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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D. C. 20555

July 30, 1980

ERRATA

Regulatory Guide 1.59, Revision 2, August 1977

"Design Basis Floods for Nuclear Power Plants"

New information that affects the Probable Maximum
the Upper Ohio River for drainage areas of 10,000
has been identified. The changes to the isolines
in the Upper Ohio River Basin and do not have any
the Design Basis Flood for existing plants.

Flood (PMF) isolines for
and 20,000 square miles
affect only a small area
significant impact on

As a result of the new information, revised Figures B.6 and B.7 transmitted
herewith should be used in future PMF discharge determinations when the
simplified methods presented in Appendix B to the Regulatory Guide are being
used. In addition, appropriate changes have been made to the PMF data on
pages 28 and 30 of Table B.1, which are also transmitted herewith.
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A. INTRODUCTION

General Design Criterion 2, "Design Bases for
Protection Against Natural Phenomena," of Appen
dix A, "General Design Criteria for Nuclear Power
Plants," to 10 CFR Part 50, "Licensing of Produc
tion and Utilization Facilities," requires, in part, that
structures, systems, and components important to
safety be designed to withstand the effects of natural
phenomena such as floods, tsunami, and seiches
without loss of capability to perform their safety
functions. Criterion 2 also requires that design bases
for these structures, systems, and components reflect
(I) appropriate consideration of the most severe of
the natural phenomena that have been historically
reported for the site and surrounding region, with
sufficient margin for the limited accuracy and quan
tity of the historical data and the period of time in
which the data have been accumulated, (2) ap
propriate combinations of the effects of normal and
accident conditions with the effects of the natural
phenomena, and (3) the importance of the safety
functions to be performed.

Paragraph 100.10(c) of 10 CFR Part 100, "Reactor
Site Criteria," requires that physical characteristics of
the site, including seismology, meteorology, geology,
and hydrology, be taken into account in determining
the acceptability ofa site for a nuclear power reactor.

Section IV(c) of Appendix A, "Seismic and
Geologic Siting Criteria for Nuclear Power Plants,"
to 10 CFR Part 100 suggests investigations for a
detailed study of seismically induced floods and
water waves. The appendix also suggests [Section
IV(cXiii)] that the determination of design bases for
seismically induced floods and water waves be based
on the results of the required geologic and seismic in
vestigations and that these design bases be taken into
account in the design of the nuclear power plant.

This guide discusses the design basis floods that
nuclear power plants should be designed to withstand
without loss of capability for cold shutdown and
maintenance thereof. The design requirements for
flood protection are the subject of Regulatory Guide
1.102, "Flood Protection for Nuclear Power Plants."

The material previously contained in Appendix A,
"Probable Maximum and Seismically Induced
Floods on Streams," has been replaced by American
National Standards Institute (ANSI) Standard N170
1976, "Standards for Determining Design Basis
Flooding at Power Reactor Sites,", which has been
endorsed as acceptable by the NRC staff with the ex
ception noted in Appendix A. In addition to informa
tion on stream flooding, ANSI N170-1976 contains
methodology for estimating probable maximum sur
'Copies of ANSI Standard N 170-1976 may be purchased from the
American Nuclear Society. 555 North Kensington Avenue. La
Grange Park, IL 60525.

ges and seiches at estuaries and coastal areas on
oceans and large lakes. Appendix B gives timesaving
alternative methods of estimating the probable max
imum flood along streams, and Appendix C gives a
simplified method of estimating probable maximum
surges on the Atlantic and Gulf coasts. The Advisory
Committee on Reactor Safeguards has been con
sulted concerning this guide and has concurred in the
regulatory position.

B. DISCUSSION

Nuclear power plants should be designed to pre
vent the loss of capability for cold shutdown and
maintenance thereof resulting from the most severe
flood conditions that can reasonably be predicted to
occur at a site as a result of severe hydro
meteorological conditions, seismic activity, or both.

The Corps of Engineers for many years has studied
conditions and circumstances relating to floods and
flood control. As a result of these studies, it has
developed a definition for a Probable Maximum
Flood (PMFY and attendant analytical techniques
for estimating, with an acceptable degree of conser
vatism, flood levels on streams resulting from
hydrometeorological conditions. For estimating
seismically induced flood levels, an acceptable degree
of conservatism for evaluating the effects of the in
itiating event is provided by Appendix A to 10 CFR
Part 100.

