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Coastal Flood Plain Development is defined as any structural f#frovement within the
influence area of ocean waves. In Orange County, these coastal areas take the form
of sandy beaches, bluffs, and estuaries. Existing development has in many instance:
proven to be poorly designed to contend with wave influence. In recent years,
numerous bulkheads and structures have been damaged or totally destroyed as a result
of the devastating influence of storm-generated waves.

New repair or construction of a dwelling or ocean-protective device in a wave-
influence area is required by law to conform to special planning and building
regulations. The purpose of this notice is to alert you to the potential hazards
of improperly designed oceanfront structures, the existence of new regulations, and
to provide guidelines on where to obtain assistance regarding regulations for the
design, location, and construction of such structures.

The County of Orange has had a Coastal Floed Plain Development Orange County Coast-
line Report prepared which contains the technical analysis of portions of the
County's unincorporated coastline. It establishes design criteria and standards
for structures and protective devices for five distinct coastal areas: Sunset
Beach, Emerald Bay, South Laguna, Laguna Niguel, and Capistrano Beach.

Individual flood Plain maps also have been prepared from aerial vhotos of 3,150x
feet of the study areas. They show the topography and shoreline characteristics
and contain the following information: :

1. ﬁlevating contours, i.e., lines that represent a common elevation above mean

evel. T :

2. The landward limit of ocean wave influence based on 1984 conditions. This
limit is defined as FP-3 or coastal velocity wave influence area.

3. The limit of protective device encroachment onto the beach. This limit is
referred to as the Ocean Protective Device String Line (OPDSL). The line has
been determined through the public hearing process and is addressed in the
Local Coastal Plan for each respective beach community.

4. Breaking wave elevations. These are essential to ths proper design of &
protective device &nd other structures built upon pilings along the coast.

When wave damage repairs or new construction is contemplated on cceanfront
properties, the following steps should be taken:

1. Visit the Development Processing Center (DPC), 12 Civic Center Plaza, Room Gi2,
Santa Ana or telephone (714) B34-2470.

a. Review the zoning and overlay maps to see what limitations apply to
the property. County staff will amssist. .

b. Review the Local Coastal Plan and Zoning Code for additional restric-
tions applicable to the property. County staff will sid in locating
the pertinent sections of these documents.

¢. Obtain a copy of the Coastal Flood Plain Map which includes the
property and determine whether an ocean protective device is needed,

2. Select an appropriate consultant familiar with design criteria of the Coastal
Flood Plain Development Report and have a preliminary plan prepared for
discussion.

3. Contact EMA Planning to arrange a meeting between County staff and the con-
sultant (Land Planning/Coastal Areas, telephone {(714) 834-5380. At this
time, information regarding required permits (such as Coastal Development,
Grading, and Building Permits) and persomnel to coordinate with will be given.

The cost of the report is $9.40 ($1 more if mailed) and 1s availsble from the
- cashier at the Development Processing Center (#1 above). The indzvidual.sheets
are $4.70 and are only evailable at the Public Counter, Room 225, 12 Civic Center

Plaza, Santa Ana.
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MOFFATT & NICHOL, ENGINEERS

May 6, 1985

Mr. Floyd McLellan

Manager, EMA Development Services
Orange County EMA

P.0. Box 4048

Santa Ana, CA 92702/4048

Dear Mr. McLellan:

It was our pleasure to prepare this manual providing technical criteria
. and guidelines for the review of structures and coastal protective
devices at five coastal reaches in Orange County. The text is also
intended as a technical design supplement to zonlng, land use, specifie
plans and Local Coastal Programs, although it does not specifically
address them. The criteria and considerations for technical design of
coastal protective devices are put forward as guidelines and are not
necessarily absolute requirements for design methodology. Site-specific
design reports and studies prepared by qualified professionals, possibly
using more rigorous methodologies, may be appropriate.

Coastal design data are referenced to 1984 conditions and should be
periodically updated. Some should be updated because changes occur with
time. These are net shoreline position changes and sea level changes
with respect to land, including those which may result from the "greenhouse'
effect. bDesign wave and water surface elevation data, including El
Nino-Southern Oscillation effects, can be improved as the data set is
lengthened. Some of the data will be collected by others and the County
can use their results. Regional information concerning design waves,
design still water elevatiouns, and relative sea level changes are in

this group. Site specific data such as scour depths, bedrock elevations,
and net shoreline position changes, however, can probably conly be updated
through direct efforts by the couaty. This latter information could,
under proper guidance and direction, be partly obtained by interested
volunteers. OQur experience working with homeowner associations suggests
that competent volunteer resources may be readily available.

¥

In this regard, we recommend the County (1) establish & methodology to
update and improve the coastal design data sets as new information
becomes available, (2) establish a procedure to obtain local information
using a combination of trained County staff and beach-resident volunteers,
and (3) establish a geotechnical data bank for coastal design review
purposes. The implementation of these recommendations would insure an
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improved data set will be available for future design purposes, including
beach restoration and maintenance. Data such as limiting scour levels
from a major storm like that which occurred on 27 January 1983 are
especially valuable for design purposes. Great opportunities to improve
the data base will be available in a plan developed to collect data
during and immediately following a major storm.

In addition to improvements in the coastal design data section, the
section on coastal design criteria should be updated as new experimental
and theoretical results became available.

Beach restoration and/or maintenance is an entire aspect of the County

of Orange's beaches not addressed in this report on structures and
protective devices. It is certainly an important topic, and one that
many of the local civic associations have asked about. Beach preservation
is associated, however, with the subject of this manual since a wide
recreational beach also serves as a protective device for the private

and public structures behind it. While some County beaches appear to be
stable, others clearly have experienced recent erosion. Erosion could
potentially occur on all of them in the future. Planning and engineering
guidance to restore and maintain recreational and protective beaches
throughout the County will in the future require a detailed and extensive
field investigation of coastal processes. This effort could be reduced
if the plan for such an investigation was prepared and a low-cost data
collection program initiated prior to a comprehensive field measurement
effort.

It was our pleasure to work with you and the County on this important
project.

Sincerely,

MOFFATT & NICHOL, ENGINEERS

Craig Z Everts

CHE :kg
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PREFACE

This report addresses an Orange County requirement for technical criteria
and standards as a basis for the review of structures and protective
devices on private coastal property. Chapter 1 lists specific objectives
of the report and provides background information for use in subsequent
chapters. Chapter 2 provides design data based on ocean phenoména,
including water surface elevation and wave height, for five coastal
reaches in Orange County. Chapter 3 identifies the coastal FP-3 zone in
which the ocean phenomena must be considered, and the seaward limit
beyond which protective devices may not be constructed. -Chapter.h is a
step*by~step.aid for checking and evaluating plans for structures and
protective devices in the FP-3 zone. Design data from Chapter 2 are

applied in Chapter 4.

Detailed design of a structure or protective device requires more
information than is provided herein, although the references included

are adequate to cover most aspects of design.

This report is a complete document that technically stands on its own.

It also serves as a ﬁorking base amenable to periodic updating as
practice, new coastal data, and new methods to analyze the data, warrant.
The report and accompanying maps, plates and graphs, will enable the
Couﬁty and private property owners of five unincorporated areas of the
County to respond more rapidly to coastal needs. Appendices are provided
to justify the récommended design data, and to act as a base for the

inclusion of a longer data set in the future.
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CHAPTER 1. INTRODUCTION

GEOGRAPHIC COVERAGE. Five Orange county coastal reaches identified
in the Local Coastal Program (LCP) are addressed:

(1) Sunset Beach

(2) FEmerald Bay

(3) South laguna

(4) Laguné Niguel
(5) Capistrano Beach

SPECIFIC OBJECTIVES., The three objectives of this report are:

(i) to establish coastal data that can be used in the design
of structures and protective devices on private property

in the five LCP areas,

(2) to establish the boundaries of cocastal areas where the
design of structures and protective devices must consider

ocean wave forces and flooding by ocean water, and

(3) to establish design criteria and standards for structures
and protective devices in the coastal areas using the

design data previously determined.

DEFINITIONS. Some terms are used so frequently and have such specifiec
meanings with respect to the coastal requirements of the County of
Orange that it is useful to define them at the beginning of the

report.

ARTIFICIAL DUNE - A protective device made of sand designed to prevent

or reduce damage by waves and/or ocean waters to the structures
behind it.

BEACH SLOPE - Inclination of the beach normal to the immediate shore-

line (usually rise/run).



BEDROCK ~ Any material that is more comsolidated and less erodable

than the beach sand or other soil which lies above it.

BULKHEAD ~ A protective device designed as a partition to retain or
prevent sliding of the land. A secondary purpose is to protect the

upland against damage from wave action.

DESIGN BREAKING WAVE ELEVATION -~ Highest elevation above the Orange
County Vertical Datum (OCVD) that would be directly impacted by
breaking waves. The upper limit of breaking waves is based on a
design wave heipght and a design water depth condition with a specified

design recurrence interval,

DESIGN LIFE AND RECURRANCE INTERVAL - Orange County requires structures
and protective devices be designed for a specific minimum life when

acted upon by ocean forces with a specific recurrance interval:

(1)  DESIGN LIFE, PROTECTIVE DEVICE: The design life of a2 non-
expendable protective device, which must be equai to or
greater than 20 years, is the minimum period after construc-
tion during which all major components of the device

retain their functional and structural design capabilities.

{2) DESIGR LIFE, STRUCTURE: The design life of the foundation
of a non-expendaﬁle structure, which must be equal to or
preater than 30 years, is the minimum period after con-
struction during which all major compoments of the founda-— -
tion system retain their functional and structural design

capabilities.

(3) RECURRENCE INTERVAL: Time period during which one coastal
design event can be expected to occur. The 100-year
recurrence interval, which has been chosen to be used for
the design of structures and protective devices in Orange_
County, is the statistical probabiiity that one event that

produces a design magnitude value of a coastal phenomenon



will occur in 100 years, or that it has a omne percent
probability of occurring in a single year. Recurrence
interval should not be confused with design life which
references an absolute time interval, not a probabilistic

value.

DESIGN SCOUR ELEVATION ~ Lowest elevation, for design purposes, a
beach profile will reach at the OPDS Line (see Appendix B).

FP-3 LINE - Landward boundéry of the coastal region (FP-3 zone) in
which structures must be protected from ocean-related hazards in

Orange County.

MLIW - Mean lower low water, the average height of the lower low

waters over a l19-year period.

OCVD — Orange County Vertical Datum based on mean sea level as
obtained periodically (about every 10 years) through'an analysis of
19 years of tide record. This datum is not fixed with respect to the
center of the earth, but rises or falls with respect to it as the
mean sea surface along the coast of the County of Orange rises or
falls. The OCVD is useful in coastal engineering because many design
considerations are keyed to mean sea level or mean lower low water

{MLLW). MLLW is 2.83 feet lower than OCVD.

OPDSL - The Ocean Protective Device String Line is the seaward limit
beyond which the seaward edge of the crest of a protective device may

not extend.

PROTECTIVE DEVICE - A seawall, bulkhead, revetment or artificial dune

designed to protect a structure located in the FP-3 zone.

REVETMENT — A protective device consisting of a facing of stone,
concrete, cast units, etc., built to protect a scarp, embankment or

structure against erosion by wave action or currents.



RUNUP — The rush of water up a protective device, beach, bluff face
or structure on the impacting of a wave. The amount of runup is the
vertical distance above stillwater level reached by the rush of
water. The wave runup elevation limit is the highest elevation that
will be reached by the rush of water from a breaking wave when that
wave occurs during the design wave event with the specified design
recurrence interval. The highest elevation subject to wetting by

spray from the design wave will be greater than the runup elevation.

SEAWALL - A protective device designed to separate land and water
areas, primarily designed to prevent erosion and other damage due to

wave action.

STRUCTURE - Habitable dwelling, cabana, garage, deck or restroom,
located in the FP-3 zone of Orange County.



CBAPTER 2. COASTAL DESIGN DATA

Two criteria; acceptable structural behavior and acceptable functional
behavior, must be satisfied in the design of a structure or protective
device in Orange County. These performance criteria are usually defined
with respect to extreme conditions that will occur at the site of the
proposed structure or device. Structural behavior refers to the ability
of the structure or device to survive extreme conditions. To some
extent, protection for extremely rare events may be comproﬁised when
occasional property damage is more easily borne than a very high initial
construction cost. Functional performance refers to meeting the desired
effect of the structure or device, 1.e., to protect a building from wave
impact forces, to prevent flooding by wave uprush, and to prevent soil
loss and hence foundation failure under a building. The functional
performance criterion also includes the prevention or mitigation of

beach sand losses.

Oceanographic and geologic data are required for the design of struc-
tures and protective devices subjected to wave and current activity.
Six data categories (Fig. 1) to be considered are given below., Data
provided are the minimum for design purposes; the project proponent may

wish to design to higher criteria.

(1) design still water elevation, Hw‘ and future elevations considering
anticipated long-term changes in sea surface elevations,

(2) extreme anticipated scour elevation, Hsc, and changes in that
level with time (design water depth is equal to Hw - Hsc),

{(3) beach or nearshore slope, m,

(4) wave characteristics, including breaking wave height (a
distance), hb; breaking wave elevation, Hb; and wave period, T,

(5)7 maximum runup elevation, Hr, is equal to Hw + R, where R =
runup distance above the stillwater elevation, and

{6) bedrock characteristics

Figure 1 shows some of these data categories in schematic form with I-iS =

elevation of structure or protective device. A brief definition of each



STRUCTURE

OoCvD

PROTECTIVE DEVICE

‘SAND LEVEL

Hgc: DESIGN SCOUR ELEVATION AT OPDSL

Hw= DESIGN STILL WATER ELEVATION

Hs = ELEVATION OF STRUCTURE OR PROTECTIVE DEVICE
ds = DESIGN WATER DEPTH AT OPDSL

hp = BREAKING WAVE HEIGHT ABOVE Hyw

m = BEACH OR NEARSHORE SLOPE {RISE/RUN)

Figure 1. Definition sketch, coastal design data in Orange County.



data set and its use in design is given in this chapter. The appendices
contain more information. Design values for 1984 and changes in these
values for subsequent years are illustrated in the following tables and

figures:

(1) Figure 2 ~ Recurrance Interval, Sea Surface Elevation
(2) Table 1 - Design Scour Elevation
(3) Figure 3 - Design Scour Elevation at Capistrano Bay

(4) Table 2 - Beach and Nearshore Slopes

(5) Table 3 - Design Wave Characteristics

(6) Table 4 - Maximum Runup Elevation on a Natural Beach
(7) Table 5 - Bedrock Characteristics

In some cases the values are estimates based on incomplete data. In all
cases the data can and should be periodically updated as new data

become available. While the values given are considered the best
available in 1984, a design based on different data, most notably

design scour elevation, may be acceptable if those data can be techmnically

supported.

The data presented in the accompanying tables and figures reflect

present conditions and anticipated changes that may occur in the future.
For example, as the shoreline retreats (moves landward) in some locations
in the future, as based on past trends in shoreline behavior, the

maximum scour depth will increase. This will create an increase in

design water depth (not design water surface elevation) and a consequent
increase in design wave height. The design wave is the largest expected to
occur with a 100-yr recurrance interval during the proposed life of the

structure.

STILL WATER LEVEL (see Appendix A for additional information).

Still water level is the mean water surface elevation that would
exist if waves were absent. It is the base elevation above which
waves and uprush occur. Design still water elevation, Hw is one of
two parameters that must be established in order to determine the
maximum water depth and, hence, the design wave height and runup

elevation. The other parameter is minimum bottom elevation, i.e.,



sand scour level, that could ocecur coincidentally with an abnormally
high still water elevation. In a beach environment, the maximum water
surface elevation and the minimum bottom elevation can reasonably be
expected to occur at the same time during a severe wave storm. For this
reason, and because most coastal structures are designed to resist wave
forces, the design water surface elevation will be that which would

occur during an extreme wave event,

Short and long-term changes in sea surface elevation must be considered.
Short—term changes are reversible over the life of a structure or
protective device. They are gravity effects caused by astronomical
factors, i.e., the position of the earth, moon and sun relative to each
other and the distance of the moon and sun from the earth; by weather
factors, i.e., storms, which change the barometric pressure and create
storm surge by wind stress and wave setup; and climatological factors
such as the increased sea surface elevation caused by the El Nino-
Southern Oscillation (ENSO) effect. Long-term change, which is assumed
irreversable over the life of a structure or protective device, is the
slow increase or decrease in the average sea surface elevation relative
to the coast. Long-term sea level changes are caused by worldwide
changes in the volume and mass of water in the ocean basins, and by
changes in the holding capacity of the ocean basins. Long~term sea _
level changes also occur on a regional scale as a result of land subsi-

dence or uplift relative to the sea surface.

There are several reasons to use field data to establish a design
still water eleﬁation. First, there are reasonably long records of
water surface elevation within, as well as north and south, of the
County of Orange coast. Because the still water maxima exhibit a
good correlation between all stations a single maximum elevation can
be applied to the entire County of Orange coast. Second: (1) theory
is not well developed to predict the perigean spring tide elevation,
although the dates of those tides can be accurately forecast; (2)
storm surge and wave setup elevations along the County of Orange
coast cannot be accurately forecast using theory alone; (3) the water

surface rise effect of El Nino at present canmnot be accurately



forecast because all El1 Nino events do not have the same effect; and
(4) there may be other effects (probably small) that occur during

storms which are, at present, not known.

Tsunamis are not considered in the design of small protective devices
or structures as herein defined because their effect, while poten-
tially serious, has not been significant on the open County of Orange
coast in historic times. The tsunami effect is not additive like the
other effects considered because the probability of a tsunami occur-

ring when other extremes occur is very low.

1. 5till Water Level Maximum. The maximum recorded water surface

elevation in approximately 60 years of record occurred during the 27
January 1983 perigean spring tide and storm event. At that time, the
joint probability of many additive mechanisms to raising the water
surface was realized. Along the entire, open Orange County coast,
the water surface elevation in deep water reached a maximum 5.17 ft
above the Orénge County Vertical Datum (OCVD) or 8 ft above mean

lower low water {(MLLW).

Figure 2 shows the recurrance interval for maximum annual still-water
surface elevations. The procedure taken, because a relatively long
data set (61 years of record at Los Angeles Harbor) is available, was
to fit the observed maximum.yeariy water surface elevation (without
wave runup or wave set up) using a Gumbel probability distribution.
This approach assumes an extrapolation is applicable, which is justi-
fied in the County of Orange case because the extrapolation does not
extend to more than twice the period covered by the observed data
{Borgman, 1975).

There is a precedent for the HW = 5.2 ft (OCVD) value. Marine
Advisors, Inc. (1965), for example, established a +5.2-ft (OCVD)
maximum still water level for the Bolsa Chica shore. They postulated
a conservative maximum design value to be an astronomical tide of
+7.0 £t (MLLW) plus a storm surge of 1.0 ft. South of the County of

Orange, a higher estimate has been made, but for a greater than 1 in

9
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100 year recurrance interval. Horrer and Joy (1976) in a wave and
water surface analysis of the coast at San Onofre, California,
estimated the maximum high water elevation to be +9.31 ft (MLLW)
coincident with the passage of an inferred intemse tropical storm
north of the study site. The optimum storm characteristics for
barometric surge (+1.2 ft) and wind shear stress and Coriolis surge
(+0.78 ft) were assumed to occur simultaneously with a maximum high
astronomical tide (+7.0 ft). Horrer and Joy also included an iso-

static anomaly of +0.33 ft.

2. Long-Term Change in Still Water Level. In addition to the short-

term reversable fluctuations in the sea surface, the effects of a
progressive change in sea level must be considered for the life of
the structure or protective device. This change must be added to the
reversable design elevation of +5.17 ft (OCVD) if sea level is found

to be rising relative to land.

The elevation of a structure and/or profective device must be refer-
enced to the OCVD. This is a relatively easy task because a tight
network of County of Orange benchmarks (BM's) has been established.
The elevation of a BM with respect to the OCVD and its locatiom can
be obtained from the County publication titled "Orange County Survey-
or, Vertical Control" (Environmental Management Agency). Maps
showing the location of all County BM's can be found in a correspond-

ing County publication titled "“Orange County Surveyor, Control Maps."

3. Design Still Water Level Calculations. A structure or protective

device must be designed for the maximum still water sea surface
condition that will occur during its expected life. Design still
water elevation, HW, for a site must be referenced to the BM nearest

the project site using the latest level adjustment which will usually

be within the last 10 years.

In cases where the sea surface jig rising with respect to the BM a

correction must be added to the 5.17 £t (0CVD) design still water

elevation. This correction provides an estimate of the sea level

11



rise that will occur relative to land at the project site during the
design life of a protective device (20 year minimum), or the foundation
systém of a structure when no protective device is used (30 year minimum).
The correction, hwc’ obtained from vertical adjustments to the BM given

in "Orange County Surveyor, Vertical Control", is

- ah
Bge = 1.1 G x DL) _ (1)

in which:
ah = change in elevation of the BM nearest the project site
over the time period at, 7
At = time period as close to the last 10 years as possible, but
| never less than 6 years, and

DL = design life of structure or protective device.

The corrected design still water elevation,'Hw, is therefore
H =0CVD+H + h : (2)
W W we :

This is a hindcast procedure. The coefficient 1.1 is used as a time
lag adjustment with the aésuﬁption the rate of global sea level rise
will increase in the future. The hﬁc will be near zero in most places
except Sunset Beach where sea level has been rising relative to land at

a2 recent, but decreasing rate of about 2.5 £t/100 yrs.

- EXAMPLE. The design still water elevation for a foundation system is

required near the foot of Broadway at Sunset Beach:
Using the County publication "Orange County Surveyor, Vertical
Control" the nearest BM is found to be G978. Vertical adjustments

since this BM was established are:

Level Year = 1976, 1969
Adjustment MSL elev = B.023, 8.341
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Taking the nearest time interval, at, to the last 10 years (1969 to
1976) = 7 yr and calculating the 4 h (8.341 - 8.023) the ah/ at is

found to be

Ah _ 0,318

. > = 0.045 ft/yr

Using a 50 year design life for the foundation system, the added

design still water distance is (from Equation 1)

h = 1.1 (0.045 x 50)

we
= 2.5 ft

and the corrected design still water elevation which must be used is

(from Equation 2)

= 5.17 ft + 2.5 ft
7.67 £t (OCVD)

o]
1

BEACH SCOUR LEVELS (See Appendix B for Additional Information)

The extreme scour elevation, HSC‘ is required to determine the design
water depth and hence design wave height and uprush elevation on a
structure or protective device. It is also required té determine the
embedment depth of a protective device and the exposed dimension of
caissons and piles. Cantilever structures and some piles require a
minimum specific length to be buried at all times. Maximum scour level
is a required design parametér for structures that require toe stability.
and for those designed to retain soil behind them without losses from

under the structure.

Whenever waves are present, sand moves on beaches. Major movements
often occur during wave storms. Waves are more energetic than usual
then, and storm-induced, alongshore and offshore-directed currents
provide a means to transport the wave-mobilized sand away from or
towards the beach. This movement is wholly or partially reversable in

that the sand volume lost from the beach during the storm may be partially

13



or completely returned to the beach after the storm. In any given short
time period such as a year, the maximum scour limit will usually occur
as a result of storm activity. For design purposes the lowest scour
elevation estimated at the time of construction must, in the case of a
portion of Capistrano Beach, and all of West Street Beach and 1000 Steps
Beach, be coupled with long-term trends in scour level. This long-term
trend is used to estimate the design scour limit during the life of the

structure or protective device.

1. Beach Without Protective Device. Table 1 shows the expected scour

depth in the absence of a structure at the Ocean Protective Device
String Line (OPDSL) in each LCP area for 1984. At any year, Y, past
1984 the scour elevation at West Street Beach and 1000 Steps Beach can
be obtained using the formula given. TFigure 3 shows the maximum scour
limit without a structure for Capistrano Beach and how that scour limit
will 1ikely change in the future. Because the elevation of a portion of
Capistrano Beach has been increasing in volume since the 1960's, the
lowest scour elevation experienced during storms has become progressively
higher along the northeast two-thirds of the reach. The scour elevation
along the southeast one~third of the beach is presently decreasing
slowly as that shoreline retreats. The scour limit is assumed constanf

with time at other locations.

2. Beach in Front of Protective Device. A frough will wsually form at

the toe of the protective device during a storm. The dimensions of the
trough will be governed in a complex way by the type of face on the
protective device, the type of beach material, and the wave character-
istics during the storm. General guidance for estimating the maximum
depth of a scour trough below the natural beach scour limit is provided
in the Shore Protection Manual (1984) which suggests the scour-trough-
depth will be about equal to the height of the maximum unbroken wave
that can be supported by the original depth of water at the toe of the

protective device.

Clearly the scour depth in beach sand in front of a protective device

can be excessive. Consequently, the placement of a rock blanket with

14



TABLE 1.

Design Scour Elevation
1984 conditions, ft {(OCVD) *?

Location

1,2,3

Sunset Beach

Emerald Bay

South Laguna

1. Victoria Beach

2. Aliso Beach

3. West Street Beach
4, 1000 Steps Beach

5. Three Arch Bay

Laguna Niguel

Capistrano Beach

+11

+1

-1

+1 -0.08 (Y-1984)
+1 - 0.08 (Y-1984)

+2

-1

See Figure 3

ladd 2.83 £t to adjust to MLLW

DESIGN SCOUR ELEVATION

Remarks

Continuation of
periodic beach re-
plenishment is
assumed

Stable beach; use
bedrock elevation
along headlands

Scour elevation taken
near base of bluffs;
beach rotates north
or south about center
of bay.

Stable Beach

Retreating shoreline
(1967-1981)

Retreating shoreline
(1967-1981)

Stable beach; eleva-
tion at bedrock near

 bluffs; based on 27

Jan 83 scour

Bedrock elevation at
Dana Strand Beach

2plus valve indicates elevation is above OCVD, minus valve indicates

elevation is below OCVD

3unless an adequate rock blanket is provided in front of a protective
device this value should not be used
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Figure 3. Caspistrano Bay, design scour elevation for 1984, and
corrections to the 1984 scour elevations for the period after 1984.
Unless an adequate rock blanket is provided in front of a protective

device, the scour elevation shown should not be used.
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adequate bedding material seaward of the toe of the protective device is
highly recommende&. This will prevent erosion of the toe and will allow
use of the scour limits given in Table 1 and Figure 3. The scour blanket
will be discussed in detall in Chapter 4. It can be provided as a toe
revetment in front of a seawall or bulkhead, and as excess stone on the

face of or at the toe of a revetment.
Unless an adequate rock blanket is provided at the tce of a protective
‘device, the maximum scour elevations given in Table 1 and Figure 3

should not be used.

BEACH AND NEARSHORE SLOPE

To determine the maximum wave height and runup distance in front of anm
existing or proposed structure or protective device, the beach slope, m,

must be known. Beach slopes given in Table 2 were obtained from onsite
measurements, and from estimates made using historic horizontal ground
photographs, most of which were provided by the Los Angeles District,

Corps of Engineers. At Sunset Beach the slopes have changéd with time,
especially the beach slope. Prior to the fill program which begin in

.the late 1940's, the beach slope was very gradual. Some residents

stated they could walk out almost 1000 ft from the property line at low

tide. Since artificial nourishment began, the beach has become progressively

steeper. The values given in Table 2 are for the present beach.

The nearshore slope values provided in Table 2 from the OCVD line (+2.8
ft, MLLW) to depths of 12, 24 and 36 ft were taken from Corps of Engineers
Survey data (Corps of Engineers, 1970), and National Ocean Services

charts.

WAVE CHARACTERISTICS (see Appendix C for Additional Information)

Design wave height is used, with other data, to establish the design
wave load on a structure or protective device or on elements of a
structure or device. Tt is also used, with the still water elevation,

to calculate the design breaking wave height and wave uprush elevation.
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TABLE 2. BEACH AND NEARSHORE SLOPES

OCVD to =12 ft.

BEACH SLOPEz
LOCATION ABOVE OCVD,
Sunset Beach 0.2/0.03
Emerald Bay 0.2/0.02

South Laguna

1. Victoria Beach 0.2/0.02
2, Aliso Beach 0.2/0.02
3. West Street .
Beach 0.2/0.02
4, 1000 Steps
Beach 0.2/0.02
5. Three Arch
Bay 0.2/0,02
' Laguna Niguel 0.2/0.015
Capistrano Beach 0.2/0.02
1
rise /run

0.022 (0.02)3
0.08 (0.02)

0.0% (0.02)
0.10 (0.02)
0.09 {0.02)
0.06 (0.02)
0.06 (0.02)

0.023 (0.02)
0.025 (0,02)

2First value = typical maximum slope; second value =
typical minimum slope

3maximum alope at design scour limit conditions
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NEARSHORE SLOPE

OCVD to =24 ft. OCVD to -36 ft.
0.0}2 0.0065
0.06 0.05
0.05 0.04
(18 ft shozl offshore)
" 0.09 0.05
0.08 0.06
0.04 0.04
0.04 0.04
(18 ft shoal offshore)
0.02 0.018
0,015 0,008
(many shoals 12-18 ft.
offsghore)



Deepwater significant wave heights in excess of 20 feet can be expected
to recur during the life of a structure or protective device along the
Orange County coast. Examples are 24 ft (27 January 1983) and 27 ft
(15-25 September 1939). Island sheltering effects will probably not
decrease extreme wave heights'east of the islands by more than 20 percent
(as was the case of 1939 hurricane waves at Oceanside). Assuming the
approach of the extreme waves is normal t¢ shore and diffraction is not
a factor, all design waves which act upon protective devices along the
County of Orénge coast fronted by a sandy beach will be depth dependent.
The design breaking wave can be calculated when water depth and slope in
front of the structure are known. Because of deep water conditions,
waves breaking on rocky headlands may'not be depth dependent. Wave
characteristics for design purposes are not covered for headlands in

this discussion. Wave setup is included in runup calculations.

1. Design Water Depth. Design water depth, ds’ is

d =H -H | (3)

in which Hw = time-dependent maximum still water elevation (5.2 ft OCVD .

+ sea level rise correction, if applicable) taken for the year of construc-
tion plus the design 1life of the structure or protective device; and HSc

= time-dependent scour elevation. Scour elevation changes must be
considered in the design life of the structure or protective deﬁice at

West Street Beach, and 1000 Steps Beach (Table 1) aund Capistrano Bay

(Fig. 3). Sea level rise must be considered, but may not be significant,

"at all locations.

