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Dear Ms. McMullen: 

NOVA Services, Inc. (NOVA) prepared this geotechnical addendum to respond to the referenced 
review comments from the City of San Diego (City of San Diego, 2023) for the Stormwater Diversion 
project at the Point Loma Wastewater Treatment Plant. Kimley-Horn and Associates (KHA) is retained 
by the City of San Diego, and NOVA is retained by KHA as the subconsultant to provide geotechnical 
assistance and effectively take over as the geotechnical consultant of record for the project. 

The following plates, figures, and appendices have been attached to this document. 

Plate 1    Geotechnical Map 

Plate 2    Geotechnical Map 

Plate 3   Geologic Cross-Sections  

Appendix A   References  

Appendix B   Historical Imagery  

Appendix C   Slope Stability Analyses 

Appendix D   Critical Geotechnical Evaluations 

INTRODUCTION 

The Point Loma Water Treatment Plant (hereinafter the ‘Plant’) was constructed in the early 1960’s to 
serve the metropolitan San Diego region. It is considered a critical public facility. The Plant is located 
adjacent to the Pacific Ocean in the southwest portion of Point Loma, San Diego. The western edge 
of the Plant is located at the top of sensitive coastal bluffs. Geotechnical Investigations have been 
performed at the Plant since the late 1950’s. Grading of the Plant was conducted in the 1960’s and 
consisted of constructing a relatively flat pad which required cutting into the hillside east of the Plant 
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and filling the western portion of the site (Appendix B shows images of the current Plant as well as 
sequential aerial photographs of the Plant as it was constructed). 

Over the last 60 years, erosion of some of the bluffs has affected portions of the facility. As a result, 
the bluffs at the backs of coves received shoreline protective devices and sea caves have been infilled. 
The current bluff area is composed of a combination of simple bluffs and modified landform bluffs (City 
of San Diego, 2004). Numerous geotechnical investigations and analyses have been performed to 
evaluate bluff retreat rates as they relate to coastal engineering. Appendix A presents a bibliography 
of these investigations and a figure depicting the approximate locations of relevant investigations 
performed at the Plant that were provided by the City of San Diego for our review. Appendix D presents 
the most relevant investigations (in their entirety) regarding bluff retreat and stability. 

To satisfy the requirements of a MS4 Permit (Disposal of Stormwater Run Off), the Plant has proposed 
to install six wet wells at various locations within the western portion of the Plant to collect stormwater. 
The collected stormwater will be pumped to the eastern portion of the site via new, dedicated storm 
drain pipelines, so it can be treated and mixed with wastewater. The wet wells will not be occupied 
except for maintenance (i.e., less than 4,000 man-hours per year). The improvements are not 
considered crucial to the operation of the Plant. The facilities are in their proposed locations because 
stormwater flows downhill. The locations are at the lowest elevation within their particular drainage 
basins. They cannot be moved and still function as intended. 

SCOPE OF WORK 

A geotechnical investigation for the proposed facilities was prepared on September 29, 2020, by Atlas 
Engineering West Inc. (Atlas, 2020). This report was the subject of the Development Services 
Department-Geology (DSD-Geology) comments. The following document is a response to those 
comments. 

To respond to the comments by DSD-Geology, we have performed the following tasks: 

1. Review of published geologic maps and reports regarding Point Loma geology, seismology, 
coastal bluff formation and erosion, and predicted sea level rise. 

2. Review of previous exploratory logs in the study area to create cross-sections.  

3. Review of stereo aerial photographs and Google Earth images. 

4. Observation and filming of storm conditions along the bluffs during an El Niño event at the height 
of a Perigean Tide. 

5. Geologic mapping of the western portion of the Plant. 

6. Preparation of four geologic cross-sections for use in evaluating slope stability, and the geologic 
map showing site geology, hybrid bluff top, modified bluff top, and 40-foot setback lines.  

7. Evaluation of predicted sea level changes in combination with Perigean Tides (King Tides), El Niño 
storm surge, and wave set-up. 
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8. Geotechnical analyses to prepare responses to DSD-Geology comments. 

It is our opinion, based on our analyses, that the proposed facilities will not be adversely impacted by 
fault ground rupture. The proposed facilities will not adversely affect slope or bluff stability. Coastal buff 
retreat will not likely impact the proposed facilities due to existing shoreline protection devices. 
Projected sea level rise may affect the life of the existing shoreline protection devices, but we assume 
that the devices will be enhanced over time to protect the essential facilities at the Plant which, in turn, 
will protect the proposed non-essential facilities.  

RESPONSE TO DSD-GEOLOGY COMMENTS 

The review comments and NOVA’s responses are provided below. 

Comment 00018: The project’s geotechnical consultant must submit a geotechnical addendum or 
update letter for the purpose of an environmental review that specifically addresses the proposed 
development plans and the following: 

Response: This letter serves as the requested geotechnical addendum for the purposes of a 
geotechnical review, with the referenced proposed development plans. 

Comment 00019: Per the City’s Guidelines for Geotechnical Reports, the geotechnical investigation 
report must contain a geologic/geotechnical map that shows the distribution of fill and geologic units, 
location of exploratory excavations, and location of cross-sections. The map should be on the current 
topographic base that shows the proposed development.  

Response: See Plates 1 and 2. 

Comment 00020: Circumscribe the limits of anticipated remedial grading on the geologic/geotechnical 
map to delineate the proposed footprint of the project. 

Response: No remedial grading is anticipated or recommended. The footprints of the proposed 
facilities are shown on Plates 1 and 2. 

Comment 00021: The project is located in Geologic Hazard Category (GHC) 53 as shown on the City’s 
Seismic Safety Study Geologic Hazard Maps and is characterized by sloping terrain, unfavorable 
geologic structure, and variable slope stability. The geotechnical consultant must indicate if the 
geologic structure at the site is favorable or unfavorable with respect to slope stability at the site. 

Response: The Point Loma Formation dips into slope (See Plates 1 and 2) and the overlying old paralic 
deposits are flat lying. The geologic structure is favorable at the site with respect to slope stability. 
Slope stability at the site is controlled by slope steepness and bluff erosion. It is our opinion that the 
proposed facilities will not affect bluff stability nor will bluff stability affect the facilities (See Plate 3 and 
Appendix C). The vault and wet well locations are in areas protected by existing shoreline protection 
devices or are sufficiently landward of a hybrid top of bluff (See Plates 1 and 2).  

Comment 00022: The project’s geotechnical consultant must provide a professional opinion that the 
site will have a factor-of-safety of 1.5 or greater for both gross and surficial stability following project 
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completion. If necessary, provide recommended mitigation measures to reduce the geotechnical 
impacts from slope instability to a level of insignificance. 

Response: NOVA performed slope stability analyses of Geologic Cross-Sections A-A’, B-B’, C-C’, and 
D-D’ as shown on Plate 3. Analyses were performed using SLIDE2 V9.019 software to calculate factors 
of safety (FS) against slope failure using Spencer’s method, which satisfies both force and moment 
equilibrium. Five different materials were defined to represent the subsurface conditions. The materials 
include existing fill, colluvium, old paralic deposits, Point Loma Formation, and previously placed rip 
rap. The properties of the materials selected for the analyses are listed in Table 1.  

Table 1. Strength Parameters for Slope Stability Analyses 

Material Name Unit Weight  
(pcf) 

Cohesion 
(psf) 

Fricton Angle 
(deg) 

Fill (Qf) 120 100 30 
Rip Rap (Qr) 130 0 50 

Colluvium (Qcol) 120 0 30 
Old Paralic Deposits (Qop) 128 600 35 
Point Loma Formation (Kp) 130 1500 45 

 
The shear strength parameters were derived from previous laboratory test results obtained during 
previous geotechnical investigations and our experience with similar materials on previous projects in 
the site area. The groundwater level was taken at an elevation of 0 feet above mean seal level (MSL).  

NOVA’s slope stability analyses consisted of evaluating the static factors of safety of the existing and 
proposed configurations of Cross-Sections A-A’, B-B’, C-C’, and D-D’. The pseudostatic factors of 
safety of the proposed slope configurations were also evaluated. A seismic coefficient (kh) of 0.15 was 
used for the pseudostatic case. The results of the analyses are summarized in Table 2. 

Table 2. Slope Stability Analyses Results 

Geologic Cross-Section 
Existing Condition Proposed Condition 

Static Factor of 
Safety 

Static Factor of 
Safety 

Pseudostatic Factor 
of Safety 

A-A’ 1.99 1.99 1.65 
B-B’ 3.08 3.04 2.25 
C-C’ 1.68 1.68 1.52 
D-D’ 1.56 1.56 1.29 

 
Factors of safety of 1.5 and 1.25 or greater, respectively, are generally considered acceptable in 
geotechnical practice within the City of San Diego for static and pseudostatic conditions.  
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Comment 00023: The project site is also located in GHC 12 as shown on the City’s Seismic Safety 
Study Geologic Hazard Maps. GHC 12 is a fault buffer zone characterized by potentially active, 
inactive, or activity unknown faults with a low to moderate risk. Provide an explicit opinion whether or 
not an “active” or “potentially active” fault trace passes beneath the proposed construction. The opinion 
must be supported by adequate data. 

Response: See Plates 1 and 2. There are no active or potentially active faults beneath the proposed 
vault and wet well sites (City of San Diego, 2018, p.39). Alfred Carsola, a geological consultant, 
observed faults in the coastal bluffs during an investigation performed at the Plant prior to construction 
(Carsola, 1958, Appendix D). The bluffs had not been altered and the faults depicted on the City of 
San Diego’s Geotechnical Hazards Maps were observed not to offset the 120,000- to 80,000-year-old 
Nestor Terrace. Carsola considered the faults to be pre-Pleistocene and likely pre-Quaternary. No 
geotechnical document prepared for the Plant has stated that faulting at the site is anything but pre-
Pleistocene. 

Regional mapping (Kennedy, 1975) shows the faults to be buried beneath the late Pleistocene old 
paralic deposits (f.k.a. Bay Point Formation). Similar faults in northern Point Loma are mapped as 
buried beneath the Quaternary very old paralic deposits (f.k.a. Lindavista Formation). The faults are 
antithetic to the current (Holocene) faults in the region and are relatively discontinuous. 

The subject faults were exposed in areas that have now been filled or covered in shoreline protection 
devices. Artificial exposures such as trenches cannot be made due to the presence of underground 
utilities and other improvements. Geophysical and CPT soundings are also impossible due to utilities 
and improvements. Given the evidence provided here-in, and the fact that the planned construction 
does not consist of habitable structures, it is our opinion that site specific fault rupture investigations 
are unwarranted. 

Comment 00024: If faulting is discovered on the project site, it must be evaluated and analyzed for 
activity level. The project’s geotechnical consultant must indicate whether or not the fault hazard 
presents a potentially significant geotechnical effect on the proposed development.  

Response: The fault hazard does not present a potentially significant geotechnical effect on the 
proposed development. See response to Comment 00023. 

Comment 00025: If a fault hazard is discovered, the consultant should indicate if project features will 
reduce the potential hazard to a level of insignificance or recommend additional mitigation measures.  

Response: There is no active faulting suspected beneath the proposed facilities or the Plant. Should 
an unknown, new fault rupture the proposed facilities, the facilities can be repaired or replaced without 
affecting the Plant operations, which reduces the hazard to insignificance. 

Comment 00026: If necessary, the project’s professional geologist must recommend an appropriate 
structural setback if faults are determined to be a potentially significant geotechnical effect on the 
proposed development that cannot be mitigated by any other means.  

Response: No setback is recommended. 
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Comment 00027: The project site is also located in GHC 43 and 44 as shown on the City’s Seismic 
Safety Study Geologic Hazard Maps and is characterized by a generally unstable to moderately stable 
coastal bluff. The project’s geotechnical consultant must provide a site-specific coastal bluff 
determination. 

Response: See Plates 1 and 2. The proposed facilities are spread over most of the western portion of 
the Plant. Therefore, a bluff top that transverses much of the western portion of the Plant was 
established. The bluffs at the Plant range from simple to modified landform bluffs (City of San Diego, 
2004). The depicted bluff top can be considered a hybrid bluff top because of the varying conditions. 

For simple bluffs, 1953 aerial photographs (Appendix B) were used to establish a bluff top based on 
an easily visible vegetation line. Field observations at the Plant show that coastal shrubs and grass 
will grow lushly on the gently sloping terraces underlain by old paralic deposits. Where the slope begins 
to steepen seaward of the bluff top, erosion eliminates soil that supports the vegetation. The simple 
bluff tops were drawn in accordance with Diagram III-1 of the referenced City of San Diego Coastal 
Bluffs and Beaches Guidelines (SD, 2004). 

Modified landform bluffs consist of shoreline protection devices consisting of riprap and retaining walls. 
Aerial photographs (USDA, 1953) and field observations were used to establish the bluff top in 
accordance with Diagrams III-3 and III-4 (SD, 2004). 

Sea caves and collapsed sea caves have been filled. Bluff tops were established from as-built plans 
and Diagram III-5 (SD, 2004). 

Comment 00028: In addition to the standard geologic information, the geologic/geotechnical map 
should show details of coastal landforms features pertinent to the study of coastal bluffs and clearly 
show the location of the coastal bluff edge that has been accurately located in accordance with the 
City’s Coastal Bluffs and Beaches Guidelines. 

Response: See response to Comment 00027. Given the type of facilities being proposed and the 
heavily modified landforms they will be constructed on or near, the evaluation of bluff retreat using City 
of San Diego Coastal Bluffs and Beaches Guidelines (SD, 2004) seems inappropriate. It is our opinion 
that the top of the engineered protection be considered a modified bluff top in modified landform areas.  

Comment 00029: Three cross sections are typically required for coastal bluff sites. The cross sections 
are typically located at the property lines or at the limits of the proposed development and at least one 
intermediate cross section aligned orthogonal to the bluff edge. Show the distribution of geologic units, 
geologic structure, and coastal landforms features on the cross sections. 

Response: See Plate 3.  

Comment 00030: The project’s geotechnical consultant must address the site-specific coastal bluff 
recession rates. Provide copies of the aerial photographs or historic maps used to determine coastal 
bluff recession rates. Clearly show where distances were measured on the aerial photographs or 
historic maps. 
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Response: Group Delta Consultants, Inc. (GDC, 1988a, 1988b, 1995, Appendix D) have conducted 
three detailed evaluations of bluff retreat rates at three locations at the Plant. They arrived at 0.5 inches 
per year for headlands and between 2.5 and 4.0 inches per year for coves. We agree that these rates 
are appropriate for simple bluffs. The proposed facilities, however, are in areas protected by shoreline 
protection devices (Plates 1 and 2). While GDC indicated that protection would decrease retreat rates 
in the long term, they did not give a revised rate. Since the protection measures are based on a 75-
year life expectancy, it follows that the retreat rate behind the protection measures would be negligible 
in 75 years. This would apply to our hybrid bluff top (SD, 2004) and modified bluff top (determined by 
the top of existing protection measures). 