The conditions resulting from the worst site-related
flood probable at the nuclear power plant (e.g., PMF,
seismically induced flood, seiche, surge, severe local
precipitation) with attendant wind-generated wave
activity constitute the design basis flood conditions
that safety-related structures, systems, and compo
nents identified in Regulatory Guide 1.291 should be

'Corps of Engineers' Probable Maximum Flood definition appears
in many publications of that agency such as Engineering Circular
EC 1110-2-27, Change 1, "Engineering and Design-Policies and
Procedures Pertaining to Determination of Spillway Capacities
and Freeboard Allowances for Dams," dated 19 Feb. 1968. The
Probable Maximum Flood is also directly analogous to the Corps
of Engineers' "Spillway Design Flood" as used for dams whose
failures would result in a significant loss of life and property.

'Reguiatory Guide 1.29, "Seismic Design Classification,"
identifies structures, systems, and components of light-water
cooled nuclear power plants that shouild be designed to withstand
the effects of the Safe Shutdown Earthquake and remain func
tional. These structures, systems, and components are those neces
sary to ensure (1) the integrity of the reactor coolant pressure
boundary, (2) the capability to shut down the reactor and maintain
it in a safe shutdown condition, or (3) the capability to prevent or
mitfgiate the consequences of accidents that could result in poten
tial offsite exposures comparable to the guideline exposures of 10
CFR Part 100. These same structures, systems, and components
should also be designed to withstand conditions resulting from the
design basis flood and retain capability for cold shutdown and
maintenance thereof of other types of nuclear power plants. It is
expected that safety-related structures, systems, and components
of other types of nuclear power plants will be identified in future
regulatory guides. In the interim, Regulatory Guide 1.29 should be
used as guidance when identifying safety-related structures,
systems, and components of other types of nuclear power plants.
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designed to withstand and retain capability for cold
shutdown and maintenance therof.

For sites along streams, the PMF generally
provides the design basis flood. For sites along lakes
or seashores, a flood condition of comparable
severity could be produced by the most severe com-.
bination of hydrometeorological parameters
reasonably possible, such as may be produced by a
Probable Maximum Hurricane4 or by a Probable
Maximum Seiche. On estuaries, a Probable Max
imum River Flood, a Probable Maximum Surge, a
Probable Maximum Seiche, or a reasonable com
bination of less severe phenomenologically caused
flooding events should be considered in arriving at
design basis flood conditions comparable in fre
quency of occurrenfe with a PMF on streams.

In addition to floods produced by severe
hydrometeorological conditions, the most severe
seismically induced floods reasonably possible should
be considered for each site. Along streams and es
tuaries, seismically induced floods may be produced
by dam failures or landslides. Along lakeshores,
coastlines, and estuaries, seismically induced or
tsunami-type flooding should be considered. Con
sideration of seismically induced floods should in
clude the same range of seismic events as is
postulated for the design of the nuclear plant. For in
stance, the analysis of floods caused by dam failures,
landslides, or tsunami requires consideration of
seismic events of the severity of the Safe Shutdown
Earthquake occurring at the location that would
produce the worst such flood at the nuclear power
plant site. In the case of seismically induced floods
along rivers, lakes, and estuaries that may be
produced by events less severe than a Safe Shutdown
Earthquake, consideration should be given to the
coincident occurrence of floods due to severe
hydrometeorological conditions, but only where the
effects on the plant are worse than and the
probability of such combined events may be greater
than an individual occurrence of the most severe
event of either type. Appendix A contains acceptable
combinations of such events. For the specific case of
seismically induced floods due to dam failures, an
evaluation should be made of flood waves that may
be caused by domino-type dam failures triggered by a
seismically induced failure of a critically located dam
and of flood -waves that may be caused by multiple
dam failures in a region where dams may be located
close enough together that a single seismic event can
cause multiple failures.

Each of the severe flood types discussed above
should represent the upper limit of all potential
phenomenologically caused flood combinations con
sidered reasonably possible. Analytical techniques
are available and should generally be used for predic

"See References 2 and 5, Appendix C.

tion at individual sites. Those techniques applicable
to PMF and seismically induced flood estimates on
streams are presented in Appendices A and B of this
guide. For sites on coasts, estuaries, and large lakes,
techniques are presented in Appendices A and C of
this guide.

Analyses of only the most severe flood conditions
may not indicate potential threats to safety-related
systems that might result from combinations of flood
conditions thought to be less severe. Therefore,
reasonable combinations of less-severe flood condi
tions should also be considered to the extent needed
for a consistent level of conservatism. Such combina
tions should be evaluated in cases where the
probability of their existing at the same time and hav
ing significant consequences is at least comparable to
that associated with the most severe hydro
meteorological or seismically induced flood. For ex
ample, a failure of relatively high levees adjacent to a
plant could occur during floods less severe than the
worst site-related flood, but would produce condi
tions more severe than would result during a greater
flood (where a levee failure elsewhere would produce
less severe conditions at the plant site).

