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INTRODUCTION

The Advisory Committee on Reactor Safeguards (ACRS) Subcommittee on the Safety Research
Program met in Room T-2B3 at NRC Headquarters, located at 11545 Rockville Pike, Rockville,
Maryland, on April 16–17, 2009.  The Subcommittee was briefed by representatives of NRC’s
Office of Nuclear Regulatory Research (or RES) on their Fiscal Year 2008-2011 Seismic Research
Program Plan (hereafter the Program Plan).  In 2008, RES published a Program Plan that
described specific products and activities intended to support the NRC staff in its review of seismic
issues bearing on advanced nuclear power reactors. The purpose of this Subcommittee meeting
was to learn more about what these specific products and activities were, and why, when they
reached fruition, were expected to provide improved information on seismic hazard characterization
and the treatment of those hazards in siting and design decisions for new nuclear power plants.
To this end, the Subcommittee planned to gather information, analyze relevant issues and facts,
and formulate proposed positions and actions, as appropriate, for deliberation by the full Committee
of the ACRS at a later date. 

The Chairman for this ACRS Subcommittee is Dr. Dana Powers.  Mr. Michael P. Lee was the
cognizant ACRS staff engineer on this topic and served as the Designated Federal Official for this
meeting.  Dr. William Hinze (Professor emeritus of geophysics at Purdue University) was an invited
Committee consultant.   The entire meeting was open to public attendance. The Subcommittee1

received no written comments, or requests for time to make oral statements from any members
of the public concerning the subject of this meeting.  This two-day meeting convened at
approximately 8:30 am each morning. 

The detailed agenda for this meeting can be found in Attachment 1.  Both during and following the
scheduled presentations, the speakers responded to questions and comments from the ACRS
Subcommittee members.  The scope of the questions and comments, and the speaker’s responses
thereto, have been captured in the verbatim meeting transcript that serves as the official meeting
record for this portion of the meeting.  ACRS Subcommittee meeting transcripts can be found at
the following NRC Internet website location:   http://www.nrc.gov/reading-rm/doc-collections/
acrs/tr/ subcommittee/.  Highlights of some Member questions and comments, and speaker
responses thereto have been recorded in the following pages.

http://www.nrc.gov/
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OPENING REMARKS BY THE SUBCOMMITTEE CHAIRMAN

Dr. Powers noted that among the various responsibilities of the ACRS is one which directs the
Committee to periodically review of the programs of RES.  Dr. Powers reported that the Committee
was currently in the process of reviewing the adequacy and sufficiency of those programs.  Once
its review is complete, Dr. Powers stated that the Committee intended to forward a report to the
Commission with its findings.  

By way of background, Dr. Powers  noted that in 2008 RES published a Program Plan that intends,
among other things, to support the NRC staff in its review of the next generation of nuclear power
plants.  That Program Plan has been made widely available to the public for some time now on



  Nuclear power reactor ITS are generally considered essential to the prevention or mitigation of an
2

accident that could result in an off-site radiation dose.

  Identified principally as Regulatory Guides 1.206, 1.208, 1.132, 1.138, 1.198.
3
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RES’ web site and the full Committee had received an abridged overview of that Program Plan
earlier, in 2008.  With respect to some of the projects and activities described in that plan, the
Subcommittee Chairman noted that the ACRS had already gained some visibility of this work
through its earlier reviews of early site permit (ESP) requests for new nuclear power reactors.  Dr.
Powers also noted that the Subcommittee’s primary focus at this time was on the earth science
elements  of the Program Plan; review of the engineering features (tasks) of the Program Plan
would be deferred to another (unspecified) date.

PRESENTATIONS

The published meeting agenda for this Subcommittee meeting called for four presentations.  The
detailed meeting agenda is Attachment 2 as are the briefing materials used in association with
those presentations. 

April 16, 2009 
The first scheduled speaker on the first day of the Subcommittee meeting was Dr. Dogan Seber.
Dr. Seber is a senior geophysicist in the Office of New Reactors’ (NROs’) Division of Site &
Environmental Reviews (DSER).  His presentation focused on the types of earth science and
engineering information used by the NRO staff to evaluate adequacy of nuclear power reactor
designs to withstand the effects of earthquakes.  As background, Dr. Seber noted that within NRO,
there are essentially two groups involved in the initial phase of new reactor licensing – DSER and
the Division of Engineering (DE). DSER  is responsible for performing the geological,
seismological, and geotechnical reviews of earth science information cited in new reactor license
applications.  In particular, the staff in this Division independently review the local soil and rock
information used to estimate the Safe Shutdown Earthquake (SSE) ground motion for a specific
reactor site.  Following those confirmatory reviews, the relevant ground motion information is then
evaluated against the proposed reactor design by DE staff to ensure that those structures,
systems, and components (SSCs) important to safety (ITS) can perform their intended safety
functions at the onset of a SSE.   2

Consistent with these responsibilities, Dr. Seber went on to note that both Divisions have identified
specific analytical tools and capabilities that are needed to ensure their independent reviews are
adequate and reflect current state-of-the-art.  Dr. Seber observed that the requisite review tools
and capabilities used by the staff have been codified in a suite of NRC Regulatory Guides intended
to implement the Standard Review Plan (SRP) which, in turn, is used to evaluate new reactor
license applications.  In the area of earth sciences, the Regulatory Guides in question  identify3

broad information needs related to the following:

P a detailed geologic knowledge of major structural/tectonic features capable of
generating earthquakes 

P the delineation of specific seismic source zone models for which earthquake catalogs
can be derived and a site-specific earthquake hazard estimated 



Certified Copy 4

P a quantitative description of the geotechnical (e.g., physical and engineering) properties
of soils and bedrock at the site under both static and dynamic load conditions, including
the potential for liquefaction

As regards the staff’s engineering reviews of power plant SSCs, in the context of earthquake
hazards, Dr. Seber noted that NRC’s regulatory reviews focus on the structural performance of
those SSCs that are ITS at the onset of a SSE to determine if they are seismically qualified. 

To the extent there might be the need to update any particular Regulatory Guide currently in use,
this speaker noted that the update request took place in the form of an NRO ‘user need’ which was
forwarded to RES for integration into the current edition of the Program Plan.  Dr. Seber closed his
presentation with a summary of the key areas for which DSER and DE staff identified ‘user needs’,
in some regulatory context, necessary to the evaluation of seismic hazards and new nuclear power
reactor licensing.  The areas identified included:

P new seismic source zone and ground motion attenuation models for the Central and
Eastern United States (CEUS)

P improved geologic information of evidence of past earthquake activity 

P seismic-induced passive earth pressure

P ground motion incoherency 

P guidance concerning probabilistic-based seismic margins analyses

During this presentation, it became clear that the principal focus of the NRC-sponsored research
is on the CEUS.  To better understand the reason for this emphasis, Dr. Seber brought a few key
facts to the Committee’s attention he thought would be useful to consider when evaluating the
adequacy of the Program Plan. 

P Most of the new reactor licensing being requested by the utilities will be taking place in
States East of the Mississippi River.

P With few exceptions, the great preponderance of past seismic research has been
associated with states West of the Mississippi River.  Reasons include the relative
occurrence of more frequent earthquake activity along the Pacific Coast as well as the
relative unobstructed exposure of geologic features in the arid/semi-arid Western States.

Consequently, there was a deliberate decision to focus most of NRC’s research effort in  improving
the state of earthquake knowledge in the CEUS.

The second scheduled speaker was Dr. Annie Kammerer.  She is a RES project manager for the
agencies’ seismic and tsunami research programs.  Dr. Kammerer is also the lead author and
compiler of NRC’s Seismic Safety Research Program Plan.  As noted by the preceding speaker,
DSER/DE program staff has  determined that the analytical tools and capabilities used in the
seismic/earthquake engineering reviews of nuclear power plant license applications need to be
updated to reflect current engineering practice and new geologic information on seismic source



  That plan is available in Adams, accession no. ML072960792.
4

Certified Copy 5

zone characteristics.  Consequently, to acquire the updated review capability, RES staff determined
that there is a need for the agency to invest heavily in seismic-oriented research.  

To this end, the Office of Research issued a Seismic Safety Research Program Plan in January
2008.   Speaking on behalf of the RES staff, Dr. Kammerer provided an overview of the plan.  As4

part of that overview, she noted that the research plan identifies approximately 40 research topics
(projects) distributed among the following four subject areas:

P Earth Science and Natural Hazards Research (10 projects)
P Earthquake Engineering Analysis and Earthquake Resistant Design (14 projects)
P Cooperation in Ongoing International Research Activities (7 projects)
P Updates to NRC Regulatory Guides (6 projects)

The scope of the work identified in the respective research projects is targeted primarily on NRC’s
regulatory needs, which includes but is not limited to:

P regulatory infrastructure development (specifically Regulatory Guides)
P evaluation of relevant operating experience
P confirmatory analyses
P codes and standards development
P technical assistance in specific licensing reviews

The research proposals described in this plan are intended to be implemented over the next three
years, as resources permit, and include both short- as well as long-term projects.  In formulating
the plan, Dr. Kammerer reported that RES staff had worked closely with the various NRC program
offices (NRR, NRO, and NMSS) who are the research sponsors and responsible for identifying
specific user needs relative to the Commission’s regulations.  This close coordination is necessary
to ensure that the statements-of-work proposed are responsive in both breadth and scope to the
regulatory (user) needs of the sponsoring organization.  Consistent with the agency’s earlier 1996
Policy Statement on such matters, the speaker noted that there is an emphasis in the Program
Plan on the development of risk-informed/performance-based analytical tools and methods as part
of the requested research.  

Dr. Kammerer noted that one of the unique features of this particular Program Plan was its
emphasis on partnering with other organizations and entities (both public and private) who have
a mutual interest in seismic/earthquake engineering issues, as a cost-savings measure.  For
example, Dr. Kammerer cited a number of instances where NRC had ‘piggy-backed’ its research
needs with other on-going projects through cooperative agreements with the Corps of Engineers,
the U.S. Department of Energy (DOE), U.S. Geological Survey (USGS), the National Oceanic and
Atmospheric Administration, the Electric Power Research Institute (EPRI), and others.  Other cited
examples of this so-called “resource leveraging” included projects conducted under the auspices
of the National Earthquake Hazards Reduction Program (NEHRP) as well as cooperative
arrangements with international regulatory bodies (Japan) and standard-setting agencies (the
International Atomic Energy Agency).  In addition to conserving resources, Dr. Kammerer noted
that RES participation in multi-lateral seismic projects also helped to ensure regulatory stability in
NRC’s programs in that Agency staff is participating directly in the development of the analytical



  The subject of a separate presentation at this Subcommittee meeting.
5

  Referring to the maximum earthquake that could possibly be associated with any particular CEUS
6

seismic source zone.

 Or the "Senior Seismic Hazard Analysis Committee.”  The SSHAC recommendations were published as
7

NUREG/CR-6372 in 1997.  See “Budnitz, R.J., G. Apostolakis, D.M. Boore, L.S. Cluff, K.J. Coppersmith, C.A.
Cornell, and P.A. Morris, "Recommendations for Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty
and Use of Experts," U.S. Nuclear Regulatory Commission, NUREG/CR-6372, April 1997.” 

  Speleothems are mineral deposits typically formed in limestone caves.  They have been more commonly8

described as stalactites and/or stalagmites.  Speleothems can take various forms, depending on whether the
groundwater associated with their formation drips, seeps, condenses, flows, or ponds.  It has been suggested that
detailed physicochemical study of speleothems might reveal evidence of discontinuities in their formation attributed 
to past earthquakes.

  During the strong ground shaking typically associated with an earthquake, water pressure in wet, loose
9

sand below the ground surface can increase until the sand loses its bearing strength and liquify.  If there are
weakness (fissures) in the soil profile, the liquified sand can erupt to the ground surface forming sand blows. 
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tools and methods that may be used later by the Commission as part of its decision-making.

It is understood that about 17 projects identified in the Program Plan are currently underway to
varying degrees.  Through the course of her talk, Dr. Kammerer provided made brief reference to
several of these projects, including:

P the CEUS seismic source-zone characterization project5

P the Next Generation [Ground Motion] Attenuation Relationships for the CEUS project

maxP the  ‘Maximum Magnitude” (or M  ) Workshop6

P practical guidance for implementing SSHAC -based probabilistic seismic hazard7

assessments (or PSHAs)3

P investigations related to random vibration theory and site-response models

P lessons-learned from the July 2007 earthquake at the Kashiwazaki-Kariwa nuclear power
plant site in Japan

P updating of NRC’s liquefaction regulatory guide

P the tsunami hazard assessment project for the Atlantic and Gulf coasts

During the course of her presentation, Dr. Kammerer responded to specific questions and
comments from the Subcommittee members.  The following discussion points from those specific
questions and comments were noteworthy:

P Paleoseismic studies have been identified as an area of growing research interest when
identifying evidence of past earthquakes.  In particular, the study of ‘speleothems ’ in caves8

and the geologic mapping of ‘sand blow deposits ’ on the ground surface, as evidence of9



Stratigraphically, sand blows appear as discordant features in a local soil profile.

