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Foreword

American National Standard ANSI/ANS-2.2-2016

(This foreword is not a part of American National Standard “Earthquake Instrumentation
Criteria for Nuclear Power Plants,” ANSI/ANS-2.2-2016.)

The purpose of this standard is to specify for water-cooled nuclear power plants the
minimum requirements for earthquake instrumentation. Should an earthquake occur, the
instrumentation provides information on the vibratory ground motion and resultant
vibratory responses of representative Category I structures (defined in U.S. Nuclear
Regulatory Commission Regulatory Guide 1.29, “Seismic Design Classification for
Nuclear Power Plants”) so that an evaluation can be made as to

(1) whether or not the design response spectra have been exceeded;

(2) whether or not the motion was damaging through determination of its
standardized cumulative absolute velocity (CAV) as incorporated in ANSI/ANS-
2.23-2016, “Nuclear Power Plant Response to an Earthquake”;

(3) whether or not the calculated vibratory responses used in the design of the
representative Category [ structures and equipment have been exceeded at
instrumented locations;

(4) the degree of applicability of the mathematical models used in the seismic
analysis of the building and equipment.

In addition, instrumentation could be provided to furnish specific information that would
increase knowledge and understanding of seismic design. The problem of determining
what additional instrumentation is needed to perform this function should be the basis of
research and development programs and is not addressed in this standard.

The seismic design of nuclear power facilities requires, in part,

(1) the determination of (a) site-specific earthquake ground motion response spectra,
and (b) site-independent certified broadband smooth response spectra, referred
to as certified seismic design response spectra (CSDRS);

(2) the construction of mathematical models for dynamic analysis from which the
vibratory response of structures and equipment to the input vibratory ground
motion can be calculated.

Seismic designs for nuclear power plants utilize advanced analytical and design
techniques. Therefore, evidence that the earthquake ground motion response spectra,
developed from actual instrumental measurements, did not exceed the design basis
spectral values, or that the CAV from the free-field instrument showed that the motion
was not damaging, in accordance with ANSI/ANS-2.23-2016, “Nuclear Power Plant
Response to an Earthquake,” would give reasonable assurance that plant structures and
equipment were not damaged or made inoperable. In addition, the determination by
actual instrument data of (a) the resultant vibratory responses of representative structures,
(b) the input to supported equipment, and (c) the check of the applicability of
mathematical models used in the dynamic analysis would give further assurance that
plant structures or equipment was not damaged.

When an earthquake occurs, it is important to determine as soon as possible (within 4
hours) whether or not the free-field motion exceeded predetermined conditions in
accordance with ANSI/ANS-2.23-2016. An acceptable instrumentation system would
provide necessary data in a conveniently usable form for making this determination in a
timely manner. Through the use of commercially available instruments, and by
specifying their functional and operational requirements, an acceptable instrumentation
system can be assembled, procured, installed, and operated. This standard provides the
minimum requirements for an acceptable seismic instrumentation system.
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The basic and most important instrument for measuring vibratory motion is the data
acquisition unit (DAU), a subsystem of the seismic monitoring system (time-history
accelerograph in previous versions of this standard), that acquires, stores, and transmits
digital data from one or more sensors. A DAU consists of amplifiers, analog-to-digital
converter, storage, telemetry, and timing source (for instance, global positioning system
or network time protocol). From the resulting time-history records, the peak accelerations
and duration can be determined, and the response spectra and CAV can be derived by
computation.

This standard references documents and other standards that may have been, or become,
superseded or withdrawn at the time the standard is applied. A statement has been
included in the reference section that provides guidance on the use of such references.

This standard does not explicitly incorporate the concepts of generating risk-informed
insights, performance-based requirements, or a graded approach to quality assurance. The
user is advised that one or more of these techniques could enhance the application of this
standard.