Comment 00031: The project’s geotechnical consultant should consider conducting a Sea-Level Rise 
analysis in accordance with Chapter 6 of the California Coastal Commission Sea Level Rise Policy 
Guidance, Interpretive Guidelines for Addressing Sea Level Rise in Local Coastal Programs and 
Coastal Development Permits, adopted August 12, 2015. 

Response: We have used the referenced guidelines (CCC, 2015) to evaluate potential sea level rise 
at the proposed facilities. We are using sea level predictions for areas south of Cape Mendicino, San 
Diego Tidal Guage (Table G-12, OPC, 2018, Low Risk Aversion). We are using Mean Sea Level, and 
the North American Vertical Datum of 1988 (NAVD 88) datum. 

Table 3 - Predicted Sea Level Rise 

Year Sea Level Rise 
(feet) 

2030 0.6 
2050 1.2 
2100 3.6 

 
To evaluate the impact of sea level rise on the proposed facilities, we have adjusted the mean sea 
level with the following extreme still water level contributors. 

Table 4 - Extreme Still Water Level Contributors 
King Tides 5 feet 

Storm Surge 2.5 feet (GDC, 1995) 
Wave Set Up 2.0 feet (GDC, 1995) 

Total 9.5 feet 
 

Table 5 - Extreme Sea Level Rise (Predicted Sea Level +9.5 Feet) 

Year Sea Level Rise 
(feet) 

2030 10.1 
2050 10.7 
2100 13.1 
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The highest water level ever recorded at Scripps Pier (before 2015) is 7.43 feet which occurred during 
an El Niño storm event (Caltrans, 2015). If the Extreme Water Level Contributors are added to the 
existing 2.5-foot Mean Sea Level (NAVD 88), this results in a 12-foot high Extreme Sea Level, well 
above the highest recorded Extreme Water Level actually measured. Considering that there are only 
three to four King Tides per year, it is our opinion that a 7.5-foot-high water level is more appropriate 
for modeling a most likely extreme high-water level for the site. 

The predicted sea level rise ranges with most likely extreme-water levels (7.5-foot) are presented 
below. 

Table 6 - Most Likely Extreme Sea Level Rise 

Year Sea Level Rise Elevations 
(feet) (NAVD 88) 

2030 8.1 
2050 8.7 
2100 11.1 

 
The most recent analysis of the shoreline protection devices (GDC, 1995) used 6.3-foot maximum still 
water level for design. This amount is based on highest high tide, 100-year storm surge, 1-foot-high 
wave setup, and 0.5-foot, long-term sea-level rise. The other structures utilized a similar figure (GDC, 
1988a, 1988b).  

Comment 00032: The project’s geotechnical consultant should provide an analysis of the potential 
effects on bluff stability of rising sea levels, using latest scientific data (SDMC 143.0143(B)) and an 
analysis of the potential effects of past and projected El Nino events on bluff stability (SDMC 
143.0143(C)). The report must also provide an analysis of whether this section of coastline is under a 
process of retreat (SDMC 143.0143(D)) if the proposed setback from the buff edge is less than 40 feet. 

Response: The proposed facilities are protected by existing shoreline protection devices (Plates 1 and 
2). As described above, the structures are designed to withstand bluff erosion through their design life 
(75 years). We have discussed why we believe that a bluff top consisting of the top of the coastal 
engineering structures should be considered the top-of-bluff when evaluating siting of the proposed 
wet wells. 

Based on the documentation reviewed, it is apparent that the existing coastal structures were not 
designed to accommodate the Extreme Sea Level Rise or Most Likely Extreme Sea Level Rise 
predictions (See response to Comment 00031). We do not know how the structures will react to the 
predicted sea level rise. However, using extreme still water and most likely extreme still water values 
in addition to the 2100 SLR values, the shoreline protection devices will not be over topped. 

The calculated extreme sea level rises will likely only affect the lower proposed PS2C wet well and 
vault. The effect will likely consist of frequent flooding (wave splash) resulting in higher usage of the 
pump. There will be more salt water pumped through that facility as well. The other wet wells are 
proposed to be constructed at elevations above the calculated extreme sea level in the year 2100. 
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While a portion of the Point Loma bluffs are retreating, the bluffs affecting the proposed facilities are 
not retreating if the existing protection remains in place. We assume that review of the existing 
shoreline protection devices’ performance will be ongoing as the structures protect existing critical 
facilities adjacent to the proposed wet wells. Any alteration, replacement, or enhancement to the 
coastal structures to protect critical facilities will, in turn, protect the proposed wet wells. 

CLOSURE 

NOVA appreciates the opportunity to be of service to The City of San Diego in partnership with Kimley-
Horn and Associates, Inc. Should you have any questions regarding this letter or other matters, please 
contact the undersigned at 858.292.7575 x 417.  

Sincerely,  
NOVA Services, Inc. 
 
 
_____________________ ___                  _________________________ 
W. Lee Vanderhurst, CEG               Andrew K. Neuhaus, CEG 
Senior Engineering Geologist              Senior Engineering Geologist 
            
 

 

 

 

_____________________ _______         
Gillian Carzzarella Dean, PE, GE         
Senior Engineer             

 

 

Attachments:  Plate 1    Geotechnical Map 
Plate 2    Geotechnical Map 

 Plate 3   Geologic Cross-Sections  
Appendix A   References  
Appendix B   Historical Imagery  
Appendix C   Slope Stability Analyses 
Appendix D   Critical Geotechnical Evaluations 
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Figure B-1.1. Aerial, May 1953 
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Figure B-2.1. Oblique Aerial, 1972 (N32 40.53, W117 15.19) 
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Figure B-2.2. Oblique Aerial, 1972 (N32 40.75, W117 15.26) 
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Figure B-2.3. Oblique Aerial, 1972 (N32 40.93, W117 15.32) 
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Figure B-3.1. Oblique Aerial, May 1979 (N32 40.60, W117 15.21) 
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Figure B-3.2. Oblique Aerial, May 1979 (N32 40.75, W117 15.26) 
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Figure B-3.3. Oblique Aerial, May 1979 (N32 40.92, W117 15.31) 
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Figure B-4.1. Oblique Aerial, June 1987 (N32 40.52, W117 15.19) 
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Figure B-4.2. Oblique Aerial, June 1987 (N32 40.65, W117 15.22) 
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Figure B-4.3. Oblique Aerial, June 1987 (N32 40.77, W117 15.27) 
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Figure B-4.4. Oblique Aerial, June 1987 (N32 40.89, W117 15.30) 
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Figure B-5.1. Oblique Aerial, October 2002 (N32 40.56, W117 15.20) 
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Figure B-5.2. Oblique Aerial, October 2002 (N32 40.63, W117 15.22) 
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Figure B-5.3. Oblique Aerial, October 2002 (N32 40.71, W117 15.24) 
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Figure B-5.4. Oblique Aerial, October 2002 (N32 40.75, W117 15.26) 
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Figure B-5.5. Oblique Aerial, October 2002 (N32 40.77, W117 15.27) 
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Figure B-5.6. Oblique Aerial, October 2002 (N32 40.79, W117 15.27) 
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Figure B-5.7. Oblique Aerial, October 2002 (N32 40.87, W117 15.30) 
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Figure B-5.8. Oblique Aerial, October 2002 (N32 40.91, W117 15.31) 
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Figure B-5.9. Oblique Aerial, October 2002 (N32 40.95, W117 15.32) 
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Figure B-5.10. Oblique Aerial, October 2002 (N32 40.99, W117 15.34) 
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Figure B-5.11. Oblique Aerial, October 2002 (N32 41.03, W117 15.35) 
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Figure B-6.1. Oblique Aerial, September 2013 (N32 40.55, W117 15.07) 
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Figure B-6.2. Oblique Aerial, September 2013 (N32 40.58, W117 15.08) 
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Figure B-6.3. Oblique Aerial, September 2013 (N32 40.64, W117 15.10) 
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Figure B-6.4. Oblique Aerial, September 2013 (N32 40.67, W117 15.11) 



 Geotechnical Addendum and Response to City Review Comments: PRJ-1084313 
Stormwater Diversion at Point Loma Wastewater Treatment Plant, San Diego, CA 

NOVA Project No. 2023274.1 
 

March 2024 
  

 

   
 

Figure B-6.5. Oblique Aerial, September 2013 (N32 40.73, W117 15.12) 
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Figure B-6.6. Oblique Aerial, September 2013 (N32 40.76, W117 15.13) 
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Figure B-6.7. Oblique Aerial, September 2013 (N32 40.79, W117 15.14) 
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Figure B-6.8. Oblique Aerial, September 2013 (N32 40.85, W117 15.16) 
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Figure B-6.9. Oblique Aerial, September 2013 (N32 40.87, W117 15.17) 
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Figure B-6.10. Oblique Aerial, September 2013 (N32 40.90, W117 15.18) 

NOVA 



 Geotechnical Addendum and Response to City Review Comments: PRJ-1084313 
Stormwater Diversion at Point Loma Wastewater Treatment Plant, San Diego, CA 

NOVA Project No. 2023274.1 
 

March 2024 
  

 

   
 

Figure B-6.11. Oblique Aerial, September 2013 (N32 40.96, W117 15.19) 
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Figure B-6.12. Oblique Aerial, September 2013 (N32 40.99, W117 15.20) 
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APPENDIX C 
Slope Stability Analyses 

 
 
 
 
 

 

 

 

 

 



1.9851.985
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RuHuHu 
Type

Water 
Surface

Allow 
Sliding

Phi 
(deg)

Cohesion 
(psf)

Strength 
Type

Unit Weight (lbs/
ft3)ColorMaterial Name

0None30100Mohr‐
Coulomb120Fill (Qf)

0None500Mohr‐
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JNTRODU C't-lON 

'I'hie report deacdbes the geology of a proposed aite tor 3 concrete digeatora 

on Pt. Loma, Saa .Diego (Fig. l ). A complete geological aurv y of the area wowd 

normally inclllde more data. tbaA that included in this report, but the nature of the 

problem requires that only the geologic feature• affecting foundation engiaeering 

be examined, and thus the report deals principally with thee• features. 

The a.rea of intereat is bounded on the east by Woodward Road.,.,.._ancl Gatchell 

Road and on the west by the sea. Northern and southern boundaries a.re shoWD ln 

J'ig. 1. Owing to the ateepnes1 ud iaatuility of tlle sea clilfa below u elevation 

ot about 60 feet above sea level and to the depth of &he water at the foot of the clif.f• 

at other daan extremely low tide, geologic surveying along the pre,ent wa.vecu.t 

be~ ls extremely dWlcult aad buardoua, lf aot l.tnpa••lble. Even at low tid 

wave• oreak •1ahl1t Che foot of dle difl and the combla&Uon of breaJdat wave, ud 
,_ 

baekwa1a renders exploration extremely difflcuU. A recomiaiseance o! the rock.a 

expos•c:l along the lower ••• cl¥' h&a be_oa made, bat whbO\\l the 'use ~ conveD&lonal 

geolosic eurveying mstrwnente, wludt. an earlier attempt at exploration 1howed are 

difficult to uae, e_asUy damaged, and wu-eUahle uader the cb-cum•tances. .Detailed 

study of that portion of the clUfa al>ove 60 feet ha• beea accompliahed witllout dlffi• 

c:ulty. .At -tbe eame time obaenatioa from the upper cliff• le •ufflciently_ good to 

permit mapping 'of th•· laraer faults exposed bl tho lower clW•. 
. I 

Dip aad atdke ot bed~ and faults wa, m.ea,ured witb th• :Srwaton· compa••• 
- • /' - - - . ·: . - - • 

