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April 16, 2019 W.O. S7569

The Cosmoledo Trust
c/o Laurel Fisher Price
1625 State Street, Suite 1
Santa Barbara, CA 93101

SUBJECT: Final Response to County of Santa Barbara Coastal Engineering Review,
711 San Point Road, Carpinteria, CA, Cosmoledo Trust New Residence. 

Dear Cosmoledo Trust:

At your request, GeoSoils, Inc. (GSI) is pleased to provide the following final responses to
the subject County of Santa Barbara (County) Coastal Engineering Review comments. In
addition, this response is intended to address concerns raised by the California Coastal
Commission (CCC) in their October 24, 2018 letter.  GSI is assuming the role of coastal
engineer for the project.   We are in general agreement with the referenced site specific
Sea Level Rise Assessment by Stantec.  

As the coastal engineering consultant of record for the project, GSI is professionally
obligated to discuss the site development requirements as dictated by the County and the
CCC, and site development conditions that may likely occur over the life of the
development, regardless of the regulatory requirements.   That is to say the County and
CCC require that the development be designed without the benefit of the existing
revetments, one of which is presently unpermitted.  However, it is likely that the revetments
will be in place for a portion, if not all of, the life of the development.  The analysis of wave
overtopping with the revetments in place represents a very real site scenario and not
including it in the coastal engineering analysis could potentially be professionally negligent.
The purpose of the inclusion of the analysis is not to confound the project designer or
reviewer but to provide relevant information to the client in order to better understand the
potential for coastal hazards to impact the property and proposed development.    To be
perfectly clear, the recommendations with regards to the coastal engineering design
conditions, such as the BFE and potential wave/bore forces, provided herein, are based
upon the "no revetments" scenario. Unless specifically superceded herein, the conclusions
and recommendations of the Stantec coastal hazard report remain valid and pertinent. For
ease of consideration, we are providing the review comment in italics followed by our
response.  For response to Comment #1 GSI provides a recalculation of the potential flood
elevation at the site.

1. The stated purpose of the report is to evaluate sea level rise, however the evaluation
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includes assessment of changes in tidal ranges, still water levels that include storm surge,
estimated rates of beach erosion, wave run-up and flooding in support of establishing an
estimated high water level during the life of the project (75 years). The report is considered
by the planning department as a coastal engineering report, intended to determine whether
proposed development will be safe from coastal hazards and establish a minimum FFE for
the development. The Consultant should provide design recommendations for the
proposed building envelope, foundation system and mechanical equipment and utilities
with respect to flooding, wave impact loads and erosion in the absence of shore protection
structure. Wave forces on foundations and structures should be consistent with current
County of Santa Barbara Building Code provisions, ASCE 7-05 and ASCE 24-05, and the
FEMA Coastal Construction Manual. Structures located within the surf zone subject to high
velocity waves should be designed to include both hydrodynamic and hydrostatic forces
with a one percent chance of exceedance in any year.

EXISTING CONDITIONS

Tides are taken from the National Oceanic and Atmospheric Administration (NOAA) tidal
station at Santa Barbara, see Figure 1.    The historical design ocean water level will be 7.6
feet NAVD88, the “100 Year” water level.  Site topography was taken from the site
topographic map (attached as APPENDIX I), which shows site elevations from the beach
at ~+6 feet NAVD88 through the site to Sand Point Road.  The “natural” beach slope is
taken from the closest BEACON beach profile monitoring range line at Padaro Lane, see
Figure 2.    The Design Beach Profile (DBP) for both the current condition and “natural
beach” (no revetment) analysis is provided as APPENDIX II.

Figure 1.
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Figure 2.

FUTURE WAVE RUNUP

Sea Level Rise

The County has adopted a SLR range in their 2017 Sea Level Rise Vulnerability
Assessment (see below).  The County’s highest SLR estimate is 60.2 inches or 5 feet.
Plotting these estimate and fitting a cure shows that the SLR in 2095 is about 55 inches.
The design SLR will be 4.6 feet.

