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This document was prepared as an account of work sponsored by an agency of the United 
States government. Neither the United States government nor Lawrence Livermore National 
Security, LLC, nor any of their employees makes any warranty, expressed or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, process, 
or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute 
or imply its endorsement, recommendation, or favoring by the United States government or 
Lawrence Livermore National Security, LLC. The views and opinions of authors expressed 
herein do not necessarily state or reflect those of the United States government or Lawrence 
Livermore National Security, LLC, and shall not be used for advertising or product endorsement 
purposes. 
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Introduction	
  

This  report  documents  a  workshop  held  at  Lawrence  Livermore  National  Laboratory  (LLNL)  on  
February   27   and  28,   2012.  The  purpose  of   the  workshop  was   to   review   the   state   of   the   art   in  
simulation  of  seismic  response  of  nuclear  power  plants,  with  emphasis  on  structures  partially  or  
fully   embedded   in   the   surrounding   soil.   The   workshop   reviewed   current   linear   frequency-­‐‑
domain  numerical  methods  (using  the  SASSI  software,  for  example)  and  emerging  time-­‐‑domain  
methods,  with   the  objective  of   identifying  gaps   in  capability   that  could  be  addressed  by  R&D  
within  the  next  3-­‐‑5  years.  

The  workshop  was  part  of  the  Nuclear  Energy  Advanced  Modeling  and  Simulation  (NEAMS)  
Campaign  of   the  US  Department  of  Energy,  Office  of  Nuclear  Energy   (NE-­‐‑71).  The  work  was  
conducted   within   LLNL   Work   Package   MS-­‐‑12LL060312,   “SHARP   Integrated   Performance   and  
Safety   Codes   -­‐‑   Seismic-­‐‑   LLNL”   and   Lawrence   Berkeley   National   Laboratory   (LBNL)   Work  
Package  MS-­‐‑12LB060313,  “SHARP  Integrated  Performance  and  Safety  Codes  -­‐‑  Seismic-­‐‑  LBNL”.  This  
deliverable   is   LLNL   Level   3   Milestone:   M3MS-­‐‑12LL0603125,   “Gap   Workshop   Report”.   In   the  
DOE-­‐‑NE   electronic   project   management   system,   PICS-­‐‑NE,   the   milestone   description   reads:    
“Workshop  report  summarizes  the  major  workshop  outcomes,  identifies  gaps  between  SASSI  and  3D  time  
domain   approaches   and   path   forward.”      The   milestone/activity   at   LLNL   is   a   QRL3   activity.  
Independent   technical   review   was   performed   by   Cynthia   Atkins-­‐‑Duffin   of   LLNL,   and   is  
documented   electronically   in   the   LLNL   Information  Management   (IM)   System.   In   the   LBNL  
work  package,  this  work  was  conducted  under  Level  3  Milestone/Activity  M3MS-­‐‑12LB0603135,  
“Conduct  Workshop  and  Draft  Summary  Report”,  a  QRL:  N/A  activity.    

The  workshop  was   attended   by   three   groups   of   people:      an   eight-­‐‑member   expert   panel,   the  
LLNL/LBNL   project   team,   and   management   representatives   from   DOE   and   the   NEAMS  
Campaign.   The   eight   experts   included   very   senior   current   practitioners   of   frequency-­‐‑domain  
methods  as  well  as  developers  and  users  of  emerging  time-­‐‑domain  methods.  The  following  is  
the  list  of  experts:  

• Jacobo  Bielak  
• Justin  Coleman  
• Carl  Costantino  
• Robert  Kennedy  
• Stephen  Mahin  
• Farhang  Ostadan  
• John  Stevenson  
• Andrew  Whittaker  

 
A  complete   list  of  attendees  and  their  contact   information,   including  the  project   team  and  the  
DOE  and  Campaign  managers,   is   included   in  Appendix  1.  That   appendix  also   includes   short  
biographical  sketches  of  the  eight  experts.  
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Information	
  Provided	
  to	
  the	
  Experts	
  Prior	
  to	
  the	
  Workshop	
  

The  project  team  provided  information,  incrementally,  to  the  experts  during  the  month  prior  to  
the  workshop.  This  allowed  them  to  become  familiar  with  the  project  and  to  gather  information  
for  the  discussions  at  the  workshop.  

First	
  Set	
  of	
  Information	
  

A.	
  INVITEES	
  
The  Workshop’s  expert  invitees  are:  

• Jacobo  Bielak  
• Justin  Coleman  
• Carl  Costantino    
• Bob  Kennedy  
• Stephen  Mahin  
• Farhang  Ostadan  
• John  Stevenson  
• Andrew  Whittaker  

B.	
  OTHER	
  WORKSHOP	
  PARTICIPANTS	
  AND	
  OBSERVERS	
  
Bob  Budnitz   of   LBNL  will   chair   the  Workshop   itself,  with   the   task  mainly   of   keeping   things  
focused  and  on-­‐‑track,  and  assuring  that  the  discussions  provide,  in  the  end,  what  the  organizers  
seek.  He  will  be  assisted  in  this  by  Jim  Blink  of  LLNL  who  will  also  take  detailed  notes.  

Other  participants  and  observers  at  the  workshop  will  include:  

LLNL:  Dave   McCallen,   Steve   Bohlen,   Quazi   Hossain,   Jerome   Solberg,   Mike   Gerhard,   Harris  
Greenberg,  and  Randy  Settgast  

LBNL:   Jens  Birkholzer,  Larry  Hutchings  and  Boris  Jeremic  (Boris  is  from  UC-­‐‑Davis  with  a  joint  
appointment  at  LBNL)  

DOE:   Rob  Versluis,  DOE-­‐‑NE  

ANL:   Keith   Bradley   and   Dave   Pointer   (managers   of   the   DOE  NEAMS   Program   -­‐‑-­‐‑   NEAMS  
stands  for  “Nuclear  Energy  Advanced  Modeling  And  Simulation”)  

The  LLNL  and  LBNL  participants  will  play  a  major  role  in  the  discussions,  of  course,  because  
the  ongoing  DOE-­‐‑NE-­‐‑sponsored  project,  being  carried  out  by  this  team,  is  the  focus  here.  
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C.	
  BACKGROUND	
  FROM	
  THE	
  INVITATION	
  LETTER	
  
The   following,   taken   from   the   invitation   letter   to   each   participant,   provides   a   start   on   the  
background  everyone  will  need.  

LLNL   and   LBNL   invite   you   to   participate   as   an   expert   in   a   gap-­‐‑identification   workshop   in  
support  of  DOE-­‐‑NE’s  Nuclear  Energy  Advanced  Modeling  and  Simulation  (NEAMS)  program.  
The  workshop  is  focusing  on  seismic  response  of  reactor  structures.  

  OBJECTIVE   of   the   NEAMS-­‐‑SEISMIC  Work:    The   overall   objective   can   be   stated   in   laymen’s  
terms   as   aiming   to   evaluate   a   potential   suite   of   integrated   capabilities   for   the   analysis   of   the  
response   to   earthquakes   of   below-­‐‑grade   advanced   nuclear   power   plants   that   represent   a  
substantial   advance  over   current   capabilities.  The  approach   is   to  use  advanced  modeling  and  
simulation  tools,  advanced  understanding  of  the  substance  itself  (how  these  structures  respond  
and  how  the  subsurface  behaves  as  earthquake  energy  moves  through  it  into  the  structure),  and  
the   latest   real-­‐‑world   data   on   earthquakes   and   their   effects.   The   advanced   analysis   capability  
should  be  capable  of  analysis  starting  with  the  incoming  near-­‐‑field  seismic  motion  and  ending  
up   with   the   responses   at   specific   locations   in   the   structure,   and   including   everything   in  
between.  Modeling   from   the   source   to   the   near   field  will   receive   less   emphasis   in   the   initial  
phase  of  work.  

NATURE  OF  THE  DOE-­‐‑NE  DELIVERABLES:    A  crucial  point  about  the  “deliverables”  that  will  
ultimately   result   from   this  DOE-­‐‑NE  project   is   that   they   are   intended   to   be   analysis   tools   and  
data  to  be  designated  as  “open  source”,  available  to  all.  They  are  intended  for  use  by  designers  
and  vendors  of  new  reactors,  the  technical  support  of  whom  is  one  of  the  main  roles  of  DOE-­‐‑NE  
in   this   area,   but   they   can   be   used   also   by   independent   bodies   desiring   the   ability   to   do   the  
advanced   analyses   that   the   “deliverables”   will   make   feasible,   or   by   regulatory   bodies   both  
domestically  and  abroad.  

OBJECTIVE  OF  THE  “GAP”  WORKSHOP:  

The  “Gap”  Workshop’s  objective  is  as  follows:    

Based  on  a  consideration  of  the  current  state-­‐‑of-­‐‑the-­‐‑art  capability  of  the  relevant  analysis  tools  
and  data,  to  identify  those  “gaps”  that,  if  closed  through  a  dedicated  R&D  effort,  can  provide  a  
substantially  enhanced  capability.  

D.	
  THE	
  TECHNICAL	
  SCOPE	
  
The   technical   scope,   as   outlined   above,   covers   the   capabilities   for   analysis   of   the   response   to  
earthquakes  of  below-­‐‑grade  advanced  nuclear  power  plants.  This  scope  has  many  sub-­‐‑parts,  not  all  of  
which   will   be   covered   in   detail   in   this   Workshop.   Specifically,   the   analysis   capability   must  
begin  with  a  description  of  the  incoming  earthquake  energy.  We  assume  for  these  purposes  that  
the  earthquake  originates   in  the  “far   field,”  far  enough  away  from  the  reactor  site   that  we  are  
not  here   concerned  with   characterizing   the   source   itself,   nor   the  propagation  and  attenuation  
from  the  source  to  the  near-­‐‑field  environment.  Thus  the  incoming  earthquake  energy,  etc.,  are  a  
“given”  as  input  for  the  purposes  of  our  problem  definition.  

We  wish   to   begin   the   scope   of   the  Workshop’s   deliberations   at   the   point   in   the   “near   field”  
where  there  starts  to  be  an  effect  because  the  power-­‐‑plant  structure  is  present  at  the  site.  Hence  
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near-­‐‑field  effects  –  not  just  soil-­‐‑structure-­‐‑interactions  (SSI)  but  also  other  near  field  effects  –  are  
within   the   scope  here.  The   scope   then   extends   to  how   the   seismic   energy  passes   through   the  
subsurface   into   the   engineered   structure,   and   ultimately   to   the   responses   of   the   individual  
structural  elements  (foundations,  walls,  floors,  etc.)  that  affect  the  ability  of  each  safety-­‐‑related  
structure  or  component  in  the  power  plant  to  perform  its  safety  function.  

We  intend  to  structure  the  Workshop  in  a  series  of  technical  “modules”.  For  each  “module”,  the  
LLNL-­‐‑LBNL  team  will  begin  with  a  short  presentation  to  present  what  our  team  believes  to  be  
the  current  “state  of  the  art,”  sometimes  accompanied  by  a  discussion  of  what  our  team  thinks  
may   be   feasible   to   develop   through   advanced   R&D   over   the   3-­‐‑5   year   time   frame   of   interest.  
Then,  the  Workshop  experts  will  be  asked  to  discuss  the  issue(s),  and  to  opine  with  their  own  
views  on  what  is  feasible,  and  what  is  not,  and  why.  The  agenda  will  then  move  on  to  the  next  
topic  or  “module.”  

