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GEOTECHNICAL REPORT
THE INN AT SUNSET CLIFFS
SAN DIEGO, CALIFORNIA

1

INTRODUCTION AND PROJECT DESCRIPTION

The Inn at Sunset Cliffs (The Inn) is located at the southwest corner of Sunset Cliffs
Boulevard and Point Loma Avenue within the community of Ocean Beach in San Diego,
California (Vicinity Map, Figure 1). The Inn is further located within the Sunset Cliffs area
of San Diego, and specifically within the City’s Sunset Cliffs Shoreline and Upper Cliff
Stabilization Project; Document No. 76649.
This project has been revised to move the seawall to the eastern, or land side, of the existing
lower concrete deck in order to eliminate past concerns over the possible absence of
necessary permits for the construction of the original deck, which was likely constructed in
the early to mid-1970s. The more landward location of the now proposed project also
simplifies the construction of the secant pile wall, eliminating most if not all of the debris
that the overlapping drilled piers would extend through, while at the same time potentially
providing new low-tide habitat after the 67-year-old seawall and its associated backfill are
removed. The currently proposed project has been designed to simplify project approval
through both the City of San Diego and the California Coastal Commission.
The proposed tied-back secant pile wall project consists of overlapping drilled piers with
alternate piers reinforced with a higher strength concrete to provide structural capacity.
Tieback anchors will be centered in every third non-reinforced drilled pier. The secant pile
walls would be constructed landward and along the eastern edge of the existing lower deck.
The exposed wall surface would be architecturally carved and colored to resemble the
adjacent natural geologic exposures and adjacent walls to the north. All existing walls,
debris, and concrete stairs, slab and infill seaward of the proposed wall would be removed to
potentially create some low-tide habitat at the base of the new wall. Any Bay Point
Formation exposed at the base of the wall during construction would be allowed to erode
naturally. Additional architectural surface may be applied as this erosion progresses to a
critical point.
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2

GENERAL SITE CONDITIONS

2.1

Existing Improvements

The subject site is bounded by Sunset Cliffs Boulevard on the east, Point Loma Avenue on
the north, private development to the south, and coastal bluffs fronting the Pacific Ocean on
the west. Improvements at the subject site include two 2-story commercial buildings, and a
swimming pool situated between the buildings, all of which are located at street level, as
shown on the Site Map (Figure 2). Additionally, a lower level concrete deck, accessible by
stairway, is located west of the buildings and swimming pool, and is bound on the west by an
existing aging seawall. The seawall is variable in height and consists of an original masonry
block wall supported by a cast-in-place concrete foundation. Several additional foundations
and concrete panels have been incorporated as repairs over the past 30+ years.
We have reviewed several historical photos dating back to 1939. The below 1953 aerial
photo shows The Inn under construction and the seawall and lower viewing area constructed
concurrently (Photo 1). Thus, all of the existing improvements pre-date the California
Coastal Act.

Photo 1

1953 Aerial
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Photos taken from 1978 through 1982 during the construction of the Sunset Cliffs Shoreline
Stabilization Project show the lower cliff-forming bedrock unit (Photos 2 and 3), the top of
which is estimated to be near elevation +5 to +12 feet (MSL), on top of which the variable
height masonry block wall was constructed in 1953. Although relatively erosion-resistant,
marine erosion has continued to cause the lower cliff-forming geologic unit to retreat,
undermining the existing wall foundation in 1990, in 2003, 2015, and again in 2018, causing
the localized loss of wall backfill and necessitating the previously described foundation/wall
maintenance.
Naturally occurring fractures in this lower bedrock unit typically result in differential erosion
and the formation of surge channels, which, over time, can undermine existing foundations
and eventually breach a seawall, creating a void in the backfill behind the wall. This
occurred in 1990, 2003, 2015, and again in 2018, and is typical of many of the older seawalls
along the Point Loma coastline that, after several decades, have become undermined,
eventually resulting in the loss of wall backfill and, worst case, failure of the wall.

Photo 2

Photo Date: 1982

K:\23\2317\2317 TCG Reports\2317-01 R09 Geotechnical Report_Secant Wall.doc

PROJECT DESIGN CONSULTANTS
Project No. 2317-01

Photo 3

2.2

December 24, 2020
Page 4

Photo Date: 1982

Geologic Setting

Point Loma is a 6-mile-long peninsular promontory (Photo 4), extending southerly from the
low land adjacent to the mouth of the San Diego River. The Point Loma coastal bluffs are
bordered by a narrow wave-abraded Quaternary-age terrace or bench, with elevations ranging
from 25 to 95 feet MSL. Wave impact erosion has etched out the less resistant rock along
faults and fractures in the coastal bluff, creating the shallow coves and sea caves that
punctuate the Point Loma coastline. The more resistant rocks of the Point Loma Formation
form the lower cliffed section of the coastal bluff and shore platform, which extends seaward.
The relatively flat surface of the modern-day abrasion platform is interrupted by isolated
remnants of more erosion-resistant rock, which have formed “sea stacks” and topographic
highs. Further seaward, the abrasion platform becomes progressively deeper, and is locally
incised by surge channels formed along the trends of major joint sets or faults.
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Photo Date: 1974

Small pocket beaches exist in areas where sufficient sand is available. However, since the
storms in 1980, little sand has existed within the pocket beaches adjacent the site, thereby
exposing the bedrock shore platform, which comprises the gently seaward sloping sea floor
fronting the site.
2.3

