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Dear Dr. Garland:
TerraCosta Consulting Group, Inc. (TerraCosta) is pleased to present the following site
observations and geotechnical recommendations for the subject residence located at 2111
Shoreline Drive in Shell Beach, California (Figure 1, Google Earth Site Plan). Our
recommendations are based on our June 2, 2016, site visit, our site visit of March 23,
2017, subsequent to the early 2017 storm damage, and our review of the original project
reports prepared by Earth Systems Pacific (copies provided in Appendices A and B), preand post-storm damage topographic surveys, and freely available historic imagery of the
project site area.
The primary purpose for performing our June 2, 2016, site visit was to evaluate three
developing upper-bluff notches, or overhangs, predominantly located on the subject
property, but also partially located on the property to the east at 2101 Shoreline Drive
(Devaney property), and to determine if those notches should be infilled to mitigate a
future bluff failure. Prior to the early 2017 rainstorms, we documented the general
locations of the notches, which are depicted on the Site Plan (Figure 2). The two biggest
notches (the central notch and the easterly notch) exist next to the Devaney property and
are depicted on Figures 3 and 4.
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HISTORICAL SITE IMAGERY
As preparation for our site visits, we reviewed historical images available on the internet.
Please note that copyright protections prevent us from reproducing the reviewed
photographs. However, those photographs can be viewed at the California Coastal
Records Project website (http://www.californiacoastline.org):
•
•
•
•
•
•

Image 2344 (September 2, 2002)
Image 200403899 (October 11, 2004)
Image 200510168 (October 28, 2005)
Image 201007229 (September 24, 2010)
Image 201317434 (October 4, 2013)
Image 201503086 (September 11, 2015)

Unfortunately, it is difficult to assess the presence of the upper-bluff notches on earlier
photographs dating back to 1972 due to the quality and scale of the older images. More
contemporary images suggest that the notches were just starting to develop and were
observable in 2002, and also at the time of construction on the site in 2004. However,
groundwater seeps were not readily apparent in either the 2002 or the 2004 images. Also
visible in the photos was abundant green vegetative growth along the upper bluff. The
imagery from both 2005 and 2010 suggests that little change has occurred since 2004.
Imagery from 2013 suggests that most of the previously mentioned upper-bluff
vegetation is dying or dead, and all three of the notches are readily apparent and further
developed. Additionally, the typical darker patches of soils that would signify the
presence of groundwater seepage are not observed within the upper bluff in the 2013
photograph. However, vegetation appears to be maintaining establishment below the
three notches along the geologic contact. The 2015 image suggests that some of this
vegetation has died and sloughed off the face of bluff. On the adjacent Devaney property
(2101 Shoreline Drive), timber bracing was installed sometime between 2010 and 2013
on the northwest corner of the upper-bluff timber cribwall, likely to help prevent the wall
from overturning. Other wall repairs were visible in photographs of the Devaney
property between 2005 and 2010, but are not the focus of this report. With respect to the
added bracing, we speculate that the overturning of the Devaney wall may be associated
with increased groundwater.
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SITE RECONNAISSANCE
Based on our review of historical imagery, our site visits, and our previous work on other
projects in the area, we offer the following site-specific observations:
1. During our June 2, 2016, site visit, it was obvious that the area of concern and any
likely repairs would be located well above the Mean High Tide Line (MHTL),
thus placing the project within the City of Pismo Beach’s jurisdiction. This
observation was later confirmed by Mike Stanton, a licensed land surveyor with
MBS Land Surveys, based on their June 2016 topographic survey. Figure 2
depicts the surveyed location of the MHTL jurisdictional boundary.
1. No shoreline protective devices are currently installed on the subject property, or
on the neighboring property to the northwest (2121 Shoreline Drive). Figure 5
presents a photograph of the coastline northwest of the subject property.
2. On the neighboring property to the east (2101 Shoreline Drive), there is a series of
aging shoreline protection devices consisting of a timber post-and-board style
wall and an upper-bluff timber cribwall, which we speculate may have been built
between 1973 and 1978, possibly post-dating the Coastal Act of 1972. This 40+
year old structure also has a more contemporary concrete block return wall that
was added between 2005 and 2010, likely to support the overturning cribwall. An
existing condition photograph is presented on Figure 6. Despite the appearance
and aged condition of the original timber walls, these structures will continue to
provide some degree of protection to the bluff and to the subject property until
they completely fail. Timber bracing was added sometime between 2010 and
2013 to stabilize the failing/overturning wall depicted on Figure 7.
3. The toe-of-bluff along the subject beachfront property is located in a relatively
sheltered geographic and geologic environment that provides some protection
from the full effects of offshore wave energy. Localized protection, shown on
Figure 1, is discussed in more detail below under Geology and Geography.
4. The subject parcel has a naturally occurring 6-foot topographic elevation
differential across the site, generally in a north-south direction, where water
unfavorably flows from the front yard to the backyard. Based on the Earth
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Systems Pacific reports discussed below, this problem was recognized prior to
development, and the City required installation of a series of lined swales with an
inlet box and pump as part of project approvals. Based on our experience, these
drainage measures are not sufficiently capable of capturing all of the side yard
and backyard runoff, particularly runoff resulting from intense back-to-back
storms, and it should be recognized that rainwater falling within the property
boundary exits the site in the following four ways:
a. Runoff from small storm events collects and flows toward the top-of-bluff
in the 1.5- to 2-foot-wide lined cobble swales, and eventually into the rearyard drainage box, where it is subsequently pumped out to the street. It is
our opinion that this system provides limited effectiveness, as most of the
runoff will infiltrate during small rainstorms prior to reaching the lined
swale. Figure 2 depicts the above-described existing topography and
drainage features (prior to the upper-bluff failure).
b. Evapotranspiration - the process by which water is transferred from the
land to the atmosphere by evaporation and by transpiration from plants accounts for only a small amount of the overall total.
c. Infiltration into the ground from upland sources and eventually out the
bluff face likely accounts for the bulk of water migrating from the subject
site and should be remediated to help preserve long-term bluff stability.
Since infiltration is affected by other site characteristics, this is discussed
below in more detail in the Geology, Groundwater, and Site
Recommendations sections.
d. During large storm events, or a sequence of back-to-back storms, and
when soils are already saturated by earlier rainstorms, water exceeding
and overrunning the lined swale and depression will eventually spill over
the top-of-bluff. While this scenario might seem unusual, it has been our
experience that these types of storm events recur approximately every 7 to
14 years. Given the bluffward sloping terrain, both infiltration and runoff
will episodically accelerate the rate of erosion and, if left unabated, the
rate of erosion will progressively accelerate in the form of soil piping and
head cutting at the top-of-bluff.
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5. On a more regional scale, the parcel is located downslope of a large irrigated
grass field associated with the nearby Shell Beach Elementary School, and also an
undeveloped parcel just north of Spindrift Village, both of which are shown on
Figure 1. The two areas in total are a little more than 10 acres in size and have
large pervious areas that contribute to localized groundwater infiltration. The
problem with these areas is that rain, irrigation, and runoff percolate down
through the underlying terrace deposits where the water accumulates on the
impervious layers of the well-folded and tilted beds of both the Monterey
Formation and the Obispo Tuff. Eventually, this water will migrate downslope
along the inclined bedding and will seep out of the contact between these geologic
units at the face of the bluff. Unfortunately, it is beyond the homeowner’s control
to prevent or reduce the amount of off-site water originating from these upland
areas.
In combination, it is our opinion that Items 4c, 4d, and 5 (described above) are
contributing to the long-term notch development and the recent upper-bluff failure
observed at the subject property. To further evaluate the origins and the quantity
of the groundwater affecting the subject property would require performing a
needlessly expensive and time-consuming investigation that is not only beyond
our current scope of work, but would not change the outcome of our
recommended repairs.
The factors encompassing groundwater movement are discussed in more detail
below under both Geology and Groundwater, and a suggested mitigation solution
is described below under Additional Notes and Recommendations.