  Paleoliquefaction studies are taking an increasingly important role in seismic zone characterization in the
10

CEUS over the past decade. However, there are numerous concerns and problems in mapping and identifying
paleoliquefaction features, in correlating them with specific seismic events, and interpreting them in terms of the
location and magnitude of the seismic event.

  The Savannah River Site is a DOE industrial complex dedicated to environmental management and
11

cleanup, nuclear weapons stockpile stewardship, and nuclear materials disposition in support of the U.S. nuclear
non-proliferation efforts. 

  The views expressed by Mr. Kimball were his own and did not represent an opinion or a position of the
12

DNFSB.

Certified Copy 7

earlier seismic activity, were cited as areas of potentially promising research.10

P Researchers are reexamining the geologic significance of the East Tennessee Seismic
Zone on the generation of earthquakes.  This area has been subject to small but frequent
earthquakes.  It is generally considered to be the most seismically-active region in the
CEUS based on the number of earthquakes per year.  However, the source of the
earthquakes is poorly known, thus, its relationship to seismotectonic activity needs to be
better understood.

This speaker also noted that in light of the large number of research tasks listed in the Program
Plan that were currently underway, a decision had been made to conduct an internal workshop in
May 2009 with the cognizant program staff to determine what type of amendments might be
appropriate to make to the user need statements that form the basis for the plan.  Among the
changes already contemplated was an improvement in the specification of the research priorities
among the respective tasks.  Dr. Kammerer, speaking on behalf of the RES staff, committed to get
back to the ACRS staff with an assessment of where changes might be made in the scope of the
current version of the plan, currently undergoing review by the Subcommittee, should significant
changes be contemplated in the Program Plan.

The third scheduled speaker was Mr. Jeffery Kimball.  Mr. Kimball is a staff seismologist with the
Defense Nuclear Facilities Safety Board (DNFSB).  The DNFSB oversees the operation of DOE
facilities associated with the Nation’s nuclear defense complex. The title of his presentation was
“Insights and Experience with Probabilistic Seismic Hazard Analysis and Performance Based
Seismic Design.”  For its part, the Department has been using performance-based seismic design
requirements for almost 20 years.  DOE experience with implementing SSHAC-based PSHAs at
one of its sites – the Savannah River Site , for example – can be used to identify issues of generic11

importance to the successful application of a performance-based seismic design process.
Although the NRC staff has experience in the use of probabilistic risk methods as part of its
regulatory review activities of commercial facilities, Mr. Kimball’s presentation was intended to
provide the Subcommittee with some additional practitioner insights relative to the use of
performance-based seismic review methods as well as his personal views concerning high-priority
research needs.  12

By way of background and introduction, Mr. Kimball noted that most critical facilities require some
type of seismic hazard assessment.  Such assessments are intended to identify the maximum
magnitude earthquake – usually the peak ground acceleration (PGA) – likely to occur at the site.



 e.g., American Society of Civil Engineers, “Seismic Design Criteria for Structures, Systems, and
13

Components in Nuclear Facilities,” Reston, Nuclear Standards Committee, ASCE/SEI 43-05, 2005.

  Although not explicitly discussed during the meeting, “stability’ was generally understood to imply that
14

there would be little variation in PSHA estimates about some mean value.  As expressed later by this speaker, one
way to bound the uncertainty in the mean PSHA estimate (and thus achieve ‘stability’) is to account for alternative
yet plausible competing hypotheses regarding multiple potential seismic source zones and the maximum credible
earthquake (PGA) that might be associated with those source zones.  

  As discussed by Dr. Kammerer in her earlier presentation, a project is currently underway to replace
15

those PSHAs.  On day two of this Subcommittee meeting, Mr. Lawrence Salomone talked about the industry-
government partnership underway that was intended to develop a new seismic source characterization model
necessary for an updated PSHA for the CEUS.

  U.S. Nuclear Regulatory Commission, “A Performance-Based Approach to Define the Site-Specific
16

Earthquake Ground Motion,” Office of Nuclear Regulatory Research, Regulatory Guide 1.208, March 2007.
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 In turn, as the primary scalar measure of ground motion intensity, PGA is the key parameter used
structural analysis and design.  Mr. Kimball began his presentation by identifying the principal
guidance documents used to describe the seismic design standards for DOE facilities.  The most
current generic document in this regard is ASCE 43-05.   He noted that a common feature among13

the design documents was that they all rely on the expression of an earthquake hazard (PGA) in
probabilistic terms using PSHA techniques.  This speaker went on to note that the PSHAs for the
CEUS were performed both by the Lawrence Livermore National Laboratory (LLNL) and EPRI in
the 1980s.  He also expressed the widely-held view that these earlier PSHAs are in need of
updating given the availability new geologic information acquired in the years following the
completion of those analyses.  Despite the need for updating, recent PSHAs continue to
demonstrate that uncertainty still has a profound impact on the hazard estimate.  These PSHAs
also report a general trend to the prediction of larger PGAs.  Mr. Kimball further noted that a key
motivation behind DOE’s support for the development of the SSHAC recommendations was to
address some of the recognized weaknesses in the LLNL/EPRI PSHAs (principally the updating
issue) and in doing so provide some ‘stability ‘ in the estimation of the maximum magnitude14

seismic hazard those critical facilities are intended to tolerate.

To reinforce his views on the need for stability in the estimation of the earthquake hazard and why
differences in the estimation of that parameter can be significant to regulatory decision-making, Mr.
Kimball provided examples of annual seismic frequency calculations for DOE’s Savannah River site
that were obtained from both the LLNL and the EPRI PSHAs.  Citing from those two studies, the
speaker reported that the PSHA estimates of the PGA for the site were different, ranging in
magnitude by as much as a factor of 5.8 between the respective hazard curves.  In reference to
the ongoing CEUS PSHA update , this speaker expressed the view that a key factor to ensuring15

stability in the hazard estimates was the need to account for alternative yet plausible competing
hypotheses related to potential seismic source zones.  In this regard, Mr. Kimball provided
examples of some of the challenges posed by competing hypotheses on key PSHA input
parameters (e.g., maximum magnitude determinations, magnitude–rupture area relationships,
seismic source-zone scales, the absence or presence of paleo-liquefaction).  As one way of
introducing stability into the estimation of the seismic hazard, this speaker made reference to
Regulatory Guide 1.208  which calls for the consideration of the most recent update to the EPRI16

PSHA as the starting point for the estimation of a maximum magnitude earthquake when the NRC



  Unlike the LLNL PSHA, the EPRI PSHA has been revised periodically to reflect the latest geologic
17

information bearing on the estimation of a maximum magnitude earthquake that could influence a PSHA calculation
for the CEUS.

  Subsequent to the Subcommittee meeting, Mr. Kimball provided the ACRS with a background paper
18

entitled “Conceptual Approach for Developing a Community Based Central and Eastern United States Probabilistic
Seismic Hazard Analysis,” dated June 2008, that describes this concept in more detail.  This background paper has
been attached to these meeting minutes.  Although not explicitly expressed in this way, the precedence for
community PSHA already exists vis-à-vis the National Weather Service.

Certified Copy 9

staff reviews new ESP and combined operating license applications (COLAs).   In a subsequent17

discussion that followed with some of the ACRS Subcommittee members and their invited
consultant, it was noted that another acceptable way to deal with the significance of information on
aggregate PSHA estimates was to also perform parametric sensitivity studies.  

Mr. Kimball’s prepared remarks concluded with his recommendations for high-priority research
relative to performance-based seismic design.  In summary, these included the need for:

P improved soil-structure interaction models, at the site scale

P improved understanding regarding the occurrence of paleo-liquefaction phenomena in the
CEUS

P improved understanding of ground-motion attenuation relationships within the CEUS

P development of a community-based PSHA   as an alternative to the individually-sponsored18

PSHAs

The final speaker on Day 1 of the ACRS Subcommittee meeting was Dr. Jon Ake.  Dr. Ake is a
senior seismologist in RES.  His presentation concerned one of the on-going tasks listed in the
current Program Plan and alluded to in two of the earlier talks – specifically, the USGS task to
provide recommendations from the technical community on how to effectively undertake a study
using the SSHAC process, and  on when and how to update a SSHAC-based PSHA.  By way of
background, Dr. Ake reminded the audience that in the 1980s, probabilistic methods were
introduced to PSHA analyses that included relying on, in large measure, the formal opinions of
multiple subject matter experts obtained through an elicitation procedure. This speaker also
reminded the audience that the earlier PSHAs performed both by LLNL and EPRI were expert
judgment-based.  Dr. Ake noted that at the time those original elicitations were conducted, there
was little formal guidance or consensus on how to perform this type of decision-making using what
is now generally referred to as “expert judgment.”  (The absence of authoritative guidance on how
to elicit and aggregate multiple experts’ judgments was later determined to contribute to the debate
as to which PSHA – LLNL’s or EPRI’s – was “correct.”)  In an effort to overcome some of the issues
associated with these earlier elicitations (which Dr. Ake elaborated on later in his talk), RES
decided to underwrite a long-term research program involving NRC, DOE, and EPRI.  The scientific
direction for this effort was to be provided by SSHAC, a group of recognized experts in fields allied
to seismology, seismic engineering, risk assessment, and expert-based decision-making.  SSHAC
developed methodological guidance on best practices in the conduct of an elicitation-based PSHA,
with special emphasis on the formal (procedural) process for eliciting those opinions as well as
ways of capturing uncertainty associated with the definition of seismic source zones – so-called



  The findings and recommendations were subsequently documented in USGS Open-File Report (OFR)
19

2009-1093.  See “Hanks, T.C., N.A. Abrahamson, D.M. Boore, K.J. Coppersmith, K.J, and N.E. Knepprath,
‘Implementation of the SSHAC Guidelines for Level 3 and 4 PSHAs – Experience Gained from Actual Applications,’ 
U.S. Geological Survey Open-File Report 2009-1093, 2009.”  This OFR is available electronically on the Internet at
http://pubs.usgs.gov/of/2009/1093/.
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epistemic and aleatory uncertainties which, heretofore, had received only limited treatment in a
PSHA.  In his prepared remarks, Dr. Ake briefly reviewed the decision-making framework
recommended in the SSHAC guidelines, the four types of SSHAC-level studies available to
investigators, the SSHAC focus on the identification of epistemic and aleatory uncertainty, and the
desire for generating a “community distribution” when implementing a SSHAC-based study. NRC’s
regulations for advanced nuclear power plants now generally require SSHAC-based PSHAs or a
comparable type of a seismic hazard assessment.  This speaker noted that although their
recommendations have received widespread use since their release (he cited several previous as
well as a few on-going studies), a key deficiency associated with the SSHAC recommendations is
the recognition that they are silent on when and how to update a PSHA.  

Dr. Ake noted that in 2007, RES tasked the USGS to examine the updating issue in some detail
and develop recommendations for the NRC to consider.  Subsequently, in 2008, the USGS
conducted a series of SSHAC implementation workshops (in Menlo Park, California) to learn more
about practitioner experience in the implementation of the SSHAC recommendations.  The USGS
task was to summarize any so-called lessons-learned from that experience (e.g., what worked and
what did not work) and document that experience in a report for RES.  RES in turn, the speaker
noted, was expected to use the USGS input to formulate guidance on how to use the SSHAC
guidelines, and on when and how to update SSHAC-based PSHAs.  The time table for that
guidance calls for release sometime in 2010.  As part of his presentation, Dr. Ake summarized
some preliminary USGS findings from those workshops , which included recommendations19

concerning the need for:

P simplified logic trees

P participatory peer review

P improved correspondence between the level of the SSHAC study and the type of facility
being designed (e.g., critical vs. non-critical)

P early and frequent feedback of elicitation results within the team

P improved ownership by SSHAC sponsors in PSHA outcomes

Dr. Ake also summarized some tentative workshop recommendations concerning the update of
SSHAC-based PSHAs.  These recommendations applied to three different applications (contexts):

P regional seismic models

P site-specific PSHA updates for new facilities

P site-specific PSHA models for existing facilities



  Described in Slide 6 of Mr. Salomone’s slide presentation.
20

  The USGS has produced National seismic hazard maps for many decades.  The most recent
21

compilation for the conterminous U.S. has been published as USGS OFR 2008-1128.  See “Petersen, M.D., A.D.
Frankel, S.C. Harmsen, C.S. Mueller, K.M. Haller, R.L. Wheeler, R.L. Wesson, Y. Zeng, O.S. Boyd, D.M. Perkins, N.
Luco, E.H. Field, C.J. Wills, and K.S. Rukstales, “Documentation for the 2008 Update of the United States National
Seismic Hazard Maps,’ U.S. Geological Survey Open-File Report 2008–1128, 2008.”  This report is also available
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During the course of his presentation, Dr. Ake responded to specific questions and comments from
the Subcommittee members.  These questions, and his responses thereto, have been captured
verbatim in the meeting transcript.  Foremost among these concerned the observation by the
speaker that the SSHAC process did not produce an expert elicitation per se in the traditional
sense; rather, it was now to be viewed as a ‘formal expert assessment.’ Unlike an expert elicitation,
a SSHAC-based expert assessment was now considered to be more of an “... an interactive
process of data evaluation, learning, model building and quantification of uncertainty ....”  (The
implication of this particular point was the source of some extended discussion in the fourth and
final presentation of the meeting.)   