2. Desigﬁ Wave Period. A wave period, T, of 22 geconds, the peak

spectral period of the 27 January 1983 storm, is taken as the design
period to obtain the design breaking wave height. A long period design
wave is justified because as wave period increases, the breaking wave
height increases for a given water depth. Alternatively, for runup
calculations wave periods between 8 and 22 seconds should be considered.
Runup is a function of the characteristics of the protective device and
the maximum runup distance will probably not oceur for the T=22 second

wave.
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Figure 4. Dimensionless design breaker height versus relative depth

structure. (Shore Protection Manual, 1984).
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3. Design Breaker Height. Attack by the design breaking wave, hb’ is
considered the extreme condition the structure or protective device must
survive. Fipure 4 can be used to determine hb’ vhen the slope, m,
(Table 2) in front of the toe of the protective device or structure, and
ds, the design water depth is known. The design breaking wave height at
each LCP area is provided in Table 3. Values given in this table are
for the condition that a scour trough is not formed. However, a scour
trough would probably not significantly increase the breaker height.
Unless the beach slope was steep, depth-limiting conditions seaward of
the trough would allow a breaking wave only slightly higher than hb on

the structure or protective device.

Using a comnservative approach based on Goda's (1975) work, the maximum

height of a breaking wave, Hb, above the OCVD, is
B = H, by @
The value of Hb is also given in Table 3.

4. Wave Approach Direction. Table C~1, in Appendix C shows that wave

energy from storms can come from the south, west, or north, and that,
except in special circumstances, structures and preotective devices
should be designed for deepwater wave energy from these open-water

directions.

DESIGN RUNUP ELEVATION - FLOODING CONSIDERATIONS.

Wave runup is the rush of water above still water elevation up a beach,
structure or protective device after a wave has broken. Flooding along
the County of Orange coast is often caused by a high stillwater elevation
and moderate to severe wave events, which produce high runup elevations.

The design runup elevations given in Table 4 for natural beaches is the

minimum elevation that would be required of a natural beach or gently-
sloping dune to prevent flooding beyond it. Maximum runup on some
representative protective devices and bluffs are given on the hazards
maps (Chapter 3). Values in Table 4, based on the storm of 27 January
1983, with T=22 sec, were used to establish the FP-3 Line and should not

21



TABLE 3. DESIGN WAVE CHARACTERISTICSl

Design Breakiug2 Design Maximum
] Wave Height, hb Elevation of Breaking3
Location (ft) Wave; B (ft, 0CVD)
Sunset Beach none4
Emerald Bay 4 9.2
.South Laguna
1. Victoria Beach 8 13.2
2. Aliso Beach 6 11.2
3. West Street Beach 4 9.2
4. 1000 Steps Beach 4 9.2
5. Three Arch'Bay 3 8.2
Laguna Niguel 6 11,2
Capistrano Beach -~ {variable, use Figures
3 and 4)

1using 1984 design still water elevation; 1984 design scour depth;
both at the OPDSL

2from Figure 4
3Assumes Hb is entirely above design still water elevation

Assumes maintenance of wide protective beach
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be used as an estimate of the runup elevation on a protective device.

Table 4. RUNUP ELEVATION ON THE NATURAL BEACH1

Location Maximum Runup Elevation Remarks
ft above OCVD

Sunset Beach 15.2 Verified by videotape
of event

Emerald Bay 14.2 Verified by observa-

_ tions * 1 ft

South Laguna 14.2 Verified by observa-
tions + 2 ft

Laguna Niguel 15.2 Verified by photo-
graphs £ 1 ft

Capistrano Beach 15.2 Verified by observa-
tion and photographs
1 ft

1based on 27 January 1983 storm data, T = 22 seconds

BEDROCK CHARACTERISTICS

The elevation of the bedrock surface and the geotechnical character-
istics of the bedrock material are design considerations whem a struc-
tute or protective device can be founded on or iﬁ the bedrock formationm.
Bedrock is considered to be any material that is more consolidated and
less erodable than the beach sand which lies above it. A seawall,
revetment or bulkhead when founded on or within bedrock will resist
lateral and vertical wave and soil loads to a greater extent than a
structure anchored in sand at the same depth. A structure or protective
device correctly tied to bedrock with appropriate filter material will
also retain the soil beﬁind it, It should be noted that exposed bedrock

can also erode under wave action.
For design purposes, the services of a geotechnical'professional is

required. Bedrock elevation and the geotechnical characteristics of

the material may change greatly from one location to another, even
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from one coastal lot to the next. General bedrock information is

provided in Table 5.
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Location
Sunset Beach

Emerald Bay '

South Laguna

Victoria Beach

Aliso Beach

Weat Street Beach

1000 Steps Beach

Three Arch Bay

Laguna Niguel

Capistranc Bay

TABLE 5. BEDROGK CHARACTERISTICS

BEDROCK ELEVATION,
ft, OCVD

REQUIREMENT FOR

First formation:
variable, about (-3)

Second formation:
varisble, about (-7)

+1

-3

-1

greater than -1

+1

+2 to +5

-1

variable,
-6 to -1

GEOTECHNICAL

BEDROCK TYPE ’ REMARKS DATA FROM SITE
Capistranc Clay two horizons, Yes
{about 2 ft thick) difficult to

drive piles

through
Catalina Clay

bedrock loca- Yes

tion &t base
of bluffe is
unknown but
probably near
-3 ft (OCVD)

bedrock loca- Yes
tion at baee

of bluffe is

unknown but

probably near

-3 ft (OCVD)

bedrock loca- Yes
tion at base

of bluffs is

unknown but

probably near

-3 £t (OCVD)

bedrock loca- Yes
tion at base

of bluffs is

unknown but

probably lower

than -3 ft

(oCVD)

bedrock loca- Yes
tion at base

of bluffs is

unknown but

probably near

-3 ft (oCVp)
Varlous sedimentary Yes
rocks (San Onofre
Brececia)
Yes
Capistrano Bay silty clay to Yes
Formation giltstone
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CHAPTER 3. COASTAL BOUNDARIES AND COASTAL DESIGN MAPS

Structures in certain areas along the coast of Orange County must be
designed to resist wave forces and flooding from the ocean.
Protection from ocean phenomena may or may not Inveolve the use of
protective devices. The zone in which ocean phenomena must be
considered and the seaward allowable 1imit at which the crest of a
protective device may be constructed are defined in this chapter.
These locations are also given on a series of Coastal Design maps
for the five LCP areas of the County of Orange. The maps may be
obtained from The Environmental Management Agency of the County.

BOUNDARTES SHOWN ON MAPS.

1. FP-3 LINE. The Flood Plain-3 boundary must be considered in the
design of a structure along the open ocean coast of Orange County.
Structures located seaward of tﬁe FP-3 boundary, shown as a thick
dashed line on the maps, must be protected from wave activity. The
boundary is an imaginary vertical plane separating ocean and land
regions..On an undeveloped beach or bluff during a storm, the landward
limit of wave uprush would be near this line. In most instances the
FP-3 line has been located at sites that can be readily identified on

the ground. Locations are given for FP-3 boundaries based on shore

type:

Stable Beach Areas Backed by Bluffs, At bluff-backed portions of
Emerald Bay, Victoria Beach, Aliso Beach, Three Arch Bay, Salt Creek

Beach and Dana Strand Beach, where the shoreline is considered stable
in 1984 (Appendix B), the FP-3 boundary is located at the design runup
Iimit at an elevation of between 14,2 ft (OCVD) and 15.2 ft (OCVD) on
the beach, or backshore, or on the bluffs (Table 4)., This location is
not based on the existance of past, present and fﬁture structures or
protective devices. Design runup elevation under natural conditions

is based upon the significant design wave height, (highest one-third
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of all waves during the design event), consequently a few waves during
the design event could cause runup to reach an elevation higher than

that given on the maps.

It is useful here to explicitly define the location of the base of the
bluff as the intersection of a plane created by the fixed, or |
in-place, bluff face and the sandy beach. Bluff talus, and/or
wind-blown beach sand or other alterations of the bluff profile are

not considered a part of the bluff face.

Non—Stable Beach Areas Backed By Bluffs, At Thousand Steps Beach and

West Street Beach, where the shoreline experienced a net retreat in
the period 1967-1981 the design runup elevation will increase slightly
with time. However, because the increase will be so slight on the
steep bluffs, the location of the FP-3 boundary is considered fixed
until at least 1993, It 1is located at the runup limit for the design
storm of 27 January in 1984.

Capistrano Beach. This region is also backed by a natural bluff,

.However, the railroad grade seaward of the bluff at the present time
exceeds the 15.2 ft (OCVD)} design runup elevation. At Capistrano
Beach the seaward intercept of the railroad grade at elevation 15.2

ft(OCVD), because of its permanence, is designated the FP-3 boundary.

Non~-Bluff Areas Adjacent to Bluff Backed Beaches. The creek valleys
at Emerald Bay, Aliso Beach and Salt Creek Beach fall under this

heading. Using the assumption that no structures are present, the
1nteréection 6f the maximum calculated runup elevation with the ground
surface for the design storm 1is designated the FP-3 boundary. That
location,the runup elevation between the bluffs, does not change in a
landward direction. Drag on the runup flow as it moves inland
slightly reduces the runup elevation, while flow convergence as it
moves inland increases the runup elevation. These are considered to

be balanced.
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Sunset Beach. Sunset Beach is a special case. The selection of the

boundary is complicated because the region from the ocean to the
channels at Huntington Harbor lies below the maximum runup elevation
on and behind the natural beach (Appendix B, Fig. B2). A second
complication is introduced because of the non-permanent nature of the
beach. As previously stated, Sunset Beach is now artificially
maintained so that beach stability is primarily dependent upon human
factors and not nature. The predictability of shoreline change at
Sunset Beach based on past natural beach behavior and an understanding
of processes responsible for erosion and deposition, therefore, cannot

be assumed without assuming human intervention for future maintenance.

The establishment of the FP-3 boundary at Sunset Beach is predicated

on the periodic beach nourishment program (or some other solution)
continuing into the future. TIf beach erosion is allowed to progress
beyond that which occurs over a 3-7 year replenishment period (Appendix
B, Fig. B2) the FP-3 boundary will be relocated in a landward

direction,.

At Sunset Beach, the FP-3 boundary is designated at the north (South
Pacific Avenue) property line of the oéean—facing houses. The highest
natural elevation on Sunset Beach is the berm crest or the dune line
in front of these houses. Wave runup during a design event will pass
between the houses, The flow velocity reaching the parking lot
between South Pacific and North Pacific Avenues will have declined
such that serious problems caused by flowing water in non-street areas
will no longer exist. Flooding will still occur landward of the FP-3
line but damage by currents will be small compared to damage by
submersion. The rear of the lots was also selected to aid the legal

description of the FP-3 line.

2, OPDS LINE. The Ocean Protective Device String Line, shown as a
thin dashed line on the maps, is the seaward limit beyond which the
crest of protective devices may not be constructed. Technical
criteria were not considered in locating the OPDSL. All design data

presented on the maps and in Chapter 2 are referenced to the OPDSL.
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COASTAL DESIGN DATA SHOWN ON MAPS
The following data may be used for initial plan check purposes at all
sites except Sunset Beach where it does not apply. Data reference

1984 conditions at the OPDSL only.

1. DESIGN BREAKING WAVE ELEVATION. This is the maximum elevation

above the OCVD that breaking wave forces will affect a structure or
protective device at the OPDS Line in 1984. These data are given in
Table 3. Certain conditions may render the 1984 values inaccurate.
If sea level is rising relative to land or if the shoreline is
experiencing a long-term net retreat, the design breaking wave

elevation must be increased. Sea level rise over the life of a

)

structure or protective device must be considered at all locations
with special consideration at Sunset Beach. Shore retreat in the
period 1967-1981 occurred at the southeast end of Capistrano Beach
(Fig.3) and West Street and 1000 Steps Beaches (Table 1). The
consequences of a net shore retreat is an increasing scour depth

through time and an increase in the breaking wave height.

2. WAVE RUNUP ELEVATION LIMIT ON A SMOOTH VERTICAL WALL. This is the

maximum elevation above OCVD that rﬁnup from a breaking wave at the
OPDSL would reach on a smooth, vertical seawall or bulkhead in 1984.
In addition to characteristics of the protectiVé device, maximum runup
elevation is a function of water depth in front of the device and the
characteristics of the design wave that breaks on the device. As
discussed previously, these parameters may vary over the life of a
protective device. When that is the case, the value shown on the maps

may not be used and procedures discussed in Chapter 4 must be applied.

Runup is the rush of water up the vertical wall on the breaking of a
wave. The amount of runup is the vertical distance above stillwater
level that the rush of water attains when the wave occurs during the
design wave event with the specified desipn recurrence interval. The
highest elevation subject to wetting by spray from the design wave

will be greater than the runup elevation.
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3. WAVE RUNUP ELEVATION LIMIT ON A ROUGH 1:1.5 (RISE/RUN) SLOPED
REVETMENT,

Like the runup values for a smooth vertical wall, this value is given
on the maps to assist a plan-checker. A revetment with a 1:1.5
(rise/run) is a relatively common protective device zlong the Southern
California coast. The values for 1984 conditions should be used with
caution because design conditions may change with time as previously

discussed.
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CHAPTER 4. DESIGN CRITERIA FOR PROTECTIVE DEVICES AND
PILE OR CAISSON-SUPPORTED STRUCTURES

Previously-established ocean and beach data are integrated into a set
of plan-check guidelines in flow-diagram form in this chapter. The
guidelines apply to structures and protective devices to be
constructed in the FP-3 zone of Orange County. These guidelines are
provided to aésist_the County in checking plans of structures and
protective devices to meet the design objectives provided below.
Criteria related to earth forces are not addressed and must be
established by a geotechnical investigation. A list of the required

geotechnical information is included where appropriate,

DESIGN OBJECTIVES

Five design objectives stated below must be considered:

(1) Protect structures from wave impact damage,

(2) Protect structures from erosion of underlying soils,

(3) Protect structures from ballistic damage by floating and
other wave-transported debris,

(4) Protect structures from flood damage caused by ocean
phenomena, and '

(5) Minimize adverse impacts on adjoining property/structures
resulting from construction of a protective device or a

structure.

Ecological concerns and design appearance on the beach should be

considered, but are addressed at the Local Coastal Program level.

FLOW DIAGRAM FOR FP-3 ZONE PLAN CHECK

The following plan-check procedure should be used in the step-by-step
order it is shown in the flow diagram of Figure 5. Decision points
which require technical input are shown as boxed STEPS. When followed
through in its entirety, the appropriate design objectives will be

addressed.
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This plan check procedure is the establishment of design based on an
evaluation of the level of protection the structure or protective
device provides against design wave conditions. 4n evaluation is made

based on one of three categories:

CATEGORY 1: significant dynamic wave forces will be present above the
underside of the structure or over the crest of the protective device,
CATEGORY 2: overtopping by wave runup will occur without significant

wave forces, and |

CATEGORY 3: no overtopping will occur.

Without a special design to account for wave forces on a structure,
structures or protective devices in CATEGORY 1 are considered
unacceptable. Overtopping without wave forces is the most common
 circumstance; CATEGORY 2 encompasses probably 90 percent of the |
low-lying private structures in Orange County. Structures in this
category requife floodproofing. No special design for wave phenomena
is required of a CATEGORY 3 structure. However, this condition is

rare in low-lying oceanfront structures in Orange County.

1. STEP 1. LOCATION OF STRUCTURE OR PROTECTIVE DEVICE. This step is

used to determine whether a proposed structure is in the FP-3 zone
and, therefore, whether the guidelines in this coastal plan-check
procedure are applicable, and, 1f a protective device is proposed,

whether it is properly located.
1.1 I8 THE STRUCTURE IN THE FP-3 ZONE?
NO ~ disregard these coastal design guidelines

YES - GO TO STEP 2 1IF A PROTECTIVE DEVICE IS NOT
PROPOSED; GO TO STEP 1.2 IF A PROTECTIVE DEVICE IS
PROPOSED

1.2 IS THE CREST OF THE PROTECTIVE DEVICE AT OR LANDWARD OF THE
OPDSL?
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NO - protective device not acceptable

YES -~ GO TO STEP 2

2, STEP 2. DESIGN SITUATION. 1In this step the type of proposed

structure and/or protective device is identified and the appropriate

next step is established:

2.1 Situation A: Proposed structure is supported by piles or caisons

without a protective device - GO TO STEP 3

2.2 Situation B: Proposed structure is located behind a protective
device ~ GO TO STEP 3

2.3 Situation C: Proposed structure is located in the FP-3 zome but
is not protected by a protective device and is not on piles or
caissons ~ DESIGN IS CONDITIONALLY UNACCEPTABLE

A structure located in the FP-3 zone is considered conditionally
unacceptéble when it is not adequately supported by piles or cailssons
or is not protected by a protective device. Such a structure may be
susceptable to breaking wave forces, flooding, loss of sand as the

beach erodes and other ocean~related phenomena.

2.4 Situation D: The design is for a protective device - GO TO STEP
3 ,

3. STEP 3. DETERMINE THE FUNCTIONAL SUITABILITY OF THE STRUCTURE OR
PROTECTIVE DEVICE. The elevation of the breaking design wave with

respect to the crest elevation of a protective device or the lowest

horizontal supporting member of a structure is addressed in this step.
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Figures 6 through 8 illustrate design breaking wave conditions for
situations that will be encountered in the County of Orange. The
beach profile shown represents the lowest natural beach sand level
expected during the design life of the structure or protective device.
The design scour level is given for the OPDS Line. If the most
seaward piles or caissons (structure) or the crest of a protective
device is not located at the OPDS Line, the elevation of the scour
level is obtained by projection of the beach slope equal to 1/50
(rise/run) landward from the OPDS Line. This gentle slope is assumed
to be the slope that would evolve during a severe storm. If bedrock
will be exposed during design conditions (Table 5), the bedrock
surface elevation at the site of the piles or caissons or protective

device should be uszed.

Figures 6~8 are used to determine if the structure or protective
device meets its functional (breaking wave) design criterion. One of
the following structure or protective device situations must be

selected:

3.1 Figure 6. The structure is supported by piles or caissons

without an adjacent protective device.

3.2 Figure 7. The seawall or bulkhead is used to protect a structure
or bluff,

3.3 Figure 8, The revetment is used to protect a structure or bluff.

The design is considered conditionally unacceptable if HS'< Hb' In
other words an unacceptable design is such that the crest elevation of
the design breaking wave, Hb’ is higher than the crest of the
protective device, Hs' The design can be made acceptable by designing
for wave impact forces. Costs to construct a private dwelling, cabana,
garage, deck or restroom for direct wave-impact forces will, in most
cases, preclude such a design. This report does not provide
information to check a plan that considers wave-impact forces on a

principal structure.
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Hg = ELEVATION OF STRUCTURE
Hy = STILL WATER ELEVATION

Hp = ELEVATION OF BREAKING WAVE
Hge= SCOUR ELEVATION

m = BEACH SLOPE (RISE/RUN)

hp = HEIGHT OF BREAKING WAVE

Figure 6. Structure supported by piles or caissons without adjacent

'protective device (figure not to scale).

STEP 3.1 OBJECTIVE: To determine whether waves will break on structure.

DATA: If HW and HSc will not change through structure life: use Hs
from plans, Hb = Hw + hb from Table 3 (if Hs:' Hw’ hb = O)(
If Hw and/or Hsc can be expected to change during the design life
of the structure so as to increase the water depth HW - Hsc:
(1) Use procedure described in "Long-Term Change in Still Water
Level” (Chap. 2) to calculate Hw’
(2) Use Table 1 or Figure 3 to calculate H o’

(3) Use Figure 4 to establish h, : water depth d =H -H

b' w sc?
T = 22 sec, g = 32 ft/sec s m = 0,02,
(4) Hb - Hw * hb
PROCEDURE: 1If HSES Hb DESIGN IS CONDITIONALLY UNACCEPTABLE

If H>].-I.b GO TO STEP 4
s
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Hg

oCvD

TOE PROTECTION RECOMMENDED

Hy = ELEVATION OF WALL CREST

Hy = STILL WATER ELEVATION

Hp = ELEVATION OF BREAKING WAVE
Hge= SCOUR ELEVATION

hp = HEIGHT OF BREAKING WAVE
7t = BEACH SLOPE (RISE/RUN)

Figure 7. Protective device is a vertical wall (seawall or bulkhead).

Figure Is not to scale.

STEP 3.2 OBJECTIVE: To determine whether waves will break above seawall
bulkhead.

DATA: 1If I-Iw and Hsc will not change through structure life: use HS from
plans, Hb = Hw + hb from Table 3 (if Hsé’ Hw, hb = 0).
If Hw and for Hsc can be expgcted to change during the design life
of the structure so as to increase the water depth, Hw - Hsc
(1) Use procedure described in "Long-Term Change in St1ll Wateér
Level™ (Chapf. 2) to calculate Hw’
(2) Use Table 1 or Figure 3 to calculate H !
(3) Use Figure 4 to establish h ! water depth d = Hw - Hsc;
T = 22 sec, g = 32 ft/sec » m = 0,02,
(4) B =H +h
PROCEDURE ; if H Hb DESIGN IS CONDITTONALLY UNACCEPTABLE

If Hs> Hb GO TO STEP 4,
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REVETMENY

BEACH SURFACE

Hg = HEIGHT OF REVETMENT

Hy = STILL WATER ELE VATION

Hp = ELEVATION OF BREAKING WAVE
Hge= SCOUR ELEVATION

m = BEACH SLOPE {(RISE/RUN}

hb = HEIGHT OF BREAKING WAVE

Figure 8, Protective device is sloped (usually a révetment).

Figure is not to scale.

STEP 3.3 QOBJECTIVE: To determine whether waves will break above

DATA:

revetment.

If Hw and Hsc will not change through structure life: use H3 from
= > =

p = B, * b from Table 3 (if H > H., h 0). .

if Hw and/or HSc can be expected to change during the design life

plans, H

of the structure so as to increase the water depth, HW - Hsc:
(1) Use procedure described in "Long-Term Change in Still Water
Level" (Chapt. 2) to calculate Hw’
(2) Use Table 1 or Figure 3 to calculate Hsc’
(3) Use Figure 4 to establish hb: water depth, d = H - H |,
. 5 B s W sc
T = 22 sec, g = 32 ft/sec”, m = 0.02.

{4) Hb = Hw + hb

PROCEDURE: If HSS H.b DESIGN IS CONDITIONALLY UNACCEPTABLE

If H >]-Lb GO TO STEP 4.
s
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4, STEP 4. GEOGRAPHIC LOCATION., Is the structure or protective

device located at Sunset Beach?

YES ~ GO TO STEP 5
NO - GO TO STEP 6

STEP 5. SUNSET BEACH (See Appendix D for more information). Sunset

Beach is a special case where ocean-water creates a flooding problem.
Flowing water over or through gaps in the artificial dune is the only
design consideration. Design guidelines are based on the assumption
that the beach will be artificially maintained with a width of at
least 150 ft from the ocean-facing private property line. Should the
beach - retreat to less than that width, the possibility of storm
erosion and breaking wave activity at the structures may occur. Then,
flood protection as regulated by these design guldes will not provide
protection from wave impact forces. Design checks must then be
modified to reflect the circumstances. This would probably be under

temporary emergency conditions.

5.1 Specific Design Objectives. Structures in the FP-3 zone at

Sunset Beach must be specifically designed to:

a. prevent flooding within the structure and prevent flood

damage to components of the structure, and
b. convey salt water away from the structure.

5.2 Design Considerations.

5.2,a. Foundations. The structure must be supported on piles

or caissons with a minimum pile or caisson length of 20 ft.

5.2.b. Elevation of Underside of_Structure. The minimum

vertical distance, Eu—Eg, as defined in Figure 9, between the ground

elevation, Eg, and the underside of the structure, Eu, is dependent
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£4 = DUNE CREST ELEVATION
E, = ELEVATION OF UNDERSIDE OF RESIDENCE
Eg = MAXIMUM ELEVATION, NATURAL GRADE BENEATH RESIDENCE

Figure 9. Procedure to calculate distance between ground elevation and

underside of residences at Sunset Beach.

STEP 5.2.b OBJECTIVE: To establish the distance between the natural
ground elevation and the underside of a structure
at Sunset Beach.

REQUIRED VERTICAL CLEARANCES, SUNSET BEACH1

Vertical Clearance

Ed in ft (OCVD) Eu —Eg, in inches2
15,2 18
14,2 to 15.2 21
13.2 to 15.1 24
<13.2 27

ldoes not apply to decks and garages; natural grade must be similar

to that of adjacent property

Znatural grade to lowest portion of underside of residence.
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upon the elevation of the beach or artificial dune in front of the
structure, Ed’ and the ground elevation beneath the structure. The
ninimum is 18 inches to provide a crawl space and to prevent water

damage when water moves from adjacent property.

5.2.c. Sideyard Passages. To provide a flow conduit between

residences, the minimum unobstructed sideyard distance between
adjacent structures will be 6 feet. If the adjacent lot is
undeveloped, the dwelling setback from the lot line is 3 feet.

5.2.d. General Guidelines,

(1) Areas under buildings constructed on piles or caissons

must be kept clear to allow landward drainage.

(2) WVhen slab or garage parking at the landward end of the
building is used, the landward end of the building must
be closed for fire protection purposes. This reduces
the cross-sectional flow area. The passageway between
buildings thus becomes the only drainage conduit.

Gates in walkways alongside structures should swing
landward so they are parallel and away from flow from
the ocean. Gates which open toward the ocean may be
difficult or impossible to open during a flood event.
Flowing water will either pond behind the gates and
accentuate the 1oca1.flood problem, or the gates and/or
adjacent fences will be damaged by the water pressure.
This does not apply to chain 1link, wrought irom or

other highly porous gate materials,

(3) The movement of runup;generated water into neighboring
properties should be avoided. The ground should slope
toward South Pacific Avenue, not toward adjacent

properties,
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“(4) Ice plant cover or other sand retaining landscaping on
dunes and adjacent areas is encouraged because it helps
stabilize the dune, provides resistance to runup-flow-
erosion during severe storms, and creates drag which

reduces runup flow across the dune.

5.3 DESIGN ACCEPTABILITY.
IS DESIGN ACCEPTABLE BASED ON DESIGN CONSIDERATIONS?

YES - GO TO STEP 12
NO — REJECT PLAN

6. STEP 6 ~ TYPE OF STRUCTURE OR PROTECTIVE DEVICE.

Is the plan for a structure on piles or calssons?

YES - GO TO STEP 7
NG - GO TO STEP 8

STEP 7 - DESIGN CONSIDERATIONS, STRUCTURE ON PILES OR CAISSONS.

7.1 Geotechnical Considerations.

7.1.a. Foundation conditions, A soils report should be prepared

to address the depth to bedrock, and soil and rock properties to 20
feet below maximum scour depth, or to bedrock. Included should be
soil weight, vertical and lateral bearing capacities, active and

passive pressures, and soil classification.

7.1.b. Recommended Foundation Type. A recommendation must be

given by the geotechnical professional regarding the type of
foundation support to use, such as driven piles or drilled piles or

caissons.
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7.1l.c. Pile or Caisson depth. Depth of pile or caisson

embedment required to support both vertical and lateral loads at

maximum scour depth design conditions must be provided.

7.1.d. Method Recommended to Reach Pile or Caisson Depth.

Acceptable or reasonable methods of installing the piles or caissons

based on the soil and rock properties must be given.

7.1.e. Method to Penetrate Rock, if Applicable, The report wmust

indicate whether bedrock is soft enough for driven piles (such as
steel H-piles) to penetrate, or if easy or hard drilling is required.

7.1.f, Pile or Caisson Design. Allowable vertical and lateral

load capacities for specific pile size and embedment based on soil and

rock capacities must be specified.

7.1.g. Ground Water Levels. If applicable, ground water levels

must be given, gnd the lag in water level change versus tide should be

provided, especlally across a wallsection .

7.2 Coastal Design Considerations.

7.2.a., Forces on Individual Piles: The wave force on any

individual pile must be determined and the pile designed to resist
that load as well as the structural load. This force may be determined
using the method given in the SHORE PROTECTION MANUAL (1984), or it
can be conservatively determined using the graph in Figure 10, which
gives a total force per foot width of the pile based on the total
water height from the scour line. This force is applied at a point
two thirds of the water height above the sand and distributed as an

inverted triangle on the pile.

7.2.b. Design of Total Structure (pile group design): The

entire pile group, pile caps and floor system must be designed to
resist the total wave load on the pile group, and transmit this load

to the soils or bedrock. Depending on the size of the structure, it

43



STRUCTURE

7 ’r;ﬂ'
_J;’_ﬁf
HW of - [ - - ™ —
g3 _ T {
£ < ”
il

\

| 1] [
I \H\ l I
I MAXIMUM SCOUR LEVEL

' l&D-WIDTH OR DIAMETER OF PILE

STILL HIGH- WATER DEPTH
Xz
E

4400 |
4800 |-
5200 |

:

400}

800 |-
1200}
1600
2000
24001
3200
3600 |

|m 2800}

TOTAL FORCE ON SINGLE PILE ({POUNDS / FOOT WIDTH)
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ds = WATER DEPTH (Hy - Hgc)
hy * HEIGHT OF BREAKING WAVE

Figure 10. Total force per foot width of a pile, ¥, based on the

water depth above the design scour elevation.,
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is generally assumed that forces on all pilings will occur
concurrently. (Note: Earthquake and wind loads must also be checked.)
It is likely that wind on the structure and waves on the piles will

act concurrently from the same direction.

7.2.c. Protection at Landward End of Structure: If the

structure does not extend landward of the highest wave rﬁnup, then
wave runup must be considered. If site planning allows, the structure
should be free-standing without a wall at the shoreward end. Access
can be by an expendable causeway or stairs (see Case I, Fig. 11). If
this is not practical, then the structure must be designed to
withstand uplift pressures adjacent to the end wall; and provisions
must be made for venting the pressure from water and trapped air. The
floor should be designed to resist an uplift pressure equal to the
hydrostatic pressure of a column of water one and one-half times the
height the runup would obtain above the floor if, R', the floor was
not there and the wall extended vertically. Runup elevation on the
wall can be obtalned according to procedures in STEP 8.1. The
hydrostatic pressure should be applied over an area extending out from
the wall a distance equal to the runup height above the floor, R'. In
addition, the wall-floor intersection must be vented for arminimum of
ten percent of its length,.with a maximum vent spacing of eight feet
(see Case II, Fig. 11). The rear wall should be evaluated, as
appropriate, according to guidelines.in STEPS 8 through 11.

7.2.d, Utilities. Utilities suspended beneath the structure
should be above the upper limit of wave action, Hb (Fig. 6). The

enclosure of utility lines should be considered in the design.

7.3. Design Acceptability.

IS DESIGN ACCEPTABLE BASED ON DESIGN CONSIDERATIONS?