GEOLOGY AND GEOGRAPHY
At the top of the coastal bluff, the site is underlain by relatively young Quaternary paralic
(interfingered) marine terrace deposits consisting of beach and nearshore sands and
cobbles. Underlying these deposits is an older emergent wave-cut shore platform that has
been regionally uplifted, and locally consists of both the Tertiary-age Monterey
Formation and the slightly older Tertiary Obispo Formation. Both of these units share
contact with the above terrace deposits due to regional folding and the subsequent erosion
of the shore platform. The Monterey Formation predominantly consists of bedded,
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resistant silica cemented chert, where the silica originates from the exoskeletons of tiny
one-cell organisms called diatoms, while the older underlying Obispo Formation is
comprised of consolidated layers of coarse-grained volcanic ash, known as tuff. Both of
these units are the predominant resistant basal cliff-forming units that are observed and
mapped locally along this section of coastline, and more importantly within the tidal
zone. Close-up observations of these two units indicate they are characterized by a series
of siltstone, claystone, and mudstone layers having variable thicknesses and degrees of
hardness. Subsequent to deposition, these beds were tilted and intensely folded. This
characteristic folding of the units can be seen offshore during low tides and along the
westerly trending outcrop of the bluff depicted in Photo 1 (presented on Figure 1) and on
a portion of the Pismo Beach 7.5’ Geologic Quadrangle presented on Figure 8. When
these layers are exposed to wave energy over time, the softer layers slowly erode, leading
to surge channel development, sea caves, and eventually roof collapse and upper-bluff
failures. An example of this long-term geologic process can be seen at the nearby
Dinosaur Caves Park. Fortunately, the subject site is not currently exhibiting signs of
accelerated sea cave or notch development along the base of the bluff within the wave
impact zone, which we believe is related to the following factors:
1. As previously mentioned, the site survey confirmed that the base of the bluff is
several feet above the Mean High Tide Line (MHTL), such that wave impact and
runup energy are greatly diminished before reaching the toe of the bluff. The
current location of the MHTL is shown on Figure 2.
2. In a geographical context, the site is modestly protected from direct wave energy
impact due to the presence of two local promontories, both of which are outcrops
of the above-described Obispo Tuff. These promontories are roughly 1,000 feet
apart and are delineated with a thick dashed red line on the Google Earth Site Plan
(Figure 1), with perspective to the westerly promontory depicted on the embedded
Photo 1.
3. From a higher satellite view of the site, two additional significantly larger
promontories provide additional protection to the site (Point Sal, located
approximately 20 miles to the south; and Point San Luis, located approximately 5
miles to the west). Both of these promontories, shown on Figure 9, offer regional

k:\29\2936\2936 tcg reports\2936 r02 geotechnical basis of design.doc

Dr. Doug Garland
Project No. 2936

June 15, 2018
Page 7

protection to the area by sheltering the site from the predominant longer-period
offshore swell that originates out of the North Pacific.

