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EXECUTIVE SUMMARY  
The ultimate goal in nuclear facility and nuclear power plant operations is operating safely during normal 
operations and maintaining core cooling capabilities during off-normal events including external hazards. 
Understanding the impact of external hazards, such as flooding and earthquakes, have on nuclear facilities 
and NPPs is critical to deciding how to manage these hazards to expectable levels of risk.  From a seismic 
risk perspective the goal is to manage seismic risk.  Seismic risk is determined by convolving the seismic 
hazard with seismic fragilities (capacity of systems, structures, and components (SSCs)).  There are large 
uncertainties associated with evolving nature of the seismic hazard curves.  Additionally there are 
requirements within DOE and potential requirements within NRC to reconsider updated seismic hazard 
curves every 10 years.  Therefore opportunity exists for engineered solutions to manage this seismic 
uncertainty.  One engineered solution is seismic isolation.  Current seismic isolation (SI) designs (used in 
commercial industry) reduce horizontal earthquake loads and protect critical infrastructure from the 
potentially destructive effects of large earthquakes.  The benefit of SI application in the nuclear industry 
is being recognized and SI systems have been proposed, in the American Society of Civil Engineers 
(ASCE) 4 standard, to be released in 2014, for Light Water Reactors (LWR) facilities using commercially 
available technology.  However, there is a lack of industry application to the nuclear industry and 
uncertainty with implementing the procedures outlined in ASCE-4.  Opportunity exists to determine 
barriers associated with implementation of current ASCE-4 standard language. 

Based on discussions with nuclear vendors there is opportunity to apply SI solutions for systems and 
components in nuclear facilities and NPPs. There may be a need to seismically isolate systems and 
components such as diesel generators and reactor pressure vessels.  However, SI procedures and designs 
proposed for SI of an entire facility may not be appropriate because the mass of many systems and/or 
components is relatively small, and their geometry is very different.  For these systems and/or 
components there may be a need to provide three-dimensional seismic isolation in addition to lateral SI.  

To start this activity a working meeting was convened on August 19th 2014 with representatives from 
DOE, National Laboratories, Industry, EPRI, and NRC to discuss three SI topics: 1) general background 
on current SI progress in the U.S., 2) limitations associated with implementing procedures outlined in 
ASCE-4 for SI solutions of entire nuclear power plant, and 3) to determine potential SI solutions for 
systems and components and gaps associated with developing standardized technologies, methods, and 
numerical tools for these solutions.  Additionally, the working meeting highlights what systems and/or 
components could benefit from SI.  Issues related to implementation of SI were discussed at the meeting 
and these issues help in identification of areas and needs to perform research and development (R&D).  
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Seismic Isolation Working Meeting Gap Analysis Report 
1. Introduction 

Seismic Isolation (SI) is gaining importance in the nuclear arena, mainly after the Fukushima accident in 
2011that increased awareness in the nuclear community about uncertainties associated with designing and 
constructing nuclear power plants (NPPs) capable of withstanding large earthquake ground motions. The 
use of modern seismic (or base) isolation devices has increased in recent decades. SI has been used in the 
design and construction of NPPs in France and South Africa and was recently used to isolate new 
emergency response centers located at NPPs in Japan. As a result of international implementation at NPP 
sites, SI is currently being considered for nuclear facilities in the United States (NUREG, Draft).  

Thus, the working meeting was held to discuss the current state of SI for nuclear facilities in the U.S. and 
to discuss the current state, challenges and gaps associated with implementation of SI at NPP’s in the US. 
Currently, small modular reactors are being considered as the next generation reactors, so this effort is 
very timely such that the design could incorporate SI systems in order to enhance safety with respect to 
seismic hazards (such as earthquakes).  

Horizontal SI effectively reduces the horizontal acceleration that develops in safety structures, systems, 
and components, such as containment and internal structures, to values well below those in conventional 
(non-isolated) nuclear construction.  Vertical isolation seems an area where more research and 
development (R&D) might be needed and the challenge of isolating a component versus the entire 
structure are main areas that would need to be addressed in the future. 

Seismic isolation systems have been widely implemented in the commercial industry to mitigate seismic 
effects at commercial facilities, natural gas storage facilities, and bridges.  However, implementation at 
nuclear power plants has not been considered due to lack of standardization for nuclear applications and 
uncertainty associated with the regulatory process.  NPP application is gaining interest due to 
standardized of SI systems for LWRs in the forthcoming American Society of Civil Engineers (ASCE) 4 
and Nuclear Regulatory Commission (NRC) research that has funded the publication a NUREG.  When 
released, this NUREG would be the first document released by the US NRC that provides information on 
SI of nuclear power plant facilities, with a focus on LWRs. 

