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1) California Coastal Commission, Staff Report, 341, 347, and 355 Pacific Avenue, Solana 

Beach, September 25, 2013. 

2) California Coastal Records Project, Aerial Images, 1972, 1979, 1987, 1989, 2002, 2004, 
2006, 2008, 2010, and 2013. 

3) Continental Aerial Photo, Stereo-pair Aerial Photos, Flights 12-10-1969, 4-16-1972, 12-13-

1978, 12-17-1979, 04-08-1980, 01-14-1988, 10-30-1993, 08-12-1998. 

4) Google Earth, Aerial Images, 05-31-1994,12-31-2002, 06-29-2004, 01-03-2006, 02-29-

2008, 08-23-2010, 11-2-2012, 05-11-2014, 04-14-2015. 

5) Group Delta, Shoreline Erosion Study, North Solana Beach, California, August 20, 1998. 

6) Group Delta, Geotechnical Investigation, Coastal Bluff at Southwest Property Corner, Del 

Mar Beach Club, Solana Beach, California, dated March 3, 1999. 

7) Kennedy and Tan, Geologic Map of the San Diego 30' x 60' Quadrangle, 2005 

8) State Coastal Conservancy, California Beach Restoration Study, January 2002 . 

9) "Updated Geotechnical Recommendations - Proposed Maintenance Repairs Existing 
Lower Bluff Seawall & South Property Line Upper Buff Caisson System, Del Mar Beach 
Club HOA, 825 S. Sierra Avenue, Solana Beach, California 92075", prepared by Soil 

Engineering Construction, dated April 3, 2023. 

10) Grading and Improvement plans, Del Mar Beach Club - Phase I Seawall and Upper Bluff 

Repair, 825 S. Sierra Avenue, Solana Beach, California, prepared by Degenkolb Engineers, 

job number C1676031.00 
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Drawings Revised Del Mar Beach Club Sea Wall Del Mar Beach Club Proposed Maintenance/Repairs to 
Existing Seawall and Upper Bluff Caisson System-Phase 1 
Prepared by SEC, Dated April 3, 2023 
 
Structural Calculations 
Del Mar Beach Club Seawall and Upper Bluff Repairs 
825 South Sierra Avenue, Solana Beach, California 92075 
Degenklob Engineers Job No. C1676031.00, Dated February 8, 2023 
 
Existing Photo; Lateral Wall on Southerly Property Line 
DMBC, Existing Conditions—Upper Bluff South End 
 
Existing Photo; Segment of Southerly 170ft of DMBC Seawall 
DMBC Existing Conditions 
 
2013 Photo; Del Mar Beach Club, California Coastal Records Project 
 
1989 Photo; Del Mar Beach Club, California Coastal Records Project 
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Updated Geotechnical Recommendations - Proposed Maintenance Repairs 
Existing Lower Bluff Seawall & South Property Line Upper Bluff Caisson System 

Del Mar Beach Club HOA - 825 S. Sierra Avenue, Solana Beach, California 92075 
 
1.0 INTRODUCTION AND OVERVIEW  
 
This report summarizes the findings of the Soil Engineering Construction, Inc. (SEC) updated 
geotechnical recommendations for the coastal bluff area at the south and west portions of the 
subject site. Coastal bluff retreat has adversely affected the subject site since the early 1980’s.  To 
protect improvements on-site, the DMBC has permitted and constructed various coastal 
protection devices over the years.  These include a lower bluff seawall which fronts the western 
boundary of the subject property, a drilled pier wall within the building pad near the southwest 
property corner, and a pile supported wall with shotcrete facing on the bluff face at the southwest 
property corner.  Ongoing erosion and bluff failures in this area have worsened conditions from a 
geotechnical standpoint, maintenance repairs to the protective devices are now required. 
 