Wind-generated wave activity may produce severe
flood-induced static and dynamic conditions either
independent of or coincident with severe
hydrometeorological or seismic flood-producing
mechanisms. For example, along a lake, reservoir,
river, or seashore, reasonably severe wave action
should be considered coincident with the probable
maximum water level conditions.' The coincidence of
wave activity with probable maximum water level
conditions should take into account the fact that suf
ficient time can elapse between the occurrence of the
assumed meteorological mechanism and the max
imum water level to allow subsequent meteorological
activity to produce substantial wind-generated waves
coincident with the high water level. In addition, the
most severe wave activity at the site that can be
generated by distant hydrometeorological activity
should be considered' For instance, coastal locations
may be subjected to severe wave action caused by a
distant storm that, although not as severe as a local
storm (e.g., a Probable Maximum Hurricane), may
produce more severe wave action because of a very
long wave-generating fetch. The most severe wave ac
tivity at the site that may be generated by conditions
at a distance from the site should be considered in
such cases. In addition, assurance should be provided
'Probable Maximum Water Level is defined by the Corps of
Engineers as "the maximum still water level (i.e., exclusive of local
coincident wave runup) which can be produced by the most severe
combination of hydrometeorological and/or seismic parameters
reasonably possible for a particular location. Such phenomena are
hurricanes, moving squall lines, other cyclonic meteorological
events, tsunami, etc., which, when combined with the physical
response ofa body of water and severe ambient hydrological con
ditions, would produce a still water level that has virtually no risk
of being exceeded."
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that safety systems necessary for cold shutdown and
maintenance thereof are designed to withstand the
static and dynamic effects resulting from frequent
flood levels (i.e., the maximum operating level in
reservoirs and the 10-year flood level in streams)
coincident with the waves that would be produced by
the Probable Maximum Gradient Wind' for the site
(based on a study of historical regional meteorology).

C. REGULATORY POSITION

1. The conditions resulting from the worst site
related flood probable at a nuclear power plant (e.g.,
PMF, seismically induced flood, hurricane, seiche,
surge, heavy local precipitation) with attendant wind
generated wave activity constitute the design basis
flood conditions that safety-related structures,
systems, and components identified in Regulatory
Guide 1.29 (see footnote 3) must be designed to
withstand and retain capability for cold shutdown
and maintenance thereof.

a. The PMF on streams, as defined in Appendix
A and based on the analytical techniques summarized
in Appendices A and B of this guide, provides an ac
ceptable level of conservatism for estimating flood
levels caused by severe hydrometeorological con
ditions.

b. Along lakeshores, coastlines, and estuaries,
estimates of flood levels resulting from severe surges,
seiches, and wave action caused by
hydrometeorological activity should be based on
criteria comparable in conservatism to those used for
Probable Maximum Floods. Criteria and analytical
techniques providing this level of conservatism for
the analysis of these events are summarized in Ap
pendix A of this guide. Appendix C of this guide pre
sents an acceptable method for estimating the still
water level of the Probable Maximum Surge from
hurricanes at open-coast sites on the Atlantic Ocean
and Gulf of Mexico.

c. Flood conditions that could be caused by dam
failures from earthquakes should also be considered
in establishing the design basis flood. Analytical
techniques for evaluating the hydrologic effects of
seismically induced dam failures discussed herein are
presented in Appendix A of this guide. Techniques
for evaluating the effects of tsunami will be presented
in a future appendix.

d. Where upstream dams or other features that
provide flood protection are present, in addition to
the analyses of the most severe floods that may be in
duced by either hydrometeorological or seismic
mechanisms, reasonable combinations of less-severe
flood conditions and seismic events should also be

6Probable Maximum Gradient Wind is defined as a gradient wind
of a designated duration, which there is virtually no risk of ex
ceeding.

considered to the extent needed for a consistent level
of conservatism. The effect of such combinations on
the flood conditions at the plant site should be
evaluated in cases where the probability ofsuch com
binations occurring at the same time and having
significant consequences is at least comparable to the
probability associated with the most severe
hydrometeorological or seismically induced flood.
For relatively large streams, examples of acceptable
combinations of runoff floods and seismic events that
could affect the flood conditions at the plant arc con
tained in Appendix A. Less-severe flood conditions,
associated with the above seismic events, may be ac
ceptable for small streams, that exhibit relatively
short periods of flooding.

e. The effects of coincident wind-generated wave
activity to the water levels associated with the worst
site-related flood possible (as determined from
paragraphs a, b, c, or d above) should be added to
generally define the upper limit of flood potential.
Acceptable procedures are contained in Appendix A
of this guide.