Subsurface Conditions

Two geologic formations are present in the general area of The Inn. The Point Loma
Formation is a member of the 70 to 80 million year old Cretaceous-age Rosario Group,
which extends from southern San Diego County to northern Baja, California. The
Quaternary terrace deposits, which forms the upper coastal bluff terrace deposits, consists of
both marine and non-marine, poorly consolidated, fine- and medium-grained, red to pale
brown, fossiliferous sandstone. Minor deposits of local overburden soils include colluvium
and artificial fill soils. The following paragraphs describe these geologic units from oldest to
youngest. The local (site) geology is presented in geologic cross section view through the
site on Figures 3A through 5B.
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Point Loma Formation:
The Cretaceous-age Point Loma Formation is an
approximately 900-foot-thick sedimentary rock layer that discontinuously crops out
in coastal areas of northern Baja, California to as far north as Carlsbad (Kennedy,
1975). At the site, it forms the lower, more resistant parts of the sea cliff. This
geologic unit generally dips to the northeast, and also comprises the gently seawardsloping seafloor adjacent the wall. The foreshore slope in this area is on the order of
1 in 60.
The Point Loma Formation consists of well-indurated marine sediments deposited by
an offshore and deep-water submarine fan. Exposures of the Point Loma Formation
in the sea cliff generally consist of a massive, well indurated, dark gray siltstone, with
coarse to medium “gritty” sandstone and partially-cemented siltstone interbeds.
Although the Point Loma Formation is generally very resistant to wave erosion, some
of the highly-fractured shale interbeds, especially those containing significant
amounts of clay, have been subjected to accelerated wave erosion, resulting in
upwards of 10+ feet of sea cliff retreat at adjacent properties.
Old Paralic Deposits: Previously referred to as the Bay Point Formation, this unit is
approximately 13± feet in thickness in the site vicinity, and forms the upper sloping
part of the coastal bluff above approximate elevation 12 feet (MSLD). The Bay Point
Formation is a Pleistocene-age (approximately 120,000 years old) terrace deposit that
consists of nearshore marine, poorly-consolidated, fine- to medium-grained sandstone
considerably more susceptible to erosion than the underlying Point Loma Formation.
The contact between the Point Loma Formation and the Bay Point Formation is
concealed by the existing wall at this location. At adjacent sites, and presumably
behind the wall, the Bay Point Formation extends to the bluff top near elevation 25
feet, with slope inclinations generally ranging from 40 to 60 degrees from the
horizontal and locally near vertical.
More contemporary mapping has broken the Bay Point Formation into smaller
distinct units (Figure 6). The current “Geologic Map of the San Diego 30’ x 60’
Quadrangle” identifies this formational unit as “Old Paralic Deposits” (QOP6, middle
to late Pleistocene), consisting of mostly poorly sorted, moderately permeable,
reddish-brown, interfingered strandline, beach, estuarine and colluvial deposits
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composed of siltstone, sandstone, and conglomerate, resting on the 22 m to 23 m
Nestor Terrace.
The Bay Point Formation may form at least a small part of the sloping portion of the
bluff exposed between the lower viewing deck and the bluff-top deck. However, on
site, most, if not all, of the slope is covered by a thin mantle of sandy fill soils.
2.4

Geologic Structure

The Point Loma coastline has been affected by regional tectonic forces, by the Rose Canyon
fault zone, and by tectonic regimes, which pre-date the Rose Canyon fault zone (Fischer and
Mills, 1991; Greene and Kennedy, 1981). Coastal warping associated with the current
tectonic regime has gently tilted the bedding and shore platform approximately 2 to 6 degrees
to the northeast. Episodes of faulting and long-continued tectonic stresses have resulted in
literally thousands of visible joints, fractures, and shear zones having both micro- and largescale variations in erosion potential that also predominantly trend in a northeast direction.
2.5

Groundwater

Localized seepage was observed nearby in both the sea coves and sea caves. The
groundwater typically migrates through the permeable joints and fractures within the Point
Loma Formation. As the water migrates through these joints and fractures, the cementing
agents within the rock are partially dissolved, further weakening the rock along the joint or
fracture.
A contributor to the erosion of coastal bluffs is the flow of groundwater along the contact
between the relatively pervious, moderately-consolidated coastal terrace deposits, and the
well-consolidated, less pervious, Cretaceous formations that form the lower sea cliffs. The
likely sources of this groundwater are: 1) natural groundwater migration from highland areas
to the east of the terrace, and 2) infiltration of the terrace surface by rainfall, and by
agricultural and residential irrigation water. Typically, the volume of groundwater exiting
the bluff face in the site area varies from location to location, and between seasons, even
during drought years.
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Groundwater seepage exiting the bluff face on top of the Cretaceous-age sediments tends to
cause spring sapping within the terrace deposits and the potential for the formation of
solution cavities along faults, joints, and bedding planes, locally accelerating marine erosion
in these areas. Although a significant concern affecting other parts of San Diego County’s
coastline, groundwater typically does not play a significant role in destabilizing the
Cretaceous-age coastal sediments. However, whenever possible, it is prudent to eliminate
this potential source of increased coastal erosion.
2.6

Geologic Hazards

2.6.1

Seismicity/Ground Shaking

The project area is located in a moderately-active seismic region of Southern California that
is subject to moderate to strong shaking from nearby and distant earthquakes. Ground
shaking from earthquakes on six major active fault zones could affect the site. These include
the Rose Canyon, Coronado Bank, San Diego Trough, San Clemente, Elsinore, and San
Jacinto/Superstition Hills Fault Zones. The nearest of these, the Rose Canyon Fault, parallels
the shoreline and is located approximately 7 kilometers (about 4.4 miles) east of the site. The
maximum credible earthquake for the Rose Canyon Fault is considered to be Magnitude 7.
The maximum probable earthquake for this fault has been estimated at Magnitude 6½.
2.6.2

Ground Rupture

Our review of currently available published geologic mapping indicates no known faults on
or immediately adjacent to the site. Additionally, although a single “fracture” is indicated in
the exposed Point Loma Formation bedrock outcrop (please see the “Plot Plan” – GEI
February 2004 report – Appendix A), no faults are indicated by GEI in either their report text
or their mapping of the site.
Because no faults have been mapped on the site, we believe the potential for ground rupture
to be very low.
2.6.3

Tsunamis

Although they are relatively rare events, tsunamis and some narrow classifications of seiches
should be considered hazards at this open-ocean shoreline site. Our review of the Tsunami
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Inundation Map (Figures 7a and 7b) for Emergency Planning, Point Loma Quadrangle, dated
June 1, 2009, is described in more detail in Section 4 of this report.
2.6.4

Liquefaction

Based on site and subsurface conditions, it is our opinion that the potential for liquefaction of
subsurface soils at the site is negligible.
2.6.5