YES - GO TO STEP 12
NO - REJECT PLAN
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2' MiIN.
OPEN SPACE

STRUCTURE

END WALL

WAVE RUNUP

R = RUNUP DISTANCE
CASE 2

Figure 11. Wave runup protection at the landward end of a pile or

caisson-supported structure.
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STEP 8§ - DETERMINE THE MINIMUM STRUCTURE SETBACK FROM THE PROTECTIVE
DEVICE. Although a breaking wave above the top of a protective device

is generally considered unacceptable, wave overtopping by runup is
acceptable with certain conditions. When the height of runup, Hr
(Fig. 12), exceeds the elevation of the protective device, Hs’ damage
to glass, decking, and possibly the exterior surface of the
ocean~facing wall of a structure may occur. As Hr—HS {the runup
elevation above the protective device) increases, spray produced by
overtopping becomes more coherent as splash. Damage may be prevented
or mitigated by locating the ocean-facing wall of the structure
landward of the c¢rest of the protective device, This distance is
defined herein as the runup setback distance, LA (Fig.12).

In this step the minimum acceptable runup setback distance, LA is
established for vertical protective devices (seawalls and bulkheads)
and sloping protective devices (revetments). The procedure to
establish LA has two parts: (1) calculate the runup elevation on the
protective device, and (2) determine the acceptable minimum setback

distance.

8.1 Calculate Runup Elevation. Runup elevation depends on the slope,

porosity, and roughness of the protective device and wave
characteristics impinging on the device. A complete description of the
runup phenomena is not available because of the large number of
variables involved., Empirical data, mostly from laboratory
investigations, must be used to determine Hr' These data are in the
form of curves obtained from the SHORE PROTECTION MANUAL (1984). Runup
height R is the height above the still water level, Hw, that will be

reached by runup flow. The runup elevation, Hr’ is
= -+ .
Hr Hw R (5

Input data required to use the runup figures (Figs. 14, 15) are the
dimensionless parameters R/H;, Hé/gTz, ds/H; and @. H; is obtained
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Mg

oCvD =0

Wc = SETBACK DISTANCE

Hg = HEIGHT OF PROTECTIVE DEVICE

© = ANGLE OF PROTECTIVE DEVICE RELATIVE TO HORIZONTAL (Tan 8= RISE/RUN)
dg = WATER DEPTH

Hy = STILL WATER ELEVATION

Ry = RUNUP ELEVATION

m = BEACH SLOPE ELEVATION

R = RUNUP HEIGHT

Hge= SCOUR ELEVATION

Hr = WAVE RUNUP ELEVATION

Figure 12. Definition sketch, runup and overtopping after a wave

has broken on a sloping protective device.
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from Figure 13, when hb is known (H; is the unrefracted deepwater wave
height). hb 1s given in Table 3 for 1984 beach conditions or in
Figures 3 and 4. If Hw or Hsc (Fig.12) is expected to change during
the 1ife of the protective device, Table 3 cannot be used. The
procedure described in "Long-Term Change in Still Water Level"
(Chapter 2) should be used.to calcu;ate, Hw’ and Table 1 or Figure 3
should be used to calculate Hsc° Figure 4 is then used to calculate hb
where ds = Hw + Hsc' If the value of hb/gT2 is less than 0.0002 (Fig.

13) use h, /H' = 3,0.
b’ o

Because of the large number of variables involved, including the angle
and surface roughness of the protective device and the design beach
slope in front of the device, a range of wave perlcds require
consideration. The maximum wave runup elevation must be obtained by
trial and error for wave periods between T = 8 sec and T = 22 sec,

The period which produces the greatest runup elevation is then ‘
designated the.design runup wave period (Note, the maximum breaking
wave height, which is not dependant on the characteristics of the

protective device, is obtained using T = 22 sec).

After calculating the value of H;, use Figure 14 to calculate runup on
a smooth vertical wall. Empirical data for an Orange County design
beach slope, m = 0.02, is unavailable on Figure 14, however, the slope
m = 1:10 shown in the figure should yield a conservative runup value,
Figure 16 should be used to correct for scale effects by Increasing
the runup height by k (use tan @ = 0.8). Use Figure 15 for wave runup
on a rough, 1:1% slope revetment. Data on rough, flatter slopes are
unavailable, however, flatter rough slopes will yield lower runup
values than those calculated using Figure 15. Thus, the use of Figure
15 is comservative for rough slopes of less than a grade of 1:1%. '
Figure 16 should be used to make scale effects corrections by
increasing the runup height by k. Runup elevation is cobtained using

Equation 5.

49



4

I
o

0.02 003
{etigr Sode, 1BTD}

Fipure 13, Breaker Height Index, hb/H; Versus hb/gT2 (from SHORE
PROTECTION MANUAL, 1984)
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If Hr'C HS, no building setback is required

GO TC STEP 9

8.2 Calculate Setback Distance. If Hra Hs, a minimum setback
distance, LA of 10 ft or more is required. Use Figure 17 to
determine, LA This figure is based on the vertical overtopping
distance, Hr - Hs’ and the assumption that runup flow will be carried
horizontally toward the structure by: (1) the horizontal component of
runup flow on a sloping protective device, and (2) onshore winds. The
horizontal distance traversed by the tip of the uprush watermass is
assumed equal to the vertical uprush limit above the top of the

protective device,

8.3 Guidelines If Device Is Acceptable. Drainage for seawater that

overtops a protective device must be considered. The water surface
elevation should be maintained below the sill elevation of any
ocean-facing entries, That sill should be at least 6 inches above the
deck surface when Hr HS to prevent water penetration of the

structure.

8.4 If Runup Reaches The Structure. If runup flow that overtops a

protective device reaches the structure the following situation

pertains:

IF w < LA BUT SHUTTERS OR OTHER MEASURES ARE TAKEN TO
PROTECT GLASS AND VULNERABLE MATERTAL ON THE OCEAN WALL OF
THE STRUCTURE, USE wc=10 ft, IF w <« 10 ft, DESIGN IS
UNACCEPTABLE.

IFw < v, AND NO WALL OR WINDOW PROTECTION IS PROVIDED,
DESIGN IS UNACCEPTABLE,
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Figure 17, Minimum setback distance when overtopping occurs.

STEP 8.2 OBJECTIVE. To determine whether minimum acceptable structure

setback distance, WC, from top of protective device

when H > H , is used.
T B

DATA: Wc from above curve (use 1l:1% curve for all revetments)

Wa = actual setback distance from plans
PROCEDURE 1If Wa = Wc: GO TO STEP 9

If Wa - Wc: DESIGN MAY BE UNACCEPTABLE
(See Step 8.4, "RUNUP REACHES STRUCTURE")
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8.5 Design Acceptability.

IS DESIGN ACCEPTABLE?

YES - GO TO STEP 9
NO - REJECT PLAN

9. STEP 9. TYPE OF PROTECTIVE DEVICE.

Is the plan for a seawall or bulkhead?

YES - GO TO STEP 10
NO - GO TO STEP 11

STEP 10 — DESIGN CONSIDERATIONS FOR SEAWALLS AND BULKHEADS .

10,1 General Considerations. The purpose of a seawall or bulkhead is

to support, stabilize and protect the property and any structures
behind the device. Because many types of seawalls and bulkheads,
including gravity walls, cantilever walls, anchored walls, double
walls, and composite walls, may provide adequate protection, and
because the designs vary so greatly, general design considerations
adequate for plan check purposes only are presented in this step.

Actual design will require a more detalled analysis.

A seawall or bulkhead will in most cases transmit hydrodynamic forces
produced by waves to the soil behind it; the soil must be compacted
and retained. Most seawall and bulkhead failures in Orange County
have occurréd because backfill material was lost and the wall failed
in shear or inward-bending moment, Seawall failures are less likely
to occur vwhere backfill is properly placed, compacted and retained.
Another mode of failure is due to inadequate design of tie backs when

scour occurs at the toe of a cantilever or tiedback wall.
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10,2, Special Design Considerations. A plan check should consider the

following aspects of failure or damage:

10.2,a. excessive lateral loads caused by earth, water and
surcharge on the landward side of the device
10.2.b. losses of soil behind the device and

10.2.¢. wave forces on the device

10.3 Determination of Acceptable Structural Stresses.

10.3.a. Struectural Requirements. Normally, one of the following

structural systems is used:

(1) A cantilever wall founded in bedrock.

(2) A gravity wall founded on bedrock.

(3) A vertically spanned wall supported by bedrock at
the bottom (either by penetration into bedrock; or, by bearing on
bedrock, with a rubble deposit on bedrock providing lateral support at
the bottom) and by a beam at {or near) the top. The beam shall span
horizontally along the width of the protective device, and shall be
horizontally supported by cables or ties extending to "deadman”
anchors at the proper spacing. (Easements granted by the adjacent
property owners, which permit the installation of the anchors, must be
acquired prior to the issuance of permits for walls designed with this
system., )

(4) An alternative system submitted, for approval, by

the civil engineer.

10.3.b. Design Provisions.

(1) The wall shall be designed to resist all
hydrostatic and hydrodynamic pressures acting on each side of the
wall, together with earth pressure, surcharge and any other loading

conditions,
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(2) Each condition of load, caused by the processes of
sand erosion and accretion, shall be considered and the wall designed

for the worst possible load combination.

(3) Acceptable structural stresses shall be based on
wind induced levels for service load stresses with an allowable
increase of 133%. For load factor design use Load Factor = 1.4 (See

Paragraph 4).
(4) Design Criteria for Deadman Anchorage:

(a) Allowable value of anchor pull = ultimate

value/2, factor of safety of 2 against failure,

(b} So0il within passive wedge of anchorage shall
be compacted to no less than 90% of maximum unit weight (ASTM D698
Test). |

(c) Tie rod is designed for alloﬁable anchor pull.
Tie rod connections to wall and anchorage are designed for 1.2 times

allowable anchor pull at normal working stressees.
(d) The rod connection to anchorage is made at the
location of the resultant earth pressures active on the vertical face

of the anchorage.

(e) Drilled rock anchor shall be tested and to not
less than 1507% of design load.

(£) Design should provide for corrosion allowance

and/or protection.

(5) The toe embedment of the wall system and the design of
the anchorage should provide a minimum load (Safety) factor of 2.0.
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10.4 Determination of Acceptable Structural Stresses.

The wave induced forces on the structures are quite complex,
particularly in relation te their recurrence interval, The maximum
wave forces that are being discussed relate to high tide conditions
and a maximum scour condition at the site, thus allowing for the
maximum depth for which a wave can break. This is further complicated
because the maximum forces on a particular structure may not occur at
a maximum depth. Since many of the wave induced forces are depth
limited, (i.e., would break or cause a maximum wave force to occur
when a given depth of water over a bottom condition would ocecur), it
is likely that in many cases the maximum wave would breék at something
less than a maximum credible recurrence interval, A 100 year event
would be the maximum breaking wave, but because of the depth limiting
factor at the site, almost the same forces could be induced by a 15,
20 or 25 year event. Because of this likelihood of occurrence the
reoccurrence interval for this type of wave force on structures 1is
more comparable to wind induced forces normally considered in building
codes. Therefore, in considering factors of safety for structural
materials, the normally applied increases in service load stresses or
comparable load factors for ultimate strength design comparable to
wind induced stresses should be utilized. This also applies on
structures without protective devices and structures which support

live loads and earth loads.

10.5 Lateral Loads.

The soil-structure interaction is so highly structure-type-dependent
that soll stresses can only be determined accurately by knowing the
structure type and soll properties at the site., Because soil
properties generally vary over short distances, it is advisable to
sample the soil at each construction site. The soil report should
recommend imbedment depth for conditions likely to occur as a storm
subsides, including saturated fill behind the wall and receding water

in front of the wall. Percolation under the wall must be considered
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if the differential head across the walls is greater than about one
foot. Seepage.pressures in this situation may be significant. The
filter system should be designed to prevent piping. Flow through the
filter is bi~directional and within the intertidal region flow may
reverse direction approximately four times per day. The type of
anchorage must also be specified in a soils report. Care.should be
taken to insure the anchoring system does not settle after

construction.

10.6 Wave Forces.

Wave.forces considered on a vertical wall are shown in Figure 18.
Earth pressures on the back of the wall should be considered and
discussed in a geotechnical report. Wave pressures are greatest at
the top of a wall, while earth pressures are normally greatest at the
bottom. Consequently, the engineer should consider the difference in
these pressures particularly at the top of the wall and ensure that
the restrainiﬁg elements at the top of the wall are capable of taking
the maximum wave forces without the aid of the soil. If a wall is
cantilevered above the earth backing, the wave forces must obviously
be considered as the prime element for the wall. Wave forces, for
simplicity, may be assumed as a triangular distribution over the
affected height with the centroid of the total wave force acting at 2/3
the distance above the scour line on the water side and the wave crest

elevation,

10.7 Earthquake Loads.

Anchored bulkheads and gravity walls have been known to suffer damage
in earthquakes. Among others, failures resulted from increased
lateral stresses behind the walls, a reduction in water pressure
outside the walls (where the wall is constructed in relatively deep
water), and a loss of strength of backfill materials. The
geotechnical report should discuss any increase in soil pressure due

to seismically-induced motion.
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10.8 Placement of Backfill,

Cohesionless clean sand or similar material should be used as
backfill. Backfill material should be well compacted and graded to
the top of the wall. The backfill should be retained by appropriate
filter material to prevent loss through weep holes or other voids. If
significant water is expected over the top of the wall (STEP 8)
erosion protection should be considered for the horizontal area behind

the wall.

10.9 Toe Scour. Where a large increase in scour depth can be
anticipated in front of a wall, toe protection is highly recommended.
The elevation of the toe protection should be at least 5 ft above the
natural maximum scour level. If toe protection in unconsolidated
material is not provided, an added scour depth equal to the height of
the breaking wave, hb’ must be added to the natural scour depth. This
is the depth that must be used in establishing wall stability.

Placement of a rock blanket (toe protection) at the toe of a protective
device is usually the easiest and most economical method to prevent a
scour trough from forming. The surféce layer of rock or armor units
must be of sufficient size, density, and durability that they will not
be significantly moved or damaged during a design storm. The surface
rock or armor units must be placed on bedding. Bedding should be
composed of one or more layers of material coarser than beach sand and
finer than the surface rock. A geoﬁextile fiiter or a rock filter is
acceptable. The purpose of the filter is to prevent the toe
protection rock from moving into the underlying beach sand. Design of
the toe revetment should be in accordance with'guidelines prescribed
in STEP 11, REVETMENTS. |

10.10 Wall Depth.

To prevent backfill soil leakage resulting from piping, the wall must
be made impermeable to sand to at least 2 ft below the design scour

level (Table 1, Fig. 3) if toe protection is used. If toe protection
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is not used, a scour elevation below the natural local scour depth
equal to the breaking wave height must be used. If the beach scour
level is bedrock, the design must ensure the wall is properly sealed

from backfill losses at the bedrock surface.

10.11 Requirement for Filter Behind Wall.

Even small cfacks and holes in an exposed wall section can become
conduits for the seaward flow of large quantities of backfill
material. Because it 1s difficult to ensure such cracks and holes
don't develop during construction or after construction, a filter
behind the wall is recommended. That filter should extend the length
and depth of the inside of the wall, and possibly be carried shoreward
at leaét 2 feet at the base of the wall when a geotextile filter is
 used. When a gravel filter is installed, the thickness should be such
that backfill material will be retained. To control ground water
levels, it may be necessary to provide weepholes at 10 to 15 feet on
center to allow any water that overtops the wall, or ground &ater from
behind the wall, to drain through the wall, unless the wall itself is
designed for the equivalent fluild pressure generated by the submefged
earth and the water. This particular point should be discussed in the

geotechnical report.

10.12 Requirement for Wing Walls.

Backfill material will be lost if a seawall or bulkhead is not
correctly connected to adjacent walls or if a wing wall ("return
wall") 1is not provided when adjacent walls do not exist. Seawall or

bulkhead design guidelines also apply to the wing wall.
The primary additional design requirement is that the wing wall or

walls be long enough to prevent flanking during any design event for

the life of the device. Criteria to establish the length of the wing
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wall must be established on a site by site basis. The storm profile
of the upper beach must be projected landward to beyond the region
where the profile will be changed by wave activity., This will be a
time-changing profile if the shoreline is retreating (Table 1, Figure
3). A wing wall distance 10-ft beyond the estimated landward limit of
profile change is recommended to account for scour that could result
from wave reflection at the wing wall. This is especially important
where more than 100 lineal feet of adjacent property is unprotected.
Wing walls must be used adjacent to property on which the structure is

founded on piles or caissons without a protective device.

In a landward direction, the scour depth will become progressively
less than the depth at the OPDSL. Scour caused by the wing wall must
be considered if toe protection is not used. The design wall
elevation to prevent breaking waves from passing above the wall should

be determined based on the procedure given in STEP 3.

10.13 Séaward Returng on Vertical Walls.

Returns at the top of vertical, and near-vertical, walls can be used
to deflect upward-directed, wave-produced flow back toward the ocean,
These devices, either incofporated as an Integral part of the wall or
adequately fastened to the wall, should have a seaward angle with the
vertical of 10-20 degrees. Around fifteen degrees is standérd
practice, Less than a 10 degree angle usually does not significantly
decrease the runup over and to the landward side of the wall., A
return with an angle much greater than 20 degrees is subject to large
upward forces, which must be accounted for in the design. The vertical
dimension of the return is usually 2-4 ft, and it is usually located

near or at the top of the wall.
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10.14 Guides to Reduce Adverse Effects.

Protective devices may create a short—term beach scour seaward of the

wall and on adjacent beaches. For this reason the following

recommendations are provided to minimize the potential adverse effects

of protective devices:

10.14.a.

10.14.5.

10.14.c.

10.14.d.

Seawalls, bulkheads- and revetments should be
constructed in line with adjacent protective devices.
This eliminates the possibility of reflected waves from

wing walls,

Seawalls, bulkheads and revetments should be tied to
adjacent protective devices whenever possible to
prevent the loss of backfill and to present a

relatively uniform face to breaking waves.

‘A toe revetment should be provided to an elevation at

least 5 ft. above the natural scour depth. This
revetment will reduce some wave reflection and decrease

scour in front of the device.

To reduce wave energy being reflected at an angle
toward adjacent beaches and to reduce the scour it
could produce, toe revetments are recommended, where

possible, on wing walls where adjacent property is

"not fronted by a protective device, i.e., the structure

is on piles.

10.15 Design Acceptability.

IS DESIGN ACCEPTABLE BASED ON DESIGN CONSIDERATIONS?

YES - GO TO STEP 12 (STEP 11 FOR TOE REVETMENTS)
NO - REJECT PLAN
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STEP 11 — DESIGN CONSIDERATIONS FOR REVETMENTS. The rock revetment is

the most common type used to protect private property in Southern

California. Its design is emphasized in this step. The rock
revetment can adjust and settle somewhat after construction without
causing structural failure. It also allows for relief of hydrostatic
uplift pressure generated by wave action. An underlying filter allows
for pressure relief over the entire foundation area. The design of
other types of revetments is %ddressed in the SHORE PROTECTION MANUAL
(1984).

A rock revetment as shown in Figure 19 is composed of one or more
layers of random-shaped and random-placed stones protected with a
cover layer of selected quarrystone. The head (upper portion of the
slope) of a rubble device normally sustains more extensive and
frequent damage than the trunk (lower portion). Rock revetments are
flexible, so damage from waves which exceed the design wave is
progressive. The displacement of several armor stones will usually

not result in the complete loss of protection.

11.1 Slope. Cover (armor) layer slopes steeper than l:1% (rise/run)
are not recommended. Slopes of 1:2 are recommended where the
revetment 1s constructed on sand. A steeper slope, but not steeper

than l:1% can be used where other conditions require it.

11.2 Cover Layer Design. The empirical formule (from SHORE
PROTECTION MANUAL, 1984) expressed in stone weight, W, for armor

units of nearly uniform size required to withstand a design wave on a

slope 1is .
W; hb3 . {6)

KD (Sr - 1)° cot ©

W=

in vhich:

W = weight in pounds (W for a two-quarrystome thick cover layer can
range from 1.25 W to 0.75 W),
Wr = unit weight (saturated surface dry) in 1b/ft3,
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Figure 19. Idealized section of a typical Southern California revetment.
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h, = breaking wave height as given in Table 3, or as modified according
to guidelines in Figure 8§,

S_= specific gravity of armor unit relative to water (S =W /W w=
unit weight of salt water, 64 lb/ft ),

KD= stability coefficient as shown in Table 6 (from SHORE PROTECTION
MANUAL, 1984) that varies with the slope of the armor units,
roughness of armor-unit surface, sharpness of edges, and
interlocking of units, among others, and

€@ = cover-unit slope (angle from the horizontal in degress).

Major overtopping is assumed not to occur when using Equation 6. This
equation is presented as a guide for plan checking. Experience and _
engineering judgement are required to establish KD (Table 6), and in
the design of all protective devices, including revetments. The SHORE
PROTECTION MANUAL also presents a procedure to calculate the weight of
the 50 percent size for graded riprap armor stone (Eq. 7-117, 1984).

11.3 Thickness of Cover Layer. A two-unit armor layer thickness is

recommended. If a one-unit layer is used, special care must be
exercised in the placement of the single armor layer to ensure an
adequate cover with good interlock is obtained. The long axis of each

stone should be placed perpendicular to the slope.

11.4 Underlayer and Filter Design. The primary function of a

revetment is to retain and protect the soil behind the revetment.
This is accomplished by providing a filter that allows the passage of
water, but retains the fine material. Armor stone is placed over thé
filter to hold it in place against the forces due to waves.
Underlayer stone is placed between the filter and armor stone to keep
the smaller filter material from washing out between the voids in the

armor layers.
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Table 6. Suggested KD Values for use in determining armor unit weight

(from Shore Protection Manual, 1984).

Ho~Damage Criteric and Minor Overtopping
Structure Trunk Structure Hsad
Armor Units n3 Placement KDZ Kp Slope
Breaking Nonbreaking Brezsking Ronbreaking Cot @
Wave Heve Wave Have
Quarrystone
Smooth rounded 2 Randoa 1.2 2.4 1.1 1.9 1.5 to 3,0
Smooth rounded >3 Randow , 1.6, 3.2 1.4, 2.3 g
Rough angular i Random 2.8 2.8
. 1.8 3.2 1.5
Rough angular 2 Randos 2.0 4.0 1.8 2.8 2.0
1.3 2.3 3.0
Rough angular > Bandon 2.2 é.5 2.1 é.2 g
Rough aengular 7 2 Special 5.8 7.0 3 6.4
Parallelepiped 2 Special ! 7.0 - 20.0 8.5 - 24.0 -— -
Tetrapod §.0 6.0 1.5
and 2 Bendoz 7.0 6.0 €.5 5.5 2.0
Quadripod 3.5 4.0 3.0
8.3 9.0 1.5
Tribar 2 Randon 8.0 10.0 7.8 8.5 2.0
6.0 6.5 3.0
Dolos 2 | Rendom 15.88 31.88 8.0 18.0 2.0%
7.0 14,0 3.0
Modified cube 2 | wendom 8.5 7.5 . —— 5.0 -2
Hexapod 2 Random 8.0 9.5 5.0 7.0 9
Toskane 2 | Reodom 2.0 22.0 - - g
Tribar 1 Uniform 12.0 15.0 75 2.5
Quarrystone (KRR)
Graded angulsT - Random 2.2 2.5 e -_

w

- o

9

CAUTION: Those K; wvaluss shown in {talios are unsupported by test results and are only provided for

preliminary design purposes.

Appliceble to slopes rengiong from | om 1.5 to 1 ca 5.

i is the ousber of units comprising the thickness of the ermor layer. _

The use of single layer of quarryetone armor units 1¢ uot recommended for structuras subjiect to bresking waves,
and only under specisl conditions for structures subject to monbresking wevee. When it ie¢ used, the stone
should be csrefully placed.

Until more informstion ie aveileble on the variation of Kp velue with slope, the use of K; ohould be limited
to &lopes ranging from | on 1.5 to 1 oo 3. Some armor units temted on & etructure head indicate a Kp=elope
dependence.

Special placement with long axie of etone placed perpendicular to structure face.

Parallelepiped—sheped gtone: long slab-like stone with the loug dimension about 3 times the shortest dimension
(Markle and Davideon, 1979).

Befers to no-demsge criteris (<5 percent displacement, rocking, etc.); if no rocking (<2 percent) is desired,
reduce Kp 50 percent {Zwasborn sud Van Niekerk, 1982).

Stability of dolosse on slopes eteepar than 1 om 2 should be substentisted by site-specific model teste.
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Two types of systems are commonly constructed. The most common in
practice today is the use of a geotechnical fabric filter overlain by
either armor stone or an underlayer stone and then armor stone. The
second type is the use of several graded layers of stone successively
larger in size that properly transitions between the in-situ soils and
the armor layers. Both types of structures are acceptable, but the
former is preferable. In many cases, a quarry run material placed in
sufficient thickness can underlie up to two-ton stone. The engineer
must show that the quarry material has sufficient thickness and
material of a wide enough gradation that a graded layer can develop
after winnowing has occurred. There must be at least two layers of

the largest stone in the gradation.

Up to one-ton stone can be placed directly over the filter material,
although it is desirable to have at least a 6 to 12 inch layer of
gravel over the geotechnical fabric to prevent tearing the material

during placing.

Underlayers should be two layers thick and sghould weigh 1/10 to 1/15
of the weight of the adjacent layer of overlying material. This
applies to structures that use a geotechnical fabric and to those that

are graded stome layers.

11.5 Toe of Revetment. It is usually difficult to construct the toe

of a revetment situated on sand below the maximum design scour level
if that level is below the water table. Consequently, the toe of a
revetment warrants special protection. The basic principle is to
design the toe to be deep enough as to have an apron that can settle
into a scour pocket to prevent the revetment from being underﬁined.
Some general guidelines for toe design are given below. Not all
guidelines are required. The application depends on design. The
intent is to provide a toe that can be constructed and will provide

adequate protection.
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11.5.a. Cover for the toe apron should be an extension of the
adjacent revetment slope such that it can settle to the maximum

anticipated scour depth plus a minimum of 3 feet.

11.5.b. Where possible, the toe apron should be extended below
the design scour limit (Table 1) a distance equal to the design wave
height (Table 4), but no less than 3 ft.

11.5.c. Cover thickness of the buried apron should be a2 minimum

of two armor stones thick,

11.5.d. Use of a geotextile filter fabric is recommended for use
beneath the revetment and toe apron. The fabric should: (1) stop
about 3 ft from.the outer edge of the apron to protect it from being
undermined, or (2) bé extended beyond the edge of the apron and folded
back over the bedding layer and some of the cover stone, then buried

in cover stone and sand.

11.6 Crest Width. As a general rule for a revetment subject to

overtopping, the minimum crest width should equal the combined widths
of three armor units (Fig. 19). '

11.7 Prevention of Soil Loss Behind Revetment., An overtopped

revetment may become unstabilized because:
(1) Sediment behind the revetment is eroded by runup water.

(2) Soil supporting the top of the revetment is lost and the

device fails from the top down.

{3) Water in the soil behind and beneath the revetment produces

a drainage problem.

The solution to soil loss behind the revetment is to armor the bank

behind the device with a splash apron. This apron could be a concrete
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or asphalt deck which drains water away from the structure or a filter

blanket covered by a bedding layer.

11.8 Guides to Reduce Adverse Effects. See STEP 10.14.

11.9 Design Acceptability.

IS DESIGN ACCEPTABLE BASED ON DESIGN CONSIDERATIONS?

YES - GO TO STEP 12
NO - REJECT PLAN

12 STEP 12 — MATERIALS. The most commonly used materials in

construction in the FP-3 zoné of Orange County are wood, concrete,
steel and stone. Synthetic fabrics are commonly used as. a filter
material. This step includes guidelines provided to assist in
evaluating the materials used for the foundation of structures (STEPS
5 and 7), seawalls and bulkheads (STEP 10) and revetments (STEP 11).
A good reference for construction materials is the Corps of Engineers,

Coastal Engineering Research Center, Special Report No. 10.
12.1 WoOD.

12.1.a. Materials. Recommendations for the use of timber piles
in foundations may be found in publications of the American Wood
Preservers Institute (AWPI). The principal woods used for piling are
southern pine and coastal.Douglas fir with a few other less frequentiy

used woods such as red pine, 1odgepole pine, western larch, and oak.

12.1.b. Potential Problems. Softwood lumber, timber, and

piling used in or near salt water environments should be properly
treated for protection against insects, decay, and marine organisms.
Under optimum conditions, wood so protected will have its useful life
extended to about four or five times that of untreated wood.
Practically, this represents a life expectancy of approximately 20

years when in contact with sea water and at least 30 years in other
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locations. Untreated wood should be used only for temporary

structures and facilities.

Timber structures are subject to damage or destruction by fire. To
date, no completely effective chemical treatment has heen developed
which will eliminate this problem.

12,1,¢c. Guides-Preservative Treatment

(1) Tables 7 and 8 indicate the amount of preservative to be
retained in various woods for various conditions. The net retentions

in the tables are minimum penetration requirements.

(2) 011 type preservatives afford protection against
weathering and checking as well as against decay and are recommended
for the treatment of sawed wood that is to be used in contact with the

ground,

(3) Waterborne preservatives are recommended where

cleanliness, freedom from odor, or paintability 1s required.
(4) The dual treatment, (Table 7) is recommended for
submerged salt water conditions in Orange County since both Limnoria

and Toredo are known to be present.

12.1.3. Other Treatments.

(1) Marine borer damage to wood piles can be prevented and
the life of in-place piles can be economically extended almost
indefinitely, by means of some kind of barrier jacket. Piles could be
jacketed in concrete, wrapped with metal sheathing such as aluminum,

copper, cupro-nickel alloys or in sheets of 30 mil polyvinyl chloride.

(2) Pile cut-offs, except fender piles, should be protected
by drilling 3/4-inch holes about l-inch apart through the untreated
portion to a depth of l)-inches, and the holes filled with creosote or
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Table 7. Preservative retention for treatment of wood piles (From AWPA-C3).

Retention by SPECIES (pcf)
5
Types of Preservative =
‘ i
Q [+2] -
o & £ £ < 6g
= v ot -0 3
= -t I o] [~ b = O
[«] | =% o O oo
el | £ & ] [ [ ] Qe
o e [T — H
[z} = n O [~ o T oOEF O
(4] [:F) o i el S D [ =9 SRy
- o -y Uy o O QO
- 4 Bl o e " o & O
£y 3 j= L &) k4 w e U = N o
(=N (=] o o L] QO 03 [« JIE I ==
- th a o o e s - E -
2 1
5 Creosote 12.0 17.0 6.0 12.0 17.0
'g k | Pentachlorophenol .6 .85 3 .6 .85
o = | CCA or ACA .8 1.0 KR 8 1.0
c
ot v
- [
o Ll
- %9
o
=
(=]
o,
— Creosotel 20.0 20.0 {10.0
K -
ao EOCCA or ACA 2.5 2.5 NR
[ o=l
Elw
=
&)
© Creosote! 20.0 20.0
| =4
Q "g‘ CCA or ACA 1.0 1.0
=| &

lincludes Creosote-Coal Tar

14



Table 8. Preservative

retention for timber treatment (From AWPA-C2).