With industry interest in application of seismic isolation at NPPs, both existing and advanced reactor 
designs, it is important to determine what research and development (R&D) could be performed to 
provide standardized SI methods, tools, and technologies to enable deployment.  To start this activity a 
working meeting was convened on August 19th 2014 with representatives from DOE, National 
Laboratories, Industry, EPRI, and NRC to discuss the following:  

1. General background on current SI progress in the U.S 

2. Limitations associated with implementing procedures outlined in ASCE-4  

3. Determine potential SI solutions for systems and components 

4. Determine gaps associated with developing standardized technologies, methods, and numerical 
tools for these solutions.   

5. Systems and/or components that could benefit from SI 

The issues related to implementation of SI were discussed and identified for future R&D needs. 

1.1 Industry Support for Seismic Isolation 
Due to the potential to reduce the effects of earthquake loadings on SSCs and thus reduce the seismic risk 
the nuclear industry has already demonstrated a willingness to participate in seismic isolation research.  
TerraPower, LLC is participating with the INL through a Cooperative Research and Development 
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Agreement (CRADA) to develop an industry acceptable methodology for evaluating the potential benefits 
of seismic isolation of suspended systems.  The focus here is to couple a NonLinear Soil-Structure 
Interaction (NLSSI) methodology with numerical models of seismic isolators.  This methodology is 
currently being developed at INL with funding provided by Department of Energy (DOE) National 
Nuclear Security Administration (NNSA).   

Additionally, NuScale has expressed interest in participating in a program that develops a family of 
seismic isolation solutions for systems and/or components at nuclear facilities.   Methods and tools for 
evaluating the performance of seismic isolation systems for systems and components as well as SI 
technologies would be documented in a consensus code standard.   

1.2 The Need for Seismic Isolation of Systems and/or Components 
Seismic hazard curves used in evaluating risk at nuclear facilities are continuously evolving.   There are 
large uncertainties associated with the magnitude and frequency of the many seismic events that are used 
to define the hazard curves. Additionally there are requirements within DOE and potential requirements 
within NRC to re-evaluate site specific seismic hazard curves every 10 years (NTTF).  The evolving 
nature of the seismic hazard curves and the requirement to re-evaluate those curves every 10 years creates 
the possibility that a number of these seismic hazard curves will increase (which they generally do as 
research continues on seismic source characterization, empirical ground motion attenuation equations, 
and local site effects).   

Therefore opportunity exists for engineered solutions to manage this seismic uncertainty.  One engineered 
solution is seismic isolation. SI has the potential to reduce horizontal earthquake loads for nuclear 
structures, systems, and components (SSCs).  A substantial reduction in horizontal earthquake loading has 
the potential to increase the safety of nuclear SSCs by managing the risk associated with large seismic 
events.  Isolation is typically achieved by installing horizontally flexible and vertically stiff seismic 
isolators between the superstructure and its foundation. Isolators serve two key functions: 1) supporting 
gravity loads, and 2) protection of the supported structure and its systems and components from the 
damaging effects of horizontal earthquake ground motion. 

ASCE 4 provides standard procedures for providing robust seismic isolation systems for the entire NPP as 
shown in Figure 1.  In addition to SI systems for LWRs (such as those shown in Figure 2), there is a need 
in the nuclear industry for seismic isolation of nuclear facility (both near surface facilities and deeply 
embedded facilities) related systems and/or components such as diesel generators, reactor pressure 
vessels, steam generators, spent fuel pools, and critical response facilities such as FLEX (maintaining 
back up safety equipment at a secure offsite location).  

 2 



The isolation solution shown in Figure 1 would not be cost effective for deeply embedded NPPs.  Since 
this would require over-excavation of the soil, and installation of a moat system to accommodate the 
lateral displacement of the facility.  Therefore the likely benefit for deeply embedded structures would be 
systems and/or components internal to the NPP.  For these systems and/or components there may be a 
need to provide three-dimensional seismic isolation in addition to lateral SI.  Due to the potential 
difference in the isolation environment (i.e. isolators may be located in the nuclear power plant instead of 
isolating the nuclear power plant) and the potential need to provide three-dimensional SI, it is necessary 
to provide required and improved numerical methods and consensus standards for SI of systems and/or 
components. 
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1.3 Seismic Isolation Implementation The Need for Seismic Isolation 
of Systems and/or Components 

There are some nuclear applications of seismic isolation in countries outside of the U.S.  The draft 
NUREG provides an overview of these isolation systems and a brief description is provided in this 
section:   

1. A total of six NPP units have been seismically isolated in Cruas, France and Koeberg, South 
Africa in 1983 and 1984.  

2. The six seismically isolated reactors are located at two sites and all six are Pressurized Water 
Reactor (PWR) units constructed in the 1980s. Four reactors are located at the Cruas-Meysse site 
in France and two are located at the Koeberg site in South Africa. Isolation systems in these NPPs 
use neoprene as the elastomer. 

3. The Tokamak fusion reactor, ITER, and the Jules Horowitz research reactor (JHR), both being 
constructed in Caderache, France will also be seismically isolated, as shown in Figure 3. 