Slope Stability/Coastal Erosion

The California Building Code requires that both graded and natural slopes in new
development have a minimum factor of safety of 1.5 against slope instability; and, for steeper
natural slopes, including coastal bluffs, any new slope-top or bluff-top improvements must be
located behind the 1.5 factor of safety line. The stability of coastal bluffs is also affected by
marine erosion, which tends to steepen the face of the coastal bluff, reducing its stability.
Moreover, bluff-top setbacks usually include annualized erosion rates over a period of 50 to
75 years as another bluff-top setback criteria.
As indicated above in Section 2.3 – Subsurface Conditions, two geologic formations underlie
the site vicinity, with the lower cliff-forming unit consisting of the relatively strong and
erosion-resistant 70- to 80-million year old Point Loma Formation, which extends up to an
estimated elevation +12 feet at the site. This geologic unit is overlain by the Pleistocene-age
terrace deposits estimated to be approximately 120,000 years old, which are also reasonably
strong, although much less erosion-resistant, extending up to the contemporary ground
surface near elevation 27 feet, resulting in about a 15-foot-thick section of terrace deposits.
A stability analysis of the natural geologic slopes (without the protective seawall and
backfill) was completed for the site. Our analysis indicated that the slope has factors of
safety ranging from 1.4 against a shallow failure within the terrace deposits, to a high of 4.0
against a deep-seated failure for gross stability. Obviously, the existence of the seawall
increases the factors of safety. The results of our analysis are presented in Appendix B.
In spite of the relatively stable geologic conditions specific to slope stability, ongoing marine
erosion has resulted in efforts to repair and mitigate coastal erosion within the Point Loma
area dating back to the early 1900s. Between 1950 and 1960, the City of San Diego
Engineering Department investigated cliff erosion along Sunset Cliffs, following numerous
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failures and requests for assistance by property owners. It was during this period,
specifically 1953, that the original seawall was constructed to mitigate marine erosion that
was affecting the entire Point Loma shoreline. At the site, even with a relatively high factor
of safety against slope instability, in the absence of the seawall, the bluff-top improvements
(including the two buildings) are at risk of damage from coastal erosion, with the southerly
building at imminent risk (absent the seawall), with a reasonable probability of storminduced damage occurring within the next two years.
In examining Figure 2, which shows the existing top-of-bluff from both GEI’s and
TerraCosta’s measurements, the minimum distance from the top-of-bluff to the southwestern
corner of the southern building is approximately 13 feet measured from GEI’s reported topof bluff, and only 8 feet measured from the 1953 aerial photograph (Photo 1).
In examining Figure 5, and in the absence of the proposed seawall (or the existing seawall,
for that matter), the elevation of the Point Loma shelf rock is around +3 feet MSL, which
means that on a daily basis, waves will break over the low elevation shelf rock up to the back
step, and then up the steeply inclined Bay Point terrace deposits. If all of the existing fill
soils shown on Figure 5 were removed (along with the seawall), a severe storm season
similar to the 2015-16, 1997-98, or 1982-83 storm seasons could easily cause over 10 feet of
bluff-top erosion. With the building only 8 feet back from the top-of-bluff and a low
elevation shelf rock that allows waves to run up the upper sloping terrace deposits on a daily
basis, the steeply inclined terrace deposits will quickly erode, damaging the southerly
building during the first storm season. It is for this reason that the seawall remains critical to
the protection of the southern building at the project.

3

COASTAL BLUFF GEOMORPHOLOGY

3.1

Terminology

The geomorphology of a typical Point Loma sea cliff is shown in Figure 8. Depicted on
Figure 8 are the shore platform, a lower, near-vertical cliffed surface called the sea cliff, and
an upper-bluff slope generally ranging in inclination between 35 and 80 degrees (measured
from the horizontal). Little or no flat area is exposed above sea level at the base of the cliff,
even at very low tides. The sea cliff is bounded at its landward edge by the coastal terrace
deposits.
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Figure 8. Typical Coastal Bluff Profile (Looking North up the Coast).

The term "bluff top" (or "top-of-bluff") is an important one, being essential to post-Coastal
Act structure setback considerations. A simple definition for this term is the boundary
between the upper bluff and the coastal terrace. A more rigorous definition of the term, as
adopted by the CCC, follows (note that the definition uses the terms "cliff" and "bluff"
interchangeably):
"A bluff or cliff is a scarp or steep face of rock, decomposed rock, sediment or
soil resulting from erosion, faulting, folding or excavation of the land mass.
The cliff or bluff may be simple planar or curved surface or it may be steplike
in section. For the purposes of these guidelines, "cliff" or "bluff" is limited to
those features having vertical relief of ten feet or more, and "seacliff" is a cliff
whose toe is or may be subject to marine erosion. "Bluff edge" or "cliff edge"
is the upper termination of a bluff, cliff or seacliff. When the top edge of the
cliff is rounded away from the face of the cliff as a result of erosional
processes related to the presence of the steep cliff face, the edge shall be
defined as that point nearest the cliff beyond which the downward gradient of
the land surface increases more or less continuously until it reaches the
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general gradient of the cliff. In a case where there is a steplike feature at the
top of the cliff face, the landward edge of the topmost riser shall be taken to
be the cliff edge."
A geomorphic definition for top-of-bluff more clearly defines that intersection in which
contemporary coastal regulators are most interested, as it provides a definition with which
most any geologist is familiar and can easily locate. The more appropriate geomorphic
definition follows:
The boundary between the coastal bluff and the coastal terrace. Specifically,
this boundary is represented by the landward extent of increased subaerial
erosion due to the presence of the coastal bluff. Subaerial erosion, in its
broadest sense, encompasses all of the natural geologic processes and human
actions that contribute to erosion, excluding marine erosion. A coastal bluff
represents the rising ground bordering the sea, which may include a sea cliff,
but is characterized by an upper, moderately-sloping section ending at a
coastal terrace. A coastal terrace can be defined as that geologic feature that
was formed during a higher stillstand of the sea, and represents a wave-cut
abrasion surface often characterized by a long, narrow, relatively level
surface, bounded along the shoreward edge by the coastal bluff. Higher relic
coastal terraces representing earlier stillstands of the sea commonly extend
well inland. However, for the purpose of this guideline, the top of the coastal
bluff is defined as that boundary of the coastal terrace that was developed
during the last stillstand of the sea, which occurred approximately 125,000
years ago.
Offshore from the sea cliff is an area of indefinite extent called the nearshore zone (see
Figure 8). The bedrock surface in the nearshore zone, which extends out to sea from the base
of the sea cliff, is the shore platform. Worldwide, the shore platform may vary in inclination
from horizontal to a gradient of 3 horizontal to 1 vertical, or 331/3 percent (Trenhaile, 1987).
Offshore, the gradient of the shore platform is approximated at 1 to 2 percent. The boundary
between the sea cliff (the lower near-vertical section of the bluff) and the shore platform is
designated as the cliff-platform junction.
Within the nearshore zone is a subdivision designated as the inshore zone, beginning where
the waves begin to break (Figure 8). This boundary varies with time because the point at
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which waves begin to break changes dramatically with changes in wave size and tidal level.
During low tides, large waves will begin to break far out to sea. During high tide, waves
may not break at all or they may break directly on the lower cliff. The foreshore represents
that portion of the shore lying between the upper limit of wave wash at high tide and the
ordinary low water mark. It is absent at the site.
3.2