Retention by SPECIES (pcf)
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liberally coated with creosote where drilling is not practical. A
layer of Irish felt should be placed on top and covered by a 15 mil
layer of polyethylene before placing the pile cap.

(3) Insofar as practical, wood pieces should be trimmed, bored
and counterbored before pressure treatment. When pretreated wood 1is
cut in the field it is essential that the exposed wood be generously

mopped with the same preservatives.

(4) For some fire protection, the most commonly used precaution
is to adopt timber sizes having a minimum dimension of four inches for
main framing members. Heavy timber members will retain their
structural integrity throughout long periods of fire exposure because
of their size and the slow rate at which charning penetrates inward
from the wood surface. Piling can be most easily protected against

fire by concrete encasement, if economically feasible.

(5) Piling located completely below grade and below the water

table may be installed without a preservative treatment.

12.1.3. Sizes and Shapes.

(1) Wood sheet piles used for groiné, bulkheads, and
subterranean cutoff walls should be beveled at the bottom on one side
and edges. Sheet piles should not be driven more than a meter except
in soft ground. If deeper penetration is required, excavate the area
along the line of piles so that the piles need to be driven only a
meter to final tip elevation. Members should be sized according to
the loads and conditions to be resisted by the sheéting. Tongue and
groove sheeting consists of planks milled so that on one edge there is
a projecting tongue and on the opposite edge a groove into which the
tongue of the adjoining plank is fitted when driven. When large load
carrying capacity wood sheet piles are required Wakefield sheet piling
is used and up of three layers of planks are spiked or bolted together
to form a sheet pile. The middle plank of the three should project
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beyond the edges of the planks on each side to form a tongue on one

edge and a groove on the other.

(2) Steel hardware used in wooden coastal structures, such as
bolts, spikes, driftpins, rods, wire rope, chain, plates, and shapeé
should be galvanized in accordance with ASTM Al123, Al153, A336, or A525
as applicable. Sizing of all steel hardware for use in marine work
should be very conservative, with consideration given to exposure
conditions and abrasion. Stainless steel such as type 304 and, if
econonically feasible, Monel is more resistant to the marine corrosion

environment than any of these materials but also much more expensive.
12.1.f. References.

(a) West Coast Lumber Standard Grading Rules No. 16 published by
the West Coast Lumber Inspection Bureau for Douglas Fir, Western

Hemlock, Western Red Cedar, White Fir, and Sitka Spruce.

(b) Grading rules for southern pine published by the Southern

. Pine Inspection Bureau,

(c) National Design Specifications for Stress Grade Lumber and
Its Fastenings, published by the National Lumber Manufacturers

Association,

(d) American Society for Testing and Materials (ASTM) Standard
D25 for Round Timber Piles.

(e) Standards for pressure treating softwood lumber and timber,

published by the American Wood Preservers Bureau., (AWPB).
(f) American Wood-Preservers Assoclation (AWPA) standards.

. (g) Comstruction Materials for Coastal Structures, Special Report

No. 10, dated February 1983, prepared by Moffatt and Nichol Engineers
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for the U.S. Army Corps of Engineers Coastal Engineering Research
Center at Fort Belvoir, Virginia.

12.2 CONCRETE:
12.2.a. Materials,

(1) The durability of Portland cement concrete, defined as
its ability to iesist weathering action, abrasion, or any other
processes of deterioration, is a major factor in its excellence as a
coastal construction material. Proper selection of materials is

important in achieving a concrete mix suitable for waterfront work.

(2) Cement for concrete used in soil containing from 0,10

~ to 0.20 percent water soluble sulfate (as SO ) or used in water
containing from 150 to 2,000 parts per million (ppm) SO4 should be
Type II in accordance with ASTM C150. In environments where the water
soluble sulfate exceeds 0.20 percent or the sulfate solution contains

from 2,000 to 10,000 ppm, Type V cement should be used.

(3) Water for mixing concrete should neet thé'requirements
of ASTM C94. Water used in construction in prestressed concrete work
should be free from oil and contain not more than 650 ppm of chlorides

as Cl, nor more than 1300 ppm of sulfate as 804.

(4) Aggregates should have clean, hard and uncoated
particles and comply with ASTM C33. Potentially reactive aggregates
should not be used in concrete exposed to seawater or alkalil
environments. Tests for potentially reactive aggregates should comply
with ASTM C227, |

(5) Air entraining admixtures are recommended to improve
both the workability and durability of concrete. Chemical admixtures
for reducing under-cement ratio resulting in improved quality and
strength of concrete and improved workability during placing should
conform to ASTM 494.
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(6) Water-cement ratios should be kept low even though
strength requirements may be met with a higher vélue. A maximum
water—cement ratio of 0.45 should be used for structures exposed to
seawater and 0.50 for all other structures. In any case, a minimum
cement content of 6 sacks per cubic yard of concrete is recommended to

achieve a dense mixture for waterfront work.

12.2.b. Potential Problems.

(1) For marine usage, wherein the concrete is either
submerged continually or periodically, or in close proximity to water,
specific measures should be used to produce the strength and density
required to provide a structure of the desired life span. When the
proper concrete mix is correctly mixed and placed in properly designed

structural members, a life of 50 years is commonly attainable.

(2) Spalling, cracking, and abrasion are potential problems
which could affect the life and structural integrity of the concrete.

12.2,c. Comcrete Design Considerations.

(1) Strength of concrete for various applications should have the

following minimum compressive strength at 28 days:

Prestressed Concrete Piles and precast

UNIt8.ccruneerscnaceccnsnnnessns = 5000psi
Marine StIucCtUTeS..vessescsnnsas = 3500 psi
Other Structures...cievesvsecens =

13000 psi

(2} Prestressing strands should conform to ASTM A416, Grade
270. Reinforcing steel should conform to ASTM A615, Grade 40 or 60.

(3) Spalling of concrete is generally caused by corrosion
of the reinforcing steel which in turn, is due largely to exposure to
seawater or inadequate embedment of reinforcing steel. A minimum

cover of 3 inches in precast, prestressed units and 3 inches over
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reinforcing stéel and use of a low-permeability, air-entrained
concrete is recommended to provide insurance against spalling.
Recently developed fusion-bonded epoxy coated reinforcing could be
used in an extreme case of a high alkaline and chloride contaminated

environment.

(4) Abrasion resistance of concrete is affected primarily
by compressive strength, aggregate properties, finishing methods, and
curing, with compressive strength being the most important factor.
For areas subject to high abrasion,.such as structures subject to the
abrasive action of abrasive materials carried by wave action, a
minimum compressive stremgth of 4000 pounds per square inch is

recommended.

{5) Cracking is the most common problem attendant with the
use of concrete. Cracking méy be caused by excessive structural
loading, shrinkage during the curing stage, and thermal expansion.
Such cracks may not affect the load capacity of the member involved
‘but they could allow water to enter and contact the reinforcing steel.
This condition may cause rust to form and eventually lead tb spalling
of the concrete. .The_decision of whether a crack should be repalred
 to restore structural integrity or merely sealed is dependenf on the
nature of the structure and the cause of the crack. If the structural
stresses which caused the crack have been relieved by its occurence,
the structural integrity can be restored. Epoxy-resin restores the
structure to its original strength. In the case of working cracks
such as those caused by foundation movement or cracks which open andv
close from temperature changes, the only satisfactory solution is to
seal them with a flexible water resistant material such as epoxy,

asphalt or coal tar material,
12.2.d. References.

(1) American Society for Testing and Materials (ASTM)
Standard A416 for uncoated seven-wire stress-relieved strand for

prestressed concrete, A615 for deformed bars for concrete reinforecing,
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C33 for aggregates, C94 for ready-mixed concrete, C150 for cement,
C227 for potential alkall reactivity of cement aggregate combinations,

and C494 for chemical admistures.

{2) Manual of Standard Practice for Detailing Reinforced
Concrete Structures published by the American Concrete Institute (ACI
315).

(3) Building Code Requirements for Reinforced Concrete
published by the American Concrete Institute (ACI 318).

(4) Manual for Quality Control for Plants and Production of
precast Concrete Products published by the Prestressed Concrete

Institute (MNL-116).

(5) Construction Materials for Coastal Structures, Special
Report No. 10, dated February 1983, prepared by Moffatt and Nichol,
Engineers for the U.S. Army Corps of Engineers Coastal Engineering

Research Center at Fort Belvoir, Virginia.
12,3 STEEL
12,3.,a. Material.

Steel is an alloy of iron and carbon with the carbon content under 2
percent. Manganese is added to improve strength and toughness and
copper, usually less than 0.2 percent, 1s added to increaée corrosion
resistance. Steel is relatively inexpensive, strong, and available in
various shapes and sizes for marine applications Steel structures in
marine environments suiltable for marine applichtions are indicated in

ASTM specifications included in enclosed references.

12.3.b. Potential Prbblems.

Corrosion rates of steel in sea water or in a marine atmosphere with

high chloride ion content as contained in sodium chloride, and
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relatively high oxygen content will corrode at a rate of 8 to 11 mills
per year, (0.008 in to 0.011 in)., For a long term exposure this is a
serious loss of material. Polluted salt water will result in
increased corrosion rates. Marine organisms attached to steel will
increase localized corrosion. Abrasion resulting from winds or waves
and their ability to transport particles of sand, dirt etc. can cause
severe loss of steel. When coupled with dissimilar metals, intense

corrosion results.
12.3.¢c. Use.

Because steel is readily available in all shapes and sizes and can be
bolted, riveted or welded, it has a wide variety of uses in marine
environments. To ensure a satisfactory steel performance it can be
protected with properly applied coatings. In buried or submerged
structures, cathodic protection can be used to protect the steel.
Coatings or concrete have proven to be effective against abrasion in
many uses. Steel is used in foundations as H piles or pipe piles, as

sheet piles for bulkheads and retaining walls, and wire mesh gabions,
12.3.d. References.

American Society for Testing Materials (ASTM) Standard A36-77 for
structural steel, Al31-78 for structural steel for ships, A328-75a for
steel sheet piling, A573 for structural carbon steel plates of

improved toughness, A69077 for high-strength, low-alloy steel H piles
and sheet piling for use in marine environments, A710-79 for low-carbor

age~hardening nickel-copper~chromium-columbiam alloy steels.

12.4  GEOTEXTILE FILTERS.

12.4.a. Material,

The most common use of plastics in coastal construction is as a
geotextile filter. The plastic material must have good chemical

stability and resistance to environmental deterioration, and it must

82



lend itself to fabric construction. Fabrics made of synthetic
polymers of polyvinylidene chloride, polypropylene, polyethylene,
polyester and polyamide have proven to be successfull for geotextile
use. Fabric construction is of three general types: woven, nonwoven,
and combination fabrics. Woven fabrics are manufactured by weaving;
the yarns cross at right angles and overlap one over the other.
Filters of woven fabrics are made using a variety of yarms.
Monofilament-yérns use a single filament of a polymer. Multi filament
cloths, which are yarns containing many fine filaments, have a
slightly more irregular pore system and are generally thicker than
monofilaments. Mono-multifilament combination fabric contains
monofilament yarn in one direction and multifilament yarn in the
other. Nonwoven fabrics include all materials which are not woven or knitted.
They consist of discrete fibers, which may have a preferred
orientation or may be placed in a random manner and do not form a
regular or simple pattern as do wovens. Nonwoven fabrics are composed
of either continuous filament or staple filament fibers. Continuous
filameﬁts are extruded, drawn and laid in the fabric as one continuous
fiber. Staple filaments are cut to length before being laid in the
fabric. The engineering properties of nonwoven fabrics are controlled
by the fiber type, the geometric relationships of the fibers, and the
methods of bonding, Four methods of bonding are neede punched, heat

bonded, resin bonded, and combination bonded.

12.4.b. Potential Problems.

Selection of a geotextile for a filter should be based on the
filtering and physical properties as well as the chemical properties
of the fabric consistant with the site specific requirements,
Ultraviolet radiation (sunlight) will cause degradation of synthetics,
and even with ultraviolet stabilizers added to the synthetics, which
significantly prolong structural life when fabric is exposed to
ultraviclet, excessive sun light will cause rapid (1 to 2 years)

deterioration.
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In placement, geotextile filters must be laid loosely, but free
of wrinkles, creases and folds. Overlaps of adjoining sheets should
be 18 inches and staggered for installations in the dry.  For under
water applications, the overlaps should be 3 feet. Material placement
on top of a fabric must be carefully controlled with no material

dropped more than 1 foot onto the fabric.
12,4,c. Use.

Geotextiles are used in construction as filters, material separators
and reinforcement for soils. The most common use is as filters which
permit the passage of water through the fabric but not soil or sand
particles. A geotextile filter is a permeable fabric consiructed of
synthetic fibers designed to prevent piping (prevent soil from passing
through it) and remain permeable to water without significant head
loss or without permitting the development of excessive hydrostatic

pressure.
Woven geotextile filters have been used beneath stone and

interlocking concrete block revetments, linings for the interior of

vertical seawalls to permit water passage through weepholes, joints,

king pile and panel, jetting foundations and most soil stabilizing

conditions,
12.4;d.. References.
(1} U.S. Army Corps of Engineers 1977 C.E. Guide Specifications.
American Society for Testing Materials Standard
(2) D 1682-64 Breaking Loads and Elongation of Textile fabrics,

(3) D 1683-68 Seam Breaking Strength, D751-73 Puncture Strength,
(4) D 3884-80 for abrasion resistance.
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i2.5 STONE.

Stone refers to individual blocks, masses, or fragments that have
been broken or quarried from bedrock exposures, or obtained from
boulders and cobbles in alluvium, that are intended for commercial

use,

12.5.a. Stone Classification. Stone classification is based

mainly on composition and texture:

(1) granite: medium to coarse-grained igneous stones that

consist mainly of feldspar and quartz

(2) basalt and related stone: any dense, fine-grained, dark gray

or black volcanic stone

(3) carbonate stone: 1limestone, dolomite or marble

(4) sandstone: a sedimentary rock composed mainly of particles
0.01 inch to 0.25 inches in diameter cemented together with a silica

or calcite and are well suited for marine exposure

(5) miscellaneous types of stone: such as shist, greenstone,

conglomerate, serpentine, shale, etc.

12.5.b. Potential Problems.

Most of the varietles of stone normally used in coastal structures are
very durable. Periodic wetting and drying will result in leaching

action in a porous stone. Leaching ﬁater not chemically combined may
remove cementing material and weaken the stone, Calcareous stones are

subject to decomposition by chemical attack, usually by acids.
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12.5.e. Uses.

Stones are used in the construction of breakwaters, jetties, groins,
sea walls and revetments. Stones are also used as a fill material in
caissons. Graded stones ranging from sand to bedding or core material
is used as underlayer stone, rié rap, and armor stone. A high
density stone is necessary if used in a coastal structure. The design
size of armor stone is a function of density, slope, and wave height.
Placing stone should begin at the bottom of a section and continue in
& manner as to produce a graded mass of material with maximum
interlocking and minimum voids. The armor layer should be firmly
seated on the underlying stone. Generally, stone should be placed
with the longest axis perpendicular to the slope of the stfucture

face,

12.5.d. Placement Methods.

(1) Stone should be placed by equipment and methods
suitable for handling materials of the size'specified. Placement of
the stone should begin at the bottom of the section and should
continue in a manner so as to produce a graded mass of material with
~ maximum interlocking and minimum voids. In general, the larger stones
should be placed so that vertical joints are broken with the long axis
of the stone set approximately normal to the structure slope and

pointing inward toward the center of the structure section.

(2) The method used in placement of filter, bedding, or
core material should be such that the soft and organic materials on
the bottom are displaced outward toward the extreme outside toes of
the required sections of the structure and in the direction of the
construction. The stone should be handled and placed in such a manner

as to minimize segregation and provide a well-graded mass.

(3) In areas where the stone is to be placed on geotextile

filter cloth, care should be taken so as not to rupture the cloth and
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the stone should not be dropped from a height greater than about 1
foot,

(4) Underlayer stone should be placed to a full zone
thickness in one operation in a manner to avoid displacing the
underlying material or placing undue Impact force on underlying
materials and supporting subsoils. The underlayer stone should be
placed in a manmer to produce a resultant graded mass of stone with
minimum voids. Rearranging of individual stones may be required to

achieve this result,
.12.5.e. References:
(1)7 SHORE PROTECTION MANUAL (1984)

{2) California Department of Public Works, 1960, Classes of Rock

Slope Protection.

_ (3) Design of Breakwater and Jetties, E.M. 1110-2-2904 1971a and
E.M, 1110-2-2300, 1971b. ' '
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APPENDIX A. DESIGN STILL WATER LEVEL

The design maximum sea surface elevation, Hw’ is considered to be

Hw (t) ha + hs + ho + he(t) {(AD)

extreme expected astronomical tide distance above OCVD,

in which ha
based on a 100 yr recurrance interval; hS = highest expected surge
| distance above the extreme astronomical tide distance; h0 = other
factors, such as the EI Nino - Southern Oscillation (ENSO) effect that
increases the sea surface distance above the extreme astronomical tide
distance; and he = time-dependent, long-term change in the sea surface
datum with respect to the land. It is this long-term sea surface rise
or fall that necessitates a time dependency in Hw' Hw does not iaclude
wave runup or wave setup. Wave setup is a superelevation of the water
surface over normal surge elevation due to onshore mass transport of the
water by wave action alone. It is usually included in empirical runup
data. An important factor in establishing Hw comes In the determination
of probabilities of whether ha’ hs, and h0 will occur simultaneously
during the design life of a structure or protective device in the County

of Orange.

Because of the long record of data available, the approach taken to
establish Hw was to use the maximum recorded water surface elevation as
the design elevation. Causes of the extreme elevation, however, are
discussed and show the selected Hw ié a reasonable design value.
Conditions on 27 January 1983 produced the highest water surface eleva-
tion of record. On.that date, the earth, moon and éun were aligned
(syzygy position) and the moon was in its closest monthly orbital position
to the earth (perigee position). The resultant perigean spring tide
effect, an astronomical phenomenon, was amongst the highest of the year.
Added to that superelevated water surface situation was the El Nino -
Southern Oscillation effect which existed in the region throughout 1983.
Additionally, the storm fhat occurred on 27 January was responsible for

an increase in the water surface elevation by (1) an inverse barometric
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effect which allowed the water surface to rise above normal elevations
because of reduced atmospheric pressure, and (2) wind setup which is the
vertical rise of the still water level on a windward shore caused by

wind shear stress on the water surface.

Astronomical Tide Maximum. Tides along the County of Orange coast are

semi~diurnal, i.e., a complete cycle takes 12.4 hr, with a diurnal
inequality. Watgr surface elevations used in this Appendix are referenced
-to a mean lower low water (MLLW) vertical datum as shown in Table Al for

a primary tide station at Los Angeles (Quter Harbor) and intermediate
tide stations in the County of Orange. '

TABLE Al. TIDE DATA (in feet above MLLW)!

San Clemente Newport Beach Los Angeles

Highest tide observed2 not measured 7.86 7.96
Mean highest high water (MHHW) 5.3 5.4 5.5
Mean high waﬁer.OHHW) 3.7 3.7 3.8
Mean sea level (Msi) 2.7 2.8 : 2.9

1Subtract 2.83 ft to convert elevation to OCVD.
.227 January 1983

A perigéau spring tide is the largest astronomical tide tﬁat can occur.
The perigean spring tide which occurred coincidentally with the storm on
27 January 1983 produced the highest water surface elevation of 61 years
of record at Los Angeles. At San Diego, well inside San Diego Bay where
the MHHW elevation is 5.9 ft, or 0.4-ft higher than at Los Angeles, the
27 January 1983 storm also produced the highest tide of record, +8.35 ft
(MLLW) . The length of the analysed San Diege record is 58 years. The
water surface elevation above MHHW at San Diego, Newport Beach and Los
Angeles was almost the same at 2.45 ft. This suggests the perigean-—
spring-tide, the ENSO effect, and the storm-produced water surface
elevation increase élong the coast of the County of Orange was near
constant at about 2.45 ft above MHHW (Table Al).
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The second highest water surface elevation of record at Los Angeles,
Newport Beach, and San Diego occurred on 8 August 1983 and almost
reached the January levels. Again, it occurred at the time of a wave
storm and a perigean spring tide., At los Angeles it reached +7.87 ft
(MLLW) at 2036 hr; at Newport Beach it reached +7.82 ft (MLLW) and at
San Diego it reached +8.34 ft (MLLW) at about the same time. This
further supports the contention that extreme tides along the County of
Orange coast will be similar, and that extreme tides of between +7.8 to
+8.0 ft (MLLW) in the County can occur at any season and at a frequency

greater than previously anticipated.

Perigean spring tides as large as the 27 January 1983 event occurred
many times in the last 50 years and can be expected to occur many times
in the next 50 years. Table A2 shows the dates when perigean spring
tides will occur in the period 1985 to 2000. Between 1920 and 1985
perigean spring tides occurred at an average rate of 4 times per year.
While the prediction of the date of occurrance of perigean spring tides
is accepted, an accurate prediction of the perigean spring tide level at
a specific site is not possible. At present the only accurate way to

establish such elevations is by field measurement.

As noted, at Los Angeles, Newport Beach and San Diego the two largest
maximum water surface elevatioﬁs have occurred at the time of a perigean
spring tide. About two-thirds of the yvearly maximum water surface
elevations also occurred at the time of perigean spring tides (Fig. Al).
In many of the cases shown, fhe'yearly maximum water surface elevation
was caused by a storm-enhanced water surface superimposed on the perigean

spring tide.

Wood (1976) noted the coincidence of strong onshore winds, barometric '
low pressure systems, and perigean spring tides appears to exceed the
normal probability distribution, considering strong onshore winds could
occur at a far greater number other than coincident with perigean spring
tides. He does not, however, establish the reasons for the relationship

and notes that perigean spring tides, without supporting onshore winds,
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Figure Al. Yearly maximum water surface elevations at Los Angeles and

San Diego tide gages showing the influence of perigean spring tides.
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usually do not result in coastal flooding. This is evident when the 24
September 1939 hurricane, which created the largest-ever—observed wéves
offshore of Southern California, is considered. The high water level
produced by that event was not even the highest of the month, much less
the yearly maximum shown in Figure Al. Had that storm occurred at the
time of a perigean spring tide or even a spring tide, coastal flooding
would, no doubt, have been severe.

TABLE A2. Dates of Perigean Spring Tides, 1985—19991

1985 Apr 5 1986 May 23 1987 July 10
May 4 : Jun 21 Aug 9
Oct 13 bDec 1
Nov 12 Bec 30
Dec 11 '
1988 Jan .18 1989 Mar 7 1990 Apr 24
Feb 17 Apr 5 May 24
Aug 27 Oct 14 Dec 2
Sep 25 Nov 12 Dac 31
1991 Jun 12 _ 1992  Jan 19 ' 1993 Feb 6
: Jul 11 Feb 18 Mar 8
Dec 21 Jul 29 Apr . 6
Aug 27 ‘Sep 15
Oct 15
1994 Mar 27 1995 May 14 1996 Jan 20
Apr 25 Jun 12 Jun 30
Nov 3 Dec 21 Jul 30
Dec 2 '
1997 Feb 7 ' 1998 Mar 27 1999 May 15
Mar 8 Apr 26 Jun 13
Aug 18 Oct 5 Nov 22
Sep 16 Nov 3 Dec 22

1from Wood (1976)

In the one-third of the cases where the yearly water surface maximum
did not occur at the time of a'pefigean spring tide (Fig. Al) it
overwhelmingly (86 percent of the time) occurred in a 67 day period
between 30 No#ember and 4 February. This coineides with a period

when wave storms are prevalent. The other 14 percent of the yearly
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maxima (3 cases) occurred in a 27 day period between 30 June and 26
July.

The highest astronomical tide expected at the time of an extreme wave
event is thus assumed to be a perigean spring tide. Because of the
clear relationship between extreme high water events caused by
perigean spring tides and events which produce strong onshore winds,
the most extreme of which occurred on 27 January 1983, the establish-
ment of the maximum design water sﬁrface elevation along the County
of Orange coast during the life of a structure or protective device
could occur again when strong onshore winds and a perigean spring
tide coincide. A method to accurately separate the storm surge
component of the total extreme high water elevation from the perigean

spring tide component has not, as yet, been perfected.

Storm Surge. Storm surge estimates are an important part of fore-
casting extreme water levels. Storm surge is caused by wave trans-
port, horizontal shear stress on the water surface and inequalities
of air pressures on the windward side of gravity waves produced by a
wind blowing over it. A decrease in atmospheric pressure also
heightens the water surface elevation. Wind shear induces a surface
current in the direction of the wind. The current is impeded in
shallow water so the water surface in thg dowﬁwind, nearshore fegion
is raised. The reason storm surge heights can be so high on the
Atlantic Ocean and Gulf of Mexico coasts of the United States is that
Continental Shelf widths and, thus, shallow water fetches, are
greater than those of the Counfy of Orange and the characteristics of

the storms there promote higher surges.

Storm surge maxima calculated entirely from theoretical considera-
tions require verification. Most theoretical methods apply to surges
caused by hurricanes because the hurricane wind field is better known
and therefore is of a someéwhat simpler, but still complex structure.
No criteria have been established for storm surge caused by extra-
tropical storms along the County of Orange coast. 'A major reason is

that surge, as Tetra Tech noted (Lee, et al, no date) in their FEMA
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work, is of small importance along this coast. Tetra Tech (Lee et
al, no date) calculated a peak surge for the September 1939 hurricane
of 1.17 £ft. Because of the narrow Southern California shelf, they
believe the storm surge was caused mainly by the inverse barometric
effect with wind stress playing a negligable part in surge genera-
tion. Storm surge is included in the design still water elevation
provided in this report.

Bechtel, (1966) in a féasibility investigation for siting a nuclear
power and desalting plant in the offshore vicinity of Bolsa Chica,
concluded a storm surge value of 1.0 ft was reasonable. They based

their findings partly on tide gage recordings.

Seasonal Variations In Water Surface Elevation. Mean sea level

exhibits a seasonal cyclicity as shown in Figure A2. This average
0.5 £t variation, which is caused partly by heating and cooling of
occean waters, generally peaks in August and September. Water expands
when warmed and contracts vwhen cooled, reaching a minimum, usually in

April. An astronomical effect is also involved.

Also, every 4 to 5 years a 0.4 to 0.6 £t increase (and decrease) in
sea surface elevation occurs, i.e., the range of the seasonal e¢ycle
increases. This monthly average peak (and depression), caused by
astronomical effects, occurred in the 1982-83 period of perigean

spring tides.

El Nino - Southern Oscillation Effect. ENSO is a dislocation of the ~

‘world's largest weather system that disrupts the prevailing winds

of the Pacific Ocean basin. The low pressure system that is usually
centered in the equatorial region north of Australia, and which is
responsible for the east to west-directed trade winds, is reduced or
absent., This in turn reduces or eliminates the trade winds, and
allows warm water to move east irn low latitudes of the Pacific Ocean.
The result can be a reduction in south-flowing currents along the
County of Orange coast and a consequent increase in water tempera-

ture. Thermal expansion of surface waters and the absence of the
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equational zonal current produces a slight water surface rise, This
reached its peak in 1982-1983. However, severe ENSO events have been
recorded along the southern California coast since 1891. On average
they have appeared every 13 years (0.08 of the time) but the interval
between occurrances has varied from 34 to 6 years. The effect of
ENSO is difficult to separate from other processes that cause the

water surface over large regions to rise or fall.

Tide gage records illustrate the effect of ENSO. Figure A3 shows the
average yearly change in sea level during some years El Nino had an
effect. The water surface elevation difference between the yearly
average of all years, and of ENSO years is somewhat above +0.2 ft for
ENSO years. Between 1940 and 1980 this 0.2 ft rise in the El Nino
years occurred along the entire U.S. West Coast at about the same
magnitude. Interestingly, at the same time water surface elevations
were also above the average on the East and Gulf coasts, but at only

a slightly higher than average elevation.

Figure A2 shows the difference between the average monthly water
surface elevation at Los Angeles and La Jolla and the water surface
elevation, by month, when the ENSQO effect was extant. While the
difference shown is the resulf'of ENSO and other unkndwn effects, it
can be assumed solely the result of the ENSO effect if storm surge
averages equal to zero over all ye#rs of record;- The ENSO effect was
most pronounced during the storm season between August and the following
April, so it must be considered in a determination of maximum water
surface elevation during the predominant storm season. Because the
record at La Jolla is similar to that at Los Angeles, a reasonable
assumption is that the ENSO sea surface rise effect will be similar

and non-varying in an alongshore direction in the County of Orange.

The maximum difference in the water surface between the long-term
average and the elevation which occurred at times of ENSO was 0.7 ft
(summer 1982), and the average is about 0.4 ft during the August-

April storm season. Thus, the probability that the ENSO effect will
occur during the storm season is 0.08 (1 in 13 years) and the increased

water surface elevation is about 0.4 ft. The ENS0 effect had the
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greatest influence on sea surface elevation in 1982-1983 (Fig. A2).

Tsunamis. Earthquakes, landslides, and volcanic eruptions at the

Pacific Ocean periphery or within the ocean basin may create very long
period gravity waves called tsunamis. They cross the ocean as low
amplitude waves, but are often greatly amplified by shoaling, convergence
and resonance when they reach land. Diffraction-behihd an island or
islands may also amplify the wave in certain areas. While they are a
significant concern in northern California, their measured effect along

the County of Orange'coast has been much less.

It is important to distinguish between tsunami waves from remote and
local origins. Great destruction is usually the consequence of local
events of great magnitude. There is a lack of history of such events
off the County of Orange coast. There is also nc indication that the
County of Orange coast is particularily sensitive to tsunamis generated
great distances away (conversely, Hilo, Hawaii, and Crescent City,

California, are two locations that are highly sensitive).

Table A3 shows the maximum increase or deérease from the normél tide
level of the low water trough to the adjacent high water crest for
the La Jolla and Los Angeles tide gages for five great tsunamis from
remote sources. The maximum rise above the existing stillwater
elevation was only about 2.5 ft at Los Angeles in 1960. Since
tsunamis are not related to astronomical tides or onshore wind
events, and because they affect the coast for a very short time
(aﬁerage is about 24 hr), their relatively infrequent incidence (once
per 4.5 years) along the County of Oﬁange Coast 1s highly unlikely to
occur at the peak of a perigean spring tide and/or associated with a
severe wave storm. They are, consequently, not considered in the
establishment of the maximum design water surface elevation for

protective devices In the five LCP areas.
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TABLE A3. Maximum Tsunami Water Effect1

Range in feet

Tsunami
Event La Jolla los Angeles
1946 1.4 2.5
1952 0.8 2.0
1957 2.0 2.1
1960 3.3 : 5.0
1964 2.2 3.2

irange = vertical distance from low water trough to adjacent high
water crest at tide station listed

Long-Term Sea Level Changes. Water surface fluctuations caused by

storms and astronomical tides occur on the order of days or hours and
other effects such as those caused by the El Nino -~ Southern Oscilla-
tion event occur on a time scale of months. These are reversable
fluctuations in the sense that the water surface returns sometime
after the event to its prior elevation. There is also a long—~term
change in the average elevation of the sea surface, upon which the
shorter reversible fluctuétious are perturbations that might have to

be considered.