During  the  Workshop,  but  especially  during  the  experts’  feedback  on  the  second  day,  we  expect  
that  some  input  will  be  developed  by  the  experts  on  overarching  or  cross-­‐‑cutting  questions  that  
would  be  helpful  to  us  and  to  our  DOE  sponsors.  Furthermore,  since  the  idea  behind  it  all  is  a  
“suite  of  integrated  capabilities”  for  the  whole  problem,  we  want  the  experts  to  focus  some  of  
their  thinking  on  that  topic  and  how  it  might  be  approached.  

The  context  of  all  of   this  discussion   is,  as  a   reminder,   the  analysis  of  below-­‐‑grade  nuclear  power  
plants.  We  interpret  this  to  mean  facilities  that  are  entirely,  or  almost  entirely,  below  grade  –  in  
contrast  to  facilities  that  are  partially  embedded  but  with  substantial  mass  and  structure  above  
grade.  We  have  a   flexible  scope  here,  and  could   include  facilities   in  which  significant  parts  of  
the  major  structures  are  wholly  or  mostly  embedded  but  perhaps  other  parts  are  at  the  surface.  

We   contemplate   here   both   large   nuclear   facilities   of   a   size   typical   of   today’s   LWRs,   and   also  
much  smaller  ones   like  the  “small  modular  reactors”  now  being  designed  by  several  different  
groups  around  the  world.  

We  are  not  specifically  discussing  base-­‐‑isolated  designs,  but  those  are  not  out-­‐‑of-­‐‑scope  either.  

The   technical   “modules”   that   we   are   considering   now   (but   we’re   still   working   on   this  
breakdown)  are  five  in  number:  

• characterizing   the   input  seismic  energy  and  motion   in  a  way   that   facilitates   the  rest  of  
the  advanced  analysis  under  discussion;  

• analysis   of   the   subsurface   in   the   region   where   the   effect   of   the   engineered   facility   is  
significant;  

• analysis  of  how  the  seismic  energy  enters  the  building,  either  through  the  foundation  or  
through  the  “walls”  of  a  completely  embedded  structure  that  might  look  somewhat  like  
a  cylindrical  missile  silo;  

• analysis  of  propagation  within  the  structure  to  “floors”  or  other  locations  where  safety-­‐‑
important  equipment  is  located;  

• analysis  of  the  “floor  spectra”  themselves  at  the  locations  of  critical  equipment.  
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A  realistic  description:    We  have  in  mind  throughout  that  we  are  seeking  a  realistic  description,  
or  at   least  a  description   that  approaches  “realism”   to   the  extent   feasible.  This   typically  means  
using  a  probabilistic  framework,  in  order  to  capture  the  analyst’s  “state  of  knowledge”,  including  
both  the  aleatory  and  the  epistemic  components  of  the  overall  uncertainty.  For  some  problems,  
this  realistic  description  may  be  beyond  us,  but  we  do  wish  to  seek  a  realistic  description  as  our  
end-­‐‑point,  and  that  means  seeking  a  realistic  description  of  the  variability  and  uncertainty  too.  

In  summary,  we  are  asking  our  Workshop  experts  to  opine  on  this  set  of  questions,  area  by  area,  
in  order  to  help  us  and  DOE  understand  what  might  be  done  to  advance  things  in  the  next  3-­‐‑5  
years,  and  why,  and  what  is  perhaps  still  beyond  us  now,  and  why.  

E.	
  DEFINING	
  SOME	
  TERMS	
  
The  Workshop’s  objective  statement  (above)  uses  three  terms  that  need  to  be  defined.  They  are  
“gap,”  “the  current  state  of  the  art  capability,”  and  “if  closed  through  R&D.”  

“Gap”:    As  we  think  about  the  term  “gap,”  for  this  Workshop  we  want  it  to  mean  the  difference  
between   today'ʹs   capabilities   and   the   capabilities   that   are   feasible   to   develop   through   focused  
R&D  over  the  next  "ʺfew"ʺ  years  (say  3-­‐‑5  years.)    We  are  aware,  of  course,  that  the  terms  “today’s  
capabilities”  and  “feasible   in  the  next  few  years”  can  have  a  number  of   interpretations,  which  
are  discussed  below.  

We   are   concentrating   on   the   “next   few   years”   because   a  major   thrust   of   this  Workshop   is   to  
provide  guidance  to  DOE-­‐‑NE  about  what  they  might  support  in  the  way  of  R&D  -­‐‑-­‐‑  or  indeed,  
whether  they  should  support  anything  at  all.  

“Current  state  of  the  art  capability”:    The  term  “current  state  of  the  art  capability”  could  mean  
any   of   several   things.   For   example,   consider   SSI.   For   analysis   of   SSI,   the   current   capability  
means   SASSI   or   something   similar   if   one   talks   about   the   capability   currently   in   the   hands   of  
analysts  doing  routine  SSI  analyses  in  the  commercial  engineering  world.  But  we  all  know  that  
more  advanced  capabilities  now  exist,  that  can  handle  different  SSI  problems  or  handle  SASSI’s  
problems  with  better  fidelity,  albeit  not  routinely  used  commercially.  And  it  is  those  advanced  
capabilities  that  are  both  the  jumping  off  point  for  even  further  development,  and  also  the  basis  
for   some   needed   work   before   they   themselves   are   ready   for   routine   commercial   use.   This  
difference  is  why  we  need  to  decide  what  we  mean  by  "ʺcurrent  capability."ʺ  

Likewise,  we   need   to   decide  what  we  mean   by   the   "ʺenhanced   capabilities"ʺ   that  we  want   the  
Workshop  to  help  identify.  Is  the  end-­‐‑point  something  that  is  fully  ready  for  widespread  use  in  
the   commercial   world?      Or   is   it   something   short   of   that,   say   something   that   is   technically  
entirely  sound,  verified  and  validated,  but  still  short  of  being  ready  for  commercial  widespread  
use?    Or  even  something  short  of  that?  

The  issue  comes  down  to  "ʺgaps  between  what  and  what?"ʺ    

The  Workshop  organizers  have  decided  that  the  focus  of  this  Workshop  needs  to  be  on  the  gaps  
between   today'ʹs   advanced   capabilities   and   the   even   more   advanced   capabilities   that   it   is  
believed  are   ripe  now  for  development  and  demonstration.  However,   the  experts  will  also  be  
asked  to  opine  on  the  differences  between  today’s  advanced  capabilities  and  current   licensing  
practice,  as  a  method  to  define  more  fully  what  today’s  advanced  capabilities  are.    
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As   a   corollary,   we   will   not   be   asking   the  Workshop   experts   to   think   about   end   points   that  
would   be   fully   ready   for   routine   use   in   the   commercial   world   in   the   3-­‐‑5   year   time   frame   -­‐‑-­‐‑  
rather,  we’re   seeking   to   identify   end  points   that   could  be   fully   technically   sound   in   that   time  
frame   (with   adequate   R&D   funding   support),   even   if   short   of   being   commercially   "ʺready,"ʺ  
which  could  take  a  few  more  years.  

Gaps   that   could   be   “closed  …   through  R&D”:      The   phrase   “closed   ...   through  R&D”   is   then  
taken  to  mean  that  the  R&D  at  issue  would  have  as  its  end  point  the  technical  demonstration  of  
the   analytical   capability   being   worked   on.   This   technical   demonstration   would   need   to   be  
sufficient   that   there   is   little   or   no   argument   about   the   technical   validity   of   the   analytical  
approach  being  taken,  for  the  scope  that  it  claims  to  cover.  Again,  there  could  still  be  “a  ways  to  
go”  before   this   capability   could  be  placed   in   the  hands  of   routine  commercial  practitioners  at  
the  bench.  Indeed,  we  all  know  of  some  advanced  analytical  approaches  that,  although  in  wide  
use  for  many  years  by  experts,  are  still  not  ready  for  widespread  ordinary  use  –  and  for  some  of  
them,   they  perhaps  never  will   be.  That   is   acceptable,   and  on   a   case-­‐‑by-­‐‑case  basis,   it   could  be  
sufficient.  

Specifically,  if  a  sophisticated  nuclear  power  reactor  vendor  or  their  utility  customer  can  use  the  
method,  and  if  a  sophisticated  NRC  analyst-­‐‑reviewer  can  also  use  it  or  review  it  and  affirm  its  
appropriateness   for   the   regulatory  need   at   issue,   that  may  be   acceptable.   (There   are   certainly  
cases  like  that  in  today’s  normal  safety  analysis  practice  and  NRC  regulatory  review  practice.)  

F.	
  THE	
  WORKSHOP	
  REPORT	
  
Our  plan  is  that  the  LLNL-­‐‑LBNL  workshop  leaders  will  develop  a  draft  of  the  Workshop  report  
based  on  our  own  notes,  and  that  this  will  be  circulated  to  the  outside  experts  for  their  review  
and  endorsement.  Only  after   the   experts   endorse   the   report  will   it   be   finalized.  To   the   extent  
that  there  is  a  consensus  of  the  experts  on  any  topic,  that’s  great.  However,  if  differences  of  view  
emerge,  we  want  the  report  to  capture  those  differences,  and  if  this  means  that  one  or  more  of  
the  experts  desires   to  write  up  his  own  personal  views  on  a   topic,  we’ll   include   those   too.   In  
other  words,  there  will  be  no  forced  consensus.  

Finally,  we  intend  that  the  Workshop  report  will  be  a  public  document.  

Second	
  Set	
  of	
  Information:	
  	
  Questions	
  for	
  Thought	
  	
  

Advancing	
  Simulation	
  Capabilities	
  for	
  Nuclear	
  Power	
  Plant	
  Seismic	
  Response	
  
Topics	
  for	
  the	
  February	
  27-­‐28	
  workshop	
  at	
  the	
  Lawrence	
  Livermore	
  National	
  Laboratory	
  

Since   the  main   era   of  design-­‐‑build   of   the  United   States   nuclear   energy   enterprise,   there   have  
been   tremendous   advancements   in   computational   methods.   These   advancements   have   been  
across   the   spectrum   including   computational   platforms,   advanced   algorithms,   and   more  
realistic  phenomenological  models.  Many  fields  have  heavily  exploited  these  developments   to  
transform   the   engineering   analysis   and  design   process   (commercial   aerospace,   transportation  
systems,  advanced  weapons  design,  etc.).  The  nuclear  power  industry,  as  a  result  of  30  years  of  
design-­‐‑build  quiescence,  has  not  experienced  a  corresponding  level  of  investment  in  simulation  
modernization.   With   renewed   interest   in   nuclear   energy   providing   a   key   component   of   the  
world’s   safe,   clean   and   reliable   energy   base,   and   the   emergence   of   new   classes   of   reactor  
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technologies   (e.g.  Gen   IV   systems  and  Small  Modular  Reactors),   there   is   strong  motivation   to  
explore  the  potential  benefits  (safety,  economic,  operational)  of  advanced  simulations  of  nuclear  
power   systems.   The   U.S.   Department   of   Energy,   a   traditional   leader   in   the   advancement   of  
simulation  science  and  engineering,  has  undertaken  a  new  project  to  explore  the  application  of  
high   performance   computing   to   nuclear   energy   systems  with   a   focus   on   the   crucial   issue   of  
seismic  safety.  The  pending  workshop  is  bringing  together  an  eminent  group  of  subject  matter  
experts   to  assist   in   critical   thinking  about   the  appropriate  path   forward,  and   to  advise  on   the  
key   opportunities   for  major   benefit   as   well   as   the   gaps   and   challenges   to   achieving   a  major  
improvement  in  simulation  capabilities.  Specific  focus  topics  of  the  workshop  are  summarized  
below.  