The first day of the meeting adjourned at 3:23p.m.

April 17, 2009
One of the common threads uniting the suite of presentations from the first day of the
Subcommittee meeting concerned the estimation (definition) of the seismic hazard in the form of
an earthquake ground motion that needs to be accounted for in the design of a nuclear power
plant.   A key first-step in performing that estimation is the definition of the seismic source zone and
the maximum magnitude earthquake that source zone might be capable of generating.  During the
earlier presentations and discussions, it was made clear that in the years following the completion
of the LLNL and EPRI PSHAs, new geologic information became available that could potentially
effect how those source zones are defined as well as the magnitude of any associated
earthquakes.  Because most of the new ESPs and COLAs are for sites east of the Rocky
Mountains, the NRC staff gave high priority to updating the CEUS source zone model when it
formulated its Program Plan.  

The first and only speaker on the second day of the Subcommittee meeting was Mr. Lawrence
Salomone.  He talked about the industry-government partnership currently underway to develop
a new seismic source zone characterization model for the CEUS.  The speaker was the Project
Manager for this effort, and is a registered professional engineer with Savannah River Nuclear
Solutions, LLC, in Aiken, South Carolina, were he is employed as a Site Chief Geotechnical
Engineer for DOE’s Savannah River site.

This particular project is in progress, there were no ‘research results’ per se to report on.  Rather,
Mr. Salomone’s presentation was intended to introduce this project to the members and in doing
so, discuss the motivation for the project, how the project was organized, key project participants
and their affiliations, and major project milestones (of which there are approximately seven ).  It20

was noted that key participants in the CEUS seismic source zone project include the NRC, DOE,
the DNFSB, EPRI, and about 19 utilities  – the acknowledged stakeholders.  In addition to
participating in this effort, the audience was advised that the Survey’s staff were also maintaining
an awareness of it because of the implications updated PSHA estimates for the CEUS might have
on that Agency’s independent seismic hazard assessment efforts.   When completed, this new21



electronically on the Internet at Also see http://pubs.usgs.gov/of/2008/1128/.

  The ERPI Report Number is 1016756 and is available on the Internet at  http://my.epri.com/portal/
22

server.pt?open=512&objID=319&PageID=218833&cached=true&mode=2.  This speaker noted that EPRI was
providing extensive administrative support to this effort.

  U.S. Nuclear Regulatory Commission, “A Performance-Based Approach to Define the Site-Specific
23

Earthquake Ground Motion,” Office of Nuclear Regulatory Research, Regulatory Guide 1.208, March 2007.

Certified Copy 12

PSHA is intended to replace the earlier LLNL and EPRI studies.  Mr. Salomone noted that many
of the details he was discussing were contained in a project plan that was publicly available on
EPRI’s Advanced Nuclear Technology (ANT) Internet site.    Unlike many of the earlier PSHAs22

whose intermediate products were considered proprietary and generally not available to the public,
Mr. Salomone also noted that the project plan as well as all of the major milestones (products)
associated with this effort would be publicly available electronically on EPRI’s internet site, free of
charge.  To illustrate this point, Mr. Salomone distributed copies of the EPRI-produced report
documenting the “Alternative Interpretations Workshop – Workshop #2 (dated February 18-20,
2009)” — the most recently-completed project milestone.  Overall, the speaker reported that the
intent of the project was to produce an updated CEUS seismic source zone model by the year 2010
for use in generating future PSHA estimates.  (In addition to producing an updated CEUS PSHA,
there is also the unstated staff intention to update NRC Regulatory Guide 1.208 , which references23

the 1990s-vintage PSHA, with this new study when it is completed.)

An important aspect of the CEUS seismic source zone project was that it was adhering to the
SSHAC recommendations.  In reference to these recommendations, the project was considered
to be a SSHAC level 3 effort.  Through the course of his talk, the speaker highlighted certain
features of the CEUS seismic source zone project:

P When completed, this project will produce a modern and up-to-date evaluation of the most
current geologic information concerning seismicity in the CEUS.  To emphasize this point,
Mr. Salomone noted that the most recent information on paleo-liquefaction was now being
incorporated into the CEUS SSC project as a result of new work by the USGS
undertaken under the seismic research program. 

P The project plan includes a validation effort to quantitatively compare the project’s PSHA
results for seven different geologic/geographic sites against similar USGS calculations
for the same locations.  

P Subject matter or resource experts were selected in such a way as to capture the views
of a informed/knowledgeable technical community.  To this end, the project has involved
several Canadian seismic experts in an effort to expand the geologic diversity and
education of the participants.  

P The project’s reliance on a participatory peer review process to critically review the
completeness of the technical information used.  

As regards the last bullet above, the concern expressed by the Subcommittee was that
sufficient documentation should be available to ensure that the selection of subject matter
experts was performed in such a way as to be representative of the prevailing range of scientific



  This particular GSI is still undergoing NRC staff review.  The staff have committed to brief the ACRS on
24

this issue at a later date.
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views the elicitation (assessment) the update is ostensibly intended to capture.  In particular,
there were questions as to whether subject matter experts who might be considered as so-
called ‘outliers’ were considered and/or included in the exercise. [The specific concern raised
during this as well as other presentations during this Subcommittee meeting was whether an
unintended consequence of adhering to the SSHAC guidelines (including the decision to
conduct a Level 3 PSHA for the CEUS update as opposed to conducting a Level 4 PSHA) was
an increased focus on median outcomes at the expense of minimizing the ‘spread or variance’
in the aggregate distribution of individual expert’s views.] It was acknowledged that ultimately
more will need to be done in terms of documenting how the individual subject matter experts
were selected and why they collectively represent an “informed and knowledgeable technical
community” and hence fairly represent a community distribution.  
 
During the course of his presentation, Mr. Salomone responded to specific questions and
comments from the Subcommittee members.  The following discussion points from those
specific questions and comments were noteworthy:

P Following questions about the type and extent of sensitivity studies conducted for the CEUS
update thusfar, it was acknowledged that this is an area for which there needs to be
improved documentation with respect to their role in the study, the results, and how the
results will be used.

P The publication format for the final 2010 summary PSHA update report is unclear at this
time as are planning and funding assumptions to allow for the opportunity for comment on
any ‘draft final report.’  The NRC staff noted that they are considering how they will evaluate
the Final Report before it is used by them.

Finally, it should be noted that a careful review of the meeting transcript will reveal that during this
and some of the earlier presentations, there were references made to Generic [Safety] Issue -199
and the possible impact revised PSHA estimates (ca 2010) might have on earlier NRC licensing
decisions at CEUS reactor sites.  As a reactor operational issue, this topic was considered beyond
the scope of the meeting.24

SUBCOMMITTEE FOLLOW-UP ACTIONS

Dr. Powers requested that the other Members of this Subcommittee who participated in this
meeting provide him with their individual views and comments concerning the Fiscal Year 2008-
2011 Seismic Research Program Plan for inclusion in a future letter to the Commission.

Attachments (4)

1.  W. Hinze Consultant Report (dated April 23, 2009)
2.  Subcommittee Meeting Agenda 
3.  Slide Presentations from April 16–17, 2009, ACRS Subcommittee Meeting
4.  J. Kimball White Paper on Community-Based PSHA (dated June 2008)
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To:    Dana Powers 
From:   William Hinze 
Date:   4/23/2009 
Subject:  Comments on Subcommittee on Safety Research 

Program, Advisory Committee on Reactor 
Safeguards Meeting, April 16-17, 2009 

 
 
On April 16 and 17, 2009 at your invitation I attended the 
Advisory Committee on Reactor Safeguards, Subcommittee meeting 
on the Safety Research Program of the U.S. Nuclear Regulatory 
Commission (NRC). During this meeting the Subcommittee was 
briefed by NRC’s Office of Research (RES) on their Seismic 
Safety Research Program Plan. The centerpiece of this meeting 
was a presentation by the RES (Annie Kammerer) on the “NRC 
Seismic Research Program Plan – FY 2008-2011.” Her presentation 
was supported by a “Overview of New Reactor Seismic Reviews – 
Relationship to Research Programs” by Dogan Seber of the Office 
of New Reactors (ONR), the “Insights and Experience with 
Probabilistic Seismic Hazard Analysis and Performance-Based 
Seismic Design” by Jeffrey Kimball, Defense Nuclear Facilities 
Safety Board (DNFSB) staff, a review of the “Preliminary 
Recommendations on Updating SSHAC-Based Probabilistic Seismic 
Hazard Analyses” by Jon Ake, RES, and a “Project Overview and 
Update: Central and Eastern United states Seismic Source 
Characterization for Nuclear Facilities” by Lawrence Salomone 
of the Department of Energy’s Savannah River facility. 
 
During the past several decades seismic research in the NRC has 
been at a minimal level, but with the submission by electric 
power utilities to the NRC of several combined operating 
license applications (COLAs) and early site permits (ESPs) for 
advanced nuclear power reactors there has been increased 
interest in seismic-related research to ensure that the staff 
of the NRC have the appropriate tools and regulations for 
licensing decision-making. In response to this the RES prepared 
a program plan “NRC Seismic Research Plan: 2008-2011” dated 
January 2008.The primary objectives of the program is to 
provide the Commission staff with modern approaches and tools 
for conducting reviews of license applications for earthquake-
sensitive nuclear facilities and to prepare regulatory guidance 
based on current understanding of seismic activity and the 
interaction of seismic waves with nuclear facilities. The plan 
is heavily oriented toward improving the efficacy and 



 2

efficiency of regulating nuclear power plant siting for seismic 
activity in the central and eastern United States (CEUS) (east 
of 105o W. longitude) which is the current locus of licensing 
activity. It has been developed with strong internal and 
external stakeholder interaction. 
 
I made numerous observations and comments relevant to the NRC’s 
seismic research program plan during the presentations and 
subsequent discussions that are available in the transcript of 
the meeting. However, the following is a summary of the more 
important and relevant comments on the program using the basic 
structure of your comments at the end of the first day of the 
proceedings as a starting point. 
 

• Overall quality of the Seismic Research Program Plan 
o The overall quality of the seismic research program plan is 

very good based on the remarks of the RES staff and review of 
preliminary drafts of deliverables. The RES staff have not 
only identified and described a large number of issues that 
will have a near-term impact on the NRC staff’s ability to 
conduct licensing reviews related to seismic activity in the 
CEUS, but in a relative short span of time they have 
implemented research activities into approximately one-half 
of these issues. Many are designed to generate short-term 
answers, but others have focused on more difficult problems 
hat will require a longer response time. t
 

o Significant projects have been initiated to assess seismic 
hazards in the CEUS. These include (1) a joint project with 
other federal agencies and industry to characterize the 
seismic sources of the CEUS based on updated, comprehensive 
data sets and current models of seismic activity, (2) 
development of the next generation attenuation relationships 
for the CEUS to predict ground motion from seismic activity, 
and (3) a project to improve the implementation of the SSHAC 
guidelines for probabilistic seismic hazard analysis (PSHA). 
Of particular note as part of the seismic source zone 
characterization, the project is supporting projects dealing 
with improving the characterization of the seismic zones in 
the New Madrid, Eastern Tennessee, Charleston, and 
Northeastern U.S. regions as well as generic studies on 
paleoliquefaction as a paleoseismology tool and the optimum 
methodologies to estimate maximum magnitude of earthquakes in 
an identified seismic zone. Paleoliquefaction studies are 
taking an increasingly important role in seismic zone 
characterization in the CEUS over the past decade. However, 
there are numerous concerns and problems in mapping and 
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identifying paleoliquefaction features, in correlating them 
with specific seismic events, and interpreting them in terms 
of the location and magnitude of the seismic event. Thus the 
support by the RES of studies to identify the appropriate 
role of paleoliquefaction in hazard analyses in the CEUS is 
especially important. Also of major importance is the 
estimation of the maximum earthquake magnitude. This remains 
a problematic topic in the low-recurrence central and eastern 
United States, but as clearly identified in sensitivity 
analyses is a major factor in controlling the seismic hazard. 
These are only a few examples of the high quality of the 
program and the importance to the objectives of developing 
and implementing stable NRC regulations pertaining to seismic 
activity. 
  

o Status of the Seismic Research Program 
o Implementation of roughly one-half of the identified tasks in 

the 2008-2011 research program plan is excellent progress 
especially in this period of modest resources. Furthermore, 
results from these studies are taking an increasingly 
important role in the new power plant reactor reviews (Early 
Site Permits [ESP] and combined operating license 
applications [COLA]) as described by Dogan Seber (ONR) in the 
meeting. The success of the seismic research effort reflects 
the coordination between the RES and the operating units of 
NRC in laying out the program. 
 