Coastal Bluff Edge

The location of the coastal bluff edge was addressed in some detail by GEI and reported in
their February 2, 2004, geotechnical report (Appendix A). As indicated in GEI’s February
2004 report, a variable thickness veneer of fill mantles the entire westerly surface of the site,
obscuring the geologic boundary between the coastal terrace and the landward extent of
increased subaerial erosion due to the presence of the coastal bluff. Five hand-dug test
excavations were advanced by GEI within the slope separating the lower and upper concrete
slabs in December 2003 to locate the edge of the coastal bluff and to facilitate the mapping of
the bluff edge in plan view. The plot plan presented in GEI’s February 2004 geotechnical
report (Appendix A) has been reproduced below as Figure 9, as it shows the location of the
coastal bluff edge, determined by the excavation of five test pits specifically excavated to
delineate the location of the coastal bluff edge, along with the toe of the coastal bluff as it
existed in February 2004, predominantly coincident with the foundation of the existing
seawall. Figure 2 also shows the coastal bluff edge as estimated by our review of 1953 aerial
photographs. As noted previously, the formational Point Loma shelf rock on which the
seawall was constructed almost 70 years ago is continuing to slowly erode, occasionally
breaching the foundation of the wall, necessitating the repairs designed by our predecessor
firm, Group Delta Consultants-San Diego, in 1991, and by TerraCosta in 2005, 2015, and
2018.
Three representative geologic cross sections are contained in the attached February 2004
geotechnical report prepared by GEI, which in part form the basis for the location of the
coastal bluff edge shown on Figure 9. It is our opinion that the GEI test pits most accurately
located the top of the coastal bluff that has been reproduced from GEI’s report and shown
below as Figure 9.
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Figure 9. GEI Plot Plan.

GEI also corroborated their bluff edge location by reviewing aerial photographs from 1939,
1950, 1953, 1960, and 1972. While we have also reviewed the available photographs that
GEI referenced, we have also independently reviewed additional aerial photographs dated
1953, 1964, 1972, 1980, 1981, 1990, 2003, and 2005 to again corroborate the location of the
bluff edge originally determined by GEI.

4

TSUNAMI MAPPING

The University of Southern California Tsunami Research Center, funded through the
California Emergency Management Agency, has developed tsunami inundation maps for
emergency planning for the entire state of California. The tsunami inundation map for the
Point Loma quadrangle is shown on Figure 7A, with an enlargement showing the study area
provided on Figure 7B, along with an enlargement of the map text provided on Figure 7C
describing the methodology and data sources used in the model. Although the tsunami
inundation map provides almost no detailed information on the inundation area along the
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shoreline, Figure 7B indicates a fairly extensive inundation area throughout the low-lying
areas just north of the Ocean Beach Pier. While exact inundation elevations are not available
through the University of Southern California Tsunami Research Center, tsunami inundation
elevations can be approximated by comparing actual ground surface elevations along the
tsunami inundation limits in the vicinity of Ocean Beach, with an estimated inundation
elevation, using this admittedly somewhat crude approach, being on the order of 14 feet
NGVD 29.

5

WAVE CLIMATE

Waves provide nearly all of the energy input that drives shoreline processes along the
California coast. As illustrated in Figure 10, incoming waves along the southern California
coast fall into three main categories: Longer period northern and southern hemisphere swell,
and locally short-period generated seas. North hemisphere swell from the North Pacific
Ocean dominate the winter wave conditions off California, while southern hemisphere swell
is more important in the summer. Short-period seas are produced by storms sweeping
through the area. The offshore islands, shallow banks, submarine canyons and generally
complex bathymetry of southern California greatly complicate the wave climate at the coast
(Figure 11).
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Figure 10. Map Showing Generalized Wave Exposure for Southern California.

Coastal orientation, and the islands and banks greatly influence the swell propagating toward
shore by partially sheltering southern California, including Point Loma, especially from
directions north of west. Figure 11 shows the approximate directions from which incoming
swell is blocked by the islands. The Point Loma coastline faces west and is therefore also
relatively exposed to southern hemisphere swell. Because of the complicated effects of
bathymetry and island shadowing, the wave height at the shoreline is sensitive to relatively
small changes in the incoming direction of the deep ocean waves.
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Figure 11. Map Showing Generalized Bathymetry in the Southern California
Bight and Wave Exposure Windows at Oceanside.

While waves along the San Diego County shoreline generally range in height from 2 to 5
feet, deep water waves off the coast have been recorded with deep water significant wave
heights approaching 10 meters (33 feet).
5.1

Short-Term Sea Level Change

The effect of waves on the coast is highly dependent on the sea level during the wave
episode. Large waves at low sea level cause limited erosion, since they break well offshore.
When episodes of large waves combine with short-term high sea level from tides and other
factors, rapid retreat may occur along vulnerable coastlines.
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FEMA MAPPING

We conducted a review of the Federal Emergency Management Agency (FEMA) Flood
Insurance Rate Map for the study area (Figures 12a and 12b). The Inn falls within a VE
Zone (Coastal High Hazard Area), with a base flood elevation (BFE) of 22 feet (NAVD 88)
or 19.69 feet (NGVD 29). The VE Zone designation also includes anticipated wave heights
at or exceeding 3 feet, however allows construction when the structure is designed to
accommodate anticipated wave forces and, notably, when minimum building foundations are
2 feet above the base flood elevation. The proposed top-of-wall elevation of 27.7 feet
(NGVD 29) at The Inn is 8 feet higher than the FEMA BFE, with the existing structure
foundations near elevation 28 feet (NGVD 29), well above the elevation 22 FEMA BFE
+ 2 feet.

7

WATER LEVELS

Past water elevations are based on the tide gauge data from La Jolla, which has been
collected by NOAA since 1924. These data are applicable to the San Diego County region
open-ocean coastline. The tidal and geodetic reference relationships at La Jolla are provided
below in Table 1.
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Table 1. Tidal Datums (Station 9410230, 1983-2001 Tidal Epoch)
Description
Highest Observed Tide (11/25/2015)

Datum
Max Tide

Elevation
(feet, MLLW)
7.81

Highest Astronomical Tide

HAT

7.20

Mean Higher-High Water

MHHW

5.33

Mean High Water

MHW

4.60

Mean Tide Level

MTL

2.75

Mean Sea Level

MSL

2.73

Mean Sea Level

NGVD 29

2.56

Mean Diurnal Tide Level

DTL

2.66

Mean Low Water

MLW

0.91

North American Vertical Datum of 1988

NAVD 88

0.25

Mean Lower-Low Water

MLLW

0.00

Lowest Astronomical Tide

LAT

-1.88

Lowest Observed Tide (12/17/1933)

Min Tide

-2.87

Station Datum

STND

-4.37

Great Diurnal Range

GT

5.33

Mean Range of Tide
(Source: NOAA 2018)

MN

3.69

Tide gauges measure total water level outside the breaker zone, which includes contributions
from the tide, as well as storm surges and other factors that raise sea level over the short and
long term, including the effects of El Niño.
7.1.1

Tides

Tides are caused by the gravitational pull of astronomical bodies; primarily the moon, sun,
and planets. Tides along the San Diego coast have a semi-diurnal inequality. On an annual
average basis, the lowest tide is about 1.7 feet (MLLW datum) and the highest tide is about
7.1 feet, MLLW datum.
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Figure 12A. FEMA Map.