- - f -

~~~~u wore ~lo~ted oa1 u,. S. a. s; ·map ~t tb• Poln~-Leoma QliadJ'ana1e, 1. 5 

·!111.a~t• aerie• (Topogr~c:), •cal~ 1134000 and on a· •peclal u~ s. Navy Electrolde• 

, , 
( . . ,. ,J 

I.' I 
I .. 
;/ . 
l 
i, 

' , . 
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Laboratory (N. E. L.) ma.p, scale 1:7200. The former map shows topography with 

2.S•foot con.tour interval, while the latter ehowa works of man. such as buildings, 

roads, etc:. not shown on the U.S. G. S. map. Figur 1, except for the inset. was 

drawn from an overlay 011 the N. E. L. map. 

GEOMORPHOLOGY 

The moat coas-picuoWi toposraphic foatures of Pt. Loma. are the uplifted marine 

terrace,, for which the San Diego area is geologically famous. Those terraces have 

been deecribed by Elli• and Lee (1'U9), Hanna (1926), and Hertlein and Grant (1944). 

The older terrace, occur at the higbor levels. Th~s, of the three easily recogniaed 

terraces on Pt. Loma, the old.eat and. highest is tho Saa Diego Mesa, al o called 

the Linda Vista Terrace and the Llnda Vista Meea. 

Over most of san Diego and on Pt. Loma this terrace occure at an elevation of 

approximately 300 feet. The broad flat top of Pt. Loma i1 underlain by thie terraces, 

which i11 coveJ"ed by a reddlall-browa concretionary f o:rmation. ranging from silt to 

coqlomerate-. Ranaln.11D age Ii-om Upper Pliocene to Lower Pleiatocene, thia 

formatioa ia known ae the Swoitaer formation. 

The next youz,.g••t terrace la c:onspicuouely developed near an elevation of 100 

feet. n slopes westward from an elevation of about 150 feet to an elevation near 100 

feet 1D tb noJ'thern part, but closer to 7$ feet 1D the soutllern part of the area investi• 

gated. The lnailcliag• on the weat ■ide of Pt. Loma bave in most cases been con• 

atl'llcted oa thia terrace;. Till• terrace, bencefo.■th referred to •• the lOO•foot terrace, ,· 
i . 

aAd the next younaer, the 60-loot terrace aro both shown in Photograph 2. 

I -
The yowage1t ~t•d terrace u expoaeci whero •mall youthful canyons intersect 

f 
tlao ateep bluff• overlo~kina Ute au. Thi• terrace la found at an. •levation of 

l 
I , 1/ 

} ' 2 
I 
I, 

I 
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approximately 60 feet above sea level. Thie terrace is covered by an unconsolidated 

to slightly consolidated sedbnentary deposit c011eiating principally of mixtures of 

sand and silt, and hercaft r referred to as the ttTerrace" formation. This terrace 

slopes westward. lrom a locus of point11 buried by the Terrace formation, but 

probably located near the foot of the bluffs ea,t o! Woodward Road . 

.At the foot of the sea.cliff ls an irregular terrace presently 'being cut at the 

present stand of sea level. It represent• a graphic pictare of how the 60-foot, 

100-foot, and the Linda Vista terraces each appeared during some still•staad of the 

sea during the Pleistocene. Since then a combination of lowedng of sea level and 

1;,~·.· _ ·· upwarping o! the coa.at hae left the11e terraces high above sea level, covered in part 

1r·· 
by deposits laid down by waves, at reams and the wind. 

The sea clll! is being rapidly eroded by waves, which erode the softer rocks at 

I t:: ... · . .... level, leaving the overlying rocks -•upported so that thoy ultlmat•lr •lump and 

'iW;t-\- • tall to the foot o! the cliffs. The Cretacoous rocks forming the lower blu.ffa on 
.-;r.,.-.· . 

,1{:: .... Polat Loma are •xte••ively faulted and Jointed, o£toNg IIOa,,es of weakneu to the eea 
• vt: ' I t:;,~;s 

,,.·\· 

-· ~-,:,'!'· ;-

1 · .. • .•. 
" .. : 
~1i • • 

~~. • . . 
,; .. . . , 
~ ... '> 

'·-=- \·~ .. " 

\-'z ,' 
~-· ·, . .. , .... 

which cut, rapidly into these fractures fGrming 1ea arehe,, sea caves (Photograph 1 ), 

and small indentation• in the coastluie. As ahown in Photograph #1, cutting of the 

~ves leaves the slides and roo!s unsupported, leading to slumping. Not only does 

th• geologic atructure 1n the Cretaceoua roc:ka composing the lower cliffs control 

the location. of sea caves and coa.atal emhayments, but it alao determines the site of 

the amall canyons which ~dent the coastline. In nearly every case a fault or large . 
i 

Joint c:an be aeon in the •xposed cll!£e below the lower terminu of these canyons. 

I 
Thua the structure ~d relative resistance to erosion ol the Cretaceous rock• 

I . 
. 'below tb.e 60-foot te rrac~, is not limited to the control o! the con!igUl'atioa G! the 

<'. I:: 11 

I 
3 

I ,· I . , ' 
·!'~~; 

;~:&.,~,-
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coasUine, but extends for aome diat&11ce inland. 

S1 RA TIGR.APHY 

Rocke of two formation• outcrop in the a.rea investigated. The cliff• below the 

60-foot elevation are composed of Cretaceous audstones • shale• &ad mudstonee, 

known as the Chico formation. On the 60-foot terrace a sedimentary unit composed 

principally of silty sa.nda and aands ha.a been mapped. Th!J formation, of Plei.stocene 

age, is unnamed., but will be referred to aa the Terrace !ormation ln this report. 

The Chico formation. Two ma.ppaWe members 0£ the Chico .formation c.aa be 

recognized in the lower sea cliffs. 

The lower member cona1ata principally of gray mudatone and ahale containing 

many enall pieces and thin l&yer• _of lignite interbedded with aandatone beds rarely 

more than one foot thick. This member is generally highly jointed and ea.ally eroded 

and where it is exposed to wave erosion, the cliff• are belag rapidly cut ~ck. 
-,1"{:: 

,~:(:;~·•: •• The upper membor conaleta of heavy beds of aandstenes mterbedded with thin 

1$.r .. .:'·l,.yero of eiltatoQe &Qd •llal•. Thie member la relatively resiatallt lo eroaloa 10 

·,t /·· .• 
:. _ •. 

that where it i exposed to the waves. the dill• are l>eiag alowly worn 'back. Thus, 

this member generally underlies the headlands. lt is everywhere present aa the rock 

Just under-lying the 60-foot terrace. 

The Terrace formatiou. Thia formation, as et.ate(\ earlier, overlies the 60-foot 

terrace ill the manner ahown ia Figure 2, and Photoaraph.s 2, 3 and 4. n immediately 

underlies the 100-!oot terljace ln the area understudy • 
• .3 ~. 

/~~;:_.- •. - , I r?. · · In general. this formation is lndbtinc:tly bedded, although locally bedding appear• 
,.. I ·::-

more distinct than is verified by close examination (Photograph fS). For the moat 
I 

f 
part this formation c::onalsts of varying combinations of eilt and s&Ad. IAcaUy, 
. ' • 

,1 ) 

i,rl, 4 
( 

I 
I, 
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fragments oi sandstone and siltstone, appa1-0·c,· 

Chico formation, form distinct horisona. So:.­

in maximum diameter. ApparenUy some of L 

testholes drilled by Benton Engineering and h;:>. 

sheet. These are only eroded fragments, not 

At the pump-house a.bout 1/2 miles north 
I 

basal conglomerate about one foot thick is th.e 

tion. This conglomerate is composed not only" 

formation, but includes pebbles and cobbles oi . 

such as ·quartzite and granodiorite. 

In the first canyon south of the rifle rang ~ 

the lower cliffs intersect the canyon. A few f::; . 

L :if(:c: ,:!'umerouo ah.U,a of mollutca overlies the truncJ 
,~;~i~···;. ·f;:~~· _::·~ ... . • • . 
■{~7;; _··: This bed is the basal member of the Terrace io . 

\if{:~~'< to be the locality mentioned by Hertlein and Gra.:· 

I t:.\?,_ in which they have identified the shells as Ple i:, ·: 
~~~~-:!~~~ .. -• 
r.~-; 

I t 
r.r;r~\· 
r ~•,~., 

The Terrace formation does not slump rea 

and gully walls, it maintains steep slopes (Ph:)t 

formation is .fine-grained and uncemented, and : 

The fluted, badland.a type of gullying seen in P~ . 
•/ 

~n,ning water in soft, wtconsolidated material. 

' an abrupt increase in gfadient is provided by th .: 

/ 
formation is very rapi~ Inland from the cliff:::; 

I 

I/ 
i 1r.11 
• 1 f 5 

( 

I 

. :cm erosion of the 

. : ·::l.tics are 8 to 10 inches 

·-"~ t,.·ated by the two 

;:::-ted. on their summary 

·_ ; :-::1 limit of the area, a 

.. )c :- of the Terrace forma-

:-ived from the Chico 

_:3rphic and igneous rocks 

:-3rrace is exp9sed where 

_: ~bbly bed containing 

~e ds (Photograph f6). 
,·c;. 

. ~"lat location. This appear( __ 

>,1 page 70 of their roport. 

: ) exposed in road cuts 

• i , 7). However, this 

· :~l eroded by "'nnning water{ ;:_-: 
;~;-t~: 

::3 typical of erosion by ~-.}1~ 

:,,_;, ths of the canyons. where 
. ~ 

•• ·-: "'i 

::::osion of the Terrace 
;:~. 

• 1~- of erosion results 
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in thicker exposures of the Tetra.co !ormatioh. 

STRUCTURE 

The Chico formation is conapicuou.sly jointed and faulted (Fig. l • Photographs 

l, s. 9). The Joints were not closely studied, but two nearly vertical aets, almost 

at right angles to each other, are present. 

Similarly, there also appear to be two seta oi !aults, one striking north-south 

and the other striking approximately east-west (Fig. l ). All the fault$ seen are 

vertical o:r nearly so. Displacements range from a few inches, such as sbo-wn along 

the email !a.ult in Photograph 8, to 15 !eet along the 3econd fault north o! the southern 

'boundary of the area investigated. 

None of the faults seen penetrates above the 60-!oot terrace into the Tern.ce 

foi.-matlon.. These a.re old :£aw.ts which had ceased to be active when the 60-!oot 

tGrrace was cut. The-ir age u not known, except that it is post-Cretaceout1 and 

pro~late Pleistocene. 

It la highly probable that the !aults are inactive. However. as described 1a 

the section on geomorphology, these !ractures influence both clif! and stream erosion, 

a.rid siting of structures should a.void at least the pdncip-Al faults. The problem is 

minimised with inc:reashtg du ta.nee f roni the c:lifi:s, but should always be considered. 

The Chico !orma.tion ,trikes appl"oximately parallel to th~ coaast, generally a 

£ew degre,:s west or nor~ . . Dipa are toward the northea.st, usually b.etweon s• and 
,{ 

10•. lt la important to note that, along tho west aide of Pt. Loma, the Cretaceous 

J 
rocks, which .!orm the, ba,se ol the clifls, are dipping Wand away bom the sea. Thio 

I 
( 

is a more .favol'able sitUAflon, !:om. an engineering standpoint, th.an if the rocks 
' I 

dipped sea.ward, for in th~ rter case, 
f f .I 
't 

I 

I 

slumping and landsU~ea would be a major 

6 
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'• problem, especially during prolonged perioda:of rainy weather. 

Attitudes of the Terrace formation are difficult to measure, due principally 

to the fact that it is so indistincUy bedded. It is also crossbedded in places, which 

m.eans that dip is variable, and no one measurement can be considered typical. 

In general, it appears to dip westward at angles no greater than 3•, or to be 

horiaontal. Thus, slumping and landsliding of the Terr.ace formation is insignificant. 

-~ . 

. . 
f; .. _-

' • .. -..... 
. ;; ~ 

; .. L ,, . 
-~ - • 

.... ,i._· 
" . 
.. ~ . -·.:~ . 

)5~\, 
•• .;,,.? ,:-_.,_ 

• 1 -~:/ 
.. { .. - . 
. . 

- , ' 
~ -_ 

.- . 

; ·"-;. 
.-~ " 

7 

.. :,.-



I 

I 

I 
I 

I 
I 
I 

·-
CONCLUSIONS AND RECOMMENDATIONS 

The following observations are signuicant in consideration of an engineering 

project eite in the area surveyed on West Point Loma: 

(1) A steep cliff at the seaward edge of the proposed site is being rapidly cut 

back by the sea. This erosion is most effective at the immediate cliff edge. 

(Z) The Cretaceous Chico formation. which outcrops along the lower, steeper 

cliffs is faulted and Jointed, but the faults are old and inactive. They influence the 

avenue of cliff erosion and stream cutting in the canyons which intersect the cliffs. 

(3) The faults referred to above do not penetrate into the material overlying the 

Chico formation. 

(4) The Chico formation dips inland away from the coast, which minimizes the 

possibility of large landslides, alumps or rockfalls. 

(5) The unconsolidated mixture of sand and clay (Terrace formation) which 

immediately underlie-a the propoeed site inland from the clifi's ls easily eroded by 

running water. but doe• aot readily alump. 

(6) The Terrace tormation thickens inland (eastward) from the cliffs. 

Based on the above observationa, the following recommendatione are made: 
, 

(1) The area is suitable for large engineering structures, provided that they 

are constructed at least 200 feet away from the upper cliff edge and the em.all 

c;anyone which incise the area. 
' 

(2) While not imperat.ve, it is adviaable to avoid the projection• of the principal 
f 

faults ahown in the clUfs . . 
I 

(3) Owing to the fact ;that the Terrace formation thickens towar~e east, it is 
f I 

advisable to locate engine~1ring structures as cloae to the eastern bapndary of the 
, r I 

area lnveatlgat•d a• po~•l)> . e. 
I -

I • 
8 
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Photograph fl. 

Sea cave resulting from wave 
erosion in zone of weakness 
provided by fault shown by line, 
Note slumping of strata on the 
sides and in the roof of the cave. 

Photograph fZ. 

View of coastline showing present 
wave cut terrace exposed at low 
tide, 60-foot terrace and 100-foot 
terrace. The Chico formation 
(Cretaceous) forms the steep cliff 
below the 60-foot terrace, while the 
Terrace formation (Pleistocene) bas 
been deposited on the 60-foot terrace 
(indicated by dashed line). Photo• 
g~aph ~aken facing north from a 
headland seaward of rifle range. 



I 

Pl,,.otograph_ f 3. 

Photograph of contact between 
Terrace formation (above dashed 
line} and Chico ~ormation. Note 
that the mouth oi the s.mall stream 
valley is trunc.ated by the . clifis 
and that the stream has cut a foot 
or two into the Chico formation. 

I ;, 

· · < '. Photograph f4. 

P~otograph .taken facing south . 
~:i::om. the point where pho~og raphs 
a ~d 3· were taken. • Dashed line 
iD.dicates ·contact between· Te;race 
and :Chico formations. · 

it' • 

-., . . 



I 

I 
I 
I 
I 
I 
I 
I 

I 
II 

~--

Pbotograph;-f 5 .. : ! 0 • •• • 

. . . ~ -.. ~ .. t~- :~ • /Y 

Nearly horiaontal be~··:t.n_ Terrace material 
iadlcated l>,y ero•1~~~--~,•it;?.~• parallel to ·the 
b•dding. The ~t' t~r'r~~e_a '~~e underlain by 
more reslatant material than ·that composing 
the slopes. • 

. ~ ;_ 9 • - .. 
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Photograph f6. 

Contact between Chico formation. 
(below da•hed lines) and bual, 
1helly Terrace formation (above 
dashed line) expoaed at the mouth 
of a can.yon located in Figure 1. 

. . ··, . 

. ' 

Photograph f7. 

View ■bowing badlands gullyiq 
typically developed in Terrace 
formation. Note 1ently eloping 
100-foot terrace just above the 
valley ln which the pbotog raph 
w&a taken. 

:I 
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Photograph #8. 

Sm.all fault in Chico formation.. 
Ph~~ograph taken ~roman inden­
ta,tion. in th~ cl~ produce~ by . 
s~l~ctive wave erosion following the 
Un_e ,of w~~ess provid~q by the . 
fault. _Right, aid~ of _fault has moved 
upward a.bout one foot relative to 
left side, as shown by displacement 
of sandstone beds in the upper part 
of the photograph. 

' ' 

Photograph f9. 