o  The principal efforts in the seismic research program to 
date are in dealing with earth science issues especially in 
regard to those of the CEUS. This is appropriate considering 
the current and anticipated near-term major effort in 
licensing reviews of sites east of the Rocky Mountains. 
However, it is appropriate that the RES anticipate concerns 
and regulations regarding the siting of new nuclear power 
plants in the western United States (WUS). Clearly this is 
not as immediately significant as the current programs 
focused on the CEUS, but considering the importance of 
seismic loading in the WUS to nuclear power reactors it is 
important that the Commission be poised to move rapidly to 
develop up-to-date guidance and regulations that apply to 
western sites as the need develops. As a result of studies 
over the past few decades a great deal more is known about 
the sources and process of seismic activity and earthquake 
wave transmission in the WUS than in the CEUS. This 
information forms a useful base for NRC studies, but does not 
eliminate the need for research investigations by the NRC 
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because of the need to translate this information into NRC 
guidance and regulations. 
 

o In addition to the earth science issues being investigated as 
part of the research program there is a need for additional 
studies leading to guidance that will more provide improved 
geotechnical information on nuclear power plant sites as a 
result of updated strategies for in situ and laboratory 
observations, methodologies, and interpretation of results.  

 
o The 2008-2011 research plan identifies a number of 

engineering issues to be investigated as well as earth 
science issues. To date the emphasis has been on the earth 
science issues, but according to information presented to the 
Subcommittee, engineering issues will be receiving increased 
attention in the near future. 

 
o There is a need for an annual update by the RES of the 

progress over the past year and plans for activities during 
the following year within the scope of the overall research 
program plan.  
 

o Progress of the Seismic Research Program During the Current 
Period of Modest Resources 
o Resources for conducting research are modest at best which 

necessitates that the RES continues its strong interaction 
with the operating groups of NRC to set priorities for 
conducting the most useful research for achieving regulatory 
stability, the preparation of guidance and regulations, and 
making tools and methodologies available to the staff for 
their task in performing license application reviews.  
 

o The RES has been extremely active in leveraging their 
resources in the achievement of their goals by interacting 
with academia, industry, and both national and international 
agencies. An example of this is the continuing coordination 
with Japanese and other international groups in arriving at 
lessons learned as a result of the damage suffered by the 
Kashiwazaki-Kariwa nuclear power plant during the nearby 2007 
earthquake. Coordinated activities with DOE, EPRI, USGS, and 
IAEA have been particularly useful in leveraging resources. 
Joint studies with the National Earthquake Hazard Reduction 
Program (NEHRP) of the USGS are potentially very useful in 
obtaining useful information and also in reaching consensus 
on earthquake hazards across the United States. These joint 
studies and programs are encouraged and it is suggested that 
formal protocols be established with these organizations to 
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foster continuing activities in both earth science and 
engineering issues. 

 
 

o A particularly useful example of coordinated activities with 
other agencies is the current program of Seismic Source 
Characterization of the CEUS by the NRC in conjunction with 
the DOE and industry. This probabilistic seismic hazard 
analysis will provide the current view of the professional 
seismic scientific community on the seismic hazards over the 
CEUS. It will be useful in the licensing of new nuclear power 
plants in the region and provide powerful tools and data sets 
for the NRC staff in their updating of guidance and 
regulations. 
 

o Priorities for the Seismic Research Program 
o The current research plan establishes the objectives of the 

program, but is limited in identifying the criteria that are 
to be used in establishing the priorities of the program. 
This should be rectified. The Subcommittee was informed that 
the RES plans to do that during a retreat scheduled for May 
2009. 
 

o The 2008-2011 seismic research program plan has identified a 
number of issues working in collaboration with other 
operating groups within the NRC. The RES needs to continue 
this cooperative activity in establishing criteria for 
priorities and the ranking of the importance of the issues to 
current and anticipated activities of the NRC staff in the 
near term. 
 

o Impact of the Seismic Research Program on Existing Nuclear 
Power Plants 
o Recent and current seismic research related to the CEUS is 

changing the information that has been used in determining 
the seismic risk at current nuclear power plants. For 
example, an increase in the estimated maximum earthquake 
magnitude anticipated by the USGS indicates a revised peak 
ground acceleration for sites in the CEUS suggesting that 
ground motion may exceed the established limit at higher 
frequencies. This has been treated by the NRC staff in 
generic safety issue program (GSI-199).  
 

o Similar problems can be envisioned as a result of the current 
CEUS seismic source characterization program which the NRC 
RES is jointly sponsoring. It is anticipated that the results 
of this study will be used as a starting point for site 
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investigations rather than the results of the LLNL and EPRI 
probabilistic seismic hazard analyses currently suggested as 
starting points in RG 1.208. 

 
o The RES will have to coordinate their research results with 

the staff regulating current nuclear power plants in the CEUS 
to avoid conflicting guidance and regulations between new and 
existing nuclear power plants. 

 
o Multiple Approaches to Seismic Hazard Investigations  

o Seismic hazard research is not an exact science and is 
particularly problematic in the CEUS because of the low 
seismic recurrence period and the lack of exposure of the 
vast majority of seismically active faults. As a result, the 
sources and processes of earthquakes as well as their 
characteristics lead to a range of interpretation of the 
seismic hazard. It is this situation that has fostered the 
acceptance of probabilistic seismic hazard analysis (PSHA) 
for determination of the seismic hazard of the CEUS and its 
implementation in the current seismic research program plan. 
  

o Currently there are several seismic hazard analyses as a 
result of past or current PSHAs of the CEUS and a separate 
seismic hazard determination by the USGS. In the spirit of 
risk harmonization it was suggested to the Subcommittee that 
work be initiated on a “community based PSHA” for the CEUS. 
(Such a model already exists in the form of the widely-used 
NOAA National Weather Service national weather forecasting 
capability.) This is an attractive model in order to avoid 
confusion in preparing and reviewing licensing and to foster 
stability in setting and applying seismic safety regulations. 
Although this is a long-term goal it is potentially of 
significant use to regulating existing and new nuclear power 
plants. Accordingly, RES should consider this as a goal in 
their collaborative efforts with other agencies, industry, 
and academia. 
 

o Implementing PSHAs 
o PSHAs for critical facilities such as nuclear power plants 

have been conducted since 1997 under guidelines established 
in a study conducted by the NRC, DOE, and EPRI published as 
NUREG CR-6372, commonly referred to as the SSHAC document. 
These guidelines are being used in the current CEUS PSHA 
which is being conducted at SSHAC level 3. The SSHAC document 
has proven to be a most useful guide for conducting PSHAs. 
However, issues have been raised about supplementing these 
guidelines with further implementation guidance as a result 
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of lessons learned from the use of the SSHAC document in 
PSHAs. The NRC RES, in coordination with the USGS, is 
conducting an investigation to make the SSHAC guidelines even 
more useful. The current effort is aimed at establishing 
criteria for determining when a PSHA has outlived its 
usefulness and needs to be redone. A further concern is the 
need for criteria to determine the level of the SSHAC PSHA. 
Both criteria for determining when a PSHA should be conducted 
and at what level are required to enhance the acceptance of 
these PSHAs. 
 

o Several questions and concerns were raised about the current 
CEUS PSHA during the presentation of the overview of the 
project to the Committee. One concern was the criteria that 
were used to select resource experts to present alternative 
views regarding CEUS seismic source characterization at 
Workshop #2. This selection is a critical step in the use of 
the SSHAC guidelines for PSHAs. The SSHAC guidelines do not 
spell out criteria directly for this process, but they rely 
on the ability of the Technical Integration (TI) team by 
virtue of its members’ participation in and knowledge of 
current seismic studies to identify and select members of the 
professional seismic community that will present, in total, a 
full range of current views on seismic source identification 
and characterization. The selection of resource experts and 
the questions posed to them by the TI team was reviewed and 
commented on before the selection process was completed by 
the peer review panel consisting of broad, knowledgeable 
experts with a variety of expertise in seismic zone 
characterization in the CEUS. This process provides 
reasonable assurance that a full range of alternative views 
is presented, discussed, and analyzed by the TI team in its 
deliberations. However, it may be impossible to capture the 
full range of views. As pointed out by the National Academy 
of Sciences (NAS) in their review of the SSHAC document, the 
NAS “…questions whether any group of experts can truly assess 
the views of the whole informed scientific community on the 
entire range of relevant issues.” The process of analyzing 
the varying views will lead to defining the epistemic 
uncertainties in features, events, and processes involved in 
seismic hazards. This is an important result, perhaps the 
most important result, of the PSHA process. These 
uncertainties are incorporated into the process in the 
weighting of options. 
 

o Another concern about the current CEUS PSHA relates to the 
review of the results of the study prior to its release. 
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Currently, SSHAC guidelines have the Participatory Peer 
Review Panel (PPRP) review the process and technical aspects 
of the PSHA during all stages of the PSHA including the final 
draft of the report. Representatives of the sponsoring units 
– industry (EPRI), DOE, and the NRC – are voting members of 
the PPRP. Although they are not on the Panel as 
representatives of their individual units, they bring to the 
Panel concerns and interests of their units. As a result the 
final draft should represent the interests of all involved 
parties without being biased toward any one unit’s views. It 
is important that in perception as well as in reality that 
the results of the PVHA represent the informed opinions of 
the TI team based on their knowledge and analysis of the 
alternative views of professional seismic community without 
being skewed to positions held by sponsors. The TI team is 
the “owner” of the results of the PSHA. Based on the final 
report it then is incumbent on the user, which includes the 
sponsoring units, to use the findings as they pertain to 
their needs.  

o  
 
Cc: M.P. Lee 



ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
SUBCOMMITTEE ON SAFETY RESEARCH PROGRAM 

APRIL 16-17, 2009

MEETING AGENDA

Subcommittee Chair: Dana Powers
ACRS Contact: Mike Lee   301/415-6887

mpl@nrc.gov

AGENDA ITEM/TOPIC PRESENTER TIME (approx)

April 16, 2009

1 Opening Remarks by Subcommittee Chair Dana Powers/ACRS 8:30-8:35a

2 "Overview of Seismic Siting Reviews for New Reactors" Dogan Seber/NRO 8:35-8:50a

3 "Overview of Seismic Design Reviews for New Reactors" Jim Xu/NRO 8:50-9:05a

4 “NRC Seismic Research Program Plan – FY 2008-2011" Annie Kammerer/RES 9:05-11:50a

* * *  LUNCH   ** * 11:50a-1:00p

5 “Insights and Experience with Probabilistic Seismic Hazard

Analysis and Performance-Based Seismic Design” 

Jeffery Kimball/DNFSB

Staff

1:00-2:00p

6 “Preliminary Recommendations on Updating SSHAC-Based

Probabilistic Seismic Hazard Analyses”

Jon Ake/RES 2:00-3:00p

7 Subcommittee Discussion Dana Powers/ACRS et al. 3:00-3:30p

Adjourn 3:30p

April 17, 2009

8 Opening Remarks by Subcommittee Chair Dana Powers/ACRS 8:30-8:35a

9 “Project Overview and Update:  Central and Eastern United

States Seismic Source Characterization for Nuclear Facilities”

Lawrence Salamone/SRS 8:35-10:00a

Break 10:00-10:15a

10 Subcommittee Discussion Dana Powers/ACRS et al. 10:15-11:00a

Adjourn 11:00a

NOTES:

1.  Presentation time should not exceed 50 percent of the total item. The remaining 50 percent of the time is reserved for discussion.

2.  50 copies of the presentation materials are to be provided to the ACRS staff.

3.  Electronic copy of  presentation material are to be provided the Court Reporter.



Overview of New Reactor 
Seismic Reviews 

-Relationship to Research Programs-

Dogan

 

Seber, PhD
Senior Geophysicist

Office of New Reactors
Division of Site and Environmental Reviews

Geosciences and Geotechnical Engineering Branch 1
301-415-0212

dogan.seber@nrc.gov



• Geology (RGs
 

1.206, 1.208)
▫ Regional and Local Structures
▫ Evidence of Past Earthquakes (Paleoseismology)

• Seismology (RG 1.208)
▫ Seismic Source Models 
▫ Ground Motion Prediction at Site
▫ Safe Shutdown Earthquake –

 
SSE (GMRS) 

• Geotechnical Engineering (RGs
 

1.132, 1.138,1.198)
▫ Static and Dynamic Soil/Rock Properties

▫ Field Measurements/Lab Tests
▫ Foundation Stability (static/dynamic)

▫ Liquefaction
• Engineering Areas of Seismic Review

Outline 



320 km radius 40 km radius 1 km radius

Geology: Regional and Local Structures 



•
 

Liquefaction
–

 
Liquefaction features occur in response to strong ground 
shaking

–
 

Liquefaction susceptibility is a function of site characteristics
–

 
Liquefaction features commonly observed in the form of sand 
blows 

Geology:  Past Earthquakes - 
Paleoseismology

Source: USGS Li et al., 1998



Rondout

 

Associates

Woodward-ClydeBechtel Corporation

Dames and Moore

Law Engineering

Weston Geophysical

Seismology
1986 EPRI-SOG Source Geometries



Updated Charleston Seismic Source

Updated Charleston Seismic Source, 2006

Weston

Bechtel

Law Engineering

EPRI-SOG, 1989 

Source Weights:
A with  .7  
B with  .1 
B’ with  .1 
C with  .1
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Source models are not static, they require updates as our understanding 

of the geology/tectonics of these sources improves
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PSHA Hazard 
Curves
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Smoothed UHRS

Site Response

CSDRS
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Local Structure
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Geotechnical:  Soil & Rock Properties
• Field Observations

