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1 INTRODUCTION

Water levels along coastal shorelines vary through time, depending upon tides and incident wave
conditions. These water levels can be thought of as being composed of two components: 1) a
static (or assumed static or slowly varying) mean water level associated with astronomical tides,
storm surges, and wave setup; and 2) a fluctuation about that mean (swash) associated with surf
beat and the motion of individual waves at the shoreline.

As used in this report*, wave runup refers to the height above the stillwater elevation (tide and
surge) reached by the swash (see Figure 1). Runup is a very complex phenomenon, that is
known to depend on the local water level (including surf beat or infragravity wave effects), the
incident wave conditions (height, period, steepness, direction), and the nature of the beach or
structure being run up (e.g., slope, reflectivity, height, permeability, roughness).

Runup guidance is largely empirical, and typically is based either on field measurements on
beaches or on laboratory measurements on structures. Most guidance relates runup to the surf
similarity parameter & (ratio of the barrier slope to the square root of the wave steepness) as a
means of reducing the number of variables and generalizing the applicability of specific
measurements or tests.

/ Limit of Wave Runup

T\ v Stillwater
\j T\-/ = Elevation

Source: FEMA, 2003

Figure 1. Wave runup sketch.

* Using this definition, which is consistent with current Federal Emergency Management Agency (FEMA)
guidance, wave runup includes wave setup. An alternate definition for wave runup would exclude the wave setup
component such that the runup is equal to the height above the stillwater elevation plus setup reached by the
swash. The definition selected for use should be determined in conjunction with work carried out by the Wave
Transformation and Wave Setup Study Groups.
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As used in this report, wave overtopping refers to the volumetric rate at which runup flows over
the top or crest of a slope, be it a beach, dune, or structure.

This report provides recommendations for:

@

fa

development of wave runup and overtopping guidance for Study Contractors completing
Flood Insurance Studies (FIS) or restudies along the Pacific shorelines of California,
Oregon, and Washington;

development of wave runup and overtopping guidance for use by Study Contractors
along sheltered (i.e., non-open coast) shorelines throughout the continental United States;

and

review of existing wave runup and overtopping guidance for use along the shorelines of
the Atlantic Ocean and Gulf of Mexico.

Note that any recommendations or work on runup and overtopping must be integrated with
recommendations and work on other topics, e.g., stillwater, wave setup, wave transformation,
coastal structures, event based erosion, hazard zones, and tsunamis.

11

CATEGORIES AND TOPICS

Five wave runup/overtopping topics were identified at Workshop 1, and are identified below.
The topic with the highest priority was Topic 12 (use of mean vs. higher values for runup and
overtopping), followed by Topics 11 (review methods and models), 49 (WRUP™),
13 (overtopping volumes), and 14 (wavecast debris). Note that some of the workshop-assigned

priorities and topic details were revised during the focused study.

Wave Runup and Overtopping Topics and Priorities
. Priority
Topic Toi Topic Descrinti - —
Number opic opic Lescription Atlantic / Pacific | Non-Open
Gulf Coast Coast Coast
11 Methods and Review runup programs and methods; provide
Models explicit guidance on where each should be H(I) A (C) A (C)
applied
12 Mean v. Review appropriateness of using mean vs. H(C) c c
Higher Value | higher values for runup and overtopping
13 Overtopping Develop improved guidance for determining
. . - (A) A A
Volumes and mapping overtopping volumes
14 Wavecast Review available methods and develop
- A . H | |
Debris guidance for wavecast debris
49 WRUP Review WRUP™ (available wave runup
A A A
program)
Key: C =critical; A =available; | =important; H = helpful
(Recommend priority italicized if focused study recommended a change in priority class)
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1.2 WAVE RUNUP AND OVERTOPPING FOCUSED STUDY GROUP

This report was prepared using information and comments submitted by Ida Breker (Danish
Hydraulics Institute), Kevin Coulton (HDR), Jeff Gangai (Dewberry & Davis), Darryl Hatheway
(Baker), Chris Jones (focused study leader), Jeremy Lowe (Phillip Williams & Associates), Ron
Noble (Noble Engineering Consultants, Inc.), and Rajesh Srinivas (Taylor Engineering).

1.3 CURRENT FEMA GUIDANCE FOR WAVE RUNUP AND OVERTOPPING

1.3.1 Introduction

FEMA's existing guidance for runup and overtopping is limited to the coasts of the Atlantic
Ocean, Gulf of Mexico, and Great Lakes*, as summarized in Appendix D of the Guidelines and
Specifications for Flood Hazard Mapping Partners (FEMA, 2003). Although it is not stated
explicitly, the inference is that existing Atlantic/Gulf and Great Lakes guidance will be
appropriate for associated sheltered shorelines, given the proper selection of base flood water
levels and wave conditions. There is no runup and overtopping guidance for the Pacific Coast in
Appendix D.

Figures D-1 (page D-18) and D-35 (page D-113) of the Guidelines and Specifications (G&S)
illustrate the overall procedures to be used for Atlantic/Gulf and Great Lakes flood insurance
studies. In both cases, runup analyses must be preceded by the definition of a shore profile
(transect). This shore profile must evaluate the durability (during the base flood) of any coastal
structures present, and assess base flood erosion along any erodible shorelines. Runup estimates
must be made along transects that have been adjusted for event-based erosion (not long-term
erosion) and for any expected failures of coastal structures. Although it is not mentioned in the
G&S, Study Contractors should check for possible breaches and failures between transects
before interpolating runup and overtopping results to adjacent beaches.

FEMA calls for runup (and therefore, overtopping) analyses only in certain instances, as shown
in Appendix D, Tables D-1 (Atlantic/Gulf) and D-14 (Great Lakes). These tables are
summarized in Table 1 below.

FEMA presumes that runup on low-profile beaches—without a sizable landward barrier (e.g.,
dune, bluff, cliff, or structure)—will not be significant, and therefore need not be analyzed or
calculated. This presumption is reasonable on low-profile shorelines where storm surges flood
upland areas and wave heights tend to control base flood elevations (BFES). This presumption,
however, is probably invalid for the Pacific Coast, where storm surge heights tend to be small,
swell periods can be large, infragravity motions can be substantial, and wave runup on beaches
and structures tends to control BFEs.

* Note that FEMA’s Great Lakes runup methods are based on the USACE Detroit District procedures (USACE,
1989).
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Table 1. Shore Types where Runup Estimates are Required for
Flood Insurance Studies (Atlantic/Gulf Coasts and Great Lakes)
Shore Type Runup Analysis
Rocky bluff yes
Sandy/sediment bluff or bank, little beach yes
Sandy beach, small dune no
Sandy beach, large dune yes
Open wetlands no
Shore protection structure yes

Source: FEMA, 2003

1.3.2 Wave Runup

Runup guidance for the Atlantic Ocean and Gulf of Mexico is contained on pages D-42 through
D-60 of FEMA (2003). FEMA calls for the use of its RUNUP 2.0 model, except for vertical- or
near-vertical-faced coastal structures; on such structures, FEMA (2003) calls for use of
procedures contained in the Shore Protection Manual (USACE, 1984). Although it is not stated
in the G&S, FEMA also permits use of the Automated Coastal Engineering System (ACES)
(USACE, 1992) for runup and overtopping calculations against vertical and sloping structures.
(Note that ACES v. 1.07 is on the FEMA list of accepted models of coastal wave effects, which
can be found at <http://www.fema.gov/fhm/en_coast.shtm>). It should also be noted that ACES
uses more up-to-date methods than those contained in the Shore Protection Manual or those used
in RUNUP 2.0

RUNUP 2.0 is a 1990 update and revision to FEMA’s first runup model (RUNUP 1.0), which
was originally developed for use in New England flood insurance studies in 1981. RUNUP 2.0
is discussed in Hallermeier, et al. (1990) and documented in Dewberry & Davis (1991).

RUNUP 2.0 is based largely on the reanalysis by Stoa (1978) of small-scale laboratory runup
tests (regular waves on smooth, impermeable, uniform slopes); on the composite slope procedure
developed by Saville (1958); and on roughness coefficients taken from the Shore Protection
Manual (USACE, 1984). However, RUNUP 2.0 results were compared against field and large-
scale laboratory runup measurements (using irregular waves), and Hallermeier et al. (1990)
determined that the model predictions were in agreement with the measurements. Although not
stated explicitly in the G&S, input wave conditions for RUNUP 2.0 will likely be irregular waves
(specified as the equivalent deepwater mean wave height and period).

RUNUP 2.0 calculates wave runup along shore-perpendicular transects. It uses the 1% (100-
year) stillwater elevation (tide plus surge, not including wave setup) and the equivalent
deepwater mean wave conditions (height and period) as model inputs. It then estimates the mean
wave runup height, which is added to the 1% stillwater elevation to determine the mean wave
runup elevation. FEMA (2003) recommends using ranges of input wave heights and periods as
inputs (+/- 5% or whatever percentage suits the level of uncertainty) in cases where it is difficult

4
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to specify the 1% flood conditions. The G&S call for averaging the RUNUP 2.0 output values for
the nine input combinations of water level, wave height, and wave period.

One key difference between RUNUP 2.0 and RUNUP 1.0 is the fact that the latter predicted
wave runup using unspecified combinations of offshore wave heights and periods (i.e., neither
mean [50%], nor significant [33%], nor controlling [1%]) that were expected to occur during
northeasters (or hurricanes). It was assumed by RUNUP 1.0 that the results (when added to the
1% stillwater elevation) represented the maximum runup elevation (Stone & Webster, 1981),
while RUNUP 2.0 computes the mean runup elevation. Thus, there is a significant disparity
between the results of flood insurance studies in communities based on RUNUP 1.0 and 2.0
models (Hatheway, pers. comm., 2003). This can be seen in New England, where many flood
studies were based on the RUNUP 1.0 model.

