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American 
National  
Standard  

Designation of this document as an American National Standard attests that the principles 

of openness and due process have been followed in the approval procedure and that a 

consensus of those directly and materially affected by the standard has been achieved.  

This standard was developed under the procedures of the Standards Committee of the 

American Nuclear Society;  these procedures are accredited by the American National 

Standards Institute,  Inc.,  as meeting the criteria for American National Standards.  The 

consensus committee that approved the standard was balanced to ensure that competent,  

concerned,  and varied interests have had an opportunity to participate.  

An American National Standard is intended to aid industry,  consumers,  governmental 

agencies,  and general interest groups.  Its  use is entirely voluntary.  The existence of an 

American National Standard,  in and of itself,  does not preclude anyone from 

manufacturing,  marketing,  purchasing,  or using products,  processes,  or procedures not 

conforming to the standard.  

By publication of this standard,  the American Nuclear Society does not insure anyone 

utilizing the standard against liability allegedly arising from or after its use.  The content of 

this standard reflects acceptable practice at the time of its approval and publication.  

Changes,  if any,  occurring through developments in the state of the art,  may be considered 

at the time that the standard is subjected to periodic review.  It may be reaffirmed,  revised, 

or withdrawn at any time in accordance with established procedures.  Users of this standard 

are cautioned to determine the validity of copies in their possession and to establish that 

they are of the latest issue.  

The American Nuclear Society accepts no responsibility for interpretations of this standard 

made by any individual or by any ad hoc group of individuals.  Inquiries about 

requirements,  recommendations,  and/or permissive statements (i.e. ,  “shall,” “should,” and 

“may,” respectively) should be sent to the Society headquarters,  ATTN:  Standards or to 

standards@ans.org.  Action will be taken to provide appropriate response in accordance 

with established procedures that ensure consensus.  

Comments on this standard are encouraged and should be sent to Society headquarters.  
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Inquiry 
Requests  

The American Nuclear Society (ANS) Standards Committee will provide responses to 

inquiries about requirements,  recommendations,  and/or permissive statements (i.e. ,  “shall,” 
“should,” and “may,” respectively) in American National Standards that are developed and 

approved by ANS.  Responses to inquiries will be provided according to the Policy Manual 

for the ANS Standards Committee.  Nonrelevant inquiries or those concerning unrelated 

subjects will be returned with appropriate explanation.  ANS does not develop case 

interpretations of requirements in a standard that are applicable to a specific design,  

operation,  facility,  or other unique situation only and therefore is not intended for generic 

application.  

Responses to inquiries on standards are published in ANS’s magazine,  Nuclear News,  and 

are available publicly at www.ans.org or by contacting standards@ans.org.

Inquiry 
Format 

Inquiry requests shall include the following:  

(1 )   the name,  company name if applicable,  mailing address,  and telephone number of the 

inquirer;  

(2)  reference to the applicable standard edition, section, paragraph, figure, and/or table; 

(3)   the purpose(s) of the inquiry;  

(4)  the inquiry stated in a clear,  concise manner;  

(5)  a proposed reply,  if the inquirer is in a position to offer one.  

Inquiries should be addressed to 

American Nuclear Society 

ATTN:  Standards

555 N.  Kensington Avenue 

La Grange Park,  IL 60526 

or standards@ans.org 
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Foreword  

 

 
 

 
 

 

(This foreword does not contain any requirements of American National Standard “Criteria for Investigations 
of Nuclear Facility Sites for Seismic Hazard Assessments,” ANSI/ANS-2.27-2020, but is  included for 
informational purposes.) 

This standard provides requirements and recommended practices for conducting investigations and 

acquiring geological,  geophysical,  and geotechnical datasets needed for the assessment of seismic 
hazards at nuclear facilities.  The investigations and datasets described in this standard support many 

aspects of seismic hazards assessment, including the characterization of local and regional seismic 

sources for probabilistic seismic hazard analysis and characterization of local faults and site  

conditions for probabilistic fault displacement hazard analysis,  or,  for blind or buried faults,  

probabilistic tectonic deformation hazard analysis.  This standard also discusses site-specific  

investigations for foundation stability and datasets that are necessary and/or useful for site response 

and soil–structure interaction analyses as well as the evaluation of nontectonic,  earthquake-induced 
ground failure hazards such as liquefaction, ground settlement, and slope failure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Figure A – The set of standards that operate together to  inform the assessment of 

seismic hazards and seismic design at nuclear facilities.  

ANSI/ANS-2.26-2004 (R2017) 

provides criteria for selecting a 
seismic design category (SDC) for the 
structures,  systems,  or components 
(SSCs) in a nuclear facility and 
provides guidance for selecting the 

limit states for the SSC.  It also 
identifies target performance goals for 
SDC-2, SDC-3,  SDC-4, and SDC-5  
that are used in developing 
ASCE/SEI 43-1 9 design provisions. 