▫
 

Borings
Sampling (Disturbed/undisturbed)
Rock Coring
In-Situ testing for stress-strain-strength

▫
 

Geophysical Measurements
Crosshole
Downhole
Suspension Logging
Spectral Analyses  of Surface Waves (SASW)



Soil/Rock Properties

Laboratory testing is conducted to identify 
and classify soils and rocks and to evaluate 
their physical and engineering properties

• Classification tests

• Engineering properties tests

▫ Total mass density
▫ Moisture Content
▫ Poisson’s ratio
▫ Shear and compressional

 

wave velocities
▫ Dynamic shear modulus and damping ratios

• Laboratory Tests



Foundation Stability 
Bearing Capacity & Settlement

•
 

Bearing Capacity (Static/Dynamic)
General failure and local failure
–

 

Rock
–

 

Soil

•
 

Settlement
Typically a soil foundation problem
Total & Differential Settlement
Monitored during and after construction



Earth Pressures, Liquefaction

•
 

Lateral Earth Pressures  (Static/Dynamic)
Calculations of lateral earth pressures related to safety 
related structures

• Liquefaction
Assessments are made to determine    
whether the site is likely to liquefy in  
response to earthquake shaking



•
 

SRP 3.7 Seismic analysis and design 
parameters

•
 

SRP 3.8 Seismic design of Category I 
structures and foundations

•
 

SRP 3.10 Seismic qualification of 
equipment

•
 

SRP 3.12 Seismic design of piping 
and supports

Engineering Areas of Seismic Review



Summary
Relationship to Research Programs
•

 
Development of New Seismic Source Models for the 

Central and Eastern USA

• Next Generation Ground Motion Prediction Models

• Identification of Past Earthquakes

• Geotechnical Regulatory Guide Updates

• Seismic Induced Passive Earth Pressure

• Ground Motion Incoherency

• Guidance for PRA-Based SMA
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Seismic Research Program 
2008-2011

ACRS Meeting
April 2009
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Research Activities

• Regulatory infrastructure development
– Regulatory guidance
– Development of new approaches and tools

• Evaluation of operating experience
• Confirmatory analysis
• Other regulatory programs
• Codes & Standards 
• Assistance in reviews 
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• Publicly available research plan
• Targeted on regulatory needs
• Strong stakeholder interaction

– Developed with NRO, NRR & NMSS 
– Cooperation with industry, other  

national & international agencies, and 
the technical community

• Developed to advance the science    
and increase regulatory stability

• Short- and long-term projects

Program Overview
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• Systematic & integrated
– Integrated research planning
– Focused on issues with highest uncertainties
– Risk informed plan that fills in gaps

• Cost effective/High Quality
– Piggy backing and partnering
– Universities & Federal Agencies
– “Next-generation” approaches

• Emphasis on performance-based & risk- 
informed approaches

Program Overview
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“Next Generation” 
Approaches

• Emphasis on community cooperation and consensus
• NRC & Industry initiated pioneering seismic research
• Divergence of tools and methods in some areas 

– Different databases, gray literature, proprietary reports, 
proprietary software

• Now mature field moving toward integration through 
workshops, working groups and “next generation” 
approaches
– Common databases & inputs, all key researchers involved, 

community consensus or weighting of alternate opinions, 
documentation of thought processes, outliers better 
understood, best estimates and estimates of uncertainties
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New US NRC Projects to Assess 
Seismic Hazard in CEUS

Source 
Characterization

Ground motion 
prediction equations

Framework for large 
PSHA studies

Central and Eastern US Seismic 
Source Characterization project for 
Nuclear Facilities (CEUS SSC)

Next Generation Attenuation 
Relationships for the Central and 
Eastern (NGA-East)

Recommendations for Application      
of the SSHAC Guidelines
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Prediction Models
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Seismic Wave Amplitudes vs. Distance

0.001

0.01

0.1

1

1 10 100 1000

Distance (km)

Sp
ec

tra
l A

cc
el

er
at

io
n 

(g
)

Mag = 7
Mag = 6
Mag = 8

1 Hz Source: USGS

Ground Motion Prediction Equations 
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NGA-West
Before After

1997 Attenuation Relations, SS, M=7, Generic Rock
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• From ad hoc relationship development to unified approach

• Mutually agreed upon databases, technical bases & assumptions

• Epistemic uncertainties reduced and characterized

• Broad community consensus (removed points of contention)
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NGA-East

• Follows up on original NGA project approach
– Standard agreed upon assumptions
– Standard and complete database
– Development program undertaken to scope project and 

bring in multiple agencies
• Development completed & full project started

– Cooperative agreement : DOE, EPRI NEHRP
– USGS in-kind participation in development project

• Ongoing preliminary critical path technical work
– Technical Basis for assumptions
– Development of earthquake record database



14

1986

EP
RI

-S
O

G
 S

ei
sm

ic 
So

ur
ce

 M
od

el
s

Ne
w 

CE
US

 S
ou

rc
e 

M
od

els

ET
SZ

 A
ss

es
sm

en
t S

tu
dy

Vo
gt

le 
- C

ha
rle

sto
n 

Se
ism

ic 
So

ur
ce

Gra
nd

 G
ulf

 E
SP

 -
Sa

lin
e 

Ri
ve

r S
ou

rc
e

No
rth

 A
nn

a 
ES

P 
–

In
itia

l C
ha

rle
sto

n 
up

da
te

s

Cl
in

to
n 

ES
P 

–
Ne

w 
M

ad
rid

 S
ei

sm
ic 

Zo
ne

an
d 

W
ab

as
h 

Va
lle

y 
So

ur
ce

 U
pd

at
es

2010200820062003

Year

Updates to EPRI-SOG Source Models
Source models are not static, they require updates as our understanding 

of the geology/tectonics of these sources improves
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CEUS Seismic Source Characterization 
project for Nuclear Facilities 

• Participation from NRC, DOE, EPRI, USGS, 
and other US specialists

• SSHAC level-3 study
• Developing a new seismic source database 

for the CEUS to be used as a regional model 
• NPP applications will still study local sources
• CEUS SSC “International Observers 

Program” to allow international specialists to 
observe the US project firsthand
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Organization Chart
EPRI

PROGRAM MANAGER
Bob Kassawara

FINANCIAL
Jeff Hamel

PROJECT MANAGER
Lawrence Salomone

PARTICIPATORY PEER REVIEW PANEL
Carl Stepp (Co-Chairman)

Walt Arabasz (Co-Chairman)
Annie Kammerer

John Ake
Jeff Kimball
Bill Hinze

Mark Petersen
Don Moore

SPONSORS

(FINANCIAL)
Martha Shields (DOE)

(TECHNICAL)
Brent Gutierrez (DOE)

Cliff Munson (NRC)

TI STAFF
WLA

(S. Lindvall; F. Syms; R. Cumbest)
Geomatrix

(K. Hanson; D. Wells)
REI (G. Toro)

SPECIALTY CONTRACTORS
Geomatrix (Seismicity Catalogue)

WLA (Database/GIS)
REI (Haz Calcs/Sensitivity Anal)

Geomatrix (Haz Input Doc)

RESOURCE EXPERTS
Martin Chapman

Jeff Munsey
About 12 professionals

per workshop

TI TEAM
Kevin Coppersmith

Robin McGuire
Bill Lettis

Bob Youngs
Technical Resource

Gerry L. Stirewalt
Stephen M.McDuffie
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Northeast 
(NESZ)

Charleston 
(CSZ)

Seismic reflection 
reprocessing       

(Virginia Tech)

Eastern Tennessee 
(ETSZ)

Paleoliquefaction (Univ. of Tenn)
Seismites (speleothems) (USGS)

New Madrid 
(NMSZ)

Paleoliquefaction
1811-1812 Intensities 
1811-1812 liquefaction

(USGS)

Key Seismic Source Zone Updates

Area Source

Fault

Point

“Site”

National
Advanced National 

Seismic System (USGS)

Paleoliquefaction 
guidelines (USGS)

Intensity/Magnitude 
correlations (USGS)
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Mmax Workshop

• Mmax is largest magnitude for a source
• Issue for area sources in CEUS for long            

return periods 
• Limited technical basis due to lack of 

systematic, integrated evaluation of existing 
models and new data

• Results are of interest to both USGS hazard 
mapping and CEUS SSC Project
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• Foundation document reviewing all            
past work was developed 

• Sensitivity study undertaken by USGS
• Mmax Workshop held August 08 at USGS

– Foundation document sent to participants before 
workshop for review.  Also downloadable.

– Key researchers sponsored, but open to anyone
– Developed consensus “table”

Mmax Workshop
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• Outcome of workshop was a consensus table in 
which possible methods for determining Mmax were 
put into several bins
– Not an acceptable method
– Acceptable method
– Promising, but needs more work

• Accepted 3 overall approaches
– Global Analogues
– Bayesian updating
– Fault dimensions (for well characterized faults)

Mmax Workshop



21

Random Vibration Theory & 
Site response methods

• Multiple methods accepted 
in NUREG 6728
– Theoretical framework but   

few details
– Only recently used and 

implementation differs 
– Focus on better understanding

• Multiple modeling tools 
currently in use
– Non-linear, SHAKE, and RVT
– Comparison of methods
– Developing RVT software
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• Performance-based, Risk-informed 
framework
– RG 1.208, ASCE 43-05

• Integrated application of seismic PRA in 
research

• Complex Load Effects in Input & 
Response
– Non-vertically propagating waves
– High frequency & incoherent waves
– 3-Dimensional effects in structures and soil

Seismic Engineering
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• NRO reviews and activities inform research
– Advanced modeling techniques, incoherency, 

seismic instrumentation
• Advanced Reactor Designs

– Aging and degradation of materials under     
new operating conditions

– Base isolation technologies
– Deep foundations and lateral earth pressures
– New construction techniques (e.g. modular 

construction)

Seismic Engineering
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• In-House Review of SSC Reliability 
Techniques
– In-structure correlation coefficient
– Review of probabilistic reliability methods

• International Projects
– Joint program with Japan on testing and 

numerical modeling
– KK structure and component modeling project 

with through IAEA
– Smart 2008 project on numerical modeling
– International regulatory guidance

Seismic Engineering
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Tsunami

• Tsunami source model development with 
USGS
– Phase 1 report used by NRC staff and industry
– Phase 2 under development

• Continued development of modeling 
capabilities with USGS and NOAA
– Study of near shore modeling
– Hazard mapping for US coasts
– Study of Canary Islands slide
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• Support to NRO staff
• Regulatory Guidance

– NOAA report on state-of-the-art analysis (finalized 2006)
– NUREG on assessments approaches (being finalized)
– USGS reports in sources (phase 1 report published)
– NOAA report on global modeling (draft coming summer 09)
– A & M report on near shore modeling (future)
– Tsunami Regulatory Guide (future)
– IAEA Regulatory Guidance (nearing final draft)

Tsunami
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Summary

• Seismic Research Plan publicly available
• Key drivers are both the advancement of state 

of practice AND greater regulatory stability
• Integrated risk-informed approach
• Both short- and long-term planning
• Focus on consensus products

– Community-wide consensus
– Multiple stakeholders & sponsors



Insight and Experience with Insight and Experience with 
 Probabilistic Seismic Hazard Analysis and Probabilistic Seismic Hazard Analysis and 

 Performance Based Seismic DesignPerformance Based Seismic Design

Jeff Kimball
Technical Staff

Defense Nuclear Facilities Safety Board

Presentation to United States Nuclear Regulatory Commission 
Advisory Committee on Reactor Safeguards

Subcommittee Meeting
April 16, 2009

The views expressed are solely those of the author and no official support or 

 

endorsement of this article by the Defense Nuclear Facilities Safety Board or 

 

the federal government is intended or should be inferred.
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Topics to be AddressedTopics to be Addressed

• Performance Based Seismic Design at the Department of Energy (DOE) 

• Probabilistic Seismic Hazard Analysis (PSHA) experience at the Savannah 

 
River Site 

• PSHA issues relevant to current application of Performance Based Seismic 

 
Design 

• Thoughts related to addressing current PSHA issues and high priority 

 
research needs
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Performance Based Seismic Design for Nuclear Facilities Performance Based Seismic Design for Nuclear Facilities 

• First published as UCRL‐15910, Design and Evaluation Guidelines for DOE 

 
Facilities Subject to Natural Phenomena Hazards, June 1990.

• Later published as DOE Standard 1020, Natural Phenomena Hazards 

 
Design and Evaluation Criteria for DOE Facilities, April 1994.

• Most recently published as American Society of Civil Engineers Standard 

 
ASCE/SEI 43‐05, Seismic Design Criteria for Structures, Systems, 

 
and Components in Nuclear Facilities, 2005.

• NRC Regulatory Guide 1.208 established A Performance‐Based Approach 

 
to Define 

 

the Site‐Specific Earthquake Ground Motion, 

 
March 

 

2007.
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Performance Based Seismic Design for Nuclear Facilities Performance Based Seismic Design for Nuclear Facilities 

• What is common between the documents listed on the previous slide is 

 
the concept of Performance Goal expressed as the mean annual 

 
frequency of unacceptable performance.

• The mean PSHA is used to establish the design earthquake response 

 
spectra. 