'fhe sea cliff bordering the area 
~vestigated. Note the fault (indi­
cated by arrow) and the dashed 
\ine indicating the contact between. 
pie· Terrace and Chico formations. 
Note that the fault does not extend 
'( ~~. 

l,n~ the Terrace formation, but is 
~~~,ted by the unconformity between 
Pie la.tter and the Chico formation. 
\ 
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. Figure 1 
~ap of Pt. Loma peninsula ·showing location of area investigated. The 
actual area investigated, bounded by the coastline, Woodward and 
Gatchell Roade,and the heavy east-west lins s connecting them, 1s shown 
1n the main figure, which 1s an expansion of the obliquely lined area 
shown 1n the inset. 
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Terraoa tormat1on and tile sve1tser formation (ulliOh doe• not appear 
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I area : is outlined by the -teris'ior1.a1'. cracks: in· the su+-ficial-:'mat~rta1 . :- ~;;~'.;\ '. .:/; 
: in the proximity -of the ·f ailur~ planes ar:id the, -·two main ··pres$ure / : -'::,,->" -~'.~}/·: 

ridges_. occurring near the toe • bf "t..he· slide with co·ncomi tant slight - • --
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I 
I 
I 
I 
I 
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' II 
II 

' II 

upward bulging of Rcj'secrans Blvd . ./ (Sge Plate Io) • This is ':a· ro_ta-_ • 
tional slide moving· in a nol:'theas'terJY .directiona .. The separation.· 
at·the he~d of the slide occurs along.two. intersecting faults tfend~: 
ing nortl1west. and slightly east· of nqrth,. respectiveJy.; -_:,Along the_::.:: 
sides -of the upper part of ·the sli.de the ·rock -mass is j:,artin_g ·along:,.>. 
faiJo -fault zones· trending northeast. Tm~ard ·_·. the eastern mar_gin, _ the 
slide becomes- ·larger and com·pound with the failure planes;.brariching • ___ - • •• 
off onto other intersecting and purallel faults,.. The movement· in _ • 
the re~ulting larger slide orea is represented by at least.two sep- • 
orate block~ coincident with the:two main pressure ridges along.the 
toe of the slide. The charige of direction and position of the ten~ 
sion cracks in the vicinity of these other faults near the lower 
reaches of_the. slide show the complex nriture.of this part.of the 
unstable mass. • It should be understood that Recent deformational 
activity or_movemeni along these faults is not the cause of this 

.•. 
·-· .• 

slide, but only that this slide is taking advantage of these·rock 
fractures in the area as separation or failure planes o The· ·whole '·':;:-tf· 
slide is more or less_ coincident with a previously formed synclinal ·.:. _ . ,/f 
structure in the layered rocks. The direction of inclinatioh of . ·~· 
these beds forci an additional control on the limits and ~ovement of 
the slide .. The greatest movement of the slide is folloWing·this 
structural trough with the base of the rock mass separating along 
the. inclined well developed bedding planes in the upper part of the 
siltstone member. The base of the slide in the longitudinal direc- -
tion can be generally considered as a bror.td curving surface, concave 
upward,- with the headward portion rotating down and the toe area 
rotating ~Po -

To stabilize this aotive slide, two contr61s will be necessaryo 
One is to redistribute.the mass of the slide by removing appreciablo 
amounts of material near the head of the slide proper and at the _ 
l1ead of the subsidary branching portions in its lower part and plac­
ing this material near the toe as a buttress fill. This fill would 
be placed below and east of Rosecrans Bl~d. The other factor to 
control is the seepjge of water into these failure p1anes which acts· 
as a lubricant and initiates or perpetu~tes the movement. Even 
though the annual precipitation in the aren is quite low, the con­
stant irrigation of the expanding National Cemetary nbove this ~rea 
provides more than ndequute surface runoff to chnrge the ground • • • ·r •• -

water of the area. In fact, this is the most likely cause to the 
renewed movement of the slide in the last few years. Corrective .. ·'. 

druina<Je can be accomplished by 1:1.:1:i.ng the present surface draj_nage ___ .. __ •· 
ureas :J.bove the slide with nn impervious cop such o.s asphal tum . - _, .· ;~-~-. 

~!~! i ~~~ a~;~r~i~~ i~! s S ~;! f ~: g~e~~1f t~w~~at~;d t~~P=f;~: t =~:~ t~r- :: i,:it~,, 
• -. ··.··:".'".~:.;.·1,H;i ·-:i•?_.· 
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. ·.-. 1:fo·sect'a-ffs·· ~j3lv~~/ i'ci'a's t/:'df}"fnis·\jfi~ef ~houldp o~·-;~disc·~roec( ,f or ·_bi he'r :\:,::.:-)~f~'t:-~~~:? . - -'""• b. ·• 1 · . . . . . .. h .. 1·. ·• -~ '. t· -. ,_ . --~-- .. -1 ·' d · -·· - - .. ~-- · · ·· -·;! ,.,,. - · ···8--•· _ .. ,, possf, i iti:es_-.\~it ·t ess .,_cp_s __ s~+invo ve .. :. _·.·_.· · 0 ;" .-. ·:-_,,._ . _ • • •• • '_ 0· · ·.-:.\:.?.-/'"•:.;·:J:1-:,:<:t~d'··t:-

·, t:···1/f:/>: :i-f;., .. , __ ,ti:: . :.;_ .1;-,~--x\f'._:}:":,,:St· ,; : ·: ... , <- .-: < . ·· · , .-· _.:>< .. :_ ._._ .. • --/-,.,-~:,;,?;t .. ··:?fJ:l~f{t 
_.·'. · ,The : olde1<-'.r_o~ks q·ompris·i1_1g · the : point· have been .-_:through c·on;..:: ~: '., , /?0 .·<1~·.;,::.-;: 

s ide·r3ble · ;s tress·:,, and s trairi ; 9r _ deformation·,_ ih the geolo9ic past··.:-·.: • '..'-.':.-.: t:~·:· 
21nd these -r?cks • have bE;en ruptured resul !ing • in ~r-0~_tures in the ··_.· •• .. J/i- ·,..-p-
rock extending to considerable deptho Different1nl movement has . • 
t~kendl?lfafce altorigtsome. ?f :_.the_tse fr<;tc~ures. Tihn • the1ptastt • _ptlacing ,.?·~cks 1• ..-.~:::·· 

or a i eren na ure in June aposi 1ono ese n er ype or ·-~ 
fractures are call~d faults~ Some of the movements along these · 
£2.ults resulted in Q ~reater magnitude of stratigraphic displace~ 
ment than others while no appreciable displacement is evident ulong 
other -fractures and these are called joints . . 

The expressiori of th~se fractures, especi~lly the faults of 
significant stiatigraphic separation, are shown··on the . geologic . 
rna.p 1•Jhere the trace of these fructures intersect the land surfnce 
and are extended on the map only ns fnr as they could be recognized 
and followed by exposure o{ the fractures in rock outcrops or where 
they affected formntional boundaries or key bedso It should be 
re~lized thQt in most cases these faults have gre~ter extent than 
shown on the mop and continue in their trending direction even 
though the trace is not sh6wn in the older rocks or the faults 
.:;re hidden beneath younger materials not affected by the faulting. 

The rocks of the area contain many more fractures, both faults 
3.nd joints, than c1re sho•:m on the geologic mup or in the -cross- • 
sec~1onso These h3ve little to no affect on the distribution nnd 
bounduries of the different rocks but are quite frequent over most 
of the area. For short distances they were observed to occur 10 
to 20 . feet apart or less. In other outcrops these fractures occu:r 
so:ne 25 to 50 feet <1part or with quite an irregular frequencyo At 
least six sets of faults ~nd joints can be recogniied in the orea 
distinguished by the attitude of the fault planeo Of the six sets 
of faults, only 3 of these contain a fe~ faults that can be con­
sidered of past major consequence and exhibit stratigraphic offset 
of a magnitude of 100 feet or moreo These three systems whicl1 
contain faults th~t appreciably affect the distribution of rock 
types trend N5-l~E and dip mostly to the south with _ 3 few dipping 
north; and N60-70E, dipping mostly south but also contain a few 
dipping north; and N60-85W, all observed dipping south. The othe~ 
three sets conta ining faults of minor concequence trend N20W to • 
nearly north-south 3nd dip mostly southerly; N30-40E, dipping north; 
and N20-40E, dipping south. · 

As previously st3ted, Point Loma can be considered as relntively 
st3ble in its present stage of geologic history. The evidence that 
supports this is . the relationship of geologic structures such as 
faults, joints nnd folds to the rocks affected · by these structures 
~nd the geologic age of these rocks. Of p3rticular importa nce is 
the Late Pleistocene terr :-1ce materials ( Pl tm) as this formc:tion is 



through the Sweitzer fori)'lat1011-._are_ nqt shown ·cont111uousl y. in ~ol1'',:_"': \. -,), '-' 
·cases\-. Since some of the faults affect :the -distribution~- posi tiori <.:: :-:' .• -__ 

• and attitude of· the Swe1tzer.- f 9rmation from its original nearl-y ·_· •. -- :- _ 
• horizonttil occur~ence at· a stratigraphic position above .300 fe~t~ 

elevation· to u position as -loi.~ as 200 feet elevation :or less ·and·· ·: 

I
. -. _ -_ inclined locally 20-36 deg-·recs or: more, -it is - oviden~ • that :some:-,-,:·: - __ _ 
r -- 'deformation post-dates the.deposition of this format'iorio· ·-The_r~la-::::-::,·:·: 

tive _geologic age of the· Sweitzer formation is present_ly considered·~,.,.'-:•::-'... -

~
l_. to be Pleistocene, -probably Early Pleistoc·oneo Considerabie time~ - • -·•-••, ••. :• _. 

must have existed -after this Pleistocene faulting .and before thef .. ''. 
doposi tion of Late Pleistocene materials to account for the deposi-_ : • 
tion qf the Bay Point f ormntion and the extensive modification of ·_ , 
the surface expression of this faulting.and the form~tion of the _ ~- _ • 
inc1pient present topography and J.and forms covered by the Late_ . -. : -/'.- • ·_ 
Pleistocene terrace materials ( see 'Plate II. figo I and Plate:.lIIo) ·'··> . -
In addition, the Late Pleistocene materials contain marine fossils "· • 

• at elevations as :high .as 325 feet showing that the sea level ·has:· -
· since lowered to its present positior1; a well developed soil'-. profile· 

- e;<ists __ on these terrace -materials common! y to depths of 5 feet· or ·_.. •. 
more; and subsequent· erosion has incised and mod if ie_d- the original 
d.ist:Fibutionof these materials: all of·which takes considerable _ 
time. These ·data suggest the age for the accumulation of the-Late 
Plcistocen~ terrace mutori61s at a magnitudri of 10-20,000 year~r-. -~ 
therefor~, the lnst deformational activity in the vicinity 6f thd" 
Point occurred somewhat earlier than this timco Consequently, one 
can state that the area under immediate considerntion is geologically·_' 
stable within the probability limits of nt least 10-20,000 years. • • 

• Sine~ only some of the· multitude of faults existing ·in the older· 
Cretaceous units affect the Sweitzer.formation; the observable f&ct 
that jointing in the older rocks does not extend up into the Sweitzer; 
a much greater stratigraphic_ separation exists between the same 
horizon in the Cretaceous rock~ than between those of the Sweitzer· 
formation on either side of certain faults (see geologic cross-sec­
tions) nnd that opposite directions of differential stratigraphit • 
separation is·evid~nt alon9 s6mc faults between horizons in the -
Cretaceous rocks and those in the Sweitzer formation (see Plate_II, 
fi9 0 ·2 and cross-sectibns): much of the present occurrence of differ-'. - : 
cnt Cretaceous rocks .in junctaposition along fau~ts cari be attrib~ted~ 
to a defor~ational episode that took place earlier than the Pleistocene· 
(pre-one milliori years·ago)o Empiric~l evidence also suggests t~is ~ 
pro-Pleistocene·deformation to be due to compressional forces or. 
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couple 'forces r~sui ti~g in ·compressfonal effects \vl1iie ·the Pleisto- • 
ccne deformation affecting the Sweitzer formation was due to tension~ 
hence relaxin~ of the earlier crustal unrest of the area. This plus 
the feature of a roach greeter apparent displacement along the faults 
and greater overall activity attributed to the earlier deformation 
{han during the Pleistocerie-f\.lrther strengthens the conclusion of 
present relative stability of the crust in the immediate area. 

Ground water - It should be expected that portions of the drift, 
depending on route selected, will initiRlly encounter appreciable 
amounts of ground water during construction. This will be especially 
true near source ;1reas and v1hen passing through materials which 
re3dily allow tho through percolation of ground w~ter. Since there 
is no surface expression of the local ground water table being much 

-above the present sen level, the only concern in the tunnel will 
be where~ sufficient flow of water from the surface down to the 
qround water table existso These conditions can be forseen only in 
-the vicinity of the residenti.:d. G.reus to the north or adjacent to 
the Nationul Cerr.etery. The main c:.vailable routes for this w.:1ter is 
3lon9 the fractures in the rock and possibly along certain layers 
in the Cretaceous sandstone member, especi~lly near its base. which 
~re porous and permeable enough to allow percolation of watero Apprec­
iable flow of water initinlly encountered .ilong any fracture in the . 
c:~cilvatioi:i of the drift for the tunnel wo'Jld be expected to contir.­
uall y de.cre,:;,sc ufter the initial draining of the potential srou rd 
w.:.1ter and tha modific;:ition effects of the tunnel itself on the 
r:U.stribution and m:r-.crnent of ground water in the vicinity of the 
tunnel. The effects and areas of concern will be covered in th0 
discussion of the various proposed routes,, 

Discussion of tl'}.~ .9.eology of tt:ie proposed tunnel routes - This 
~iscussion will cover the various proposed tunnel routes in order from 
north to south. The northern most tunnel, entering near Talbot St. and 
:cunning southt1est to the west side of tli;;: Point I would p;:;.ss throuuh 
the rock of the Cret;:-!ceous SJ.ndstone member most of the WJ.1/ ;:it the 
proposed elevotion of the tunnel (see reconnaiss~nce geologic mnp Dnd 
cross-sectior1). These well indurated, silty medium-grsine~ massive 
s2.ndstones 1.'Jith occ:lssion.::11 thin silts tone intcrbeds at interv;i.ls ~·?ould 
be more difficult to qu&rry th~n other rocks of the area but will 
undoub·tedly stand unsupported for greater distances and produce a 
oetter she~r stress b~lnnce of nrchiny of tt1e overburden than other·rocks 
co;nprising the ;:;.Tea. The one c:(ception \'muld be \Jithin fs.ult zones or 
v1here sevQr~l sets of fractures intersect in the vicinity of the drift 
causing slivers or blocks of this rock to be unsupported upon e~ca,·~tion. 
As seen by the cross-section and map this route would intersect ot 
J.c3.st b.JO of ·the rn.:,.jor f.:i.ul ts in the .:1.rea plus other minor ones shown 