Future Overtopping Revetment In Place

This section is not provided for regulatory determination and project design parameters
but rather to describe conditions that may occur over the life of development. The site is
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currently protected by a double crested shore protection structure which will be modeled
as a wide crested revetment. The wave runup and overtopping calculation on the
revetment will use Equation VI-5-23 from the Coastal Engineering Manual, US Army Corps
of Engineers.  The double crested revetment will be modeled as a single broad crested
revetment.  The equation coefficients will be chosen for Section (d) (See page VI-5-26 of
the CEM), which is the closest analysis section to the site/revetment condition.   This
equation uses the significant wave height (not the highest), the mean wave period (not the
highest), does not rely on the nearshore slope, and is not depth limited. The following
variables from the source noted will be the input to the equation.

Structure Slope is ½ based upon revetment design plans (APPENDIX III), Top of Rocks
~+17 feet NAVD88 from project topographic map. Historical Highest Water  ~+7.6 feet
NAVD88 from NOAA. Mean Wave Period & Significant Wave Height taken from Santa
Barbara Station CDIP during the 1982-83 storms. Future design water elevation will be
12.2 feet NAVD88. Below is the Wave Rose and Period Rose for the design wave
conditions during the 1982-83 El Nino winter.  In addition, a wave statistics  compendium
of January 1983, which had the larger wave event, is also below.
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Based upon this data during the design winter (1982-83), the significant wave height was
maximum of about 7 feet.   GSI will use 8.5 feet as the design wave height to be
conservative.    Based upon this data the mean period is about 14 seconds.  To be
conservative GSI will use 15 seconds.  The output for the CEM overtopping analysis is
below.

The calculated revetment mean overtopping rate for the design condition is 0.76  ft /s-ft for3

4.6 feet SLR.  It should be noted that the CEM says that the overtopping rate calcualted
using the CEM equations could be greater by an order of magnitude or ~7 ft /s-ft .  For the3

calculated overtopping rate, the height of water can be calculated using the following
empirical formula provided by the USACOE (Protection Alternatives for Levees and
Floodwalls in Southeast Louisiana, May 2006, equations 3.1) based upon the calculated
overtopping rate Q for the SLR case.  

For 7 ft /s-ft the height of the overtopping bore is about 1.7 feet. The revetment has two3

crests and is very broad, which will reduce the height of the bore before is flows towards
the development. The proposed structure is over 120 feet setback from the top of the
revetment.   The wave overtopping bore will be significantly reduced in height by the time
it reaches the structure.   Site elevation at the structure string line is about +12 feet
NAVD88, and with an overtopping bore of less than 1 foot in height, the effective flood
elevation at this location is about +13 feet NAVD88.

Future Overtopping NO Revetment In Place

Wave runup and overtopping for the proposed project is calculated using the United States
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Army Corps of Engineers (USACOE) Automated Coastal Engineering System, ACES.
ACES is an interactive computer based design and analysis system used in the field of
coastal engineering.  The methods to calculate runup and overtopping implemented herein
are discussed in greater detail in Chapter 7 of the Shore Protection Manual (1984) and in
Chapter 6 of the CEM.  Figure 3, taken from the ACES manual, shows the runup variables.

Figure 3.  Wave runup terms from ACES manual.

sd    is the depth of the water at the break point on of the beach slope

 iH  is the design breaking wave height 
R is the height of the wave runup above the still water elevation

sh is the height of the revetment above the toe
1 is the ~slope of the revetment
N is the nearshore slope or slope from the shoreline to beyond the breakers.

This variable is only used to back calculate the deepwater wave height for
comparison to wave height statistics.

The future beach slope will be the current beach slope (see Figure 2) or ~1/17.  The future
beach berm elevation will be the current elevation plus the approximate SLR or about
+13.5 feet NAVD88.  The slope and the berm elevation are determined by using the
coastal engineering principal of equilibrium beach profile (Dean, 1991).   The equilibrium
beach profile principal is illustrated in the graphic below provided as Figure 5.  The design
wave will be the same design wave used in the CEM analysis, to be consistent.  The water
depth at the toe of the beach will be back calculated using the depth limited design wave.
The calculated elevation of the toe is 12.2 NAVD88 - 8.5/0.78 = 1.3 feet NAVD88.  The top
of the berm at 13.5 feet NAVD88 is the 12.2 feet above the toe.   The output for the ACES
analysis is provided after Figure 4. 
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Figure 4.