GROUNDWATER
The concentration and migration of groundwater in this region is controlled by the
relative permeability of each of the individual geologic layers, including the regional
tilting and folding of the bedding within either the Obispo Tuff or Monterey Chert.
Particularly, groundwater in the Shell Beach area migrates along the geologic boundary
between the more permeable upper layer of sedimentary marine terrace deposits and the
lower lying tilted layers of impermeable tuff and chert. For illustrative purposes, this is
similar to placing a sponge on top of a tilted slab of concrete, then pouring water over the
sponge. The sponge readily accepts the water as gravity pulls the water through the
voids, until the water reaches the impermeable interface with the concrete. At that
interface, the water will flow downslope along the tilted surface.
Based on our observations, there are multiple site characteristics contributing to nuisance
groundwater seepage observed at the subject property:
1. Adverse natural site topography, locally and north of the subject property,
directing runoff toward the bluff.
2. Several large upslope areas that are unimproved or landscape irrigated within the
upland watershed.
3. Underlying site geology.
Based on our research for other nearby projects, engineers were addressing nuisance
groundwater in the area more than 20 years ago, as a multitude of wall drainage systems
have been designed and installed to reduce the buildup of hydrostatic pressures acting on
seawalls they have designed. From a historical perspective, this suggests groundwater
seepage will continue to be a consistent longstanding issue that will need to be monitored
and addressed in perpetuity. More importantly, if left unabated, and absent installation of
bluff protection measures, the groundwater at this location will continue to cause upperbluff erosion.
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PREVIOUS REPORTS AND RATES OF EROSION
The following Earth Systems Pacific documents prepared for the original project
development have been reviewed and evaluated relative to the currently proposed repairs:
1. “Bluff Setback Study, 2111 Shoreline Drive, Shell Beach, California,” prepared
for Joseph Todd Construction, dated November 9, 2001; and
2. “Plan Review for 2111 Shoreline Drive, Shell Beach, California,” prepared for
Joseph Todd Construction, dated March 4, 2002.
Copies of these documents are provided in Appendices A and B of this report.
While we do not necessarily take exception to the information presented in the abovelisted documents, we do have a different perspective with regard to anticipated rates of
erosion. One key difference between our recent site observations and the Earth Systems
Pacific reports is the presence of abundant groundwater within the terrace deposits (see
Figures 10, 11, and 12, which depict the observed groundwater seepage within the terrace
deposits before and after the upper-bluff failure). These conditions are in contrast to the
observations made by Earth Systems Pacific in 2001. Notably, the overflow line from the
existing vault, visible in all three figures, did not contribute to the recent failures.
Typically, coastal bluff retreat rates are expressed in inches per year induced by marine
erosion at the intersection of the shore platform at the base of the bluff. For this project,
however, it is our opinion that subaerial erosion caused by both runoff and groundwater
seepage is the primary contributor to the recent bluff-top erosion observed at this site.
Expressed another way, we are now observing head-cutting of the upper bluff, which is in
addition to the marine erosion. Much of this is a direct result of mandating improperly
designed drainage improvements within a weak soil too close to the top-of-bluff. These
drainage measures have concentrated the runoff, developing a new flow path over and
through the top of the bluff, creating ground loss through soil piping that will continue to
accelerate erosion and ultimately imperil the building.
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In an attempt to develop a more current projected rate of erosion, it is important to note
that it is difficult, at best, to condense the complexities of a dynamic coastal environment
into an annualized rate of erosion. In our opinion, where feasible, bluff retreat rates
should be estimated separately for:
•

Coastal bluff headlands, absent localized zones of weakness, such as sea caves
and coves;

•

Sea caves, sea coves, and associated surge channels, which typically grow at
accelerated rates along structural disparities (faults and joints in the rock).
Portions of the sea cliff at the subject site exhibit similar characteristics of the
nearby Dinosaur Caves Park, where the basal cliff-forming units of the Obispo
and Monterey Formations are moderately resistant to erosion. However, the
intensely folded claystone beds are locally vulnerable to direct wave attack, which
results in the formation of sea caves; and

•

Relatively tall upper bluffs comprised of weaker geologic units that are underlain
by more erosion-resistant basal cliff-forming units, particularly when the basal
cliff-forming unit upper boundary is located above the wave impact zone.

In addition to the above, our recent work in the Pismo Beach area suggests that a general
average bluff retreat rate for headlands, absent localized zones of weakness and erosion
susceptibility, may generally be on the order of 4 inches per year. Localized erosion
within the terrace deposits, however, may locally exceed 6 or more inches per year,
particularly where anthropic changes have increased groundwater flows exiting the face
of the bluff.

OTHER REPORTED RATES OF EROSION
Another erosion rate assessment for the coastline fronting the nearby Dinosaur Caves
Park, published in Coastal Zone ’83, indicated erosion rates ranging from 0.1 to 1.1 ft/yr,
and cited a single event where 60 feet of instantaneous erosion occurred due to a sea cave
collapse.
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Based on the 2005 book by Griggs, Patsch, and Savoy, Living with the Changing
California Coast, the Shell Beach area has experienced 15 to 25 feet of bluff retreat
between 1965 and 1985, suggesting up to 15 inches per year. Since 1978, this same area
has experienced on the order of 4 to 7 inches of erosion per year.
As a side note, the 1977 Assessment and Atlas of Shoreline Erosion Along the California
Coast, Map Number 83, characterizes the site vicinity as: “Present Development Critical
- rock, cobble and sand beach with flat offshore rock reef, rocks, and sea stacks backed
by wave cut eroding cliff with park, road and houses along rim of wide coastal terrace.
Park and houses endangered by cliff erosion.”
Given the lack of codified standards, as well as the wide variation of reported rates of
erosion, we believe the following excerpt from Fugro (2002) best characterizes the
issues:
“Average annual rates of retreat can be misleading in characterizing the threat to
existing homes and bluff top development...Retreat typically occurs episodically with
several feet to several tens of feet of the bluff top eroded off during a single season or
storm event, while the bluff top in adjacent areas remains virtually unchanged…The
apparently higher and dormant rates of retreat are only symptomatic of the episodic
nature of bluff erosion. Rates of retreat therefore have limitations associated with
their use in providing a technical basis for land use planning and hazard analysis.”
Or, as described in the 2002 California Beach Restoration Study prepared by the
Department of Boating and Waterways and State Coastal Conservancy:
“Long-term erosion rates may not represent short-term patterns where faulting may
allow a 30- or 40-foot sea cave collapse after a 30-year period, immediately causing
similar retreat.”
Minimally, we believe that the present conditions warrant a significant change in the
projected rate of erosion over the 2.9 inches per year used for the development, which we
would argue, and Earth Systems Pacific’s report indicates, is for marine erosion at the
base of the bluff.
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More fundamentally, we believe the above-discussed erosion rates cannot be applied to
this particular project, as the site-specific rate is governed by weather patterns,
specifically the amount and duration of precipitation and runoff. This complicates
predicting when the threat to life and property will occur. Given that we have observed
and surveyed approximately 10 feet of upper-bluff loss associated with the
January/February 2017 rainstorms, it becomes obvious that a single significant storm, or
even two or more consecutive lesser storms, could imperil the structure. Furthermore,
current science suggests that the complexities of weather make it difficult to predict with
any accuracy beyond five days. As such, any attempt to estimate a rate of erosion based
on anticipated precipitation in order to project a 100-year setback would be difficult.