2. As an alternative to designing hardenedproteo
ton' for all safety-related structures, systems, And
components as specified in Regulatory Position 1
above, it is permissible not to provide hardened
protection for some of these features if:

a. Sufficientt'warning time is shown to be
available to shut the plant down and implement ade
quate emergency procedures;

b. All safety-related structures, systems, and
components identified in Regulatory Guide 1.29 (see
footnote 3)arc designed to withstand the flood condi
tions resulting from a Standard Project events with
attendant wind-generated wave activity that may be
produced by the worst winds of record and remain
functional;

c. In addition to the analyses in paragraph 2.b
-above, reasonable combinations of less-severe flood

conditions are also considered to the extent needed
for a consistent level of conservatism; and

'Hardenedprotctionmeans structural provisions Incorporated in
the plant design that will protect safety-related structures, systems,

and components from the static and dynamic effects of floods. In
addition, each component of the protection must be passive and In
place, as it is to be used for flood protection, during normal plant
operation. Examples of the types of flood protection. to be
provided for nuclear power plants are contained in Regulatory
Guide 1.102.

sFor sites along streams, this event is characterized by the Corps of
Engineers' definition of a Standard Project Flood. Such floods
have been found to produce flow rates generally 40 to 60 percent of
the PMF. For sites along seashores, this event may be
characterized by the Corps of Engineers' definition of a Standard
Project Hurricane. For other sites, a comparable level, of risk
should be assumed.
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d. In addition to paragraph 2.b above, at least
those structures, systems, and components necessary
fbr cold shutdown and molntenance thereof are
designed with hardenedprotective features to remain
functional while withstanding the entire range of
flood conditions up to and including the worst site
related flood probable (e.g., PMF, seismically in.
duced flood, hurricane, surge, seiche, heavy local
precipitation) with coincident wind-generated wave
action as discussed in Regulatory Position I above.

3. During the economic life of a nuclear power
plant, unanticipated changes to the site environs
which may adversely affect the flood-producing
characteristics of the environs are possible. Examples
include construction of a dam upstream or
downstream of the plant or, comparably, construc
tion of a highway or railroad bridge and embank
ment that obstructs the flood flow of a river and con
struction of a harbor or deepening ofan existing har
bor near a coastal or lake site plant.

Significantly adverse changes in the runoff or other
flood-producing characteristics of the site environs,
as they affect the design basis flood, should be iden
tified and used as the basis to develop or modify
emergency operating procedures, if necessary, to
mitigate the effects of the increased flood.

4. Proper utilization of the data and procedures in
Appendices B and C will result in PMF peak dis
charges and PMS peak stiliwater levels which will in
many cases be approved by the NRC staff with no
further verification. The staff will continue to accept
for review detailed PMF and PMS analyses that
result in less conservative estimates than those ob
tained by use of Appendices B and C. In addition,
previously reviewed and approved detailed PMF and
PMS analyses will continue to be acceptable even
though the data and procedures in Appendices B and
C result in more conservative estimates.

D. IMPLEMENTATION

The purpose of this section is to provide informa
tion to license applicants and licensees regarding the
NRC staff's plans for using this regulatory guide.

This guide reflects current NRC practice.
Therefore, except in those cases in which the appli
cant or licensee proposes an acceptable alternative
method for complying with specified portions of the
Commission's regulations, the methods described
herein are being. and will continue to be used in the
evaluation of submittals for construction permit ap
plications until this guide.is revised as a result of sug
gestions from the public or additional'staff review.
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APPENDIX A

PROBABLE MAXIMUM AND SEISMICALLY INDUCED
FLOODS ON STREAMS AND COASTAL AREAS

The material preiiously contained in Appendix A
has been replaced by American National Standards
Institute (ANSI) Standard.N170-1976, "Standards
for Determining Design Basis Flooding at Power
Reactor Sites," with the following exception:

Sections 5.5.4.2.3 and 5.5.5 of ANSI N170-1976
contain references to methods for evaluating the cro-

sion failure of earthfill or roekfrdl dams and determin
ing the resulting outflow hydrographs. The staff has
found that some of these methods may not be conser
vative because they predict slower rates of erosion
than have historically occurred. Modifications to the
models may be made to increase their conservatism.
Such modifications will be reviewed by the NRC staff
on a case-by-case basis.
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0.1 INTRODUCTION

This appendix presents timesaving alternative
methods of estimating the probable maximum flood
(PMF) peak discharge for nuclear facilities on non
tidal streams in the contiguous United States. Use of
the methods herein will reduce both the time neces
sary for applicants to prepare license applications
and the NRC staff's review effort.