In response to changes in the Japanese Seismic Nuclear Regulations and experience data gathered from 
the 2007 Niigataken-Chuetsu-Oki earthquake that impacted the Kashiwazaki-Kariwa Nuclear Power Plant 
(KKNPP), Japanese utilities decided to seismically isolate emergency operations buildings.  This unique 
application of seismic isolation at a NPP does not focus on SI of the nuclear island but rather emergency 
response centers that coordinate the response post earthquake.  This unique approach could be applied to 
FLEX centers in the U.S.   

2. Seismic Isolation Working Meeting Discussion 
The main objective of this working meeting was to discuss the current state and need for seismic isolation 
for nuclear rectors (structures, systems, and components) and identify the challenges and gaps. 

2.1 Discussions Notes From Meeting 
The meeting provided a high level overview of current state of SI in the U.S.  This meeting was organized 
with a morning of presentations and an afternoon of discussion, detailed information is provided in the 
report appendices.   
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Purpose of morning session was to discuss current state of practice for seismic isolation of nuclear 
facilities: 

Presenter:  Justin Coleman, INL 
Role of Presentation:  Meeting expectations and outcome 

Presenter:  Michael Salmon, LANL   
Role of Presentation:  ASCE-4 and 43 implementation process and NRC acceptance  

Presenter:  Andrew Whittaker, UB 
Role of Presentation:  Technical considerations for seismic isolation in the U.S. and current 
ASCE 4 implementation  

Presenter:  Jose Pires, NRC 
Role of Presentation:  NRC research in seismic isolation  

Presenter:  John Richards, EPRI 
Role of Presentation:  EPRI research in seismic isolation  

Presenter:  Piyush Sabharwall, INL 
Role of Presentation:  Safety systems for nuclear reactors  

Purpose of the afternoon discussions was to determine what seismic isolation gaps exist and what 
research and development (R&D) activities could fill those gaps.  Some topics for consideration include: 

Advanced numerical methodologies

 Seismic isolation technologies for systems and components 

 Cliff edge affects 

 Issues associated with piping and lines that cross the isolated non-isolated interface 

More detailed meeting notes are provided in Appendix B, with presentations in Appendix D.  Gaps 
identified in the working meeting are addressed in Sections 2.2, 2.3, and 2.4 with more details provided in 
Appendix C.  Some highlights from the meeting are: 

 Reduction in structure response to a horizontal ground motion could be achieved with seismic 
isolation and thus could enhance safety for NPP SSC’s potentially reducing seismic risk. 

 Hard stops are designed in order to prevent any further displacement than the SI is designed 
for. 

 Site specific seismic hazards are a moving target and tend to increase 

 SI could mitigate risk associated with increasing site specific seismic hazards 

 For NPP (such as SMRs) SI could provide following benefits: 

 Reduction in downtime, will be a great cost benefit 

 SI system could be considered as an added defense in depth for loosing critical components 

 SPRA needs to provide best possible risk numbers increasing the need for realistic numerical 
models and quantifying uncertainty.  Whereas for seismic design and analysis for plant NPPs 
the design should provide a conservative result thus requiring less numerical accuracy.   

 Using high fidelity codes (when needed) to predict/model SI accurately with high confidence 
level 
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 Time domain analysis can assist with looking at effect of concrete cracks, inclined wave 
effects, non-linear effect of soil, effect of embedment 

 Before using SI for nuclear structures/components, in order to gain confidence we should 
look into smaller systems or building (emergency response building) and consolidated storage 
facilities  will help gain nuclear community and general public confidence 

 Aircraft Impact to the Main Containment building with SI: since the relative size/mass of the 
containment is much greater than aircraft, hardly any movement will be noticed 

 effect for embedded system (should not be much of an issue but analysis not done yet), could 
also depend on depth of embedment 

 size of the structure (could be an issue for smaller structures, like SMR containment, because 
of aircraft impact will be more like an impulse (here the issue is of momentum transfer) 

2.2 Identified Gaps 
The working meeting highlighted gaps in several areas, which are presented in sections 2.3 and 2.4 

below.  Gaps identified in this working meeting fit into two areas, isolating the entire nuclear facility, and 
isolation of systems and components.  A systematic process was developed in sections 2.3 and 2.4 to state 
the gap, it’s importance to industry, current state of knowledge and research and development, and need 
(ranked as high, medium, low). 

2.3 Entire Nuclear Facility 
2.3.1 Hard Stop Cliff Edge Effects 
ASCE 4 committee hasn’t addressed the potential cliff edge effects (and therefore unanalyzed damaged to 
the nuclear structures, systems, and/or components (SSCs)) during beyond design basis earthquake 
(BDBE).   This is an important parameter to consider in the SI application for a safe design. 

Importance to Industry 

Cliff edge concerns would cause potential limitations of SI use in industry.   