What methods and capabilities would be desirable for full 
characterization and modeling of the seismic response of 

nuclear power plants, and associated seismic safety 
analysis?  

Discussion   of   the   appropriate   computational   framework   for   advanced   plant   simulations  
including:  

• The   potential   for   more   realistic   models   of   plant/soil   systems   that   capture   the   fully  
nonlinear   (as   opposed   to   traditional   “equivalent   linear”)   time-­‐‑varying   effects   of   soil  
system  nonlinearities  

• The  ability  to  accurately  simulate  plant  system  response  to  beyond-­‐‑design-­‐‑basis  events  
where   nonlinear   structural   behavior  may   result,   as   an   enabler   to   robust   performance-­‐‑
based  design    

• A  computational   framework  which   can   expand   the  possibilities   of  plant  design   space,  
including  exploitation  of  emerging  technologies,  e.g.  base  isolation,  composite  concrete  
walls,  energy  dissipation  devices,  etc.  

• Clear  delineation  of  model  discretization/fidelity  required  to  adequately  capture  the  full  
bandwidth  of  frequency  response  of  nuclear  power  systems  

• The   ability   to   exploit   the   vast  modern   capabilities   in   efficient   and   powerful   pre-­‐‑   and  
post-­‐‑processing   tools   to   create   and   validate   system   models,   and  
capture/display/visualize  computational  data  in  a  manner  that  enhances  understanding  

• Exploit   modern   methods   of   uncertainty   quantification   and   probabilistic   mechanics   to  
quantify  computational  uncertainties  

• Capture  of  complicating  phenomena  which  may  occur  in  real  systems,  such  as  wall/soil  
separation  and  foundation  uplift  

• The   importance   of   characterizing   the   three-­‐‑dimensional   seismic   wave   field   input  
motions  which  are  representative  of  complex,  multi-­‐‑waveform  seismic  ground  motions  
at  a  particular  site  
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• Technological   gaps   or   limitations   which   could   threaten   the   full   realization   of   an  
advanced   simulation   framework,   e.g.   limitations   in   existing   phenomenological   soil  
models,   limited   understanding   and   representation   of   damping   mechanisms   and  
distribution  in  a  coupled  nonlinear  soil/structure  system,  etc.  

How can advanced capabilities make a difference for plant 
designs,  

both in terms of fundamental understanding, and in NRC 
regulatory processes, and what barriers to 

use/implementation might exist?  
Including  discussion  of:  

• How  advanced  capabilities,  which  potentially  relax  historical  idealizations  embedded  in  
current  simulation  methods,  could  reduce  uncertainties  and  advance  our  understanding  
of  seismic  performance  of  nuclear  power  systems  

• How  advanced  capabilities  could  improve/enhance  the  regulatory  process  
• Specific   economic/safety/operational   benefits   which   could   be   enabled   and   realized  

through  advanced  simulation  approaches  and  tools  
• Advanced   computational   approaches   are   only   an   enabling   tool   and  must   “fit”   into   a  

design  standard  or  code  guidance  framework.  Some  standards  (e.g.  DOE  Standard  1020)  
already  have  provisions  for  admission  of  nonlinear  methods  in  the  design  and  analysis  
of  nuclear  systems.  NRC  standards,  on  the  other  hand  (e.g.  Reg  Guide  1.208),  currently  
limit   plant   response   to   linear-­‐‑elastic   behavior.   What   barriers   might   exist   to   full  
implementation  and  exploitation  of  advanced  simulation  approaches?  

• What   parallel   companion   activities   might   be   necessary   to   realize   the   full   potential   of  
advanced  seismic  simulation  methods  (e.g.  ASCE  43  Code  Committee  work)?  
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Workshop	
  Organization	
  and	
  Process	
  

The  workshop   agenda,   covering   a   full   first   day   and  half   of   a   second  day,   is   in   Figure   1.   The  
workshop  “secretariat”  consisted  of  James  Blink  (LLNL)  and  Robert  Budnitz  (LBNL),  with  the  
former   focusing   on   logistics   and   documenting   the   discussion   and   the   latter   moderating   and  
guiding  the  discussion.  Appendix  1  shows  the  list  of  attendees  as  well  as  short  biographies  of  
the  eight  experts.  

The  workshop  began  with  brief  introductory  presentations  by  the  project  Principal  Investigator,  
Steven  Bohlen  (LLNL),  who  laid  out  the  workshop’s  objectives,  and  Robert  Versluis  (DOE-­‐‑NE-­‐‑
71),  who  provided  DOE’s  perspectives  about  the  workshop  scope  and  how  the  results  would  be  
used.   Steven   Bohlen’s   slides   are   included   in   Appendix   2.   These   brief   introductions   were  
followed   by   three   extensive   technical   presentations   by   members   of   the   LLNL-­‐‑LBNL   project  
team  (David  McCallen,  Boris  Jeremic,  and  Lawrence  Hutchings).  The  slides  used  by  these  three  
team   members   are   included   in   Appendix   2.   Each   of   the   three   technical   presentations   was  
accompanied   by   discussion   during   the   presentation,   followed   by   additional   discussion  
following   the   presentation.   Contributions   to   these   discussions   arose   not   only   from   the   eight  
invited   experts,   but   also   from   the   other   attendees.   These   presentations   and   the   discussions  
surrounding  them  consumed  most  of  the  first  morning.    

After   these   presentations   and   discussions,   shorter   presentations   were   made   by   four   of   the  
experts  (Andrew  Whittaker,  Justin  Coleman,  Stephen  Mahin,  and  Jacobo  Bielak).  The  slides  or  
text   for   these   presentations   are   included   in   Appendix   2.      In   addition,   Stephen  Mahin   spoke  
extemporaneously   without   slides.   In   general,   these   presentations   informed   the   project   team  
about  related  current  and  past  work  at  their  institutions,  including  a  brief  description  by  Jacobo  
Bielak   of   the   Domain   Reduction   Method   (DRM),   a   time-­‐‑domain   methodology   for   modeling  
structure-­‐‑soil-­‐‑structure   interaction   in   heterogeneous   soil-­‐‑structure   systems   subjected   to   a  
prescribed  near-­‐‑field  earthquake  ground  motion  environment.  

The  workshop   then  continued  with  broad  group  discussion,  participated   in  by  both   the  eight  
experts  and  the  other  attendees,  to  address  the  main  issue  before  the  group,  namely  to  agree  as  
to   the   identification   of   the   “gaps”   in   current   capability  and  proposals   to   address   each   of   those   “gaps”  
through  R&D.  While  some  of  the  discussion  inevitably  touched  on  suggestions  as  to  the  relative  
priorities  of   the  various  gaps  or  of   the  proposed  R&D,   the   focus   in   this   session  was  more  on  
identifying   outstanding   issues   rather   than   on   assigning   priorities.   This   group   discussion  
consumed  most  of  the  first  afternoon’s  time.  

The   eight   experts   and   almost   all   of   the   team  members   (including   the  DOE  Manager   and   the  
NEAMS  Campaign  managers)  continued  their  discussions  during  a  dinner  at  a  local  restaurant.  
Stephen  Mahin,   one   of   the   eight   experts,   was   kind   enough   to   present   slides   on   some   of   his  
current   work,   which   seeks   to   extend   seismic   response   design   beyond   saving   lives   to   using  
structures   that   are   resilient   enough   to   allow   rapid   and   inexpensive   reoccupancy   following  
major  seismic  events.  
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Figure	
  1:	
  	
  Workshop	
  Agenda	
  

  

AGENDA 
LLNL-LBNL SEISMIC-GAP WORKSHOP ON 27-28 FEBRUARY, 2012 

 
A.  INVITEES:  The Workshop’s expert invitees are: 

Jacobo Bielak    Steve Mahin 
Justin Coleman    Farhang Ostadan 
Carl Costantino     John Stevenson 
Bob Kennedy    Andrew Whittaker 

 
B. OTHER WORKSHOP PARTICIPANTS AND OBSERVERS 

LLNL: Jim Blink, Dave McCallen, Steve Bohlen, Quazi Hossain, Jerome 
Solberg, Mike Gerhard, and Randy Settgast 

LBNL: Bob Budnitz, Jens Birkholzer, Larry Hutchings and Boris Jeremic 
(Boris is from UC-Davis with a joint appointment at LBNL) 

DOE: Rob Versluis, DOE-NE 
 ANL: Keith Bradley and Dave Pointer (managers of the DOE “Nuclear 

Energy Advanced Modeling And Simulation” Program) 
 

Monday, 27 February 2012 
 
  9:00 am Introduction – logistics etc. (J. Blink, LLNL) 
  9:05 am Introduction to Workshop: goals, expectations (S. Bohlen, LLNL) 
  9:20 am DOE expectations and perspective (R. Versluis, DOE) 
  9:35 am Introduction: workshop format and process (R. Budnitz, LBNL) 
  9:40 am Introduction to the broad technical topic (D. McCallen, LLNL) 
10:10 am Discussion 
10:30 am break 
10:45 am Topics in SSI linkage to broader issues (B. Jeremic, LBNL & UC-D) 
11:15 am  Discussion 
11:45 am Topics in seismic source physics (L. Hutchings, LBNL) 
       Noon Discussion 
12:30 pm Lunch break, Pizza provided by Jim and Steve 
  1:15 pm Open discussion 
  4:45 pm Recap, discussion about tomorrow’s agenda 
  5:00 pm Adjourn   
  6:00 pm Dinner, Zephyr, Downtown Livermore (Steve Mahin, Speaker) 
 

Tuesday, 28 February 2012 
 
  9:00 am Experts meet in executive session 

        TBD Reconvene with other attendees:  feedback, discussion, report-out 

       Noon Adjourn 
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The  second  day  began  with  an  extensive  executive  session  of   the  eight   invited  experts.  At   the  
experts’  request,  four  LLNL-­‐‑LBNL  team  members  (James  Blink,  Steven  Bohlen,  Robert  Budnitz,  
and   David   McCallen),   attended   to   document   the   deliberations   and   prepare   for   a   report-­‐‑out  
session  to  the  full  group.  This  session  focused  on  prioritization,  and  specifically  on  developing  a  
prioritized   list  of  “gaps”  and  proposals   for  R&D  to  address  each  gap.  This  prioritized   list  and   these  
R&D  proposals  were  captured  in  slides  to  be  used  in  discussions  with  the  full  group  during  the  
“report-­‐‑out”  session.  