This standard was prepared by Working Group ANS-2.2 of the American Nuclear
Society Standards Committee. This is a major revision to the ANSI/ANS-2.2-2002
standard. All comments received were reviewed and, where possible, were incorporated.
Working Group ANS-2.2 had the following membership during its work on this standard:

F. Ostadan (Chair), Bechtel Corporation

J. Ake, U.S. Nuclear Regulatory Commission

M. Ciudad-Real, Kinemetrics, Inc.

V. Graizer, U.S. Nuclear Regulatory Commission
R. J. Hunt, Consolidated Nuclear Security LLC
J. J. Johnson, James J. Johnson and Associates
R. M. Kenneally, Individual

R. Lee, Los Alamos National Laboratory

M. Lewis, Bechtel Corporation

J. Marrone, Bechtel Corporation

R. Nigbor, University of California, Los Angeles

This standard was prepared under the guidance of the Siting: Seismic Subcommittee,
which had the following membership at the time of its approval:

Q. Hossain (Chair), Lawrence Livermore National Laboratory
J. Xu (Vice Chair), U.S. Nuclear Regulatory Commission

E. Gibson, Defense Nuclear Facilities Safety Board

K. Hanson, Individual

R. Kassawara, Electric Power Research Institute

F. Ostadan, Bechtel Corporation

J. Savy, Individual

I. Wong, URS Professional Solutions LLC (an AECOM Company)

The Environmental and Siting Consensus Committee (ESCC) had the following
membership at the time of its approval of this standard:

C. A. Mazzola (Chair), CB&I Federal Services
Y. Gao (Vice Chair), Westinghouse Electric Company, LLC

il



American National Standard ANSI/ANS-2.2-2016

T. Bellinger, Consolidated Nuclear Solutions, LLC
D. Bruggeman, Los Alamos National Laboratory
(Alt. J. Dewart, Los Alamos National Laboratory)
K. Bryson, Individual
J. Call, OASYS, Inc.
P. Doub, U.S. Nuclear Regulatory Commission
Q. Hossain, Lawrence Livermore National Laboratory
R. J. Hunt, Consolidated Nuclear Solutions, LLC
A. L. Miracle, Pacific Northwest National Laboratory
J. O’Brien, U.S. Department of Energy
L. Spradley Parks, U.S. Nuclear Regulatory Commission
T. C. Rasmussen, University of Georgia
J. Savy, Individual
S. A. Vigeant, CB&I Federal Services
J. Xu, U.S. Nuclear Regulatory Commission

ESCC Observer:

B. Harvey, U.S. Nuclear Regulatory Commission

il



American National Standard ANSI/ANS-2.2-2016

Contents

Section Page
) N eTe] oL OO SO PRRUPRUPPR 1
2 PUIPOSE - ettt e bt e bt e e ht e et e e eateeebeeenteenns 1
3 Acronyms and defiNItIONS. .......eiierieiieiieriieieettet ettt ettt et e et e st esseenseenseeseeseenseeneas 1
3.1 Shall, should, and MAY .......ccoieiiiiicieieeceeeee ettt enaennens 1

3.2 LiSt OF @CTOMYIMS ..ecueitiiieiieieeie et eiete ittt et et et ettt e e ste et e st e sesseeneessenseeseentensenseaneensensens 1

3.3 DETINITIONS. c. ettt ettt ettt ettt b bttt b e es et st bt oot bt eb b et e b bt enaenten 2

4 General information and reqUITEMENES .........ccueeiirierierienieneenieereeseeseeeseeesseesseesseesseesseesseenseas 5
4.1  InStrument dESCTIPLION. .....eeueeieeieeieiieteete et etteteste et eseeteste st esaensesseeseenseseeseensensesseeneensenses 5

4.2 DAt ANALYSIS .ouveveriieiieieeieeieieie sttt et ettt ettt et et et e st e tete et e st esente st enseteeneeneensennes 5