on the map and pass through at le~st two junctions of different matcr­
Ld.s I i.e .. , from so.nds Lom:J into siltstone .:i.nd back into the s2ndstonc. 
Dcc:::use of the proximity of this tunnel to 3. rn::in-introduced source of 
p2rcolating witer frorn the surface, tunnel seepoge will probably be 
encountered espcciJ.ll y in :ire::1s of fr0<1w2nt fruc ture~. B2.sod on observed 
r,1tos of surface se0.p;~9G of ~:Jround via lr)r in other are:.is of western San 
Di090 County covered by r0.sidcntL::1l ;::re;is, ,:rn cstimJ.te of probc.bJ.n 
rr1.j;:imum r,)t,➔ of inflow ulong this route woulcl be :-ibout ~-.l ~j.::.l/da'.'/ 
line,.1 foot of tunr1el, subject to varL.tbiJ.ity due to frequer:cy or 



fractures along the route or intersection of aquifer beds in the sandstone 
membero The other proposed route from the Talbot St. entrance passin0 

nearly south to the vicinity of tEL would remain ptlrallel to and nea{ , 
th9 fracture zones for considerable distQnces as \~ell as the crossing of 
scverill interfaces bct~een the siltstone and sandstone units in fault 
cont~ct. This would invite more strucural design, construction and 
maint~ncnce problems due to the leek of strength of the intrJ-f~ult and 
fr~cture breccia blocks Gnd gouge as well as the greater possibility of 
caving on a l arger sc ale bec~use of the proximi~y, frequency 2nd attitude 
of the f ractures to ·the tunnc lo 

The tunnels en-t·erins the Point in the vicir,ity of the S;:rn Diego Ci ty 
Boundt1ry \·iould cross the same fLlults .:is the northern most T;::lbot Sto 
route but these tunnel s would pass thro ugh diff erent materi~ls for most 
of ·U1eir clistJ.nce, n-1Gsc tur.neJ.s \·:ouJ.c encou nter the s.:1nastone me;:lbcr to 
-Lhc fauJ.t in ~he vicinity of Co. t::.ilina Ltvdo ~nd -~ h0.n pass -U-,rou9h the 
siltstone member the rest of the distunce, even thoual1 the the tunnels 
cross nnothcr fault of cons iderable str~~i~rophic di;plilccm0nt. This 
Crat~ceous siltstone member is of ~ell laminated beds of indur~tcd 
siltstone .:!rd somc ".:. ir:-ics cl3ys l:. oncs separ<1ted by thi;, s2.nds tone l.:ir.1in.Je 
,1 nd occ uss io nc:.l Hiicker sandstone in l:.erbcc'.s. This _unit { or the most p3rt 
h.:.s 1::ell d2velopcd bed.Jing planes c1llo\·._1in~ tne rnz,·;-.eri ;1l to re .3e::i.ly p.1rt 
2lon~ the laDindtionso The softer n2 t urc of ~~,is rec~ aided by the 
c0:nb inccl effect of intersecl:.in~: bec.lGin<J pJ. .-~nc s c:.11c1 fr3ct"ures \·:ill 
p2rm5_t r:.ucli C? a sicr and rupiC.: c.;u.::rryin~; of -~.h e rock for 3 tunnel.., Ho1:1-

evcr, tlie s e c;12.r J. cteristics 1:.•iJ.J. c.!.lso cv.usc il:. to st.Jnd unsupported 
for much shorter clis -;-.,; nccs und timeo AJ.sc, "s t op i n,J up,..1-:1r r'. " of t!ic 
;_ unneJ. roof c an b0 c: :pcc ted to be cor.unon in pl aces c.nc; J.ii:U.c :~ss:s·~-

-:.1 ncc of suppor t by the <.1rC}!inCJ effect c .:-in be e:{pcctecl in the immedi ate 
'-·icini ty of the ~.1.mn2l w;;.J.ls ::tn(l 1·o()f . 8ec::iuse thes e l:.Jnncl s trar,sect -~;10. 
s·~l"JC-Lurul -~1-,:;;c: of -~ l,c a ~ti Luc\e o{ t.:c roc;.cs ~nd o-U-1cr s true-Lures such 
as -fo.uJ.t.s \'lhicL n.::.vL ,:.k.1n (JOG the u ttitudG of the rocks; the to·l,:iJ. 
2.r ilou,,~ t1nd espcc:;.c.111~• the di:rc.:ction of 11 .1..i n:~ns p:!' ,:ssurc 11 or~ the> tunnel 

' • • , l } • J • bl • ' I ~ ' . I l .:net p1p0 1.n ... -.~ )2 qui .:G v;:.ri:..i e ~- :.ong -c 1c courst:: o,. \.rte ·,·.un nc s. 

The ·;,1::0 proposed t1rnnels en".:.eri.n.g t he Point ir1 the; vicinit / of 
i~cCJ.r::'..) . .::n r.c:. o.nd conne:c-~i.n ,.:; v.•.i. ~h -~\10 ·Lunncl pe:L-::.2.cl ·::o ·Lhc 1 ••1c'st side o{ 
~;-::.~ Po5 .. rrt -L o ·L.:,e: sc·:.•:::c_:: rJ t ro :-itrn,-:r,t si tc h:\ve the D\JS~: possi.b i.l.i. ·~-Y of 
initiJ.lly r0m .:1 ini11 1~, pz:. r ;:.: .l.l-2]. to -~h0 ~:colo (_:ic s t rucl: u:!'c of U1c ;_;rc2 . 
\'.;it :· only •sli r_; ht r.i(.;_.::~{.-ic:itio:-, of the posi :·.:o n of ·~he on~. i-::i.nce of -~hcse 
t.uri1wls c1•:.1;1 y {ror:1 -~_ ;10 si <_T1ific;_,nl L.1ul -~s :n tile ~:rca ( sc~ r:,-co.1.0-::;:i.c r:1:.-'p 
::. i i:.: cross-sec ti ons) :.i,c~c'.' -~ unncJ.s c:tn ho ;;J.i.t;ned t o pass ·L l1rou ~i1 .:ffc;1s 
co r1"l::t:i.nirw ·t:.;·1c le::.is"L <.1 ,,1 ou11 t o-f LrnlU.;w of cor:sidcr:~'.JJ.e: ;~10.c; r. itud c 2.nc; 
p~:ss tiirou,)-1 u r1e.:1rly continuous secti;n _of -~i1G s i . .1.t stori ~ 80!:'l:J(Jro 
11 Li ninu pr0ssur0 s 11 •.-1 i ll be more consist:1nt over grc.:1Lcr c.'.is~::::nccs in 
·;-_ :-1 c s e tu:.n21 s b ~:: c :i us c of the s r cat c r co rt s i s ·ta n c ~' of "c. h c .--: "Lt .i. i.1y __ : c s o -r 
s ·:.r.::-L::.1 Dlon ':; the routco Tl10 conc,~ntr,ltion of p .::•-: : .. ,~.:.-c •·,ill be ulori s 
tho southeast side of (.iH: -tunnL: 1 in '.'.:c· !) -2c__:,i nnin ,:; por ~iors o-f U,c 
' l \ 11 . . r O • t , • 1 ' • + ,• L • t l ·.:. unnc_ cr:.1Lt.1:: y Si ·,_,_·.i. .:.i1FJ • o LJ ·,:c~r.:::: rr :~ssu:i..~:)s on ·,_r,c roo,. OT ·,. ,H:o ·· lu1n ~J __ 
o.s 5.-L crosses t11G ~;0.n Llc s~·-r1clin::: in the v.i_cini\.y of :.11c cres t and 
contir1uin9 ·t:. o ·the w,~ s~: s ic\r:\ of ·::i10) rointo Ev0n ·::iiou c__:; ;1 jo:i.n ·::s ;:, r,d -faults 
·:~_].]. '.:.ic· in •i,crsecU.n ·~ ~l1esc ·LunncJ.s, nor12 ··:ill c:nrse -~he junction o-f 
u: ,it s o-f C.:iffe:rc)n"!: ;: incl s of rocLs 3.J.on~ "ti1C rou ·r. '= nor d r c1 st:;_c c1] . .l.y c:1 .:rns:;r: 
,. , • • ,-1··'··'·'· 1 ·'r .r: ·']1,-.. s ··r --~ - ·1·' 0 · '1 · "' proposc'a' ,-..l ,-,\, .,· --,r · 11·1 ·'· r ·'· ' ·'" 00 1 ·1 ,, Li"'\Q u ,, . .l.L. ..lC1, · ()i. c. " , . .(, . ,1. , 1. ,. l <c . . - , .-_ .. L u• -.1. • . . . ., . ) , ... \.•. J. c. , ')'· , 
o-:. ,c.tW,r!olir, c, ::s 1_•1('.'J_l_ :..1s e;.:pcc l.•x'. reL-1 ,,.i.vc L.:c;~ of er,countc:::-cr.\ s ·:.. ruct.ur .:-d. 
problems, ·iJicsc -~unncJ. s vJ011.l.c! undoulY.:.cc'.ly be ·(.110. lo•:JCs ·:. in cos ·~ s. 



.. 
• The tunnel rou ·;·.c par.:illcling the v1est side of the Poin'.: to the 

vicinity of ·tt1c proposed treatment site ~ppcars to be quite fuvorablc 
•:!:L'Ll1 s or.ic C)~c0ptions o T,·1e northern p.:irt of this route uill p.1ss ti1rou~h 
t:1e sil t stone mcr;1bcr .J.na for most of the v1a,: these bcc-'.s have :• dip 
component towards the c~st creating st~bility to the surfncc ond over­
burden 2long tl1c route 2s well ilS creatin9 f2irly const~nt conccn~ration 
of 11 l ir ,ins pressures 11 -~01:1:ird the \'JCS t side of the tunnel. The one 
c:~ccpt .Lon i.s ne:2.r the mic\c\J.c of t}1c proposed route \•1:1ere tho tunnel 
\·Jill cross ,.1 L:iult zone of cor sider<1ble uidth \\1hici1 h:Js pl aced -~h e: 
SJ.ndstonc r.:ember clov;n in the path of t he tunnel route south of tho {~ 1.1J.-~ 

zone. Field evidence certa inly sungcst s t l1at sever~l scpar~t o m2jor f~ults 
2.re convcr~inr.:, to this local f rom the cas ·~ side of the Poi n< . 3nc: i ~ r.:::' 
:J . ., •1· !·1,-, co•·-1'.J-_. nc, ·1 ,...,.r.rc-,c··· .. , .r e1 l l JLh,..,s~, f-.ul t s ,...,.,1· s·:·i .. r1c' •_,, on•-, t'1·1; s --rr.-, 01·, 
• · -...1 l, ....,. J . J J.. l I... , ._ .1. .L , L 1._ '• u. J . - J l\,; I,.,; l...l ..:... L." ,._ v ~ u. ~ ~ _ (,.I l,..; 1,,,,.. 

Lr1e ~--•os ,. s iclc ·iJ 12. ·:, ace ounts for the cons :i.c1.er.::ibJ. c s t ra ti~-ri1phic c:is-
pl ~c emcn-1~ of scv cr.:-_;l hundrorJ f ec~ . . I·'.evcr-U1clcss , c:•.n'J movement of t i.i s 
mQ0nitudc is e:{pcctcd to be ~issip~ted cJ.lons scvcrnl frac t ures ~n a 
zone: rJtlwr ·U·,._.r1 .:1lon~ one fr ::1 c:..urGo One should, therefore, 21, ·~icipcJ.tc 
-;_ h e rec!~ 2lon~ t:-1is zone to kwe li L-t~e s _-~ren~;-tl1 because o{ the freq-

.. r • I • • J I ] • I 1,- 11 1 ucnc-,, o.. i-r:..~c ·curr-:s :·:;·,,_, ore cc ia ccc, , pu _ vor 1 zcc • roe., 2 s •:1e 2s t 11c 
projlcms of suppor·~ o-f :.i"ie) pipe line :1 cros s such i.l zone cornpou;·,dotl lT/ 
h:-;.vin(__! uiffcrcnt kii-1C::s o-f rocks on either side of ti1r. :.:or.eo 1;,c ;),:: SG 
of tho S;i nC.:s Lon(": r,1 c!m \)0r encountercc. sout.h o·f this L:ul ·;-_ zor.(; ::..s q:.ii ·~'-"' 
conr._).omcri ·:::·.c c..:·~ tl :.:s sou ·~i icrl/ occurrellce end coi, -~~:i.ns pe b0J.cs, cr.,.:.:.,:; lr:s 
anc.l b8ul G.ers up to -f .• _\'C foe ·~ or more in C:j_r::cnsions of it2.rclcr r.H:-1:.·; ­

;.1orphic ·:.r:(l i~;noous r.-:)d:s \".'h~_cli r,1.::i y c: .:i usc~ more cliff :i.c uJ.ty ir, -~ ;,c 
c::c~1v2. ti on of t;w ·curincJ. i11 U·.::.s ,:1·c u ( se c cross-scc-~io n =~ - ~') o• 

As previously mention~~. 2 source of p 2rc0l~1 tin~ ~round ~~~er rxist s 
in -~:-,e vicii,_j_-~·/ o·; t.>1c ;::: "'..ion2.l Cem0. ·t2r·;:. T:ic ar,,ount of inflo•:.' C-1!1 :Jc• 

i:X pt'? C"ccci to :Je sovcr,d. ·tir.1cs ti·ie m;::i,_·; ni ·~ u~2 of ·ciie c s t:i.m:1 Le -fr-r ·:_: !C' 

rcsi du ri'Li.:..l ;:rc.1 .J. c.' S mos t of ·t; •1:-:: c:111"/ons r:c2.r ti·10 C2m2 ·t e:ry i'.'i:r '.: o'.:Jscr\·c1.\ 
c:1il j· to con"L.:iin (, re:,:. r;u:inti tios of runoff forr:1in ( __ i i::: suos".,·,n:·.i::. ]. 
r2scrvoir ancl hy1...:r0s :· .. ::: ti c :-1(: .-lc: to ·i.iic C:,!Tound \'Ji.1tc•r~ 

Wk.it cvc!r ~he f:i.i :-::i.. cc-cis:i.on r.1:;_y be or. -Lhe s clectoa tunnc). r cui.c 
'.x::i scc.l. on tl1c toLiJ. E:1 c-:.r:;rs invoJ.vec'. , a s:;c1,cr:.;J.. r uJ.e 'Lo foJ.J.0-.·1 ~ o ;:;~ . .:..-
• • ·,·[·, ·L' 1 -1 - r , I , . • c ::...,c... i S t S'11 '"'r '· ·, ·,t'/ n1 _ ,_. ,. , _ . ?,r. , ,.,.,. , •. · ' lVlc . C 1lC .• QC, .... <..,,.0-0'...J- • .,_, ~ LOT .. 0 ~J. ~~ 1• -.I, I OT O C .:.. ....... .. •. t1, .. C:: 
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7. 

If tho final pumping station sites have bean located on areas 
underlain by the Late Pleistocene terrace materials or especinlly 
man-made fill, proper testing of ~his materiJl should be conducted 
to determine suitability of foundation footing. If considerable 
vibr2tions in pumping structures □re nn~icipated and it is at nll 
economically fcasable, the foundations or- the pumping station itself 
should be placed in -the older Cretace:ous rocks to prevent f;.iture 
structural damageo 



Plate I 

f~g: ! : West shoulder of Rosecrans Blvd. in 
v~c1n1ty of_slide showing some of the pressure 
ridges rorming along the toe of the slide. 

fig. 2 Large tensional crack in surficial 
material near head of slide showing effect of 
movement over last few years. Note some of 
the extensions added to pipeline crossing slide 
failure zone. 



Plate II 

---- --- ------

fig. 1 : Fault southwest of McClellan Road 
dis placing the Cretaceous sandstone member (Kss ) 
and the Sweitzer formation ( Plsw ) but not the 
Late Pleistocene terrace materials (Pltm ) . Note 
the surface on which the Pltm sets . This surface 
t r uncates the faulted Plsw showing that considerable 
erosion preceded the de position of the Pltm . 

fig. 2: Road cut in McClellan Ro ad showing change 
in relative movements along fault . Compressional 
pre-Sweitzer faulting, displ acement of bed 11 A11 in 
Kss up on left side of f ault; te ns ional po s t­
Sweitzer f aul t ing, Plsw faulted do ~n on left sid e 
of fault. No~e depositiona l occurrenc e of ~l t m 
along eroded fault zone subsequect t o f aul c1 r, CJ 
a nd covering part of f aul~ . 
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Plate I II 

. ,~ ~>. ..!.·~• . 
,f.J .,. ' ~ 

~ ... . . 
. ' ' •• ~~ _ ·.:...,,,?~ 

Head or tributary canyon above ~nd west of McClellan 
Ro2 ~ - Rosec r ans Blvd . intersection showing Sweitzer 
fo r m~~io~ ( Plsw ) in f a u~~ co tact with ~he Cretaceous 
ssndstone member (Kss) 3nd un:aulted , ove r lying 
fossiliferous L; t e Pleistocene terrace m?teria l s ( Pltm ) 
follow i ng older ~opographic surface and forming thick 
acc umul ations i:--, depressions of this old sur face . Note 
that the dis ±ri~ u~ior of the Pltm has also been modified 
and incised by mor ~ recent erosion . 
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G~ologic 

Cross-sect ions of lines A-A' and 

map of a portion of Point 
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In accordance with our consultant Agreement, we have completed 
Phase 1 studies associated with the preparation of construction 
documents, environmental documents, and permit acquisition for 
certain shoreline and upper bluff stabilization measures consid­
ered necessary to protect existing improvements and maintain 
access at the Point Loma Treatment Plant in San Diego, 
California. 

'I'he accompanying report presents the results of the varigu~ 
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1. 0 INTRODUC'l.'ION 

Page 1 

SHORELINE PRO'l:Ec'rION PROJECT 
POIN'l' LOMA 'rREATMENT PLANT 

SAN DIEGO, CALIFORNIA 

RESOLUTION NO. R-269683 

The city of San Diego owns and operates the metropolitan sewerage 
system which currently provides service to a population of approx­
imately 1.5 million customers in San Diego and 16 surrounding 
municipalities and sewerage districts. In 1963, with the opening 
of the Point Loma Wastewater Treatment Plant, the city now pro­
cesses approximately 165 million gallons of sewage on a daily 
basis, and discharges the treated effluent into the ocean through 
a 9-foot-diameter pipe extending approximately 2.5 miles offshore 
to a water depth of 200 feet. 

The Point Loma Treatment Plant is situated on approximately 37 
acres of land, with approximately 2,150 lineal feet of ocean 
frontage and is located approximately 3/4 miles northerly of the 
Point Loma Lighthouse. coastal bluffs in this area rise to over 
90 feet above sea level, and many of the improvements associated 
with the wastewater treatment plant extend relatively close to the 
bluffs. 

Erosion and cliff retreat are ongoing processes along the Sa~ 
(·oiego coastline. At the Point Loma Treatment Plant, limitt,d -~ 
amounts of rock slope protection have been placed during, and 
several times since, construction to help control erosion. By 
1984 1 stone revetments had been placed at the base of approxi­
mately 50 percent of the bluffs supporting the wastewater treat­
ment plant. 

Erosion continues to encroach upon irnprove.ments at the pl.ant and 
the city of San Diego now desires to upgrade coastal protection in 
the vicinity of the treatment plant to mitigate further erosion in 
this area. Additionally, an undesirable amount of wave runup 
currently disrupts the facilities in the vicinity of the outlet 

BROUP r>ELTA CONSUL TAN TS, INC. 



CITY OF SAN DIEGO 
Water Utilities Department 

Project No. 1089-ESOl 
May 6, 1988 
Page 2 

structure during periods of high tide and high surf. Mitigation 
of wave runup in this area is desirable. Several new retaining 
walls are also desired landward of the hydro access road, and 