Purpose of this updated geotechnical evaluation for the DMBC:  
 

• Document the condition of the previously installed coastal protection devices within the 
subject area;  

 
• Provide opinions of the stability of the subject property related to the deterioration of 

coastal protection devices;  
 

• Document whether an imminent threat of damage or failure to the coastal protective 
devices or structures on-site now exists as a result of continuing mid/upper bluff failure 
at the southwest property corner; and,  
 

• Provide recommendations for improvements to the coastal protection devices.   Elements 
of the report include an evaluation of previous geotechnical studies and a presentation 
of useful information relevant to the coastline erosion processes in the area. The site 
location is depicted on Figure 1 in Appendix B 

                                                                
2.0 SCOPE OF WORK  
 
The scope of this geotechnical evaluation includes: 
 
• Review of geological, topographical, and historic aerial imagery and literature pertaining 

to the site and vicinity.  (see Appendix A). 
 

• Geological reconnaissance to record, measure and map portions of the coastal bluff and 
document the current conditions of the previously installed coastal protective devices.  
 

• Destructive testing to expose the steel reinforcement of the existing seawall. 
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• Load testing of the previously installed tie-back anchors associated with the existing 
seawall. 
 

• Assess previous laboratory test data relative to strength parameters for the soil/geologic 
units of the area.  
 

• Present site topographic plans and provide geological cross-section profiles of the coastal 
bluff properties. 

 
• Geotechnical analysis of the previous data obtained relative to existing bluff stability as 

well as proposed bluff conditions once recommended repairs are implemented at the site 
(see Appendix B). 

 
• Preparation of this final report.  

 
3.0 GEOLOGIC SETTING 
 
The site is located within the coastal portion of the Peninsular Ranges Geomorphic Province of 
California.  This province, which extends 900 miles from Southern California to the southern tip 
of Baja California, is characterized by northwest-trending structural blocks.  The coastal portion 
of the province in San Diego County is typically comprised of upper Cretaceous-aged to Tertiary-
aged (1.8 million to 65 million years) marine and non-marine sedimentary bedrock units that have 
been deposited within a northwest trending basin known as the San Diego Embayment (Norris & 
Webb, 1976).  Recent geologic uplift along the San Diego coastal margin, combined with sea level 
changes, have created marine terraces and associated deposits consisting of near-shore marine, 
beach estuarine, and lagoonal facies.  These deposits range from early to mid-Quaternary-aged 
(45,000 to 1.5 million years) and are designated in geologic literature as Paralic Deposits. 

According to the geologic literature, the site is underlain by Quaternary-aged surficial deposits 
designated Old Paralic Deposits, Unit 6. These deposits are in turn underlain by the Tertiary-aged 
Torrey Sandstone.  The site location is identified on the Geologic Plan (Figure 5 in Appendix B).  
Geologic literature describes the Paralic Deposits as, “poorly sorted, moderately permeable, 
reddish-brown, interfingered strandline, beach, estuarine and colluvial deposits composed of 
siltstone, sandstone and conglomerate.”  The Torrey Sandstone is described as, “white to light 
brown, medium to coarse grained, moderately well indurated, massive and broadly cross bedded, 
arkosic sandstone” (Kennedy and Tan, 2008).   

4.0 SITE STRATIGRAPHY 
 
The subsurface descriptions presented below are interpreted from the conditions exposed during 
the referenced field investigation conducted by others, recent mapping of the bluff exposure 
and/or inferred from local geologic literature.  Cross Section A-A’, Figure 4 in Appendix B, which 
was adapted from the referenced investigation by Group Delta, depicts the subsurface profile and 
changes in the bluff profile over time. 
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Old Paralic Deposits – Unit 6 (Qop6) – Old surficial deposits designated Quaternary-aged Old 
Paralic Deposits, Unit 6 were encountered during the referenced investigation.  These deposits 
are associated with the Nestor marine terrace and are approximately 120,000 years old and are 
often referred to as Terrace Sands or Terrace Deposits.  The upper approximate 20 feet were 
generally logged as a light reddish brown, medium dense, fine to medium grained sandstone.  
Below the approximate 20-foot depth within the paralic deposits an increase in density was noted. 

