NUREG-0800

(Formerly NUREG-75/087)
to0Rk

EG 41 0

-

U.S. NUCLEAR REGULATORY COMMISSION

4#p

::j STANDARD REVIEW PLAN
a

2.4.6

OFFICE OF NUCLEAR REACTOR REGULATION

PROBABLE MAXIMUM TSUNAMI FLOODING

REVIEW RESPONSIBILITIES
Primary - Hydrologic & Geotechnical Engineering Branch (HGEB)
Secondary - Geosciences Branch (GB)
I.

AREAS OF REVIEW

The geohydrological design basis of the plant (discussed in Regulatory Guide 1.59)
is developed in this section of the Safety Analysis Report (SAR) to determine the
extent of plant protection required for tsunami flooding and drawdown (outlined
in Regulatory Guide 1.102). The areas of review include the hydrologic characteristics of the maximum locally and distantly generated tsunami and the techniques,
methodologies and parameters, including the geoseismic parameters of the generators, used in the determination of the design basis.tsunami.
Hydrologic analysis techniques, including tsunami formation, propagation and shoaling models, and coincident water levels, *including astronomical tide, storm surges
and waves, are reviewed.
The Geosciences Branch (GB) as part of its secondary review responsibility will
review geologic and seismic characteristics of potential tsunamic faults. Areas of
review include earthquake magnitude, focal depth, source dimensions, fault orientation, and vertical displacement. GB will review the applicant's values of the
parameters, discussed above, used to model tsunami. The values used may represent
upper bounds of the parameters. If there is disagreement with the applicant's proposed values, GB will provide alternative values. GB will provide a written discussion of its review of the geologic and seismic characteristics of potential tsunami sources to be included in the SER input for this section.
II. ACCEPTANCE CRITERIA
Acceptance criteria for this SRP section relate to the following regulations:
1.

General Design Criterion 2 (GDC 2) as it relates to structures, systems, and
components important to safety being designed to withstand the effects of
tsunami.
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2.

10 CFR Part 100 as it relates to identifying and evaluating hydrologic
features of the site.

3.

10 CFR Part 100, Appendix A as it relates to investigating the tsunami
potential at the site and determining the design bases for tsunami
flooding.

To meet the requirements of GDC 2, 10 CFR-Part 100, and 10 CFR Part 100,
Appendix A with respect to tsunami and the analysis thereof, the following
specific criteria are used:
1.

If it has been determined that tsunami estimates are necessary to identify flood or low water design bases, the analysis will be considered
complete if the following areas are addressed and can be independently
and comparably evaluated from the applicant's submission:
a.

All potential distant and local tsunami generators, including volcanoes and areas of potential landslides, are investigated and the
most critical ones are selected.

b.

Conservative values of seismic characteristics (source dimensions,
fault orientation and vertical displacement) for the tsunami generators selected are used in the analysis.

c.

All models used in the.analysis are verified or have been previously
approved by the staff. Regulatory Guide 1.125 provides guidance in
the use of physical models of wave protection structures.

d.

Bathymetric data are provided (or are readily obtainable).

e.

Detailed descriptions of shoreline protection and safety-related
facilities are provided for wave runup and drawdown estimates.
Regulatory Guide 1.102 provides guidance on flood protection for
nuclear power plants.

f.

Ambient water levels, including tides, sea level anomalies, and wind
wavies, are estimated using NOAA and Corps of Engineers publications
as described below.

g.

If Regulatory Guide 1.59, Position 2, is adopted by the applicant,
the design basis for tsunami protection of all safety-related facilities identified in Regulatory Guide 1.29 must be shown to be adequate
in terms of the time required for implementation of any emergency
procedures.

2.

The applicant's estimates of tsunami runup and drawdown levels are acceptable if the estimates are no more than 5% less conservative than the
staff's estimates. If the applicant's estimates are more than 5% less
conservative (based on the difference between normal water levels and the
maximum runup or drawdown levels) than the staff's, the applicant should
fully document and justify its estimates or accept the staff's estimates.

3.

This section of the SAR will also be acceptable if it states the criteria
used to determine that tsunami flooding estimates are not necessary to
identify the flood design basis (e.g., the site is not near a large body
of water).
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III.