GENERAL BLUFF STABILITY
The stability of the existing bluff is generally driven by the strength and erosion
resistance of the terrace deposits, which are substantially weaker than the underlying
Obispo and Monterey Formations, along with site infiltration and groundwater. As
described previously, the terrace deposits consist of poorly consolidated, silty to clayey
sands. Our site reconnaissance indicates that the characteristics of the terrace deposits
appear to be consistent with other projects in the Pismo Beach/Shell Beach area.
Although we have not performed a specific subsurface investigation at the site for the
purposes of soil characterization, we have reviewed soil borings and soil strength test
data for terrace deposits reported by Earth Systems Pacific at Ocean Park in Shell Beach
(Earth Systems Pacific, 2007), and we have used soil strength data from the nearby
Martin Resorts properties to determine existing factors of safety for the subject site.
In order to evaluate stability of the coastal bluffs, the following soil strength parameters
have been used for unsaturated and saturated conditions and are based upon the results of
our subsurface exploration, laboratory test results, and past experience:
Topsoil:
Unsaturated
m = 110 pcf
33 degrees
c = 300 psf

Saturated
sat = 120 pcf
33 degrees
c = 150 psf
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Terrace Deposits:
Unsaturated
m = 116 pcf
37 degrees
c = 320 psf

Saturated
sat = 120 pcf
37 degrees
c = 160 psf

Pleistocene-Age Beach Deposits:
Unsaturated
m = 120 pcf
36 degrees
c = 150 psf

Saturated
sat = 125 pcf
36 degrees
c = 75 psf

Obispo Formation:
Unsaturated and Saturated
m = 125 pcf
35 degrees
c = 2500 psf
When assessing non-saturated soil strengths for the relatively steep terrace deposits, the
pre-failure factor of safety (FOS) was 1.37. When considering the reduction in strength
due to infiltration, the FOS drops to 0.91, and thus the reason for the 2017 slope failure.
We have also analyzed the stability of the existing failed slope with the failure scarp
located approximately 23 feet from the residence, again using saturated soil strengths and
an Ru = 0.5 to model seepage forces, which results in a FOS = 0.44 falling approximately
19 feet from the foundations of the residence. Using the same analysis, the FOS
corresponding to a failure at the foundations is 0.97. Summary slope stability
calculations are included in Appendix C.
In our assessment of slope stability, we considered both unsaturated and saturated
conditions. We also considered the effect of seepage forces and the direction of seepage.
To simulate seepage, we modeled this condition using the pore pressure ratio (Ru)
concept, which is the ratio of pore pressure to the overburden pressure. For vertical
infiltration, we used an Ru equal to zero. As infiltrated waters start to flow toward the
slope face, seepage forces start to increase and further reduce the stability of the slope.
For such conditions, Ru starts to increase from zero, which represents vertical seepage, to
some higher Ru value. Higher Ru values can develop when the seepage direction
becomes more horizontal when exiting the face of the slope. As shown on Figure 10, this
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condition appears to exist and appears to in large part originate from upland sources. An
Ru of 0.5 would typically correspond to slope-parallel seepage.
Recognizing that contemporary building codes require a minimum factor of safety of 1.5
for new construction, the subject coastal bluff is marginally stable at best and susceptible
to failure, particularly under seismic events or periods of intense rainfall that result in
saturation of the slope. Notably at this site, saturated soil conditions now persist within
the upper terrace deposits.

SEA LEVEL RISE
According to the 2012 National Research Council (NRC) Sea Level Rise for the Coasts
of California, Oregon, and Washington, the sea level is projected to increase by 17 to 66
inches along much of the California coast by Year 2100. Tide gauges and satellite
observations suggest that mean sea level has already increased by approximately 8 inches
in the past century. However, in the past 15 years or so, mean sea level in California has
remained relatively constant, and it is believed that it is being suppressed by offshore
winds and other oceanographic processes. It has been postulated by Bromirski et al.
(2011, 2012) that an extended period of persistent wind stress along the eastern North
Pacific have caused an offshore upwelling that has both drawn coastal waters offshore
and replaced warm surface waters with cooler deep ocean water, and it is believed that
these factors could locally suppress the sea level rise trend, but it is anticipated that this
suppression will not continue indefinitely. As the pattern of Pacific climate variability,
wind patterns, and other conditions shift, sea level along the west coast is expected to
continue rising, likely at an accelerated rate (NRC 2012; Bromirski et al. 2011, 2012).
Adopted on August 12, 2015, the California Coastal Commissions’ Sea Level Policy
Guidance document requires acknowledging the Coastal Commission’s current range in
suggested sea level rise scenarios, and the Commission recommends that both local
governments and applicants use the 2012 NRC report for the best available projections of
regional sea level rise in California. Note that other resources and projections are
available and can be used as long as the sources are relevant, peer reviewed, and widely
accepted within the scientific community. One of these other resources is the USGS
CoSMoS. However, at the time of this report, projections for the Pismo Beach area were
not yet publicly available.
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Nonetheless, if these projections are accurate, the rate of marine based erosion at the
subject site will also increase.
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.
Tides
Tides are caused by the gravitational pull of astronomical bodies; primarily the moon,
sun, and planets. Tides along the Central Coast have a semi-diurnal inequality.
Historically, the highest observed water level at the nearby Port San Luis NOAA tide
station is +7.65 feet MLLW, with a mean sea level of +2.80 feet MLLW, and a mean
high water of +4.62 feet MLLW (Moffatt & Nichol, 2010).
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 six episodes (1914, 1930 through 1931, 1941, 1957 through 1959, 1982 through
1983, and 1997 through 1998 - 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.
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,
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rose approximately 0.7 foot over the past century, as shown in Figure 13 (below).
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).