The calculated natural beach overtopping rate for the design condition is 10.5  ft /s-ft for3

4.6 feet SLR .  For the calculated overtopping rate, the height of water can be calculated
using the empirical formula provided by the USACOE (Protection Alternatives for Levees
and Floodwalls in Southeast Louisiana, May 2006, equations 3.1) based upon the
calculated overtopping rate Q for the SLR case.  For 10.5 ft /s-ft the height of the3

overtopping bore is about 2.3 feet.  

For the future natural beach the estimated beach retreat using erosion on average of 2 ft/yr
is 150 feet.  In a recent CCC staff report for a southern California (Ventura) beachfront
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property (Report Th15a-3-2019),  CCC staff used a shoreline retreat of 40 feet for every
1 foot of SLR.   While it is GSI’s professional opinion that this is a very conservative rate
applied to an already eroding shoreline, if we apply it at this relatively stable beach, then
for 4.6 feet of SLR the beach would retreat 184 feet.  To be conservative GSI will estimate
the beach retreat to be the average of these two methods or 167 feet in 75 years.  This is
shown on the DBP in APPENDIX II.   While not a likely scenario, if the revetments are
removed today, then the shoreline could retreat such that the new beach berm is at about
the structure string line.   The elevation of the future berm is +13.5 feet NAVD88 and when
the maximum bore height of 2.3 feet is added the effective flood elevation at the structure
string line is +15.8 feet NSAD88.   Due to the site topography, sloping back towards Sand
Point Road, and the fact that the bore height dissipates as it travels landward, this is the
site maximum flood elevation over the design life of the structure.  

Typically the height limit, the building/deck string line, and other setbacks (building
envelope) are provided by the County or other consultants.  The coastal engineer typically
provides the future potential flood elevation.  The county of Santa Barbara has determined
that the advisory flood elevation at this site is +15.4 feet NAVD88.  In addition the County
has a 2 feet clearance requirement for the minimum recommended finished floor height
(FF) or +17.4 feet NAVD88.    With the revetment in place and maintained, including SLR
of about 4.6 feet, the site is reasonably safe from wave runup and overtopping and the FF
of +17.4 feet NAVD88 is adequate to protect the development from flooding.  With NO
revetment in place and accounting for 4.6 feet of SLR, GSI calculates a future water
elevation of +15.8 feet NAVD88.   

Based upon County requirement that the FF be 2 feet above the advisory BFE, the FF
elevation should be at or above +15.4 feet NAVD88.  Based upon GSI analysis and SLR,
the future flooding elevation may be +15.8 feet NAVD88.   If the County 2 feet of freeboard
is required, the FF elevation minimum would be +17.8 feet feet NAVD88.  

BUILDING DESIGN

The location of the project along the top of the beach exposes the proposed development
to coastal hazards when high tide events coincide with extreme storm events and SLR.
During these events, wave run-up extends into the seawall (rock revetments) along the
ocean side of the property and then dissipates into the sand between the revetments and
underlying sand berm. This condition could be worsened if the higher predicted sea level
rise scenarios were to occur which would cause tide levels to increase allowing storm
waves to break closer to shore which would increase erosion and result in increased run-up
levels, particularly if the seawall were removed. Therefore, the proposed improvements will
be designed to accommodate and withstand the extreme tidal and run-up events assuming
that the seawall were removed. It should be noted that if the revetment is removed, the
beach berm could be located at about the proposed residence string line at the very end
of the residences design life depending on the sea level rise that occurs (See DBP
APPENDIX II). 

The lower level will be below the predicted flood elevations if the seawall is removed so this
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space should be designed as uninhabited with break-away walls.  The high SLR prediction
was computed to inform the owner and allow planning for the currently anticipated, worst
case scenario. Since the extreme sea level rise predictions and the removal of the seawall
could cause erosion and result in tide levels that could inundate the lower level of the
residence and portions of Sand Point Road towards the end of the design life of the
improvements, the actual rate of sea level rise should be monitored and corrective
measures (raising Sand Point Road, beach nourishment etc.) employed to protect life and
the environment, if these conservative and extreme predictions occur.