southerly of the gas utilization facility, to improve slope 
stability and maintain usable space in these areas. 

The city is very interested in arresting future shoreline erosion 
and, to this extent, wants coastal protective works at all loca­
tions within the plant limits where continued erosion within the 
next 75 years could affect improvements on site. 'l'he City has no 
desire to reclaim additional land; however, upper bluff stabiliza­
tion is considered necessary to stabilize the near-vertical and, 
in some areas, over-vertical upper portions of the bluffs within 
the plant area. As a minimum, the Armco Binwall in the vicinity 
of the Administration Building will require rehabilitation or 
replacement, and the lower hydro access road will require stabili­
zation to preserve access clown to the lower hydro electric power­
house. 

Group Delta Consultants, Inc. (GDC) was retained to provide 
construction documents, environmental documents, and permit 
acquisition for the coastal protective works ultimately proposed 
for shoreline stabilization in the vicinity of the Plant. This 
report presents the results of GDC's various engineering support 
studies including site information and constraints, and concept 
designs for proposed stabilization of the coastal bluffs in the 
vicinity of the Point Loma Treatment Plant. 

2,0 SCOPE OF WORK 

The scope of work has been performed in general accordance with 
the Consultant Agreement.with the City of San Diego, Document No. 
R-269683, filed on November 9, 1987 with the Office of the city 
Clerk, San Diego, California. 

GROUP DELTA CONSULTANTS, INC. 
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Specifically, the scope of work includes that effort necessary for 
providing construction documents, environmental documents and 
permit acquisition for pertainshoreline and upper bluff stabili­
zation measures considered necessary to protect existing improve­
ments and maintain access at the Point Loma Tre.atment Plant. This 
document describes the results of the various engineering support 
studies, site information and constraints, and alternate concept 
designs for shoreline and upper bluff stabilization at the Plant. 
The specific tasks to be accomplished during this phase of work. 
include: 

DEVELOP SI'.l'E INFORMATION AND CONSTRAIN'l'S 
Data Collection From Various Agencies; 
Field Surveying & Photogrammetry; 
Bathymetry; 
Utility Research & Plotting on Hase Map; 
Field Editing; 
Preparation of Base Map; 
Geotechnical Investigation; 
Estimate Rate of Bluff Retreat; 
Devel.op Design Waves; and 
Initial Environmental Constraints; 

PRELIMINARY STUDIES 
Identification & Evaluation of 
Concepts; 
Concept Designs & Cost Estimates; 
Environmental Constraints; and 
Regulatory Constraints. 

Alternate Design 

This report .includes the technical background for alternativEi 
design concepts considered feasible, and .includes preliminary cost 
estimates associated with each alternate.. 'l'his report further 

addresses: 

'.l'he effectiveness of proposed coastal protection works; 
The necessity for structures along the plant limits; 
The economy of patented wall alternatives, especially land­
ward of the hydro access road; 

GROUP DEL.TA CONSUtTANTS, INC. 
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Probable post-construction maintenance requirements; 
Degree of physical impacts, beneficial or adverse, on 
abutting property; 
Impact on existing infrastructure; and 
Compliance with City of San Diego standards and Army Corps of 
Engineers standards. 

3. 0 ADDITIONAL WORK AFTER APPROVAL OF THIS DOCUMEN1' 

The preferred design concepts will be presented to the other 
permitting agencies (Coastal Commission, Army Corps of Eng.i.neers, 
etc.) and to agencies with inter<;lsts/concerns in regard to the 
project. Comments will be reviewed and utilized as appropriate in 
modifying this document for use in the initial review process 
stages. 

Environmental ScqpJ,.ng 

The City Environmental Quality Division (E.Q.D.) of the Planning 
Department has directed that no Initial Environmental Assessment 
(AEIS) will be required, as this report sufficiently addresses the 
preferred project to prepare the Scoping Letter for preparation of 
the Draft Environmental Impact Report (DEIR). The City E.Q.D. 
will prepare the Scoping Letter after meeting with the consultants 
and reviewing this document. The city E.Q.D. will also prepare 
and send the Notice of Preparation. 

Ini tia.te Permi t/J?rel imiMrY Review Process 

With the completion of the Scoping Letter and Notice of Prepara­
tion for the DEIR by the City E.Q.D., and the completion of the 
final preparation of the Preliminary Plans and Cost Estimates, the 
permit process with the City, Army Corps of Engineers and Califor­
nia Coastal Commission will be initiated. During this time, the 
DEIR will also be prepared and submitted to the city. 1'he DEIR 
review and hearing process will bring additional comments and may 
require some modifications to the design proposals (as effective 
engineering allows). Any changes will be further reviewed with 
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the city, Coastal Commission staff, and the Corps prior to the 
preparation of the Final EIR and the submittal of permit applica­
tion and documents to the Coastal Commission. Modifications will 
be made to already submitted applications and plans as required 
with other agencies. Application for Coastal Commission Perm.it 
will not be accepted until all local agency discretionary permits 
have been approved and the EIR is certified. 

Follow-up will occur during the permit processing period with all 
agencies requiring permits, so that no unnecessary delays will 
occur because of any missing materials, information or questions. 

Hearings will be.attended by the key members of the consulting 
team. It is anticipated that there will be at least one Coastal 
commission Hearing (possibly two). Coastal Commission approval 
will take from 4 to 8 weeks, once the filing is considered 
complete (once all other agencies' discretionary permits have 
been approved and received). 

Project approval at the city can occur with the certification of 
the Final EIR. EIR review and certification, from submittal of 
the DEIR through to publishing of the Final EIR, can take as long 
as 6 months or more. 

The Army Corps of Engineers will require a Section 404 Permit and 
a Section 10 Permit, along with at least the EA. Processing time 
at the Corps is approximately 100 days (or 3.5 to 4 months), 

The need 
specific 
agencies 
likely. 

for other agency permits will 
project design proposals have 
for review. Additional permit 

Environmental Documents 

not be known 
been brought 
acquisitions 

until the 
to those 
are un-

A Draft Environmental Impact Report (DEIR) shall be prepared in 
compliance with the California Environmental Quality Act (CEQA). 
Preliminary environmental evaluations for both the city of San 
Diego and the Corps of Engineers will be prepared to make. a deter­
mination of significance. We assume that the Corps of Engineers 
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utilize the CEQA EIR as an environmental assessment to 
their permit requirements. We have assumed that the 

not require a joint NEPA/CEQA EIS/EIR. 

30%,_9O%_and Final Submitj:.al 

deter­
Corps 

After preliminary design alternatives have been selected and the 
environmental process completed, we shall prepare preliminary 
plans, outline specifications and cost estimates for the 30 per­
cent submittal. To the extent possible, environmental concerns 
and the various regulatory agency concerns will be incorporated 
into these design documents. After City, Corps of Engineers, and 
Coastal Commission review, 90% and, ultimately, final construction 
documents will be prepared. 

4.0 FIELD STUDIES 

Field studies for this phase of work were conducted during the 
period between November 1987 and March 1988. Field studies 
included a detailed geologic mapping of the site, the field wor.k 
associated with geotechnical studies for design of both tied-back 
walls and conventional gravity walls, site survey work associated 
with preparation of the topographic map and offshore bathymetry, 
and a detailed assessment of potential site constraints that could 
impact proposed improvements. A detailed description of the 
geotechnical investigation is included in Appendix A. We have 
completed topographic base maps at a scale of 1 inch equals 20 
feet, and have also developed reduced copies of this base map at a 
scale of 1 inch equals 40 feet and 1 inch equals 100 feet. Repro­
ducible or blueline copies of any of these topographic base maps 
can be provided upon request. 

The existing rock revetment was inventoried at 8 locations to 
determine existing riprap gradation. Five specific gravity tests 
were also performed on representative samples of the metavolcanic 
rock. '.rhe mean and standard deviation of specific gravity were 
found to be 2.84 and 0.03, respectively (bulk density of 177 pcf). 
The approximate locations selected for rock sampling are shown on 
the site Plan and Geologic Map, Figure 1. Results of measured 
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gradations are shown on Figures 2 and 3. As indicated on the 
:figures, the rock revetment in the vicinity of the outlet struc­
ture is generally smaller than 1/4 to 1/2-ton in size, while the 
rock downslope of the lower hydro access road is generally 2 to 6-
ton in size. 

5.0 GENERAL SITE CONDITIONS 

5.1 Existinq_Il!]provements 

As can be seen on the frontispiece, virtually all of the level 
ground within the Point Loma Wastewater '.l'reatment Fac.ility .is 
currently be.ing utilized for the process.ing and treatment of 
sewage. Access roads into the main facility and down to the lower 
hydro electric powerhouse front the existing coastal bluffs and, 
in several locations, have been encroached upon by continuing 
coastal erosion. Virtually the entire site has been graded since 
construct.ion of the facility in 1963, resulting in essentially no 
natural open-space areas on site. 

During and after initial construction of the facilities in 1963, 
riprap was placed over approximately 40 percent of the shoreline 
in front of the plant facilities in order to reduce erosion in 
this area. In general, the existing revetment is comprised of 
good quality, angular, metamorphic quarry rock, with no concrete 
rubble or other debris common to much of the coastal protect.ion 
found throughout Southern California. 

5.2 Top_g_graphy and BathVl]letr_y 

Point Loma is a long promontory extending approximately 6 miles 
southward from the low land adjacent the San Diego River. Parts 
of .i.ts western shoreline are bordered by a narrow terrace with a 
top elevation ranging from 25 to 95 feet above sea level. The 
shoreline of Point Loma is irregular due to differences in geo­
logic structure and in rock hardness. Wave erosion has etched out 
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less resistant rock masses, resulting in shallow pocket coves 
between rocky headlands. Small pocket beaches have sporadically 
formed in areas where sufficient sand is available. 

Offshore, the sea floor is comprised of the sedimentary roclcs of 
the Point Loma Formation. Isolated, erosion-resistant stacks 
exist seaward of the intertidal zone, resulting in isolated topo­
graphic highs that cross a ledgy shelf surface. Seaward ledges 
become progressively deeper, interspersed with surge channels 
typically approaching the shoreline along trends of the major 
geologic joint sets which control the erosion resistance of this 
formational unit. 

Offshore bathymetry was measured at point locations, extending 
from the base of the existing rock revetments, out to a distance 
of approximately 400 feet offshore. Average sea-floor elevations 
were recorded acknowledging that a blocky and fractured sea-floor 
surface exists throughout this portion of the coastline. Bathy­
metric spot elevations are shown on the Site Plan and Geologic 
Map, Figure 1. 

5.3 Geolggy 

Three geologic formations, two natural surficial deposits and two 
types of man-placed earth materials are present at the Point Loma 
Treatment Plant. The areal distribution of these units is shown 
in Figure 1 (Site Plan and Geologic Map). The geologic formations 
are the Point Loma and Cabr.i.llo Formations of cretaceous age, and 
the Bay Point Formation of Quaternary age. 'I'he natural surficial 
deposits are shingle beaches and slump zones along the sea cliff. 
The man-placed earth materials are comprised of artificial fill 
and rock revetments. The following sections describe these units 
in order from oldest to youngest. 

point Lo!Jla Formation;_ The Point Loma Formation is an approxi­
mately 900-foot-thiclc (Kennedy, 1975) sedimentary layer that 
discontinuously crops out in coastal areas of northern Baja 
California and as far north as Carlsbad. At the site, it forms 
the lower, more resistant parts of the sea cliff up to elevations 
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of 54 to 60 feet, and it dips into the sea cliff at about 8 to 12 
degrees. The Point Lorna Formation extends seaward, comprising the 
shore platform, and extends inland beneath the coastal terrace. 
The term "shore platform" is described in the Glossary and in 
Appendix c. 

The Point Lorna Formation consists of well-indurated marine sedi­
ments deposited by an offshore and deep-water submarine fan. 
Offshore deposits a.re represented by the thin-bedded siltstone and 
fine sandstone exposed in the upper part of the sea cliff. Deep­
water deposits are represented by the erosion-res.istant thick­
bedded rnudstone and sandstone exposed at the base of the cliffs. 
The Point Lorna Formation ranges in age from approximately 70 to 80 
million years within Rosario Group rocks of the Upper Cretaceous 
Period. 

Cabril.J.g __ Formation_;_ '.l'he Cabrillo Formation is a 560± foot thick 
sedimentary deposit that discontinuously crops out in coastal San 
Diego County from the southern tip of Point Loma to Carlsbad. At 
the site, it forms the slopes east of the coastal terrace on which 
the Plant is situated. The formation consists of rnoderately­
indurated, massive marine sandstone and conglomerate deposited in 
the nearshore area of a submarine fan. The cabrillo Formation 