The procedures are based on PMF values deter
mined by the U.S. Army Corps of Engineers, by ap
plicants for licenses that have been reviewed and ab
cepted by the NRC staff, and by the staff and its con.
sultants. The information in this appendix was
developed from a study made by Nunn, Snyder, and
Associates, through a contract with NRC (Ref. 1).

PMF peak discharge determinations for the entire
contiguous United States are presented in Table B. I.
Under some conditions, these may be used directly to
evaluate the PMF at specific sites. In addition, maps
showing enveloping isolines of PMF discharge for
several index drainage areas are presented in Figures
B.2 through B.7 for the contiguous United States east
of the 103rd meridian, including instructions for and
an example of their use (see Figure B.8). Because of
the enveloping procedures used in preparing the
maps, results from their use are highly conservative.

Limitations on the use of these generalized
methods of estimating PMFs aretidgntified in Section
B.4. These limitations should be considered in detail
in assessing the applicability of the methods at
specific sites.

Applicants for licenses for nuclear facilities at sites
on nontidal streams in the contiguous United States
have the option of using these methods in lieu of the
more precise but laborious methods of Appendix A.
The results of application of the methods in this ap
pendix will in many cases be accepted by the NRC
staff with no further verification.

0.2 SCOPE

The data and procedures in this appendix apply
only to nontidal streams in the contiguous United
States. Two procedures are included for nontidal
streams east of the 103rd meridian.

Future studies are planned to determine the ap
plicability of similar generalized methods and to
develop such methods, if feasible, for other areas.
These studies, to be included in similar appendices,
are anticipated for the main stems of large rivers and
the United States west of the 103rd meridian, in
cluding Hawaii and Alaska.

B.3 PROBABLE MAXIMUM FLOOD
PEAK DISCHARGE

The data presented in this section are as follows:

1. A tabulation of PMF peak discharge determina.
tions at specific locations throughout the contiguous
United States. These data are subdivided into water
resources regions, delineated on Figure B.1, and are
tabulated in Table B.1.

2. A set of six maps, Figures B.2 through B.7,
covering index drainage areas of 100, 500, 1,000,
5,000, 10,000, and 20,000 square miles, containing
isolines of equal PMF peak discharge for drainage
areas of those sizes east of the 103rd meridian.

B.3.1 Use of PMF Discharge Determinations

The PMF peak discharge determinations listed in
Table B.I are those computed by the Corps of
Engineers, by the NRC staff and their consultants, or
computed by applicants and accepted by the staff.

For a nuclear facility located near or adjacent to
one of the streams listed in the table and reasonably
close to the location of the PMF determination, that
PMF may be transposed, with proper adjustment, or
routed to the nuclear facility site. Methods of trans.
position, adjustment, and routing are given in stan
dard hydrology texts and are not repeated here.

B.3.2 Enveloping Isollnes of PMF Peak Discharge

B.3.2.1 Preparation of Maps

For each of the water resources regions, each PMF
determination in Table B.A was plotted on
logarithmic paper (cubic feet per second per square
mile versus drainage area). It was found that there
were insufficient data and too much scatter west of
about the 103rd meridian, caused by variations in
precipitation from orographic effects or by melting
snowpack. Accordingly, the rest of the study was
confined to the United States east of the 103rd meri
dian. For sites west of the 103rd meridian, the
methods of the preceding, section may be used.

Envelope curves were drawn for each region east of
the 103rd meridian. It was found that the envelope
curves generally paralleled the Creager curve (Ref. 2),
defined as

Qi,46.0 CA (0.894A -0.048) -1

where

Q is the discharge in cubic feet per second (cfs)
C is a. constant, taken as 100 for this study
A is the drainage area in square miles.
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Each PMF discharge determination of 50 square
miles or more was adjusted to one or more of the six
selected index drainage areas in accordance with the
slope of the Creager curve. Such adjustments were
made as follows:

PMF Within Drainage
Area Range, sq. mi.

50 to 500
100 to 1,000
500 to 5,000

1,000 to 10,000
5,000 to 50,000

10,000 or greater

Adjusted to Index
Drainage Area, sq. mil.