According to the FEMA Coastal Construction Manuel, design within flood hazard zones
should follow the guidance of Flood Resistant Design and Construction standards provided
in ASCE 7-05 & 24-05. It is recommended that the structural design for this residence
follow these guidelines as well as the current County of Santa Barbara Building Code
provisions. The piles for the structure are to be designed to include both hydrodynamic and
hydrostatic forces with a one percent chance of being exceeded in any year. According the
ASCE standards this residence is classified as a Category II structure and is located in a
high hazard zone. Therefore, the structure will be constructed in compliance with Section
4 of ASCE 24-05. For this Category and location, it is recommended that perpendicular,
lowest supporting horizontal structural members should be one (1) foot above the BFE and
parallel, lowest supporting horizontal structural members could be positioned at the BFE.
According to County Flood control, the freeboard to be applied at the site is 2 feet.
Applying this freeboard to the GSI BFE gives an FF elevation of 17.8 feet NAVD88 which
will be the minimum elevation for mechanical equipment and living space. The lower level
space is to be considered uninhabited space and shall have break-away walls designed
in accordance with ASCE 24-05.

Wave Forces

Using the identified water levels and overtopping bore elevations with respect to the
proposed development, it was determined that although the proposed structure is above
the design water level, wave run-up will extend to the proposed residence if the rock
revetment is not present. Since the existing grade along the beach in front of the residence
is above the design water level, direct forces from wave transmission and breaking will not
affect the structure. However, the wave run-up bore that could extend to the residence will
exert a force on the structure (piles and break-away walls). The force is related to the
height of the bore (Hw) at the structure. As indicated in the Coastal Engineering Manual,
the force of the surge per unit horizontal width to be as follows:

Fsurge . 4.5Dg(Hw)2

where D is the density of the water, Hw is the bore height,  and g is gravity. Since the
design wave run-up could extend to the residence if the seawall were removed, the force
of the surge will be conservatively computed to the full height of the wave run-up above the
eroded grade in front of the structure that could occur at the end of 75 years if SLR
continues as predicted. Using a bore height of 3 feet the estimate wave bore force is about
3000 lbs per foot.  These force values should be used to design the improvements along
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the ocean side of the site by multiplying the force values by the width of the improvement
subject to the storm surge. Since other similar conditions will likely occur depending on the
final design configuration, the project coastal engineer should review proposed
improvements within the surge area and identify appropriate loadings resulting from the
predicted wave run-up conditions at the site.

2. The consultant states that there is an existing sea wall and revetment present seaward
of the residence, however, no seawall is referenced on the plans. Please clarify if there is
sea wall present, and if so, the location, dimensions and permit status of the sea wall.

There is a double crested revetment fronting the site.   The site topographic map (attached
as APPENDIX I) shows the revetment(s).

3. Figure 4.0 “Section Through Project Site” provides existing site elevation, eroded ground
surface without the existing revetments, and projected 75 year water elevation. Please
update the figure to include the design beach profile (including foreshore slope), still water
level, wave heights, wave run-up elevations and limits, and the structural limits and finished
floor/grade elevations between the surf zone and Sand Point Road. Figure 4.0 also
includes estimated scour profiles due to beach erosion. Please extend the section seaward
to show the estimated foreshore slope. The estimated depth of beach scour elevation
should be supported by a discussion of likely depth of scour based on geotechnical
information for the site.

This information is provided in the previous response, and the DBP is in APPENDIX II.

4. The consultant states that the required minimum FFE is 15.6 ft. NAVD88, 2 ft. above
BFE of 13.6 ft. as determined by the applicable FEMA flood panel map. The proposed FFE
is 17.1 ft. NAVD88 for the main floor of the house. Presumably the elevation of the
uninhabitable storage and garage space is lower. Please clarify the FFE of the
uninhabitable lower story. Provide the recommended minimum elevation of lowest
horizontal structural member above the BFE for design. The bottom of lowest horizontal
structural member shall be elevated at or above the BFE.

Please see our response to GDI comment 1. 

5. The Consultant should address the potential for wave erosion of the adjacent access
roadway and municipal utilities for the proposed development.

With the revetment in place and maintained wave overtopping will not impact (erode) the
site and the access road/utilities.  The design wave bore height of 2.3 feet (increased to
3 feet for analysis) at the eroded berm, if the revetment is gone, is about 250 feet from the
road.  Typically, according to the Coastal Engineering Manual, a wave bore losses about
1 foot of elevation for every 25 feet it propagates across a sand beach.   It is GSI’s opinion
that the wave bore will dissipate in a distance of less than 150 feet.  In addition, the
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overtopping water is a pulse of water that is spread out across the site as it travels
landward.  It is NOT a continuous flow but rather a discrete volume of water.    The access
road and utilities will be vulnerable to flooding from the estuary as sea level rises.  This
vulnerability will be shared by all of the property owners.   Potential adaptation strategies
would include raising the road and relocating the utilities. 