This  executive  session  was  followed  by  a  final  “report  out”  session  attended  by  the  experts,  the  
DOE  representatives,  and  the  full  LLNL-­‐‑LBNL  project  team.  This  report-­‐‑out  session  resulted  in  
some  modifications   to   the   way   the   prioritized   list   of   gaps   had   been   explained   in   the   earlier  
slides;   the  modifications  were  mostly   in   the  nature  of  more  complete  explanations  of   some  of  
the  ideas,  so  as  to  assure  that  ambiguities  were  minimized  and  that  the  R&D  path  forward  was  
clear   to   the  DOE  and  project   team  attendees.  The   information   in   the  modified  slides  has  been  
used  to  produce  the  next  section  of  this  report,  on  the  Conclusions  of  the  Experts.  
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Conclusions	
  of	
  the	
  Experts	
  	
  

As  noted  above,  the  major  “deliverable”  or  “results”  of  this  workshop  are  that  the  eight  experts  
developed  both  their  list  of  gaps  and  also  their  recommendations  for  the  R&D  necessary  to  close  each  of  
the  gaps.  The  focus  was  on  R&D  that  the  experts  judged  to  be  feasible  over  a  3-­‐‑5  year  period.  The  
R&D  recommendations   attempted   to   account   for  work  underway   in   the  broad   (international)  
community,  rather  than  restricting  it  in  any  geographical  or  institutional  way.  Also,  the  experts  
did   not   specifically   express   where   or   by   whom   their   recommendations   for   R&D   could   be  
carried  out.  It  was  sufficient,  in  their  minds,  that  the  R&D  be  judged  to  be  fully  feasible,  within  
the   near   future,   by   organizations   and   individuals   with   state-­‐‑of-­‐‑the-­‐‑art   knowledge   relative   to  
linear   and   non-­‐‑linear   geometries   and   material   behavior   subjected   to   dynamic   cyclic   loads  
applied   to   a   finite   element   solution   in   the   time  domain.      It  was   also  noted   that   any   resultant  
analytical   tasks   developed   should   be   executable   by   knowledgeable   structural   design   and  
analysis  organizations  or  individuals.  

There  was   some   limited  discussion  of   the  ongoing  work  now  underway  as  part  of   this  DOE-­‐‑
NEAMS  work  package.  It  was  recognized  that  the  current  work  package  comprises  some  of  the  
initial  steps  in  executing  the  3-­‐‑5  year  effort;  the  LLNL-­‐‑LBNL  team  in  turn  noted  that  the  expert  
recommendations  were   largely   consistent  with   the  planning  documented   in  PICS-­‐‑NE   for   this  
work  package,   although   the  planning   is   clearly  neither  as   extensive  nor  as  detailed,   and  only  
includes  work  in  this  fiscal  year.  

The   experts   concluded   that   six   areas   of   R&D   work   are   to   be   recommended.   The   experts  
determined   that   two   of   the   areas   are   of   high   priority,   and   that   important   parts   of   these   two  
could  be  executed  in  parallel.    

• Nonlinearities  Associated  with  the  Interface  of  the  Structure  and  Soil  
• Arbitrary,  Spatially-­‐‑Distributed,  Wave  Fields  

The  work  scope  of  this  work  package  is  aligned  with  those  areas,  and  will  begin  exploring  the  
parameter  space  outlined  by  the  experts  for  these  areas.  

The  other  four  areas  that  the  experts  recommended  for  R&D  can  also  be  worked  on  in  parallel  
with  each  other,  but  are  largely  not  within  the  current  scope  of  this  work  package.  

• Nonlinear  Hysteretic  Models  of  Structural  Elements  
• Seismic  Isolators  
• Nonlinear  Soil  
• Internal  Fluid-­‐‑Structure  Interaction  

In  addition  to  these  six  areas,  another  area  was  discussed  extensively  during  the  Workshop  but  
was  not  explicitly  recommended  by  the  experts,  in  part  because  the  topic  was  somewhat  out-­‐‑of-­‐‑
scope.    This  topic  is:  

• Methods  for  Developing  Realistic  Three-­‐‑component,  Time-­‐‑domain  “Records”  from  a  
Scattered  Wave  field,  as  Input  to  Soil  Models.  
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Although  the  topic  was  outside  the  Workshop’s  narrow  scope,  there  was  a  sentiment  expressed  
during  the  Workshop  that  ultimately  this  type  of  modeling  work  on  the  input  motions  to  the  
soils  model  will  be  an  important  constituent  of  the  long-­‐‑sought  realistic  numerical  model  of  the  
entire  “system”.    More  discussion  of  this  topic  is  included  in  Appendix  2,  just  prior  to  the  
presentation  slides  of  Lawrence  Hutchings.    

First	
  Top-­‐Priority	
  Task:	
  	
  Nonlinearities	
  Associated	
  with	
  the	
  Interface	
  between	
  the	
  
Structure	
  and	
  the	
  Soil	
  

	
  
One   of   the   two   high   priority   tasks   is   to   develop   time-­‐‑domain   analysis   methods   and   then  
software  to  handle  local  nonlinearities  associated  with  the  interface  of  the  soil  and  the  structure  
(geometric  non-­‐‑linearity).  These  nonlinearities  include  the  following:  

• Local  high  compression  stresses  in  the  area  of  interface  between  the  soil  and  structure  
(localized  soil  nonlinearities  are  the  results  of  these  high  stresses)    

• Slip  due  to  shear  forces  
• Gaps  due  to  inability  to  transfer  tension  
• Buoyancy  effects  for  embedded  structures.  

  
This  high-­‐‑priority  task  should  begin  by  comparing  a  linear  finite  element  algorithm  in  the  time  
domain   to   SASSI1  results.      This   comparison   analysis   should   assume   both   linear   or   elastic  
geometric   and   material   soil   and   building   properties.      It   should   also   strive   to   develop   an  
explanation  of  any  differences  in  results  between  the  time  domain  results  and  the  SASSI  results.    
This  comparison  should  be  performed  for  three  levels  of  excitation;  0.3  g,  0.5  g  and  1.0  g  peak  
ground  accelerations.  
The  experts  emphasized  that  the  software  resulting  from  this  task  should  not  omit  any  existing  
SASSI  capability.  For  example,  when  seismic  waves  reflecting  from  the  structure  encounter  the  
boundaries  of   the  SASSI  calculation,   these  waves  do  not  reflect  back  toward  the  structure;   the  
time-­‐‑domain  software  should  have  similar  characteristics  for  its  domain  boundaries  at  the  sides  
and  the  bottom.  

The  experts  recommended  that  the  software  be  developed  in  an  incremental   fashion.  The  first  
calculation  is  intended  to  be  a  verification  of  the  time-­‐‑domain  method.    It  would  be  comparable  
to  a  SASSI  calculation  if  it  uses  a  structure  that  is  “glued”  to  an  (equivalent)  linear  soil  model,  
with   the  seismic  wave  being  a  vertically-­‐‑propagating,  horizontally-­‐‑polarized,  shear  wave.  The  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Original  reference:    Lysmer,  J.,  et  al.,  "ʺSASSI  -­‐‑  A  System  for  Analysis  of  Soil-­‐‑Structure  
Interaction,"ʺ  Report  No.  UCB.'ʹGT/81-­‐‑02,  Geotechnical  Engineering,  University  of  California,  
Berkeley,  1981.  
Latest  UC  Reference:  Lysmer,  J.,  et  al.,    "ʺSASSI2000  -­‐‑Theoretical  Manual,"ʺ  Revision  1,  
Geotechnical  Engineering,  University  of  California,  Berkeley,  1999.  
Other  References:    The  code  has  been  adopted  by  several  private  companies,  resulting  in  
proprietary  versions  that  use  the  same  algorithms  but  work  on  modern  PC  software.	
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“glued”  interface  will  prevent  sliding  and  gaps  that  cannot  be  calculated  by  SASSI,  and  hence  
are   undesirable   in   a   verification   calculation   against   an   alternative   code.   The   model   should  
calculate  in-­‐‑structure  response  spectra  at  several  locations,  and  should  be  compared  with  SASSI  
results  at  several  ground  motion  amplitudes.  The  experts  advised  doing  the   initial  calculation  
with   a  half-­‐‑space   (homogeneous)   soil,   and   then  proceeding   to   a   layered   soil   structure.   It  was  
noted  that  previous  efforts   in  this  area  have  taught  the  community  that  care  must  be  taken  in  
areas   such   as   damping   in   order   that   a   time-­‐‑domain  model   can   successfully   reproduce   SASSI  
results.    

It  is  important  that  the  coupling  between  the  two  horizontal  directions  and  the  vertical  direction  
during   the   sliding   and   gapping   is   maintained.     Some   programs   can   handle   the   sliding   and  
gapping,  but  with  no  consideration  for  coupling,  making  the  results  less  decisive    

Once  the  time-­‐‑domain  model  is  verified  to  reproduce  SASSI  results2,  the  suite  of  calculations  (at  
several  ground  motion  amplitudes  and  for  single  and  multiple  soil   layers)  should  be  repeated  
including,  incrementally,  the  above  nonlinearities.  

The   experts   discussed   the   buoyancy   nonlinearity   that   arises   when   a   structure   is   embedded,  
even  partially,  below   the  water   table.  The   frictional   force  preventing   slipping  of   the   structure  
along  the  soil   interface  (for  a  shallowly-­‐‑embedded  structure)   is  the  coefficient  of  friction  times  
the  normal  force,  and  the  normal  force  is  the  downward  weight  of  the  structure  less  the  upward  
buoyancy  of  the  wet  soil  material  displaced  by  the  structure.  For  a  structure  with  a  considerable  
“empty”  volume,  the  buoyancy  can  be  a  significant  fraction  of  the  weight,  and  thus  can  lead  to  
possible  slipping  in  a  simple  calculation.  However,   it  needs  to  be  realized  that  the  fluid  in  the  
soil  cannot  support  shear  stress,  and  hence  a  realistic  model  that  accounts  for  potential  slipping  
must   account   for   the   soil  deformation   rather   than   treating   the   structure   and   soil   as   two   rigid  
bodies  that  slip  against  each  other.  

For  buoyancy  effects,  it  is  important  to  separate  the  issue  of  pore  pressure  and  liquefaction  from  
buoyancy  and  vertical   inertia  forces.    The   latter   is  more  relevant   to  nuclear  structures,  and  for  
some   designs   this   has   become   a   barrier.     The   current   design   approach   is   a   simple   hand  
calculation  of   static  buoyancy   force   less  vertical   inertia.    This   is  overly   conservative  given   the  
short  duration  of  peak  accelerations.    A  rigorous  3D  time  domain  analysis  will  permit  uplift  and  
should  provide  a  more  realistic  estimate  of  uplift  even  if  the  current  hand  calculations  show  a  
factor  of  safety  less  than  unity.  

Second	
  Top-­‐Priority	
  Task:	
  	
  Arbitrary,	
  Spatially-­‐Distributed,	
  Wave	
  Fields	
  
	
  
The  second  of  the  two  high  priority  tasks  is  to  develop  time-­‐‑domain  analysis  methods  and  then  
software   to   handle   fully   three-­‐‑dimensional   incident   wave   fields   that   are   produced   from  
measurements  or  from  models  of  propagation  of  seismic  waves  from  a  seismic  source  such  as  a  
fault   rupture.   These   wave   fields   can   be   spatially   distributed   at   the   model   boundaries,   with  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2	
  Some	
   of	
   the	
   experts	
   noted	
   that	
   reproducing	
   SASSI	
   results	
   with	
   a	
   time-­‐domain	
  model	
   could	
   be	
  
difficult	
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varying  phase  and  amplitudes  from  point  to  point.  As  in  the  other  top  priority  task,  the  work  
should   be   incremental.   SASSI   can   calculate   response   to   planar   waves   at   various   inclination  
angles  to  the  vertical3  as  well  as  response  to  surface  waves,  and  the  time-­‐‑domain  model  should  
be  run  to  compare  with  SASSI  results.  