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. Similar trends exist for San Francisco with this data also appropriate for
Pismo Beach. 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, 1982-83, 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, above). 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.
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Figure 14 (below) shows the global distribution of the rate of sea level change for the
period of 1993-2012 (University of Colorado, 2012). Note that warm colors (yelloworange-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 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, above) 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
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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 down-drop in the south) resulting in the orange bars, also
shown in Figure 15 (below). The State of California (2013) used these results of NAS
(2012) shown as the updated MSLR guidance in Table 1 (below).

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.
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Table 1. Updated MSLR Guidance from State of California (2013)

EXISTING SITE DRAINAGE
Given the very limited area of lined swales and lack of impermeable surfaces within the
property limits, we believe that only a small percentage of total annual runoff is
effectively being collected, as the remainder bypasses the swales and drain box and
percolates into the underlying terrace deposits. Additionally, we believe that the only
time these features are effective is during peak storm events when soils have reached
saturation and can no longer accommodate additional water. Any water not being
pumped back to the street will eventually exit at the face of the bluff. This is a flawed
design, which has led to the significant upper-bluff failures observed during the early
2017 rainstorms. The swales leading to a mandated depression located near the top-ofbluff have concentrated on-site infiltration, which has led to significant accelerated
piping/loss of sediments, and ultimately caused the upper-bluff failure.
To further illustrate the problem, in 2012, at the nearby Martin Resorts Tennis Courts, a
series of three sets of unlined pavers were implemented within the same geologic setting
that underlies the subject site. The pavers were designed and implemented by other
engineers in an attempt to comply with current codes and regulations for on-site
stormwater management. Relative to both geologic time and nominal rates of calculated
erosion, the consequence of installing these devices was immediate, leading to significant
soil piping and upper-bluff loss, accelerated erosion, and now costly repairs. In 2015, the
repair required complete removal of the unlined paver systems to remediate the problem
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at great expense to the owner for not only the design and construction of the original
project, but also the subsequent repairs.
The reason that these infiltration features at Martin Resorts caused bluff failures was a
function of the high groundwater exit gradient, or the elevation differential measured
from the ground surface to the location of where groundwater would most likely exit the
bluff divided by the length of the most likely flow path. Recognizing that the exit
gradient along the subject section of bluff is similar to that at the Martin Resorts Tennis
Courts, and the quantity of collected surface water is also similar, the mandated drainage
measures still artificially concentrate water and accelerate localized erosion to the point
where a little more than 10 feet of the upper bluff was lost during early 2017 rainstorms.
It is important to note that even if the narrowly lined swales and points of concentration
were exchanged for an impervious barrier, such as a concrete patio covering the entire
backyard, the upper-bluff erosion would still persist. This is mainly due to the
groundwater originating from off site, and beyond the subject property owner’s control.
It is our opinion that groundwater seepage from upslope sources is the predominant
contributor to the accelerated upper-bluff erosion observed at the subject site.

REPAIR ALTERNATIVES
City Suggested Repair
We have evaluated several repair options to address the site issues outlined in this report.
In discussions with City Staff, it was suggested that we consider excavating a trench
spanning the property lines at the front of the house near the street right-of-way (ROW).
This concept will do nothing to stop precipitation-based surficial runoff. Moreover, this
approach, which would require the installation of a sump and pump, would be rendered
ineffective in the event of a power failure. Also, we believe that the characteristic folding
of the bedrock (both the Obispo and Monterey Formations) makes it difficult to ensure
that the trench alone will adequately capture enough of the groundwater to mitigate the
erosion occurring at the bluff face (approximately 115 feet away from the observed
problem), due to both groundwater at depth and surficial runoff within the property. Our
concern is that groundwater is flowing to this area from multiple directions due to the
anticlinal and synclinal folding observed in the exposed bluff face, and also observed
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offshore during low tides. Relative to effectiveness, we believe a trench concept will be
cost-prohibitive and will not provide satisfactory results. Particularly, we believe the
trench would need to extend several feet below the geologic contact, making it on the
order of 25-feet deep. The trench would also need to be wide enough and below the
geologic contact in order to develop any significant capture and conveyance capacity. In
order to mitigate groundwater flanking of the trench, we would also propose to include an
array of horizontal drains extending upslope and radially away from the trench. This
would also require that the trench be fairly wide and completely shored in order to
accommodate the drilling and installation of the horizontal drains. As a result, the drains
would extend off site beneath not only the City ROW, but also several other properties,
requiring agreements and subsurface easements. Not only is this alternative inefficient
and cumbersome to construct, we could not assure any degree of effectiveness.
Hydraugers Only
A repair solution limited to the installation of hydraugers along the geologic contact will
only mitigate some of the subsurface seepage originating from off-site. This type of
singular repair will not alleviate groundwater buildup higher up and nearer to the surface
within the terrace deposits, nor mitigate soil loss. Thus, any minimum repair must
include a combination of design elements that accommodate the following:
1. Capture runoff and mitigate on-site infiltration,
2. Stabilize the upper-bluff from further failures/erosion, and
3. Alleviate the amount of subsurface groundwater near the face of the bluff.
Import Fill/Raise Grades
Importing fill material to overcome the natural 6-foot adverse topographic relief toward
the bluff would require raising grades at the top-of-bluff a little more than 7 feet in order
to generate a 1 percent slope for drainage back to the street. This would require either
burying the lower floor of the house or raising the entire residence. Burying the
residence, which the structure was not designed for, ensures flooding and moisture
problems, while raising the structure would elevate the house, making it higher and out of
character with the surrounding properties and view corridor. This alternative would add
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surcharge/weight that would likely further destabilize the existing bluff. This approach
may be difficult to properly implement without causing additional failures, and
importantly does not intercept any of the upland subsurface flow that will continue to exit
the face of the bluff.
Tied-Back Wall Covering Entire Bluff Face
The simplest, preferred, and likely the most cost-effective solution would be to construct
a carved and colored tied-back wall covering the exposed bluff face across the entire
property. This design alternative would also include significant storm water and wall
drainage features to accommodate the nuisance groundwater seepage and surficial runoff
mentioned previously. However, this is not the least environmentally damaging option
for the protection of the existing structure.
Do Nothing
Given the previously described site characteristics, a “do nothing” or “wait and see”
approach is not sound or advisable.