Mapping of the bluff revealed the moderately cemented reddish brown sandstone or “beach 
ridge” deposits within the upper approximate 5 feet of the bluff, forming a cap across the lot that 
is more resistant to erosion as indicated by the near vertical exposures of this material.  
Underlying the “beach ridge” cap, two zones of poorly cemented tan sandstone were identified.  
These zones, which are more susceptible to erosion, form the sloping terrain, which extends down 
to the underlying bedrock sea cliff.   

Bedrock – Torrey Sandstone (Tt) – Bedrock of the Tertiary-aged Torrey Sandstone was mapped 
underlying the Paralic Deposits at an approximate elevation of 28 feet MSL, and was generally 
described as a well indurated, medium to coarse grained, tan to light gray sandstone.  The 
sandstone forms an approximate 15-foot-high sea cliff, the base of which is within beach sands.  
The face of the sea cliff is at or beyond vertical with several feet of overhang along some portions.    
General bedding with a southeasterly dip on the order of 2 degrees, along with localized higher 
angled cross bedding with random orientations, was measured within exposures of the Torrey 
Sandstone.  Several minor sea caves or notches were noted within the base of the sea cliff at the 
existing beach grade. 

5.0 SITE-SPECIFIC COASTAL BLUFF TOP RETREAT 

A site-specific coastal bluff top retreat rate was evaluated utilizing small scale (1” = 2000’) stereo-
pair historical aerial photos ranging from 1969 through 1998, large scale (1” = 40’) aerial 
photographs ranging from 1994 through 2010, and higher resolution oblique aerials ranging from 
1972 to 2013.  Based on a review of these images, there appears to have been relatively small 
changes in the bluff top configuration along the western perimeter of the lot.  Three oblique 
aerials, 1972, 1989, and 2013, which were shot at similar angles, were selected and roughly scaled 
for comparative purposes.  Over the approximate 40-year period with the three images, it is 
evident that the subject bluff top experienced a very minor level of erosion during this period.     

It should be noted that site-specific erosion rates have likely been reduced as the base of bluff has 
been improved with a concrete and wood seat wall.  Similar improvements were noted along the 
base of bluff to neighboring lots both north and south of the subject site. These conditions would 
tend to reduce erosion caused by wave action along the base of bluff along with associated bluff 
top retreat.  For purposes of our evaluation, an average retreat rate consistent with those 
established by regional studies which are summarized in the next section was utilized.  In this 
case, an average rate of 0.25 ft/year was adopted for the site.  

6.0 REVIEW OF COASTAL BLUFF RETREAT DOCUMENTS AND STUDIES 

In addition to the review of aerial images, published reports which address coastal bluff retreat 
rates in the Solana Beach, Encinitas and Leucadia area were reviewed.   
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A FEMA funded study conducted by Benumof and Griggs (1999), evaluated sea cliff erosion rates 
along several coastline sites within San Diego County including a 0.5 mile stretch of Encinitas 
located south of the subject site.  These rates were determined over a 62-year period 1932 
through 1994 and include short-term erosional episodes related to severe winter storms, 
including sea cave or notch overhand collapses.  The study reported average long-term retreat 
rate for the Encinitas area of 7.7 cm/year or 0.25 ft/year.   

A 2015 study by the U.S. Army Corps of Engineers evaluated the potential impacts from coastal 
erosion in the Encinitas area from the south end of Solana Beach to the north end of Leucadia.  
The study was divided into nine different zones or reaches, with the subject lot located in Reach 
1, which extends from Leucadia Boulevard north to La Costa Avenue.  Reach 1 was described as 
having many properties with bluff base improvements similar to the wall identified at the subject 
property.  Bluff composition for the reach was described as having a flatter upper bluff slope with 
vegetation cover, and an erosion resistant bluff base comprised of bedrock and a continuous 
cobble berm.  The study concluded sea cliff retreat rates of 0.3 ft/year, and bluff top retreat rates 
of 0.2 ft/year.   