Because the coastal design objective is to produce a structure or
protective device that will function well for its intended life,
usually 20~50 years for a device designed to protect a private shore-
front building,.the design parameters should be those that evidence
extremes throughout the life of the structure. A gradual'sea level
rise will increase the design extreme water surface elevation through-
out that life. In the design of structures, then, there must be a

time-varying component to the design stillwater elevation.

A recent rise in sea level with respect to the land has been docu-
mented for many areas of the world using, among other evidence, long-
term tide gage records (Hicks et. al, 1983). Causes of relative sea
level change are both global and regional in nature. Global varia-

tions result from changes in the volume of contained water as well as
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the volume of the ocean basins. Water volume varies directly with
thermal expansion (Etkins and Epstein, 1982) and indirectly with the
volume of ice above sea level (Donn et. al., 1962). Regional causes of
relative sea level change include tectonic adjustments, land subsidence,
and long-term changes in atmospheric pressure, temperature, and wind
patterns. These accouﬁt for the alongshore variations in sea level
change rates shown in Figure A3. The average recent global rise rate is
probably 0.003 to 0.004 ft/yr.

Figure A4 illustrates relative sea level changes using tide data collected
during the same vears at three sites along the coast, including Newport
Bay in the County of Orange. The purpose in presenting these data is to
show the alongshore (regional) difference in sea level change rates and
to show the large variations that can exist when different periods are
selected to obtain an average sea level change rate. For the periods
1956 through 1980 and 1956 through 1983 the sesa level change rate varied
in a consistant manner from La Jolla to Los Angeles Harbor. The addition
of the years 1981, 1982 and 1983 to the 1956 through 1980 data set
increased the empirically-derived rate of sea level rise relative to

land by 0.0053 ft/yr, and in effect more than doubled the rate of the
previous 24 year period. This empathizes, for example, the effect of

the 1982-83 ENSO event (Fig. A2Z) on the yearly sea level elevation, and
the effect of a few, high water elevation years on the longer record.

The rates shown for the years 1956 through 1980 are more representative

of the last three decades of sea level change in Southern California.

Figure A4 indicates the recent rise rate (1956-1980) in the southern
half of the County of Orange is about 0.0006 ft/yr (or about 0.06
ft/century) which is too small a rate, if it continues into the future,
to consider in design. Because the global rise rate has been estimated
at 0.004 ft/yr, the coast at Newport Beach must have been rising at
approximately 0.0034 ft/yr, thereby almost keeping up with the global
rate of rise of the sea surface. 1In the 1956 through 1980 period, the
general uplift rate at the Los Angeles tide gage exceeded the global
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sea level rise rate. This produced a net relative fall of the sea

surface relative to land.

Sunset Beach lies along a reach of coast that has been subsiding. This
is shown in Figure A5 which is based on frequent leveling by County of
Orange surveyors. Note for the period approximately 1969-1983 the rate
of subsidance (and hence the approximate sea level rise rate) at Sunset
Beach averaged 0.025 ft/yr or 40 times the rate along the south county
shoreline. This rate was rapid enough in this past 15 years to warrant
it being considered in the design of shore protection devices. . As shown
in Figure A5, however, the subsidance rate has declined significantly
through 1983 with respect to the rate that was measured up to 1976.

This suggests the future subsidance rate may be less. Relative sea
level changes should be monitored and considered in the future, especially

at Sunset Beach.

Two general procedures exist to forecast the relative (with respect to
the shoreline) sea level change rate at a specific location. The first
is to extrapolate future rates from past rates. That would mean using a
future value of perhaps 0.0006 ft/yr for the southern portion of the
County of Orange coast as interpolated from Figure A4 between Los
Angeles and La Jolla and a rate of 0.025 ft/yr for Sunset Beach (Fig.
A5). The assumption implicit in using these rates is that they will not
vary in the future. Because they are based on field data that will
continue to be collected, those rates can be updated as needed. On the
negative side, if the relative sea level change rate increases greatly
in the future, a structure or protective device designed for a 50 or 100
yvear life using extrapolated rates will not be adequate without modifica-

tion toward the end of the projected life of the structure.

A second procedure to .forecast relative sea level change rates
considers the mechanisms that cause the changes. The forecast is
predicated on knowing how the causitive mechanism will vary in the
future. This sea.level change forecast method usually considers only

the global component of sea level change. At least three groups
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(Environmental Protection Agency, 1983; National Research Council,
1982; and National Science Foundation, 1983) have concluded that a
significant warming of the earth's atmosphere cannot be avoided in
the next century. The groﬁps differ in the effects of this warming,
" but not on its cause. An increase in atmospheric 002 due to fossil
fuel consumption is creating a "greenhouse effect", that is, the
entrappment of heat near the earth's surface. The present estimate
is that the COZ content in the atmosphere will double from pre-
industrial levels between 2050 and 2080. Present estimates are that
the global avefage temperature will increase 2-3°C, with a larger
increase at the poles. These temperature increases, which will
likely cause a melting of some polar ice and a warming of surface
ocean waters, because of the inertia of the oceanic response, may
follow the 002 increase with a lag of 10-20 years. The lag in sea
level rise with respect to the 002 increase will likely be even

greater.

Present models to predict global sea level rise as a result of
atmospheric warming have limitations that result in a wide range of
forecasted sea 1e§e1 elevations. Most studies agree, however, that
sea level will rise at a substantially greater rate in the next
céntury than it has in the past century. The Environmental Protection
Agency (Hoffman et. al., 1983) estimates a global rise of between 4.8
ft and 7 £t by 2100 AD is most likely, but states that an estimate of
a low of 1.9 £t to a high of 11 ft cannot be discounted. The National
Research Council, in a more conservative approach, has estimated a

global sea level rise of 2.3 ft in the next 100 years.

A method using past sea level change rates is recommended. It is
included in Chapter 1 of this report. Because sea level changes can
be updated frequently using Orange County Surveyor informationm, -

this is considered the most accurate for design purposes.
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APPENDIX B. DESIGN SCOUR ELEVATION

Design scour elevation is a function of location on the beach.
Therefore, if the beach profile is changing position with time, the
design (lowest) scour elevation at a fixed place will also change with
time as 1llustrated in Figure Bl. In general, seasonal changes in the
beach profile will be much greater than the net yvearly change that
occurs over the period of many years. This, in consanance with the

projected life of the structure, should be considered in its design.

This appendix treats each Local Coastal Program (LCP) area separately.
Extreme scour eievation is given for the Ocean Protective Device
String Line (OPDSL), which is the general seaward limit of
improvements (decks, patios, etc.) albng Sunset Beach, Emerald Bay and
Capistranc Bay where homes are located on or near beach sand. In |
areas of.bluffs and cliffs, i.e., South Laguna and Laguna Niguel, the
OPDSL is generally at the'base of the bluff or cliff. Shoreline
change trends at each LCP area are given based on changes that
occurred during 1967-1981 period. '

Figure Bl shows the scour elevation referenced to the OCVD from which
the design wave is calculated. It is the elevation that would exist
near the OPDSL if the protective device were not there. The figure
also shows the profile elevation at the base of a vertical wall. This
is the scour elevation thét-must be considered in evaluating the

stability of the device when no toe protection is provided.

Sunset Beach

Sunset Beach lies in the lower portion of a large crenulate-shaped bay
(hooked shape) in the southeast lee of the Palos Verdes Peninsula. In
the Twentieth Century the fate of the beach has been dominated by
three human activities that reduced the supply of sand and one that

increased it.
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Construction of the Los Angeles-Long Beach Breakwater in the early to
mid-1900's has partially shielded Sunset Beach from waves approaching
from the west and southwest, and thereby caused a reduction in the
alongshore movement of sand to Sunset Beach from the Los Angeles and
San Gabriel River entrances. Simultaneously, a yet unquantified
decrease in the volume of river-borne sand reaching the coast
occurred. Sand entrapment by dams, sand and gravel extraction in
river channels, and river flow regulation produced this progressive
and continuing decline in sand supplied from upland sources. A
complete or near-complete loss of littoral sand from updrift Seal
Beach resulted when jetties were constructed at the entrance to

Anaheim Bay by the Navy in 1944,

In the late 1940's the U.S. Army.Corps of Engineers began
artificially supplying sand to Surfside Colony and sometimes Sunset
Beach. Most of this sand subsequently moved in a net south-easterly
direction, thereby maintaining beaches at least as far as Huntington
Beach and probably to Newport Beach. The health of the beach and the
well-being of the homes of Sunset Beach are, at present, dependent

upon perilodic artificial nourishment.

Historic Shoreline Behavior. The shoreline probably reached its most

landward limit sometime prior to construction of the jetties at
Anaheim Bay in the early 1940's. A timber sheetpile bulkhead was
constructed near the present private property line after development
of Sunset Beach began in 1904. This suggests the property line was
located in an exposed position at that time. The present beach varies
in width between 100 and 300 ft as the result of beach replenishment.
Figure B2 shows the volume of sediment placed on the beach and the
year it was placed. It also shows the average rate of loss of that
material between fill sequences. Since the Anaheim Bay jetties were
constructed, 12,850,000 yd3 (or an average of 330,000 ydalyr) of sand
has been artificially added southeast of the Bay. The volume rate
required has been increasing (Fig B2) probably because of shoreface
adjustments., An analysis of the beachfill program will be required to

determine when a dynamic equilibrium loss rate will be achieved. The
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Figure B2. 8and volumes artificially placed on beaches southeast of the
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average recent 300,000 to 600,000 yd3/yr loss of placed material
represents movement in an alongshore and possibly an offshore
direction. Some offshore movements undoubtedly occurred in the
initial years after replenishment began as the shoreface trended
toward a position in equilibrium with the waves. Quite likely,
however, most of the losses were the result of sand moving along the
shore to the southeast. This sand moves south from Surfside Colony and
subsequently past Sunset Beach. Present day offshore losses are
unknown, but are probably quite a bit smaller than the volume moved in

an alongshore direction..

Some general comments can be made concerning beach behavior at Sunset

Beach:

(1) Scarps, where they occur, tend to be formed along the length
of Sunset Beach. Scarps are vertical cuts made in the foreshore
usually as a result of storms when storm waves do not greatly
overtop the berm crest (which is typically at about +11 to +13
ft, OCVD).

(2) Scarps are more common after the beach is artificially filled
because the beach face (foreshore) under such conditions, is
steeper. A steep beachface will erode faster than a more

gentle beachface, all other conditions being equal,

(3) The berm is typically sloped from the berm crest to the
artificial dune toe in front of the first row of residences..
This reverse berm'slope may be accentuated by the movement of

artificial £i11 placed closer to the Anaheim Bay entrance.

(4) Seawater flow in the depression behind the berm crest is caused
by wave overtopping and water ponding. Flow to relieve the
ponded water is repofted to be typically directed parallel to
shore and to the southeast. This suggests the berm surface
slopes not only toward land but also slightly toward the

southeast,
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(5) Flooding of streets only occurs when there is a high tide
(not necessarily a perigean spring tide) accompanied by high
storm waves, The storm waves produce wave setup and wave runup

which cause the flooding.

(6) Shoreline change rates vary in an alongshore direction. The
largest alongshore changes are at Surfside Colony, where the
southeast jetty at Anaheim Bay acts as a headland and also
reflects waves to the southeast. Shoreline changes downdrift
(the direction in which most sand moves parallel to shore) of a
headland are such that, without the addition of artificial fill
material, a hook-shaped bay will form with its maximum
indentation near the headland. This situation 1s most noticable
at Surfside Colony. Wave reflections from the jetty enhance the
longshore sediment transport rate to the southeast. The
accelerated rate occurs as far as the bulge that often forms
near Anderson Street. Further downdrift at Sunset Beach, major
aloﬁgsﬁore variations in transport are less and shoreline

changes vary less from place to place.

Maximum Scour Level Sand loss from natural causes, and accelerated by

- human modifications of the littoral system, reached a maximum in the
1930'5. At the bulkhead (property line) in Sunset Beach the water
depth was reportedly three feet at high tide. This would place the
sand elevation around O ft (OCVD). Alongshore variations in this
depth are unknown, but were probably small, since various sources have
reported 0 ft (OCVD) in the 1930's at different locations between

Anderson Street and Warner (then Los Patos) Avenue.

Sunset Beach, under present littoral conditions, is dependent upon
artificial beach fill for its recreational and protective benefits.
Design considerations herein assume the beach nourishment program
will continue at a rate and schedule equal to those of the past (Fig.
B2). If the fill program that has been in effect since the 1940's is

ended, and no other beach stabilization measures implimented, the sand
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at Sunset Beach would be lost at a rate of 200,000 to 500,000 yd3/yr.
The shoreline would retreat an average_20 to 50 ft/yr, and the 1930's
scour limit at the property line would be exceeded within 10 years at

some sites.

Emerald Bay

An 1885 United States Coast and Geodetic Survey (USC & GS) chart shows
the Emerald Bay shoreline about 60 ft landward of the 1967 shoreline
shown in Figure B3, The shoreline positions in Figure B3 are based

on an analysis of aerial photographs taken in the period 1967-1981.

As shown, the history of beach behavior at Emerald Bay has been one of
stability or a slight progradation (movement seaward). Fluctuations
in the position of the shoreline based on the aerial photograph

analysis and observations of long-time residents indicates:

(1) shoreline position has fluctuated (normal to shore) as much as
150 ft in the period of a year,

(2) depending upon wave approach direction, the shoreline can
shift toward the northwest or southeast headlands of Emerald Bay.
These shifts (1973~northwest; 1981~southeast) may also accompany
losses or gains of.sand to or from the nearshore region,

(3) the shoreline sometimes reaches the bluffs near the headlands as
a result of storms,

(4) sand in the central portion of Emerald Bay is not lost
completely during severe storms, although much of it is carried

seaward but apparently not lost around the headlands.

For design purposes, based on the 27 January 1983 storm which is
considered by residents as the most severe to affect this beach, the
lowest scour level is considered +1 £t OCVD at the base of the bluffs
in the center ( Fig. B3) of the Bay and at bedrock toward each of the
headlands. Scour to bedrock has not been observed in the center of

the Bay.
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South Laguna

This bluff-backed reach of coast includes, from north to south,
Victoria Beach, Aliso Beach, West Street Beach, 1000 Steps Beach, and
Three Arch Bay. Aliso Beach, the longest of the South Laguna pocket
beaches, is the only beach in this reach with a land source of sand
(Aliso Creek) other than the.backing bluffs.

Victoria Beach. 1In 1885 the shoreline in this 2100-ft long

pocket beach was about 50 ft landward of the location of the 1981
shoreline. Nineteen-twenty photos of this beach show much less sand
than existed in 198l. Shorelines in intervening years (1926, 1934,
1957, 1971) were all within 80 ft of each other in the central portion
of the beach. Shoreline position changes in Figure B4 show
fluctuations over the period of a few years can exceed 100 ft at the
ends and about 50 ft in the center of Victoria Beach. The beach
rotates about the middle, depending upon preceeding wave conditions,
with a short-term, maximum shift landward or seaward at the bounding
headlands of up to 150 ft. '

For design purposes Victoria Beach can be considered stable, with
significant fluctuations in shoreline position which rotate about the
center of the embayment. The design scour depth is, therefore,
considered non-varying with time (1984 conditions). Based on reported
seasonal shoreline variations, reported scour depths after the 27
January 1983 storm, and the recent failure of "protective" walls near
the center of the bay, the recommended design scour elevation is -3 ft

(0CVD) .

Aliso Beach, This 3600-ft long beach is cut by Aliso Creek near the
center of the reach. It has been slightly progradational to stable in
historic times at the northwest (Treasure Island) end (Fig., B4). A
large fillet often forms at the southeast end after the creek has
discharged sand to the shore (Fig. BS); This was the situation in 1959
and 1982 (chart data) and in 1981 (Fig. B5, based on an aerial
photograph analysis). Shore-normal fluctuations on the southeast beach
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Figure B5. Shoreline position changes at Capistrano Beach in the period
1967-1981. The zero position is the reference shoreline of 1967.
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were about 250 ft between 1967 and 1981. Im 1971 the southeast beach
had retreated to its 1885 position. In the 1920's the sand volume of
this beach was less than it was in 1981.

Aliso Beach 18 considered a stable beach for &esign purposes, but one
in which large fluctuations in shoreline position occur southeast of
Aliso Creek. These fluctuations cannot be anticipated. Therefore, a
- sand level minimum of -1 ft (OCVD) should be used along the entire
length of Aliso Beaéh. It should be noted also that Aliso Creek, in

flood, often runs northwest and parallel to and against the bluffs.

West Street Beach. This beach system from northwest to southeast is

composed of Camel Point Beach, Laguna Royale Beach and West Street
Beach, It was widest in 1959, Oscillations have been large, i.e., to
the northwest in 1934 and 1959, and to the southeast in 1982 and the
maximum shoreline retreat occurred on 27 January 1983. In the period
1967-1981, the shoreline gradually retreated a maximum of about 100

ft on the southeast end and an average 60 ft (Fig. B5) for the entire
beach. The maximum scour elevation is éonsidered to be +1 ft (OCVD),
which is above the bedrock level. This elevation can be expectéd to
decline at a rate of 0.08 ft/yr (4 ft/yr shoreline retreat times an
assumed 1:50 beach slope)'éftef 1984 1f the retreat experienced in the
1967-1981 period continues in the future.

1000 Steps Beach. This comprises two connected-beach systems

separated by'a small headland. The southeast beach is Paradise Cove
Beach; the one on the north is IOOOISteps Beach. The total reach is
2400-ft long.

Historically this beach was widest in 1959. The 1982 beach had, on
average, retreated 30 ft. Width fluctuations over the period of a
year are less than 100 ft, Figure B5 shows this beach retreated an
average 4 ft/yr in the period 1967-1981 with the largest retreat near

the center of each embayment,
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The 27 January 1983 storm has been reported as the most serious in
local memory (including the September 1939 storm). In 1983, the scour
level at the base of the bluffs dropped to a minimum of +1 ft (OCVD),
which is taken as the 1984 design level. Not all the éand above
bedrock was lost at this time and no bedrock was exposed in the
central portiomns of the embayments. With an approximate average
shoreline retreat rate of 4 ft/yr, for each year after 1984 the scour
level should be decreased by 0.08 ft/yr. This is the same design

scour situation that was recommended for West Street Beach.

Three Arch Bay. Three Arch Bay, like Emerald Bay, is a deeper pocket

beach than West Street or 1000 Steps Beaches, but like the latter
beaches it does not have a river source of sand, Also, like the
Emerald Bay beach, the beach at Three Arch Bay has been a stable

- feature since at least 1934, Maximum beach width, based on a
comparison of charts, occurred in 1959. Figure B5 shows that small
alongshore shifts in the shoreline occur, i.e., to the northwest in
the years 1977, 1978, and 1981 when compared to the 1967 and 1973

shoreline positions.

Sand was scoured to its lowest level during the 27 January 1983 storm
when waves were breaking at the base of .the bluffs. Rock was visible
at the north and south ends of the Bay after the storm. In some
places the bluffs have been notched nmear an elevétion of +5 ft OCVD by
wave activitj. Bedrock at +2 to +5 ft (OCVD) at the base of the
bluffs should be considered the design scour elevation. The elevation
of bedrock at the base of the bluffs begins, known, and before a .
design to protect the bluffs is in process, bedrock depth should be
delineated.

Laguna Nipuel Beaches.

Salt Creek Beach on the northwest, which receives sand from Salt

Creek, and Dana Strand Beach on the southwest, constitute this stable
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to slightly accretional beach system (Fig. B6). Yearly fluctuations
exceed 200 ft near the outlet of Salt Creek and at the southeast end
of Salt Creek Beach. At that location a minor headland separates Salt
Creek Beach from Dana Strand Beach, It is reasonable to assume Salt
Creék,_like Aliso Creek, supplies sand in sufficient quantities to
maintain this combined BSOO-ft long,

relatively straight beach system.

The worst storms of memory at Dana Strand Beach occurred on 27 January
1983 and 28 February 1983. Both occurred at the time of perigean
spring tides. Wave runup during the storms overtopped a 12.3 ft

(OCVD) revetment and eroded a vegetated slope above the revetment
(runup to at least +15 ft OCVD) at Dana Strand Beach. Scour to
bedrock at about -1 ft (OCVD) is a typical winter condition at Dana
Strand Beach. The revetment there is founded on bedrock. Bedrock
elevation at Salt Creek Beach is unknown. The design scour elevations .

is taken at -1 £t (OCVD) at both locations.

Capistrano Bay

History. This reach lies within a crenulate-shaped (hobk—shaped) bay
- downdrift or downcoast of a headland. Dana Point was the headland
"prior to harbor comstruction, and presently the east end of the south
breakwater of Dana Point Harbor is the controlling headland; Thus,
harbor construction moved the apparent location of the headland a mile
or so to the south. The effect of the harbor structures has, however,
not yet been quantified. The alongshore movement of sand southeast
and away from Doheny Beach and the San Juan Creek outlet may have been
slowed because the beaches are now shadowed from waves which approach
from the west and northwest (similar to the situation at Sumset
Beach). The time to reach a new equilibrium bay shape will probably
be large. In fact, some evidence exists that the natural bay before
the harbor was constructed was also not in complete equilibrium. Had
it been, there would have been a sandy beach extending to Dana Point.
Bluffs south of Dana Point were eroding to bring the bay toward an

equilibrium shape.
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Figure B6. Shoreline position changes at Laguna Niguel for the period

1967-1981. The zero-position on reference shoreline is the 1967
shoreline.
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San Juan Creek is a major contributor of sediment. The flood of 1916
is considered the.maximum flood within living memory. Periods before
1960 probably produced more sand than between about 1960 and the
present in which an average of about 130,000 yr3/yr reached the coast.
Excluding that which entered naturally or by dredging and placement on
the beaches from San Juan Creek sources, a recorded 680,000 yd3 from

- upland sources was placed on Doheny State Beach in 1966.

Waves and wave-created currents cause sediment to be moved both
parallel and normal to shore, The extent and direction of such
movement is dependent upon the magnitude of the waves (wave heights
and perifods) and the approach direction of the waves. Since 1978 wave
energy reaching the coast from the south and southwest has increased.
This means more of the total volume of sand moved parallel to shore
has moved to the north and northwest. Consequently, progradatidn of
the shoreline north of the zero shoreline change location on Figure B7?
since 1978 may be caused to some extent by changes in yearly wave
¢limate. Largé changes occur in the development of a crenulate-shaped

bay when wave conditions changé over a long time period.

The volume of sediment moved offshore is unknown, but it may héve been
significant since 1978. 1In a longer term perspective, there is
evidence that in some areas of Southern California sand moves very
slowly in a net onshore direction. Based on existing knowledge, the
net losses of sand from Capistrano Bay beaches will probably be small
when averaged for a long term in the future unless the sea level rise

relative to the shoreline increases.

An analysis of the effects of sea level rise at Capistrano Bay north
of the inflection point was made. It indicates a sea level rise of.
0.004 ft/yr (present rise rate which, however, may increase in the
future) has caused an average shore retreat of 0.7 ft/yr, or an
apparent'(and iﬁsignificént) sand loss of 10.000-yd3/yr at the
Capistrano Bay Community in the past.
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Historic Shoreline Behavior. Figure B7 shows shoreline changes that

have occurred on the Capistrano Bay Community beach and or Doheny
State Beach between 1967 and 1984. The maximum shoreline progradation
(movement seaward) along the northwest portion of the reach occurred
just after Dana Point Harbor was constructed (between 1967 and 1973).
Progradation since 1973 has generally continued, and the overall reach
of progradation has expanded to the southeast (Fig. B7). Prior to the
early 1960's this beach was slightly erosional. An erosion problem
had existed at the northwest end of the Capistrano Bay Community and

was most severe in the 1940's and 1950's.

The seaward shoreline bulge that is presently so predominant near the
northwest end of the Capistrano Bay Community is also found on a 1934
USC & GB chart. The bulge does not show predominantly on a subsequent
chart in 1959. The zone of curvature of this bulge on Figure B7
appears to be slowly migrating to the southeast,

Based upon an analysis of shoreline changes shown in Figure B7, an
average of about 100,000 yd3/yr has been deposited between San Juan
Creek and the zero shoreline-change location since 1967. This is
about 75 percent of the estimated recent yearly discharge from San

Juan Creek.
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APPENDIX C. DESIGN WAVE CHARACTERISTICS

Wave characteristics for design purposes are usually determined for
deepwater sites and propagated through shallowing water to the site of
the proposed structure. Along sandy shorelines of the County of
Orange, waves that reach devices designed to protect private property
are depth~dependent. That is, the height of the extreme wave that
will stand without breaking on, or in front of, a protective device is
limited by the water depth. Deepwater waves are considered in order
to provide a more complete treatment of wave characteristics, and to
Justify the depth-limited criterion used in this report. The wave
characteristics provided are those that would break at the property
line in water depths obtained from data presented in Appendixes A and
B.

Wave height is required to establish wave forces on the structure,
uprﬁsh elevation, and other needed design data. Because water depth
in front of a structure varies, the wave height at the structure also
varies. The nature of the wave may also change during a tidal cycle
from non—breaking to breaking, to possibly only runup if the wave
breaks in front of the structure. The wave data presented for design
. purposes are for a depth-limited wave that would break on the

structure.

Deepwater Waves. Recent advances in the study of surface waves has

emphasized the usefulness of an analysis of wave energy spectra in
estimating wave conditions for design purposes (U.S. Army, Corps of
Engineers, 1984). Wave energy taken as a function of frequency (the
inverse of wave period) provides more information because the
prbcesses that transform wave energy are sensitive to wave period.
Spectral approaches consider this., From a practical standpoint most
procedures for coastal design use a single design wave height and wave
period., However, there is a relationship between an appliéation of
spectral wave parameters and the simpler design height and period.
Significant wave height (the average of the highest one-third of all

waves), which is a height parameter often used, corresponds to an
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energy-band wave height parameter. The peak spectral period (the
inverse of the dominant frequency of the wave energy spectrum) is
comparable to the significant wave period in many situations (U.S.

Army Corps of Engineers, 1984).

Historic charts that show the distribution of meterological conditions
at a given time have been used to calculate wave characteristics for
major storms off the southern California coast. Because of difficulty
and cost, the actual measurement of wave climate in deep water has not
been done along this coast. Prior to the 1983 winter storms,
hindcasts by Marine Advisors (1960) for the period 1900 to 1958, and
the Department of Navigation and Ocean Development (1977) for the
period 1951 to 1974, were used in the selection of design waves. In
1983, the highest waves since 1939 occurred. Walker et.al. (1984)
show that thg recurrence interval for the deepwater significant wave
height increased about 25 percent when the 1900-1957 (Marine Advisors,
1960) hindcasts are compared to 1900-1983 hindcast waves (Fig. Ccl).

Islands offshore of the County of Orange block some portions of the
directional épectrum of storm waves. For 13 major storms which
occurred between 1900 and 1957, Marine Advisors (1960) calculated the
ratio of wave height landward of fhe islands (after island filtering)
to wave height seaward of the islands. In the Oceanside area they
calculated the ratio to be 1:4 to 1:1.2., The latter value is for
24~25 September 1939, in which a tropical storm caused the severest
waves that occurred between 1900 and 1957 from Pt. Fermin to San A
Diego. Island sheltering along the County of Orange coast is probably
on fhe order of that calculated for Oceanside. For storms along the
coast of southern Californila, the highest waves have arrived at shore

generally in a five to nine hour period (Marine Advisors, 1960).

The 15-25 September 1939 storm was the most severe that has occurred
since 1900 from the standpoint of wave height. The maximum wind of
that tropical storm at the Los Angeles-Long Beach Outer Harbor was 50
knots. Wave heights observed at the harbor ranged from 12 to 40 ft.
Swell heights were estimated at 30 ft by people ashore. Ships in the
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Catalina Channel reported 45-ft high waves. Damage to the Los
Angeles-Long Beach Harbor breakwater occurred for the second time.
The first time it was damaged was in April 1930 as a result of
southern hemisphere swell. It was damaged a third time on 27 January
1983. The significant deepwater wave height of the 1939 storm was 27
ft.

Seymour, et.al. (1984) have calculated deepwater wave approach
directions for a site 50-mi west of Los Angeles. For 42 storms which
produced hindcast wave heights of over 10 ft between 1900 and 1983,

they found the wave approach direction to be as given in Table Cl.

TABLE Cl. DEEPWATER WAVE APPROACH DIRECTION

- Approach Direction Percent of Storms
South (160° - 220°)! - 26
West (250° - 290°) 52
North (320° - 350°) 22

1includes four presumed hurricanes,

Seymour et, al. (1984) note that the 22 percent of storm waves that
came out of the northwest was unexpectedly low. The'nprthwest track
has charaétefiétically been assumed to dominate the wave climate off
southern California. During those years when the ENSO effect ekists!
large waves out of the west may reach the County of Orange coast from
a semi-permanent low, north of Hawaii. Waves out of the morth are
unlikely then because Bering Sea storms are held to the Aleutians.
Tropical storms which approach out of the south develop as surface
water temperatures rise., Because ENSO events cause an increase in
water temperature, severe waves from the south are more likely when
the ENSO condition prevails. Seymour et al (1984) found hurricanes
(severe tropical storms) associlated with four strong ENSO events,
(1911, 1925, 1957, 1982). Two strong ENSO events did not produce
major storms (1918, 1941). Of storms out of the south, Seymour et al

129



(1984) found 73 percent were associated with the ENSO phenomenon,
including three of the four fall hurricanes which occurred. Fifty
percent of the storms out of the west were associated with ENSO
events. No storms out of the north showed this assoclation. Thus, 58
percent of the major non-northern storms were associated with an ENSO
event. This is significant because of the ten largest storm events
since 1900, eight were from the west and two from the south. None
were from the north. The relationship between storms and ENSO events
appéars significant. The effect of an ENSO event on water surface
elevations is most pronounced between August and February, the storm

season.

Storms from January to March 1983 differed significantly from previous
storms. Maximum deepwater significant wave heights varied between 13
and 24 feet for eight storms. Two of the most significant storms
produced waves with exceptionally long periods of 22 seconds (Seymour,
et.al,, 1984). The largest storm of the winter occurred on 27 January
1983. The energy density of that storm, the third largest calculated,
was slightly less than that of the 1939 (September) hurricane out of

. the south, and slightly less than a storm out of the west which
occurred in April 1958, For design purposes, Seymour, et.al. (1984)
suggest the 1983 storm year might be expected to occur with a

recurrance interval of 25-30 years.