4.3 Instrument location from design verification and ALARA considerations....................... 6

4.4 Required SENSOT 10CALIONS ....eevieiieiieiieieeieeieete ettt s eeteebe e enaeenaeenbeenseenes 6

4.5 Instrumentation at MUIIUNIE STEES......cveruereeriiriieieieee ettt enee e 13

4.6 Interconnection Of INSTIUMENES......cc.eiieriirirtieiieieere sttt 13

4.7 Timeliness of data evaluation ..........ccccoeririiiiiininieeeee e 13

5  INStrUmMENt FEQUITEINEILS ..c..eeueeuietirtirtieiteterte ettt sttt et ettt e e be bt et e e bt sbeesbenaesbeeseentenaens 13
ST GONETAL..eiieie ettt ettt et et 13
5101 ACCULACY -ttt ettt ettt et e et e et e et e e sabeesabeesnbeeens 13

5.1.2 OPETAtiNg TANEZE ....eoevveeeieeeieeiieeiieetieetteeteesteeeteesteesteesttestaessaesseesseesseesseesseesseesseesseens 13

5.1.3 DAt CAPACILY .ovverveireieieieitieitie sttt sttt ettt ettt st sb e st e sbee st esbeesbeesbeesbeesaeesaeen 14

5.1.4 CONNECHIVIEY ...evietienieteetieiteie ettt eee e ste et eseeste s st eseestesse st e esaensesseeseeneensesseeseensensenses 14

5.1.5 BaCKUDP POWET ..ooviiiiiiitiiciie ettt ettt ettt sttt st st saeesteesseessaesseeseeessnenneens 14

5.1.6 REHADIIEY ..ovieiieiieiiceieeieeee ettt ene e naenae e 14

5.1.7 In-Service testing and MAINTENANCE ........c.ecverveeeeerierierreerieieseseeeeeeeee e eeeeaeneenes 14

5.2 ACCEIETation SENSOT(S).c.veetierierieiietieieeteeteeteeseesteeseesseesseenseesseeseesseenseenseenseenseenseenns 15
5.2.1 AMPILUAL TANEZE ..oooviieiiieiieeiie ettt st steesaeesaeesaeeseaen 15

5.2.2 FIEQUENCY TANEE.....ceueiruieruiertieeteesttesitesttesteesteesteesteesteesteesaeesseesbeesseesbeesseesseesseesseens 15

5.2.3 SPUITOUS TESOMANCES. .....vveeureereeeertiertientienseenseenseenseenseeseenseenseenseenseenseenseenseesseensees 15

5.2.4 Cross aXiS SENSILIVILY ..eeveeierierieriientientienteenteenteenteenseeseenseenseenseenseenseenseenseenseenses 15

5.3 Data aCqUISTHION UNTE ...cuviiiieiieiieieeie e eee ettt et e et e eteeaeeeaeeaaeesseesseesaeesseessesnsassnennns 15
5.3.1 Data type and fOIrMAL..........ecverieriieiieriieiieieeiteieeie ettt ettt ssee s enseenseenaees 15

5.3.2 SAMPIING .c.vieiiiiieiietieceeee ettt ettt ettt et e te et e e bt ebee st e st e seeneenean 15

5.3.3 BandWidth.......coooiiiiiiice e et 15

534 TIMNG ..evieiienieetieie ettt ettt e et e st e et e s teeseenseseeseeneenseeseeseensansesseeneensenes 15

5.3.5 Triggering and alarMming ..........ccceeverierienieniienienieeneeeneeseeseeesseesseesseesseesseesseenseas 16

5.3.6 RECOTAING SEUEINCE .....e.veevienieteeeieiieteete et eeteneestesteeieeteseesseesaessasseesaensensesseeneensenes 16

5.3.7 State-of-health MONItOIING ........ceveieiiriieiieieiere e 16

6 Instrumentation station iNStAllAtioN...........cccieieiiireriiiieeeee e 16
6.1 Mechanical TIZIAILY ..coveeeuieeiieiecie ettt ettt et e teeaeeae e enee 16