ANSI/ANS-2.27-2020  provides guidance 
for the geological,  seismological, and 
geotechnical investigations necessary to 
provide information to support 
development of site-specific seismic 
hazard curves and uniform hazard response 
spectra.  Also provides information to 

support fault displacement and tectonic 
deformation hazard curves.  

ANSI/ANS-2.29-2020  specifies how 
to develop the site-specific seismic 
hazard curves and the uniform hazard 
response spectra for SDC-2,  SDC-3, 
SDC-4,  and SDC-5  that are used in 
ASCE/SEI 43-1 9 for developing the 
design-basis seismic response spectra 
for SDC-2,  SDC-3,  SDC-4,  and 
SDC-5. 

ANSI/ANS-2.30-2015 (R2020) 
provides criteria and guidelines for 
assessing permanent ground 
deformation hazard due to tectonic 
surface fault rupture and 
deformation at nuclear facilities.  It 
also provides guidance on site 
selection for SDC-3,  SDC-4,  and 
SDC-5  facilities. 

ASCE/SEI 43-19 specifies seismic 
design criteria and analysis methods 
for SDC-2,  SDC-3,  SDC-4,  and 
SDC-5  and identifies the use of the 
International Building Code® and 
ASCE/SEI 7-16 for SDC-1 .  It also 
establishes design criteria and 
deformation limits corresponding  
to the limit states identified in  
ANSI/ANS-2.26-2004 (R2017). 
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This standard is one of a group of five standards that address siting and the seismic design process 
for nuclear facilities (Figure A).  The overall objective of these standards is to achieve a risk-

informed design that protects the public, the environment, and workers from potential 

consequences of earthquakes.  The other four standards are ANSI/ANS-2.26-2004 (R2017), 
“Categorization of Nuclear Facility Structures, Systems, and Components for Seismic Design”;  

ANSI/ANS-2.29-2020, “Probabilistic Seismic Hazard Analysis”;  ANSI/ANS-2.30-2015  (R2020), 
“Criteria for Assessing Tectonic Surface Fault Rupture and Deformation at Nuclear Facilities”; and 

ASCE/SEI 43-19, “Seismic Design Criteria for Structures, Systems, and Components in Nuclear 

Facilities.”  

The working group has incorporated risk-informed and/or performance-based requirements 

into this standard.  This standard might reference documents and other standards that have been 

superseded or withdrawn at the time the standard is applied.  A statement has been included in 

the references section that provides guidance on the use of references.  
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Society.  The following members contributed to this standard:  

K.  L.  Hanson (Chair),  Individual 

W. U.  Savage (Vice Chair),  Individual 

 

J.  P.  Ake, U.S.  Nuclear Regulatory Commission  

M. L.  Cline,  RIZZO International,  Inc.  

R.  C.  Lee, Los Alamos National Laboratory 

Y.  Li,  Defense Nuclear Facilities Safety Board 

C.  Munson, U.S.  Nuclear Regulatory Commission  

R.  Nigbor, Individual 

S.  S.  Olig, Olig Seismic Geology 

E.  M.  Rathje,  University of Texas at Austin  

A.  Rodriguez-Marek, Virginia Tech 

L.  Schleicher, Defense Nuclear Facilities Safety Board 

K. H.  Stokoe, University of Texas at Austin  

S.  C.  Thompson, Lettis Consultants International,  Inc.   
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1  

Criteria for Investigations of Nuclear 

Facility Sites for Seismic Hazard 

Assessments 

1 Introduction, scope, purpose, and application 
 
1.1  Introduction 

 
This standard1 )  is one of a series of national standards designed to provide criteria and guidelines to promote 
uniform and effective assessment of seismic hazards at sites of nuclear facilities,  As defined in ANSI/ANS-
2.26-2004 (R2017) [1 ],2)  a nuclear facility is a facility that stores, processes, tests,  or fabricates radioactive 
materials in such form and quantity that a nuclear risk to the workers,  to the off-site public,  or to  the 
environment could exist.  These include, but are not limited to, nuclear fuel manufacturing facilities;  nuclear 
material waste processing,  storage,  fabrication,  and reprocessing facilities;  uranium enrichment facilities; 
tritium production and handling facilities;  radioactive materials laboratories,  and nuclear reactors.  
 