Finally, unlike the case of wave height analyses using WHAFIS, FEMA (2003) states that wave
setup is not to be added to the 100-year stillwater elevation before wave runup analyses, because
RUNUP 2.0 assumes that wave setup is already included in the calculated wave runup. This
assumption may be reasonable if the measurements and model tests used to develop the
procedures contained in RUNUP 2.0 included wave setup effects (these data should be
reviewed). However, the validity of this assumption should be reexamined for the Pacific Coast
subject to infragravity waves, and as FEMA’s wave setup calculation methods evolve.

1.3.3 Wave Overtopping

Overtopping guidance for the Atlantic Ocean and the Gulf of Mexico is contained on pages D-61
through D-69 of FEMA (2003), and is based largely on the work of Owen (1980) and Goda
(1985).

FEMA (2003) does not call for overtopping calculations in all instances. Instead it first calls for
a comparison of the freeboard, F (the vertical distance between the base flood stillwater elevation

and the crest elevation), and the mean runup height,ﬁ. If F> 2R, then the guidance assumes
that overtopping can be neglected. If F < 2R, then the mean overtopping rate Q fora
nonvertical slope is calculated according to:

Q=Q*(gH?)* 1)

Q*=8e10"° exp[3.1 (rR*~F/H,)] (2)

R*=[15m/(H,/L,,)"] ©)
where:

Q* = dimensionless overtopping,

R*

estimated extreme runup normalized by Hs (note: the G&S do not define
“extreme” runup),

5
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r = the roughness coefficient,
F = freeboard,

H, =

g = gravitational constant,

m =

deepwater wavelength.

op

incident significant wave height at toe of overtopped barrier,

the cotangent of the slope angle of the overtopped barrier, and

FEMA (2003) also includes guidance (Figure D-19) that can be used to estimate the
dimensionless overtopping on smooth slopes (see Figure 2), from which Q can be calculated
(adjustments for roughness can be made according to the text).

Overtopping of a vertical wall is calculated using the methods of Goda (1985) and summarized

in G&S Figure D-20 (page D-68).

Table 2 (Table D-7 on page D-69, repeated below) relates flood hazard zones landward of an
overtopped structure/feature to the mean overtopping rate.

Table 2. Interpretation of Mean Wave Overtopping Rates

6 Order of Magnitude

Flood Hazard Zone Behind Barrier

<0.9991 cfs/ft

Zone X

0.0001-0.01 cfs/ft

Zone AO (1 ft depth)

0.01-0.1 cfs/ft

Zone AO (2ft depth)

0.1-10. cfs/ft

Zone AO (3ft depth)

>1.0 cfs/ft*

30-ft width** of Zone VE (elevation 3 ft above barrier
crest), landward Zone AO (3 ft depth)

and other factors.

*With estimated Q much greater than 1 cfs/ft, removal of barrier from transect representation may be appropriate
**Appropriate inland extent of velocity hazards should take into account structure width, incident wave period or wavelength,

Source: FEMA, 2003

Note that one hazard zone associated with overtopping and rapid sheet flow—the VO zone—has
been designated in the National Flood Insurance Program (NFIP) regulations, but is not
contained in Table 2 and has not been implemented. The Hazard Zone Focused Study may
recommend use of the VO zone; if so, procedures governing its use should be coordinated with

the Runup/Overtopping Study Group.
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10™ |-

Waveform

F/H<=0.75 Overtopping

F/Hs=1.0

Dimensionless Overtopping Rate (Q*)

F/Hs=1.5

10*
F/H5=20

10° ! ! !
0 1 2 3 4 5 6 7

Source: FEMA, 2003 Contangent of Structure Slope

Figure 2. Overtopping of smooth, sloping structures.

FEMA (2003) provides simplified guidance for mapping flood hazard zones on overtopped
dunes/barriers without calculating overtopping values (see Figure 3), and provides some
guidance for runup onto low bluffs and plateaus, based largely on the work of Cox and
Machemehl (1986)—see Figure 4. These procedures should be reviewed based on recent
experience and other more recent methods.
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Figure 3. Simplified mapping of overtopped dune where
runup exceeds crest by 3 feet or more.
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' N
'

100 Year Stillwater Level

Source: FEMA, 2003

Figure 4. Wave envelope and base flood elevations resulting from
combination of wave heights and wave runup.
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2 CRITICAL TOPICS

2.1 TopriC 12: REVIEW APPROPRIATENESS OF USING MEAN VS. HIGHER VALUES FOR
RUNUP AND OVERTOPPING

2.1.1 Description of the Topic and Suggested Improvement

This topic can be summarized by asking three questions:

@ Is calculating the mean runup elevation consistent with other FEMA guidance and
procedures?
@ Does mapping to the mean runup elevation provide adequate protection for building’s

which are in compliance with NFIP requirements?

@ Does mapping to the mean overtopping rate provide adequate protection for NFIP-
compliant buildings?

The conclusion of the Focused Study Group is that the answer to the first two questions is no,
and the study group recommended that consideration be given to calculating and mapping to a
higher runup level (the exact level is yet to be determined).

The answer to the third question is closely tied to how the overtopping rate is used to identify
hazard zones. Use of the mean overtopping rate may be acceptable for calculation purposes, but
the hazard zone delineations based on the mean overtopping rate may need to be revised.

2.1.2 Description of Procedures in the Existing Guidelines

Current FEMA guidance calls for calculating (and mapping based on) the mean runup elevation
and the mean overtopping rate.

Although there may be some exceptions, the average of the RUNUP 2.0 computed mean runup
elevations is used to establish the BFE and flood hazard zones on the slope/structure subject to
runup. The crest elevation and mean overtopping rate are used to establish the BFE and flood
hazard zone landward of the overtopped structure/feature.

In areas not dominated by storm surge and wave heights, or by primary frontal dune
considerations (see Hazard Zone Topics 17 and 39), FEMA differentiates between V zones and
A zones based on the wave runup depth and the overtopping rate, as follows:

Areas on slopes subject to runup, where the ground is lower than 3.0 feet below the mean runup
elevation (i.e., where the runup “depth” is greater than or equal to 3.0 feet), are classified as V
zones. Where runup “depths” are less than 3.0 feet the areas are classified as A zones. Note the
similarity to V zones based on wave heights (V zones have runup depth > 3.0 feet or breaking
wave heights > 3.0 feet). See Figure 5.
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Figure 5. Wave envelope and base flood elevations resulting from
combination of wave heights and wave runup.

Landward areas subject to mean overtopping rates > 1.0 cubic foot per second (cfs)/foot are
mapped as V zones (see Table 1 above); otherwise, they are mapped as AO zones.

2.1.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

There are three key implications associated with application of the existing guidance. These
implications are described below.

Consistency with Other FEMA Procedures*

FEMA typically—but with an important exception—maps hazards associated with the 100-year
event at the mean (50%) level. Review of the G&S shows that the mean runup elevation, mean
overtopping rate, and median erosion value are all used in mapping the 1% flood elevations in
coastal areas. However, for Atlantic/Gulf of Mexico situations, FEMA uses its WHAFIS model
to establish BFEs using the “controlling” (1%) wave height, not the mean wave height. The
controlling wave height is equivalent to approximately 1.6 times the significant wave height (or
approximately 2.6 times the mean wave height) in deepwater, but all

* Another inconsistency can be found with the incident wave conditions used as model inputs for RUNUP 2.0
versus WHAFIS. Although the inconsistency may be correct technically, it can be confusing to those using the
RUNUP 2.0 and WHAFIS models: RUNUP 2.0 requires input of the equivalent deepwater mean wave height and
period (approximated as 0.65 times the equivalent deepwater significant wave height, and 0.85 times the peak wave
period); WHAFIS requires input of the significant wave height and peak wave period at the start of the analysis
transect (which WHAFIS converts to the controlling [1%] wave height, assumed to be 1.6 times the significant wave
height).
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reduce to the depth-limited wave height (0.78 times stillwater depth) in shallow water. The
WHAFIS model calculates wave crest elevations based on the controlling wave height. This
procedure can be traced to the National Academy of Sciences (1977).

Dewberry & Davis (1991) acknowledges this discrepancy (between mapping the controlling
wave height and the mean runup height), but calls for use of the mean runup value because there
are “limitations in assuming a Rayleigh probability distribution for runup elevations.” In other
words, use of the mean runup value avoids having to estimate what a maximum runup elevation
might be, when there is uncertainty associated with the actual runup distribution. Uncertainty
arguments aside, there can sometimes be an inconsistency between mapping wave heights to a
1% level and mapping wave runup to a 50% level. The significance of this inconsistency
increases as the runup velocity increases, and will be most apparent for mapping tsunami runup.
The inconsistency may also be important in Pacific regions where infragravity motions can be
substantial.

Adequacy of Base Flood Elevations and Hazard Zones ldentified using Mean Values

This issue should be viewed in light of the principal purposes of the NFIP—to map flood and
flood-related hazards, and to establish minimum development regulations (principally those
related to the design and construction of buildings) using those maps.

If one examines the history of NFIP coastal mapping, the original coastal BFE was simply the
stillwater level, and wave effects were ignored. Insurance premiums for areas subject to wave
heights were surcharged, and building standards for VV zones were more restrictive than those in
A zones, but BFEs ignored the presence of waves. The National Academy of Sciences
recognized the problem, as did those who inspected new homes in coastal Alabama, built to the
stillwater elevation but destroyed by Hurricane Frederic in 1979. It was after Hurricane Frederic
that the NFIP produced Wave Height Supplement reports and modified BFEs to reflect the 1%
wave crest elevation.