REVIEW PROCEDURES

The review procedures are outlined in Figure 2.4.6-1. The references used are
general geophysical, seismological, and hydrodynamic publications, such as published data by the National Oceanic and Atmospheric Administration (NOAA), and
wave propagation models such as those developed by NOAA, WES, and Tetra Tech.
Section 2.4.6 of the applicant's SAR is reviewed to identify any missing data,
information, or analysis necessary for the staff's evaluation of potential
tsunami flooding. This section is evaluated when the applicant has responded
to all the additional information requested. If the site is not near a large
body of water with potential tsunami generators, the staff findings may be prepared a priori.
The staff (with input from GB) will review the potential tsunami sources analyzed by the applicant to assure that all locations capable of generating a
tsunami of significant magnitude at the site have been considered. The GB
staff will evaluate the geoseismic parameters of the tsunami generators, including fault location and orientation, and amplitude and areal extent of vertical
displacement, to assure that conservative values have been chosen.
An independent staff analysis, using one of the models listed in the references, may be performed. Staff estimates of tsunami levels are compared with
the applicant's. The applicant must justify, to the staff's satisfaction,
tsunami levels more than 5% less conservative than the staff's.
As an alternative, the staff may perform an independent evaluation of the applicant's model and its utilization. The model's theoretical basis, its inherent
conservatism and applicability to the problem, will be evaluated (this can be
done on a generic basis). The conservatism of the models' use, including the
conservatism of all input parameters, will be evaluated.
Coincident ambient tide and wave conditions will be evaluated to assure that
they are of at least annual severity. Data from publications of NOAA, the
Corps of Engineers, and other sources are used to substantiate these conditions chosen.
Criteria and methods of the Corps of Engineers as generally summarized in
Reference 15 are used as a standard to evaluate the applicant's estimate of
coincident wind-generated wave action and runup.
Criteria and methods of the Corps of Engineers and other standard techniques are
used to evaluate the potential for oscillation of waves at natural periodicity.
Criteria and methods of the Corps of Engineers. (Ref. 15) are used to evaluate
the adequacy of protection from flooding, including the static and dynamic
effects of broken, breaking, and nonbreaking coincident waves.
IV. EVALUATION FINDINGS
For-construction permit (CP) reviews, the findings will consist of a statement
summarizing estimates of the maximum and minimum tsunami water levels, and static
and dynamic effects of wave action. A statement of acceptability of the tsunamiinduced design basis in meeting the requirements of GOC 2, 10 CFR Part 100,
and 10 CFR Part 100, Appendix A will be made. If the tsunami conditions do not
constitute a design basis, the findings will so indicate. For operating license
2.4.6-3

Rev. 2 - July 1981

(OL) reviews, the findings will consist of the evaluation of any new information
on tsunami potential, improvements in predictive models, acceptability of specific
design bases, and the acceptability of design provisions.
A sample statement for a CP review follows:
The staff concludes that the plant design is acceptable with respect
to its ability to withstand the effects of tsunami. It therefore
meets the tsunami design requirements of GDC 2, 10 CFR Part 100, and
10 CFR Part 100, Appendix A. This conclusion is based on the following analysis.
Analyses of tsunamic effects from local and distant generators were
performed by the applicant at the staff's direction. The design
tsunami results from a magnitude 8.7 earthquake in the Aleutian
Trench. A finite difference numerical model was used to analyze
tsunami generation and propagation to the continental shelf. Results
of this computation were used in a nearshore model to calculate tsunami
runup and drawdown. Including the effects of high and low tides of
annual occurrence, the maximum tsunami runup and drawdown are estimated as +24.5 feet MLLW and -13.4 feet MLLW, respectively. Wind
waves of annual severity were assumed coincident with the tsunami.
Plant grade at elevation +55 MLLW is well above the tsunami flood
level. The maximum wave runup, at the intake pumphouse, was estimated as +31.2 feet MLLW which is 3.8 feet below the design flood
level of +35 feet MLLW. The maximum drawdown, at the location of
the inshore intake, was estimated as -21.3 feet MLLW. The intake is
designed to be able to draw water down to -30 feet MLLW and will
therefore not be affected by low water due to tsunami drawdown.
V.

IMPLEMENTATION

The following is intended to provide guidance to applicants and licensees regarding the NRC staff's plans for using this SRP section.
Except in those cases in which the applicant proposes an acceptable alternative
method for complying with specified portions of the Commission's regulations,
the method described herein will be used by the staff in its evaluation of conformance with Commission regulations.
Implementation schedules for conformance of parts of the method discussed herein
are contained in the referenced regulatory guides.
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Figure 2.4.6-1
REVIEW PROCEDURES
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