REPAIR RECOMMENDATIONS
Based on our experience designing repairs for other similar projects in the Pismo Beach
area, we believe the following are the requisite minimum necessary repairs to stop the
excessive and imminent additional bluff-top failures endangering the residence.
To Address Groundwater
1. Installation of up to 16 hydraugers (horizontal drains) at the face of the bluff
where the seepage is observed, and where effectiveness of drain placement is
immediately apparent. Drains installed at this location could be installed entirely
within the footprint of the property, with less difficulty/complexity and cost when
compared to the City suggested trench alternative.
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To Address Surficial Runoff
1. Capture more surficial on-site runoff by installing a buried impermeable liner
across the backyard, replacing the existing undersized drainage swales, which will
reduce infiltration and weakening of the upper-bluff soils;
2. Construct a much larger, centrally located storm vault with an automatic electric
pump, with a secondary backup pump to increase runoff capture and storage
capacity, sized to accommodate the 50-year design storm. The size of the
required vault is minimally 600 cubic feet, with no additional reserve capacity.
Accordingly, it may also be important to have a redundant power supply available
to address the potential loss of electrical power. We have prepared a hydrologic
and hydraulic drainage report for the subject property to size the vault in
conformance with the 2014 Public Improvement Standards of the San Luis
Obispo County Department of Public Works & Transportation, a copy of which is
included in Appendix D.
To Address Upper Bluff Erosion/Instability
1. To mitigate erosion, stabilize the upper bluff (including the improved storm
vault), and to prevent runoff overtopping the bluff, we propose the construction of
an approximately 426 square foot carved and colored upper-bluff tied-back wall
and integral continuous curb. This would include the installation of a linear series
of 2-foot-diameter piers, spaced 7 feet apart, and set back a minimum of
13.25 feet from the current westerly top-of-bluff and 14.25 feet from the easterly
top-of-bluff, as shown on the project plans. This proposed configuration provides
the effects of soil bridging, while allowing groundwater to continue to move
through the 5-foot soil gap between each of the proposed piers. Notably, and with
great reluctance given our earlier discussion regarding rates of erosion, this
proposed setback alignment allows for additional marine-based erosion to occur at
the base of the bluff, estimated as follows:
a. Near the westerly portion of the property, the proposed alignment is set
back approximately 25.1 feet. With an assumed annual erosion rate of
6 inches per year, this theoretically supports almost 50 years of continued
beach nourishment before the drilled piers are entirely exposed.
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b. At the central portion of the property, the proposed alignment is set back
approximately 18.70 feet. With an assumed annual erosion rate of
6 inches per year, this theoretically supports almost 37 years of continued
beach nourishment before the drilled piers are entirely exposed.
c. Near the easterly portion of the property, the proposed alignment is set
back approximately 31.9 feet. With an assumed annual erosion rate of
6 inches per year, this theoretically supports over 63 years of continued
beach nourishment before the drilled piers are entirely exposed.
The above-recommended repairs are conceptually shown on Figure 16. It should be
noted that the underlying topographic base map is from a contemporary survey performed
just after the upper-bluff failure. Figure 17 is a cross section depicting the pre- and postfailure topography, estimated rates of marine erosion, and the conceptually proposed
improvements. Figure 18 depicts an elevation of the conceptually proposed repairs.
Absent the above-recommended repairs, additional bluff-top failures/erosion will occur
with the next big storms, threatening both the beach-going public and eventually the
bluff-top residence.