The   effort   should   start   with   free-­‐‑field   motion   without   any   structure   present.     The   free-­‐‑field  
motion  must   be   carefully   examined   to   evaluate   the   contents   of   the  wave   field   frequency-­‐‑by-­‐‑
frequency,   and   the   coherency   of   the   motion   point-­‐‑by-­‐‑point.     Both   uniform   and   layered   sites  
must   be   considered.     Without   a   rigorous   assessment   of   the   wave   field   in   the   free-­‐‑field,   any  
study  of  the  effect  on  the  structure  may  become  too  complex  to  understand.  

As  for  the  other  high  priority  task,  the  model  should  calculate  in-­‐‑structure  response  spectra  at  
several   locations,   and   should   be   compared   with   SASSI   results   at   several   ground   motion  
amplitudes.  The  experts  advised  doing  the  initial  calculations  with  a  half-­‐‑space  (homogeneous)  
soil,  and  then  proceeding  to  a  layered  soil  structure.    

A  logical  follow-­‐‑on  to  the  two  top  priority  tasks  is  a  series  of  calculations  with  the  time-­‐‑domain  
approach,   which   would   include   nonlinear   soil-­‐‑structure   behavior,   local   heterogeneities,   and  
spatially-­‐‑distributed   wave   fields.   The   results   could   then   be   compared   to   the   corresponding  
SASSI  results   in  order  to  determine  the  practical  significance  of   these  effects,  which  cannot  be  
captured  by  SASSI4.  

Other	
  Important	
  Task:	
  	
  Nonlinear	
  Hysteretic	
  Models	
  of	
  Structural	
  Elements	
  
	
  
Advanced   design   features   associated   with   advanced   light   water   reactors   (LWRs)   and   small  
modular   reactors   (SMRs)   can   improve   design   margin   and   result   in   lower   cost   systems.   An  
important  recent  example  is  a  steel-­‐‑concrete  (SC)  wall  in  which  concrete  is  placed  between  two  
steel  plates  with  multiple  tie  bars.     Other  features  worthy  of  additional  study  include  low-­‐‑rise  
shear   walls   and   braced   frames   used   in   traditional   construction.   The   performance   of   these  
features   can   sometimes   be   non-­‐‑linear,   and   the   time-­‐‑domain   approach   is   thus   well   suited   to  
analyze  their  performance.     Current  SASSI  capabilities  allow  only  for  linear  elastic  analyses  to  
be  performed.  

In  discussing  these  advanced  design  features,   the  experts  noted  that  a)  recent  experience  with  
SC  walls   reveals   that   the   confinement  of   the   concrete  during   the  elevated   temperature   curing  
time,  followed  by  shrinkage  as  the  concrete  cools,  results  in  cracked  concrete  that  has  less  of  a  
stiffness   change   during   the   cyclic   loading   of   a   seismic   event,   and   b)   recent   tests   of   low-­‐‑rise  
reinforced  concrete  (RC)  walls  have  generated  data  different  than  that  predicted  with  advanced  
models  and  computer  codes.  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
3	
  The	
  experts	
  noted	
   that	
   inclined	
  plane	
  wave	
  calculations	
  will	
  be	
  useful,	
  but	
   that	
   the	
  users	
  of	
   the	
  
models	
  should	
  be	
  aware	
  that	
  actual	
  seismic	
  wave	
  fields	
  are	
  very	
  complex	
  
4	
  The	
  experts	
  noted	
  that	
   the	
  challenge	
  will	
  be	
   to	
  determine	
  the	
  correct	
  answer	
  to	
  compare	
  to	
   the	
  
two	
  model	
  results	
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The   work   in   this   task   involves   developing   realistic   constitutive   models,   benchmarked   with  
appropriate   data,   which   can   capture   the   behavior   of   these   structural   elements   during  
earthquakes.  There  is  a  need  for  understanding  the  behavior  for  both  design-­‐‑basis  earthquakes  
and   earthquakes   whose   size   is   substantially   beyond   the   design   basis.   Formerly,   this   was   a  
formidable   modeling   challenge   because   of   limitations   in   computer   size   and   power,   but   that  
limitation   has   been   swept   away,   and   modern   algorithm   development   has   also   provided  
advanced,  but  non-­‐‑validated,  tools  for  the  modeler.  The  experts  judged  that  this  area  is  ripe  for  
a  major  advance.  The  advance  will,  in  turn,  enable  the  use  of  these  advanced  elements  in  reactor  
design   in  situations  now  precluded  because   they  cannot  be  analyzed  with  sufficient  accuracy,  
and  hence  a  regulatory  safety  case  cannot  be  supported  at  this  time.  It  will  also  enable  changes  
in  industry  consensus  codes  and  later  in  the  safety  regulations  themselves.     These  changes  are  
not   presently   allowed,   partly   due   to   the   inability   of   current  methods   to   perform   sufficiently  
realistic  analyses.  

Other	
  Important	
  Task:	
  	
  Seismic	
  Isolators	
  
	
  
Ultimately,   the   time-­‐‑domain  modeling   capability  must   include   the   capability   to   calculate   the  
performance  of   seismic   isolators.  Both  elastomeric  and  sliding   isolators   should  be  considered.  
The   models   should   address   the   effects   of   energy   dissipation   that   lead   to   changes   in   the  
hysteretic  behavior  of  the  components.    

A  good  deal  of  research  work  is  already  underway  to  understand  isolator  behavior,   including  
both   experimental   studies   and   the  development   of   advanced   analytical  methods.  The   experts  
emphasized   that   continuing   support   for   this   work   is   important.   One   major   theme   of   the  
ongoing  work,  which   requires  a   time-­‐‑domain  model,   is  on  understanding   the  behavior  of   the  
isolators  when  subjected  to  extreme  earthquake  motions  well-­‐‑beyond  the  design  basis,  with  an  
emphasis  on  understanding  what  happens  if  an  isolator  system  were  to  reach  its  boundary  (or  
“moat”).     This  can  lead  to  large  impact  forces,  and  in  turn,   transmit   large  motions  up  into  the  
structure  above  the  isolators.  Work  on  this  important  issue,  both  experimental  and  analytical,  is  
already   under   way   but   needs   additional   support.   A   second   area   is   consideration   of   how  
horizontal   seismic   motions   coming   into   the   facility   can   produce   vertical   motions   due   to   the  
rocking  flexibility  of  the  isolation  system.  A  third  area  is  working  on  how  isolator  performance  
in   nuclear   reactor   systems   can   be   understood   well   enough   to   allow   its   inclusion   in   the  
consensus   design   codes   and   later   in   the   nuclear–safety   regulatory   process5.   This   body   of  
recommended  isolator  R&D  work,   taken  as  a  whole,   is   intended  to  expedite  the  acceptance  of  
base  isolation  of  nuclear  reactor  facilities  as  a  viable  and  useful  option  for  the  designer.  

Other	
  Important	
  Task:	
  	
  Nonlinear	
  Soil	
  
	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
5	
  ASCE	
  4	
  already	
  includes	
  isolators,	
  and	
  a	
  NUREG	
  on	
  isolation	
  is	
  in	
  final	
  draft	
  form	
  with	
  US	
  NRC.	
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The   experts   emphasized   that   the   inability   to   model   nonlinear   soil   behavior   is   a   significant  
limitation  of  the  elastic  SASSI  model,  and  that  care  must  be  taken  in  interpreting  SASSI  results6  
because,   at  high   shear   strain   levels,   the   equivalent   linear   soil  model  used   in  SASSI  overstates  
resonances  in  response  spectra  and  understates  the  ability  of  the  soil  to  pass  high  frequencies  to  
the  structure.  A  time-­‐‑domain  model  can  directly  calculate  nonlinear  response  of  soil  to  seismic  
waves;   however,   the   experts   strongly   cautioned   that   care   must   be   taken   to   use   nonlinear  
constitutive  models  that  capture  the  behavior  of  real  soils.  They  further  noted  that  the  simplest  
useful   3D   constitutive   model,   a   Coulomb-­‐‑Mohr   model,   does   not   correctly   capture   nonlinear  
behavior.      It   is   very   important   that   downhole   array   data   be   used   and   that   the   model   be  
validated  based  on  free-­‐‑field  motions,  before   the  model   is  applied  to  SSI  calculations  used  for  
design  or  regulation.  

One   of   the   experts,   Carl   Costantino,   agreed   to   review   the   previous   work   in   this   area,   and  
provide  his  insights  to  Boris  Jeremic  of  the  project  team.  In  turn,  Boris  Jeremic  will  communicate  
with  the  other  team  members.  The  experts  concluded  their  discussion  of  this  task  with  a  strong  
call  for  verification  of  soil  models,  and  where  possible,  validation  against  data,  with  associated  
management  of  uncertainties.  

Other	
  Important	
  Task:	
  	
  Internal	
  Fluid-­‐Structure	
  Interaction	
  
	
  
The  experts  noted  that  some  SMR  design  concepts  include  pools  of  water.  They  emphasized  the  
need   for   a   time-­‐‑domain   approach   to   enable   simulation   of   the   sequential   interaction   of   the  
structure   with   the   fluid   (causing   both   pressure   waves   and   fluid   movement),   and   then   the  
interaction   of   the   fluid   back  with   the   structure.   They   noted   that   in   off-­‐‑normal   scenarios,   the  
model  should  be  able  to  calculate  the  behavior  of  the  system  under  seismic  loading  after  some  
of  the  water  has  been  vaporized.  Finally,  they  noted  that  the  model  must  properly  include  the  
nature  of  the  physical  contact  of  the  fluid  and  the  structure.  

	
   	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
6	
  Some	
   experts	
   noted	
   that	
   equivalent	
   linear	
   properties	
   in	
   SASSI	
   are	
   established	
   from	
   nonlinear	
  
mechanical	
  properties.	
  So	
  care	
  must	
  be	
  taken	
  with	
  nonlinear	
  constitutive	
  models,	
  but	
  arguably	
  the	
  
equivalent	
  linear	
  properties	
  are	
  even	
  more	
  uncertain.	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

21	
  

APPENDIX 1:  Contact Information for the Workshop 
Attendees and Biographical Sketches of the Eight Experts 

Table   A1-­‐‑1   provides   contact   information   for   the   experts,   the   project   team,   and   the  
DOE/Campaign  management  attendees.  