Current State of Knowledge 
Limited 

Current Research and Development 
No research activities have been funded to understand the potential cliff edge effects of hitting the 

moat wall.   

Limited 

Need 

Medium 

R&D would produce tools, methods, and technologies for addressing cliff edge effects.  These would 
be implemented as guidance in industry consensus codes such as ASCE 4. Understanding of cliff edge 
effects (if any) and proposed solutions for design changes (if necessary) and demonstrating the reduction 
of in-structure nuclear facility response has potential to increase nuclear safety. 
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2.3.2 Hard Stop Requirements 
Is the hard stop needed?  Currently ASCE-4 requires implementation of a hard stop to prevent 
displacement of the nuclear facility beyond what would cause tearing of the isolation system and 
catastrophic damage.   

Importance to Industry 

Industry is concerned that the hard stop creates potential design issues since they must demonstrate what 
happens when the facility hits the hard stop.  There is also a concern that for irregular geometries that 
facility impact with the hard stop may create potential challenges. 

Current State of Knowledge 
Limited 

Current Research and Development 
University at Buffalo is currently performing research to develop a SPRA approach, which would allow 
the moat to be screened out. 

Need 
Current state of knowledge is presented in ASCE-4, which requires implementation of the hard stop.  
ASCE-4 states: 

High 

2.3.3  Seismic isolation methods and solutions for mitigating Vertical Ground 
Motion  

SI of entire nuclear facility is standardized in forthcoming version of ASCE-4.  These are horizontal 
isolation systems.  Vertical seismic response is an issue at some sites and thus there may be a need for 
vertical isolation.  Currently there is relatively little knowledge in the U.S. on designing robust vertical 
isolation.  Need to understand what the need is for vertical isolation and develop methods and solutions 
for vertical isolation. 

Importance to Industry 
For some soil sites vertical ground motion is significant.  These may cause large in-structure vertical 
response which may require robust seismic designs.  Significant cost savings could be achieved by 
coming up with methods and solutions for vertical isolation.  

Current State of Knowledge 

Currently only horizontal isolation has been accepted in codes and standards.  Vertical isolation concepts 
have not been implemented in any nuclear facilities in the world. 

Limited 

Current Research and Development 
Limited 

Need 
Vertical seismic response is an issue at some sites and thus there may be a need for vertical isolation. 

Medium 
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2.3.4 Understanding margins in Seismic Analysis  
Margins that may exist in seismic analysis are something that are not clearly understood.  Three recent 
earthquakes in the last seven years have exceeded their design basis earthquake values (so damage to 
SSC’s should have occurred).  These seismic events were recorded at Kaswazaki-Kariwa (2007), 
Fukushima Daichii and Daini (March 2011), and North Anna (August 2011). However, seismic walk 
downs at some of these plants indicate that very little damage occurred to safety class systems and 
components due to the seismic motion.  Therefore it is necessary to gather the applicable data to quantify 
the margins in current seismic analysis techniques (linear analysis) at nuclear power plants. 

Importance to Industry 
Overly conservative seismic analysis and SPRA may cause NPP venders to focus too much money on 
seismically hardening their design.  This could also cause NPP venders to make decisions to seismically 
isolation SSCs based on overly conservative information (SI may not be needed). 

Current State of Knowledge 

Data is available at NPP sites however to our knowledge no one has gathered the data for use in 
determining seismic margins in current analytical procedures and methods. 

Limited 

Current Research and Development 

INL is currently involved in an activity to develop a NonLinear Soil Structure Interaction (NLSSI) 
methodology.  As part of this process INL is comparing linear analysis with non-linear analysis at 
increasing levels of ground motion to demonstrate importance of including nonlinear effects.   

The decisions to implement SI should occur after realistic seismic analysis has been performed. 

Limited 

Need 
High 

2.3.5 Cost Benefit (Economic Viability) for SI of entire nuclear plant  
To our knowledge no one has performed a cost benefit analysis in the U.S. on an isolated versus non-
isolated nuclear systems and components.  A cost benefit analysis could provide valuable insight for 
venders interested in application of seismic isolation to manage seismic risk at their nuclear facilities.  

Importance to Industry 
Provides industry with information on potential cost savings when SI is implemented in new nuclear 
facility design and/or modification of existing nuclear facilities.   

Current State of Knowledge 
Limited

Current Research and Development 
Limited 

Need 

DOE and industry need to understand the cost benefit of implementing SI at NPPs. 

High 
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2.3.6 Need for Soil Constitutive model  
Need for accurate soil constitutive model to evaluate performance of seismic isolation systems in nuclear 
facility structures (more accurate/ better models). 

Importance to Industry 
NLSSI seismic analysis is needed to quantify the benefit of seismic isolation.  NLSSI is also needed to 
determine if SI is needed.  Accurate soil constitutive models are needed to produce reasonable NLSSI 
results. 