REGULATORY CONSIDERATIONS
City of Pismo Beach General Plan & Local Coastal Plan (LCP)
With respect to the Safety Elements of the LCP, the following policies are germane to
this project:
S-3 Bluff Setbacks
All structures shall be set back a safe distance from the top of the bluff in order to retain
the structures for a minimum of 100 years, and to neither create nor con- tribute
significantly to erosion, geologic instability or destruction of the site or require
construction of protective devices that would substantially alter natural landforms
along bluffs and cliffs. The City shall determine the required setback based on the
following criteria:
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a. For development on single-family residential lots subdivided prior to January 23,
1981, the minimum bluff setback shall be 25 feet from the top of the bluff (bluff-top is
defined as the point at which the slope begins to change from near horizontal to more
vertical). A geologic investigation may be required at the discretion of the City
Engineer, and a greater setback may be applied as the geologic study would warrant.
b. For all other development, a geologic study shall be required for any development
proposed.
1. The existing project, as originally approved and constructed in 2004, has not
significantly contributed to erosion, geologic instability or destruction of the site.
However, an existing latent natural topographic condition was not adequately
anticipated or addressed by the civil engineer. Regardless, in our opinion, the
same erosion would likely have occurred had the site not been developed.
Note: Per the LCP, the project is located in the Terrace Avenue Planning Area G,
which specifies an additional 10-foot buffer (LU-G-2). The background for this
planning area indicates, “Substantial bluff retreat has occurred in this area.”
Unfortunately, the LCP does not provide sufficient detail to determine if this is a
result of marine-based erosion, subaerial erosion, geology/faulting, erosion
induced by groundwater seepage, and/or if the substantial bluff retreat is a
combination of these factors. Arguably, a clarification of the primary cause
would help designers and planners to more effectively address the problem.
However, having reviewed other nearby projects, we suspect the primary culprit
to be a combination of the geology (faulting and extreme folding in the Obispo
and Monterey Formations) and groundwater seepage within the upper-bluff
terrace deposits.
2. Given the adverse site topography, it is our opinion that the original Earth
Systems Pacific reports underestimate the potential impact of the subaerial
erosion/head-cutting problem. From Pages 3 and 4 of their November 9, 2001
report:
Due to the height of the terrace deposits above the mean high tide, they [terrace
soils] will likely only be affected by sea wave erosion during periods of high tides
coupled with storm conditions. However, when these coastal conditions occur,
they typically cause significant bluff erosion. Historically, these conditions occur
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infrequently along the coast, and therefore, actual bluff retreat will be governed
by erosion of the shale and claystone bedrock.
There is only minor evidence of surface water runoff flowing over the top of the
bluff. It appears that surface water from adjacent properties and Shoreline Drive
is being adequately controlled.
Fundamentally, we do not disagree with any of their statements. However, we
believe that with the advantage of current observations and hindsight, in 2001,
Earth Systems Pacific had a difficult assessment, and unfortunately
underestimated the severity of this geomorphic process. This is completely
understandable, given the difficulty in predicting this type of erosion,
compounded by the fact that this erosion is largely the result of seepage through
the face of the bluff, aggravated by increased upland development. More
importantly, Earth Systems Pacific would not have been able to substantiate or
defend a single convulsive event of 10-feet of erosion at the peril of the
developer. Because of this situation, the civil designer did not fully understand
the magnitude of the potential problem and, as a result, did not adequately size the
drainage improvements to handle larger storm events.
Minimally, the proposed repair will not substantially alter the natural landforms
along the bluffs and cliffs.
S-4 Bluff-Top Guidelines/Geologic Studies
Site-specific geologic reports shall incorporate the information requirements contained
in the State Coastal Commission's guidelines for Geologic Stability of Bluff-top
Development, as adopted May 3, 1977 and updated on December 16, 1981. This
guideline is included in the Appendix. The report shall consider, describe and analyze the
following:
1. A site-specific erosion control plan to assure that the development would not
contribute to the erosion or failure of any bluff face shall be prepared by a licensed
engineer qualified in hydrology and soil mechanics for all bluff-top development.
It is our understanding that the site and landscape plans were developed by Architect
Gary Michael Swauger in October 2001. Unfortunately, we were not able to obtain
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copies of these plans. However, based on our review of the limited available
documentation, erosion/drainage was likely not adequately addressed.
2. Cliff geometry and site topography, extending the surveying work beyond the site as
needed to depict unusual geomorphic conditions that might affect the site. (See guidelines
in the Appendix.)
The reviewed Earth Systems Pacific reports include coverage of these issues/items.
3. Historic, current and foreseeable cliff erosion, including investigation of recorded land
surveys and tax assessment records in addition to the use of historic maps and
photographs where available and possible changes in shore configuration and sand
transport.
Erosion is discussed in the Earth Systems Pacific report. However, we do not agree with
their recommendation of prevailing marine-based erosion, nor the suggested 2.9 inches
per year of bluff retreat.
4. Geologic conditions, including soil, sediment and rock types and characteristics in
addition to structural features, such as bedding, joints, and faults.
The reviewed Earth Systems Pacific reports characterize these issues.
5. Evidence of past or potential landslide conditions, the implications of such conditions
for the proposed development and the potential effects of the development on landslide
activity.
See response and excerpt for item 6 below.
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6. Impact of construction activity on the stability of the site and adjacent area.
Earth Systems Pacific made the following statement:
“No evidence of bluff instability was observed in the marine terrace deposits or the
underlying bedrock. Springs and saturated soil conditions in the marine terrace deposits
can increase the potential for slope instability. Although the bedrock exposed in the bluff
face is fractured and tightly folded, there is a low potential for slope instability, due to
the steeply dipping beds.”
With the benefit of time, 16 years later, it is now apparent that springs and saturated soil
conditions have significantly contributed to slope instability.
7. Ground and surface conditions and variations, including hydrologic changes caused
by the development (i.e., introduction of irrigation water to the ground water system);
alterations in surface drainage.
We believe the Earth Systems Pacific reports and the architect did not adequately address
this issue. See response for Item 6, above.
8. Potential erodibility of the site and mitigating measures to be used to ensure minimized
erosion problems during and after construction (i.e., landscaping and drainage design).
We believe the Earth Systems Pacific reports and the architect did not adequately address
this issue.
9. Effects of marine erosion on seacliffs;
Based on our earlier discussion of erosion, we believe that the Earth Systems Pacific
recommendation of bluff retreat of 2.9 inches/year underestimates the rate of marine
erosion and is not supported.
10. Potential effects of seismic forces resulting from a maximum credible earthquake;
and
11. Any other factors that might affect slope stability.
Based on our review of the available documentation, we believe that neither Items 10 or
11 were adequately addressed for this project.
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S-5 Development on Bluff Face
No additional development shall be permitted on any bluff face, except engineered
staircases or access-ways to provide public beach access, and pipelines for scientific
research or coastal dependent industry. Drain- pipes shall be allowed only where no
other less environmentally damaging drain system is feasible and the drainpipes are
designed and placed to minimize impacts to the bluff face, toe and beach. Drainage
devices extending over the bluff face shall not be permitted if the property can be drained
away from the bluff face, toe and beach.
Conceptually, the original as-built catch basin pumped stormwater back to the street, and
partially mitigated the concerns stated in Policy S-5. However, as noted earlier, the
original design failed to accommodate what has now become a persistent and relatively
high volume of groundwater discharge through the face of the coastal bluff at and above
the geology contact, which unfortunately caused the significant upper bluff failure during
this past winter storm season. Given the existing site geology and existing groundwater
environment, there is no feasible way to capture all upland sources of groundwater that
now discharge through the face of the bluff, and thus the currently proposed bluff-top
measures, including the proposed hydraugers, are the least environmentally damaging
measures designed to minimize impacts to the bluff face, toe, and beach. Notably, with
the proposed improvements the vast majority of all surface and groundwater flows
through this property will be drained away from the bluff face and pumped to the street.
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S-6 Shoreline Protective Devices
Shoreline protective devices, such as seawalls, revetments, groins, breakwaters, and
riprap shall be permitted only when necessary to protect existing principal structures,
coastal dependent uses, and public beaches in danger of erosion. If no feasible
alternative is available, shoreline protection structures shall be designed and constructed
in conformance with Section 30235 of the Coastal Act and all other policies and
standards of the City's Local Coastal Program. Devices must be designed to eliminate or
mitigate adverse impacts on local shoreline sand supply, and to maintain public access to
and along the shoreline. Design and construction of protective devices shall minimize
alteration of natural landforms, and shall be constructed to minimize visual impacts. The
city shall develop detailed standards for the construction of new and repair of existing
shoreline protective structures and devices. As funding is available, the city will
inventory all existing shoreline protective structures within its boundaries.
In our opinion, the proposed repairs are necessary to protect the existing principal
structure, the proposed repairs have been designed to mitigate adverse impacts on local
shoreline sand supply, and the design minimizes the alteration of natural landforms and
visual impacts.
City of Pismo Beach Land Use Element (LUE) – Terrace Ave - Planning Area G
LU-G-2 Bluff Setback & Protection
The bluff top setback for development along the bluffs shall exceed the Policy S-3 and
Coastal Zone Code Section 17.078.050 requirement for a 100 year bluff retreat with the
addition of a 10’ buffer. The minimum blufftop setback shall be no less than 25 feet from
the top of the bluff. Geology reports shall be required for any development near the top of
the bluff to ensure that adequate bluff protection measures are provided.
Appropriate erosion control measures shall be required for any project along the blufftops and shall specify methods for maintenance.
Unfortunately, we believe that Earth Systems Pacific and the architect did not adequately
address this issue.
LU-G-3 Bluff Protection
Bluff protection devices may be necessary to protect existing development in this area,
but they shall not be permitted unless the city has determined that there are no less
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environmentally damaging alternatives for the protection of existing structures, based on
geologic reports.
Based on our review of the above regulatory issues, it is our opinion that the repairs
recommended in this report represent the minimum necessary and the least
environmentally damaging alternative to protect the residence.
We appreciate the opportunity to be of service and trust this information meets your
needs. If you have any questions, please give us a call.
Very truly yours,