Figure 12B. FEMA Map Legend.
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El Niño

Large-scale, Pacific Ocean-wide warming periods occur episodically and are related to the El
Niño phenomenon. These meteorological anomalies are characterized by low atmospheric
pressures and persistent onshore winds. During these events, average sea levels in southern
California can rise up to 0.5 foot above normal. Tidal data indicates that seven episodes
(1914, 1930 through 1931, 1941, 1957 through 1959, 1982 through 1983, 1997 through
1998, and 2015 through 2016 - mild El Niño-type conditions were also reported in 1988 and
1992) have occurred since 1905. Further analysis suggests that these events have an average
return period of 14 years, with 0.2-foot tidal departures lasting for two to three years.
The added probability of experiencing more severe winter storms during El Niño periods
increases the likelihood of coincident storm waves and higher storm surge. The record water
level of 8.35 feet, MLLW, observed in San Diego Bay in January 1983, includes an
estimated 0.8 foot of surge and seasonal level rise (Flick and Cayan, 1984), which set the
stage for the wave-induced flooding and erosion that marked that winter season.
7.2

Sea Level Rise

Past and possible future changes in mean sea level (MSL) are of interest in design and
planning for all coastal cities, as well as for any engineering activities on the coast. Global
mean sea level rose at least 300 feet, and perhaps as much as 400 feet, during the past 18,000
years or so (CLIMAP, 1976). Sea level, both globally and along California, rose
approximately 0.7 foot over the past century, as shown in Figure 13. Furthermore, evidence
suggests that the rate of global mean sea level rise has accelerated since the mid-1800s, or
even earlier (Church and White, 2006; Jevrejeva, et al., 2008), and that it has now reached a
rate of about 1 foot per century over the past decade or so (Nerem, et al., 2006).
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Figure 13. Annual Average Sea Level History at La Jolla, 1925-2007.
Broken Line Shows Linear Trend of 0.7 Feet/Century Rise.

Figure 13 is a plot of the annual mean sea levels measured at the La Jolla tide gauge starting
in 1925. The linear trend indicates the approximate 0.7 foot per century sea level rise. Also
noticeable are the enhanced sea levels during the El Niño episodes of 1941, 1957-59, 198283, and 1997-98 (respectively labeled).
A notable feature of the sea level history at La Jolla is the leveling-off of sea level rise since
about 1980 (Figure 13). The green broken line shows a much reduced trend of about 0.15
foot per century between 1980 and 2009, or about 4.5 times smaller than the overall trend of
0.67 foot per century. A similar reduction in the rate of sea level rise has been noted at San
Francisco, which has a similar overall appearance as the La Jolla record, but is a much longer
record extending back to 1856.
Figure 14 shows the global distribution of the rate of sea level change for the period of 19932012 (University of Colorado, 2012). Note that warm colors (yellow-orange-red) show areas
of sea level rise (positive rates), while cool colors (green- blue) indicate falling sea level
(negative rates) over the record. Inspection of the North Pacific reveals that sea levels in the
western Pacific, especially in the lower latitudes, have risen at a rate of 3-9 mm/year
(equivalent to 30-90 cm per century, or about 1-3 feet per century). Conversely, sea levels in
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the eastern Pacific, extending from Central America north to Washington State, have fallen at
a rate of 0-3 mm per year (0-30 cm per century, or 0-1 foot per century). This may explain
the coastal tide gauge observations (La Jolla sea level history; Figure 13) described above.

Figure 14. Global Sea Level Change Rates 1993-2012 as derived from
satellite altimetry measurements, following University of Colorado (2012).

While the cause of these regional differences undoubtedly lies in the large-scale circulation
of the Pacific Ocean and the overlying atmosphere, no detailed explanation is known.
However, these observations could be a cause for some concern. If the conditions driving
sea level up in the western Pacific and down in the eastern Pacific were to relax or even
reverse, sea level along the coast of California could begin to increase at a much higher rate
than what has been observed over the past several decades. Future global sea level rise
scenarios could further increase the rate of sea level rise.
When considering the effects of future sea level rise, the National Academy of Sciences
(NAS, 2012) presents a possible global, west-coast, and state-wide future Mean Sea Level
Rise (MSLR) for California, Oregon, and Washington (Figure 15, dots) and its range
(Figure 15, bars). These are based on the IPCC (2007) mid-range Green House Gas
emissions scenarios for the ocean steric (warming) expansion component added to the results
of new research projecting the likely contributions of future ice-melt. The resulting projected
global MSLR relative to 2000 ranged from 0.08-0.23 m (0.26-0.75 ft) by 2030; 0.18-0.48 m
(0.59-1.6 ft) by 2050; and 0.50-1.4 m (1.6-4.6 ft) by 2100 (Figure 15, red bars). The global
estimates were adjusted for vertical crustal movement (uplift north of Cape Mendocino and
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down-drop in the south) resulting in the orange bars, also shown in Figure 15. The State of
California (2013) used these results of NAS (2012) shown as the updated MSLR guidance in
Table 2.