The recurrance interval for wave heights of 24 ft (27 January 1983) to
27 ft (15-25 September 1939) is 50-100 years (Fig. Cl), Island
filtering effects will probably not decrease extremal wave heights bf
more than 20 percent {as was the case of the 1939 hurricane waves at
Oceanside). Assuming the approach of the extreme wave is normal to
shore and diffraction is not a factor, all extreme waves which act
upon protective devices along the County of Orange coast fronted by a

beach will be depth~dependent.
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APPENDIX D. SUNSET BEACH FLOODING

Flooding of coastal residencés at Sunset Beach 1s caused by a
combination of a high still water level elevation and high wave runup
elevation. Damages occur when water enters residences by flowing or
seeping through floors, walls or glass areas. Sediment carried by
wave runup may directly cause damage when sand 1s packed under a house
and the subflooring is lifted, or indirectly when wood systems are
weakened by long exposure to wet sand. Damage caused by the direct
impact of waves has not been a recent problem at Sunset Beach and is

not considered under the flood heading.

CHARACTERISTICS OF FLOOD EVENTS. Flooding at Sunset Beach occurs with

some regularity. The following storms are remembered by residents as

having an effect on the beach and some resulting flood problems:

15=-25 Séptember 1939: This hurricane produced the largest

deepwater waves of record off Orange County. It destroyed the
boardwalk, carried beach sand away, and dropped the sand level to
approximately 0 ft (OCVD) against the bulkhead. Most, if notr
all, homes were then built on piles. Those homes that were lost
were constructed at a low enough elevation to be directly
affected by wave action. This storm is remembered as the second
most serious storm (after the 27 January 1983 storm) in memory.

Flooding was not as great'in September 1939 as it was 27 January

1983,

1963: Several homes in Surfside Colony were destroyed during a

storm in 1963.

18 February 1969: This storm caused flooding up to 1.5 ft deep

between 5th and 11lth Streets. It produced breaking wave heights
at the shore in excess of 6 ft. The wave period was long, which
residents refer to as "ground swell." It was not a time of

perigean spring tides.
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21 December 1976: This storm produced very heavy surf and

caused flooding up to a reported 3-ft depth on Pacific Coast
Highway at Anderson Street. Breaking waves were reported to be 7
to 8-ft high and the tide was about +4,2 ft (OCVD).

8 January 1978: This was a perigean epring tide without large

waves. Water filled the depression landward of the natural berm

crest, but caused no street flooding.'

30 November 1982: Gale force winds of 40-50 mph produced large
waves which, accompanied by +3.2 to 3.9 ft (OCVD) tides and 3

inches of rain, caused the worst flooding that had occurred in

seven years. Flooding was most serious between 10th and 19th

streets where no artificial dune existed.

29 December 1982, This flood event moved water onto Pacific

Coast Highway at lith Street from the Bay. The cause was a
perigean spring tide, surge caused by onshore winds, and wave

runup resulting from high waves.

27 January 1983: This storm is considered to be the worst from a

flooding perspective since Sunset Beach was developed. Some
minor isolated stfuctﬁral démage-ﬁay also have occurred. It was
one of é set of four storms affecting the Southern California
coast between 22 and 29 January. The 27 January event occurred
at the peak perigean spring tide when the ENSO (El Nino) effect
had also raised the ocean surface 0.5 to 0.7 ft above normal.
With wind and wave surge, this storm produced the maximum
recorded still water elevation (+5.17 ft, OCVD) at Los Angeles
Harbor. Water surface elevations at an artificial dune in front
of South Pacific Avenue homes were greatest one hour before to
two hours after high tide the morning of the 27th. Flow to and
across the dune and through street-end breaches in the dune was
reported at a maximum of 1.5 ft deep and strongest between Warner
Avenue and 16th Street. Flow velocities at the street ends_ '

probably reached the order of 10 ft/sec. Pacific Coast Highway
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and intermediate streets were flooded to 2 ft depths. Bayview
Street on Sunset Island was under 0.5 - 1.0 ft of water from
fleooded channels in Huntington Harbor. Most of this floodwater
probably came from freshwater land runoff and saltwater
contributions through Anaheim Bay. Overwash directly from the

beach was probably of secondary importance.

Flow over and through low spots in the artificizl dune and
especially through street-end openings carried much beach sand
landward. Some homes were filled with sand to 0.5 to 2 ft. 1In
gome places homes on piles had a similar build-up of beach sand
under them. - Pacific Coast Highway was closed for almost two
months between Seal Beach Blvd. and Golden West St. in order to

clear sand from the roadway.

The largest waves occurred about one hour past the time of
predicted high tide. Breaking waves offshore were reported to be
8 to 15—ff high. Waves 16-ft high were reported at the Seal
Beach Pier. The wave period was very long at 22 seconds. Four to

five breaker lines were reported offshore.

-As shown in Figure D1, in May. 1984, the artificial dune (called
# berm by beachfront residents) had a crest elevation average of
+13 to +16 ft (OCVD). Street—-end breaches in the dune at the
time of the storm were at an elevation of approximately 12 ft
(OCVD). The elevation of the berm at the toe of the dune near
Anderson Street, and of the natural berm farther east was about A
+11 ft (OCVD). The natural berm dips landward from its crest
near the ocean with an elevation of +12 to +13 ft (OCVD). This
is between 100 and 250 ft seaward of the artificial dune.

28 February 1983: Sand was deposited on Pacific Coast Highway in

Huntington Beach as a result of this storm.

2 March 1983: This storm, which did not occur during high

tides, produced very large waves. At the end of the Huntington
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Beach Pier breaking waves l4-ft high were reported. Wave
heights at oil-production islands off the north coast of the

County of Orange were greater than 15 ft.

8 August 1983: This hurricane-produced storm, which occurred at

the time of a perigean spring tide, caused flooding on Pacific
Coast Highway.

7 September 1983: Another perigean spring tide event, this storm

carried about 1 ft of water through streets between 4th and 8th

streets,

MAXTMUM RUNUP ELEVATION. Field data provide the best estimate of the

maximum wave runup elevation during a design event. Observations of

residents and videotapes of the runup, waves, and flow characteristics
of the landward-directed current are available and are presented here
for the flood of record (27 January 1983) at Sunset Beach. The
maximum runup elevation was about 15.2 ft (OCVD) on a typical profile
similar to that shown in Figure D1, Wave runup calculations using
accepted empirical relationships, such as those provided in the Shore
Protection Manual (1984}, yield maximum runup results that are
generally too large by at least two feet. The reason is that
empirical data are unavailable for a beach with a compound slope and.,
the sequences of slopes that exist at Sunset Beach. A theoretical

approach to predict runup on Sunset Beach is also unavailable.

MITIGATION OF THE FLOOD PROBLEM. Flood problems can be mitigated by

preventing water or sediment from penetrating the living area or
damaging the foundation, joists or subflooring of structures. The best
protection is provided when the natural protective beach is maintained
at the appropriate width, elevation, and slope, or an artificial dune
is employed with sufficient elevation such that runup flow does not
overtop it and reach the structure under design conditions and with a
sufficient sand volume that storm erosion will not destory it. Even

the complete blockage of wave runup in front of a residence, however,
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may not preclude flooding if the neighboring properties are not
adequately protected,

In many cases it will be impossible to completely eliminate
overtopping because of limits placed on the elevation of the
artificial dune. Acceptable overtopping values are then dependent
upon the elevation and grade on which the structure is founded, and
upon the characteristics of the structure. For this reason,
structures on caissons or plles are recommended for Sunset Beach.
Structures on piles or caissons allow a partial or completely
uninhibited landward flow of sea ﬁater. When some overtopping must be
accomhodated, adequate drainage is mandatory. Flood problems caused by
the accumulation of water at the structure usually occur because of
inadequate landward drainage at such a rate that the water surface
elevation is everywhere maintained below the underside of the

structure,

GENERAL COMMENTS ON AN ARTIFICIAL DUNE. Flooding of residences at

Sunset Beach along South_Pacific Avenue and further inland can be

prevented or reduced by maintaining a continuous (no'street-end
openings) artificial duﬁe and a return dune or wall at both ends of
the beach beyond which the dune is not maintained, i.e., Surfside
Colony and éoutheast of Warner Avenue., This dune exists, with
openings, today, but at an elevation (+13.7 to +15.2, OCVD) that will,
in most cases, not completely prevent overtopping, flooding and |
sediment movement landward during a storm such as oécurred on 27
January 1983. The dune elevation design tradecff is, of course, the
amount-of flooding that is acceptable (based on a specified dune
élevation), and the view which is restricted as the dune elevétion
increases. Residences on piles or caissons will provide a less
restricted view for a spécified dune elevation than residences on
grade. With the subsidence occurring in the Sunset Beach area, a
planned increase in dune crest elevation with time for a given measure
of protection should be considered. Based on recent relative sea

level changes at Sunset Beach (Fig. A5), our increase in crest
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elevation would not be warranted on a frequency greater than once per

20 years.

The dune should be continuous. That is, street end access for
emergency vehicles should, if used, be limited and consist of vehicle
ramps over the dune or access thfough.the dune with a mechanism for
quickly closing the access breach in a storm. Ramps for pedestrian
and vehicle access protect the dune and insure its integrity as a
storm protection device. .Many communities on the U.S. Atlantic and
Gulf of Mexico coasts, and in Australia, require the dune be preserved
with such ramps which are uéually constructed of treated wood for
reasons of aesthetics and economics. If selected street ends are
allowed to remain open, special cautionary measures should be enacted
prior to and duiing a time of perigean spring tides (Table A2,
Appendix A} when the tide is accompanied by a storm. Also, during
years when an El1 Nino (ENSO) event is occurring, special caution
should be exercised because in those circumstances storms occur on a

much greater than average frequency.

If the beach nburishment program in effect in 1984 is halted or
‘delayed, beach erosion that threatens homes in Sunset Beach should be
anticipated. This erosion, if it continues long enough, will destroy
the artificial dune and homes will be open to wave attack as well as
to flooding. Protection will then be obtained only through the use of
éeawalls, bulkheads or revetments, Homes constructed on piles above
thé breaking wave eleiation will sustain less damagé than homes on
élabs or on joisté resting on shallow foundations in the sand. 1In
time, however, if the beach continues to retreat, the homes on plles

will also be lost.
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FP-3 LINE - Hoavy dashod line on map, Structures must be

provected from wave acrivicy in che FP=1 zane, located grawvard of
o~ the FP-3 line. The FP-1 line would be near the landward limit of
. wave uprush on an undeveloped beach or bluff during o storm.

TOPOGRAPHIC MAP SYMBOLS
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2. OPDS — o )
0PDS LINE - Light dashed line on map. The Ocean Protective
Device Seringline ia the seaward limit beyond which protective

‘devices may not be constructed. The seavard edge of the creac of
a protective device eay not extend seaward of the OPDS line.

Q8SCURED CONTOURS

\,_—,D CEPRESSHIN CONTOURS
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¢, " +3. BREAKING WAVE CHARACTERISTICS

NOT APPLICABLE AT SUNSET BEAGH.
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*Above OCVD at the FP-3 line considering 1984 condirlons

4. DEFINITIONS

BULKHEAD - A protective device designed as 4 partition to retain
or prevent aliding of the land.’ A pecondary purpose is to .
protoct, the upland againet damage from wave actiom.

DESIGN BREAKING -WAVE ELEVATION - Highest elevatlon abave OCVD

that wou e lmpacted by wave forces breaking againpt a verrieal -
wall, if ano existed, normal to the direction of wave approach.
The upper Linit of hreaking waves is a measure of wave actlon
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OBANGE, COUNTY VERTICAL DATUM (0CVD) - Vertical datum bnmed on
mean poa lovel end obEained aBalif cvery ten years through an -
analysis of 19 yeara of tide record. The OCVD risas or falls anm
cthe mean, sea gufface along the Opange County const fluctuates.
Mean lower low water !o approximately 2,83 feet below the OCVD,
Elevations of structures and protective devicas oust be
referenced to the OCYD using Qrange County betclmarks (BH'a).
The atevation of a AM with respsct ro the OCVD, and its loeation,
can bé'obralned from the County publicatlon titled “Orange County
Survayor,” Vertical Contral' (Edvironmentsl Manngoment Agency) .
Haps ahowing the loeation of all County BM'a can be found in a
corragponding County publieation titled "Orange County Surveyor,
Control Mapa.'" . . .

PAOTECTIVE DEVICE - A scawall, bulkhead, revetment or artificial
dune dealgned €6 protect a structure located in tha FP-3 zong.
The deaign life of a proteetive device, which sust be equal to or
Erneter than 20 years, ia the oinimum peyiod. after conmtruction
uring which all "wajor compencnta of the device retain thair
functional and structural design capabilities.

RECUHRENCE INTERVAL - ‘fime perfod duripg which one comstal deaign
evgnt can be expected o occur. The ll]%-yenr racurrence -
Interval, which must be umad for the design of structures and

f .-pratective devices in Orange County, 1w the statiatieal

y ' probability that one event. thac producea a limiting value of a
caaetal phenomenon will occur in 100 years, er that it has a one
percant probsbiliey of oecureing ln o aingle year. Recurrence
interval sshould nat be confused with deaign 11fe shich references

. -in gbsolute time interval not a probabilistic value. .
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REVETMENT - A protective device consisting of a facing of stone,

concrete, east unlts, etc., bullt to protect a scarp, ecbankment,
or struccure asgaingt eroston by wave action or currents.

BUNUP - The rush of water up a protectlive davice, beach, bluff
fnce or a€ructure on the broaking of o wave. The amount of runup
is the vertical height above stillwster level that the rush of
water reaches. The wave runup elevation limit iz che highest
elavation that will be reached by the rush of water from a
breaking wave when that wave occurs during the destgn wave avent
with the specified design recurrence intorval. .The highest

--elavacion syhject to wetting by spray from the design wave will
be greater than che runup elevation. R o
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'LEGEND
1. FP =8 =m===

FB-3 LINE - Heavy dashed line on map. Structures muat be
protected from wave acelviry in the FP-) zone, located aseavard of
the FP=3 line. The FP-3 line would ba near the landward limic of
wave uprush on an undeveloped beach or bluff during a etorm,

2. OPDS ——

OPDS_LINE - Light dashed line on map. The {eaan Protective
Devlca Btringline is the peaward lismit beyond which protective.
devices may not be constructed., The seawnrd adge of the crest of
a procaccive device may not extend semward of the OPDS line.

3. BREAKING WAVE CHARACTERISTICS

NOT APPLICABLE AT SUNSET BEAGH.

|— wave ruoup elavation limit on a

rough 1 on 1.5 (rise/run} sloped
revetoent®

———n gave ranup elevation limit on a
amaath vertieal seawall or bulkhead*

denign breaking wave elevatlon*

*above OCYD at the FP-3 line consldering 1984 conditions

-

4. DEFINITIONS

BULKHEAD =~ 4 protective device designed aa a partitlon te retain
or prevent stlding of the land. A secondary purpese is to
protact the upland agninst camage from wave action.

DESIGR BREAKING WAVE ELEVATION - Highest alovation above OCVD
That would be Impacted Dy wave forces breaking against o vortical
wall, 1F one exi{sted, normal to the direction of wave approach.
The upper linmit of breaking waves ls a measure of wave action
.based on a design wave and s design water depth cenditlon with a
apecified design recurrence intecval. .

ORANGE COUNTY VERTICAL DATUH {OCVD) = Vertical datum beded on
mean sea level and cbtalned nbout every ten years through an
analysia of 19 years ouf tide record.  The OCVD riges or falle aa
the mean sea surface along the Clrnnqa County coast fluctuatea..
Mean lower low water is approximate { 2.53 feat below the DCVD,
Elevacrions of structures and protectlve deviess muar ba
reforenced ta the OCYD uding Orange County benchmarks (BH'a),

The elevation of a BM with respect to the OCVD, and its locakion,
can be obtalned from the County publicatfen titled "Orange County
Surveyor, Vertical Control" (Environmental Management Ageney).
Mups showing the location of all County BM's can ba found in a
cortasponding County publicatlon titled "Orange County Surveyor,
Control Mapa."

PROTECTIVE DEVICE - A seawnll, bulkhead, revetmont or artificlal
dunc designod to protect a structure located in the FP-3 zone.
The desigh life of a protective device, which must be eaqual to or
§reuter than 20 yedrn, s the oinimun perlod after condrruction
uring which all ma)or components of the device retalin their
funetional and structursl design capabilicies.

. RECURRENCE INTERVAL =~ Time period during which onc coastal design

. “event can be expected to occur. ‘the 100-year recurrence

intezval, which must be used for the degign of ptructurss and
protective devices in Orange County, im the statistical
probability that one evant that produces a lfmiting value of a
cosytal phenowenan will eceur in 100 years, or that ir has a one
percent probability of occurring in a single yoar. Hocurreace
interval vohould .not be confused with denign life which refercnccr
an abaolute time interval not 'a probabilistie value.

REVETMENT - A -protective device conslsting of & Eaclng.of stona,
concrete, cast unlte, ete., buile to peotest a gcarp, embankment,
or structure againat arosion by wave action or currenta. .

RNUE - The rush of water up a protective devicoe, baach, bluff
faca or atracture on the breaking of a wave. The amount of runup
ia the wvertical height above grillwater level that tho rueh of
water reaches, The wave runup elevacion limit im the highest
elevation that will be reached by the rush of water Erom a
breaking wave when that wave oceurs duping the design wave event
with che specified design recurrenca interval. ~The highest
elevaclon subjeet ro wertlng by mpray from the design wave will
be grearer than the runup elevaziaon. B

SEAWALL -~ A protective device that separates land and water

.atens, primarily dzafgned to prevent arosion and other domnge due

to wave action.

STRUCTURE = A habitable dwelling, cabana; garage, deck, restroom,
etc., located in the 1’1’--3‘“:1“.B The dualgﬁ 11fe’of ehe
foundation of a atTuctura, which must be equal to er greacer chan
30 years, iz the minimum pericd afrer constructien during which
all ‘major components of the Enundetlon syatem no% protacted by a
protective device vetain thefir functional and structural deaign

capabllities.
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LEGEND
1. FP-3 ===~

FB=3 LINE = Heavy dashed llne on wep. Structurss must be

- protectad from wave activity in the FP-3 zone, located seaward of
the FP-3 line. The FP-3 line would be near che londward limit of
wave uprush on an undeveloped beach or bluff curing a storm.

TOPOGRAPHIC MAP SYMBOLS

HORIZONTAL AND VERTICAL
CONTROL  POINT

HORIZONTAL CONTROL POINT

VERTICAL COMTROL . FOINT

UBSCURED CONTOURS

2. OPDS — . * ' :

’ s
OPDS LINE - Light dashed line on mmp. The Qcaan Protective rC;\ ) DERRESSION  CONTOURS :
Davice Stringline ia rhe scaward limit bayond which protective
devicas may not be constructed. The seawnrd edﬁ of the crest of
. 8 protective device may not extend seaward of the OPDS line. 11235 SPOT ELEVATIONS

3. BREAKING WAVE CHARACTERISTICS

NOT APPLIGABLE AT SUNSET BEACH.

wave Tunup elevation limit on a
- tough 1 on 1.5 (rimefrun) asloped
revecment®

wave runup clevatien limit on n
smooth vertical aeawall or bulkhead®

deaign breaking wave elevacion¥

*Above OCVD at the FP-3 line conesidering 1984 conditions

4. DEFINITIONS

BULKHEAD - A protective device designed as a partition to racain
or prevent aliding of the land. A secondary purpose iz to
protect the upland againat domage from wave actilan.

DESIGN BREAKING WAVE ELEVATION - Righest elevatlon above OCVD
that weuw e lmpacted by wave foreces bresking againet a vertical
wall, 1f one existed, normsl to the directlon of wave approach.
The upper linit of breaking waves ia a measurs of wave oction
-based on a design wave and a design water depth conditien with a
speclfied design recurrence interval.

ORANGE COUNTY VERTICAL DATUM EU[}VD[ - Vertical datum based on
asen aea level and obtalned about every ten yenrs through an
analysis of 19 years of tide record. Tho OCVD rises or falla na
the mean sea surface along the Orange County comst fluctuates.
Hean lower low water iz appraximptely 2.83 feet below the OCVD.
Elevationn of atructures and protective devices must be
refarenced te the OCVD uaing Orange County bemchmarkes (BH'g).

The elavation of o BM with respecr o the OGCVD, and its locatian,
can ba obtalped from the County publication titled "Orange County
Burveyor, Vertlcnl Control" (Environmental Managoment Agency),
Mapas showing tho lacation of all County BM'a can he found in a
corresponding County publication titled "Orange County Surveyor,

.. Control Maps." .
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FROTECTIVE DEVICE - A seawall, hulkhead, ravetment or artificial

une designed to protect a etructure located in the FP-3 zone.

The design 1ife of a protective device, which sust be aqual to or .
g:en:er than. 20 years, is the winiousn pericd after conatruction

uring which sll ma)or cowponnnts of the device rotain thelr

functionsl and structural design capsbilicies.

HECURRENCE INTERVAL - Time perlod during which ane coaatal design . A
event can be expected to.occur. The 100-yaar recurzence |

interval, which-must be used for the deaign of mtraueturcs -and -

‘protective devices in Orange County, is the statistical

probabllity that one avent that produces a limiting value of a -

‘comstal phenomenon will eccur in 100 yesarsm, or that it has & one

percent probabliity of occurring in d single yoar. Recurtence

interval sehould not be confused with deslgn 11fa.which referonces

an abmolute time incerval not o prababilistic value. .

HEVETMENT - A protective davica conglating of a facing of stone,
concrete, cadt units, ctc., bullt to. protect a gcarp, embankment;
or structura agalnst eroslon by wave actlon or currenkts. :

RUNUP - The rush of water up a proteecive device, beach, bluff
_Tace or mtructura on the breaking of a wave. The amount of runup
Ls the vertiecal helght sbove ntiflwnter level that the rush of -
water reaches. The wave runup elavation limit I the highest
elevation thar will be reached by the rush of water from a
breaking wave when that -vave occura during.the demipn wave event
with. the specified dealgn recurrence intervel. The highest
elevarion sublect to wetting by spray from rhe design wave will |
be greater than the rugup elevatiom. o
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1. FP=3 =====

FP=3 LINE = Heavy dashed line on wop. Structures ouat be AN gt v
peotected Eres wave activity in the FP-1 zone, locatsd seaward of sy L 2 3 il iy . ; ’ - - B . - . : : DAUMEL Ipr
the FP-3 lina. The FP-3 1line would be near the landward limit of . . ol " y 5 e - ‘ Dot ) L . . y . )

wave uprush on an undoveleped baach or bluff during a dcorm. - b N e . . - N T T \ . - i f :

TOROGRAPHIC  MAP  SYMBOLS

MORIZOMTAL  AND YERTICAL
CONTROL  POINT

HORMIICNTA: CONTROL FOINT

YERTICAL CONYTRCGL =OmnT

CASCURED CONTOURS

2. OPDS —

OPDS LINE - Light dashed line on map. The Ocenn Protactiva
Davice 3tringline ia the seaward limit beyond which proteccive
devices may nat be constructed. The scaward edge nf the crede of
a protective deviee may not extend seaward of the OPDS line.

CEPRESSION  CONTOURS

[REA B SPOT ELEVATIONSG

3. BREAKING WAVE CHARACTERISTICS

l— wave runup alavation limit oo a

rough 1 on 1.5 {rise/run} alaped
Tevetmentk

e r———wave Cumup alevation limit on o
smooth vertical seawall or bulkhead¥

deaign bresking wave elevation*

MATCH LINE

*Above OCVD at the FP-3 1ine conaidering 1984 conditicoa

4. DEFINITIONS

BULKHEAD - A protective device designed as a particion fe vetafn
or prevent nliding of the land. A secandary purpose is to
protect the upland agninat dawage ‘Eram wave action,

DESTGN BREAKING WAVE ELEVATION - Highest elevation above OCVD
that would be Impacteéd by wave fotces breaking zgainst a vertlcal
wall, if one existed, normal to the direction of wave approach.
The upper llzit of breaking waves 18 a measure aof wave action
‘baged on a design wave and a design warer depth condition with a
specified design recutrepnce interval.

ORANGE COUNTY VERTECAL DATUM 5GCVD! = Vartical datum based on
oean gea Leval and pbtalned about every ten years through an
analysies of 19 years of tide record. The OCVD rises or fallz as
the mean sen oufface glong the Orange County coast fluctuntes.
Mean lower low water i& approximately 2.B1 feet below the OCVD.
Elavationa of structures and proractive devices musr be
raforenced to the OCVD uaing Drange County benchmarks (BM's).

The elevation of a BM with respect to tha OCVD, and £ts location,
can be obtained from the County publicatfon titled "Ovange County
Surveyor, Vertical Contre)l" (Environmental Mmnagement Agency).
Haps showing tha locatlon of all Councy BM's c¢an ba Found in a
corregponding County publication titled “Orange County Surveyor,
Cantrol Mapa."

PROTECTIVE DEVICE ~ A assawall, bullhead, ravetment or artificial

dune dealgned to protect a structure locatad in the FP-] zone.

The deafgn 1ife of a protective device, which aust be cqual to or
gtenter than 20 yeara, 1o the minimum period anfter conatruction

uring which all zajor coaponents nf the device rozain cheir -
functional and atructural design capabiliciea.

RECURRENCE INTERVAL - Time period durimg which cne ecantal design

. event can be expected to oecur. . The 100s=year recurrence
interval, which must be used for. the design of structures and
pretective daviesa in Orange County, 1a the statisttcal
probabilicy that one event that produces & Mimiring valtie of a
conetal phenomenon will cccur in 100 yeara, or that it has a one
percent probability.of oceurring in a single year., Rocurrence
interval sshould not be confused with design. life which rcferoncen
an sbeolute tlme interval not a probabiliscie volue. °
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' REVETMENT .- A protective device conaleting of a facing af stane,
concYete, cast units, ete., bullt fo protect a ncacp, embankment,

or structyre’ against erosion by wove sction or currents.

RINUP = The rush of water up a protective device, beach, bluff
face or atructure on the breasking of a wave. The pmount of Tunup
Ls the vertical helght above stillwater lavel that the rush of
water reachea. The wave runup elevation limit is the highest
elevatian that will be reached by che rush of water from a
bresking wave whem that wsuve oseurs during the design wave event
with the speciffed design recurrence interval. Tne highost
elavatfon sublect to wetting by spray from the design wave will
be greater than the runup.elevacion.
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STRUCTURE - A habitable dwelling, cabana, garage, deck, resrroom,
ete, locared in the FP-3 zone. The dentsg 14fe of the
foundaztan of a atructura, which muat be equal co or greater than
30 yoara, L8 the minimum period after construetion during which
all ‘major coppenents of the foundarion aystem not protected by a
protective device retain their Eum::!.unn.?l‘ and structural design

capahilitics,
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1. FP=3 =====

FP=3 LINE - Heoavy dashed line on map. Structures must be

— protucied from wave activiky In the FP-3 zona, locaked snawvard of
the ¥P-3 line, The FP=3 1ine would be neer the lendward Limit of
wave uprush on an undeveloped beach or bleff during a storz.

TOPOGRAPRIC MAP SYMBOLS

HORIZONTAL  AND VERTIGAL
CONTROL FOINT

HORIZONTAL CONTROL POINT

VERTICAL CONTROL POINT

OBSCURED CONTOURS

2. OPDS — -
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OPDS LINE ~ Lighrt deshed line on wmap. The Ocean Protective \@ CEPRESSION CONTOURS
Device Stringline is the seaward limit beyond which protective .
devices may not be canstructed. The seaward edge of the ercst of
%1235 SPOT ELEVATIONS

a protective device may not extend seaward of the OFDS line.

3. BREAKING WAVE CHARACTERISTICS

T |—- wave runup elevation limit on a.

rough 1 on 1.5 {risefrun} slaped
reverment® '

gt WAVE *unup elevatilon limit on a
ameoth vertieal seawall er bulkhoad¥

design breaking wave eclovation¥ _".-_--r—--r--l-

o
| ‘ T -9
4. DEFINITIONS | B .

BULKHEAD - A protective device designed as a partition te ratain
aor prevent sliding of the lond. A secondary purpose is to
protect the upland againat domage from wave action.

BESIGH BREAKING WAVE ELEVATION - Highest elevatfon above OCYD
that would be Impacted by wave forces breakting ngatnse a vertieal
wall, 1f one exiated, mormeal to the direction of wave approach.
The upper limic of breaking waves Ia a meaeure of wave action
.baged on & design wave and a deaign woter depth conditlon with a
spacifted design recurrence Inrerval.

ORAKGE COUNTY VERTICAL DATUM (OCVD)} - Vertical datum based on
wean gea level and obtaiped about every ten years through an
analyslo of 19 years of tide racord. The OCVD rises or falle az
the mean sen su¥face alapg the Orange County coast fluctuates.
Hean lower low water 1s approximately 2.B3 feot balew the OCVD,
Elevatlons of structures and protective devices must be
reforonced to the OCVD uaing Orange County benchmarka {(BM's).
The elevation of 4 BM wigh reepect to the OCVD, and ica loecatlon,
can be ohtained Erom the County publlication titled "Orange County
Sutveyor, Vertical Control" (Environmental Managemont Agency).
¥aps shawing the location of all County 8M's can be found in a
corresponding County publication titled "Orange County Surveyar,
Conerol Mapn."

#Above OCVD ot the FF-3 line considering 1984 conditions

MATGH LINE

SHEET INDEX

MATCH TO 5 HE'E T

PHOTECTIVE DEVICE ~ A seawall, bulkhead, Tevetment or artificial
dune designed to protect n structure located in the FP=3 zone.
The design iife of a protective device, vhich must be equal ko or
grentar than 20 years, ia the minimum period after econstruction
uring which all ma)Jor componentas of tha device retain thelr
funcelonal and scructural deaign capabilities.

RECURRENCE INTERVAL - Time period during which one coastal design
cvent can be expected to occur. The 100-year recurrence |
interval, which must be used for the design of atructures and
protective devices in Orange County, is the scaristieal
probability that ona cvent thet produces & limiting value of -a
constal phenomenon will oceur in 100 yeara, or that it has a one
parcent probabllity of occurring in a olngle year. Rocurrence
interval sahould not be confused with design life which refarences
an sbaolute time interval not a probabilistic value. .

REVETHENT =~ A prn:ﬁc:ive déaviee :nnsistlﬁg of a facing of tone,
. concrete, cast units, ste., built to protect a searp, embankment,
or structure against evoslon by wave actlion or curfants..