• The next slide illustrates this concept (ASCE/SEI 43‐05)
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Performance Based Seismic Design for Nuclear Facilities Performance Based Seismic Design for Nuclear Facilities 

ASCE/SEI 43‐05, Seismic Design Criteria for Structures, Systems, and 

 
Components  in Nuclear Facilities, 2005.

Design Response Spectra Parameters

Seismic 

 

Design 

 

Category

Mean Hazard 

 

Frequency of 

 

Exceedance (HD)

Mean Annual Frequency 

 

of Unacceptable 

 

Performance (PF)

Ratio 

 

between HD 

 

and PF
Comments

SDC3 4x10-4 ~1x10-4 4 The mean annual frequency of 

 

unacceptable performance is achieved by 

 

following the seismic design procedures 

 

contained in the standard.  Important 

 

factors include; accounting for the slope 

 

of the hazard curve, acceptable seismic 

 

analysis approaches, load factors, material 

 

strength, proper seismic detailing {see 

 

ASCE/SEI 43‐05 for a complete list}.

SDC4 4x10-4 ~4x10-5 10

SDC5 1x10-4 ~1x10-5 10
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Performance Based Seismic Design at DOEPerformance Based Seismic Design at DOE

• Early PSHA work at DOE Central and Eastern United States sites was 

 
based on PSHA work completed by Lawrence Livermore National 

 
Laboratory  (LLNL)–

 

similar to LLNL work done to support the 

 
NRC Systematic Evaluation Program.  UCRL‐53582, published in 

 
1984.

• Early PSHA work was replaced by EPRI/SOG (1989) and LLNL        

 
(1989, 1993); much work went into understanding differences 

 
between EPRI/SOG and LLNL leading to a revision of the LLNL 

 
work in 1993.
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Performance Based Seismic Design at DOEPerformance Based Seismic Design at DOE

Stability in performance based seismic design depends on stability in PSHA.

In the Central and Eastern United States, DOE directed that LLNL

 

and EPRI 

 
mean hazard curves be averaged as part of setting the site specific design 

 
motion (neither was preferred over the other).  This was documented in DOE 

 
Standard 1023,

 

Natural Phenomena Hazards Assessment Criteria, March 1995.

DOE supported developing Recommendations for Probabilistic Seismic Hazard 

 
Analysis: Guidance on Uncertainty and Use of Experts, NUREG/CR‐6372, April 

 
1997 (commonly referred to as the SSHAC report).
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PHSA Experience at the Savannah River SitePHSA Experience at the Savannah River Site

 SRS is a deep soil site but the basic PSHA is run for hard rock SRS is a deep soil site but the basic PSHA is run for hard rock site conditionssite conditions
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PHSA Experience at the Savannah River SitePHSA Experience at the Savannah River Site

 SRS is a deep soil site but the basic PSHA is run for hard rock SRS is a deep soil site but the basic PSHA is run for hard rock site conditionssite conditions
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PHSA Experience at the Savannah River SitePHSA Experience at the Savannah River Site

 SRS is a deep soil site but the basic PSHA is run for hard rock SRS is a deep soil site but the basic PSHA is run for hard rock site conditionssite conditions
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

SSHAC “Guiding Principle”

A  PSHA must represent the legitimate range of technically 

 
supportable interpretations among the informed technical 

 
community and the relative importance or credibility that should

 

be 

 
given to the differing hypotheses among the range.

If this Guiding Principle is not followed then there is little confidence 

 
that the mean PSHA is supportable.
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

Regulatory Guide 1.208

• The PSHA language provided in RG 1.208 requires that all 

 
information be considered when developing the PSHA; this 

 
forces an applicant to explicitly consider multiple sources of 

 
information when developing the mean PSHA.

• RG 1.208 properly requires that the PSHA be conducted with up‐to‐

 
date 

 

interpretations of earthquake sources, earthquake 

 
recurrence, and 

 

ground motion attenuation models.
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

EPRI/SOG
1989

USGS
1996/2002/2007

SC DOT
2002

Scientif ic
Literature

EPRI
2004

LLNL
1993

LLNL-TIP
2002

Legitimate range of 
technically supportable 

interpretations

In CEUS, RG 1.208 allows either EPRI/SOG (1989) or LLNL (1993) PSHAs 
to be used as starting point.

In concept, for RG 1.208 to work properly an 
applicant should be able to start with either 
“Accepted PHSA Model” and arrive at a similar 

mean PSHA.  In practice, this is not that easy.  The 
LLNL (1993) computational model has not been 

maintained.

While having a starting point is good, it is the 
finishing point that is critical; a mean PSHA that 
represents the legitimate range of technically 

supportable interpretations.     

New NPP
Applications
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign
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One example illustrating the difficultly of assessing the current understanding of the 

 
informed technical community is maximum magnitude to be assumed in any PSHA
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign
This figure illustrates another basic problem in constraining maximum magnitude; 

smaller earthquakes are associated with small fault ruptures, 
which in the context of the crust can be hidden anywhere

 
Figure 2:  Earthquake Magnitude and Rupture Area
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

 
Thoughts related to addressing current PSHA issues Thoughts related to addressing current PSHA issues 

• The intent of RG 1.208 is laudable but implementation is complex

 

–

 

“any 

 
new information related to a seismic source that impacts the hazard 

 
calculations must be evaluated and incorporated into the PSHA as

 
appropriate based on the technical information provided”

 

‐

 

in the 

 
context of a PSHA, new information inherently requires 

 
understanding the current views of the informed technical 

 
community.

• The inference that one could start with LLNL (1993) is not practical, and does 

 
not reduce the implementation complexity – the mean PSHA must 

 
be appropriate today.  Applicants and NRC must ensure that starting 

 
with EPRI/SOG(1989) results in a PSHA that captures the legitimate 

 
range of technically supportable interpretations among the 

 
informed technical 

 

community. 
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

 
Thoughts related to addressing current PSHA issues Thoughts related to addressing current PSHA issues 

• While there are a number of PHSA issues being updated (Charleston, New 

 
Madrid, Wabash Valley are examples), additional PSHA sensitivity 

 
studies should be used to assess the impact of potential PSHA issues 

 
of regional significance, taking the burden away from individual

 
applicants.  Issues such as maximum magnitude and seismic source 

 
scaling may require additional sensitivity studies. 

• Completing the CEUS Seismic Source Characterization for Nuclear Facilities 

 
project will ultimately advance the stability of PSHA 
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DesignDesign

 
High Priority Research Needs High Priority Research Needs 

1.

 

Compatibility of rock and ground surface PSHA,  and the associated issue of 

 
determining the Uniform Hazard Spectra at foundation levels.  Advance the 

 
understanding of site response assessment and integration into site‐specific 

 
PSHAs.   This includes methods for taking site data and generating acceptable 

 
site profiles, criteria for reviewing adequacy of site profiles,

 

development of 

 
advanced site response models that are fully integrated into a site‐specific 

 
PSHAs, and studies to integrate site response modeling and soil‐structure 

 
interaction analysis.

2.

 

Advance the understanding of paleoliquefaction evidence and how it should be 

 
considered in PSHAs.  There are many CUES regions that show some

 

evidence 

 
of paleoliquefaction.  Evaluation of these paleoliquefaction sites requires 

 
established procedures integrating geologic, seismologic, and geotechnical 

 
data and analyses.  Such procedures are lacking.  There are considerable 

 
uncertainties in age dating, the influence of site response, the

 

assessment of 

 
magnitudes for paleoearthquakes, and associated recurrence rates.
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PSHA Issues Relevant to Current Application of Performance BasedPSHA Issues Relevant to Current Application of Performance Based

 

DesignDesign

 
High Priority Research Needs High Priority Research Needs 

3.

 

Advance the understanding of ground motion attenuation in the CEUS.  

 
The Next Generation Attenuation Project for the CEUS is critically needed.

4.

 

Advance the concept of developing a community based PSHA for the

 

CEUS.  

 
While not strictly research, this would build on NRC work to develop 

 
Practical Procedure for Implementing the SSHAC Guidelines.  The general 

 
framework is provided on the next slide.  This concept will take

 

some time 

 
(>10 years) to put in place.  The intent is for the entire PSHA community 

 
(Government, Industry, Academia) to work together, avoiding the 

 
considerable resources that are required to discuss and debate differences 

 
between PSHA results for a given site.  
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DesignDesign
 

FIGURE 1:  COMMUNITY BASED CEUS PSHA
OVERALL APPROACH

Ongoing Research to Improve Understanding of Seismic Hazards

Regional Seismic Source 
Data &Models

Regional Attenuation 
Data & Models

{Establish Central 
Assumptions & 
Uncertainties}

Community Based  
Regional PSHA

[National Map Product]

Focus on Mean 
Hazard from Central 

Assumptions

Agency Specific PSHAs
{Site Specific Applications}

PSHA consistent with agency requirements; preserve 
the mean hazard from national map but also include 

full treatment of uncertainties as required

{Establish Central 
Assumptions & 
Uncertainties}

F
E
E
D
B
A
C
K

Seismic Hazard 
Working Group

Interagency 
PSHA

Management 
Group

{USGS Lead}

Management 
Structure

Continuous  
evaluations of new 
data, models, and 

methods

Assumed that output from regional 
data & models can be used by all 
computational PSHA  ‘engines’.  

Central Assumptions = those needed to 
accurately define mean PHSA.
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Senior Seismic Hazard Analysis 
Committee (SSHAC) Update Project

Jon Ake and Annie Kammerer
Division of Engineering

Office of Nuclear Regulatory Research
U.S. Nuclear Regulatory Commission

Presentation to ACRS
April 16, 2009
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Outline

• Background of SSHAC
• Motivation for present study
• Observations from previous studies
• Lessons learned and implementation 

recommendations
• Updates to PSHA’s and recommendations
• Status of study and path forward
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Senior Seismic Hazard Analysis Committee 
(SSHAC)

• A group of senior experts assembled to evaluate the differences 
between the EPRI and LLNL studies and provide guidance on the 
conduct of PSHA.

• Concluded the differences in the results were primarily procedural 
rather than technical. The report focused on the appropriate use of 
experts (NUREG/CR-6372: SSHAC (1997)).

• Problems identified from past studies
– Overly diffused responsibility
– Insufficient face-to-face interaction
– Inflexible aggregation schemes
– Imprecise or overly narrow objectives
– Outlier experts
– Insufficient feedback
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Steps in Expert 
Elicitation/Assessment
• SSHAC Report (1997)

– Identification and selection of technical issues
– Identification and selection of experts
– Discussion and refinement of the technical issues
– Training for elicitation
– Group interaction and individual elicitation

• Information Meetings
• Issue Interaction and Data Needs Review
• Post-elicitation Feedback and Interaction

– Analysis, aggregation, and resolution of disagreements
• The role of Technical Facilitator Integrator (TFI) as a 

facilitator
• The role of TFI as an integrator

– Documentation and communication
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Epistemic Uncertainty in PSHA:  
SSHAC Recommendations

SSHAC (1997):  PSHA studies should characterize 
both epistemic and aleatory uncertainties
– Not enough to do aleatory alone
– Not enough to do total uncertainty alone

Recognize our partitioning represents a 
snap-shot in time of the state-of-knowledge 
of the community
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Variability and Uncertainty

• Aleatory Variability
– Natural randomness in a process
– Accommodated in the hazard integral
– Affects the shape of the hazard curve

• Epistemic Uncertainty
– Scientific uncertainty in our models of the process
– Incorporated through logic trees
– Leads to alternative hazard curves (fractiles)

• Avoid double counting
– Need well defined procedure to track aleatory and 

epistemic components



7Courtesy of G. Toro, Risk Eng.

Illustration of model dependence: 
alternative models for area source
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SSHAC Framework

Courtesy of K. Coppersmith
TI: Technical Integrator
TFI: Technical Facilitator Integrator
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Goal of SSHAC

• “Regardless of the scale [level] of the PSHA 
study, the goal remains the same: to represent 
the center, body and range of technical 
interpretations the larger informed technical 
community (ITC) would have if it were to conduct 
the study.” [The Community Distribution]

• “Center” is the median of a set of models that 
purport to do the same thing, “range” reflects the 
upper and lower bounds about this median, and 
“body” is the shape of the uncertainties 
(alternative models) about the median.

• Satisfying these expectations is difficult in 
practice.
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SSHAC Guidelines Update Project

• Satisfying the goal of capturing the Community 
Distribution is challenging. The SSHAC process 
and framework outlined in NUREG-CR/6732 is 
still appropriate.

• The SSHAC report dealt with the problem from a 
conceptual standpoint. The process has now 
been applied in several major studies. The goal 
of this project is to capture that experience to 
augment the original SSHAC report. The project 
will focus on practical implementation issues.

• Project being led by USGS-Menlo Park.
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Previous Studies

• EPRI-SOG (pre-SSHAC Guidelines)
• LLNL (pre-SSHAC Guidelines)
• DCNPP Studies (pre-SSHAC Guidelines)
• SATSOP (pre-SSHAC Guidelines)
• Yucca Mountain PSHA (Level 4)
• Yucca Mountain PVHA (Level 4)
• EPRI Ground Motion Study (Level 3)
• PEGASOS Study (Level 4)
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Ongoing Studies

• BC-Hydro: Level 3 study for source 
characterization and ground motion 
estimation. Regional study.