Figure 15. NAS (2012) summary of global, Washington, Oregon, and California (south
of Cape Mendocino) MSLR projections for 2030, 2050, and 2100 relative to 2000.
Table 2. Updated MSLR Guidance from State of California (2013)
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While many sea-level rise scenarios have been published, the California Coastal
Commission, on August 12, 2015, adopted their Sea Level Rise Policy Guidance document,
which provides sea level rise projections from the Third National Climate Assessment (NCA;
Melillo, et al.), released in 2014, providing a set of four global sea level rise scenarios
ranging from 8 inches to 7 feet by the year 2100, reflecting different amounts of future
greenhouse gas emissions, ocean warming, and ice sheet loss.
The OPC (2018) update offered a new strategy by presenting MSLR trajectories as functions
of emission scenarios as well as probability of occurrence. An extreme trajectory with
unknown probability was also added. For example, the low-emissions 2100 endpoint value of
1.7 feet of MSLR has a 50 percent chance of being exceeded, while the corresponding highemissions 2100 endpoint is 2.6 feet. In another way to look at it, the low-emissions 2100
MSLR value has a 66 percent chance of lying between 1.1 and 2.5 feet, while the highemissions range is 1.8 to 3.6 feet. There is a 5 percent chance that MSLR will be 3.3 feet
(low) or 4.5 feet (high) by 2100, and a 0.5 percent chance of 5.8 feet (low) or 7.0 feet (high).
Finally, the extreme scenario postulates 10.2 feet MSLR by 2100 in case of rapid Antarctic
ice loss.
OPC (2018) contains a description of the best available science to support planning; MSLR
projections; guidance on how to select projections; and recommendations for planning and
adaptation. Projections for two greenhouse gas emissions scenarios are provided for 12
locations with long-term tide-gauge data in California, from Crescent City south to San
Diego. OPC (2018) employs the highest and lowest of the four emissions scenarios used by
the Intergovernmental Panel on Climate Change’s Fifth Assessment Report: RCP 8.5 and
RCP 2.6, respectively.
Each RCP (representative concentration pathway) denotes a family of possible underlying
socioeconomic conditions, policy options, and technological considerations that span from
the low-end RCP 2.6, which requires significant emissions reductions, to the high-end,
“business-as usual” fossil-fuel-intensive evolution, RCP 8.5. For further details, see IPCC
(2014). These two high and low-end pathways were chosen by OPC (2018) to bracket the
current best-estimate of the range of possible futures. However, even the “high” probabilistic
projections may underestimate the chances of extreme MSLR, resulting, for example, from
loss of the West Antarctic ice sheet. Therefore, OPC (2018) includes an extreme scenario
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designated “H++.” The probability of this scenario is currently unknown, but presumably
very small.
OPC (2018) presents results for each location in a series of tables that specify several time
sequences of MSL from 2030-2150, where each series has a specified probability or range of
probabilities of occurrence associated with it. The MSLR projections assume 2000 as the
base year and project MSLR in specified future years relative to MSL in 2000. There is a
table for each scenario, low and high. The OPC (2018) MSL elevation projections for San
Diego from 2000-2150 are reproduced in Table 3.
7.3

Design SLR Scenario

We have reproduced as Figure 16 the Coastal Commission’s four suggested sea level rise
scenarios through the year 2100 from the Coastal Commission’s 2015 Sea Level Rise Policy
Guidance Document, ranging from the Lowest at 0.2 meter, to the Highest at 2.0 meters,
measured from the 1992 baseline. Based on recent discussions with Dr. Reinhard Flick, the
State Oceanographer with the California Department of Boating and Waterways and a
Research Scientist at Scripps Institution of Oceanography, global sea level has risen from
1992 through 2019 at a relatively uniform rate of 32 centimeters per century, or at the same
trajectory as previously reported by Nerem (2005) and illustrated below in Figure 17. While
Nerem’s data extended from 1993 to 2005, the more recent recorded global sea level
elevation change from 1993 to 2019 provides essentially the same data. This information is
also shown on Figure 16, which from 1992 through 2019 has resulted in 8.64 centimeters of
relatively uniform sea level rise in the past 27 years. If this uniform rate of sea level rise
(consistent with that shown on Figure 16) were to extend out to the year 2100, this would be
equivalent to a future mean sea level of 0.35 meter (1.13 feet) above the 1992 datum, and
slightly above the Coastal Commission’s 2015 suggested Lowest SLR scenario. Notably,
and while we appreciate the Coastal Commission’s 2018 Sea Level Rise Policy Guidance
Update requiring adaptive strategies to accommodate worst-case SLR scenarios, the OPC’s
2018 Sea-Level Rise Guidance also acknowledges that there is a 17 percent probability of sea
level rise by the year 2100 being lower than 1.8 feet, as shown on Table 3.
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Modified from Figure 5 of the California Coastal Commission Sea Level Rise Policy Guidance
document adopted August 12, 2015.

FIGURE 16

As indicated in the previous section, the real significance of the various SLR scenarios is the
volume of overtopping and the amount beyond which overtopping becomes objectionable.
Regardless of the assumed SLR scenario, future overtopping rates can be reduced by simply
increasing the height of the seawall, with several feet of future increased wall height
relatively easy to accommodate. More importantly, the wall as currently designed can safely
accommodate even the highest suggested SLR scenario.
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Global mean sea level rise rate over the past two decades has increased over the rate
observed for the past century, and has reached about 1 foot per century (32 cm per century).
This is indicated from satellite data reporting and trend analysis shown in Figure 17 (Nerem,
2005).

FIGURE 17

8

WAVE DESIGN CRITERIA

8.1

Design Stillwater

The maximum design storm still-water level (SWL) is critical to any wave analyses, as it
determines the wave energy that can be propagated into the shoreline, eventually impacting
and overtopping structures. It is the deep-water wave height superimposed upon the extreme
SWL that defines the joint probability of the design storm condition, creating the largest
wave forces on structures, along with a maximum runup and overtopping volume. In
addition to tidal fluctuation, water levels at the shoreline are influenced by storm surge, wave
setup, and surf beat. These influences, combined with the astronomical high tide, allow
offshore storm waves to impact coastal structures. In 1953, in the Point Loma area, a
reasonable design stillwater level might have been on the order of 5 to 6 feet MSL. Fifty
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years later, in the early 2000s, when including storm surge, wave setup, and possibly a foot
of long-term sea level rise for a 50- to 75-year design life of a structure, the likely maximum
design stillwater level would be 7.5 feet MSL. In 2020, and given the possibility of even
more extreme sea level rise scenarios (see OPC 2018), one might look to a maximum design
stillwater level on the order of 10 to 12 feet MSL, and possibly more depending upon the
criticality of the structure.
8.2

Design Wave Height

The maximum wave height that can reach the structure occurs during the period when the
maximum depth of standing water exists in front of the structure, which includes both the
maximum SWL, combined with the maximum scour at the base of the structure. The
maximum water depth at the base of the structure, ds, would then be the maximum historic
stillwater level of 5.25 feet (NGVD 29) (Table 1), plus the design scour depth of -5 feet
(NGVD 29) plus the design sea level rise value obtained from Table 3 (OPC, 2018). The
resultant maximum breaking wave height occurs when a specific deep-water wave is allowed
to shoal and break directly upon the structure.
Our evaluation of the maximum design wave for the subject structure is based on criteria set
forth in the U.S. Army Corps of Engineers Shore Protection Manual (1984 Edition). For
purposes of computing the maximum wave height, we have assumed a design scour elevation
in front of the structure of -5 feet (NGVD 29), and a foreshore slope of 1 to 60. Three design
still water levels were selected.
8.3

Wave Runup and Overtopping Analysis

Wave runup is defined as the rush of water up a beach or coastal structure that is caused by,
or associated with, breaking waves. The maximum runup is the highest vertical elevation
that the runup will reach above the still water level. If the maximum runup is higher than the
top of a coastal structure, the excess represents overtopping. Runup elevation depends on the
incident wave characteristics, the beach profile including profile elevation, and other factors.
Most wave runup and overtopping analyses are based upon equations and nomographs
provided in the U.S. Army Corps of Engineers Shore Protection Manual (SPM, USACE,
1984), and the more recent Internet-based Coastal Engineering Manual (Part VI-Chapter 5,
2006).
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The following definition sketch for both wave runup and overtopping, reproduced from the
1984 SPM, graphically illustrates the point of maximum wave runup for a particular design
condition.

