
Performance-Based Spectra Definitions and Site Acceptability for
Standard Nuclear Plants

Basic Response Spectra Definitions for Performance-Based Implementation of Part
100.23 and Part 50 Appendix S

The following specific response spectra are defined as part of the revised regulatory
guidance for performance-based implementation of the seismic regulations 10 CFR Part
100.23 and 10 CFR Part 50 Appendix S.

1. Site-Specific Ground Motion Response Spectra (GMRS): The Site-Specific
GMRS are defined as follows:

The Site-Specific Ground Motion Response Spectra (GMRS) are characterized by
site-specific horizontal and vertical response spectra determined as free-field
motions on the ground surface or as free-field outcrop motions on the uppermost
in-situ competent material defined by shear-wave velocity of 1000 fps or greater,
using performance-based procedures described in Draft Regulatory Guide DG-
1146. When the Site-Specific GMRS are determined as free-field outcrop
motions on the uppermost in-situ competent material, only wave propagation
effects of the materials below this elevation are included in the site response
analysis.

The Site-Specific GMRS are' appropriate for performance-based implementation of the
requirements of 10 CFR Part 100.23(d)(1) - "Determination of the Safe Shutdown
Earthquake Ground Motion". The Site-Specific GMRS also satisfy the Safe Shutdown
Earthquake Ground Motion requirement for performance-based implementation of 10
CFR Part 50 Appendix S(IV)(1), "Application To Engineering Design", and are the bases
for deriving Foundation Input Response Spectra.

2. Foundation Input Response Spectra (FIRS): FIRS are defined as follows:

The Foundation Input Response Spectra (FIRS) are characterized by site-specific
horizontal and vertical response spectra derived at the foundation level of safety
related structures such that the derived spectra are hazard-consistent with the
Site-Specific GMRS. The FIRS are the Site-Specific GMRS transferred to the
base elevations offoundations. FIRS are derived as free-field outcrop spectra;
that is, only wave propagation effects in materials that are below the base
elevation of a safety related structure are included in site response analysis.

The FIRS are input for analysis of the soil-structure interaction system meeting the
requirements of Part 50 Appendix S(IV).

3. Certified Seismic Design Response Spectra (CSDRS): CSDRS are defined as
follows:
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The Certified Seismic Design Response Spectra (CSDRS) are site independent
seismic design horizontal and vertical response spectra that have received
Commission approval, issued pursuant to Subpart B of 10 CFR Part 52, as the
seismic design response spectra for an approved certified standard design nuclear
plant. The input or control location for the CSDRS is specified in the certified
standard design.

In order to ensure that CSDRS are suitable for a range of site-specific geotechnical
conditions CSDRS are evaluated and approved for a specified range of site geotechnical
parameters. Standard design nuclear plants that have received Commission design
certifications to date have used the Regulatory Guide 1.60 standard site independent
spectrum shape or some small modification of that spectrum shape, scaled to 0.3g at 33
Hz to obtain CSDRS.

Minimum Seismic Design Basis Requirement

Part 50 Appendix S(IV)(a)(1)(i) requires that "the horizontal component of the Safe
Shutdown Earthquake Ground Motion in the free-field at the foundation level of the
structures must be an appropriate response spectrum with a peak ground acceleration
of at least 0.lg'" This requirement is satisfied by the approved CSDRS for certified
standard plant designs. Comparing the site specific FIRS at the base elevation of the
foundations of each safety-related structure with the Regulatory Guide 1.60 horizontal
response spectrum scaled to 0. lg can satisfy this requirement for a non-standard design.

Determination of Site Acceptability for a Certified Standard Design Nuclear Plant:

Acceptability of a standard design for a given site is determined by the following steps:

Step 1. Develop the site specific GMRS.

Step 2. When the site-specific GMRS and CSDRS for the proposed certified standard
design plant are calculated at the same elevation and: (1) the site-specific soil profile is
within the range evaluated for the standard design plant, and (2) the CSDRS envelope
the site-specific GMRS, the certified standard design is acceptable for that site and no
other seismic analysis is needed to demonstrate the suitability of the site..

Step 3. If the site-specific GMRS and the proposed CSDRS are given at different
elevations, calculate FIRS for each safety-related structure. Calculate the free-field
response spectra at each foundation level consistent with the CSDRS. If, for each
safety-related structure foundation, the envelop of the CSDRS-consistent spectra at the
foundation level envelop the FIRS at that foundation level and the site-specific soil
profile is bounded by the standard plant analyses, the standard design is acceptable for
that site and no other seismic analysis is needed to qualify the site. If not, proceed to
Step 4.
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Step. 4 Perform a soil-structure interaction analysis using FIRS and including ground
motion incoherency effects (where appropriate) and site-specific soil variability (i.e.,
mean, mean+sigma, and mean-sigma cases), to obtain the in-structure response
spectra (ISRS) for each safety-related structure. Compare the ISRS to the spectra
consistent with the CSDRS at pre-selected points in the structure. If the CSDRS-
consistent spectra envelop the ISRS, the standard design is acceptable and no other
seismic analysis is necessary. If not, further analyses are required to demonstrate the
acceptability of the standard design for the site.
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