conformably overlies the Point Loma Formation. The age of the 
Cabrillo Formation ranges from approximately 66 to 70 million 
years within the Rosario Group rocks of the Upper Cretaceous 
Period. 

];l3;1._y__;eoint For!tlation_;_ The Bay Point Formation, deposited on the 
coastal terrace on which the Plant is built, ranges up to approxi­
mately 35 feet in thickness and forms the upper part of the sea 
cliff above elevations of 54 to 60 feet. 'rhe cliff-forming 
section of Bay Point Formation is approximately 20-feet thick and 
is comprised of locally derived marine sandstone. The upper 
section is likely to be non-marine sandstones, which form moderate 
slopes up to the 90 to 95 foot elevation of the coastal terrace. 

'.l'he Bay Point 
120,000 years 
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deposited on an ancient wave-cut platform formed during the last 
interglacial peri.od when worldwide sea level was approximately 20 
feet higher. Geologic evidence indicates that, since deposit.ion 
of the Bay Point Formation, Point Loma has been uplifted approxi­
mately 40 feet at a rate of about 0.4-inches per 100 years. 

Beach ___ Deposi ts: The cove near the north boundary of the site 
contains a pocket beach consisting of gravel and cobbles. •rhis 
coarse-grained beach, known as a shingle beach, sits on the shore 
platform and is estimated to be 5 to 10-feet in thickness. 

Sluml2§: Slump-fall materials are located in the coves near the 
northern property limits downslope of the hydro access road and 
near the southerly visitor parking lot. 'rhey consist of Bay Point 
Formation soi.ls that have fallen from the upper bluffs to the back 
of the coves, forming moderately-steep slopes of loose material. 

Artificial Fill: Artificial fill, placed by man as opposed to 
filling by sedimentary deposition, is exposed continuously along 
the top of the sea cliff. These fills were placed to expand the 
useable flat area of the coastal terrace. The fills are generally 
5 to 15-feet thick, but are up to 25-feet thick behind the 
existing binwall and up to 90·-feet thick in the major filled cove 
beneath the existing gas utilization facility. 

RockRevetments: Rock revetments extend along portions of the 
base of the shoreline and sea cliff. These materials consist 
predominantly of angular, metamorphic quarry rock, whi.ch measures 
up to 5~ feet in maximum dimension, that was placed as shore 
protection. 

Determining the wave potential at a given coastal location 
requires a number of critical assumptions regarding the budget of 
deep water waves, the sheltering effect of offshore islands, and 
the refraction of waves in water of variable depths. Waves that 
break along the San Diego County shoreline generally range in 
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height from 2 to 5 feet; however, large waves ranging from 6 to 10 
feet in height are not uncommon. Such large waves can be expected 
to arrive at almost any time during the year and to continue for 3 
to 4 days at a time. These high-wave episodes are frequently 
unaccompanied by strong winds. Breakers with estimated heights of 
15 to 20 feet have been observed off the coastline within the 
study area. 

The shoreline from La Jolla to Point Loma is exposed to wave 
action, unaffected by island interference, through three rela­
tively well-defined corridors of wave approach. Waves with 
periods of 8 seconds or shorter have an unobstructed approach from 
the northwest between Santa Rosa Island and San Nichol.as Island, 
from the west between '.I'anner Bank and Cortez Bank and between 
Tanner Bank and San Clemente Island, and from the south and south­
west between Cortez Bank and Los Coronados Islands. Short period 
waves also approach this shore segment from the northwest between 
Santa Cruz Island and the mainland with a limited fetch of 130 to 
140 nautical mil.es. 

The study area is somewhat sheltered from deep-water waves with 
periods longer than 10 to 12 seconds. Large deep-water waves are 
refracted around the channel islands and shoal waters off the 
California coast and ultimately reach the coastline as somewhat 
smaller and directionally modified local deep-water waves. His­
torical extreme-wave events have been summarized in Appendix Band 
mathematically refracted through the continental shelf region to 
produce local deep-water waves that approach the site. 'I'hese 
local waves were then analyzed approaching Point Loma using sea­
floor bathymetry available through NOAA and using a refraction 
computer model at Scripps Institution of Oceanography. A descrip­
tion of this technique is also included in Appendix B. 

5. 5 l'l..illd~ 

Sea breezes attaining velocities of 10 to 20 miles per hour blow 
landward across the shoreline nearly every afternoon. Reciprocal 
land breezes at night have much lower velocities. Storms moving 
in from the Pacific ocean occasionally bring somewhat stronger 
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wi.nds to the San Diego area, but their duration is relatively 
short. Tropical cyclones from the south reach San Diego on rare 
occasions. Winds along the coastline within the study area come 
predominantly from the west, northwest, and southwest, respec-· 
tively; average wind velocities are less than 10 miies per hour. 
Extreme sustained wind speeds approaching 50 knots are expected 
off the Southern California coast below 35 degrees latitude 
statistically once in 100 years (NOAA, 1980). 

5.6 Rc!infall 

Semi-arid conditions prevail in the San Diego area. Most rainfall 
occurs between November and March. Average annual rainfall ranges 
from approximately 9 to 10 inches. The maximum recorded rainfall 
is approximately 26 inches (1883-84). 

The tides along the Pacific coast have a semi.diurnal inequality. 
The lowest tide each year is about -1.7 feet (MLLW Oatum). • The 
highest tide is about 7.3 feet, MLLW Datum (+4.42 feet MSL Datum). 

5.8 9torm Surg_EL.9nd Wave setup 

Extreme storm surges are presented as a function of return period 
at selected California tide stations in the 1980 NOAA study with 
those for La Jolla shown below: 
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Storm surge when combined with tidal variations results 
statistical extreme water elevation composed of astronomical 
surface and storm surge as follows (NOAA, 1980): 

Return Period 
Years 

5 

10 
25 
50 

100 

Extreme Water Elevation 
Feet (MSL Datum) 

4.4 
4 .. 5 
4.6 
4.7 
4.8 

in a 
water 

Wave setup results 'from the superelevation of the water surface 
over the normal surge elevation due to onshore mass transport of 
the water by wave action alone. Calculations for the design 
condit.ions herein indicate a wave setup ranging from 1.0 to 2.0 
feet. 

6.0 SHORELINE EROSION 

6.1 Lower Bluff Ero~ion 

The Point Loma Formation is exposed along the entire base of the 
sea cliffs in the study area; it is vertical to near-vertical in 
most areas and is 54 to 60 feet high. Erosion at the base of the 
cliff, up to approximately elevation +10 feet (MSL), is due pre­
dominantly to direct wave impact acting upon small joints and 
fissures in the massive rock unit and by water-hammer effects. 
Much of the Point Loma Formation is quite intact and appears to 
have experienced little ero.sion in the last 50 years. In other 
areas, where fractures and joints in the rock are more prevalent, 
erosion is occurring more rapidly. Where shear zones are present, 
surge channels and caves have developed. 
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6. 2 lJ)2P!slr Bluff Ei;-.9si9J1 

The upper bluffs are comprised of the Point Loma Formation above 
approximate elevation +10 to +20 feet (MSL) and the overlying Bay 
Point Formation beginning at elevations ranging from approximately 
54 to 60 feet. 'l'he Bay Point sands form the upper portion of the 
bluffs and are approximately 35 feet in thickness. These sands 
are subject to several different forms of erosion as a result of 
the following actions: 

• Wave spray and wave splash; 
Undermining of the basement rock and caving of the 
resulting oversteepened slopes; and 
Wind, rain, :irrigation, and uncontrolled surface 
runoff. 

The upper bluffs, which support little or no vegetation, are 
exposed to the elements throughout most of the site. Wave spray 
and splash often reach these unprotected sands, causing saturation 
of the outer layer and subsequent sloughing of oversteepened 
slopes. 

In areas where the Point Loma Formation is experiencing erosion at 
the base of the sea cliff, the overlying upper bluffs become 
undermined and subsequently fail through loss of vertical support. 
This results in oversteepened slopes that stand nearly vertically. 
The Po.int Loma Formation and the lower cliff-forming section of 
marine Bay Point Formation form the existing sea cliff. 'rhe upper 
slope-forming secti.on of Bay Point Formation stands vertically, 
until the pore-water tens.ion within the soil has had a chance to 
dissipate; then sloughing occurs. The slopes are relatively 
stable when they attain inclinations of about 1 to 1.. 

Wind, rain, .irrigation, and uncontrolled surface runoff 
to minor erosion of the upper cliff face, especially on 
exposed, oversteepened portions of the friable sands. A 
able amount of rilling has occurred along portions of 
cliffs as a result of these actions. 
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6.3 Rate of Bluff Retreat 

When studying and reporting sea cliff erosion and retreat, care 
must be tak.en to distinguish between cliff retreat rates based on: 
(a) bluff or cliff top retreat, (b) shoreline or cliff base 
retreat, and (c) averages between the top and bottom at various 
locations along the cliff. The degree of erosion can vary signif­
icantly from spot to spot on a sea cliff, and is influenced by 
many independent and dependent variables (that is, lithology, 
joints or fracture characteristics, beach configuration, offshore 
bottom conditions, climate, impacting wave configuration and 
energy, and human effects). Because erosion does not necessarily 
act uniformly over a sea cliff, nor necessarily at a uniform rate, 
the lack of c].arification of the basis for the quaJ.itative erosion 
rate values can J.ead to confusing and misJ.eading results. 

Kennedy (1973) provides a good general discussion of the erosion 
processes and forces acting on the Point Loma peninsula. Based on 
a comparison of old and new photographs, Kennedy reported that 75 
percent of the sea cliff area has undergone no appreciable erosion 
during the last 75 years; only 20 percent of the cliff has under­
gone very rapid retreat of 10 feet in the last 75 years (0.13 feet 

c·· " 

,.J>er year), with nearly 5 feet of retreat occurring in the late 
J.940 1 s. ' Kennedy's reported average erosion rate Wqs 3 feet in 75 
years (0.04 feet per year). 

6. 3. J. Site-SJ2J;tcific Bluff Retreat_ Rate 

In order to evaluate the rate of bluff retreat in the vicini­
ty of the Point Loma Treatment Plant, a review was made of 
the following data: 

• Stereographic aerial photographs from J.939 to the 
present; 
Pertinent 
ing data 
J.800s); 
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Topographic maps and supporting field notes dating 
back to 1859; 
Applicable geologic and geotechnical literature; 
Historical storm data; and, 
Wave climate. 

A detailed geologic site reconnaissance, was then performed to 
map sediments exposed in the bluffs in order to develop an 
understanding of the soil characteristics and strength of 
individual stratigraphic units, the bedding attitudes, fault­
inr;r, joint and fracture patterns, and to look for evidence of 
perched groundwater seepages. An inventory was also made of 
adjacent and nearby bluffs in order that they could be 
compared to the site-specific stratigraphy, structure, slope 
geometry and stage of development. 

After evaluating the data collected, geologists and oceanog­
raphers most conversant with the Point Loma shoreline pro­
cesses were contacted at the following agencies: 

The Army corps of Engineers; 
'l'he United States Geological survey; 
Scripps Institution of Oceanography; 
San Diego County; and 
The state of California. 

Based on a review of the available data, our geologic inven·­
tory of the site vicinity, and discussions with other 
experts, we have developed a design rate of bluff retreat and 
a 50 and 75-year bluff retreat line. A detailed description 
of the methods used for determining the bluff retreat rate is 
included in Appendix c. The 50 and 75-year no project bluff 
retreat line is shown on the Site Plan and Geologic Map, 
Figure L 

6.3.1.1 Effect of_Existin_gytone Revetment 

'l'he presence of a stone revetment at the base of the 
coastal bluffs mitigates direct wave impact onto the 
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bluffs. Although direct wave impact is reduced, wave 
runup and the attendant splash is likely increased, 
which contributes to both lower bluff and upper bluff 
erosion. Since construction of the Plant in 1963, 
there have been several periods of riprap placement 
with the net effect of further reducing coastal 
erosion. We have reviewed available stereographic 
aerial photographs from the following dates: 

Stereqg_ra.ru1ic Aerial Photogmp)l.icLCovera_gsi 

Date of Photograph 

1.987 

1986 
1985 
1982 
1981 

1978 

1972 

\, 
\ 1964 

1.960 

1953 

1.950 

1949 
1939 

Photographic Scale 

1:12,000 (photographically 
enlarged to 1''=200') 

1:12,000 
1:40,000 
1:24,000 
1:24,000 (photographically 

enlarged to 1 11 =200') 
1:40,000 (photographically 

enlarged to 1"=200 1 ) 

1:20,000 (photographically 
enlarged to 1''=200') 

1:24,000 (photographically 
enlarged to 1"=200 1) 

1:24,000 (photographically 
enlarged to 1''=200') 

1:24,000 (photographically 
enlarged to 1"=200') 

1:24,000 (photographically 
enlarged to 1''=200') 

1:20,000 
1:24,000 (photographically 

enlarged to 1"=200 1 ) 

Since erosion rate was, in part, evaluated by the 
cliff retreat rate based on si.tccessive photo evalua­
tion and historical storm data ('l'able B-2, Appendix B) 
the effect of existing stone revetments on bluff 
retreat rate was evaluated based on the annualized 
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placement of rock when 
This information has 

evaluation of our 50 
shown on Figure l. 

In order to determine an appropriate shoreline cliff stabilization 