Table	
  A1-­‐1:	
  	
  Contact	
  Information	
  

Name Phone Number E-Mail Address 
The Eight Experts 

Jacobo Bielak (412) 268-2958 jbielak@cmu.edu 
Justin Coleman (208) 419-8754  

(208) 533-0433 
justin.coleman@icp.doe.gov 

Carl Costantino (845) 354-2602 carl@cjcassoc.com 
Robert Kennedy (760) 751-3510 bob@rpkstruct.com 
Stephen Mahin (510) 693-6972 mahin@berkeley.edu 
Farhang Ostadan (415) 768-3734 ostadan@bechtel.com 
John Stevenson (216) 587-3805 jstevenson4@earthlink.net 
Andrew Whittaker (716) 645-4364 awhittak@buffalo.edu 

DOE and Campaign Management 
Keith Bradley (NTD, ANL) (630) 252-4685  

(925) 321-5790 
ksbradley@anl.gov 

David Pointer  
(IPSC Lead, ANL) 

(630) 252-1052 david.pointer@anl.gov 

Robert Versluis 
(DOE-NE-71) 

(301) 903-1890  
(202) 834-2292 

ROB.VERSLUIS@nuclear.energy.gov 

The LLNL Team 
James Blink (925) 423-9449 blink1@llnl.gov 
Steven Bohlen  (925) 699-2972 bohlen1@llnl.gov 
Robert Ferencz (925) 422-0571 ferencz1@llnl.gov 
Michael Gerhard (925) 422-8368 gerhard1@llnl.gov 
Harris Greenberg (925) 422-6024 greenberg6@llnl.gov 
Michelle Herawi (925) 423-4964 herawi1@llnl.gov 
Quazi Hossain (925) 423-2289 hossain1@llnl.gov 
Eric Keldrauk (925) 423-2119 keldrauk1@llnl.gov 
David McCallen (925) 423-1219 mccallen2@llnl.gov 
Arthur Rodgers (925) 423-5018 rodgers7@llnl.gov 
Randolph Settgast (925) 424-3057 settgast1@llnl.gov 
Jerome Solberg (925) 422-5971 olberg2@llnl.gov 

The LBNL Team 
Jens Birkholzer (510) 486-7134  JTBirkholzer@lbl.gov 
Robert Budnitz (510) 486-7829 rjbudnitz@lbl.gov 
Lawrence (Larry) Hutchings (510) 486-7446 ljhutchings@lbl.gov 
Boris Jeremic (UC-Davis) (530) 754-9248 jeremic@ucdavis.edu 
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The   remainder   of   this   Appendix   contains   the   abbreviated   biographical   sketches   of   the   eight  
experts.  

Jacobo	
  Bielak	
  

Dr.  Jacobo  Bielak  received  his  PhD  degree  from  the  California  Institute  of  Technology.  He  is  a  
University   Professor   in   the   Department   of   Civil   and   Environmental   Engineering   at   Carnegie  
Mellon  University.  

Dr.   Bielak’s   research   is   in   the   area   of   computational   mechanics   with   special   emphasis   on  
earthquake   engineering   and   engineering   seismology.   The   main   objective   of   his   work   is   to  
contribute  to  the  understanding  of  earthquake-­‐‑related  phenomena,  in  an  end-­‐‑to-­‐‑end  approach,  
from   the   earthquake   source,   propagation   path,   and   site   effects;   to   the   coupled   response   of  
structures   in  highly  heterogeneous  media  and   large  urban  regions  susceptible   to  high  seismic  
hazard.  

Dr.  Bielak  was  a  member  of   the  original  Applied  Technology  Council   committee   that  drafted  
the   first   tentative  seismic  provisions   for  soil-­‐‑structure   interaction,  which  are  now,   in  modified  
form,  part  of   the  NEHRP  seismic  provisions.  He  was   the  developer  of   the  Domain  Reduction  
Method  (DRM),  an  efficient  methodology  for  modeling  earthquake  ground  motion  and  coupled  
soil-­‐‑structure   response   in   localized   regions   with   complex   geometry   and   large   contrasts   in  
material   properties.   Recognition   for   his   work   includes   the   Gordon   Bell   Prize   for   Special  
Accomplishment   Based   on   Innovation,   and   the   ACM/IEEE   SC06   HPC   Analytics   Challenge  
Award.  He  is  a  Member  of  the  National  Academy  of  Engineering,  a  Distinguished  Member  of  
the   American   Society   of   Civil   Engineers,   and   also   a   Member   of   the   Mexican   Academy   of  
Engineering  and  of  the  Mexican  Academy  of  Sciences.  

Justin	
  Coleman	
  

Mr.  Justin  Coleman,  PE,  holds  an  MS  in  Engineering  Structures  and  Mechanics  from  Idaho  State  
University.  His  thesis  topic  was  Seismic  Base  Isolation  of  Residential  Buildings  using  Crumb  Rubber.  
He  is  currently  employed  with  CH2M-­‐‑WG  as  an  engineer  on  the  Calcine  Disposition  Project  at  
the   Idaho   National   Laboratory   site.   He   has   performed   time-­‐‑   and   frequency-­‐‑domain   seismic  
analyses   for  DOE  Hazard  Category  2  and  3  nuclear   facilities   for   ten  years,   including  dynamic  
soil   structure   interaction   analyses.  He   has   also   performed   nonlinear   impact   analyses   using  
Explicit  Finite  Element   (FE)   codes   for   spent  nuclear   fuel   and  high-­‐‑level  waste  projects   for   ten  
years.  His   impact   analysis   work   includes   using   nonlinear   constitutive   equations   to   model  
concrete,   lead,  and  steel  to  predict  material  behavior.  He  is  a  member  of  the  ASCE-­‐‑4  Dynamic  
Analysis  of  Nuclear  Structures  (DANS)  Committee  and  the  lead  of  the  Chapter  3,  “Modeling  of  
Structures,”   subcommittee.  His   current   project   includes   developing   a   virtual   testing   program  
using  nonlinear  constitutive  models  to  predict  the  shape  of  high-­‐‑level  waste  stainless  steel  cans  
that  will  be  subject  to  temperatures  up  to  1000˚C  and  pressures  up  to  15,000  psi.  
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Carl	
  Costantino	
  

Dr.  Carl  J.  Costantino,  PE,  is  Professor  Emeritus  in  the  Department  of  Civil  Engineering  at  The  
City  College  of  the  City  University  of  New  York.  He  holds  a  PhD  from  the  Illinois  Institute  of  
Technology,  an  MSCE  from  Columbia  University,  and  a  BCE  from  City  College  of  New  York.    

Dr.   Costantino   has   conducted   research   on   stress   wave   propagation   through   soil   and   rock  
materials  primarily  associated  with  the  seismic  response  of  structures,  with  special  emphasis  on  
evaluation  of  critical  facilities.  He  has  focused  on  the  study  of  large  strain  and  nonlinear  effects  
on  wave   propagation,   soil-­‐‑structure   interaction,   and   the   influence   of   pore  water   on   dynamic  
response.    

Dr.  Costantino  is  a  Seismic  Consultant  to  both  the  Nuclear  Regulatory  Commission  and  the  US  
Department   of   Energy.   He   has   performed   seismic   studies   of   critical   facilities   for   various  
divisions  of  NRC  and  DOE  at   both   the  design   and   review   stages;   assisted  with   evaluation  of  
advanced  reactor  systems;  developed  computer  programs  (SIM,  CARES,  SLAVE,  SLAM  Codes)  
for  use  in  review  of  facility  designs;  assisted  various  divisions  and  field  offices  of  DOE  in  soils  
and   seismic   evaluations  of   critical   facilities;  performed   safety   evaluations   for   storage   facilities  
(WIPP,  Yucca  Mountain);   assisted   in   the  development   of  DOE   safety   assessment   criteria;   and  
presented  results  to  Defense  Nuclear  Facilities  Safety  Board.    

Dr.  Costantino  is  a  Soils  Consultant  to  the  New  York  City  Transit  Authority.  He  has  supported  
the   design   and   evaluation   of   existing   and   new   subway   systems   and   ancillary   structures;  
developed  criteria  used  for  evaluation  of  subway  systems   in  and  adjacent   to   the  World  Trade  
Center  site  since  9/11;  assisted  in  evaluation  and  control  of  rehabilitation  procedures  used  at  the  
WTC   site   by   other   agencies  whose   activities   impact   the   new   and   existing   systems;   provided  
guidance  on  soil  and  foundation  projects  at  both  the  design  and  construction  stages;  assisted  in  
the   development   of   Standards   for   Structural   Design,   Field   Designs,   and   Soil   Exploration;  
conducted   laboratory   testing   of   soil   samples;   designed   and   inspected   field   monitoring  
programs;   and   developed   criteria   for   incorporation   of   new   seismic   design   standards   into   the  
NYCTA  system.  

Robert	
  Kennedy	
  

Dr.  Robert  P.  Kennedy,  PE,  holds  PhD  and  MS  degrees   in  Structural  Engineering,  and  a  BS  in  
Civil   Engineering,   all   from   Stanford   University.   He   has   forty   years   experience   in   static   and  
dynamic   analysis   plus   design   of   special   purpose   civil   and   mechanical-­‐‑type   structures  
(particularly   for   the   nuclear,   industrial,   petroleum,   and   defense   industries),   and   design   of  
structures   to   resist   extreme   loadings   (including   seismic,   missile   impact,   blast   loads,   extreme  
wind,  impulsive  loads,  and  nuclear  environmental  effects).    

In   the  area  of  Seismic  Ruggedness  of  Nuclear  Facilities,  Dr.  Kennedy  developed  performance-­‐‑
goal  based  seismic  design  criteria  sections  of  ASCE/SEI  Standard  43-­‐‑05  “Seismic  Design  Criteria  
for   Structures,   Systems,   and   Components   in   Nuclear   Facilities,”   and   DOE   Standard   1020  
“Natural   Phenomena   Hazards   Design   and   Evaluation   Criteria   for   Department   of   Energy  
Facilities.”        He  was  the  Chairman  of   the  Senior  Seismic  Review  and  Advisory  Panel   (SSRAP)  
that  jointly  advised  both  nuclear  power  utilities  and  the  U.S.  NRC  on  issues  relating  to  seismic  
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ruggedness   of   existing  nuclear  power  plants.  He  was   a  member   of   the  NRC  Expert   Panel   on  
Seismic   Margin   for   nuclear   power   plants.   He   is   the   co-­‐‑author   of   Electric   Power   Research  
Institute   (EPRI)   Seismic   Margin   Methodology   Report   (EPRI-­‐‑6041)   and   Methodology   for  
Developing   Seismic   Fragilities   (EPRI   TR-­‐‑103959).   He   has   provided   technical   direction   on   the  
seismic   fragility   portion   of   seismic   probabilistic   risk   assessments   and   seismic   margin  
evaluations   for  more   than  30  nuclear  power  plants.  Dr.  Kennedy  developed   the  methodology  
most  commonly  used  for  such  studies  and  is  the  author  of  many  technical  papers  thereon.  He  
has   taught  numerous   short   courses  on   seismic  PRA  methodology   in  U.S.,   Spain,  Taiwan,  and  
People'ʹs  Republic  of  China.  He  is  a  consultant  on  seismic  evaluation  or  design  for  more  than  50  
nuclear   facilities   throughout   the   world.   Dr.   Kennedy   is   the   Past   Chairman   of   the   ASCE  
committee   on   seismic   analysis   of   nuclear   facilities,   and   the   Past   Chairman   of   the   ASCE  
committee   which   wrote   ASCE   Standard   4-­‐‑86   "ʺSeismic   Analysis   of   Safety   Related   Nuclear  
Structures"ʺ.  Dr.  Kennedy  has  directed   seismic   analyses   of   nuclear   power  plant   buildings   and  
components,   as  well   as   nonlinear   seismic   response   analyses   investigations.  He   evaluated   the  
effects  of  differential  earth  movement  (faulting)  on  nuclear  facilities,  and  performed  a  number  
of   dynamic   soil-­‐‑structure   interaction   analyses   of   nuclear   reactor   containment   buildings   that  
accounted   for   the   nonlinear   effects   of   base   slab   uplift.   He   directed   a   nonlinear   seismic  
evaluation   of   a   nuclear   facility   to   demonstrate   increased   seismic   capacity.   He   evaluated  
concepts  for  seismic  response  mitigation  and  increased  energy  absorption  