100
500

1,000
5,000

10,000
20,000

. The PMF values so adjusted were plotted on maps
of the United States east of the 103rd meridian, one
map for each of the six index drainage areas. It was
found that there were areas on each map with insuf
ficient points to define isolines. To fill in such gaps,
conservative computations of approximate PMF
peak discharge were made for each two-degree
latitude-longitude intersection on each map. This was
done by using enveloped relations between drainage
area and PMF peak discharge (in cfs per inch of
runoff), and applying appropriate probable max
imum precipitation (PMP) at each two-degree
latitude-longitude intersection. PMP values, obtained
from References 3 and 4, were assumed to be for a 48
hour storm to which losses of 0.05 inch per hour were
applied. These approximate PMF values were also
plotted on the maps for each index drainage area and
the enveloping isolines were drawn as shown on
Figures B.2 through B.7.

B.3.2.2 Use of Maps

The maps may be used to determine PMF peak dis
charge at a given site with a known drainage area as
follows:

1. Locate the site on the 100-square-mile map,
Figure B.2.

2. Read and record the 100-square-mile PMF peak
discharge by straight-line interpolation between the
isolines.

3. Repeat Steps 1 and 2 for 500, 1,000, 5,000,
10,000, and 20,000 square miles from Figures B.3
through B.7.

4. Plot the six PMF peak discharges so obtained

on logarithmic paper against drainage area, as shown
on Figure B.8.

5. Draw a smooth curve through the points.
Reasonable extrapolations above and below the
defined curve may be made.

6. Read the PMF peak discharge at the site from

the curve at the appropriate drainage area.

B.3.3 Probable Maximum Water Level

When the PMF peak discharge has been obtained
as outlined in the foregoing sections, the"PMF still
water level should be determined. The methods given
in Appendix A are acceptable for this purpose.

B.3.4 Wind-Wave Effects

Wind-wave effects should be superimposed on the
PMF stillwater level. Criteria and acceptable
methods are given in Appendihx A.

BA LIMITATIONS

1. The NRC staff will continue to accept for
review detailed PMF analyses that result in less con
servative estimates. In addition, previously reviewed
and approved detailed PMF analyses at specific sites
will continue to be acceptable even though the data
and procedures in this appendix result in more con
servative estimates.

2 .The PMF estimates obtained as outlined in Sec
tions B.3.1 and B.3.2 are peak discharges that should
be converted to water level to which appropriate
wind-wave effects should be added.

3. If there are one or more reservoirs in the
drainage area upstream of the site, seismic and
hydrologic dam failure' flood analyses should be
made to determine whether such a flood will produce
the design basis water level. Criteria and acceptable
methods are included in Appendix A.

4. Because of the enveloping procedures used,
PMF peak discharges estimated as outlined in Sec
tion B.3.2 have a high degree of conservatism. If the
PMF so estimated casts doubt on the-suitability of a
site, or if protection from a flood of that magnitude
would not be physically or economically feasible,
consideration should be given to performing a
detailed PMF analysis, as outlined in Appendix A. It
is likely that such an analysis will result in ap
preciably lower PMF levels.

'Inthis contest, "hydrologic dam failure" muama failure caused
by a flood from the drainage area upstream of the dam.

1.59-13
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APPENDIX C

SIMPLIFIED METHODS OF
ESTIMATING PROBABLE MAXIMUM SURGES

TABLE OF CONTENTS

Page

C.A INTRODUCTION ...... .................................... 1.59-42

C.2 SCOPE . ............................................. 1.59-42

C.3 PROBABLE MAXIMUM SURGELEVELS FROM HURRICANES ............... 1.59-42

C.3.1 Methods Used ............. ........................ 1.59-42
C.3'2 Use of Data in Estimating PMS ............ 1.59-42
C.3.3 Wind-Wave Effects ...................................... 1.59-43

C.4 LIMITATIONS . .......................................... 1.59-43

REFERENCES . ............................................. 1.59-43

FIG URES .. .............................................. 1.59-44

TABLES . ............................................... 1.59.46

FIGURES

Figure C.1-Probable Maximum Surge Estimates, GulfCoast .................... 1.59-44
C.2-Probable Maximum Surge Estimates, Atlantic Coast .................. 1.59-45