7.0  POTENTIAL SEA LEVEL RISE IMPACT 

As part of our investigation, and in accordance with the State of California Sea-Level Rise Guidance 
2018 Update, we evaluated potential site impact regarding sea-level rise.  For evaluation 
purposes, we utilized data from gauge (#9410230) in La Jolla and assumed a project lifespan target 
date for 2090.   

Based on information from the NOAA.gov website, the La Jolla tide gauge has tide level 
measurements dating back to 1924. Historical tide gauge measurements over the previous 97 
years indicate a sea-level trend of 2.04 mm/year, with a 95 percent confidence interval of +/- 0.23 
mm/year. The sea-level trend data projected to a 75-year lifespan indicates a sea-level rise 
ranging from 135 mm to 170 mm.  Although useful, the historical sea-level trend does not consider 
the impact of climate change on sea-level rise. 

The State of California Sea-Level Rise Guidance (2018) document provides projected sea-level rise, 
with climate change taken into account, for 12 tide gauges located along the California coastline 
from Crescent City in Northern California to San Diego in Southern California. Tables for each of 
the 12 tide gauges are provided with sea-level rise projections at 10-year intervals for years 
ranging from 2030 to 2150 and projected ranges including median, likely, 1-in-20 chance, and 1-
in-200 chance. Different risk aversion levels, including low, medium-high, and extreme, are also 
provided for project planning purposes. The low-risk aversion is associated with the “likely” range 
with a 66 percent probability of occurrence, and the medium-high risk aversion is “1-in-200 
chance” with a 0.5 percent probability of occurrence.  There is also an extreme risk aversion 
category that is not associated with a specific climate change projection and is intended for 
projects with a low tolerance for risks, such as power plants, airports, and hazardous waste 
storage sites.  For years beyond 2050, different emission scenarios, either low emission or high 
emission, are also provided.   

As previously mentioned, the La Jolla tide gauge was identified as #9410230, and a project lifespan 
target date of 2090 was utilized for our evaluation.  The following table summarizes sea level rise 
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projections provided in “Table 34: Projected Sea-Level Rise (in feet) for San Diego” from the State 
of California Sea-Level Rise Guidance (2018) document. These values can be utilized for 
determining potential site impact from sea level rise. 

SEA LEVEL RISE PROJECTIONS 

  
  
  

MEDIAN LIKELY 1-in-20 
Chance 

1-in-200 
Chance H++ 

scenario 
(Sweet 
et al, 
2017) 

*Single 
scenario 

50% 
probability 

sea level 
rise meets 

or 
exceeds… 

66% probability 
sea level rise is 

between… 

5% 
probability 

sea level 
rise meets 

or 
exceeds… 

0.5% 
probability 

sea level 
rise meets 

or 
exceeds… 

    Low Risk 
Aversion   

Medium – 
High Risk 
Aversion 

Extreme 
Risk 

Aversion 
Low emissions 

(2090) 1.6’ 1.0’ 2.2’ 2.9’ 4.8’ -- 

High emissions 
(2090) 2.2’ 1.6’ 3.0’ 3.7’ 5.7’ 8.3’ 

The project designers can consider the potential impacts of sea-level rise on the proposed 
development. 

8.0 GROUNDWATER AND SURFACE WATER  
No significant groundwater seepage was observed at the contact of the Pleistocene terrace 
deposits over the Torrey Sandstone.  We note that seasonal perched groundwater levels and 
conditions can fluctuate due to factors such as rainfall amounts, rainfall intensity, temperatures, 
or other factors. Changes in this perched groundwater condition can affect the stability of the 
upper bluff area.   
 