Ignoring runup elevations above the 50% level means that buildings elevated to the mean runup
elevation may be reached many times (and likely damaged) by wave runup during a coastal
storm event. Although the impact of wave runup of a certain depth is generally less than that
contained in a breaking wave of similar height (and, therefore, building damage may be less), the
omission seems similar in nature (if not in magnitude) to the early omission of wave heights by
the NFIP. This argument is supported by a recent flood insurance study on the Pacific Coast at
Sandy Point, in Whatcom County, Washington. This study determined that use of the mean
runup calculation procedure could under-predict damage to upland structures caused by flooding
and associated wavecast debris. The determination was based on observed flooding and damage
during a 5% (20-year) flood event (Phillip Williams & Associates, 2002).

The design of coastal structures is not the main focus of the NFIP (although coastal structure
design is considered in mapping flood hazards). However, the present project can be informed
by guidance on the design of coastal structures. The durability and crest elevation of a coastal
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structure are usually dictated by the importance of the area being protected, and by the frequency
and rate of overtopping deemed acceptable. Structural designs are typically based on wave
heights greater than Hsge,, and crest elevations are usually set to prevent overtopping at runup
elevations higher than the mean value. These practices indicate that protection at a level higher
than 50% is common. Regarding overtopping, mean overtopping rates are generally used for
coastal structure design purposes. This practice may underestimate flooding in some cases,
however. For example, if the structure has a high crest elevation but is attacked by several large,
unbroken waves over a short period of time, the mean overtopping rate may be low, but the
overtopping associated with those few large waves may cause significant flooding behind the
structure.

RUNUP 1.0 vs. RUNUP 2.0

In 1991, FEMA adopted RUNUP 2.0 and discontinued use of RUNUP 1.0. RUNUP 1.0
calculated maximum runup elevations for a variety of combinations of input wave heights and
periods assumed to be representative of conditions for a northeaster (or hurricane), not mean
runup elevations. No systematic comparison of the results has been made for communities
where Flood Insurance Rate Maps (FIRMs) are based on RUNUP 1.0. However, such a
comparison might reveal substantially lower BFEs would result from use of RUNUP 2.0 mean
runup elevations. Granted, some of the differences would be the result of other revisions made
between versions 1.0 and 2.0, but the difference attributable to mapping a mean vs. maximum
runup level could be significant. Further comparisons should be made for the northeastern
Atlantic Coast to better define the difference between the results of runup models 1.0 and 2.0.

2.1.4 Alternatives for Improvement

Wave Runup

Several alternative runup values are considered for flood hazard mapping purposes:
Maintain present FEMA use of R,

R339 (significant runup, Rs),

R10%,

B @ @ @

R0, and

Rmax (Maximum runup).

The selected value should account for the duration, frequency, and magnitude of runup

elevations that may potentially damage upland structures. Use of FEMA’s present R guidance
seems to violate this criterion. However, the selected value need not be so conservative that it
precludes all contact between runup and upland structures during the base flood event (use of the

Rmax value clearly violates this criterion), nor must it prevent contact by runup that has a low
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frequency of occurrence and/or a low likelihood of causing structural damage to upland
structures (use of the Ry, value may violate this criterion).

Thus, use of a runup value in the range of Rz, t0 R1g9, SeEMS reasonable. Once a runup value is
adopted, the next step is to define the Ryo, height and elevation based on an existing runup
calculation procedure that calculates Ry, directly (or uses a runup distribution relating Ry

toﬁ), or based on a more rigorous analysis (e.g., Monte Carlo). As a first approximation, and
for the purposes of the present analysis, the R33e, and R1ge, values would correspond to

approximately 15R and 2.0R, respectively. Incorporation of conversion factors such as these
would allow the continued use of the RUNUP 2.0 model and methods in their present form, with
only a scaling of the output runup height—an easy adjustment.

Wave Overtopping

As was the case with runup, several alternative overtopping values could be considered:

Maintain present FEMA use of mean overtopping rate Q,
Q33% (significant overtopping rate, Qs),
Q10%,

Q2%, and

& @& @& B @

Qmax (mMaximum overtopping rate).

However, overtopping calculations are subject to much more uncertainty than runup calculations,
and selection of a specific Qyg, may be problematic. Kobayashi (1999) points out that while
mathematical and numerical runup models may replicate measured runup values with errors of
about 20%, predicted overtopping rates are often in error by a factor of 2 or more. Some
overtopping predictions may be even less accurate, given the fact that subtle changes in wave
conditions, water levels, barrier geometry and characteristics, or wave breaking can have a very
large effect on overtopping rates. Unlike the case of wave runup, there appears to be no

compelling reason to adopt an overtopping value different from Q. It is recommended that

FEMA continue to use the Q calculation, but reevaluate flood hazard zone designations based
on mean overtopping rates (see Table 1 above and Section 3.2).
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2.1.5 Recommendations

Recommendations for Topic 12 are as follows (see Table 5 at the conclusion of this report):

1. Revise the guidance to call for runup analyses in the sandy beach, small dune shore type
(because runup will control BFEs on many low-profile beaches along the Pacific and
sheltered shorelines).

2. Evaluate use of the mean runup R with a value; if R fails to capture historical evidence of
damaging runup, then consider an alternate value for mapping purposes (probably in the

range of Rs3g, t0 R1gus, Or as indicated by historical data).

3. Develop an interim procedure for adjusting the results of RUNUP 2.0 (for FIS or Letter
of Map Revision [LOMR] evaluations).

4, Conduct a similar analysis specific to the tsunami runup value appropriate for flood
hazard mapping.

5. Retain use of the mean overtopping rate Q for overtopping calculation purposes, but
consider revising overtopping values that distinguish among flood hazard zones.

2.1.6 Preliminary Time and Cost Estimate for Guideline Improvement Preparation

Table 6 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.

2.1.7 Related Available and Important Topics

Available and Important Topics related to Topic 12 are listed in Table 5, at the conclusion of this
report.

2.2 Toric 11: REVIEW RUNUP METHODS AND PROGRAMS:; PROVIDE EXPLICIT GUIDANCE
ON WHERE EACH SHOULD BE APPLIED

Overtopping considerations have been removed from Topic 11 and grouped with those in Topic
13; although overtopping depends upon runup, it can be treated differently for NFIP flood hazard
mapping purposes.

2.2.1 Description of the Topic and Suggested Improvement

Current FEMA runup guidance has been developed on an ad-hoc basis over the years. The
guidance may or may not represent the procedure(s) most appropriate for a contemporary FIS. It
may or may not be transferable to the Pacific Coast.
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In fact, experience suggests that this guidance may not be directly transferable without some
revision or modification. The Pacific Coast, unlike the open-coast Atlantic and Gulf of Mexico,
does not lend itself to a simple characterization of the 1% flood event. Much of the Pacific Coast
is composed of dissipative beaches, and the relative contributions of storm surge, wave setup,
and wave runup can differ substantially from those along the coasts of the Atlantic Ocean and
Gulf of Mexico. Pacific wave spectra may differ substantially from those used to develop the
FEMA runup methods used along the coasts of the Atlantic Ocean and Gulf of Mexico.

This is not to say that wave runup has not been computed for the Pacific Coast. It has been
computed using a variety of available methods: the FEMA RUNUP 2.0 model, ACES, Shore
Protection Manual SPM (1984) methods, tsunami runup models, and other methods, some of
which are based on local experience.

The issue is not whether runup methods are available; the issue is which of the available methods
are best suited to FISs and yield the best results for the Pacific Coast. Therefore, the Focused
Study Group has chosen to revise the Topic 11 priorities assigned at Workshop 1 from
“Available” to “Critical” for the Pacific, and from “Helpful” to “Available” for the Atlantic and
Gulf Coasts.

Clearly, the identification of appropriate runup guidance is most needed for Pacific FISs, and that
issue is given the highest priority. EXxisting guidance for the Atlantic and Gulf can be used
without major modification (notwithstanding the mean runup issue discussed in Topic 12), but
the New England Coast especially will benefit from the development of guidance for the Pacific
Coast.

The Focused Study Group for Topic 11 sought to facilitate the development of sound, practical
runup guidance for the Pacific Coast, and to evaluate similar guidance for the coasts of the
Atlantic Ocean and Gulf of Mexico. With this in mind, the study group’s primary
recommendation is to develop test scenarios and perform side-by-side comparisons of existing
runup methods and models. The testing should include evaluation of the sensitivity of the
various runup methods and models to various parameters (e.g., profile shape and roughness,
incident wave characteristics, infragravity motions). Infragravity motions must be included in
any Pacific Coast testing; infragravity waves are more common on the Pacific Coast than on the
Atlantic and Gulf Coasts, and such waves can amplify runup and overtopping considerably.

A similar approach may be useful for evaluating Pacific Coast event-based erosion or wave setup
and wave transformation. As many categories as possible should be evaluated using common
test conditions.

2.2.2 Description of Procedures in the Existing Guidelines

See Sections 1.2 and 2.1.2.
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2.2.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

See Section 2.1.3.
2.2.4 Alternatives for Improvement

At least a dozen methods and models can be used to predict wave runup, not counting site-
specific field measurements and laboratory modeling (both of which are unlikely during an FIS).
Relevant issues and parameters associated with these methods and models are as follows:

@ Each method or model is based on certain assumptions and empirical data, and each is
valid over a range of morphologic, hydraulic, and sometimes geographic conditions.

@ Some use deepwater wave conditions as input; others use local (i.e., transformed) wave
conditions at the toe of the barrier.

@ Some methods or models are applicable to beaches and others to coastal structures.

@ Some are applicable to transect-type analyses while others are appropriate to grid- or
element-based analyses.

@ Each requires tradeoffs among simplicity, accuracy, data requirements, ease of use, and
economy.

Wave Runup
The runup methods and models considered are described below.

RUNUP 2.0
This model was described in Section 1.2.1.