TERRACOSTA CONSULTING GROUP, INC.

Gene D. Spineto, Senior Project Manager

Braven R. Smillie, Principal Geologist
P.G. 402, C.E.G. 207 245

Walter F. Crampton, Principal Engineer
R.C.E. 23792, R.G.E. 245
GDS/BRS/WFC/jg
Attachments
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HYDROLOGIC & HYDRAULIC DRAINAGE REPORT
2111 SHORELINE DRIVE
SHELL BEACH, CALIFORNIA

1

INTRODUCTION

This report addresses site drainage for the approximately 7,200 square foot property located
at 2111 Shoreline Drive in the community of Shell Beach in the City of Pismo Beach,
California. As indicated on the Site Plan (Figure 1), the entire lot drains southerly over the
face of the coastal bluff.
The topographic base map was prepared on June 1, 2016, by MBS Land Surveys of San Luis
Obispo, and also depicted both the existing gravel swale and the approximate location of the
existing drainage box.

2

PROPOSED IMPROVEMENTS

As part of the proposed coastal bluff stabilization measures, we propose to insert either a precast or cast-in-place concrete inlet structure to be located approximately 19 feet southerly (or
seaward) of the residence. As indicated on Figure 2, we are recommending a redundant
pump system to accommodate a 50-gpm 50-year design capacity ultimately discharging
through a curb cut onto Shoreline Drive (see Figure 3). These proposed improvements are
also included in the construction drawings.

3

HYDRAULIC INFORMATION

Site hydrology is based on the San Luis Obispo County Department of Public Works and
Transportation 2014 Public Improvement Standards, specifically Section 5.1, Design
Standards for Storm Drainage. We used a 50-year design storm in sizing both the redundant
pump capacity and storm drain vault. We have assumed that prior to the design storm event,
the soil had already been wetted and that during the actual design storm, all rainfall would be
contained on site and captured in the vault. We used the rainfall intensity from Table 3 of
Drawing H-4 for calculating the required storage capacity and design pump capacity. When
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using a 50-year design storm, as specified in Section 5.1.1.E of the County storm drainage
design standards, the design rainfall intensity ranges from 3.7 inches per hour for a 10-minute
duration down to 0.58 inch per hour for a 10-hour duration. In our analyses, we evaluated
both the cumulative volume of rainfall from a 10-minute to 10-hour storm event, along with
the pump capacity to drain the vault. Based on these calculations, the 2-hour design storm
controls requiring approximately 3,500 gallons of available storage capacity after the
discharge pump is activated. As indicated on Figure 2, we set the base of the redundant
pump 12 inches above the floor of the vault to minimize the activation of both pumps during
more routine nuisance flows. The required design capacity assumes that the lower pump is
inoperable and the second pump starts pumping at 50 gpm once 12 inches of water
accumulates in the bottom of the vault.
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