The recommendation, as approved, states:


PRA insights will be used to support a margins-type assessment of seismic 
events.  A PRA-based seismic margins analysis will consider sequence-level 
High Confidence, Low Probability of Failures (HCLPFs) and fragilities for all 


7 See NuScale Design Certification Application Final Safety Evaluation Report, Section 19.1.4.8.1, “Seismic Risk 
Evaluation” (ADAMS Accession No. ML20205L410).
8 Certain operating nuclear plants’ construction permits were based on the proposed General Design Criteria 
published by the Atomic Energy Commission (32 Fed. Reg. 10,213). 
9 Regulatory Guide 1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” (June 2007) 
(ADAMS Accession No ML070630023). 
10 See Standard Review Plan, NUREG-0800, Section 19.0, “Probabilistic Risk Assessment and Severe Accident 
Evaluation for New Reactors,” Revision 3 (ADAMS Accession No. ML15089A068) (NUREG-0800).    
11 This proposal was based on the culmination of significant staff research on the topic that began in the 1980s when 
the NRC formed an “Expert Panel on Quantification of Seismic Margins,” to establish an approach for evaluating 
seismic margin of nuclear power plants. See, e.g., NUREG/CR-4334, “An Approach to the Quantification of Seismic 
Margins in Nuclear Power Plants,” (ADAMS Accession No. ML090500182) that presents a technique the expert panel 
developed for studying the issue of quantifying seismic margins. 
12 SECY-93-087 (April 2, 1993), (ADAMS Accession No. ML003708021).
13 The staff recommended the use of two times the DBE for a margin assessment of seismic events. Instead, the 
Commission approved 1.67 times the DBE.  Staff Requirements—SECY-93-087— Policy, Technical, and Licensing 
Issues Pertaining to Evolutionary and Advanced Light-Water Reactor (ALWR) Designs (July 21, 1993), (ADAMS 
Accession No. ML003708056).  
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sequences leading to core damage or containment failures up to approximately 
one and two-thirds the ground motion acceleration of the Design Basis SSE.


This approved approach preserves certain key elements of a seismic PRA to the maximum 
extent possible and estimates the design-specific plant seismic capacity in terms of sequence-
level HCLPF capacities and fragility for all sequences leading to core damage or containment 
failures up to approximately 1.67 times the ground motion acceleration of the design basis SSE.


Using this approach, a DC applicant can demonstrate acceptably low seismic risk for its design. 
Additionally, an applicant that references a design certification must show that the PRA-based 
SMA results envelop its site.14  The NRC has issued guidance on the PRA-based SMA method 
and its implementation for DC applications.15  The PRA-based SMA includes (1) analyzing the 
design-specific system and accident sequences, (2) evaluating the seismic fragility, and (3) 
determining the plant-level HCLPF.  The DPO appeal review team agrees that an approach that 
does not involve a multi-disciplinary team, including civil/structural engineers, in the PRA-based 
SMA would be insufficient.  A typical team generally includes, but is not limited to, risk analysts, 
system engineers, civil/structural engineers, electrical engineers, and reactor operators.  Both 
NRC and industry guidance documents highlight the role of structural engineers in the SMA 
development.16  The PRA-based SMA includes developing an event tree to evaluate the plant 
HCLPF for the design certification application.  Structural engineers are responsible for 
identifying the structural failure modes and quantifying the HCLPF capacity for the failure modes 
that can lead to core damage.


Additionally, the American Society of Civil Engineers (ASCE) Structural Engineering Institute 
(SEI) recognizes the PRA-based seismic margin analysis method as a means to “demonstrate 
sufficient margin over the design earthquake level to find any ‘weak links’ that might limit the 
plant’s capability to safely shut down after a seismic event bigger than the design earthquake.”17  
The ASCE/SEI 4-16 standard supports the position that the PRA-based seismic margin analysis 
approach is acceptable practice for conducting safety evaluations in the structural engineering 
profession.


As part of the NRC’s technical review of the NuScale design certification application, per ISG-20 
and NUREG-0800, NRC structural engineering staff determined whether all appropriate failure 
modes were considered in the seismic margin analysis, that HCLPF capacities are evaluated for 


14 See 10 CFR 52.79(a)(46) and 10 CFR 52.79(d)(1). See also 10 CFR 50.72(h), which requires, in part, that a COL 
applicant develop and maintain a level 1 and a level 2 PRA. 
15 See, e.g., DC/COL-ISG-20, “Implementation of a Probabilistic Risk Assessment-Based Seismic Margin Analysis for 
New Reactors” (ADAMS Accession No. ML100491233). ISG-20 includes detailed elements with respect to the PRA-
based SMA implementation in design certification applications and post-design certification updating activities, 
including updates for Combined License (COL) applications referencing certified designs to incorporate site and 
plant-specific features and post-COL verifications.
16 See, e.g., NUREG/CR-4334, “An Approach to the Quantification of Seismic Margins in Nuclear Power Plants”; 
EPRI NP-6041-SL, Revision 1, “A Methodology for Assessment of Nuclear Power Plant Seismic Margin”; and 
ASME/ANS PRA Standard RA-Sa-2009, “Standard for Level 1/Large Early Release Frequency Probabilistic Risk 
Assessment for Nuclear Power Plant Applications,” Addendum A to RA-S-2008, as endorsed by Regulatory Guide 
1.200.  RA-Sa-2009, for example, contains multiple high-level requirements in which civil and structural engineering 
knowledge is essential to accomplish the requirements.  See also, EPRI NP-6041-SL, Revision 1, “A Methodology for 
Assessment of Nuclear Power Plant Seismic Margin (Revision 1),” an industry-developed guideline for performing 
seismic margin analyses, which indicates that the team should consist of systems engineers, seismic capability 
engineers, and plant operations personnel who are most familiar with the specific plant.
17 American Society of Civil Engineers. (2017). ASCE/SEI 4-16 Seismic analysis of safety-related nuclear structures.
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appropriate components, and that HCLPF values are reasonable. The appeal review team 
concludes that the PRA-based seismic margin analysis performed for NuScale is appropriate.


Conclusion


The use of a PRA-based SMA to evaluate the robustness of the seismic design in a DC 
application is a method approved by the NRC to demonstrate that the design has low seismic 
risk.  The NRC has provided guidance for DC applicants on performing a PRA-based SMA and 
guidance to applicants that may reference such a design certification.   Furthermore, while 
stress averaging is generally acceptable in engineering practice, some codes applicable to the 
NuScale design do not provide specific guidance on the use of stress averaging.


As such, I direct NRR to do the following:


1. Document its evaluation of the stress averaging approach used in the NuScale DC 
application.  This documentation should focus on averaging over the failure plane length 
that extends up to approximately four times the section thickness and in-plane shear 
demand over the full available section length.  The staff should document the results of 
its evaluation and, if necessary, update the FSER for the NuScale design certification 
application and assess whether there are any impacts to the NuScale standard design 
approval issued in September 2020.


2. Evaluate and update guidance, or create knowledge management tools, as appropriate 
on how to evaluate applications that use stress averaging.


I want to thank you for bringing your concerns to my attention.  I appreciate you taking the time 
to document and share your concerns.  Our agency relies on dedicated professionals, such as 
yourself, who are willing to raise concerns that could impact the NRC mission.


cc: D. Roberts, OEDO
S. Dennis, OEDO
A. Veil, NRR
J. Rankin, NRR
J. Ma, NRR
T. Weaver, RES
C. Ng, NRR
J. Ezell, OGC
M. Lombard, OE
T. Martinez Navedo, OE
G. Figueroa Toledo, OE
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