• CEUS-SSC: Level 3 study for source 
characterization of central and eastern 
U.S. Regional study.

• South Africa: Level 3 study for source 
characterization and ground motion 
estimation.



13

SSHAC Implementation Workshops

• Workshop #1: Lessons learned from 
SSHAC Level 3 and 4 PSHA’s,  January 
30-31, 2008

• Workshop #2: Updates to existing 
PSHA’s, May 6-7, 2008

• Workshop #3: Draft Recommendations, 
SSHAC Implementation Guidelines, June 
4-5, 2008.

• About 40 participants in each workshop.
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Lessons Learned: What Works?

• Expert roles as evaluators 
• Data development and dissemination; if feasible, 

focused new data collection 
• Expert interactions in facilitated workshops
• Feedback: group and individual; components and 

results
• Large, public studies build confidence in the 

technical community and regulatory community
• Level 4 studies can be conducted in efficient, 

cost-effective manner
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Lessons Learned: What Doesn’t 
Work?

• Definitions of different study levels, need 
for each, costs to implement

• Understanding of SSHAC rules and intent
• Definition of need for, and ways to update
• Lack of ownership by Level 3 experts 
• Probability of capturing the community 

views is still a function of study level
• Lack of schedule continuity 

(starting/stopping)
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Formal Expert Assessment vs. 
Expert Elicitation

• Formal expert assessment is a structured and 
documented process for identifying and quantifying 
uncertainties.  Subject matter experts participate in an 
interactive process of data evaluation, learning, model 
building and quantification of uncertainty. They are explicitly 
tasked with incorporating the broader views of the technical 
community.

• In formal expert elicitation subject matter experts are 
asked narrowly-defined questions about specific uncertain 
quantities and they provide judgments in the form of 
probabilities or distributions. The experts are treated as 
independent point estimators of uncertain quantities.

• The SSHAC process is viewed as Formal Expert 
Assessment rather than Expert Elicitation
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Evaluator Models

• Evaluator Models are the product of the expert 
interaction that occurs in SSHAC Level 3 and 4 
studies. For Level 3 there is a single evaluator 
model, for Level 4 there are multiple models. 

• Logic trees are the numerical interface between 
the evaluator models and the hazard 
calculations. The logic tree captures/structures 
the epistemic uncertainty in each model.

• The logic trees are much more manageable 
when they represent the underlying models and 
not point estimates of ground motion values or 
earthquake rates.
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Epistemic Uncertainty: Yucca 
Mountain PSHA

μ(M,R), σ, σμ

 

, σσ
.
.
.
.
.
.

Courtesy of G. Toro, Risk Eng.
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Complexity: 
Example of 
database 
used by the 
SSC experts 
in the Yucca 
Mountain 
PSHA 
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Recommendations: Logic Trees and 
Final Model

• Hazard insensitive branches should be 
trimmed from the logic tree with input from 
experts, TFI/TI-team and hazard analysts. 

• The logic tree should be simplified by 
trimming “dead wood” rather than 
developing a composite model. 

• For major studies a simplified model 
should be developed to facilitate 
sensitivity analyses.
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Recommendations: Evaluators and 
the ITC

How to ensure the goal of capturing the views of 
the ITC is met?

• Aggressive participatory peer review.
• Training of experts, TI team, and TFI in the role of 

evaluator.
• Direct participation of the technical community  

(as proponents in workshops)
• Structured interactions in workshops to draw out 

alternative models and viewpoints.
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Recommendations: Lessons 
Learned
• Selection of Study Level: Level 1 studies should 

not be used for critical facilities. Heavily regulated 
facilities such as NPP’s should be based on 
regional studies conducted at Level 3 or 4. While 
the project sponsor will make the decision, 
communication with regulator is recommended.

• Feedback Requirements: Experience has 
shown that feedback can provide important 
insights early, during, and late in the evaluation 
process. Pilot studies, expert-specific feedback 
and sensitivity analyses can be carried out to 
provide insight to experts, TFI or TI team.



23Courtesy of G. Toro, Risk Eng.

Sensitivity Histogram: Swiss site 
(1 Hz, high amplitude)
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Example of feedback 
provided to the experts on the 
PVHA-U for Yucca Mountain

0.0E+00 2.0E-09 4.0E-09 6.0E-09 8.0E-09 1.0E-08 1.2E-08 1.4E-08 1.6E-08 1.8E-08 2.0E-08

Anomalies C&D

Jackass Flats

Western CF (RQ4T)

Solitario Cyn

Zone boundary/ transition

Temporal Method

TV rate

Use of LP, tomography

Sleeping Buttes

Alt. CV models for TV rate

Kernel smoothing distance

Zone v Spatial smoothing

QCF cones

SECF, Anom B,F,G, &H   

HP rate         

All uncertainties                       

Annual probability of a dike intersection

The Y-axis crosses the X-axis at the “most likely” or nominal value, which represents the annual probability of dike intersection at the repository with all model inputs 
set at their 50th percentile or most likely value.  The length of the top bar represents the 5th to 95th percentiles of the full distribution on the probability of intersection 
across all model inputs.  Subsequent bars illustrate the uncertainty that results from uncertainty in a single specified input. These are calculated by setting all 
parameters equal to their most likely values, and then varying one from it’s lowest to highest value. 

From K. Coppersmith
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Ownership Issues

• For Level 4 studies – intellectual ownership of 
assessments by experts and shared ownership of 
results with TFI.

• For Level 3- primary ownership by TI. Expand TI 
to TI-team.  

• For all levels, PPRP reviews both technical and 
process issues, thus sharing some ownership.

• Sponsors should be capable of specifying scope, 
understanding and interpreting technical results. 
[Co-owners, not just underwriters]
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Recommendations for PSHA 
Updates

• Considered three different applications. 
(1) Regional models 
(2) Site-specific updates for new facilities
(3) Site-specific models for existing facilities

• Terminology:
“Revision”-development of complete regional model (either SSC 
and/or GM models).
“Refinement”- site-specific modifications to the regional model (site 
specific issues beyond scope of regional model)
“Partial Update”- update to part of the regional model based on new 
information
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“Significant Change”

• For recommending changes: significance will 
depend on project.

• For projects focused on design ground motion, 
significance is in terms of the impact on ground 
motion at a given probability level.

• For projects that use risk, significance is in terms 
of hazard at a given ground motion. However, 
slope of hazard curve is important.
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Regional Models (1)

• Major studies-develop SSC and/or GM models applicable 
to large regions. 

• Used for many sites, should be performed at SSHAC Level 
3 or 4. Includes comprehensive treatment of epistemic 
uncertainty. Goal is to provide stability. 

• Consists of the logic trees that describe the alternative 
models and the supporting data bases.

• The regional model does not include the hazard 
calculations or locale-specific site response models.
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Regional Models (2)

• Group concluded that “community-based regional 
models” could be advantageous. 

• Proposed moving to a multi-sponsor framework. 
Provides stability and enhances funding. 

• Sponsors – federal/state agencies and industry.
• Organization: Management Committee and 

Technical Working Group. 
• Issues: long-term commitment by several groups 

could be problematic, involvement of USGS.
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Site-Specific Applications-New 
License and Existing Facilities

• Two issues: refinement of regional model for site- 
specific issues and partial updates of the regional 
model to address new data/models/methods. 

• Refinements of regional model- consideration of 
local faulting/sources

• Partial update based on significance
• Technical review group will interact with USGS 

and stay informed of new data, interpretations 
and models.
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Regional Models: Frequency of 
Revisions

• Two approaches, likely to be ~2-year duration to updates.
• Fixed Lifespan: Clearly defines schedule for updates 

(enhances budget planning), may require a revision when 
no significant information available.

• Indeterminate Lifespan: Determined by the availability of 
new/significant data and/or models. Leads to perception of 
stability-but de-incentives updates.

• Recommendation: Regional models should have a 
maximum lifespan of nine years. Enhances co-ordination 
with national hazard maps. May need to be more frequent if 
significant new information becomes available.
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Project Status

• 3 workshops held, ~ 40 participants in each.
• Draft report (“Implementation of SSHAC 

Guidelines for Level 3 and 4 PSHA’s”) received 
by NRC from USGS for review. Report will be 
produced as USGS Open-File report.

• White paper on recommendations for Updating 
PSHA’s in progress.

• NRC will consolidate documents and produce a 
NUREG. Estimate draft in early 2010.
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Courtesy of T. Hanks

Level 4
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L.A. Salomone
Project Manager
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Project Goals

• Replace the EPRI (1989) and LLNL (1993) seismic source 
characterization models for the CEUS.

• Capture the knowledge and uncertainties of the informed 
scientific community using the SSHAC process.

• Present New CEUS Seismic Source Characterization Model to 
NRC, DOE and DNFSB for Review .
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Organization Chart
EPRI

TECHNICAL PROGRAM MANAGER
Robert P. Kassawara

EPRI ANT PROJECT MANAGER
Jeffrey F. Hamel

TECHNICAL PROJECT MANAGER
Lawrence A. Salomone

PARTICIPATORY PEER REVIEW PANEL
J. Carl Stepp (Co-Chairman)

Walter J. Arabasz (Co-Chairman)
John P. Ake

Ann Marie Kammerer
Jeffrey K. Kimball
William J. Hinze

Mark D. Petersen
Donald P. Moore

TI TEAM
Kevin J. Coppersmith

Robin K. McGuire
Willliam R. Lettis
Robert R. Youngs

Technical Resource
Gerry L. Stirewalt

Stephen M.McDuffie 

SPONSOR REVIEWERS
(FINANCIAL)

Martha E. Shields (DOE)

(TECHNICAL)
Brent J.Gutierrez (DOE)

Clifford G. Munson (NRC)

TI STAFF
WLA

(S. Lindvall; F. Syms; R. Cumbest)
Geomatrix

(K. Hanson; D. Wells)
REI (G. Toro)

SPECIALTY CONTRACTORS
Geomatrix (Seismicity Catalogue)

WLA (Database/GIS)
REI (Haz Calcs/Sensitivity Anal)

Geomatrix (Haz Input Doc)

RESOURCE EXPERTS
Martin C. Chapman
Jeffrey W. Munsey
Russell L. Wheeler

Average about 12 professionals
per workshop

DATABASE MANAGER
David L. Slayter

International Observers
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CEUS Seismic Source Characterization Study Area
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Sample Datasets from CEUS Study

Geology Data Gravity and Aeromagnetic Data
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Seismic Source Characterization (SSC) Model - 
Project Milestones

• Project Plan as EPRI Technical Update – June, 2008 (Completed)

• Workshop #1: Significant Issues and Databases – July 21-23, 2008 (Completed)

• Workshop #2: Alternative Interpretations – February 18-20, 2009 (Completed)

• Complete Database and Seismicity Catalog Development – June 30, 2009

• Workshop #3: Feedback on Preliminary CEUS SSC Model – August 25-26, 2009

• Construct Final CEUS SSC Model and Prepare Draft Technical Report – February 2010 to December 
31, 2010

- Review of Draft Report by PPRP
- Incorporate Review Comments
- Review project documentation for transparency
- Prepare internal documentation package to document computer codes and archive hazard 

calculations
- Obtain copyright releases for GIS database as required
- Present New SSC Model to Industry, NRC, DOE and DNFSB

• Publish Final Technical Report – December 31, 2010
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PPRP Communications

• Tracking Milestones (PM Tool to Assess Project Progress)

• Six Conference Calls Prior to Workshop #2

• Other Conference Calls and Meetings with PPRP as needed

• Six Working Meetings (PPRP member can be invited to serve as a Resource 
Expert)

• Meeting and Conference Call following each Workshop:
- PPRP Comment Letter
- TI Team and Project Manager Response to PPRP Comment Letter
- Meeting with PPRP to discuss preliminary seismic source characterization 

model (May 13, 2009)
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PPRP Communications

• Intermediate Documents for PPRP:
- Process to document TI response to PPRP comment letter – September 30, 

2008
- Criteria and Timeline for identifying demonstration sites:

■

 

Draft sites – October 1, 2008
■

 

Final sites following PPRP review – November 15, 2008
■

 

Sensitivity Analyses – August, 2009
- Working Plan for conducting CEUS SSC assessments
- Map of seismic reflection lines in GIS database
- Sensitivity analyses from Workshop #1
- List of candidate proponents/resource experts and Agenda for   Workshop 

#2 for PPRP review
- Specialized tools for SSC 
- Workshop #2 List of Participants
- Workshop #2 Agenda

• FTP Site for PPRP and CEUS SSC Team Access to Project Information
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Technical Developments

Tectonic Framework - Criteria for Identifying Seismic Sources Being Developed

Review of Seismic Source Characterization Models Developed for Key Regions 
New Madrid, Central and Southern Illinois, Charleston, Meers
East Tennessee, Central Virginia, St. Lawrence River, Gulf Coast

Review of Alternative Mmax Approaches

Review of Approach to Characterize “Background” Zones

Develop New Seismicity Catalog Based on Moment Magnitude
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Preliminary SSC Model Validation