Shore Protection Manual

The Shore Protection Manual (SPM) (USACE, 1984) contains several graphs that relate the
runup of normally incident regular (monochromatic) waves on impermeable slopes to deepwater
wave steepness, barrier slope, and deepwater wave height. Refraction, diffraction, and bottom
friction are not considered. Graphs are provided for smooth slopes, quarrystone and stepped
revetments, and vertical and curved-face seawalls. These graphs are based on small-scale
laboratory work; guidance is provided for adjustment of calculated runup for scale effects and
roughness. Any effects of wave setup are included in the computed runup values. Saville’s
(1958) composite slope procedure is included.

The SPM gives limited guidance for estimating runup resulting from irregular waves. According
to Dewberry & Davis (1991), the 1984 SPM did not make use of Stoa’s (1978) reanalysis of
wave runup data.
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WRUP™

WRUP™ was developed by Noble Software, Inc., for the runup of regular waves (Noble, 1984).
A menu-driven program designed to facilitate the calculation of wave runup based on SPM
methods, WRUP™ uses equations, curves, and methodology presented in the 1984 edition of the
SPM.

The program can be applied to composite slopes (up to eight variable slopes per profile)
including revetted slopes, vertical slopes, and three defined complex structures. It can calculate
runup that exceeds the top of a vertical wall or other steep slope by adding a fictitious flat slope
directly behind the top of vertical or steep slopes. Wave input can be at deepwater, intermediate
water, or depth-limited breaking waves. WRUP™ has been applied to the Coast of California
Storm and Tidal Waves Study (CCSTWS) in Orange County for the U.S. Army Corps of
Engineers (USACE). The advantage of using WRUP™ is that it is faster and more convenient
than interpolating from graphs in the SPM. A flow chart for WRUP™ is shown in Figure 6.

Parabolic Profile Representation

Taylor et al. (1980) developed an alternate to the composite-slope approach by describing the
beach profile between the seaward edge of the dune and the wave breakpoint by an equilibrium
profile, a parabolic function of the form:

Xx=ay" 4)

The formulation does not include longshore bars. It uses small-scale laboratory data of Saville
(1956, 1958), Savage (1958) and Hunt (1959) to relate runup to the deepwater wave height and
period.

Limited comparisons with the profiles produced by the composite-slope method for Volusia
County, Florida, show generally poor agreement, with the parabolic method producing generally
lower runup. This was thought to have occurred partly because the parabolic approach smoothed
the bar and resulted in seaward shifting of the wave breakpoint, which reduced the mean slope
relative to the composite-slope method. It was not possible at the time of the study to determine
which approach more accurately predicted runup.

ACESVv.1.07

The most widely used version of ACES is the freely distributed ACES v. 1.07 (USACE, 1992).
Later versions are available only as part of the CEDAS (Coastal Engineering Design and
Analysis System) software sold by Veritech.

ACES v. 1.07 has three wave runup programs: Irregular Wave Runup on Beaches, Irregular
Wave Runup on Riprap, and Wave Runup and Overtopping on Impermeable Structures. Wave
setup contributions are included in each of the runup calculations.
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Figure 6. Flow chart for WRUP™,
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The Irregular Wave Runup on Beaches module calculates several values of runup (Rmax, R2v,
R10%, R33%, and ﬁ) based on laboratory experiments of runup on smooth impermeable slopes.
The calculations are made given the deepwater significant wave height, peak wave period, and

foreshore slope (which yield the surf similarity parameter, & =tan 6/ (H0/L0)1/2 ), and using the
general relationship

—ac’ (5)

where a and b are constants that depend on the statistic (x%) desired, from Mase (1989).

The Irregular Wave Runup on Riprap calculation is part of the Rubble-mound Revetment Design
module. The method calculates the expected maximum runup elevation and provides a
conservative estimate of the maximum runup elevation, based on small-scale laboratory tests of
Ahrens and Heimbaugh (1988). The calculations are made given the deepwater significant wave
height, peak wave period, and foreshore slope (which yield the surf similarity parameter), and
using the general relationship

mo_ag/(Lebe) ©)

0
where a and b are constants given by Aherns and Heimbaugh (1989).

The Wave Runup and Overtopping on Impermeable Structures module calculates the runup
elevation associated with incident uniform waves at the structure toe (described by H; = Hy)
acting on smooth or rough structures. Other inputs are the peak wave period, nearshore slope,
structure slope, and roughness coefficients. The pertinent relationships are

R
0 c&/L+d &) for rough slopes (7)
R
== C for smooth slopes 8

where ¢ and d are armor unit coefficients given by Ahrens and McCartney (1975), and
coefficient C varies with the surf similarity parameter & , based on the work of Ahrens and Titus
(1985).

The ACES runup modules represent improved guidance over that contained in the SPM. ACES
guidance may be preferable to RUNUP 2.0 in some instances. The Irregular Wave Runup on
Beaches calculation is maintained in the Coastal Engineering Manual (CEM). The Irregular
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Wave Runup on Riprap calculation is reported to be advantageous because it works well for both
shallow water and deep water at the toe of the revetment.

Coastal Engineering Manual

A replacement for the Shore Protection Manual, the CEM (2003) (Section 11-4-4) contains
guidance for calculation of regular and irregular wave runup on beaches (Smith, 2003). Wave
setup contributions are included in the runup results. Runup by regular breaking waves on
smooth impermeable slopes is based on small-scale model tests and is a function of the
deepwater wave conditions (expressed using the surf similarity parameter). Such runup is
calculated using relationships developed by Hunt (1959), and rewritten in nondimensional form
by Battjes (1974):

2
Hi =& for 0.1<¢&,<23 with &, =tan ﬂ(%} )

0 0

Walton et al. (1989) revised the formulation to determine the upper limit of runup by
nonbreaking regular waves:

R ST 4 %
A7) oo

where £ = slope (in radians).

The guidance for runup from irregular breaking waves on smooth impermeable slopes is similar
to the guidance contained in ACES 1.07 (see above). The CEM (2003) (Section VI-5-2)
contains guidance for calculation of irregular wave runup on structures (Burcharth and Hughes,
2003). The guidance is based largely on the small- and large-scale laboratory tests summarized
in van der Meer and Stam (1992), and van der Meer and Janssen (1995). It uses a Battjes-type
formulation

RX%
s (AE+Clrrri7 s (11)

S

where A and C are coefficients related to the surf similarity parameter and runup probability for
the reference case (smooth, straight impermeable slope, normally incident long-crested waves
with wave heights given by a Rayleigh distribution); and where the coefficients y , 1, 1, 73
adjust for surface roughness, influence of a berm, shallow water, and angle of wave incidence (y
= 1.0 for reference case).

The CEM provides several graphs and formulas for R, and Rs as a function of the significant
wave height at the toe of the structure, not as a function of the deepwater wave height. Also,
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note that Ry, refers to the runup level exceeded by 2% of the incoming waves, not by 2% of the
runup levels, etc.

The CEM provides no methods for calculating irregular wave runup against vertical walls,
although the method of Walton et al. (1989) mentioned above in the Regular Wave Runup on
Beaches section could be used.

Wave Momentum Flux Parameter

Hughes (2003a, 2003b) developed and used a wave momentum flux parameter to improve on the
predictive accuracy of the CEM’s irregular wave runup guidance for smooth-sloped,
impermeable structures. Like the CEM, this revised method calculates the Ryg, value using
inputs of local wave height and period, structure slope, and depth at structure toe.

Coastal Data Information Program (Potential-Flooding Index for Southern California)

The Coastal Data Information Program (CDIP) is an experimental tool used to forecast the
maximum runup elevation based on predicted (astronomical) tide elevations and the predicted
significant wave height outside the surf zone (Seymour, 2003). The experimental CDIP tool is
illustrated in Figure 7.

WARNING: These coastal wave forecasts are HIGHLY experimental.
Oo NOT use them as your primary source of wave
forecast information.

Potential Floeding Index — Point Conception

M
£

Wave Height + Tide
= Tide

Mo
L=
T

£n

=

£n

Maximum VWater Elevation (feet)

24 h 48 h T2 h
Mon " Tue " Wead " Thy

Last Update: 2/5/2004 4:.00 PST
Source: CDIP 2004

Figure 7. Coastal Data Information Program, potential flood index tool.
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The CDIP is not a wave runup model per se; therefore, use of the CDIP Potential Flood Index
Tool as a proxy for runup elevations should be considered an interim approach until runup
analyses are completed. Actual forecasts can be found under Wave Forecast Models (see “Coast
Waves + Tide, southern California”) at <http://cdip.ucsd.edu/elnino_htmls/homepage.shtml>.
The Potential Flood Index Tool assumes that the combined setup plus runup at the shoreline is
equal to the significant wave height beyond the surf zone. (The latter can be forecast using wave
buoy data and numerical models.)

Oregon Property Erosion Model

Ruggiero et al. (2001) summarize development of a model to evaluate the susceptibility of
coastal property to wave-induced erosion. The model is predicated on the observation that
foredune erosion occurs when the runup elevation (actual tide elevation plus runup height)
exceeds the elevation of the beach-foredune junction (see Figure 8). Wave setup is embedded in
the runup.

The study points to the importance of both runup elevation and duration (hours/year) of high
runup elevations. It found a good correlation between the number of hours per year that the
predicted Ry, elevation would exceed the beach-foredune elevation, and observed erosion
characteristics. Using field data from Oregon and North Carolina (USACE Field Research
Facility, Duck, North Carolina), the predicted Ry, (2% exceedance elevation, measured in
meters above National Geodetic Vertical Datum [NGVD]) was defined using beach slope, and
deepwater significant wave height and wavelength as:

1/2

R2os = 0.27 (S Hos Lo) (metric units) (12)

Where the shore was subject to less than 1 hour of attack per year (“attack” is defined as when
Ry, exceeds the beach-foreshore junction), the shore tended to be stable or accretional. Where

the shore was subject to more than 10 hours of attack per year, the shore was erosional. Higher
durations were associated with greater erosion.
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Property Erosion Model
erosion when E. + R > E,

beach-property
junction

wave swash

j\ measured tide level

predicted tide

E,=measured tide
_l_____________ — __NGVD'sealevel’ ___ __

Source: Ruggerio et al., 2001
Figure 8. Oregon property erosion model.