TABLES

Table C. I-Probable Maximum Surge Data .............................. 1.59-46
C. 2-Probable Maximum Hurricane, Surge, and Water Level-Port Isabel .......... 1.59.47
C. 3-Probable Maximum Hurricane, Surge, and Water Level-Freeport ............ 1.59.48
C. 4-Probable Maximum Hurricane, Surge, and Water Level-Eugene Island ........ 1.59.49
C. 5-Probable Maximum Hurricane, Surge, and Water Level-Isle Dernieres ......... 1.59-50
C. 6-Probable Maximum Hurricane, Surge, and Water Level-Biloxi .... ........... 1.59-51
C. 7-Probable Maximum Hurricane, Surge, and Water Level-Santa Rosa Island ..... .1.59-52
C. 8-Probable Maximum Hurricane, Surge, and Water Level-Pitts Creek ........... 1.59-53
C. 9-Probable Maximum Hurricane, Surge, and Water Level-Naples .... ......... 1.59-54
C.-10-Probable Maximum Hurricane, Surge, and Water Level-Miami .............. 1.59-55
C.A I-Probable Maximum Hurricane, Surge, and Water Level-Jacksonville ........... 1.59-56
C. 12-Probable Maximum Hurricane, Surge, and Water Level-Jeckyll Island ........ 1.59-57
C.13-Probable Maximum Hurricane, Surge, and Water Level-Folly Island ........... 1.59-58
C.14-Probable Maximum Hurricane, Surge, and Water Level-Raleigh Bay .......... 1.59-59
C.15-Probable Maximum Hurricane, Surge, and Water Level-Ocean City ........... 1.59-60
C.16-Probable Maximum Hurricane, Surge, and Water Level-Atlantic City .......... 1.59-61
C.17-Probable Maximum Hurricane, Surge, and Water Level-Long Island ........... 1.59-62
C.18-Probable Maximum Hurricane, Surge, and Water Level-Watch Hill Point ....... 1.59-63
C.19-Probable Maximum Hurricane, Surge, and Water Level-Hampton Beach ...... .. 1.59-64
C.20-Probable Maximum Hurricane, Surge, and Water Level-Great Spruce Island . . . . 1.59-65
C.21-Ocean-Bed Profiles ........... . .... ............................ 1.59-66

1.59-41



C.1 INTRODUCTION

This appendix presents timesaving methods of es
timating the maximum stiilwater level of the probable
maximum surge (PMS) from hurricanes at open
coast sites on the Atlantic Ocean and Gulf of Mexico.
Use of the methods herein will reduce both the time
necessary for applicants to prepare license applica
tions and the NRC staff's review effort.

The procedures are based on PMS values deter
mined by the NRC staff and its consultants and by
applicants for licenses that have been reviewed and
accepted by the staff. The information in this appen
dix was developed from a study made by Nunn,
Snyder, and Associates, through a contract with
NRC (Ref. 1).

The PMS data are shown in Tables C.I through
C.21 and on maps of the Atlantic and Gulf Coasts
(Figures C.I and C.2). Suggestions for interpolating
between these values are included.

Limitations on the use of these generalized
methods of estimating PMS are identified in Section
C.4. These limitations should be considered in detail
in assessing the applicability of the methods at
specific sites.

Applicants for licenses for nuclear facilities at sites
on the open coast of the Atlantic Ocean or the Gulf
of Mexico have the option of-using these methods in
lieu of more precise but laborious methods contained
in Appendix A. The results of application of the
methods in this appendix will in many cases be ac
cepted by the NRC staff with no further verification.

C.2 SCOPE

The data and procedures in this appendix apply
only to open-coast areas of the Gulf of Mexico and
the Atlantic Ocean.

Future studies are planned to determine the ap
plicability of similar generalized methods and to
develop such methods, if feasible, for other areas.
These studies, to be included in similar appendices,
are anticipated for the Great Lakes and the Pacific
Coast, including Hawaii and Alaska.

C.3 PROBABLE MAXIMUM SURGE LEVELS
FROM HURRICANES

The data presented in this appendix consist of all
determinations of hurricane-induced PMS peak
levels at open-coast locations computed by the NRC
staff or their consultants, or by applicants and ac
cepted by the staff. The data are shown in Tables C.1
through C.21 and on Figures C.I and C.2. All repre
sent stillwater levels for open-coast conditions.

SAll PMS determinations in Table C.1 were made
by NRC consultants for this study (Ref. 1) or for
earlier studies except Pass Christian, Brunswick,
Chesapeake. Bay Entrance, Forked River-Oyster
.Creek, Millstone, Pilgrim, and Hampton Beach.