Current State of Knowledge 

Medium 

Current Research and Development 
Boris Jeremic at UC Davis has been developing accurate nonlinear soil constitutive models that can 
accurately capture the cyclic behavior of soil during seismic events [Jeremic e.t. 2013]. 

INL is currently involved in an activity to develop a NLSSI methodology.  As part of this process INL is 
comparing linear analysis with non-linear analysis at increasing levels of ground motion to demonstrate 
importance of including nonlinear effects. 

Medium 

Need 
Medium 

2.3.7 Need for time domain methodology that can handle nonlinear behavior 
such as seismic isolation  

Need for time domain approach that can handle nonlinear behavior such as seismic isolation.

Importance to Industry 
Nonlinear soil-structure interaction seismic analysis is needed to quantify the benefit of seismic isolation.  
NLSSI is also needed to determine if SI is needed.   

Current State of Knowledge 
Medium 

Current Research and Development 
UB, INL, and UC Davis are currently working on numerical tools and methods for performing NLSSI 

Medium 

Need 
Medium 

2.3.8 Implementation of SI in Nuclear Facility Safety  
The forthcoming version of ASCE 4 provides standardized language of implementation of SI for the 
entire nuclear facility.  However, currently in the U.S. there is not an application of SI related to nuclear 
facilities.  TEPCO, after the Kashiwazaki earthquake in 2007, installed seismically isolated emergency 
response buildings at all their NPP sites including (Hijikata 2012) Fukushima Daichii.  These facilities 
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provided valuable emergency response equipment to deal with the nuclear reactor issues and allowed for 
continued on site response.  

Importance to Industry 
Implementation of SI at nuclear facilities has potential to reduce seismic risk and manage costs associated 
with seismic concerns. 

Current State of Knowledge 
Currently in the US there is not an application of SI in facilities that support nuclear safety.   

Limited 

Current Research and Development 
Limited 

Need 
There was general consensus at the gap working meeting that SI has potential to manage seismic risk at 
NPP sites.  One important comment from the meeting is there may be some reluctance in the nuclear 
community that first application of SI be the nuclear island.  To ease seismic isolation into supporting 
nuclear facility safety some possible facilities other than the nuclear island, but still important to nuclear 
safety are:  Consolidated storage facilities and industry FLEX facilities.  This would allow for application 
of SI at facilities that support nuclear safety outside of the nuclear island and demonstrate implementation 
of the technology in nuclear safety applications. 

High 

 

2.4 Systems and Components 
2.4.1 Cost Benefit (Economic Viability) for SI of systems and components 
Same as presented in Section 2.3.5 in this report.  
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2.4.2 SI Solutions for Nuclear Systems and Components  
Seismic isolation solutions for LWRs (documented in ASCE 4) may not be appropriate for isolation of 
systems and/or components because the mass of many systems and/or components is relatively small, and 
their geometry is very different.  Can SI solutions presented in ASCE 4 be scaled for implementation with 
systems and components or is it necessary to develop new SI solutions?  
Importance to Industry 

It is unlikely that deeply embedded NPPs will implement SI for the entire plant as standardized in ASCE 
4.  However, they may be interested in SI solutions for systems and/or components.   
Current State of Knowledge 
Limited 
Current Research and Development 
Limited 
Need 
High 

Deeply embedded NPP venders are likely to seek SI solutions (if needed) for systems and 
components.  ASCE 4 currently does not address SI of systems and components.  Therefore development 
of SI solutions for systems and components is necessary.  Implementation of these solutions on consensus 
codes is necessary. 

 

2.4.3 SI for Individual Components, leading to differential displacement Issues 
Differential displacement between the isolated and unisolated interface is a known issue that has to be 
addressed in the design.  It is also important to quantify the risk associated with this differential 
displacement. 

Importance to Industry 
Using SI to only isolate systems and/or components in NPPs may create differential displacement issues 
which need to be addressed. 

Current State of Knowledge 
Medium 

Current Research and Development 
Need adequate modeling and simulation methods and tools to accurately capture this behavior.  These 
methods and tools are currently under development but have not been used to quantify risk associated 
with differential displacement issues at NPPs. 

Medium 

Need 
Medium 

2.4.4 Model Validation and Uncertainty Quantification 
SI numerical models must be verified and validated to provide confidence in predicted structural 
response.  Nonlinear structural dynamics models are needed to accurately predict the behavior of seismic 
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isolation systems. Uncertainty quantification is very essential to access the range of validity for the model 
(based on assumptions) and experiments (based on operating conditions). 

Importance to Industry 
It is necessary to have confidence in SI numerical models to make decisions in the design process of 
whether or not SI is needed. 

Current State of Knowledge 
Limited 

Current Research and Development 
University at Buffalo has developed verified and validated numerical models for SI design that will be 
used to isolate the entire plant.  However limited effort to date has focused on what seismic isolation 
solutions are needed for systems and components and developing V&V numerical models for these.  