RURUP - The rupsh of water up a proteccive devico, boach, bluff
face or structure on the bresking of a wave. The amount of runup
1s the vertical height above stillwater level that the rush of
warer reachea. The wave runup elevarion limiz 1s the hlgheae
elevarion that will be reached by the rush of water from a
breaking wave when that wave aceura during the dasign wave event

with the speeified deaign recurrence interval. The highest NOLE Y

elevation aubjoct to wetting by epray from the design wave will i B

be greater chan the rucup elevarien. - . oAl i hT‘JL“ s
MEIN SiET Es i

SEAWALL ~ A prn:ectﬁe deviee that separates land and watar LOuNTY SUHY
atens, primarily deslgned to provent erosion and other damage due

te wave action.

1975 L.

STRUCTUAE - A hebitable dwelling, cobana, garage, deck, restroom
em:."I Tocated in the FP-3 zone.  The denign life'af the '

foundatlon of a structurs, which must be cqual to or greater than
. 30 years, ls the oinimtm period after constructicon during which
i all malér p te of the foundarion a{stem not protected by o’ : . COQSTQ
‘protective device retaln their funetional and structural design . . we e B
capubtlitten. : ‘ S - EMERALD BAY

ROTTRAY BNQ

SuRIl s NG R

LECONDiOU. £F, oIS
15431 /-5-9060 ¢
LLERIIEY Tw
NCLUARCY 9Ifui

HaETh

“
- V3P GROUP
COMMUNITY PLAMNING
LANDISCAPE ARCHITECTURE
UREAN DESIGN

ICHOL; ENGINEERS

YAN DELL/SHIOTA PLANNING GROUS
T80 CARTWRIGHT RDAD
IRWINE, CA 5ZF4

AT

LONG BEACH, CALIFORNIA




LEGEND
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wave uprush on an undeveloped beach or bluff during a storm. (0] VERTICAL CONTROL POINT
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CBSCURED CONTOURS

2. OPDS ———

) k)
OPIS LINE = Light dashed line on map. Tha Ocoan Protective QJ BEPRESSION CONTOURS
Deviee Stringline s the seaward limit bayond which pratective
daviced may oot be conscructed. The peaward edge of the creat of
. 0 prevective device may not extend seaward of the OFDS 1ine. 1235 SPOT ELEVATIONS

3. BREAKING WAVE CHARACTERISTICS

MATGH LINE

l— wave runup elevakion limit oo a

rough 1 e 1,5 (risefrun) sloped
revetoent®

A———wave ruoyp elevation limit om a
smooth vertical seawsll or bullkhead¥

design breaking wave elevation*

*Above OCVD at the FP-3 line congidering 1984 conditiona

4. DEFINITIONS

BULKHEAD - A protectlve device demigned as a particion to retain
or prevent sliding of the land. A sccondary purpose ia to
protect the upland agoinet damape from wave aetiom,

DESIGH BREAKING WAVE ELEVATION - liighest clevation above QCVD
ERAE would be Impacted by wove forces breaking ogalnst a vertieal
wall, Lif one existed, normal to the direction of wave approach.
The upper limit of bresking waves !s s moasure of wave action
-boaad on a design wave and a dosign water depth copdition with a
opecified design recurrence interval.

ORANGE COUNTY VERTICAL DATUM socvn: = Vortleal datum based on
mean gen leval and obtalned about every tem years through an
analysis of 19 years of tide record. Tha OCVD riscs or falla as
the pean sea sufface alonpg the trangn County coast fluctuakes.
Mean lower law water is npprnxiﬂntaq 2.83 feet below the OCVD.
Elevationa of structures and protectf\m devices mugr be
referenced to the OCVD uging Drange County bepchmarks (NM'e}.

The elevation of a BM with respect to the OCVD, and fta locacien,
can be obtained Erom the County publication titled "Orange County
Surveyor, Vertieal Contrel" {Envir al M Agency) .
Maps showing the location of all County BM'as can be Eound inm a
car:aaqnndtng County publicacion cirled “Orange County Surveyor,
Control Mapa."

SHEET INBEX

PROTECTIVE BEVICE - A meawall, bulkhend, revetment or artificial
une deglgned to protect a structurs located fn the FP-3 zone.
The design life of a protective doviee, which must be equal to or
reater than 20 years, is the minimuz period after comstructian
guring which all major componenta of the device retain thelr
functional and structurnl deaslgn capabilitiea.

RECURRENCE INTERVAL - Time period during which ong coastal deaipn
Jevent can be expected ta oceur. The m%-ya.u- Tecurrence
interval, which must be used for the demign of atructures and
proteetiva deviees in Orange County, is the statistical
probabllicy that one event that produces a limiting valuas of a
coastal phencmenon will cecur’ in 100 yasrs, or thak it has a one
percent probablliry of occurring.in a single year. Recurcence
interval sshould not be confused with demign 1lfe which references
an absolute cime interval not o probabilistic valua,

REVETHENT -~ A protective devica consieting of a Eacing of stone,
concrate, cdaet units, etc., bullt to protect o gcarp, embapkment,
or structure agalodt erosion by wave action or curronts. o

RUNDP -~ The rush of water up a protoctive device, heach, bluff
Face or structurc on the breaking of a wave. The amount af runup
is the vertical helght above stillwater lovel that the rush of
water reaches. ‘The wave runup elevarion 1imit is the highaat
elevation that will be reached by the rush of water from a
breaking wave when that wave occurs during the design wave ovant
with the specified dosign recurrence interval. The highest
alavacion subjdct to watting by spray from the design wave will

- NOTE:
ba greater than the runup elavatfon.

CONTOUR ELEVATIONS RRE- BRSED ON
MERN SEN LEVEL bRTUM,. ORANGE
COUMTY SURVEYOR 1975 RDJUSTHENI

-ORANGE COUNTY

ENVIRONMENTAL MANAGEMENT AGENCY
PUBLIC WORKS-COUNTY SURVEYDR DIVISION

COASTAL FLOOD PLAIN

LAGUNA NIGUEL 7 SOUTH LAGUNA
RATTRAY AND HSSOC.: INC.

SURVEY NG E ¢OPPING
ESCONDLDO. €A,  LOS RMGELES. CA. SANTR ANR. CA,
(619)748-9666  (2131413-4087 (7141875-9450

I CERTIFY THAT IHIS MAP MEETS THE AQGREEC-UPDM

BEAWALL - A protective device that separates land and water
. arens, primarily dosigned to prevent erosion and other damage due
. to wave action. . ..

STRUCTURE - A habitable dwelling, cahanam, garage, deck, restroom,
atc,, located in the FP-3 rone. The design life of the T
foundation of a structure, which must be equal ta or greater than
30 years, is the minisue peried after construction durlng which
all oajor components of the foundation n{utem net protected by a
protaective davice retain thelr functional and arruceurnl deaign
capabilities.

V5P GROLUIP

COMMUNITY FLANNING

LANDSCAPE ARCHITECTURE
ESIGH

LURBAN DI RCCURRCY REQUIAEMENES,
ICHOL. ENGINEERS VAN DELL/SHIOTA PLANNING GROUP . ﬁa«;&i&—
AN CARTWRIGHT RQAD 1.F, RENAOr L8, 3200
IRVINE, CA 92714
FH/aTA412

PHOTE DRTE: 4/18/84
CONTOUR. INTERVALI 28% FT,
SCALE: 1" 2 100'
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LEGEND
1. FP~3 ===--

FP-1 LINE - Heavy dashed lina on mop, Structuras must hé
protected from wave activity in the FF-3 zone, 1located seaward of
the FP-3 lfne. The FP-3 line would be ngar the landward limit of
vave uprush on an undeveloped beach or bluff during a sroro.

TOPOGRAPHIC MAP . SYMBOLS

FAN HORAIGLTAL
o : HRT Chy

CBRCUFED

2. OPDS ——

OFPS LINE - Light dashed llne on map. The Ocean Protactive
Dovice Stringline is the meawsrd limit beyond which protective
devicen may not be comatructed. The seavard edﬁu of thn creat of
a protective device may not extend deaward of the OFDS line.

CEPRESON

tedh TRDT ELEYATIONS

3. BREAKING WAVE CHARACTERISTICS

|— wave ronup elevation limit on a.

rough 1 on 1.5 (riee/run) sloped
revetzent®

bt Ve rutup elevation limit oo a
smooth vertical meawnll or bulkhead*

design breoking wave elevation®

*Above OCVD at the FP-3 line consldering 1984 cordiclons

MATCH LINE

4, DEFINITIONS

BULKHEAD -~ A protective device designed aa a partition to retain
or provent sliding of the lend. A secondary purpoae 1s to
protect the upland againsc damage from wave actiom.

DESIGN BREAKING WAVE ELEVATION - Highest elevarion ahove OCVD
that would be Impacted by wave forces breaking againot a vertical . .
wall, Lf one existed, mormal to the direction of wave approach. X : 3 X . . e o g : nl % 2 -“ A . P

The upper limit of breaking wnves 1s & peasure of wave aetlon 3 . B : T . " ! o —_— b ™ X ; 4 B B b
.boeed on & design wave and a design water depth condition with a
Apecified design recurrence interval.

SHEET WNDEX

ORANGE COUNTY VERTICAL DATUM gocvn! ~ Vertical datum based en
mean sea lavel and obtalned abatt every tan years through an
analynis of 19 years of tide record. The OCVD risaz or falls as
the mean sea surface along the Ornnqe I:nunt& coagt_fluctuaten.
Mean lower lew water ls approximately 2.83 Teet below the CCVD.
Elevations of structures and protective devices must be
referenced to the OCYD ueing DOrange County benchmarks (BM'a).

The elavation of a BY with respect to the OCVD, and its location,
can be obtained from the County publication titled "Ozangs County
Surveyor, Vertical Control" (Environmental Manngement Agency).
Mapy sghowing rhe location of all County BM's con be found in a
cotresponding County publicatlon tirled "Dramge County Surveyor,
Control Mnps."

PROTECTIVE DEVICE = A seawall, bulkhead, revetmont or artificial
duna deaigned Eo protect a structure located in the FP-3 zone.
The design life of a protective device, which must be equal to or
Erantar than 20 yaara, is the minimum period afrer copatruction
uring which all major components of the davice retaln their
functicnal and strucrural design capabilities.

TG SHEET
B

HAT O

BRECIRRENCE INTERVAL - Time period during which ore coastal dezign
event can be expected to secur. ‘The 100~year recurronce
interval, which must be used for the design of structures and
-protective devices in Opange County, is the acaciacical
probabllity that one event that produces.a limiting value of a
coastal phenomencno will cecur in 100 years, or that it has a one
porcent probability of ‘oceurring in a eingle year. HReecurrence
interval vghould not be confused with deaign 1ife which raferencas
an-abgolute time interval not a probaobilistic valua.

REVETMENT = A protective device consisting of a facing of atone,
concrete, caat unles, etec., bullt to protect a mcarp, ecbankment,
or atructure against eroslon by wave ‘action or currents.

RMNUE - The tush of water up a protective device, beach, bluff

. Tace pr structure on cthe breaking of a wave. The amount of runup
ia rhe vertical height above stfllwater lavel that the rush of
wvater reaches. The wave runup elevation limit fe the highest
elevation that wlll be reached by the rugh of water from a
breaking wave when that wave oceurs during the danign wave event -
.with the specified design rerurrence interval. The highest .
alevation subject to wetting by epray froeo the design wave will

. be prearer than the rutup elevation. -

SEAWALL = A protective device that uépnraieu land and water
areas, primarily deaigned to prevent erosfon and cther domage due
to ‘wave actlon. . .

ORANGE COUNTY |
P A Ty e
COASTAL FLOOD PLAI

'LAGUNA NIBUEL -/ SOUTH LAGUNA -

T TRy

STRUCTURE - A nabitsble dwelling, cabana, garags, deck, rescrcox,
ete,, located {n the FP-3 zone. The demign 1ife of the .
foundation of a atructura, which aust be equal ta or greater than
30 years, ls the minimum peried after construction during which
all ‘major components of the foundntion system not protected by a
protective device retain their func:lonn{ and atructural deaign
eapabilities. - .
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LEGEND
1. FP-3 ==m==

FP-3 LINE - Heavy dashed line on map. Structures must be
protected from wave activicy in the FF-3 zono, lecated seaward af
- the FP=3 line. Tho FP-3 line would he noar the landward limit of
wave uprush on an undeveloped beach or bluff during a storm.

TOPQGRAPHIC MAP  SYMBOLS

HORIZONTAL  AND VEATICAL
LONTROL  POUNT

HORIZONTAL CONTROL POINT

VERTICAL CONTROL POINT

UBSCURED COHTCLRS

2.(3PDSj"———-

OPDS LINE - Light dashed line on map, The Qcean Protective
Tevice Stringline 1s the seaward linmit bayond which protective
devicos moy not be constructed. The seaward edge of the érest of
a peotectfve device moy noc extend ssaward of the OPDS lime.

DEPRESSIGH CONTOUAS

235 5POT ELEVATIONS

¥ 3. BREAKING WAVE CHARACTERISTICS

e

I— wave runup alevntion limit on a

rough 1 on 1.5 (rise/run} aloped
revatnaney

———— L runup elevation limit on a
amooth vertical seawall or buikhead*

daaslgn breaking wave elevation®

*Abave OGYD nt the FP=3 line comsldezing 1984 conditioma

4. DEFINITIONS

BULKHEAD - A protective device designed as a partiticn to retain
or prevent sliding of the land. A secondary purpose 1s toe
protect the upland againest damage from wave nctiom.

DESIGN BREAKING WAVE ELEVATION - Highest elevation above OCVD
that wou. & Impacted by wave forces brenking against a vortical
wall, 1f one oxisted, mormal to the direction of wave approach,
The upper limit of brosking wavea Ls a measure of wave acclon
-based on a design wave and a design water depth condition with a
specified dealgn recurrence interval.

ORANGE COUNTY VERTICAL DATUM §GCVD!-- Vertical datuz based on '
wesn saa leval and obtalned abdut every ten years thrawgh an
analysie of 19 yeara of tide record. The OCVD risca or falls as
the mean sea gurface along the Orange County coast flucruancen.
Hesn lower low water in approximacely 2,83 feet beluw the OCVD.
Elevations of structures and protective devices must be
referanced to the OCVD uaing Orange County benchmarks (BM'a).

The elevation of n BH with respect to the OCVD, and Era locarion,
cap be obtalned from the County publication titled "Orange County
Surveyor, Vertieal Contral" {Environmental Manngement Ageney).
Haps ahowing the location of all County BM'as can be Eound #n s
cotrespending County publication titled "Orange County Surveyor,
Control Mapa."

FROTECTIVE DEVICE - A seawall, bulkhead, revetmant or artificial
dunc doalgned to protect a scructure loeared in the FP=3 zone.
The dealgn life of d protective device, which must be egual to or
sren:er than 20 years, im the minimum paricd afrer construction
uring which all ‘major compcnonta of the device ratain their
functional and structural design capabilities.

SHEET INGE X

MATCH TO SHEET
MATCH TO SHEET 4

RECURRENCE INTERVAL - Time parilod during which one cossral deaign
ovent can be expected to occur. Tho 100-ycar recurremce .
interval, which amust be used for the design.of structures and
protective devicea in Orange County, is the statietical -
probabiiity that one aevent thar produces a limicing value of a
coagtal phenowenon will cceur in. B0} years, or that !t has a one
percent probability of oceurring In a single year. Recurrence
{ntervalshould not he confused with deamipgn 1lfe which references
an abrolute tize interval mat a prebabilisrie wvalua. .

REVETMENT -~ A protective device conelsting of & facing of stone,
concrete, cast uanits, ete., bullt to protect s scarp, ambankment,
or gtructure agsinet eroalon by wave actlon or currents. | .

RUNUP - The rush of water up a protective davice, beach, bluff
fane_or structure on the bresking of a wave. The amount of runup
is the vertical height above stillwater level that the rush of
water reachesa. The wave runup- elevation limit is the higheat

- elevation that will be reached by the rush of water from a
breaking wavae whon that wave oceurs during the-deaign wave event
with the specifiod desigh recurrence fnterval. Tha hlghdse .
elevation subject to wectcing by apray Erom the dasipn wave will
.be greater than the runup elevation. .

SEAWALL - A péunectlﬁ device that separatea land and water
arcas, primarily designed to prevent erosion nnd other damage due
to wave actlon,

ORANGE COUNTY

ENVIRDNMENTRL MANBGEMENT AGENCY
PUBLTC MORKS-LOUNTY SURVEYDR DIVISIGN

STRUCTURE - A habitable dwelling, cabanm, garage, deck, restroom,
etc,, located in the FP-1 zone. The design 1ife of tha
foundattan of a scrvecern, which must be equal co or greater than
30 yaars, i% the oinioum pericd after construetisn during which
all ‘major p te of the £ dat{on syatem not protectad by a
protactive device rotaln thefr functional and structural dasign

- anpabilities.
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LEGEND
1. FP-3 ====-

EP-3 LINE - Hoavy doshed line on map. Structurpd must be
prntectua from wave netiviey in cthe FP-3 zone, located seaward of
the FP-3 line. The FP-3 line would be near the landward limic of
wave uprush on an undeveloped beach or bluff during a storm.

2. OPDS ——

OPDS LINE - Light dashed line on map. The Ucean Protective
Device Stringline ia the geaward limic beyond which protective
devices may not be constructed. Tha seaward pdge of the crast of
B protectlve device may not axtend seaward of the OPDS line.

3. BREAKING WAVE CHARACTERISTICS

l— wave tunup alevation limit on &

raugh 1 on 1.5 (risefrun) aloped
revotnanek

. wavE runutp elevation limit on a
smpoth vertical seawall or bulkhead*

degign breaking wave elevation¥

*Ahove OCVD at the FP-3 line consfdering 1984 conditiona

4. DEFINITIONS

BULKHEAD - A pratectfve device designed es a partition to retain
or prevent sliding of the land. A& secondary purpose iz to
protect the upland agoinec damsge from wave actionm.

DESYGN BREAKING WAVE ELEVATION - Highest elevation above OCVD
that wou € lopacted by wave forces breaking against o vertical
wall, if one axisted, normal to the directlon of wave approach.
The upper limit of breaking waves is a measure of wave action
-bosed on a depign wave and a deaign water depth condition with a
dpacified deaign recurrence interval.

ORANGE COUNTY VERTICAL DATUM £DE.'VD! - Vertical datum based on
mean gen leval and obtalnad about every ten years through an
analysie of 19 yoars of tide record. Tha OCVD rises or falls aa
tha mean pea surface aleng the Orange County cosst fluctuntes,
Mean lower low water is approximarely 2,83 fest below the DCVD.
Elavations of structures and protectlve devicen muss be
referenced to the OCVD using Orange County henehmarks (BM'a),

The clevation of a BM with respect eo the OCVD, and its location,
can be obtained from the County publicatlon titled "Orange Coumty
Surveyor, Vertical Cantrol" (Envirdnwents] Haniapement Agency).
Maps phewing the locatfon of all County BM's can he found in o
cotrreaponding Commty publication titled "Orange County Surveyor,
Control Maps."

FROTECTIVE DEVICE - A aeawall, bulkhead, revetment or artificial
dune deslgned to protect a structure located I{n the FE-3 zone. -
The -design life of a protective device, which oust be egual to or
srentur than 20 years, 48 the ninimun period afrer construction
uring which all major componenrz of the device retain their:
functional and structural design capabillties.

RECURAENCE INTERVAL = Time period during which one coastal design

event can be expacted to oceur. The 100-year recurrence
inteeval, which must be uaed for the degign of scructurss and
grotective dovices in Orange County, f£s the atarisrical
probabilicy that ane avent thar produces a limiting value of a
coastal phenomenon will occur.in 100 yoars, or that it has a one
percent probasbllity of oceurring im a single year. -Recurtence

"ingepval sphould nnt be confused with design 1ife which references

an sbuolute time interval not a. probobllistic value.

REVETHENT = A protective device -cnns'intf.ngrof a facing of stone,
concrete, cast unite, ete,, built to protect a scarp, embankment, -
or structure against erosion by wave accion ar currants..

RUMUP - The rush of watér up a protective dovice, beach, bluff
Eace or structure on the breaking of a wave. The amounf of runup
ia the vertical height above stillwater level that the rush of
vater reaches. The wave runup elevaticn Iieit Le the highest -
elovation that will be veached by the rush of water frowm a
breaking wava when.that. wave oecwrs during the doaign wove event
with.the specified design recurrence jnterval. The.highest
elavation subject to warting by spray from the dasizn wavo w11l

"be greater than the rumup.elevaeion.

SEAWALL = A protéctive device that peparatos land and 'ua:er
ereds, primarily desighod te prevent eroeian and other damage duo
to wave action. ! . .

" STRUCTURE - ‘A habitable dwelling, cabana, garage, &cck.- :entréum.

M:c:.ci located ta tha FP-3 zone. The design Life of the
foundation of 4 structure, which must be oqual to or greater than
A0 years, 1= the minimuc period after construction durimg whie
a1l major components of the foundation sygtes not protocted by a
protactive device retain their functional and srructural design

capabilitiea.
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LEGEND
1. FP-3 =====

FP=3 LINE - Heavy dasnhed line on map. Structures must bo
protected from wava activity in the FP-3 zone, located ssoward of
the FP-3 line. The FP-) line would be nenr the landwaed limit of
wave uprush on an undevaleped besch or bluff during a storm.

2. OPD§ — o .

OPDS LINE - Light dnshed line on msp. The Ocean Protoetiva
Davice Btringline ie the seaward Iimit beyond which protective
devices may not be constructed. The seaward edge of the ereat of
a protactive device may not extend seaward of the OPDS lime.

3. BREAKING WAVE CHARACTERISTICS

L- wave runup elevation limit on a,

rough 1 on 1.5 {rimefrun) sloped
revetnanck

— Ve TUDUP alevation limiE on a
opooth vertical seawall or bullthead®

deslgn bresking wave elevatton®

*Above OCVD at the FP=3 line eonaidering 1984 eonditions

4. DEFINITIONS

BULKMEAD - A protective device dealgned as a partitlon to retain
or prevent mliding af the land. A secondary purposs is to
protect the upland againat damage from wave action.

DESIGH BREAKING WAVE ELEVATION = Highest elevation above QCVD
that wou e Impacted by wave forcea breaking against a vertlical
wall, 1f one axlated, normal to the directlon of wave approach.
The upper linmit of breaking waves 1s a maasure of wave action
:based on a design wave and p design water depth condition with a
speciffed dealgn recurrence interval.

DRANGE COUNTY VERTICAL DATIH gncvuz - Vertlcal datum baaed on
m&an aea level and obtnined about avery tepn years through an
analysle of 19 years of ride record. ‘The OCVD rises or falls us
the mean sea aurfoce along the Orange County coast fluctuatas.
Maan lower low water is appraximately 2Z.83 feet below the OCVD,
Elevationa of structures and protective devicen must be
referanced to the OCVD using Orange County benchmarka (BM's).

The alavation of a BM with respoct to the OCVD, and ics location,
can be ohtained from the County publication titled “Orange County
Surveyor, Vertical Control" (Environmental Management Agency).
Mapn nhowing the Locatlon of all County BM's cam be found in a
corresponding County publicetion titled "Orange County Surveyor,
Control Mapa."

PROTECTIVE DEVICE - A seawall, bulkhead, revetment or arcificinl
dune dasigned to protect a atructure located in the FP-3 zome.
The desfgn life of a proceceive device, which must be equal to ar
Erea:ar than 20 years, is the minimuz pericd after conatruction
uring which all mojor coopanents of the device retain their
functional and struetural dealgn capabiliciea.

RECURRENCE INTERVAL - Time period during which one coasral dosign
event can be expected to oerur. Tha 100-year recurrence
interval, which must be used For the dapipn of structures and
protective doviens it Orange County, is the statistical
probabllicy that one event that produces a limiting value of n
coastal phenomenan will occur in 100 years, or that it has a onc
percent probability of ocecurring in a asingle year. Recurrence
interval *should not bo .confused with design life which roferences
. an absolute timo-Intarval not a probabitfstie value.

- REVETMENT - A protaceive device conaisting of a facing of atone,
concrete, cagt unita, ete., bulle o ptofect n acarp, ombankment,
or asecructure against crosion by wave action or currents.

RUNUP = The rush. of water up a protective device, beach, bluff
Fice or atructuce on the breaking of o wave. The amount af futiup
La the verticel hefght sbova stillwater level that tho.rush of
water raaches. The wave runup elevation limit is che higheat
‘elevacion that will be reached by the rush of water froo £
breaking wave when that wave occura during tho deaign wave event
with the speeified design recurrence-interval. The highoat :
elavation subject to wetting by epray from rthe dosign wave will
be greater than the runup elevacian. .

. SEAWALL - A -procecriva device that scparates land and wacer
aread, primarily denigned to prevent aroslon and other damage due
to wave action. . )

STRUCTIRE - A hableable dwelling, cabana, garage, deck, TeaLTOOm,
ate,  located In the FP—J_:une.s The deuig!é 1ife of the
fnunduuan of a stgucture, which aust bo equal to or greater than
30 years, i the minimum peried after comstruction during which
all ‘major camponents of the foundation aystem not protected by a
protective device retaln their functiann{ and structural design

capabilities,
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LEGEND
1. FP-3 =====

FP=3 LINE - Hoavy dashed line on map. Structures must be
pratected from wave activity in the FP-3 zone, located aseaward of
the FP~3 line. The FP«3 line would be near the landward limic of
wave uprush on an undevelaped beaeh or bluff during o storm.

2. OPDS —

OFDS LINE - Light dlashed line on map. The Ocean Protective
flevice Gtringline is the seaward limit bayond which protective
devices may not be conptructed. The senward edge of the crest of
o protective dovice may not extend seavard of the OFDS 1l4ine.

3. BREAKING WAVE CHARACTERISTICS

|— wave rﬁm:p elevation limit an a

raugh 1 on 1.5 {risefrun) sloped
revetment®

b rr— Ave TUNUp glevatton limir an a
smocth vertical deswall ot bulkhead*

depign breaking wave elevation*

*Above DCVD at the FP-~3 line considering 1984 conditiona

4. DEFINITIONS

BULKHEAD - A protective device designed as a pareition to retain
or prevent aliding of the land. A secondary purpose is to
protect the upland sgoinet damage from wave acticn.

DESIGN BREAKING WAVE ELEVATION - Highest elevaticn above OCVD
that wou e Impacted by wave forces breaking against a vertical
wall, 4f one exlsted, normal to the direction of wave approach.
The upper limit of brasking waves is a measure of wave action
‘based on a design wave and & deaign water depth condictien with a
opecified dasigh recurrence interval.

ORANGE COUNTY VERTICAL DATUM QDWD! = Vertical datum baased on
E2ant gea level and obtalned sbout every ten years through an
anslysls of 19 yoars of tide record. Tha OCVD rises or falle ae
the oean sea sufface along the Drnnin County coast fluctuatos,
Mean lowar low wator is approximately 2.83 feet bolow the OCVD.
Flevaticna of ntructurca and protective devices oust ha
referanced to the DCVD uaing Drange County benchoarks {BM'o).

The elevation of a BM with respect to the OCVD, and itas location,
can be obtained from the County publication titled "Orange County
Survayor, Verzical Control" (Environmental Management Agency).
Hapa showing the location of all County BM's can be found in &
correapending County publicetion titled '"Orange County SBurveysr,
Control Maps.'"

PROTEGTIVE DEVICE - A seawall, bulkhead, reverment or arrlfieial
dune deslgned to pratect n structure located 4in the €P-3 zone,
The design 1ife of a protective device, which zuat be aqual to or
sreater than 20 years, la the minimum period afrer conatructlon
uring which all major componaents of the device rerain their
functicnal and structural design capabilities.

BECIAENCE, INTERVAL ~ Time period during which one coantal design
event can Be expected to occur. Tha 100-yaar recurrence .
interval, which muat be umad for the design of structuras and
proteerive devices in Orange County, i the mtaciatical
probabilicy that one event that produces a limiting value of a
coastal phenomenon will oceur in 100 years, or that Lt has a one
percent peohabllicy of occurring in a single year. Recureénce
interval sshould not be confused with design 11fe which peferences
.an obgolute tise interval not a probabilistic valua,

REVETHENT - A  protective doviee copsiuting of a fecing of stone,
€oncrete, cant units, scc., bullt to protact a pedrp, embankeenr,
" ot styuctura againat orosion by wave action or correnta. .

AWNUE - The rush of water up a proteerive devica, beach, bluff
TAce or strueture on the breaking of a wave. The smount of runup
tn the vertical height above stillwater level that the rush of
water reaches. The wave runup elevation Limit La the highest
elevation that will be reached by the rush of water from a-
breaking wave when thar wave occurs during the design wave pvent
with the specified design recurrence. intarval. ‘'he highest .
elaevation subject to wetting by spray frew the design wave will °
‘be greater than the runup elevation. . .

SEAWALL «_h'prbtectiva device that nepulsrue.s lond and water .
areas,; primarily designed to prevent eresion and other damapge due
£o Wave action. : . .

STRUCTIME - A habitable dwelling, cabaona, garage, dock, reatroonm,
et&, | located in the ¥P-] zome. The denlgrs\ ll.sfa of the -
foundation of a atructure, which oust be equal te or greater than
30 yenrs, is the miniaum pericd after conatrucrion during which
&ll major components of the feundation system not protected by a
protective device retain thelr functicnal and atructural design

capabiliries.
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LEGEND
1. FP-3 =m===

FP-3 LINE ~ Heavy dashed line on map. Structures suat be
protected from weve sctivity io the FP-3 zons, located seaward of
the FP-3 line. The FP-3 1ine would be mesar the landwvard limit of
wave uprush on an undeveloped beach or bluff during a storm.

2, OPDS —

OPDS LINE ~ Light dashed line on map. The Otean Protective
Devico Stringline is the seaward limit beyond which protective
devicen may mot be constructed. The seaward edpe of the ecreat of
a protective device may not extend eeavard of the OPDS lina.

3. BREAKING WAVE CHARAGTERISTICS

I-— wave runup elavation limit on o,

rough 1 an 1.5 (rise/run) sloped
revetzent®

e waVe runup elevation limit on a
smooth vertical meawall or bulkhesd¥

deplgn broaking wave elevation®

*Above OCVD at the FP-3 line conaidering 1984 conditiona

4. DEFINITIONS

BULKHEAD = A protective device designed aa a parrition to retain
or prevent sliding of the land. A pecondary purpose in to
protect the upland sgeinst deamage from wave nctlon.

DESICH BREAKING WAVE ELEVATION - Highest elevation above OCVD
that would be Impacted By wave forces breaking sgainat a verticsl
wall, iE one exisged, normal to ehe direcrion of wave approach,
‘The upper limit of breaking waves is a measure of wave action
.baned on a design wave and & design water depth conditiop with a
apecified design recurrence interval.