Technical Advisory Committee for Water Retaining Structures

The TAW (2002) report updates the earlier guidance of van der Meer (upon which much of the
CEM runup guidance is based). This report is available at
<http://www.tawinfo.nl/engels/downloads/TRRunupOvertopping.pdf>. It includes the results of
recent model tests, and considers cases with very shallow foreshores and with vertical walls atop
slopes. The report also replaces use of the peak wave period at the structure toe with the spectral
wave period, and increases estimates of maximum wave runup.

Boussinesq Wave Models

This type of model solves the so-called Boussinesq type equations in the time domain. It
resolves the waves in detail, and is suited for simulation of propagation and interaction of
nonlinear directional waves. It is capable of reproducing the combined effects of most wave
phenomena of interest in ports, harbors, and coastal engineering: shoaling and refraction,
diffraction, bottom dissipation, partial reflection and transmission, nonlinear wave-wave
interactions, and wave breaking for directional, irregular waves.

DHI’s suite of models, MIKE 21, includes two Boussinesq modules, 2DH and 1DH. The “2DH”
module calculates wave disturbance in ports and harbors; the 1DH module calculates wave
transformation across an arbitrary profile from offshore up to the shoreline for the study of surf
zone and swash zone dynamics (see Figure 9). The 1DH module solves the equations along a
transect, and can therefore represent the dynamics for unidirectional, irregular waves.

The 1-D BW model is a relevant tool for the study of runup, and its strength is its computational
speed. The 1-D BW can simulate the combination of setup and runup, and phenomena such as
wave groups and surf beat can be included (provided that the driving forces are included in the
boundary conditions). The results can be analyzed into frequency of exceedance runup levels.
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Detailed 3-D Hydrodynamic Model, Navier-Stokes Solvers

DHI’s Navier-Stokes solver, NS3, is a numerical model that solves the full three-dimensional
Navier-Stokes equations including modeling of the free surface. The model is designed
especially for modeling of refined flow problems, such as eddies around structures, details of
run-up on structures, etc.

The model can be run in full 3-D or can be used as a “slice model” representing, for instance, a
coastal transect. Figure 10 shows an example where NS3 has been used along a transect analysis
to calculate runup and overtopping of a solitary wave on a dike. The example shows a
comparison between modeled and measured water levels on the crest and behind the dike.

NS3 can be used as a numerical tool that replaces physical model tests in a flume. Output from
the model is a time series of water levels, velocity fields, overtopping rates, and pressure fields.
This model is also a useful tool for the calculation of forces on structures, e.g., wave forces on a
wave screen. The Navier-Stokes solver is more accurate in the prediction of wave overtopping

than the Boussinesq models, which are strong tools for wave runup calculations.

R

|.|1T"""?.--—“ﬁ:ﬂ
o’ -

Source: Danish Hydraulics Institute

Figure 9. lllustration of the 2-D BW Model (wave penetration into a harbor) and
the 1D BW Model (wave transformation across a beach profile).
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Upper panel, layout of experiment; middle panel, close-up of computational grid near the crest of the dike; lower
left, comparison of measured water level at the crest (dots) and modeled level (line); lower right, measured water
level behind the structure (dots) and modeled (line).

Source: Danish Hydraulics Institute

Figure 10. Runup and overtopping calculated by DHI NS3.

The numerical model is complex and computationally demanding. NS3 is presently not released
as a commercial software product and runs presently without Graphical User Interfaces.
However, conceptual model setups can be prepared so experienced modelers can adjust the
boundary conditions and the geometry and can run specific simulations without detailed
knowledge of the coding.

Deterministic vs. Statistical Approaches

Two general methods for computing 1% annual chance flood elevations were discussed in
Workshop 2: the Event Selection Method and the Response Method.

@ The Event Selection Method is deterministic; it uses one or more user-identified
combinations (each defined as a 1% flood event) of water level and wave conditions, and
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computes the resulting flood elevation for each combination. The user then selects a
flood elevation for mapping purposes.

@ The Response Method is based on a statistical approach, where input parameter values
are selected (randomly) from defined parameter distributions, and are then used to
compute a flood elevation (response). The process is repeated many times, a response
distribution is developed, and the 1% response is determined.

Given the difficulties (particularly on the Pacific Coast and on sheltered shorelines) in defining
the 1% flood event, including all relevant parameters—water level, transformed wave conditions,
wave setup, erosion, and runup—it may be useful to consider a statistical type analysis for
determining the Ryo, elevation used for flood hazard mapping. A statistical (response) approach
can account for the random combination of storm wave conditions, tide elevations, and other
parameters, and can determine a statistical distribution of wave runup frequency and wave runup
elevations.

The statistical approach requires distributions and constraints for input parameters to be defined.
It allows determination of the wave-tide combination(s) responsible for the Ryq, elevation. The
statistical approach is not limited to a single runup calculation procedure (it can be employed
with many different procedures), but can provide statistical meaning to the results from the runup
calculation procedure employed. A flow chart for one statistical approach is shown in Figure 11.

Using Models vs. Using Simple Procedures

The main advantage of numerical runup (and overtopping) models over simple procedures
(empirical formulas) is that with models, arbitrary profile shapes can be studied in combination
with widely varying water level and wave parameters. The utility of simple formulas is
restricted by the empirical data and conditions that led to their development, and extrapolation to
other geometries and conditions may be questionable.
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Determine representative beach profile, structure characteristics

l

Determine statistic distribution of wave height: py; (H:)

l

Determine statistic distribution of tidal elevation: p; ()

l

Determine the joint distribution of the combined wave-tide events:
Pek (Hi,G) = Pri (H) x pei (G) (k=1,ix])

l

Wave-tide event: k=1

>

A 4
Calculate wave runup caused by this wave-tide event: Ry

l

Next wave-tide event: k=k+1

- - - NO
Finish all wave-tide events

Yes

Sort all of the calculated wave runup, and determine the occurrence frequency by summing up
the joint probabilities of the wave-tide events that cause the same wave runup

l

Figure 11. Flow chart for statistical approach.
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However, if a shoreline/structure profile under investigation has geometric characteristics and
hydraulic conditions similar to those that form the basis for a simple procedure, use of the simple
procedure will be acceptable, and will probably be more cost effective for FEMA. Numerical
models may be better suited to complex shoreline shapes, geometries, and situations (and less
restricted by ranges of conditions over which they are applicable), but they also require more
data, preparation, expertise and expense to yield acceptable results.

Numerical models, computing capabilities, and data acquisition/manipulation techniques
(including Light Detection and Ranging [LIDAR] and Geographic Information Systems [GIS])
have advanced significantly over the past two decades. During that time, however, FEMA’s
basic approach to identifying coastal flood hazards has remained unchanged. (Improvements
have been made to various FEMA methods, but the basic transect analysis process has remained
intact.) Model development has been driven, in large part, by the need for improved coastal
structure design capabilities, and for shoreline management purposes. Flood hazard mapping can
benefit from these advancements.

Ultimately, FEMA’s methods will be overtaken and replaced by numerical models. This is
likely to occur first for large study areas where coastal storm surges (including wave
transformation, wave setup, and other wave effects) must be recomputed, and last for situations
where previously computed storm surges and related parameters are judged adequate for FEMA
use. This evolution should also occur first where critical infrastructure and development exist,
and where the uncertainty associated with use of the simple formulas may not be acceptable.
Note that FIS and FIRM appeals may hasten this evolution, through the use of more advanced
models by appellant representatives.

In the interim, runup (and overtopping) calculations can be carried out by a variety of methods
(which may include numerical models), but carefully chosen and applied simple procedures
should be adequate for most coastal FISs and restudies.

The Runup/Overtopping Study Group recommends that the procedures and models described
above be evaluated carefully, with an eye toward improving the accuracy of flood hazard maps
using simple procedures (where possible), and eventually migrating to numerical models for
most flood hazard mapping tasks.

Wave Runup, Wave Setup, and Wave Transformation

Wave runup is typically estimated using the stillwater elevation (without wave setup) as an input,
and runup estimates generally include the combined effects of swash and wave setup. This has
been the tendency because the majority of field and laboratory runup measurements to date—
upon which most estimation procedures are based—nhave made no attempt to separate out the
exact effects of wave setup. Relying on wave inputs is likewise a function of the evolution of
empirical runup methods; some rely on deepwater wave conditions while others rely on the local
waves at the structure toe.
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As models advance, the capacity to resolve water level constituents, wave transformation, and
complex hydraulic interactions will increase. It is important to take advantage of these
capabilities where they serve flood mapping needs, but the need should drive the technique (not
the other way around).

Irrespective of the exact path, as FEMA'’s coastal flood hazard mapping methods change, the
treatment of wave setup and wave runup (and other components, e.g., stillwater elevations,
event-based erosion, overland wave propagation) must be consistent. Thus, the
Runup/Overtopping Study Group sees the need for close coordination with other Focused Study
Groups, particularly the Wave Setup and Wave Transformation groups.

2.2.5 Recommendations

Recommendations for Topic 11 are as follows (see Table 5, at the conclusion of this report):

Investigate use of Oregon-type and/or CDIP-type methods as interim methods for all of
California, Oregon, and Washington. While not probability-based at present, it is reasonable to
expect that probabilities could be assigned and a base flood runup elevation could be estimated
using these methods. Bear in mind the previously mentioned caution, that the CDIP does not
resolve the surf zone and compute wave runup—its Potential Flood Index Tool is an
experimental proxy for runup.