In  the  area  of  Dynamic  Loads  on  Nuclear  Facilities,  Dr.  Kennedy  has  extensive  experience  in  the  
analysis  of  nuclear  facilities  subjected  to  extreme  dynamic  loads  including  effects  of  blast  loads,  
external   missile   and   aircraft   impact,   and   impulsive   loading   resulting   from   loss-­‐‑of-­‐‑coolant  
accident  and  SRV  discharge.  He  is  the  prime  developer  of  the  method  currently  in  extensive  use  
by  the  nuclear  industry  in  the  United  States  for  evaluating  the  local  effects  of  missile  impact  on  
concrete.  He  is  a  consultant  on  the  effects  of  aircraft   impact  for  several  nuclear  plants.  He  is  a  
consultant  to  the  Nuclear  Regulatory  Commission  on  stand-­‐‑off  distances  required  for  structures  
to   withstand   blast   loads   from   TNT   or   Gaseous   Hydrogen   detonation.   He   is   a   consultant   to  
General   Electric   on   effects   of   pool   swell   loads   resulting   from   LOCA,   and   on   the   increased  
dynamic  reserve  margin  available  in  structures  subjected  to  impulsive  loads.  He  is  a  consultant  
to  G.E.  and  the  Mark  I,  Mark  II,  and  Mark  III  Owner'ʹs  Group  on  combination  of  responses  from  
multiple  dynamic  loadings.  He  is  a  consultant  on  Mark  II  and  Mark  III  evaluations  to  address  
the   conservatism   and   uncertainty   associated   with   standard   structural   analyses   for   SRV  
loadings.  He  is  a  consultant  on  methods  of  response  combination  and  an  expert  witness  at  the  
Black   Fox   hearings.   He   is   a   consultant   to   the  Mark   I   and  Mark   III   groups   on   conservatism,  
uncertainty,  structural  modeling,  and  load  definition  for  new  dynamic  loads.  He  is  a  consultant  
on   three  Mark   III   BWR   plants  with   free-­‐‑standing   steel   containment   (Leibstadt,   Allens   Creek,  
and  River  Bend),   in  order  to  evaluate  realistic  containment  response  to  SRV  loadings,  as  prior  
approaches   were   over-­‐‑conservative   and   lead   to   serious   design   problems.   Dr.   Kennedy  
developed  floor  response  spectra  for  final  design  of  attached  piping  for  the  Leibstadt  plant  by  
coupled  analysis,  such  that  beneficial  effects  of  energy  feedback  are   included.  He  developed  a  
method   to   account   for   the   coupling   of   equipment   and   piping   to   the   main   structure   and   to  
account  for  energy  feedback  from  the  subsystem  to  the  structure.  He  also  developed  a  method  
to   account   for   random   phasing   of  multiple   harmonics   of   condensation   oscillation   loading   in  
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order   to   compute   responses  more   compatible  with  measured   results.  He   is   a  Member   of   the  
ASCE  committee  on   impact  and   impulse  analysis  of  nuclear   facilities,  and   the  ACI  committee  
that   developed   code   for   the   design   of   nuclear   safety-­‐‑related   concrete   structures   subjected   to  
impact  and  impulse  loads.  

Dr.  Kennedy  is  a  Member  of  the  National  Academy  of  Engineering.  He  was  the  recipient  of  the  
1992  ASCE  Stephen  Bechtel  Energy  Engineering  Award  for  seismic  criteria  development  work  
for   energy   facilities.   Dr.   Kennedy   is   also   a   Fellow   of   the   California   Council   on   Science   and  
Technology  

Stephen	
  Mahin	
  

Dr.  Stephen  Mahin  is  the  Byron  and  Elvira  Nishkian  Professor  of  Structural  Engineering  at  the  
University   of   California,   Berkeley,   and   is   Director   of   the   Pacific   Earthquake   Engineering  
Research  Center.  He  received  his  BS,  MS,  and  PhD  degrees   from  the  University  of  California,  
Berkeley.  After  working  as  a  consultant  for  the  seismic  design  of  buildings,  offshore  platforms,  
and   nuclear   power   plant   facilities,   he   joined   the   faculty   at   UC   Berkeley.   He   has   carried   out  
research   on   a   wide   variety   of   topics   related   to   the   seismic   behavior   and   design   of   building,  
bridge   and   infrastructure   systems,   and   is   internationally   recognized   for   the   integration   of  
experimental,   theoretical,   and  computational   research   in  developing  guidelines   for   improving  
seismic  safety  and  performance.  He  has  more  than  300  technical  papers,  and  has  supervised  the  
research  of  more  than  80  students.  He  has  received  several  major  awards,  including  the  Huber  
Research  Prize  and  Norman  Medal  from  ASCE,  and  the  James  Cooper  Award  from  FHWA.  Dr.  
Mahin   was   recently   elected   to   the   ASCE/OTC   Hall   of   Fame,   and   has   served   in   leadership  
positions  in  several  academic  and  professional  organizations.  

Farhang	
  Ostadan	
  

Dr.  Farhang  Ostadan,  PE  is  a  Bechtel  Fellow  with  more  than  30  years  experience  in  earthquake  
engineering.   As   Chief   Engineer   for   Bechtel,   he   has   overall   responsibility   and   manages   the  
efforts   of   a   large   and   diverse   group   of   specialists   in   locations   across   the  US   and   around   the  
globe.   His   projects   involve   major   transportation,   power   and   energy   concerns,   and  
petrochemical   and   nuclear   fuel   sources.   He   has   contributed   to   numerous   standard   nuclear  
power  plant  designs   including   the  new  modular  reactors  and  has  published  over  40   technical  
papers   on   topics   relating   to   earthquake   engineering.  Dr.  Ostadan   co-­‐‑developed   a  method   for  
dynamic  soil-­‐‑structure  interaction  analysis  (SASSI)  currently  in  use  by  industry  worldwide.  He  
is  a  frequent  lecturer  at  both  universities  and  research  organizations.  

Dr.  Ostadan  holds  a  PhD  in  Civil  Engineering  from  the  University  of  California,  Berkeley,  a  MS  
in  Civil  Engineering   from  the  University  of  Michigan,  and  a  BS   in  Civil  Engineering   from  the  
University  of  Tehran.  He  has  been  an  ASCE  Fellow  since  2010.  He  is  a  member  of  the  ASCE-­‐‑4  
committee   and   is   responsible   for   Chapter   5   on   SSI.   He   is   Chairman   of   ANS   2.2,   Seismic  
Instrumentation   of   Nuclear   Power   Plant   Structures,   and   is   Chairman   of   the   Structural  
Mechanics   in  Reactor  Technology  Conference  to  be  held   in  August  2013.  He  is  also  President-­‐‑
elect  of  the  IASMiRT  board  (www.iasmirt.org/board.php).  
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John	
  Stevenson	
  

Dr.  John  D.  Stevenson  is  a  Senior  Consultant  for  J.D.  Stevenson,  Consulting  Engineer  Co.  He  has  
over  40  years  experience  worldwide  in  the  design,  analysis  and  construction  of  nuclear  power  
plants  and  other  nuclear  safety  related  structure,  systems  and  components.  He  holds  a  PhD  in  
Civil   Engineering   from   Case   Western   Reserve   University.   He   is,   or   has   been,   a   member   of  
various  committees  dealing  with  the  structural-­‐‑civil/mechanical  design  of  the  ACI,  AISC,  ANS,  
ASCE,   ASME   B&PVC   Section   III   for   the   past   35   years.   He   serves   as   the   Chairman   of   the  
Technical   Advisory   Committee   to   the   IAEA   Center   for   Seismic   Safety.   He   also   serves   as   an  
outside  expert  to  the  US  NRC  and  DNFSB.  He  has  authored  over  50  papers  and  3  books  on  the  
subject   of   nuclear   safety   related   structures,   systems   and   components   design   and   analysis   for  
extreme   loads.   His   career   has   included  Manager   of   Structural   Systems   and   Balance   of   Plant  
Engineering   for   the  Westinghouse   Atomic   Power   Division,   and   he   has   acted   as   a   Corporate  
Manager  of  Quality  Assurance  for  a  major  A/E  firm  as  well  as  the  Founder  and  President  of  a  
five-­‐‑office  consulting  engineering  firm  until  he  retired.  

Andrew	
  Whittaker	
  

Dr.  Andrew  Whittaker,  PE,   is  Professor  and  Chair   in   the  Department  of  Civil,  Structural,  and  
Environmental   Engineering   at   the   University   at   Buffalo   and   is   Director   of   the   NSF-­‐‑funded  
NEES   facility   that   is   housed   in   the   Department.   He   is   the   Director   of   the   NSF-­‐‑funded  
earthquake  research  center,  MCEER.  He  holds  a  PhD  in  Structural  Engineering,  and  an  MS  in  
Civil   Engineering,   both   from   the   University   of   California   at   Berkeley,   and   a   BE   in   Civil  
Engineering  from  the  University  of  Melbourne.    

Dr.   Whittaker   served   for   seven   years   as   President   of   the   Consortium   of   Universities   for  
Research   in   Earthquake   Engineering   (CUREE),   which   is   a   not-­‐‑for-­‐‑profit   corporation   in   the  
United  States.   In  2010-­‐‑2011  he  served  on  a  National  Research  Council  committee   to  develop  a  
20-­‐‑year   research  agenda   for   earthquake  engineering   research   in   the  United  States;  he  was   the  
only  academic  structural/geotechnical  engineer  on  the  committee.    

Dr.  Whittaker  has  led  the  development  of  numerous  multi-­‐‑campus,  multidisciplinary  proposals  
including  the  $30M  USD  NEHRP  Consultants  Joint  Venture,  which  is  a  joint  venture  of  CUREE  
and   the   Applied   Technology   Council.   He   developed   and   leads   the   University   of   Buffalo  
involvement   in   three   Indefinite  Delivery   Indefinite  Quantity   (IDIQ)   contracts  with  US   federal  
agencies   on   topics   related   to   blast   engineering   and   infrastructure   protection;   the   lead  
organizations  for  the  IDIQ  contracts  are  CUBRC  and  Black  and  Veatch.  Dr.  Whittaker  served  as  
a  member  of   the  Board  of  Directors   for   the  Earthquake  Engineering  Research   Institute   (EERI)  
from  2008-­‐‑2010,  as  a  member  of   the  Board  of  Directors   for   the  World  Seismic  Safety   Initiative  
(WSSI)   from   2008-­‐‑2010,   and   currently   serves   on   the   Advisory   Committee   of   the   Southern  
California  Earthquake  Center.  

Dr.  Whittaker’s  current  research  interests  include  

• Seismic  behavior  of  low  aspect  ratio  walls  of  conventional  and  composite  (SC)  
construction;  performance  assessment;  predictive  equations;  fragility  functions  
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• Blast  engineering  of  buildings  and  infrastructure:  clearing  effects;  material  models  at  
high  strain  rates;  progressive  collapse;  hydrocode  analysis;  ground  shock  

• Nuclear  structures:  fragility  evaluation  of  conventional  and  isolated  power  plants;  
modular  SC  construction  for  Gen  III+  plants;  Gen  IV  power  plants;  seismic  isolation  

• Performance-­‐‑based  earthquake  engineering:  procedures  for  loss  computations;  scaling  
earthquake  ground  motions;  simplified  methods  of  analysis  

• Seismic  hazard  analysis:  hazard  characterization  for  performance-­‐‑based  design;  near-­‐‑
fault  shaking;  site  amplification;  rotational  components  of  ground  motion  

• Seismic  protective  systems:  new  isolation  systems;  analytical  models  for  isolators;  
system  response.  