6.2 ACCESSIDIIEY . cueeuiieeieetieciiecie ettt ettt et et ettt ettt e beenteenbeenaeenee 16

LT T @5 1S3 117211 o s LRSS 17

0.4 ACTUATION ...ttt ettt ettt ettt s ettt b ettt et et bt ene et 17
0.4.1 GOINETAL ....eouiiiiiiiiiieiee ettt 17

6.4.2 Actuating 1eVelS .....ccoooviieiiieiee e 17

6.5 ReMOtE INAICAtION .....eouieeieiiiiieeieiieie ettt ettt et e stesseeneesesseeneenneeenes 17

6.6 Instrumentation Station ENVIFONMMENL.......c..coueruireeierierieriieiertenteeteeieniesteeaeenteseeebeeneenae e 17

LT 10117211103 VPSSR 17



American National Standard ANSI/ANS-2.2-2016

7 Accompanying MALETIALS ........ecuieruieriieriieiietiet ettt ettt et et e st e s seesaeesneesneeseeenneeens 18
8 Other INSIUMEILS ..ouviiiiiieiiiiite ettt ettt ettt ettt st sbeesee b sbesaeeseenaesbeennens 18
9 SUIVEIIIANCE ...ttt et sttt ettt st eneen 18
0.1 GONETAL....cuviiiieie ettt et ettt e e et e sae e e te e teeste e be e beebeenbeebeenbeenbeeenaenes 18
9.1.1 Technical ProCEAUIES ........cccvieiiiieiie ettt ettt ettt ettt eeereesnnee e enenas 18
9.1.2 TeStING PIOCEAUIES .......eeueieiiieiiieiiieie ettt ettt ettt et et e st e saeesseesseesseesseesseesaeenns 18
9.1.3 AdMINIStrative PrOCEAUIES ........ecvierirreeieereeeeeeeseeseeseesseesseesseesseesseesseesseesseennes 18
9.2 SCREAUIE ..ottt e 19
9.2.1 GONETAL..c.iiiiiiiiiiiice ettt ettt 19
9.2.2 Specific Surveillance tasks .........ccoociiieiiiriinienieiesesee e 19
0.3 TESt TEQUITEIMENLS .....veeuiieeeieeeireesieeeieeeteeeseeesteeesereessseessseessseessseeassseessseessseessseesssesenseeens 19
9.3.1 State-of-health Check ........ccceouiriniiiiiiiiiiccccc e 19
9.3.2 Channel calibration ..........cocceverieririiiieieienic et 20
10 REIEIEICES ..ttt ettt st ettt st et sb st ebe et sbe e ene 20
Figures
Figure 1 Seismic Category I structures supported on independent
FOUNAATIONS ...ttt sttt e ste e teesse e baeseens 9
Figure 2 All Seismic Category I structures supported on containment
TOUNAALION ..ottt 10
Figure 3 Several Seismic Category I structures supported on containment
foundation (nuclear island) and other Seismic Category [
structures supported on independent foundations ..........cccceeceeveeiiieieennne 11
Figure 4 Several Seismic Category I structures supported on containment

foundation (nuclear island) and other Seismic Category I
structures designed with site-independent and site-specific

TESPONSE SPECLTA ..eeutetentieeiiieaitieetieetteestteesiteesiteeeateeeabeeeneeeaseeesaeeesnneesabeeenne 12
Table
Table 1 Sensor locations and numbers for various nuclear power plant design
CONTIGUIALIONS ...cveeeteiie ettt ettt ettt ettt ettt ettt et e et e et e et e enseeneeennes 8
Appendices
Appendix A Overview of Criteria, Guidance, and Terminology Pertaining
to Issuing Early Site Permits and Combined Licenses........c..cccceeveveneenenee. 21
Appendix B Guidance and COMMENLATY .....cceevvieruieriieriieieeie e eee e eeeeee e sieeseee e 24
Appendix C Soil-Structure-Interaction Analyses to Locate Nuclear Power Plant
Free-Field Seismic InStrumentation ..........c..ceceeeveveneneneecienieniencneenienennens 30

vi