9.0 CONCLUSIONS, FINDINGS & RECOMMENDATIONS 
 
Based on our investigation, the previously installed protective devices have been adversely 
impacted by on-going erosion and bluff failures.  These devices have undergone both chemical 
and physical weathering as a result of exposure to the elements including sea air and wave action. 
To extend the lifespan of the devices, and minimize the potential impacts to the improvements 
on-site, maintenance and repairs are warranted.   For the purposes of this report, there are two 
areas proposed for immediate maintenance/improvement.  Our findings and recommendations 
are discussed in further detail below.  A photo image depicting the current site conditions is 
provided as Proposed South end Caisson Repair, Figure 2 in Appendix B, and a topographic plan 
view of the subject area is provided as Section Plan View, Figure 3 in Appendix B.  
The first area for required maintenance and repairs is the southern +/- 170 lineal feet of the lower 
sea wall.  As part of our geotechnical work, several tieback anchorage heads along the seawall 
were exposed by removing the concrete anchorage encasements.  Severe corrosion of the tieback 
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anchor tendons, anchor heads and bearing plates were observed.  SEC attempted to pull test 
several individual anchor tendons at different tieback locations using a calibrated center hole jack.  
Each of the tested tieback tendons failed at relatively low loads, less than 50% of a typical tendon 
load, with some tendons failing at near zero loads behind the bearing plate, due to corrosion.  
Based on our observations and experience, it is our finding that most of the existing lower bluff 
seawall tiebacks have been severely compromised, see photo below, and that as part of the wall 
repair project a new row of tiebacks should be installed.  Relying on the existing tiebacks for lateral 
support of the existing seawall is not recommended. 
 

 
 
The proposed new seawall tiebacks should be designed assuming unbonded lengths and loading 
consistent with the original seawall design.  It is recommended that the new tieback unbonded 
zone should 20 feet and a bond stress of 21 psi can be assumed for tieback anchor design. 
 
SEC also observed severe concrete spalling along most of the entire length of the lower bluff 
seawall.  A few areas in the concrete seawall face were opened up to observe the outer layer of 
reinforcing steel.  It appears that a new outer reinforcing steel mat will be required, in most areas, 
to be replaced due to corrosion.  We recommend that all spalled concrete be removed and 
reinforcing steel be replaced or cleaned and a new shotcrete cover be installed over the length of 
the repair. 
 
No weep holes were observed in the seawall.  It is recommended that weep holes be installed at 
or above elevation +7msl.  Installing weep holes at lower elevations may cause piping behind the 
wall from ocean surges during high tides and storm conditions.  If it is decided to install weep 
holes at a higher elevation, like +7’msl, then the structural engineer should consider adding 
hydrostatic pressures in design of the lateral support anchors.   
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The second area for required maintenance and repairs is the upper bluff pier wall and adjacent 
bluff face along the southern property line of the DMBC condominium complex.  Based on our 
recent review the bluff has receded eastward approximately 8 feet since the pier wall and 
shotcrete were previously installed.  This greatly exceeds the normal annual bluff retreat rate, 
and is a result of bluff failures.  Ongoing upper-bluff failures and associated erosion will continue 
resulting in the exposure of the concrete piers and potentially threatening to undermine the 
existing bluff-top structures. At a minimum, we recommend a reinforced shotcrete skin be 
installed over the existing 18-inch diameter drilled piers for the full length of the current erosion 
exposure, approximately 4 lineal feet +/-.  The new reinforced shotcrete covering should extend 
a minimum of 3 feet into the underlying bluff materials.  If additional tiebacks are necessary, then 
the minimum unbonded length should be 20 feet.  A bond stress in the upper native terrace 
deposits may be assumed as 15psi.  In order to keep tiebacks at a reasonable design load, we 
recommend a minimum of 3 rows of anchors.  The anchors shall be proof tested to 133% of design 
load.  We recommend that the project structural engineer evaluate the existing wall design and 
make a determination if additional tieback anchors are required.  A preliminary wall loading 
diagram is provided in Figure 6, Appendix B. 
 