Dr.  Whittaker  served  as  the  Associate  Director  of  the  Pacific  Earthquake  Engineering  Research  
(PEER)  Center  from  1998  to  2000.  He  was  the  Associate  Director  of  the  Earthquake  Engineering  
Research  Center   from  1993   to   1998).  Dr.  Whittaker   has  provided   consulting,   peer-­‐‑review  and  
expert-­‐‑witness   services   to   private   companies   and   to   local,   state,   and   federal   government  
agencies  in  the  United  States,  South  America,  Europe,  United  Kingdom,  Russia,  Australia,  and  
Asia.  A  focus  of  his  consulting  work  is  the  application  of  performance-­‐‑based  seismic  design  and  
advanced   blast   engineering   to   tall   and   ultra-­‐‑tall   buildings,   bridges,   and   power-­‐‑related  
infrastructure.  

Dr.  Whittaker   received   the  Gold  Award   from   the   James   Lincoln  Arc  Welding   Foundation,   the  
Grand  Award  from  the  American  Council  of  Engineering  Companies,  and  the  Diamond  Award  
from  the  New  York  Association  of  Consulting  Engineers.  

Dr.  Whittaker  is  a  Fellow  of  the  member  of  the  Institute  of  Engineers  Australia;  a  Member  of  the  
American   Society   of   Civil   Engineers,   the   American   Concrete   Institute,   the   Consortium   of  
Universities   for   Research   in   Earthquake   Engineering,   the   Earthquake   Engineering   Research  
Institute,   and   the  Australian  Earthquake  Engineering   Society;   and   is   an  Associate  Member   of  
the  Structural  Engineers  Association  of  New  York.  

Dr.   Whittaker   serves   on   a   number   of   state,   national   and   international   committees   for   the  
American  Association  of  State  Highway  and  Transportation  Officials  (AASHTO),  the  American  
Concrete   Institute,   the  American  Society  of  Civil  Engineers,   the  Applied  Technology  Council,  
the   Building   Seismic   Safety   Council,   the   California   Department   of   Transportation,   the  
Consortium   of   Universities   for   Research   in   Earthquake   Engineering,   the   US   Department   of  
Homeland  Security,   the  Earthquake  Engineering  Research   Institute,   the  National  Academy  of  
Science/National   Research   Council,   the   National   Institute   of   Standards   and   Technology,   the  
Southern  California  Earthquake  Center,   the  Structural  Engineers  Association  of  California,   the  
Structural  Engineers  Association  of  Northern  California,   the  United  States  Geological   Survey,  
the  University  of  California,  Berkeley,   the  University  of  California,  San  Diego,  and   the  World  
Seismic   Safety   Initiative.   He   serves   on   ASCE   Standard   4   Committee,   the   ASCE   Nuclear  
Structures  Committee,  and  ACI  Committee  349.  

Dr.  Whittaker   serves   on   the   International   Editorial   Board   of   the   archival  Wiley   journal,   The  
Structural   Design   of   Tall   Buildings   and   the   Editorial   Board   of   the   Electronic   Journal   of  
Structural  Engineering.  
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APPENDIX 2:  Presentations 
This  appendix  contains  the  presentations  made  at  the  workshop,  in  the  sequence  in  which  they  
were  presented.  

The  first  four  presentations  are  by  the  project  team:  

• Steven  Bohlen  
• David  McCallen  
• Boris  Jerevic  
• Lawrence  Hutchings  

The  remaining  three  presentations  are  by  the  experts:  

• Andrew  Whittaker  
• Jacobo  Bielak  
• Justin  Coleman  
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Presentation	
  of	
  Steven	
  Bohlen,	
  LLNL	
  
	
  
This	
  presentation	
  was	
  released	
  by	
  LLNL	
  as	
  LLN-­‐PRES-­‐523922.	
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Presentation	
  of	
  David	
  McCallen,	
  LLNL	
  
	
  
This	
  presentation	
  was	
  released	
  by	
  LLNL	
  as	
  LLN-­‐PRES-­‐537891.	
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Presentation	
  of	
  Boris	
  Jeremic	
  LBNL/UC-­‐Davis	
  
	
   	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

57	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

58	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

59	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

60	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

61	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

62	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

63	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

64	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

65	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

66	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

67	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

68	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

69	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

70	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

71	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

72	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

73	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

74	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

75	
  

	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

76	
  

	
  
	
   	
  



LLNL-­‐TR-­‐541933	
   	
   	
   	
   	
   	
   	
   	
   	
   	
  

	
   	
  

77	
  

Presentation	
  of	
  Lawrence	
  Hutchings,	
  LBNL	
  
	
  
This  section  of  Appendix  2  includes  slides  presented  by  Lawrence  Hutchings  of  LBNL.    Prior  to  
the   slides,   this   section   summarizes   the  discussion  at   the  workshop,  prompted  by   some  of   the  
slides,  about  methods  for  developing  realistic  three-­‐‑component,  time-­‐‑domain  seismic  “records”  
from  a  scattered  wavefield,  as  input  into  soils  models.    Although  this  topic  is  related  to  seismic  
motion  effects  on  embedded  nuclear  power  plant  structures  and  equipment,  it  is  not  within  the  
scope   of   the   current  DOE-­‐‑sponsored   project,   nor  within   the   specific   scope   of   this  Workshop,  
and  hence  is  discussed  in  this  appendix  rather  than  the  main  body  of  the  report.  
  
Methods   for  developing   three-­‐‑component,   time-­‐‑domain   seismic   “records”   include   earthquake  
rupture  models,  regional  wave  propagation,  and  local  geologic  scattering.    The  motion  is  linear  
and  will  couple  with  the  soils  models  to  drive  the  non-­‐‑liner  effects  in  the  soils  and  structure.    It  
was   recognized   during   the   workshop   discussion   that   ultimately   such   input   ground  motions  
could  be  necessary  in  order  to  calculate  the  response  of  buried  structures  realistically.  Further,  it  
was  argued  that  computing  ground  motions  offer  the  best  means  to  get  realistic  input  motions,  
because  recordings  of  ground  motions  at  surface  or  basement  sites  from  previous  earthquakes,  
are  point  recordings  that  do  not  provide  the  point-­‐‑to-­‐‑point  variability  that  is  important  for  SSI  
problems.    
  
Synthetic   ground  motions   can   be   calculated   for   realistic   fault   ruptures   from   earthquakes   that  
may  impact  a  specific  site,  and  these  motions  and  can  incorporate  the  actual  geology  of  the  site.  
This   is   in  contrast   to   the  use  of  recordings   from  other  sources  and  geologies   that  may  or  may  
not  be   relevant   to   the   specific   site.  Further,   recorded  ground  motions  are  generally   limited   to  
frequencies   less   than   25   Hz,   which   limits   the   ability   to   examine   high   frequency   effects   on  
structures.    Finally,  calculating  synthetic  ground  motions  allows  one  to  carry  out  experiments  to  
understand   the   structural   response   sensitivity   to   geologic   heterogeneity,   rupture   propagation  
and  near-­‐‑source   effects,   source-­‐‑site  geometric   effects  on   the  wavefields,   and  non-­‐‑linearities   in  
soil  response  caused  by  different  size  earthquakes.    
  
Given   the   above,   there  was   a   sentiment   expressed   during   the  Workshop   that   ultimately   this  
type  of  modeling  work  on  the  input  motions  to  the  soils  model  will  be  an  important  constituent  
of  the  long-­‐‑sought  realistic  numerical  model  of  the  entire  “system.”  
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Presentation	
  of	
  Andrew	
  Whittaker,	
  Expert	
  Panel	
  
Universities  
NTU      =   National  Taiwan  University  
Purdue   =   Purdue  University  
UB/LBNL   =     University  at  Buffalo/Lawrence  Berkeley  National  Laboratory  
UCB      =   University  of  California,  Berkeley  
UCD      =   University  of  California,  Davis  
UP      =   University  of  Patras  
UW      =   University  of  Washington  
  
Industry  
RPK      =   Robert  Kennedy  
FO      =   Farhang  Ostadan  
MW      =   Michael  Willford  
  
University  at  Buffalo  
  

• Seismic  probabilistic  risk  assessment  procedures  (UB,  NTU)  
– Benefits  of  seismic  isolation  in  terms  of  safety  
– Reduced  seismic  capacity  of  SCCs  if  plant  isolated  

• Seismic  isolation  systems  (UB)  
– Including  uncertainty  and  variability  in  isolator  characteristics  (RPK)  
– Seismic  isolation  provisions  of  ASCE  4;  DoE/NRC  requirements  (RPK)  
– Beyond  design  basis  response  of  isolated  NPPs  
– NUREG  
– Numerical  models  of  isolators  under  extreme  loadings  (LBNL)  
– Effect  of  impact  on  the  hard  stop  
– Issues  relevant  to  SMRs  

• Soil-­‐‑structure  interaction  (UB,  UCD,  UCB,  FO,  MW)  
– Frequency-­‐‑  vs  time-­‐‑domain  techniques  
– Structure-­‐‑soil-­‐‑structure  interaction  
– Performance-­‐‑based  assessment  

• Rotational  components  of  earthquake  ground  motion  (UB,  UP)  
– Single  and  multiple  station  procedures  

• Weapons  effects  on  conventional  and  isolated  nuclear  structures  (UB)  
– Air-­‐‑shock  and  ground  shock  
– Effect  of  weapon  shape  and  point  of  detonation  on  near-­‐‑field  overpressure  

distributions  
• Treatment  of  accidental  torsion  in  nuclear  structures  (UB)  

– Guidance  for  ASCE  4  
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• Low  aspect  ratio  RC  walls  (UB,  UCB,  UW)  
– Large-­‐‑scale  testing  
– Numerical  models,  system  modeling  and  studies  
– Performance-­‐‑based  design  
– Fragility  functions  for  performance/risk  assessment  

• Low  aspect  ratio  SC  walls  (UB,  Purdue)  
– Large-­‐‑scale  testing  
– Numerical  models,  system  modeling  and  studies  
– Performance-­‐‑based  design  
– Fragility  functions  for  performance/risk  assessment  

University  of  California,  Berkeley/LBNL  

University  of  California,  Davis  
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Presentation	
  of	
  Jacobo	
  Bielak,	
  Expert	
  Panel	
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•  Spanning geological to engineering scales 
•  Multiple uncertainties (source rupture, material model: background and local) 

!"#$%&%'(&)*%+,-)

End-to-End: From the source to the response of complex engineering systems. 

Simulation of Earthquake Impacts using the DRM  

Jacobo Bielak, Yigit Isbiliroglu, and Ricardo Taborda 

Carnegie Mellon University 

!"#$%&'!%$()*+$+,+'*($

Domain Reduction Method (DRM) 
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Presentation	
  of	
  Justin	
  Coleman,	
  Expert	
  Panel	
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