• Use Preliminary SSC Model to Develop Sensitivity Studies on 
Seismic Hazard at Seven (7) Generic Test Sites With Different 
Soil Profiles and Hazard Environments

• Compare With USGS SSC Model at Seven (7) Generic Test 
Sites

• Make Adjustments As Required 
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Challenges Being Met

Aggressive Schedule Causes Administrative   
Challenges

Authorization for New Data and Processing Needs and Tasks 
Identified from Workshop #1

Gravity Field Compilation and Processing
Magnetic Field Compilation and Processing
Paleoliquefaction Data Compilation and Use
World Stress Map Update
Add 7th Demonstration Site
Comparison of CEUS SSC Model and USGS SSC Model
Additional PPRP Participation
Additional GIS Support

Flow of funds to meet project schedule
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Status

• Completed tasks
- Project plan
- Initial funding
- Workshop #1
- Workshop #2

• On Track to Meet Target Completion Date (2010)
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Next Steps

• Distribute CD documenting Workshop #2 (Completed):
- Agenda
- List of Participants
- Presentations
- Summary of the Proceedings
- List of Questions Sent to Resource Experts Prior to Workshop 2
- Participatory Peer Review Panel (PPRP) Letter Report
- Photo Album of Participants including International Observers

• Develop CEUS Preliminary Seismic Source Characterization Model (Ongoing)
• Meet with PPRP to Present Preliminary CEUS SSC Model (May 13, 2009)
• Perform Sensitivity Analyses (May – August, 2009)
• Workshop #3 (August 25-26, 2009)
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DRAFT 

CEUS Seismic Source Characterization (SSC) Project

EPRI Website Input (4/1/2009)

Introduction:  

The EPRI website for the CEUS SSC Project will be 
populated with information in two categories:  (1) 
Background information to understand the basis for the 
CEUS SSC Model, and (2) Information to use the CEUS 
SSC Model for hazards calculations performed for a 
Probabilistic Seismic Hazard Assessment (PSHA).  The 
information contained in each category follows.
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A. Background Information:

1.  CEUS SSC Project Plan – EPRI Technical Update (1016756), 6/2008

2.  CDs for Workshops 1-3

3.  CEUS SSC Final Report in digital form

4.  Bibliography

5.  New computer codes used to estimate seismicity rates and b-values

6.  Sensitivity analyses to show significant issues affecting hazard not 
already provided in the CEUS SSC Final Report (Figures)

7.  CEUS SSC model validation results not contained in CEUS SSC Final 
Report:

•

 

Seismic hazard at demonstration sites (Figures) 
•

 

Comparison of CEUS SSC Model with USGS Model (Figures)

8.  Sample hazard calculations for end user to check results using the 
CEUS SSC Model (mean rock hazard and fractiles) (Tables or ASCII)
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A. Background Information (continued):

9.  Seismicity Catalogue (EXCEL file) (Earthquake name, date, location, 
size, etc.) 

10. GIS Datasets (PDF) (cleared for public release)

•

 

Images of Figures in CEUS SSC Final Report

•

 

Images of Figures considered but not used (provide reference    
and statement whether processed)

B. Information to Use CEUS SSC Model

1.  Hazard Input Document (documents and summarizes the key 
elements of the CEUS SSC model including logic trees, parameter 
distributions, and derived Mmax and recurrence parameters)

•

 

List of files (ASCII)

a.  Geometry (boundaries of sources)                    
b.  Seismicity rates for each source (latitude, longitude, rate)       
c.  Mmax information



Conceptual Approach for Developing a Community Based  

Central and Eastern United States Probabilistic Seismic Hazard Analysis 

White Paper 

Jeff Kimball, Defense Nuclear Facilities Safety Board 

June 2, 2008 

 

 The United States Nuclear Regulatory Commission (NRC) is sponsoring a project on 
developing practical procedures for implementation of the Senior Seismic Hazard Analysis 
Committee (SSHAC) guidelines for updating existing probabilistic seismic hazard analysis 
(PSHA).  The purpose of this paper is to outline steps that can be taken to improve the approach 
to developing a community based PSHA, with specific focus on the Central and Eastern United 
States (CEUS).  As part of developing this approach the following current PSHA conditions are 
recognized. 

• The LLNL (1993) and EPRI-SOG (1989) PSHA studies are now 15 to 20 years old.  
Differences (both numerical and procedural) between these two landmark studies led, in 
part, to development of additional PSHA guidance published as the SSHAC report 
(Recommendation for Probabilistic Seismic Hazard Analysis: Guidance on Uncertainty 
and Use of Experts, NUREG/CR-6372, April 1997). 

• The United States Geological Survey has published the national seismic hazard map in 
1996, 2002, and most recently in 2007.  The approach used to develop the national 
seismic hazard map utilizes interactive workshops with the intent of discussing and 
documenting the views of the informed scientific community. The national seismic 
hazard map is used to inform seismic design decisions for building codes.  The use of 
PSHA results from the national hazard map for nuclear applications is subject to debate 
and controversy. 

• The re-emergence of the commercial nuclear power industry has resulted in 
modifications to the EPRI-SOG (1989) seismic source characterization material.  The 
nuclear industry has also sponsored the development of an updated ground motion 
attenuation model published as EPRI (2004).  Given that this work started with the EPRI-
SOG(1989) seismic source material, questions have been raised regarding the need to 
update all seismic source characterization given the vintage (1980’s) of the originating 
work. 

Past experience has demonstrated that considerable resources are required to discuss and 
debate differences between PSHA results for a given site.  While the intent of the SSHAC 
guidelines is to establish PSHA procedural actions that would minimize these differences, we 
are still in the situation where multiple PSHAs result in significant differences in ground 
motion estimates for a given annual frequency.  The bottom line is that current applications 
of the SSHAC PSHA process can be improved.  This would be avoided if the community 
were to agree that CEUS PSHA, at least at a broad regional level, will be a community 



product.  Everyone would agree to use that product, and that product would be the foundation 
of the national seismic hazard map. 

Currently the USGS plans on revising the national seismic hazard map in 6 years.  There 
are people in the scientific community who view the USGS maps as intentionally 
conservative, or who may view the EPRI/SOG PSHA modifications as incomplete.  The 
concept proposed in this paper is not intended to debate or resolves these differences of view.  
The scientific community needs to develop the view that seismic hazard is hazard and all 
PSHA developers and users need to buy into the PSHA product.  Given that the USGS is a 
critical part of the technical community it is important that a community based CEUS PSHA 
involve the USGS in an active lead role.   

In addition to the USGS PSHA work, the NRC, DOE, and EPRI have also initiated 
efforts to update PSHA related products.  The NRC is organizing an effort to advance the 
state of practice in CEUS ground motion modeling through a project titled Next Generation 
Attenuation Models for the Eastern United States.  NRC, DOE and EPRI have initiated a 
project related to updating seismic source characterization input to PSHAs.  These efforts 
should be finished in the next several years, but it remains to be seen if and how this work 
gets integrated into the national seismic hazard mapping program. 

Stability and defensibility are two of the major attributes typically expressed by sponsors 
of PSHA studies.  This holds true for government sponsors such as the USGS, NRC or DOE, 
or industry related sponsors such as individual nuclear utilities or EPRI.  The intent of 
SSHAC is to provide procedural guidelines that if followed will result in a PSHA product 
that achieves stability and defensibility.  Given this common intent, mutually beneficial 
synergism will be realized if government and industry come together to promote and develop 
a community based PSHA following the SSHAC guidelines.  

Given the CEUS PSHA situation today, planning for and achieving a community based 
PSHA will take time.  This requires developing a long term view, a vision for the next 10 to 
15 years.  The first step to advancing this concept is to broadly define roles and 
responsibilities for all of the stakeholders that would be involved with this effort.  The 
stakeholders fall within three broad categories:  Government, Industry, and Academia.  
Fundamentally, the government is responsible for ensuring that its citizens are appropriately 
protected from seismic hazards.  All agency specific work derives from this fundamental 
role, with each agency developing their own regulations and requirements depending on 
mission.  In a similar way industry is responsible for their particular facility or activity, 
ensuring that appropriate seismic safety actions have been taken to protect the public or 
workers.  Industry is clearly interested in ensuring that seismic hazards are properly 
characterized and PSHA results represent the best product given cost and schedule 
implications of complying with any applicable seismic requirements.  Finally academia 
supplies the pipeline of talent and focuses on research, attempting to advance the 
understanding of seismic hazard related issues.  These general roles provide the overall 
framework for developing more specific roles and responsibilities.   

• Government:  Would own and manage the community based PSHA product.   To support 
an enduring community based CEUS PSHA, this role requires a commitment to fiscally 
support this effort from year to year.  The USGS could be the lead agency for executing 



this role.  While all government agencies have a stake in this effort, there is likely to be a 
small sub-set of agencies that would supply the funding support for this work. 

• Industry:  Would be a forcing function, taking the lead in addressing specific PSHA 
issues of significance.  Given the considerable epistemic uncertainties that are commonly 
associated with CEUS PSHAs, reducing those uncertainties may have a significant cost 
impact on future industry decisions.  Funding for this work could come from both the 
government and industry. 

• Academia:  Expertise and research capability addressing specific technical issues. 

The development of a community based PSHA would also improve the link between how 
ongoing research impacts the assessment and reduction of epistemic uncertainties. 

CEUS Community Based PSHA – Framework 

The overall framework for developing a Community Based CEUS PSHA is shown on 
Figure 1.  The framework has 4 major components:  (1) Ongoing research to improve 
understanding of seismic hazards; (2) The development of regional seismic source 
characterization and regional attenuation models and data; (3) The computational PSHA 
engine that creates the community based regional PSHA {the national seismic hazard map}; 
and (4) the recognition that Agencies will need to execute site specific PSHAs.  The red 
arrows on Figure 1 show the flow of information.  The green arrows show the flow of 
feedback.  The envisioned management structure is based on 2 managing groups; (1) an 
Interagency PSHA Management Group, led by the USGS; and (2) a Seismic Hazard Working 
Group that would supply the technical oversight of the approach.  Fundamental to this 
concept is the following: 

• Agree that the CEUS community based PSHA product would be that used to 
develop the national map product.  Revise the national map revision duration 
from 6 to 9 years. 

• Establish long term PSHA update target:  given the current USGS map revision 
and NRC/DOE/industry PSHA efforts the suggested community based PSHA 
target date is ~2022.  The ongoing PSHA efforts of NRC, DOE, and EPRI, and 
the next version of the USGS national map (2013) would serve as a “PSHA 
bridge” to the development of a CEUS community based PSHA. 

• Establish an Interagency PSHA Management Group to be led by the USGS.  
Those agencies supplying funding to the CEUS Community Based PSHA efforts 
would be represented on the Working Group.  The Working Group is made up of 
federal employees.  This working group could be an adjunct to the current 
Interagency Committee on Seismic Safety in Construction (ICSSC) which is led 
by NIST.  One issue that needs to be discussed is whether industry should be 
represented on the Management Group. 

• Establish a Seismic Hazard Working Group to support the Interagency PSHA 
Management Group.  The Seismic Hazard Working Group is made of up PSHA 
experts that would advise the Management Group on those actions needed to 
support the long term plan on developing/updating the CEUS community based 
PSHA.  The Seismic Hazard Working Group is made up of PSHA experts from 
the government, industry, and academia. 



• Under the direction of the Management Group, establish a PSHA community 
status meeting, to be held at the same time as the Eastern Section of the 
Seismological Society of America Meeting.  This would be a one day meeting 
with the purpose of reviewing key PSHA research outcomes, with focus on the 
next 2-3 years of research.  Holding the meeting at the Eastern SSA venue would 
promote involvement of the hosting university and engage new expertise into the 
effort.  This effort is the continuous improvement aspect, eventually the feedback 
mechanism where PSHA products influence ongoing research, data and model 
development. 

• The Seismic Hazard Working Group would be responsible for developing a 
community based PSHA Update Plan.  This Plan would have long term actions 
(out to 9 years), and short term actions (out to 3 years).  The short term actions 
would provide an opportunity to explicitly link research activities to PSHA focus 
areas.  This plan would be revised annually.  This plan would identify the funding 
commitments and actions to be taken. 

In summary, the overall framework of developing a CEUS community based PSHA 
has been outlined.  The development of a CEUS community based PSHA will ultimately 
save time and money, by providing a product that has stability, defensibility and 
longevity.  Such an approach breaks down the barrier that SSHAC is only for critical 
facilities.  The USGS national seismic hazard map explicitly becomes SSHAC based.  
For this vision to become reality it is critical that the USGS as an agency support this 
idea.  This will require identification and resolution of any issues that the USGS 
identifies with the concept.   

The next step would be to take the concept and turn it into a plan of action.  To 
achieve this it is recommended that a Steering Group be formed to advance the concept.  
The Steering Group would be the people who would interact with the USGS and other 
organizations such as the ICSSC and industry partners such as EPRI.  All parties that 
utilize PSHA have an interest in making the concept work.  A CEUS community based 
PSHA will improve interagency communication, improve the working relationship 
between government and industry, improve the link between research and PSHA 
products, while minimizing PSHA conflicts ultimately saving time and money.  This 
allows for continued progress towards reducing seismic risk in the CEUS. 
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