Limited 

Need 
Medium 

2.4.5 Rocking Effect on Seismic Isolation of a Component (very essential to 
understand for Integral SMR designs) 

SI of certain NPP systems and components may create rocking loads that current isolation technologies, 
standardized in ASCE 4, were not designed to handle.  

Importance to Industry 
SI solutions for deeply embedded structures will likely only be used for systems and components.  
Therefore it is necessary to develop SI tools, methods, and solutions similar to what is currently in ASCE 
4 for SI of the entire NPP. 

Current State of Knowledge 

Limited 

Current Research and Development 
Limited 

Need 
Depending on SI designs for systems and components this may be important 

Medium 

 

3. Additional SI Implementation Considerations 
Some advanced reactor designs, particularly liquid metal reactors (LMRs), may employ a pool design 
rather that a loop-based design. Thus, (1) there's the "sloshing" considerations, does the fundamental 
mode of sloshing align that of the SI system, comparable to what was discussed for spent fuel pools and 
(2) not as many issues associated with the umbilical concerns as for loop designs. 

Most advanced reactor designs employ passive safety features. Some may use natural circulation for 
decay heat removal that at some point involve moving air through structures to create a chimney effect 
and dissipate the heat above ground to the air.  
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Jose Pires of NRC noted ITAAC (Inspection, Testing, Analysis, and Acceptance Criteria) as a longer-
term consideration for SI issues. However, for new plants in the future that may employ SI, the 
vendor/applicant and SI designer will need to consider how they will demonstrate via an ITAAC 
approach that an SI system was constructed/installed as designed and will operate as designed. They will 
need to recognize early on what the basis of their ITAAC is to meet the acceptance criteria once installed.  

An incremental step forward in implementing SI in the nuclear arena, prior to actually isolating some 
portion of a nuclear plant, could be; application for consolidated used fuel facilities, or the two FLEX 
locations in Memphis and Phoenix. These are the two U.S. "storage" locations for spare diesel generators, 
pumps, etc., selected by industry in response to Fukushima. 

4. Results and Conclusions (Path Forward for R&D) 
The seismic isolation working meeting, held on August 19th highlighted gaps associated with 
implementation of SI in the nuclear industry.   The gaps that are identified as most important are: 

 SI Solutions for Nuclear Systems and Components  
 Quantification of Cost Benefit (Economic Viability) for SI  
 Understanding margins in Seismic Analysis  
 Implementation of SI in Nuclear Facility Safety Remove Hard Stop Requirements 

Research and development activities performed by a collaborative team that includes DOE, industry, 
nation laboratories, and universities, would help close these gaps. 
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International Symposium on Engineering Lessons Learned from the 2011 Great East Japan 
Earthquake, March 1-4, 2012, Tokyo, Japan 

5. , N. Tafazzoli, T. Ancheta, , A. Blahoianu, “Seismic behavior of NPP 
structures subjected to realistic 3D, inclined seismic motions, in variable layered soil/rock, on 
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Jose Pires     NRC/RES/DE   jose.pires@nrc.gov     301-251-7696 
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Andrew Whittaker   University at Buffalo awhittaker@buffalo.edu    716-465-7699 

Pete Riccardella    ACRS     priccard@structint.com    303-478-5545 

Gary Mays     ORNL     maysgt@ornl.gov     

Subir Sen     DOE     subir.sen@hq.doe.gov 

Greg Mertz     CSCA     greg@gemertz.com  

Michael Cohen    TerraPower    micohen@terrapower.com   425-691-3451 

Sunwoo Park    NRC/NRO    sunwoo.park@nrc.gov    301-415-1690 

Richard Reister    DOE     richard.reister@nuclear.energy.gov 301-903-0234 

Frank Vereb    Westinghouse   verebft@westinghouse.com    

Hernando Candra   NRC     hernando.candra@nrc.gov     

Steve Mcduffie    DOE/CNS    stephen.mcduffie@rl.doe.gov  509-373-6766 

Chris Chaves DOE christopher.chaves@hq.doe.gov 301-903-5999

Mark Blackburn   DOE/AU-32   mark.blackburn@hq.doe.gov  301-903-8396
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SEISMIC ISOLATION WORKSHOP 

Tuesday, August 19th, 2014 

 

Objective: To discuss the current state of seismic isolation (SI) at nuclear 
facilities and determine what gaps existing between current application of SI to 
systems and/or components.  Presentations will be provided in the morning to 
discuss the current state of SI and a round table discussion will be held in the 
afternoon to talk about current issues and proposed applications of seismic 
isolation. 
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SEISMIC ISOLATION WORKSHOP 

Tuesday, August 19th, 2014 
INL Washington DC Office, 955 L’Enfant Plaza SW, North Building Suite 600A 

8:00 Introductions .................................................................................................................. All

8:10 Seismic Isolation Task Overview .............................................................. Justin Coleman
Idaho National Laboratory 

8:30 ASCE-4 Implementation Process ............................................................. Michael Salmon
Los Alamos National Laboratory 

8:50 Technical Consideration for Seismic Isolation (ASCE-4 & NUREG) ...... Andrew Whittaker  
University of Buffalo 

9:35 NRC Research in Seismic Isolation .................................................................. Jose Pires
Nuclear Regulatory Commission 

10:05 Break ................................................................................................................................. 