10.0 SAFETY CONSIDERATIONS 
 
Due to the large-scale failures that have occurred to the bluff face, the safety factor at the top 
and base of bluff is a very important issue.  Recent bluff failures in the immediate vicinity have 
resulted in fatalities and/or significant injuries. Contractors, engineers, pedestrians, and any other 
persons in the vicinity, should be aware and warned of the severity of the bluff face conditions.   
 
The present condition of the bluff profile constitutes an active hazard to properties and persons 
living and/or working above the bluff profile.  The present condition also constitutes a hazard to 
persons along the base of the bluff profile.  This hazard along the base of the bluff is estimated to 
extend approximately 50 feet seaward of the base of the bluff.   
 
Without the proposed shore protection measures, the section along the beach-level area does 
not have ample space between the bluff face and the ocean during high tide periods for a person 
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to walk and not be in a region of hazard.  Generally, beach hazards include complete collapse of 
sea caves and undercut and over-steepened bluffs, as well as massive slope failures of the bluff 
above the bedrock.  Potential failures along the top of the bluff profile may extend landward from 
approximately several feet to 20-foot.   
 
11.0 LIMITATIONS AND CHANGING CONDITIONS  
 
This updated geotechnical evaluation report addresses limited geotechnical conditions at DMBC 
site, and is based on our document review, our experience in bluff projects, and our observations 
of the geological conditions exposed in the bluff at this locality.  This report assumes that the 
geologic/soils conditions do not deviate appreciably from those observed.  The recommendations 
of this report pertain only to the subject site.    
 
The findings of this report are valid as of this date. Changes in conditions of this region can occur 
with the passage of time, through natural processes or the work of man at this vicinity.  In 
addition, applicable standards may be changed by legislation or the broadening of knowledge in 
the fields of geotechnical engineering or geology.  Hence, the findings of this report may be 
invalidated wholly or in part by changes beyond our control.   
 
If there are questions regarding the information contained herein, we should be contacted.  We 
will not be responsible for the misinterpretation by others of the information herein.  Our services 
consist of professional consultation, and no warranty of any kind whatsoever, express or implied, 
is made or intended in connection with the work performed by us. 
 
Respectfully submitted, 
SOIL ENGINEERING CONSTRUCTION, INC.  
 
  
 
John W. Niven, P.E.     Robert D. Mahony, G.E., C.E.G. 
 

 
 
 
 
 
 
 
 
Attachments: Appendix A – References 

Appendix B – Figures (1-6) 
Appendix C – Repairs to Coastal Bluff, DMBC,  

Solana Beach. Drawing Sheets 1-18 
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1) California Coastal Commission, Staff Report, 341, 347, and 355 Pacific Avenue, Solana 

Beach, September 25, 2013. 

2) California Coastal Records Project, Aerial Images, 1972, 1979, 1987, 1989, 2002, 2004, 
2006, 2008, 2010, and 2013. 

3) Continental Aerial Photo, Stereo-pair Aerial Photos, Flights 12-10-1969, 4-16-1972, 12-13-
1978, 12-17-1979, 04-08-1980, 01-14-1988, 10-30-1993, 08-12-1998. 

4) Google Earth, Aerial Images, 05-31-1994,12-31-2002, 06-29-2004, 01-03-2006, 02-29-
2008, 08-23-2010, 11-2-2012, 05-11-2014, 04-14-2015. 

5) Group Delta, Shoreline Erosion Study, North Solana Beach, California, August 20, 1998. 

6) Group Delta, Geotechnical Investigation, Coastal Bluff at Southwest Property Corner, Del 
Mar Beach Club, Solana Beach, California, dated March 3, 1999. 

7) Kennedy and Tan, Geologic Map of the San Diego 30’ x 60’ Quadrangle, 2005 

8) State Coastal Conservancy, California Beach Restoration Study, January 2002. 
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