The computations by the consultants were made
using the NRC surge computer program, which is
adapted from References 2, 3, and 4. Probable max
imum hurricane data were taken from Reference 5.
Ocean bottom topography for the computations was
obtained from the most detailed available Nautical
Charts published by the National Ocean Survey,
NOAA. The traverse line used for the probable max
imum hurricane surge estimate was drawn from the
selected coastal point to the edge of the continental
shelf or to an ocean depth of 600 feet.MLW and was
one hurricane radius to the right of the storm track.
The radius to maximum winds was oriented at an
angle of 1150 from the storm track. The traverse was
oriented perpendicular to the ocean-bed contours
near shore. The ocean-bed profile along the traverse
line was determined by roughly averaging the
topography of cross sections perpendicular to the
traverse line and extending a maximum of 5 nautical
miles to either side. The 10-mile-wide cross sections
were narrowed uniformly to zero at the selected site
starting 10 nautical miles from shore. It was assumed
that the peak of the PMS coincided with the 10% ex
ceedance high spring tide' plus initial rise.' Slightly
different procedures were used for postulating the
traverse lines and profiles for the Crystal River and
St. Lucie determinations.

In each case the maximum water level resulted
from use of the high translation speed for the hur
ricane in combination with the large radius to max
imum wind as defined in Reference 5. Detailed data
for the computed PMS values are shown in Tables
C.1 through C.20. Ocean-bed profile data for Pass
Christian, Crystal River, St. Lucie, Chesapeake Bay
Mouth, and Hampton Beach are shown in Table
C.21.

The water levels resulting from these computations
are open-coast stillwater levels upon which waves and
wave runup should be superimposed.

C.3.2 Use of Data In Estimating PMS
Estimates of the PMS stillwater level at open-coast

sites other than those shown in Tables C.1 through
C.21 and on Figures C.1 and C.2 may be obtained as
follows:
'The 10% exceedance high spring tide is the predicted maximum
monthly astronomical tide exceeded by 10%.of the predicted max
imum monthly astronomical tides over a 21-year period.
'Initial rise (also called forerunner or sea level anomaly) is an
anomalous departure of the tide level from the predicted
axtronomical tide.

1.59-42
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I. Using topographic maps or maps showing
soundings, such as the Nautical Charts, determine an
ocean bed profile to a depth of 600 ft MLW, using the
methods outlined above. Compare this profile with
the profiles of the locations shown in Tables C.2
through C.21. With particular emphasis on shallow
water depths, select the location or locations in the
general area with the most similar profiles. An es
timate of the wind setup may be interpolated from
the wind setup data for these locations.

2. Pressure setup may be interpolated between
locations on either side of the site.

3. Initial rise, as shown in Table C.1, may be inter
polated between locations on either side of the site.

4. The 10% exceedance high spring tide may be
computed from predicted tide levels in Reference 6; it
may be obtained from the Coastal Engineering
Research Center, U.S. Army Corps of Engineers, Ft.
Belvoir, Va.; it may be interpolated, using the tide
relations in Reference 6; or it may be obtained from
Appendix A.

5. An estimate of the PMS open-coast stillwater
level at the desired site will be the sum of the values
from Steps I through 4, above.

C.3.3 Wind-Wave Effects

Coincident wave heights and wave runup should be
computed and superimposed on the PMS stillwater
level obtained by the foregoing procedures. Accep
table methods are given in Reference 2 and in Appen
dix A.

CA LIMITATIONS

I. The NRC staff will continue to accept for
review detailed PMS analyses that result in less con
servative estimates. In addition, previously reviewed
and approved detailed PMS analyses at specific sites
will continue to be acceptable even though the data
and procedures in this appendix result in more con
servative estimates.

2. The PMS estimates obtained as outlined in Sec
tion C.3.2 arc maximum stillwater levels. Coincident
wind-wave effects should be added.

3. The PMS estimates obtained from the methods
in Section C.3.2 are valid only for open-coast sites,
i.e., at the point at which the surge mikes initial land
fall. If the site of interest has appreciably different
off-shore bathymetry, or if the coastal geometry dif
fers or is complex, such as for sites on an estuary, ad
jacent to an inlet, inshore of barrier islands, etc.,
detailed studies of the effect of such local conditions
should be made. Reference 2 provides guidance on
such studies.

REFERENCES

I. Nunn, Snyder, and Associates, "Probable Max
imum Flood and Hurricane Surge Estimates," un
published report to NRC, June 13, 1975 (available in
the public document room).

2. U. S. Army Coastal Engineering Research Center,
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ing Research Center, 1971.
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ing Research Center, May 1975.

5. U. S. Weather Bureau (now U.S. Weather Service,
NOAA), "Meteorological Characteristics of the
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Coasts of the United States," Hurricane Research
Interim Report, HUR 7-97 and HUR 7-97A, 1968.
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