Develop test scenarios for side-by-side comparisons of existing runup methods and models (give
priority to the Pacific Coast, followed by New England, then the south Atlantic and Gulf of
Mexico). This will require selecting representative beach profiles and structure geometries—
including low-profile, sandy-beach, small-dune barriers not presently modeled for runup (see
Table 1)—then locating existing data sets that can be used as a basis for comparing the accuracy
and sensitivity of results. These data sets may also serve as historical data of potential use in
future FISs. (Coordinate development of test scenarios with other study groups.)

Perform the side-by-side comparisons. Eliminate methods or models that do not provide
acceptable results or that cannot be used efficiently. (Remember that these will have to be used
for FISs with time, budget, and expertise constraints.) Identify which methods and models are
appropriate for use in various geographic areas and morphologic/hydraulic conditions. Consider
appropriate ranges of input parameters to address event definition uncertainty.

Coordinate work with the Wave Setup and Wave Transformation Study Groups. Inputs to wave
runup methods/models must be available and consistent with the results of wave setup and
transformation tasks.

2.2.6 Preliminary Time and Cost Estimate for Guideline Improvement Preparation

Table 6 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.
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2.2.7 Related Available and Important Topics

Available and Important Topics related to Topic 11 are listed in Table 6 at the conclusion of this
report.

3 AVAILABLE TOPICS
3.1 Toric 49: Review WRUP™ (AvAILABLE WAVE RUNUP PROGRAM)

3.1.1 Description of the Topic and Suggested Improvement
See Section 2.2.1.

3.1.2 Description of Procedures in the Existing Guidelines
See “Wave Runup” in Section 2.2.4.

3.1.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

FEMA G&S are predicated on SPM calculations for many items, including wave runup on
vertical walls. WRUP™ is a program built around SPM methods, and therefore it should satisfy
current flood hazard calculation requirements. However, the model has not been accepted by
FEMA per se, and its widespread use would not be permitted. (The developer is free to use the
model and submit its results for specific projects; this is one issue that has not been clarified by
FEMA.) Formal acceptance and widespread use of WRUP™ should be predicated upon: 1) the
continued use of SPM methods by FEMA, and 2) a detailed technical review of WRUP™ for
consistency with the SPM.

3.1.4 Alternatives for Improvement
See “Wave Runup” and “Deterministic vs. Statistical Approaches” in Section 2.2.4.
3.1.5 Recommendations

The recommendation for Topic 49 is to include the evaluation of WRUP™ in the Topic 11
evaluation of runup methods and models.

3.1.6 Preliminary Time and Cost Estimate for Guideline Improvement Preparation

Table 6 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.
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3.2 Topric 13: DEVELOP IMPROVED GUIDANCE FOR DETERMINING AND MAPPING
OVERTOPPING VOLUMES

3.2.1 Description of the Topic and Suggested Improvement

Current FEMA overtopping guidance has been developed on an ad-hoc basis over the years. The
guidance may or may not represent the procedure(s) most appropriate for contemporary FISs.

There are a variety of overtopping methods and procedures that should be evaluated as part of
this topic. The focus of the work should be on the following steps:

Review available overtopping methods and models, and determine appropriate procedure(s) for
calculating the mean overtopping discharge, including those over low-profile beaches and
barriers, dune remnants, revetments, and vertical walls.

Evaluate FEMA'’s current guidance, which limits the runup elevation to 3 feet above a barrier’s
crest elevation

Evaluate procedures for calculating overtopping onto low bluffs with gently sloping, flat, or
adverse slopes. Evaluate methods for determining ponding landward of overtopped barriers

Review the current literature on “acceptable” overtopping, and work with the Hazard Zone Study
Group to evaluate the overtopping rates FEMA (2003) uses to identify flood hazard zones
landward of an overtopped barrier.

3.2.2 Description of Procedures in the Existing Guidelines
See Section 1.2.3.

3.2.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

See “Wave Overtopping” in Section 2.1.4.

3.2.4 Alternatives for Improvement

Calculating Wave Overtopping

The overtopping methods and models to be considered are described below.

FEMA Guidelines and Specifications Method
See Section 1.2.3.

Shore Protection Manual
For regular waves, an empirical expression is used based on a reanalysis of laboratory data
reported by Saville (1955) and by Saville and Caldwell (1953):
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g =+9QH, exp[—%tanh‘l(h _Rds H (Equation 7-10 in the SPM) (13)
a

where aand Q" are empirical coefficients given in SPM Figures 7-24 to 7-32, based on
experiments for various wave conditions, structure slopes and structure types. Weggel (1976)
provided guidance on determining approximate values of & and Q"o when better estimates are not
available. Inputs are deepwater wave height, runup, height of structure, depth of water at the
structure, and various coefficients. A procedure is included in the SPM to estimate the increase
in overtopping rate with wind speed (Equation 7-12).

Ahrens (1977) extended the formula for regular waves by applying a method for determining
runup for irregular waves. This procedure was included in the SPM as an interim procedure.

oo = y IQHy exp{—o'iltanh‘{h EdSJ RRS } (Equation 7-14 in the SPM) (14)

S p%

ACESv.1.07

Wave overtopping is provided in ACES for both monochromatic waves and irregular waves. For
monochromatic wave overtopping, ACES uses the SPM method developed by Weggel (1976).
For irregular wave overtopping, ACES uses a method based on Ahrens (1977) and Douglass
(1986), which uses Weggel’s monochromatic formula, but uses the significant deepwater wave
height. The method computes and sums overtopping contributions of the individual members of
the runup distribution.

Cox and Machemehl (low bluff)
See Section 1.2.2.

Coastal Engineering Manual

The CEM presents a variety of wave overtopping formulas from many different sources (see
Table 3). Each source presents wave overtopping for a different structure configuration or
scenario and is based mostly on empirical formulas from laboratory testing. Two types of
overtopping formulations dominate the literature:

Q =ae ™ (15)
Q =aR™® (16)

where Q is a dimensionless average overtopping rate per meter, R is a dimensionless freeboard,
and a and b are coefficients related to structure geometry.
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Table 3. Summary of CEM Overtopping Guidance

EM 1110-2-1100 (Part VI)
Proposed Publishing Date: 30 Apr 03
Table VI-5-7
Models for Average Overtopping Discharge Formulae
Authors Structures Overtopping Dimensionless Dimensionless
model discharge ¢} freeboard R
f Som 0.5 1
Owen Impermeable  smooth, | @ = a exp(—bRR) % I}j; (; ) -
(1980,1982) rough, straight and §its Lofg s T 7
bermed slopes
. q Rc 2 Som 0.5
Bradbury and Rock armored imper- | @ =a R™° T (H ) (2 )
Allsop (1988) meable slopes with g Hs Lom £ 4
crown walls g
P b q R, 2 Som o
Aminti and Rock, cube, and Q=aR" HT (—) (2 )
Franco (1988) Tetrapod double layer g s Zom i &
armor on rather im-
permeable slopes with
crown walls, (single sea
state)
. _ q R
Ahrens and 7 different ) =aexp(—bR) = ——7
Heimbaugh (1988b) seawall /revetment  de- g H? (H5 Lop)
signs
Tom HS
Pedersen and Rock armored rather | Q =aR qu .
Burcharth (1992) impermeable slopes om °
with crown walls
van der Meer and Impermeable smooth, | @ = aexp(—bR) g Sop Re v/Sop 1
. m tan « Hy tana v
Janssen (1995) rough  straight and g H5
bermed slopes
for £op < 2 for §op < 2
q R, l
Vg HE Hs oy
for &op > 2 for &op > 2
Franco, de Gerloni, and | Vertical wall breakwater | @ = aezp(—bR) 4 - II;C 1
van der Meer (1994) with and without perfo- Vg H? s 7
rated front
T, H} tana
Pedersen (1996) Rock armored Q=R = 32107 & B
permeable slopes with om @ e’
crown walls

Source: USACE, 2003
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The method by Owen (1980), adopted by FEMA (2003), is still presented in the CEM for runup
on impermeable, smooth and rough bermed slopes. The work of Goda (1985), also referenced
by FEMA (2003), is mentioned in the CEM. The CEM provides a method to estimate the
overtopping volume of an individual wave. (The average overtopping rate provides no
information on the overtopping of single waves, yet most overtopping damage occurs with single
large waves.)

Wallingford (W178 Method)

The HR Wallingford Ltd. (1999) report summarizes the current United Kingdom methodology
for determining wave overtopping for a variety of structures. The report is available at
<http://www.environment-agency.gov.uk/commondata/105385/w178.pdf>.

Design curves are based on small-scale (1:40, 1:20) laboratory tests performed on a variety of
seawall configurations, beach slopes, and wave angles. Prototype measurements of overtopping
have been made to validate the laboratory tests, but the results are seen as conservative, when
compared with the Delft (TAW) guidance. Guidance was developed with pseudo-random waves
described by a JONSWAP spectrum (the spectrum does not include a swell component).
Therefore, its application is most applicable to unimodal, narrow banded seas (i.e., storm seas
with a single spectral peak).

The guidance is summarized in Table 4. The required inputs are structure geometry and
characteristics, significant wave height and mean wave period at the toe of the structure, height
of the crest of the wall above the stillwater level, angle of wave attack, etc. (Note: The input
stillwater level does not include wave setup.)

The procedures allow calculation of the mean overtopping discharge, as well as the maximum
individual wave overtopping discharge (using a method similar to CEM).

A discussion of tolerable discharges (for seawalls, pedestrians, vehicles, buildings) is also
presented; this appears to have been adopted by the CEM.

Technical Advisory Committee for Water Retaining Structures)

TAW (2002) provides revised procedures for calculating overtopping discharge for breaking and
nonbreaking waves. This guidance supersedes the older guidance (which is included in the
CEM). Higher-than-average overtopping discharge levels are recommended for structure design
(see Figure 12). Procedures for computing overtopping volumes per wave are provided.