Definition sketch: wave runup and overtopping

It should also be clear from the sketch that any wave runup exceeding the height of the
structure then represents overtopping.
We evaluated both the maximum height of runup and volume of overtopping based on the
U.S. Army Corps of Engineers 2006 Coastal Engineering Manual (CEM) for a total of three
design conditions. We assumed a design scour elevation of -5 feet, a foreshore slope of 1 on
60, and wave periods ranging from 6 to 18 seconds.
The three design conditions are described below:
Case 1 represents the 1982-83 storms, with an estimated design still water level of 5.25
feet (NGVD 29).
Case 2 assumes 3.5 feet of sea level rise by the year 2100, with a 17 percent probability
of sea level rise exceeding this height by the year 2100.
Case 3 assumes 7 feet of sea level rise by the year 2100, with a 1/2 percent probability of
sea level rise exceeding this value by the year 2100.
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The following table lists the calculated design wave runup elevation for the three design
conditions, along with the calculated volume of overtopping, the latter measured in both
liters per second per meter (l/s/m) and cubic feet per second per foot (ft3/s/f). Calculations
are attached to this report.

Design
Condition
Case 1
Case 2
Case 3

Maximum Design
Wave Runup
Elevation (feet)
24
28
36

Overtopping
Volume
(l/s/m)
0
13
50

Overtopping
Volume
(ft3/s/f)
0
0.14
0.54

The seawall has a design top-of-wall elevation of 27.7 feet (NGVD 29), with Case 1 not
overtopping the wall; Case 2 resulting in only minor overtopping; and, assuming 7 feet of sea
level rise (Case 3), the maximum design wave runup elevation is over 8 feet above the topof-wall elevation. Notably, with a top-of-wall elevation of 27.7 feet (NGVD 29), this height
is above the elevation of most seawalls in San Diego County, and although the Case 2 and
Case 3 design wave conditions will result in overtopping, it is important to recognize that
wave overtopping currently occurs on an almost monthly basis, often with rather spectacular
views, and the property owners understandably keep both their guests and the public away
during these storm events.

9

DESIGN CONSIDERATIONS

The proposed shoreline stabilization project shown on Figure 18 is necessary to prevent the
continued erosion of the lower bluff threatening the bluff-top structures and to prevent
flanking of the adjacent walls to the north and south. Cross Sections A, B, and C (Figures 3,
4, and 5) show the existing and proposed improvements.
Absent the proposed
improvements, both the bluff-top structures and the adjacent improvements would be
compromised.
The design of the proposed tied-back secant pile wall incorporates 30-inch-diameter cast-indrilled-hole (CIDH) reinforced concrete piers on 22-inch centers, resulting in 8-inch overlaps
between each sequential concrete shaft to create a continuous structural concrete wall.
Alternating drilled piers would be poured with a slightly weaker concrete, with the sequential
alternating drilled piers then reinforced with high strength concrete to provide the structural
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capacity for the wall derived from a series of reinforced CIDH concrete piers on 44-inch
spacing with tiebacks centered in every third non-reinforced drilled pier at 11 feet on center.
The overlapping concrete piers create a structural wall, with the exposed surface then
architecturally carved and colored to blend in with the adjacent natural geologic exposures
and adjacent walls to the north.
9.1

Wall Loading Conditions

The secant pile wall is designed as a tied-back wall drilled into the bedrock formational shelf
rock, the elevation of which is estimated to range from 5 to 12 feet, with the design scoured
shore face seaward of the wall at around elevation -5 feet NGVD 29. The wall should be
designed to resist an equivalent fluid pressure of 70 pounds per cubic foot (pcf) from -5 feet
up to +12 feet, or 2 feet above the geologic contact, whichever is higher. Above the saturated
zone, the wall should be designed to resist an equivalent fluid pressure of 45 pcf up to the top
of the wall. Hydroaugers are recommended at +10 feet, or at the elevation of the geologic
contact, whichever is higher, spaced at 88 inches to prevent continuous saturation of the wall
backfill. The lower portion of the secant pile wall below elevation -5 feet is embedded in
very dense, massive, relatively impermeable sandstone, cemented enough to not impose any
lateral loads. Based on our calculations of passive resistance for the secant pile wall
embedded in the bedrock formational shelf rock, we recommend a passive equivalent fluid
pressure of 600 pcf for design.
9.2

Wall Drainage

Provisions for wall drainage above elevation +10 feet or at the geologic contact, whichever is
higher, will consist of 10-foot-long hydroaugers spaced at 88 inches on center.
9.3

Site Access

Site access will be limited for the proposed shoreline stabilization. Equipment necessary to
drill holes for construction and to break up and move debris may require lifting over the
existing buildings via crane from the Point Loma Avenue street-end.
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LIMITATIONS

Coastal engineering and the earth sciences are characterized by uncertainty. Professional
judgments represented herein are based partly on our evaluation of the technical information
gathered, partly on our understanding of the proposed construction, and partly on our general
experience. Our engineering work and judgments rendered meet the current professional
standards; we do not guarantee the performance of the project in any respect. This warranty
is in lieu of all other warranties, expressed or implied.
We have observed only a small portion of the pertinent soil and groundwater conditions at
the proposed project site. The recommendations made herein are based on the assumption
that soil conditions do not deviate appreciably from those found during our field
investigation. If the plans for site development are changed, or if variations or undesirable
geotechnical conditions are encountered during construction, TerraCosta Consulting Group,
Inc. should be consulted for further recommendations.
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APPENDIX A
GEI FEBRUARY 2004 REPORT