10:20 EPRI Research in Seismic Isolation ......................................................... Bob Kassawara
Electric Power Research Institute

11:00 Safety System for Nuclear Reactors ..................................................... Piyush Sabharwall
Idaho National Laboratory 

11:30 Working Lunch Topic:  uncertainty's associated with external seismic hazards, best 
estimate risk evaluation, and INL's development of advanced tools and methods for 
using in design and risk assessment. ....................................................... Justin Coleman

Idaho National Laboratory 
Lunch invitees: See attached list
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SEISMIC ISOLATION WORKSHOP 

Tuesday, August 19th, 2014 
 

 

1:00 Group Discussion  .............................................................................................................  
x What systems and components benefit form seismic isolation 
x Potential performance characteristics of seismic isolation 

 
 

2:15 Break .................................................................................................................................  
 

 
2:30 Group Discussion Continued .............................................................................................  
 

3:30 Adjourn ..............................................................................................................................  
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Appendix B 
Meeting Notes 

1. For a successful nuclear future seismic isolation measures should be integrated with SMRs and 
Advanced Reactors. 

2. A thorough analysis still needs to be done to show the effectiveness of seismic isolation for the 
critical components, such that safety and integrity is maintained 

3. Seismic analysis needs to be carried out for specific sites/location as one needs to take into 
account different soil effect (Hard soil, soft soil) 

4. Seismic systems for the critical components of the plant will enable the plant to maintain safe 
plant operations despite emerging or unanticipated scenario’s. Current reactor designs offer 
minimal flexibility in responding to natural occurring disasters. With seismic isolation systems, 
the severe accidents scenario could be handled better and the reactor and its critical components 
could maintain better integrity. 

5. Advanced capabilities in modeling could reduce uncertainties and advance our understanding of 
seismic performance of nuclear power systems 

6. What activities in parallel might be and should be done to realize the full potential of advanced 
seismic simulation methods and its significance to the nuclear community/utilities 

7. Need to carry out and show the importance of structural models for embedded systems: 
8. taking into account the interaction between structure and soil. 
9. Need to account for soil deformation overtime 
10. Soil non-linearities (soft/hard soil type, homogeneous soil/layered soil structure) 
11. need to understand the behavior of embedded systems for both predicted (design-basis) and 

beyond design basis earthquakes in order to determine the threshold or critical level/point beyond 
which the integrity of the critical component is compromised 

12. To promote/encourage utilities and various vendors to look into seismic isolation techniques, is 
only possible when: 

13. These systems are well understood, such that could be integrated into design codes itself (Blink 
and Budnitz, NEAMS, 2012) 

14. Could be taken as added safety measures from nuclear safety regulatory process perspective and 
ultimately helps in licensing. 

15. Reduction in structure response to a horizontal ground motion could be achieved with seismic 
isolation and thus could enhance safety for NPP with respect to seismic hazards. 

1. Hard stops are designed in order to prevent any further displacement than the SI is designed for. 
2. Seismic hazard is a moving target and usually increases. 
3. For NPP (such as SMRs ) SI could provide following benefits: 

a. Reduction in downtime, will be a great cost benefit 
b. SI system could be considered as an added defense in depth for loosing critical 

components 
4. Seismic analysis for PRA (SPRA) is more complicated than seismic analysis for plant design 

because SPRA needs more or less determined/evaluated values to the best possible accuracy 
along with uncertainty info, whereas for seismic analysis for plant design some values could be 
best estimate or best-predicted values, thus more effort is involved with SPRA 

5. Using high fidelity codes (when needed) to predict/model SI accurately with high confidence 
level 

6. Time domain analysis can assist with looking at effect of concrete cracks, inclined wave effects, 
non-linear effect of soil, effect of embedment 

7. Before using SI for nuclear structures/components, in order to gain confidence we should look 
into smaller systems or building (emergency response building) and consolidated storage 
facilitiesÆ will help gain nuclear community and general public confidence 

 



 

3 

8. Aircraft Impact to the Main Containment building with SI: since the relative size/mass of the 
containment is much greater than aircraft, hardly any movement will be noticed 
- effect for embedded system (should not be much of an issue but analysis not done yet), could 

also depend on depth of embedment 
- size of the structure (could be an issue for smaller structures, like SMR containment, because 

of aircraft impact will be more like an impulse (here the issue is of momentum transfer) 
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Appendix C 
Noted Gaps 

1. SI of entire nuclear facility is standardized in forthcoming version of ASCE-4.  These are 
horizontal isolation systems.  Vertical seismic response is an issue at some sites and thus there 
may be a need for vertical isolation.  Currently there is relatively little knowledge in the U.S. on 
designing robust vertical isolation.  Need to understand what the need is for vertical isolation and 
develop methods and solutions for vertical isolation. 