ORANGE COUNTY VERTICAL DATUH (GCUD) - Vertical dagum based on
wean sea level and obtained about every ten years through an
analyais of 19 yasrs of ride record, The OCVD rises or falls as
the mean sen ourface along the Orange County coast fluctuatas.
Mean Iower low water s approximately 2.53 fect below the OCVD.
Elevations of structures and protective devicea must de
referenced to tha (CVP uaing Crange County benchmarks (DM'a).

The slevation of o BM with respect to the DCVD, and its locatiom,
can be obrainad from the County publicarlon titled "Orange County
Burveyor, Vertical Control" (Envircnmental Monngement Agency).
Maps showlng rhe location of all County EM's can be found in a
cnrrnugnm!lng County publicatian titled "Orange County Survayer,
Control Haps.'

PROTECTIVE DEVICE - A asawall, bulkhead, revetment or artificial
une designed to protect a structurs located inm the FP-3 zone.
The design Iifs of a protactive device, which muat be equal to or
reacer than 20 years, is the zinimum period after construction
guring which all major companents of the davice retnin thelr
functlonal and atruetural deaign capabilities.

- RECURRENCE INTERVAL - Time pe.riod during which one coastal deafgn

‘event can be expected te oécur, Tha 100-year recurrenco.
interval, which mugt be used for the design of aptructuraa and
protective davieces in Orange County, 1s the statistical . .
Pprobabllity that one event that produces a limiting value of a
coastal phencaenon will cceur 1n 100 yesrs, or that it has a one
percent probability of occurring in a aingla year. Recurrence
interval sshould not be confused with design 1ife which.rofersnces:
ay abgolute time interval nat a probabilistic value.

REVETHENT - A protective device cunniaéing of a facing of ul:on:l,
conerete, cast units, ete., builr to protect a dearp, cmbankwment,
or ptructure againet erosion by wave action or currents. * .

ANUP - The rush of water up & protective dovice, beach, biuff
face or atructure on the breahing of o wave. The amount of runup
1s the vertieal haight above stillwater level that the rush of
water reaches. The wave runup elevation limit ia the highest
elevatlan that will be reached by the rush of water from a
. breaking wave when that .wave occurs dering the deaign wave event
with the specified.design recurrence #nterval. The higheatr.
alavarlon subject to wetting by spray from the -desipgn wave will ~
be greater than the runup elevacion. ; .

BEAWALL - A protective devite that asparates lond apd water

to wave actien.

&Yeng, primarily designed fo preven: ermalon and other damage dus

STRUCTURE '~ A habitable dwelling, cabana, garage,; deck, rastroonm
ate, - Lecated in tho FP-3 nuue.s'ﬂm dasigg ll.%e'of the . '
foundation of a structura, which sust be equal to or greacar than
30 yesrs, 18 the minimum period afcer censtruction duripg which
all major componente nf the foundation a{ntcm not protected by a
procective davice zetain thefr functional and structural design
eapabilitien.
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LEGEND
1. FP-8 =====

FF-3 LINE - Heavy deshed line on map. Structures muat be
protocted from wave activity in the FP»3 rono, located seaward of
the FP-3 line. Tha FP-3 line would be near the landward limit of
wave upruzh on an undeveloped beach or bluff during a storm.

2. OPDS
OPDS LINE « Light deashed line on map. The Ocean Protective
Device Stringline ia the seaward limir beyond whieh protective

devices may not be canatructed. The seawvard edge of the crest of
& protective device may not extend seaward of che OPDS line.

3. BREAKING WAVE CHARACTERISTICS

'—— wave Tumup elevatlon limit on o,

rough 1 on 1.5 (rlse/run) sloped
revormant®

e rr——— ave runup elevation limit on a
srcoth vertical seawall or bulkhead®

dealgn breaking wave elevacion¥

*Above OCYD at the FP~3 line considering 1984 conditions

4. DEFINITIONS

BULKHEAD - A protective devics designed as a partition to retain
or prevent sliding of the land. A secondsry purpose 1a to
protect the uplond against damage From wave action.

DESIGH DREAKING WAVE ELEVATION - Highest elevation above DCVD

3 WO, e Impacted by Wave farces bresking ogainat a vertical
wall, if one existad, normal ta the direction of wave approach.
The upper limit of breaking waves 1a a meanure of wave action
-baged on a deslpn wave apd a deslgn vater depth conditien with a
apecifiad design recurrence interval.

ORANGE COUNTY VERTICAL DATUM {0CVD) - Vertical datum based on
maan géa level and obtalned about every ten years through an
analysls of 19 yeara of tide record, ‘The OGVD risen or fallm as
tho mean aoa surfface along the Orange County coapt Fluctuatms.
Hean lower low water is npproxinntnq 2.83 feer below the OCVD.
Elevations of structures and protective devices must be
referenced to the OCYD ualng Orangs County benchwmarks (BH'a),

The elevation of a BM with respect to the OCVD, and ite lacatian,
can be obtained from the County publication titled "Orange County
Surveyor, Vartieal Control" (Environmental Mansgement Agency).
Mapa showlng the lacation of all County BM'a can be faund in a
carresponding County publication titled "Orange County Surveyor,
Control Maps."

PROTECTIVE DEVICE - A gaswall, bulkhead, revetment or artificisl
une depipned to protect a structure located in the FP-3 zona.
The design life of & procective dovice, which must be equal to or
§reacar than 20 years, is the olpimuz perlod after counstruction
uring which all major components of the device retain their
functlonal and structural design capahilities.

BECURRENCE INTERVAL - Time pericd during which ono coastal denign
event can be expacted to ocgur. Tha 100-year recurrence
intarval, which sust be used for tha domign of atructurcs and
protective deviees fn Orange County, is the staciatteal
probablliry that one avent that praduces a limiting value of a
constal phenomenon will oceur in 100 yeara, or that it has a one
percent probability of occurring in a eingle year, Recurrénce -
Anterval vahould not be confused with deaipn 1ife which referencea
" an abeolute tixze fnterval not & probabllistic valua.

REVETHENT = A protective device cnnni.stins‘of a faelng af atone, .

eonerete, qapt units, etec., budlt to protect a scarp, esbankment ,
ar atructure againat eroaian by wave action or currents. - :

BUNUE = The rush of water up-a protective device, beach, bluff
face or etructure on the bresking of a wave. The ampunt of runup
is the vertical height above scillwater level that the rush of
water reaches. The wave runup elevation limit ts the highest
elevation that will be reached by the rush of water from a
breaking wave when that wave occurs durfng the design wave evenc
 with the specified doalgn recurrence interval. . The nighest '
elavation subject to wetting by spray from the denign wave will
be greater than the runup elevation, '

| SEAVALL - A prntnc-cl\fa device that separates Land and water
areda, privarily designed to prevent eromian and orhec damage due
to wave action. E . : - .

STRUCTURE - A habltable dwelling, cabana, garsge, deek, restroom,
cte.) Tocated in the FP-3 zone. The deaign 1ife of the
foundagion of a atructure, which oust be equal to or greater than
- 30 yasrs, 13 the minloum period after comstructian during which
all ma)or compononts of che faundation s{ tem not protected by a
. protective device retain thefr functional and artruceural design
capabilitics. . T :
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LEGEND

1. FP-8 =====

FP-3 LINE - fleavy daghed line on map. Structures muat be
protectad from wove activity in the FP-1 zoma, located seaward of
the FP-3 line. The FP-3 line would be neat the landward llmit af
wave uprush on an undevelopad beach or bluff during a storm.

2. OPDS§ ——

UBDS LINE - Lighe dashed lino on map- The Ocean Protectlve
Dovice Stringlinc is the geawdard limit beyond which protective
devices may not be conatructed. The seaward edﬁe of the crest of
a protective device may not cxtend aesward of the OPDS lipe.

3. BREAKING. WAVE CHARACTERISTICS

L— wave tunup ¢levatien limir on o,

rough 1 on 1.5 (rime/run) nleped
Tevetment

e winve runup @levation limit on &
smooth vertical seawall or bulkhoad*

design bresking wave elevation¥

*Above OCVD at the FP-3 line considering 1984 conditions

4. DEFINITIONS

BULKHEAD - A protactive device dealgned as a portition to retain
or prevent sliding of rhe land, A secandary purpore la to
protect the upland agailnst demage from wave actlon.

DESION BREAKING WAVE ELEVATION = Highest elevation above OCVD
that would be impacted by wave forces breaking against a vertical
wall, if one exlated, normal to the direction of wave approach.
The upper limir of broaking waves is s weagsure of wave action
.baged on a dosign wave and a deaipn warer depth condition with s
specified dealign recurrence interval.

ORANGE COUNTY VERTICAL DATUM (OCVD) = Vercical datum bassd on
mesn pea level and obtalned about every ten years through an
analyais of 19 years of tide vecord. The OCVD rises or falls as
the mean ses gurface along the Orange County caast fluctuates.
Yean lower low water ig approximately 2.8 fost belew tha OCVD.
Elcvatlons of gtructures and protactlve devices must be
veforanced to the OCVD uaing Orange County benchmarks (BM'a).

The elevarion of a BM with respect to the OCYD, and its location,
can be cbtainad from the County publication titled "Orange County
Surveyer, Vertlcal Control" {Enviranmental Management Ageney).
Hapn showing the location af all County BM's can be found in o
correspanding County publicatfon titled "Oranga County Burveyor,
Control Maps.'

PROTECTIVE DEVICE - A meawall, bulkhend, revetment or artificilal
dune designed ta protect a structure located in the FP-1 zame.
The design life of a protectiva devise, which muat be equal to or
Eren:ar than 20 years, ia tho minimum period after conacruction
uring which all major components of t:ge dovice retain their
Functlonal and structural design capabilicles.

RECIRRENCE INTERVAL - Time perlod .during which one coastal dealg
avent can ba expected to occur.. The 100-ypar recurrance .
{nterval, ‘which must be used far tha design of struetures and
protectfve davices in Orange County, is the sratistical
.probabllicy chae ene event that p:nciucnn a liofting value of a
coastal phenomenon will cccur in 100 years, or that it hos a ona
percent probabllity of occurring in a single year. Racurrence

. lneervalsghould not be confuaed wieh depign 1ife which reforences
an sbsoluta time Inrerval not & probabilistic valua. : ..

REVETHENT - A'prntective device consisting of a facing of scone,
concrete, cast units, etc., bulle ro protect a ‘scarp, ecbankzent,
or sttucturs against erosion by wove action or currents.

RMUP = The riush of water up a protectiva device, beach, bluff
Face or atrueture on the bronking of a wave., The amount of runup
i the vertical haight sbpve srillwacor level that the rush of
water reaches. The wave runup elevation limit fs the highest
aelevation chat will be roached by the rush of water from a
breaking wave when that wave occure during the deaign wave aevent
with the specified deslgn recurrence interval. The higheat
alevation subject to wetting by espray from the design wave will
be greator than the runup elevacrion: . .

BEAWALL -~ A pmte:tive dovice that separates .Iland and water

' areas,, ptimarily dedigned to prevent ercalon and other damage dua

te wave ackion,

STRUCTURE - ‘A habitable dwelling, cabana, garage, deck, reskroom,
etc,, located in the FP=3 zmie.g Tha. dealgn 1ife of the
fnuntfat.l.un of a structure, which must be cqual to or greater than
30 years, is the minimum perfod after comntructian during which
all major companents of the foundation aystem not protected by a
.protoctive device retain their fun::innn{ and arructural design

capabilities. -
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2. OPDS

LEGEND
1. FP-3 ===-= N

FP-] LINE - Heavy dashed line on map. Structuras must be
protected frozm wave activity in che ¥P-3 cone, located seawsard of
the PP-3 line. ‘The ¥P-3 line would ba near the lamdweyd 1imir of
wave aprush on an undeveloped beach or bluff during a storm.

OPDS LIKE - Light dashed line on pap. The Ogean Protective
Davice Grringline is the aeaward limit beyond which pretective
devices mey not be copsrructed, The seaward edge of the erest of
2 proteerive dovice may not extend seaward of the OPDS lina.

3. BREAKING WAVE CHARACTERISTICS

|— wave runup elovatien limit on a

eough 1 on 1.5 {riee/run} aloped
ravetzant¥

St wiave Tunup elevation lioit on a
gnosth vertical seawall ar bulkhead®

deaign breaking wave elavation*

*Above OCVD at the FP-3 line conaldering 1984 conditicna

4. DEFINITIONS

BULKHEAD - A protective device designed as n partition to rotain
or prevent aliding of the land. A secondary purposa is to
protect the upland againsc davage from wave actlonm.

DESIGN BREAKING WAVE ELEVATION - Highest clevation above OCVD
ERat wou. e [mpacted by wave forces hreaking against s vercieal
wall, Lf one exinted, morwal o ehe direction of wave approach.
The upper limit of breaking waves Lo a weasure of wave sctign
-based on n deaign wave and s design water depth conditton with a
specifiod deaign recurrence interval,

ORANGE. COUNTY VERTICAL DATUK {OCVD) - Vartical datum based on

mean acAa jevel and obtalned about avery

ten years through an

analyels of 19 years of tide record.

The OCVD risen or £alls as

the hean des sufface along the Orange County conat fluctuates.

Mean lowar low water is .appraximate

2.83 feot belaw the OCVD,

Elevations of structures and procective devices must be
refarenced fo the OCVD uding Crange County benchmarks (BM'a),

The clevation of a BM with reapect to the OCYD, and its location,
can be ohtained from the County publication titled "Urange County
Surveyor, Vertleal Control” (Environmental Managemane Agoncy) .
Wapa ahowing the location of all County BM's can be found in a
correaponding County publieation titled "Orange County Surveyor,
Control Maps."

PROTECTIVE DEVICE - A acawall, bulkhend, revetment or artificial
dune designed to protoct & struckure located in tha FP-3 zone,
The deoign life of a proteccive device, which must be equal to or
gna:ar chan 20 years, 18 the minioum perfod aFter econatruction
uring whieh all ‘major coampanents of the daviee retaln their
functional and etructural deasign eapabllicies.

RECURRENCE INTERVAL - Time periocd during which one coastal deaign
aevent can be axpectad to secur, The 100-year recurrence
interval, which muat be used for the design of structures and
proteceive devices in Crange County, {m the atatiattcal
probability cthat one ovent that prmlucu & limitlng value of a
caantal phenomenon will occur in 100 years, ar that it hes a ane
percent probabilicy of occurring in a single year. Recurrence
iaterval sghould not be confused with deaign 11fo which references
an abpolute time interval not a probabiligeis value.

HEVETMENT - A protective device consisting of a facing oE.atone,'
conefeta, cnat unita, etc., bulle fo protect a scarp, embankment,
or gtructure againet eroslon by wave asction or curtents.

RUNUP - The raoh of water up o protective device, beach, bLuff
face or atructure an the bresking of a wave. Tho omount af TURLp
Ls the vertical height ahove stillwnter level that the rush of
‘water reaches. The wave rupup slevotfon limit 15 the highast
elevation that will be reached by the rush of water frow o
bresking wave whon that wave occurs during the design wave event
with tho gpeciffed dealgn recutrrence Interval, The highest
alevatlon sublect to wetting by epray Erom the design wave will
be greater than che runup etavatfon. - . A

- SEAWALL - A protactive davi;l:e that meparates land and wacar

areds, primarily designed to prevent erosion and other damage due ’

to- wave. action.

STRUCTURE -'A hnbitable dwelling, cabann, garage, deck, restroom,
.@Et., Iocated in the FP-1 zono. The design 1ife of the : -
foundarion of a atructure, which pust be aqual to or greater than
30 yeaza, iz the minimum period after construction during which
all ‘najor components of the foundation system not protected by a
protactive device retain their fun:t:tunu{ and structural dealgn
capahflicien.
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| LEGEND
1. FP—3 =====

EP=3 LIME - Heavy dashed line on map. Structures must be
—_ protectad from wave aecivity in the FP=3 zone, locared seaward of
the FP-3 line. The FP-3 life would be near the landward limit of
wave uprush on an undevoloped beach or bluff during a storm.
-

2. OPDS —

OPDS LINE - Light dashed line on map. The Dcoan Protective
Davlcs Btringline 1o the seaward lisit bayond which procective
devicen wmay not be construcced. The spaward odge of tho creat of
a protective device may not extend ssavard of the OFD8 line.

¢’ 3. BREAKING WAVE CHARACTERISTICS

L wave runup elevaticn limit om a

rough 1 on 1.5 (rise/run) sloped
ravetsant®

bttt wave runup elevation limit on a
amooth vartlcal seawnll or bulkhead¥

denign breaking wave clevation®

*Above OCYD at the FE-3 line considering 1984 conditlons

4. DEFINITIONS

i BULKHEAD - A protective device desipned s a partltion to retaln
! or prevent sliding of the land. A seeondary purpose 1s to
| protect the upland against damage from wave action.

DESIGN BREAKING WAVE ELEVATION - Higheat elevation above OCVD
Ehat wou e Impacted by wave forces breaking againat a vertical
wall, if one extoted, normal to the directien of wave approach.
The upper Iimit of breaking waves Ls n measura of wave action
.based on n design wave and a design water depth copdieion with a
apecified desipn recurrence interval.

f ORANGE GOURTY VERTICAL DATUM gDCVDt - Vertical datuxz bpsad on
mean sea level and obtnined ohout svery ten yeara through an
analysls of 19 yeara of tide record. The OCYD rises or falle as
the mean sea surface alonp the Orunis County coast fluctuates.
Mean lower low water ts approximately 2.83 feet belaw the OCVD.
Elevaticns of structures and protective devices oust be
referenced to the OCVD using Orange County benchmarke (BY'u).

The elevation of a IM with respect to the OCVD, and iecs locatlon,
can be obrained from the County publication tirlad “Orange County
Surveyor, Vertical Conerol® (Environmental Menagemant Agency).
Maps showing tha location of mll County BM's can bo found in a
corresponding County publicatien titled "Orange County Surveyor,
Control Maps."

PROTECTIVE DEVICE - A seawsll, bulkhead, revetment or arcificiasl
H dune designed to protect o atructure located in the FP-3 zome,

' The design 1life og a protective device, which must be equal to or
renter than 20 yeara, Lo the minimun perlcd after construetion
guring which all ‘major companepta of the device ratain thelr
functiopal ond structural design capabilities.

RECURRENCE INTEAVAL » Time period during which one conntal desig
wuant can be expocted to accur. The 100-year reeurrence -
interval, which must e uwaed for the design of structures and
protective devices in Drange County, la tho atatistical
probability that one event thac produces a limiting value of o
eoastal phanazenon will oscur in 100 yemrs, or.that it haa a one
percant probabllity of cecurring im o single yoar. Recurrence =
interval sshould nat be confused with design 11fe which references
an absolute time interval not s probabilistie value. .

REVETHENT - A protective device consisting of a faedng of atone,
goncrete, cast units, etc., bullt to-prstect.a acarp, embankment,
or atructure againat. erosion by wave action or currente. -

RUNUE ~ The rush of water up a protective devica, baach, bluff
face or struceure on the hreakling of a wave. The amount of runup
is che vercical heighs abevo acillwacer level that the rush of
water raaches. The wave runup elevation limit is the highest
elavacion that w11l be reached by the rush of water from a
brasking wave when that wave occurs during the design wave.event

~with the speciffed design recurzence Interval, The Eigheet

- olevation mublact to wetting by opray Erom the deslgn wave wviil
be gresater.than the runup elavacion. . .

SEAWALL - A protoctive device that separatea land and water )
. arees, primarily designed to prevent eraslon and orher damage due
- .. to wave .action. ' . .

SIRUCTURE - A habltable dwelling, cabana, garage, deck, reatroom,
stc., located in the FP=] ‘zone. The 'deaigﬁ life of the ’
foundation of a structure, which must be equal to or greater than
30 years, if the oinimum pericd aftor construction during which
— i all ‘pater components of the foundation system por protacted by a
pratective device retain their functional nnd atructural design.

capabilitfea.
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LEGEND S
1. FP-3 mmu=-

FP-31 LINE - Heavy daohed line on wmap, Structures muat be

- protected from wave activity in tho FP-3 zone, located peaward of
the FP-3 line, The FP-3 line would be neor the landward limit of
wave uprush on aw undeveloped heach ar bluff during o storm.

2. OPDS§ — ‘

OPDS LINE - Light dashed line on map. The Ocean Protective
Deviee Stringline ia the seaward limit beyond which protective
devlecn mey not be comstructed. ‘The seawssd edge of the crest of
a procective davice may not extend seavard of the OPPS line.

3. BREAKING WAVE CHARACTERISTICS

I— wave runup elovation 1imit on a.

rough 1 on 1.5 (rise/run) sloped
revetzonck

—— MAVE TUAUR olevation lizit oo a
smooth vertieal seawall ar bulkhead¥

deslgn breaking wave elevation®

*Abave OUYD at the FP-3 1lne comsidering 1984 condicionn

4. DEFINITIONS

BULKHEAD - A protective device designod as a partition to retain
or prevent sliding of the land. A pecopdary purpose s to
protect the upland apeinst damaga from wave actlon.

DESIGN BREAKING WAVE ELEVATION - Highest elevation above OCVD
thar would be lopacted by wave forces bresking against n verclcal
wall, 1f one oxiated, normal to the diraction af wave approach.
The upper limit of breaking waves 11 a measure of wave action
.based on a design wave and a design wator depth condition with o
specified design recurrence interval.

ORANGE COUNTY VERTICAL DATUM {OCVD) - Vertical datum based on
mesan oea lavel and obtalned absut cvery ten years through an
analysis of 19 years of tide record. Tha OCVD riases or falle as
the mean sea surface along the Orange County coedt Fluctuates,
Mean lower low water is approximately Z.83 Teet below the OCVD.
Flevationa of structurcs and protective devices must be
referanced to the OCVD using Orange County benchmarks (BM's).

The elevation of a BM with respect to the OCVD, aod its location,
can be obtained From che County publicagion pirled "Orange Councy
Surveyor, Vertical Control" (Environmental Management Agency) .
Maps showing the lecatien of all County BEM'a cen be found in a
eotreaponding County publlcatlon titled “Orango County Surveyor,
Cantrol Maps."

PROTECTIVE DEVICE - A gseawnll, bulkhend, revetment or artiflcial
durc doalgned te protect a structure located in the FP-3 rone.
Tha design life of a protective device, which must be equal to or
reater than 20 years, {s the ninimun period afeer conacruction
uring which all major components of the davice retain their
functional and structural deaign eapabllicies.

RECURRENCE INTERVAL ~ Time period during which one ccastal deaign
event caAn be expected to occur. The l00-year recurrence

intarval, which eust be used Eor the deaign of atructuraes and
protective devices fn Oranpe County, is the atstistical
probabllity that one event that proéncna a limiting value of a
coastal phenomencn will cccur in 100 years, ar that ir has a one .
percent probability of occurring in & ningle year. Recurrence
fnterval sahould not be confused with design life which referoncas

. an abaolute timo interval not a probabliistic value. .

REVETHENT - A protective device conainting of a facing of atane,
concrete, cast unita, ete., bullt eo protect a eearp, ecbankment,
or structure against ercalon by wave action or currenta.

MUSUE - The rush of water up a protective device, beach, bluff |
face or structure on the breaking of & wava. - The amount of runup
i the vertical height above stillwater level chat the rush of
water reaches. The wave runup elevation limit iz tha highaast.
elevation that will be .reached by the rush of water froz a
breaking wave when that wave cccurs during the. desigh wave event
with the specified design recurrence interval. ‘the highest
elevacion subjeet to wecteing by apray fram the design wave will
be greater than the runup elevation. L - ' . o

SﬁAHALL - A protective da'\;lce- that separates lnnd.and' wotar
drean, primarily designed to prevent ercsion and other damage due
to wave actlom. o .

STRUCTURE = A habltsble dwelling, cabsana, garage, deck, restroom,
#tc.; Ipcated in the FP-3 :.r:ne.B The deuigg 1ife of the
foundation of a structure, which aust be equal to or greater than
. 30 years, iz the minioum period after comstruction during which
- all major £ ehe foundation system not protncted by a

o
protactive device retain their functionsl and etructural deaign

capabilities.
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LEGEND e o
1. FP=8 ==m== - NG = ML antie 8 o Y

FP=3 LIKE -.Heavy daghed iine on map. Scructures must be
protected from wave activity in the FP-3 zone, located sesward of
the FP-3 line. ‘The FP-3 line would bs pea the landward limit of
wave uprush on an undeveloped beach or bluff during a storm.

TOPOGRAPHIC MAZ  SYMBOLS

HORIZONTAL  AND vERITICA
CONTROL POINT "

HORIZONTAL CONTROL POINT

VERTICAL CONTROL FOINT

2. OPDS —— OBSCUMED CONTAURS

OFDS LINE = Lighe dashed line on map. The Ocean Protective
Device Stringline L& the seaward limit.beyond which protective
devices may not be consrructed. The peaward adge of the crest of
o protective device ony nat extend seaward of the OPDS line.

W CEPRESSIGN  CONTOURS

21235 SPOT ELEVATIONS
. v

3. BREAKING WAVE CHARACTERISTICS

' I— wava runup elavatlen limit cn a

zough 1 on 1.5 (rlese/run) sloped
revetment®

———r—— wgte runup elevatien limit on a
smooth vertical seawall or bulkhead®

design breaking wave elevation¥

*Above OCVD at the FP-3 line considering 1984 conditiona

i

4. DEFINITIONS

BULKHEAD - A protective dovice designed ms a partition to retain
ar prevent sliding of the land. A secondgry purpose ia ta
protact the upland againet demage from wave action.

ST

DESIGN BREAKING WAVE ELEVATION - Highest elevation above OCVD
That wou e Impacted by wave forces breaking againsc a vertical
wall, £f one existed, normal ro the direction of wave approach.
Tha uppar limikt of breaking waves la o asasure of wave sction
-baged on & design weve and a design water depth condition with a
speeified deaign recurrence interval.

ORANGE COUNTY VERTICAL DATDM {OCVD} - Vertical datum basad on
mean sea levol and obtained about every ten years threugh an
onalyals of 19 years of tide reeccd. The OCVD risos or £ally aa
the dean sea sufface along the Orange County coast Fluctuates,
Mean lower low water ia approximately 2.81 feet below the OCVD.
Elevarions of structures and protective devicea must be
referenced to the OCVD using Crange County benchmarks (BM'a).
The elevation of a BN with respect to the OCVD, and ita locatlon,
can be cbtained from the County publicacion ticled "Orange County
Surveyor, Vertlcal Control" {Environmental Management Agency).
YHaps showing tha locaticn of all County BM's can ba found it a
carreaponding County publication ricled YOrangs County Surveyor,
Control Mape."

SHEET INDE X

MATCH TQ SHEET

PROTECTIVE DEVICE - A meawall, bulkhead, revetmear or arttficial
uneg designed to proteet a scrueture located in the FP-3 zone.
The dasign 1ife of a protective device, which muat ba equal te or

sreater than .20 years, 15 the oinimum perlod after construction = -_._________ o
uring vhich all ma)or compements of the device retain their ks T -*
oy,

* functional and structural design capabilitics. . .":i“,!g_ - - i .. s | y ) g _ - i i Z e 3 - i .
RECURRENCE INTERVAL - Tlme perdod during which one ccastal design y ! '} p . : g . _ : T ; -
evant can be axpected to occur. The 100-yaar recurronce . :
interval, which must be used for tho design of arrueturea and
pratective devices in Orange County, is the stariasrical
probability that one event that produces a limiting value of a
coastal phenomencn will occur in 100 years, or that it has a.one
percent probability of occurring in a single year.  Recurrence
interval should not be canfused with deaign 1ife which rofurences
. an shaolute time interval nat a probabllistic value, -

REVETHENT - A protective device constoting of a focing of prone,
cancrete, cest unita, ete., bullt to protect a mearp, embankmentc,
or atructure against erosion by wave actien or currents,

RWUP - The rush of water up a protective device, beach, bluff

Tace or mtructure an the brazking of a wave. The Amount of TUnUp . -
ie the vertical height sbove stillwater level that the rush of
water raachen. The wave runup eloevarien limit i{s the higheat
elavation that will be reached by the rush of wates from a

broaking wave when that wave oceurs during the dasign wave event
with the specified design recurrence interval. The highest
elevation wubject to wetting by spray from che donign wave will

be greater than the rusup elevation. T

MR
CONTOGR - ELE4OT IGN
S REON VE DR
CEUNTY SURVEYOW |

N

_SEAHALL"— A protective doviee that separates land and water T iNe
&) LoLhreN

arens, primarily designed to prevent erosion and other damage due
to wave. action. - - . L .

ORANGE
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1" CARPISTRANO BERCH

ERY R

STRUCTURE ~ A habitable dwelling, cabana, garage, deck,. reatroam,
eta., located in the FP-3 zona. The daalign life of the ' .
foundation of a structure, which oust be equal to or grester than
30 years, iz the minioun perlod after construetlon during which
all major componants of the faundation n{n:en nok protected by a
protective device tatain their functional and:seructural design
capatilities. R - B L
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DATE: May 29, 1985
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10! ; b}(stri—}aution List DEPT/DIST:

' . 3
FROM: g J?rr% Stexrling, Sr. Engineer/Grading Section ‘ PHONE NO.:_ 472-7943
SUBJECT: ﬂ?naf Flood Plain Mapping

Attached are copies of the final Flood Plain Maps (1" = 200') reflect FP-3 Line
and the protective device String Line. Please disregard and destroy any copies
of the draft mapping in your possession.

Copies of the maps in 1" = 100' scale are available in Central Files should you
have need for the larger scale.

Should you have need for additional information do not hesitate to call me at
any time. .

JDS: b
Attachment 1" = 200' FP-3 Mapping

Digtribution List

Floyd McLellan ‘ Deveopment Services
George Britton Project Planning
Ken Winter ’ Project Planning
Ken R, Smith Transportation/Flood
Vince Rosales ' Design
Gary Gray Public Work Oper.
Marti Maram "Project Planning
Mark Smiley - Transportation/Flood
Ray Chaera Transportation/Flood
Patricia Shoemaker Project Planning
Henry Hallgarten Building Plan Check
Jim Miller Grading Section
Gary Shelton Orange County Surveyor
Wendell Hartman Construction Division
Francisco Alonso Design C
Sam Haina Building Plan Check
Charlie Lee Streets/Drainage
Hany S. Henein - Streets/Drainage
Sara Bavan Streets/Drainage
Charles F, Sadler Building Plan Check
Bill Damico Building Plan Check
Jim Johansen . EMA/Design
Jim Williams EMA/Design
Henry H. Ruley ' Building Plan Check
Bill Zaun Director/Regulations
bBonald Cotner Building Plan Check
Ken E. Smith Flood Design

v’boug Crouse Suibdivision Division

Joe Natsuhara Public Works Design C
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