1 .2 Scope 
 
This standard provides criteria and guidelines for conducting geological, seismological, geophysical, and 
geotechnical investigations needed to provide information to support the following:  
 

(1 ) seismic source characterization input to a probabilistic seismic hazard analysis (PSHA);  

(2) evaluation of tectonic permanent ground deformation (PGD) hazard using probabilistic fault 
displacement hazard analysis (PFDHA) for surface-faulting sources and probabilistic tectonic 

deformation hazard analysis (PTDHA) for blind fault sources; 

(3 ) site response analysis input to PSHAs; 

(4) nontectonic,  earthquake-induced ground failure hazard; 

(5)  foundation stability.  
 
1.3 Purpose 
 
The information (datasets) collected under this standard are needed as input to  probabilistic analysis of 
seismic hazards at nuclear facilities as specified in ANSI/ANS-2.29-2020 [2]  and ANSI/ANS-2.30-201 5 
(R2020) [3 ].  The purpose of these standards is to properly identify and characterize hazards commensurate 
with the level of risk and design requirements associated with each nuclear facility as specified in 
ANSI/ANS-2.26-2004 (R201 7) [1 ]  and ASCE/SEI 43 -19 [4].  Additional criteria may be specified by the 
applicable regulatory authority.  
  
1 .4 Application 
 
The guidelines and requirements provided in this standard are applicable for the design and evaluation of 
seismic design category3 )  (SDC)-3 ,  SDC-4,  and SDC-5  facilities [1 ] .  These can also be applied to SDC-1  

 
1 )  The current standard, ANSI/ANS-2.27-2020, is  hereinafter referred to as “this standard.” 
2)  Numbers in brackets refer to  corresponding numbers in Sec.  5 ,  “References.”  
3 )  The SDCs used in this standard are not the same as the SDCs referred to in the International Building Code  [5 ] .  
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and SDC-2 facilities if,  for safety,  economy, or other reasons,  a site-specific seismic hazard determination 
becomes necessary.  The selection of specific investigations and level of detail needed to assess seismic and 
earthquake-induced hazards are dependent on both the nature of the nuclear facility (i.e. ,  SDC as defined 
by ANSI/ANS-2.26-2004 (R2017) [1 ]  and site-specific conditions.   

 
2 Acronyms and definitions 
 

2.1  Acronyms  

 

ANS:     American Nuclear Society 

ANSI:    American National Standards Institute 

ASCE/SEI:   American Society of Civil Engineers/Structural Engineering Institute 

ASTM:    American Society for Testing and Materials 

CEUS:    central and eastern United States 

CFR:   Code of Federal Regulations  

CPT:     cone penetration test 

DEM:    digital elevation model 

DMT:    dilatometer test 

EPRI:    Electric Power Research Institute 

GIS:     geographical information system  

GMPE:    ground motion prediction equation 

GNSS:    global navigation satellite system 

GPS:     global positioning system 

HVSR:    horizontal-to-vertical spectral ratio measurements 

iBPT:     instrumented Becker penetration test 

InSAR:    interferometric synthetic aperture radar 

MAM:    microtremor array measurements 

MASW:    multichannel analysis of surface waves 

Mmax:     maximum magnitude  

NRC:     U.S.  Nuclear Regulatory Commission 

NUREG:   U.S.  Nuclear Regulatory Commission technical report 

NUREG/CR:   U.S.  Nuclear Regulatory Commission technical report prepared by contractor 

PFDHA:    probabilistic fault displacement hazard analysis   

PGD:     permanent ground deformation 

P/S:     P-wave/S-wave 

PSHA:    probabilistic seismic hazard analysis 

PTDHA:   probabilistic tectonic deformation hazard analysis 

QA:     quality assurance 

RQD:     rock quality designation 

SAR:     synthetic aperture radar 
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SASW:    spectral analysis of surface waves 

SCPT:    seismic cone penetration test  

SCR:     stable continental region  

SDC:     seismic design category 

SPT:      standard penetration test 

SSC(s):    structure(s), system(s),  and (or) component(s) 

SSHAC:    Senior Seismic Hazard Analysis Committee 

SSI:     soil–structure interaction 

SSM:     seismic source model 

USGS:    U.S.  Geological Survey 

VLBI:    very long baseline interferometry 

 
2.2 Shall,  should, and may 

 
shall, should, and may:  The word “shall” is used to denote a requirement; the word “should” is used to 
denote a recommendation;  and the word “may” is used to denote permission,  neither a requirement nor a 
recommendation. 