2. 3D isolation may be feasible for individual components but robust methods and solutions have 
yet to be proven. 

3. Margins in Seismic Analysis is something, which is not clearly understood and not demonstrated.  
Three recent earthquakes in the last seven years have exceeded their design basis earthquake 
values (so damage to SSC’s should have occurred).  These seismic events were recorded at North 
Anna (August 2011), Fukushima Daichii and Daini (March 2011), and Kaswazaki-Kariwa 
(2007).  However, seismic walk downs at some of these plants indicate that very little damage 
occurred to safety class systems and components due to the seismic motion.  Therefore it is 
necessary to gather the applicable data to quantify the margins in current seismic analysis 
technics (linear analysis) at nuclear power plants.   

4. Cost benefit (economical viability) for SI for components and structures and the whole plant is 
still not completely understood.   

5. Can seismic isolation minimize the qualification requirements for certain components and thus 
reduce the cost of certain NPP systems and components. 

6. SI for individual components is also lacking proper understanding, such that Isolating one 
component and not the other, could lead to displacement issues 

a. Needs to look from a systems perspective how a given component interfaces/interacts 
with other SSCs. One of the major considerations in examining failure modes for a 
given component or system is how does it interact with other SSCs resulting in 
cascading failures 

7. Validation need for models 

8. Need for accurate soil constitutive model to evaluate performance of seismic isolation system in 
nuclear facility structures (more accurate/ better models) 

9. Need for time domain approach that can handle nonlinear behavior such as seismic isolation  

10. Impact of rocking effect on seismic isolation component would be very essential to understand 
for Integral SMR designs 

11. Need to look into other possible damping material alternatives, such as gurb springs (vertical 
isolation) 

12. Application of SI technology (Industry and DOE perspective)  

a. Entire nuclear island? 
i. Passive engineered fill?  Dissipate energy?  Engineered backfill 

ii. Differential settlement due to soil…does this disrupt the performance of the 
seismic isolation system?  

b. Systems and components, if so which systems and components?  
i. Hard stop issues also apply to SI solutions for systems and components…how do 

we deal with this? 
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ii. Differential displacement between isolated and non-isolated systems and 
components? 

iii. Design of the isolation system can be shaped to displacement requirements for 
equipment? 

iv. Isolating a piece of vibrating equipment…criteria? 
v. Independent equipment, water storage tank? 

1. Sloshing concerns? 
2. Can’t drive nonlinear system to resonance  

vi. Independent equipment might demonstrate SI solutions for “non-safety class” 
systems 

vii. Are there scaling issues…going from heavy mass to light mass 
viii. Rules in ASCE-4 are written for only 3 types of SI’s…are there other isolation 

concepts that should be included? 
1. Pendulum isolators 
2. Recommendation on damping materials??  Passive 
3. Damping devices?? 

ix. Family of isolators developed for components…numerical 
methods…testing…implementation in standards 

13. Seismic isolation gaps exist in 

c. Acceptable numerical methodologies? 
d. Seismic isolation technologies for systems and components? 

i. Rocking effects? 
ii. Weight is less so may need other SI solutions…need 

demonstration…standardized process… 
iii. Thermal issues…differential thermal expansion…load case to consider? 

e. Cliff edge affects? 
i. Fail safe?  

ii. Technology solution for a soft stop? 
f. Hard stop…eliminating the hard stop?  Standard?  Guidance? 
g. Issues associated with piping and lines that cross the isolated non-isolated 

interface?...What’s available in the market (ITER is using some technologies) 
h. Gather existing data 
i. Isolation of structure, systems, and components from large vertical in-structure demands? 

14. For SI system is an Aircraft impact to the structure an important issue. Can we set criteria or 
depth of embedment or quantify significance of mass of structure 

15. Can standardized design be used for SI, different ground motions for different sites create 
different performance criteria for the isolators?  Lower frequency ground motions?  This could be 
a great benefit by focusing design changes across different sites only to the isolation system 
(instead of design changes to whole plant) 

16. NRC concerns of seismic isolation?  Vertical isolation (or lack of) mitigation…umbilical lines , 
interface issues between isolation and non-isolated interface…computation capability using SSI 
analysis of SI (including seismic isolators in this analysis), path to V&V of analysis tool…NRC 
staff encourages innovative solutions…need NLSSI approach that can handle issues such as SI… 

17. There is a need for validation…of site response…SI for systems and components…new types of 
isolators and systems… 

18. Comfort level with existing seismic isolation concepts…might need a small application of SI so 
people become more comfortable with SI solutions…need a demonstration…  

19. Proper understanding on the required R&D activities that could fill the gaps 
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20. Cost/Economic benefit of the SI concept  
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