Numerical Models

See “Wave Runup” in Section 2.2.4. Other runup/overtopping models exist or are under
development, such as the OTT-1d and OTT-2d models, which are part of HR Wallingford Ltd.’s
ANEMONE (Advanced Non-linear Engineering suite of Models for the Nearshore
Environment). More information has been requested.
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Table 4. Methods to Determine Wave-Overtopping Discharges for Various Structures

Mean overtopping discharges
Derived from small-scale laboratory experiments

Maximum individual
wave discharge

Vmax:a(ln(Now))llb Other
Normal wave attack Angled wave Return walls Numl_)er of
attack overtopping waves
Smooth Owen (1980): Banyard and Owen and Steele | Owen (1982): Advice is
impermeable |Q* = Aexp (-BR*) |Herbert (1995): |(1991) is used to Now/Ny=exp(-C(R*/r)?) |given in HR
simple and where Q* is O,=1(B) determine a where C is an empirical | Wallingford
bermed slopes | dimensionless where O, is the | discharge factor, coefficient dependent | Ltd. (1999)
overtopping rate and | ratio of Dy, which is the upon slope. for estimating
R"is dimensionless | overtopping ata | ratio of Determined by the rates for
freeboard. A and B given wave overtopping fora | number of waves with | composite
are empirically attack angle, p, | return wall that calculated runup greater |slopes and
derived coefficients. | compared to that | without a return than the crest height. multiple
under normal wall. Dependent For slopes between 1:1 | berms
wave attack. mainly upon the and 1:4.
height of the wall | Advice is given for
and the incident angled wave attack.
overtopping rate.
Banyard and
Herbert (1995)
provide a method
for calculating D¢
with angled wave
attack.
Rough and Owen (1980): Advice for Bradbury and Owen (1982): Permeable
armored Q* = Aexp (-BR*/r) |angled wave Allsop (1988), Now/Ny=exp(-CR*?) crest berms
slopes where ris a attack isto use | reanalyzed in HR | for slopes between 1:1 | are accounted
roughness coefficient | the method of Wallingford Ltd.  |and 1:2. for with a
based upon the Banyard and (1999), used to Advice is given for reduction
relative runup Herbert (1995) | determine Dx. angled wave attack. factor, C,,
performance of the | as for smooth Banyard and based on the
different surfaces slopes. Herbert (1995) crest width.
(e.g., smooth provide a method
concrete, single layer for calculating D¢
armor unit, one layer with angled wave
of rock with attack.
impermeable core,
two layers of rock).
Plain vertical | Allsop etal. (1995): |Franco (1996) HR Wallingford Ltd.
walls Functions provided | gives O, (1999) gives functions
for calculating function for to determine N, for
overtopping for both | reflecting waves impacting and
impacting and only. reflecting waves.
reflecting waves. Advice is given for
angled wave attack
Composite Allsop et al. (1995): | Advice for
vertical walls | Overtopping is angled wave
(sitting on a dependent upon attack is to use
mound) whether the mound is | the method of

large or small
compared to the
depth of water.

Franco (1996) as
for plain vertical
walls.

Source: HR Wallingford Ltd., 1999
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Figure 12. Maximum wave overtopping by nonbreaking waves.
“Acceptable” Overtopping

FEMA (2003) maps flood hazard zones landward of an overtopped barrier using the mean
overtopping rate—the higher the rate, the higher the flood elevation/depth and the more
hazardous the zone designation (see Table 2). The source of the overtopping rates separating the
zones and depths is unknown.

Several authors and studies have attempted to define “tolerable” or “critical” rates of
overtopping, which will vary with the object being affected by the overtopping, the distance from
the overtopped barrier, etc. The CEM has assembled much of this information into a single
figure, which is reproduced here as Figure 13. A more recent study (Geeraerts et al., 2003)
provides field measurements of overtopping velocities and overtopping forces (on vertical walls,
window glass, people [using dummies], and pipelines). These data should be reviewed to
evaluate whether FEMA’s overtopping rates are appropriate. (The building/wall/glass data
should be especially pertinent for NFIP mapping purposes.) This work should be coordinated
with the Hazard Zone Study Group.

Tsunami Overtopping

FEMA (2003) does not contain any guidance for estimating overtopping of coastal structures by
tsunamis. A cursory review of the literature located a USACE document, Tsunami Engineering
(Camfield, 1980), which contains two empirical methods for estimating tsunami overtopping of
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Source: USACE, 2003

Figure 13. Critical values of average overtopping values.
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seawalls, the Kaplan (1955) method and the Wiegel (1970) method. These empirical methods
are described below.

Kaplan (1955) Method
Under this method,

V =2165(Kh, -h, ' /K?h, (17)
where: V= volume of overtopping the wall in cubic meters per meter (m3/m) or cubic feet per
foot (ft*/ft);

hs = wave height at the shoreline in meters or feet;
hy = height of wall in meters or feet; and

K = R/hs where R is the wall height required to prevent overtopping.

Wiegel (1970) method
Wiegel gives a relationship for estimating tsunami overtopping volumes that includes tsunami
period and time dependence. The results of this relationship are summarized in Figure 14.

A more thorough literature search and coordination with the Tsunami Study Group should be
undertaken for this topic.
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Figure 14. Tsunami overtopping volume at a seawall.
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3.2.5 Recommendations

Recommendations for Topic 13 are as follows (see Table 5, at the conclusion of this report):

1. Review available overtopping methods and models, and determine appropriate
procedure(s) for calculating the mean overtopping discharge, including those over low-
profile natural barriers, dune remnants, revetments, and vertical walls.

2. Evaluate procedures for calculating overtopping onto low bluffs with gently sloping, flat,
or adverse slopes. Evaluate methods for determining ponding landward of overtopped
barriers.

3. Review the current literature on “acceptable” overtopping, and work with the Hazard

Zone Study Group to evaluate the overtopping rates that FEMA (2003) uses to identify
flood hazard zones landward of an overtopped barrier.

4. Evaluate FEMA'’s current guidance, which limits the runup elevation to 3 feet above a
barrier’s crest elevation.

5. Coordinate work with the Tsunami Study Group.

3.2.6 Preliminary Time and Cost Estimate for Guideline Improvement Preparation

Table 6 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.

3.2.7 Related Available and Important Topics

Available and Important Topics related to Topic 13 are listed in Table 5, at the conclusion of this
report.

4 IMPORTANT TOPICS

4.1 Toric 14: REVIEW AVAILABLE METHODS AND DEVELOP GUIDANCE FOR WAVECAST
DEBRIS

4.1.1 Description of the Topic and Suggested Improvement

The existing G&S do not provide any guidance for estimating the hazards caused by wavecast
debris, e.g., waterborne logs and wave-sprayed stone. Some guidance on estimating debris
characteristics and its effects (on both upland structures and shore protection structures) may
exist in the literature, however, and this should be reviewed. For example:

@ Knowles and Terich (1977) described the hazards associated with logs and debris at
Sandy Point, Whatcom County, WA (see Figure 15).
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Source: Knowles and Terich, 1977

Figure 15. March 1975 storm, drift logs driven into
coastal houses at Sandy Point, Washington.

Edens (pers. comm., 1978) acknowledged the relative importance of floodborne debris in
a memorandum that outlined a coastal flood study methodology for Puget Sound. The
memorandum stated, “There was a general agreement...that damage due to water-borne
logs and other forms of debris is the greatest danger to the destruction of property
associated with the breaking wave of the magnitude that is experienced in Puget Sound.”

Kriebel, Buss, and Rogers (2000) reviewed the literature on impact loads caused by
floodborne debris, including riverine debris, hurricane debris, tsunamis, and West Coast
log debris. The report was background for a study on floodborne debris impacts, which
helped plan the laboratory study of Haehnel and Daly (2002), and informed floodborne
debris impact load calculations in ASCE 7-02 (ASCE, 2002).

Allan and Komar (2002) documented the inland penetration of small stone from a
revetment at Cape Lookout State Park (see Figure 16).

Anticipated revisions to the G&S will include more discussion and guidance on defining hazards
to insured property from wavecast debris, and will provide Mapping Partners with more
information on how drift logs can contribute to the failure of coastal structures and shoreline
erosion. Work on this topic will be coordinated with the Sheltered Water, Hazard Zone, Coastal
Structures, Event Based Erosion, and Tsunami Study Groups.

Haehnel and Daly (2002) used a laboratory flume with logs (ranging in size from 380 pounds to
730 pounds) and traveling at speeds up to 4 feet per second to measure debris impact loads, and
to develop a method for estimating floodborne debris impact loads.
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Figure 16. Inland Penetration of small revetment stone
during 1998-1999 winter, Cape Lookout State Park.

4.1.2 Description of Procedures in the Existing Guidelines

Current coastal flood study guidance from FEMA (2003) indicates that the landward extent of
the VE Zone is established at a point where the runup depth drops below 3 feet (see Figure 5).
The VE zone may be extended inland by 30 feet if overtopping rates exceed 1.0 cfs/foot (see
Table 2).

Some accounts of flooding at flood insurance study communities along Puget Sound indicate that
flooding, overtopping, and/or ponding can extend more than 30 feet inland at many locations,
even during storms much less severe than the base flood (e.g., Phillip Williams & Associates,
2002). Thus, the current guidance may not capture all of those coastal areas subject to high
hazards during the base flood.

4.1.3 Application of Existing Guidelines to Topic—History and/or Implications for
the NFIP

See Section 2.1.3.
4.1.4 Alternatives for Improvement

Given the lack of guidance for determining hazards from wavecast debris, FIS contractors have
had to develop methods to address these hazards during past flood insurance studies in FEMA
Region X. Among these studies have been a 1989 sheltered water flood study in the harbor of
Port Angeles, Washington, and the Sandy Point and Birch Bay studies in Whatcom County,
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Washington, in 2001 and 2002. More details on these studies are provided in Section 2.g. of the
Sheltered Water Focused Study report.