APPENDIX B
SUMMARY SLOPE STABILITY ANALYSES

Inn at Sunset Cliffs
Overtopping Analyses w/TOW = 27.7 ft
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December 20, 2020

ds

T

ds/gT^2

Hb/ds

Hb

h*

Rc

h*Rc/Hb

q/-----

q - cfs/ft

25% q, cfs/ft

10.25
10.25
10.25

6
10
14

0.0088
0.0032
0.0016

0.86
0.91
0.93

8.8
9.3
9.5

0.065
0.022
0.011

22.45
22.45
22.45

0.165
0.053
0.026

0.04
1.36
12.53

0.031
0.122
0.281

0.008
0.031
0.070

q - gpm/ftq - liters/s25%
per mq, leters/sec per m
14
55
126

2.9
11.4
26.1

0.7
2.8
6.5

1982-83 Design Storms

13.75
13.75
13.75

6
10
14

0.0119
0.0043
0.0022

0.85
0.91
0.92

11.7
12.5
12.7

0.088
0.029
0.015

18.95
18.95
18.95

0.142
0.045
0.022

0.06
2.30
19.81

0.141
0.578
1.269

0.035
0.145
0.317

63
260
570

13.1
53.7
117.9

3.3
13.4
29.5

3.5 ft SLR (17% probability of exceedance)

17.25
17.25
17.25

6
10
14

0.0149
0.0054
0.0027

0.85
0.90
0.91

14.7
15.5
15.7

0.110
0.037
0.019

15.45
15.45
15.45

0.116
0.037
0.019

0.12
4.04
34.87

0.588
2.299
5.049

0.147
0.575
1.262

264
1,032
2,266

54.6
213.6
469.2

13.7
53.4
117.3

Hb/ds ---> fig. 7-4 SPM assuming 60:1 offshore slope
h* = (ds/Hb)(2*3.14159*ds/g*T^2) ---> eq. 16.1 Handbook of Coastal and Ocean Engineering by Kim (2010)
Rc = freeboard. Given design SWL = 5.25 ft. For a 27.7 ft top of wall, Rc = 22.45 ft. With 3.5 ft of SLR, Rc = 18.95 ft…………….
q/------- ---> fig. 16.10 Handbook of Coastal and Ocean Engineering by Kim (2010)
q - cfs/ft --> eq. 16.4 Handbook of Coastal and Ocean Engineering by Kim (2010)
25% q refers to the benefit of the wave deflector
0.5% probability scenerio refers to the propability of sea level in the year 2100 being greater than 7.0 ft above the 2000 baseline value

7 ft SLR (0.5% probability of exceedance)
Use 50 for design

Inn at Sunset Cliffs
Runup Analyses w/TOW = 27.7 ft

PN 2317
December 20, 2020

2019 design criteria

ds
T
ds/gT^2
10.53
6
0.0091
10.53
10
0.0033
10.53
14
0.0017
10.53
18
0.0010
1.8 ft SLR design criteria
12.13
6
0.0105
12.13
10
0.0038
12.13
14
0.0019
12.13
18
0.0012
3.5 ft SLR design criteria
13.83
6
0.0119
13.83
10
0.0043
13.83
14
0.0022
13.83
18
0.0013
4.5 ft SLR design criteria
14.83
6
0.0128
14.83
10
0.0046
14.83
14
0.0023
14.83
18
0.0014
eq.
17.33
6
0.0149
17.33
10
0.0054
17.33
14
0.0027
17.33
18
0.0017

Hb/ds

Hb

Hb/gT^2

Hb/Ho'

ds/Ho'

R/Ho'

R

9.1
9.6
9.8
10.0

0.00781
0.00298
0.00155
0.00096

1.18
1.61
2.04
2.48

Ho'
7.67
5.95
4.80
4.03

Ho'/gT^2

0.86
0.91
0.93
0.95

0.00662
0.00185
0.00076
0.00039

1.37
1.77
2.19
2.61

2.0
2.1
2.5
3.0

15.3
12.5
12.0
12.1

fig 7-13
1.210
1.210
1.210
1.210

R'
18.6
15.1
14.5
14.6

24.1
20.7
20.1
20.2

Goda R
13.6
14.4
14.7
15.0

R/Ho'
1.77
2.42
3.06
3.72

Goda R*
19.1
19.9
20.2
20.5

0.85
0.91
0.93
0.93

10.3
11.0
11.3
11.3

0.00889
0.00343
0.00179
0.00108

1.14
1.52
1.94
2.40

9.04
7.26
5.81
4.70

0.00780
0.00226
0.00092
0.00045

1.34
1.67
2.09
2.58

1.8
2.5
2.8
3.0

16.3
18.2
16.3
14.1

1.210
1.210
1.210
1.210

19.7
22.0
19.7
17.1

26.8
29.1
26.8
24.2

15.5
16.6
16.9
16.9

1.71
2.28
2.91
3.60

22.6
23.7
24.1
24.1

0.87
0.90
0.91
0.93

12.0
12.4
12.6
12.9

0.01038
0.00387
0.00199
0.00123

1.10
1.46
1.84
2.22

10.94
8.53
6.84
5.79

0.00944
0.00265
0.00108
0.00056

1.26
1.62
2.02
2.39

1.5
2.5
2.6
3.0

16.4
21.3
17.8
17.4

1.210
1.210
1.210
1.210

19.9
25.8
21.5
21.0

28.7
34.6
30.3
29.9

18.0
18.7
18.9
19.3

1.65
2.19
2.76
3.33

26.9
27.5
27.7
28.1

0.84
0.90
0.91
0.93

12.5
13.3
13.5
13.8

0.01075
0.00415
0.00214
0.00132

1.09
1.42
1.80
2.16

11.43
9.40
7.50
6.39

0.00986
0.00292
0.00119
0.00061

1.30
1.58
1.98
2.32

1.5
2.4
2.5
3.0

17.1
22.6
18.7
19.2

1.210
1.210
1.210
1.210

20.7
27.3
22.7
23.2

30.6
37.1
32.5
33.0

18.7
20.0
20.2
20.7

1.64
2.13
2.70
3.24

28.5
29.9
30.1
30.5

0.84
0.90
0.91
0.92

14.6
15.6
15.8
15.9

0.01256
0.00484
0.00250
0.00153

1.05
1.37
1.70
2.03

13.86
11.38
9.28
7.85

0.01196
0.00354
0.00147
0.00075

1.25
1.52
1.87
2.21

1.5
2.4
2.5
3.0

20.8
27.3
23.2
23.6

1.210
1.210
1.210
1.210

25.2
33.1
28.1
28.5

37.5
45.4
40.4
40.8

21.8
23.4
23.7
23.9

1.58
2.06
2.55
3.05

34.2
35.7
36.0
36.2

Hb/ds ---> fig. 7-4 SPM assuming 60:1 offshore slope
Hb/Ho'---> fig. 7-5 SPM
R/Ho'---> fig. 7-14 SPM

fig 7-13 from the SPM corrects for scale effects
R* = R + SWL ---> this is the computed height of runup using the SPM
Goda R is from 18.1 of the Handbook of Coastal and Ocean Engineering by Kim (2010)
R/Ho' in column Q calculates for comparison of SPM fig 7-14

R*