 
2.3 Definitions 

 
accelerogram:  A representation (either recorded,  modified recorded, or synthetic) of the acceleration of 
the ground during an earthquake.  
 
aleatory variability:  The variability inherent in a nondeterministic (stochastic,  random) phenomenon.  In 
principle, aleatory variability of a nondeterministic phenomenon cannot be reduced by the accumulation of 
more data or additional information,  but the accumulation of more data or additional information can better 
constrain the aleatory variability of a probabilistic model of a nondeterministic phenomenon.  Note that 
aleatory variability is sometimes called “aleatory uncertainty” or “randomness.” 
 
areal source:  A volume of the earth’s crust,  commonly represented in map view as a bounded region, 
within which future seismicity is assumed to have a continuous distribution. 
 
blind fault:  A buried fault or fault zone that does not rupture to  the ground surface but can cause surface 
deformation.  
 
central and eastern United States (CEUS): That portion of the United States east of the Rocky Mountains 
(east of approximately 105° W longitude).  
 
concealed fault:  A fault that once ruptured to the earth’s surface but that has subsequently been buried by 
deposition of material atop the surface trace during the period between surface ruptures. 
 
coseismic:  A term that relates an occurrence of a phenomenon to the simultaneous occurrence of earthquake 
waves.  
 
epistemic uncertainty:  The uncertainty attributable to incomplete knowledge about a phenomenon that 
affects our ability to  model it.  Epistemic uncertainty is reflected in ranges of values for parameters of a 
particular model,  a range of viable models, the level of model detail, multiple expert interpretations, and 
statistical confidence. In principle, epistemic uncertainty can be reduced by the accumulation of additional 
information.  Note that epistemic uncertainty is sometimes also called “modeling uncertainty.” 
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fault, fault zone:  A fracture in the earth along which blocks on either side have moved with respect to one 
another.  Faulting can occur along multiple planes.  The area encompassing this faulting is a fault zone.  
 
fault displacement:  The relative movement of the two sides of a fault,  measured in any chosen direction; 

also,  the specific amount of such movement.  As used here, the term applies to either slip or separation as 
measured or inferred along a fault.  Principal faulting occurs along a main plane (or planes) that is (are) the 
locus of release of seismic energy.  Secondary or distributed faulting is rupture that occurs in the vicinity of 
the principal faulting, possibly on splays of the main fault or antithetic faults.  
 
fault source:  In a seismic source model (SSM), a fault or zone for which the tectonic features causing 
earthquakes have been identified.  These are usually individual faults,  but they can be zones comprising 
multiple faults or regions of faulting if surface evidence of these faults is lacking but the faults are suspected 

from seismicity patterns,  tectonic interpretations of crustal stress and strain,  and other evidence. 
 
frequency of exceedance:  The number of times within a particular time period that a specified amplitude 
of ground motion is exceeded. Many past seismic hazard studies have referred to this as a “probability of 
exceedance.” When the frequency of exceedance is low (e.g.,  0.01  or less),  it is numerically the same as the 
exceedance probability during the same time period.  However,  the frequency of exceedance can be greater 
than 1  (e.g. ,  for very low amplitudes),  but the exceedance probability cannot.  

 
ground acceleration:  Acceleration at the ground surface produced by seismic waves.  Typically expressed 
in units of gravity (g), the vertical acceleration of gravity at the earth’s surface (standard conventional value 
of 9.80665  m/s2).  
 
Holocene:  The geologic epoch referring to a period of time between the present and approximately 1 1 ,700 
years before present.  

 
hypocenter:  The point of the earth’s crust where a rupture initiates, creating an earthquake. 
 
intraplate, interplate:  Intraplate pertains to  processes within the interior of the earth’s crustal plates (far 
from plate boundaries),  while interplate pertains to  processes at the interface between the plates (close to 
or at plate boundaries).  
 
intraslab, interface:  Terms used to describe seismic sources of subduction zones.  Intraslab pertains to 

processes within the subducting plate,  while interface pertains to the boundary between subducting and 
overriding plates.  
 
limit state:  The limiting acceptable deformation,  displacement,  or stress that a structure,  system,  or 
component (SSC) can experience during or following an earthquake and still perform its safety function.  
Four limit states are identified and used by ANSI/ANS-2.26-2004 (R2017) [1 ]  and ASCE/SEI 43-19  [4].  
 

liquefaction:  A phenomenon that occurs in cohesionless soils that involves the transfer of overburden stress 
from the soil skeleton to the pore fluid under undrained conditions, with the associated increase in pore 
water pressure and reduction in effective stress and strength.  For earthquake-induced liquefaction,  this 
transfer is due to the contractive tendencies of the soil skeleton during earthquake shaking.  
 
magnitude:  A parameter that characterizes the relative size of an earthquake.  Traditionally,  magnitude has 
been based on measurement of the maximum motion recorded by a seismograph.  Several scales have been 

defined,  but the most commonly used are (a) local magnitude (ML),  commonly referred to as “Richter 
magnitude”;  (b) surface-wave magnitude (MS);  (c) body-wave magnitude (mb);  and (d) moment magnitude 
(M).  Scales ML,  MS,  and mb  have limited range and applicability and do not satisfactorily measure the sizes 
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