The resulting methods represent simple efforts that were developed, applied, and approved by
FEMA within existing flood study budget and schedule limitations at the time. These methods
should be reviewed, refined, and considered for adoption as guidelines for defining flood hazards
from wavecast debris.

4.1.5 Recommendations
Recommendations for Topic 14 are as follows (see Table 5, at the conclusion of this report):

1. Review the current literature and quantify the significance of coastal flood damages from
drift logs and wave-sprayed stone.

2. Review past flood insurance studies that have resulted in methods for defining flood
hazards from wavecast debris, and refine these methods for possible incorporation into
the G&S.

3. Incorporate results into flood zone mapping. Do not attempt to map debris specifically;

map the water that carries the debris. Coordinate work with other Focused Study Groups
as appropriate.

4.1.6 Preliminary Time and Cost Estimate for Guideline Improvement Preparation

Table 6 at the end of this report presents estimates of times required to accomplish the tasks in
this topic.

4.1.7 Related Available and Important Topics

Available and Important Topics related to Topic 14 are listed in Table 5, at the conclusion of this
report.

5 ADDITIONAL OBSERVATIONS
51 SEPARATING WAVE SETUP FROM WAVE RUNUP

FEMA (2003) methods currently add wave setup to the 1% water level for wave height
(WHAFIS) calculations, but do not do so for wave runup calculations (also note that FEMA’s
event-based erosion calculations use the stillwater elevation without setup). This inconsistency
results from the underlying data and methods used by FEMA to develop its wave height and
wave runup procedures. In effect, FEMA has determined that its computed wave runup already
includes a wave setup component.

42
N — -
FEMA CoASTAL FLOOD HAZARD ANALYSIS AND MAPPING GUIDELINES



FOCUsED STuDY REPORTS

WAVE RUNUP AND OVERTOPPING

—————————— . ————

In Phase 2 of the current project, Pacific Coast methods will be developed and wave setup
calculations will be reconsidered. The issue of how wave setup is treated relative to wave runup,
wave heights, and event-based erosion must be resolved in a consistent and sound manner during
Phase 2.

5.2 IMPLICATIONS OF USING THE RESPONSE METHOD

The Event Selection Method is relatively easy (and appropriate) to employ along the Atlantic and
Gulf of Mexico—there is a high correlation between storm surge and wave conditions, and
combining the 1% stillwater elevation with the 1% wave conditions is appropriate in most
situations.

In general, use of this simple procedure is not valid along the Pacific Coast (and along many
sheltered shorelines on all coasts) where water levels and wave conditions are not highly
correlated. In these cases, either the Mapping Partner must identify other water level-wave
condition combinations (which can be difficult and subject to error), or resort to a statistical
analysis of response. The Response Method may be preferable for FISs.

However, use of the response method to determine the 1% flood elevation (or 1% profile
geometry) will likely introduce extreme complexity into the flood map revision process. Coastal
map revision requests are usually submitted to and processed by FEMA based on a defined event
and improved (or altered) topography. Methods should be sought to avoid requiring all map
revision requestors to also use the Response Method. One approach might be to back-calculate a
1% event (or events) based on the results of the Response Method, and allow revisions to be
based on the event(s). Obviously, the details need to be worked out and this procedure needs to
be tested during Phase 2.

53 UsE oF 2-D MODELS

Procedures currently approved by FEMA for use in coastal FISs include both simple 1-D
approaches and more complex 2-D models. At present, the only approved wave runup
procedures are 1-D procedures (e.g., RUNUP 2.0, ACES, CHAMP, GLWRM). 2-D models
have been approved for storm surge calculations (e.g., RMA2, MIKE 21, FLOW?2D) and for
wave height modeling (e.g., RCPWAVE, MIKE 21 offshore and nearshore wave models),
although use of the 1-D WHAFIS methodology is dominant for overland wave height
calculations.

FEMA'’s Approved Models Committee has and will continue to evaluate other 2-D models for
use by Mapping Partners. Undoubtedly, more and more 2-D models will be approved for FISs,
including models that calculate wave runup and overland wave heights. The migration away
from the transect approach will continue. Phase 2 of the current study should consider how 2-D
models, especially those on the approved models list
(<http://www.fema.gov/mit/tsd/en_coast.shtm>), can be incorporated into Pacific flood studies.
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6 SUMMARY
Focused Study findings and recommendations for runup and overtopping are summarized in
Table 5 below.
Table 5. Summary of Findings and Recommendations for Runup and Overtopping
Topic . Coastal | Priority |Availability/ Related
Number Topic Area Class | Adequacy Recommended Approach Topics
12 Runup and AC H (C) MIN 1. Revise guidance to call for runup 11
Overtopping GC H (C) MIN analyses for sandy beach, small dune 16
PC C MIN shore type.
2. Review runup distributions for beaches
SW C MIN and structures during EI Nifio, coastal
storm, and hurricane conditions; review
runup damages; evaluate use of Rggo, and
select alternate R,¢, value (probably
between R3304 and R1qg, ) if R5gop
understates the hazard.
3. Tsunami runup should be treated by
runup procedures developed specifically
for tsunami events (rely on Tsunami Study
Group).
4. Investigate feasibility of interim
procedure for modifying the results of
RUNUP 2.0.
11 Runup and AC H (A) Y 1. Evaluate expansion of “Oregon-type” 4,5
Overtopping GC H (A) Y and “CDIP-type” methods as interim 7,8
Pacific runup method 12
PC A(©) MAJ 2. Develop test scenarios for side-by-side 16
SW A Y comparisons of existing runup methods, 44-48
models (give priority to Pacific and New 49
England scenarios)
3. Perform comparisons and sensitivity
tests, eliminate methods, models; identify
appropriate runup methods, models by
location, morphology and hydraulic
conditions
49 Runup and AC A Y Evaluate with other runup methods and
Overtopping GC A Y models in Topic 11 work. 11
PC A Y
SW A Y
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Table 5. Summary of Findings and Recommendations for Runup and Overtopping

Topic . Coastal | Priority |Availability/ Related
Number Topic Area Class | Adequacy Recommended Approach Topics

13 Runup and AC NE (A) Y 1. Evaluate existing methods and models 11

Overtopping GC NE (A) for calculating mean overtopping rates. 12
2. Determine appropriate procedures for 14

e A calculating overtopping at structures,

SW A remnant dunes, low-profile beaches and

barriers.

3. Evaluate procedures for calculating

overtopping at low bluffs.

4. Review literature for data on

“acceptable” overtopping rates, revise

landward flood hazard zones.

5. Review FEMA practice to limit runup

elevations to 3 feet above barrier crests.

<|=<|=<

PRODAT | 1. Review the literature and quantify the 6
PRODAT | significance of coastal flood damages 13

from drift logs and wave-sprayed stone. 18
PRODAT | 5 Review past flood insurance studies that 20
PRODAT | have resulted in methods for defining 22
flood hazards from wavecast debris, and
refine methods where appropriate.
Incorporate results into flood hazard zone
mapping, but do not attempt to
specifically map debris (map the water
that carries debris, not debris itself).

14 Runup and AC
Overtopping GC

PC
SW

bl Bl Y e

Key:
Coastal Area
AC = Atlantic Coast; GC = Gulf Coast; PC = Pacific Coast; SW = Sheltered Waters
Priority Class
C = critical; A = available; | = important; H = helpful
(Recommend priority italicized if focused study recommended a change in priority class)
Availability/Adequacy
“Critical” Items:  MIN = needed revisions are relatively minor; MAJ = needed revisions are major
“Available” Items: Y = availability confirmed; N = data or methods are not readily available
“Important” Items: PRO = procedures or methods must be developed; DAT = new data are required,;
PRODAT = both new procedures and data are required
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Table 6. Time Estimates for Runup and Overtopping Topics

Topic
Number

Topic

Time
(person months)

12

Review Appropriateness of Using Mean vs. Higher Values for Runup
and Overtopping

Make final recommendation regarding appropriate Ryo, value for use in wave
runup calculations; coordinate with Tsunami Study Group (topic 16)

Develop interim procedure for modifying the results of RUNUP 2.0 outputs
(until RUNUP 2.0 is modified or replaced)

0.5

TOTAL

15

11/49

Review Runup Methods and Programs; Provide Explicit Guidance on
Where Each Should Be Applied / Review WRUPTM (Available Wave
Runup Program)

Evaluate Oregon and CDIP methods for use as interim runup methods

Develop test scenarios for side-by-side comparisons of existing runup methods,
models (give priority to Pacific and New England scenarios); include sandy
beach small dune scenario

Perform comparisons, eliminate methods, models; identify appropriate runup
methods, models by location, morphology, hydraulics; consider input condition
uncertainties

Coordinate work with Wave Setup and Wave Transformation groups — make
sure required wave runup inputs are available and methods are consistent

TOTAL

13

Develop Improved Guidance for Determining and Mapping
Overtopping Volumes

Review available overtopping methods and models, and determine appropriate
procedure(s) for calculating the mean overtopping discharge

0.7

Evaluate FEMA’s current guidance which limits the runup elevation to 3 feet
above a barrier’s crest elevation

0.1

Evaluate procedures for calculating overtopping onto low bluffs with gently
sloping, flat or adverse slopes. Evaluate methods for determining ponding
landward of overtopped barriers

Review the current literature on “acceptable” overtopping, and coordinate with
the Hazard Zone Study Group

0.2

TOTAL

14

Review Available Methods and Develop Guidance for Wavecast
Debris

Review the current literature and quantify the significance of coastal flood
damages from drift logs and wave-sprayed stone

0.75

Review past flood insurance studies that have resulted in methods for defining
flood hazards from wave-cast debris, and refine these methods for possible
incorporation into the G&S

0.75

TOTAL

15
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