COASTAL COMMISSION COMMENTS

SLR

The County has adopted a SLR range in their 2017 Sea Level Rise Vulnerability
Assessment.  The County’s highest SLR estimate is 60.2 inches or 5 feet.  The discussion
herein uses 4.6 feet for the year 2095.  Considering the tremendous uncertainty is SLR
estimates these SLR estimates are reasonable. The best available science to determine
a sea level rise (SLR) range currently is the 2018 OPC SLR Guidance.  This is stated in
the November 2018 CCC SLR Guidance update.  As a matter of fact, these SLR projection
probabilities are based upon a report by Robert E. Kopp and others (see references).   The
design life of the structure is 75 years which we will estimate to be the year 2095.   The
Kopp paper has three emission scenarios (low, medium, and high), which the 2018 OPC
narrowed down to just low and high (no medium emission scenario).  The CCC 2018
update eliminated the low emissions option and just offered the high emissions case.
However, the best available science per the 2018 CCC SLR update is the 2018 OPC SLR
guidance.  The following table is taken from the 2018 OPC SLR Guidance (a.k.a. the “best
available science”) for the closest tidal station, Santa Barbara.    If you average the low
emissions for the year 2090 and the low emissions for the year 2100 the average is 4.8
feet.   The use of about 4.6 feet herein is justified by the best available science and in
conformance with the County of Santa Barbara and the CCC SLR Guidance update. 
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Thresholds

The CCC comments requested an analysis of thresholds for site flooding of the site.  The
USGS has also developed a model called the Coastal Storm Modeling System (CoSMoS)
for assessment of the vulnerability of coastal areas to SLR and the 100 year storm,
http://walrus.wr.usgs.gov/coastal_processes/cosmos/.  Using the modeling program the
vulnerability of the site to different SLR scenarios, shoreline erosion, and the100 year
storm can be assessed.   While GSI considers the CoSMoS analysis to be very
conservative, it has been used by the CCC to assess coastal site vulnerability in project
hearings.  However, the following are the limitations as to the use of the CoSMoS model.

Inundated areas shown should not be used for navigation, regulatory, permitting,
or other legal purposes. The U.S. Geological Survey provides these data “as is” for
a quick reference, emergency planning tool but assumes no legal liability or
responsibility resulting from the use of this information.

The figure below is the output of the CoSMoS program for the site for the extreme design
conditions.    The modeling shows that the site will flood during the 100 year event with 150
centimeters (~4.9 feet) of SLR.  The shoreline may retreat but just to the location of the
proposed structure as shown on the DBP (APPENDIX II).  This conservative analysis
verifies that the Stantec, and GSI analysis and conclusions are reasonable and justified.

The threshold for flooding of the site from the estuary can be determined by using CoSMoS
with no waves.   The CoSMoS output below shows that the threshold for the initiation of
site flooding from the estuary across the road is with about 75 cm (2.5 feet) of SLR.  It also
shows that the portions of the road to either side of the site will be flooded.   Using the
OPC SLR Santa Barbara Table above this threshold is after the year 2060.  

http://walrus.wr.usgs.gov/coastal_processes/cosmos/.
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With both revetments removed, the potential for coastal hazards to impact the
development is mitigated by the proposed design.  The structure elevation above potential
future flooding, the pile foundation (depth and size), the FEMA approved design methods
for the improvements below the flood elevation (blow out panels), all combine to mitigate
the potential hazards. Provided the recommendations in the Stantec report and herein are
incorporated into the design, the proposed project is reasonablely safe from coastal
hazards. 

The opportunity to provide professional services is appreciated, and if you have any
questions please contact us. 

Respectfully Submitted,

GeoSoils, Inc.
David W. Skelly, MS 
RCE #47857 

APPENDIX I  Site Topographic Map.
APPENDIX II Design Beach Profile.
APPENDIX III Revetment Plans.
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APPENDIX III 
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