program, especially in an area of el{treme environmental sensi­
tivity, it is important to address the problems of visual aesthet­
ics; current uses of the area; the present hazards associated with 
already unstable oversteepened slopes; the potential for future 
erosion; and the impact of minimal or no stabilization in certain 
areas. Relevant sect.ions of the California Coastal Act require 
that coastal protection be limited to only those areas where 
continued erosion will impact existing improvements. 'l'o satisfy 
this concern, no significant erosion control measures were con­
sidered along areas of the coastline that are not already experi-· 
enc.ing cliff retreat or in areas where erosion is not expected to 
endanger existing improvements within the plant facility. Pro-­
posed improvements have been limited to only those considered 
necessary to assure the long-term and uninterrupted access of the 
main access road and lower hydro access road, both of which front 
the upper bluffs throughout the Plant limits. Of the 2,150 feel: 
of total shoreline frontage within the Plant facility, proposed 
improvements to coastal protection are only being considered along 
approximately 775 lineal feet. 

'rhe main erosion problems at the base of the sea cliff are associ­
ated with the direct il))J?act of waves and/or wave runup in the 
areas where joints and fractures are present in the Point Loma 
Format.ion. Various types of seawalls, grouting and surface treat­
ments were considered to protect these areas. To date, coastal 
protection (which currently exists along l,025± feet bf the coast­
line) is limited to the use of rock revetments at the base of 
near-vertical coastal bluffs. By the time rock revetments had 
been placed at the base of these bluffs, lower bluff erosion had 
advanced to the point where portions of the bluffs within the 
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Plant area were near vertical and, in some cases, 
as in the vicinity of the Armco Binwall adjacent 
tion Building. 

over vertical, 
the Administra-

Due 
which 

to the localized near-vertical 
encroach onto the existing 

nature of 
access road 

access road, consideration has been given to the 
vertical tied-back walls, designed to conform 
blend into, the existing near-vertical bluffs. 

7.1 Flexible vs. Rigid structures 

the upper bluffs 
and lower hydro 
construction of 

to, and visually 

All of the existing coastal protection at the Point Loma Treatment 
Plant consists of rock revetment, which is considered to be a 
flexible structure. Moreover, in front of the outlet structure 
and downslope of the gas utilization facility, the existing 
exposed ground surface is comprised of rock (and soil fill) and, 
as such, is capable of consolidating somewhat. When considering 
new coastal protection structures in these areas, it is necessary 
that these structures be designed to accommodate differential 
movements when supported on foundation elements that are them­
selves flex.lble. For this reason, composite structures must be 
compatible and, when used with rock, the appurtenant structures 
must also be as flexible as the revetment foundation. ,It should 
J:,e pointed out that the rock revetment system is probably the most . 
. ~urable and economical form of shoreline protection and it is use.a 
,throughout the world. One of its few design disadvantages is in 
.its foundation performance for composite systems. As such, compo-
site systems utilizing rock revetments necessitate 
semi-flexible wall, such as Reinforced Earth•, a 
articulating gravity wall. 

the use of a 
cribwall, or 

Along all but the northerly portion of the Plant limits, where the 
coastal bluffs are set back somewhat from the shorel.lne, special 
consideration can be given to economical forms of lower shoreline 

• Patented Product 
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protection, combined with upper bluff stabilization techniques, 
using either ,_rigid structures such as concrete walls .or tied-back 
walls, or semi-rigid structures such as binwalls, cribwalls or 
Reinforced Earth. 

The use of conventional cantilevered concrete seawalls in any of 
the locations currently proposed for coastal stabilization 
requires Femoval of all existing rock down to the underlying 
bedrock in order to provide adequate foundation support for con­
ventional cantilevered concrete seawalls. 
\ 

7. 2 Revetment_ Deggn 

A stable riprap design section requires consideration of such 
factors as the maximum anticipated deep-water design wave height 
and wave period that could be expected to occur over the life of 
the structure. Upon reaching the coastline, the design wave 
reaches a depth of water so shallow that the waves collapse or 
break. This depth is equal to about 1. 3 times the wave height. 
During periods of extreme high tide, small swells of approximately 
2 to 4 feet in height may actually maintain most of their wave 
energy and break directly on the structure. During periods of 
heavy storms, where deep-water wave heights are tens of feet high, 
these waves break quite a distance offshore, reform as smaller 
waves, and eventually impart a portion of the original wave energy 
onto the shore protection structure. 

Wave characteristics are normally determined for deep water and 
then propagated shoreward to the structure (Appendix B). Deep 
water significant wave height and significant wave period may be 
determined if wind speed, wind direction and fetch length are 
known. This information, with water level data, is used w.ith 
refraction analyses to determine wave conditions at the s.ite. 
Wave conditions at a site depend critically on the water level and 
the corresponding sea-floor elevation at the base of the struc­
ture. Consequently, knowledge of sea-floor bathymetry and the 
design still water level (SWL) must be established to evaluate the 
wave forces on a coastal structure. 
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To arrest and control future erosion of the coastal bluffs, ,tied-
r, ' 

back walls have been const,dered below the lower1(hydro access\, road 
where bluff erosion has encroached onto the roadway; below the 
Armco Binwall where erosion has begun to undermine the Binwall; 

,.a.n d.~ . ...S.£.1!1b.~u;:J,y_ru,:"':"'~.n,7_!~";3 ~t!;2~t-'. "aarJ~j,J,Jr;i. ~1,~!;,,,,,,"!~;,;,~,,,,,';;f5?~.~,g.1!,""9,t_,,,.);l.~ .• "'~' 
upper bluff is beginning to encroach on the access road. 

The construction of tied-back walls involves surface preparation 
of the bluff face, installation of steel anchors and reinforce­
ment, and application of a structural surface, such as shotcrete, 
to the bluff surface. The resulting wall can then conform to the 
irregular surface of the existing bluff. Pigments can be used in 
the shotcrete mix to produce an earthen tone comparable to the 
natural bluff face. Specific structural design requirements 
depend on the geotechnical constraints specific to the site 
(Appendix A) . 

7.4 Resurfacing of ~~mco~inwall 

An existing Armco Binwall • exists along the edge of the. bluff in 
the vicinity of the ~cl.ministration Building/j) 'rhe binwall is 
constructed of galvanized steel bins coated with an asphalt 
concrete film to retard corrosion. At present, portions of the 
outer skin have corroded to the point where the soil backfill 
within the bin is now exposed. As part of our field studies, the 
rear portion of the binwall was unearthed at approximately mid­
length of the wall and the rear stringers and stretchers exposed 
in the excavation. After examining the internal elements of the 
wall, it was apparent that,corrosion had removed the galvanizing 
and caused loss of base metal in the possible range of up to 25 
percent. After reviewing the long-term corrosion potential of the 
steel Binwall with Mr. Joe Mataich, a corrosion engineer with the 
Water Utilities Department, it was concluded that the entire 

*Patented Product 
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binwall 
such, the 

would likely disintegrate within the next 50 years. As 
gravity structure will likely fa:il in the near future, 

a total rehab:ilitation or total replacement of the requiring 
wall, 

In order to rehabilitate the existing binwall, !jiiOnsiq-i-ratiq,~~' 
be gi.ven to future loss .91,_ !;J.1,.e_-§.)l'.i~ttng.~~J:HXiJ;,,y,,,,m.as,s,"""'tJt~JJclti.ng in 
~ I J.9~> "~ ,,~~~7~...,.,._,..,.~--·="'"'~'"~-"•"""""'-"'•-'-'·"'~"-.c,-•••• e•~'-·, • • ~·-=~-..t;,~\;-'.t'~~>lc?,W,i;.~~1 

lof!d-.. ,t:i;:;ip:;;_,;tg;i:: to the new structur~, . _wh1_~h. _ i_i;__ ~guivalent to the 
,- ' • ' ' '°'' "-'·O•e,,-cs•,,,;,,, -.,~\,;.,, _,,.·.-•<c, ,.,,.-.,,•,•a;;,,-._"'.' ,,.,,,,:'•·;'" ,,., ... , __ ,_, '' ,-•·' .,,.-"'·.•··' ., .. ,,-;.•-_:,·-·, ,, '·•i ,,;, ·-~•-•·""'-·-, -~~•;c~·"'"l,~,"-",'.'"·1~<,"-'f""',C"tt,-O):,t,;;,r,<,.~~,'."':;'-".;;,·,-c.7;:~>c~)CC""'.~-c;,,•~ 

l.atera.le.ar.th-- .. pres.a.lJX:!~. :r:esul tJ.ng ___ from _the 1n_-SJ.tu .. , Soll. _being __ •• 
restrained by the new ' ;;rf a~e treatment. • Desig~ - d~taiis •• are , 
PJ,::.r19,!%\:L,,1JJ.,tt>,e .. ~G,eo,tecanica.l, ,Inv.es_t.i.g<1-:t:,ipnt .. -,f\-~£~ndix A • ., 

7.5 Reinforced Earth Walls 

A Reinforced Earth wall has been selected for protection of the 
fill slope J:?elow. the gas utilization facility)l 'rhis type of 
retaining structure is economical, very flexible., and • can easily 
be articulated along the coastline to decrease the visual impact.' 
Since the precast concrete facing elements serve only to retain 
soil, numerous surface textures and panel geometries are avail­
able. 'l'he current concept utilizes a 20·-foot-high wall embedded 6 

to 9 feet below the existing rock surface with a top-of-wall 
elevation of +38 feet. Soil backfill will be placed behind the 
wall 
to 1. 

cept 

7.6 

extending up to the hydro access . road at an . inclination .. of 2 
A technical descript,ion of th~ R~f;;i~~:~ed· Ear·t11 waTi con=-­

is presented in Appendix D. 

-~~9.technical Constraint~ 

Site-specific geotechnical studies were performed to address the 
geotechnical requirements for design of tied--back walls and 
gravity walls. The geotechnical factors influencing the design of 
a tied··back wall system :includes the stability of the slope, the 
strength of the anchor zone, the anchor system, and the forces 
acting on the tied-hack wall system. In design of a gravity 
structure, geotechnical considerations include the bearing 
capacity and a·ssociated settlement, and earth pressures acting on 
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the gravity structure. A detailed description o:f the geotechnical 
design aspects e:f:fecting the proposed structures is presented in 
Appendix A. 

8. 0 PRELIMINARY ENVIRONMEN'rAL CONS'rRAIN'.l'S 

A number o:f government agencies will be involved .in the review 
process o:f the Point Loma Sewage Treatment Plant Shoreline Protec­
tion project. They have e . .ither direct or indirect environmental 
concerns with regard to the work proposed, as well as some having 
permitting authority over the project. 

Several phone conversations and meetings have occurred with key 
agency personnel to review the preliminary proposals with them and 
to get their .input and concerns. Preliminary discuss.ions were 
also used to help determine which permits would be required and 
what types of reviews might occur. 

The agencies that have been contacted in preliminary discussions 
include tile :following: 

u.s. Army Corps of Engineers; 
U.S. Park Service; 
National Marine Fishery Service; 
State Department of Fish and Game; 
U.S. Fish and Wildlife Service; 
Environmental Protection Agency; 
CaJ.i:fornia Coastal Commission; and 
city o:f San Diego - Environmental Quality Division of the 
Planning Department. 

Additional agencies were contacted, but stated they had no juris­
diction or concerns in regard to the project. 

8. 1 Initial Environmental,LA@QQY3oncerns 

Due to weather problems, an on-site biological review of the 
project (both terrestrial and marine) has not yet been completed; 
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therefore, the concerns and constraints in the following discus­
sion are from the various agencies, from preliminary discussions 
and/or their preliminary review of the project's approach. 

U. s ._ Army>Qrps ofJ,nqineers: •.rhe U, s. Army Corps of Engineers 
expressed two preliminary concerns in regard to the project: 

1. That there be no major impacts to the biological community, 
especially the marine community; and 

2. That the protective devices be designed to the minimum amount 
necessary. 

U.S. Park Service: The U.S. Park Service contacts expressed the 
following concerns in regard to the proposed project: 

1. Ocean water quality; 
2. Air quality; 
3. Short-range construct.ion impacts, .including additional 

deterioration and/or collapse of portions of Cabrillo Road 
through Park Service land due to increased construction­
related traffic; 

4. Prevention of construction debris from going into the ocean 
or onto park land; and 

5, Cultural/archaeological survey availabil.ity. 

State of California Department_of__F.ish and Game: The Department 
of Fish and Game contact expressed preliminary concerns in the 
areas of: 

1. Impacts on tidal and subtidal areas where rock revetments 
will (or may) be placed; and 

2. What will happen around the edges of the protective devices. 

'rlie contact with the National 
Marine Fishery Service had no immediate concerns with the pro:j e.ct 
as proposed, however, would further review the specifics on any 
designs that encroached into intertidal or subtidal areas. 
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;Environmeutal Protection fille!J_QY__(_!):_r_iJ_;_ The contact with the EPA 
indicated that the project should comply with the Army Corps of 
Engineers 404 guidelines. 

U. s. _ Fish and Wil_glif~ervice_;_ 'rhe contact with the u. s. Fish 
and Wildlife Service indicated that his involvement was in 
reviewing the Army Corps of Engineers permits and endangered 
species concerns. 

California Coastal Commission: coastal Commission contacts in San 
Diego expressed the following preliminary concerns in regard to 
the proposed designs for the shoreline protection project: 

1. '.l'o prove need for each protection location (permits for 
protective devices are usually only issued when a primary 
structure is in danger of being damaged or destroyed); 

2. Impact on benthic fauna; 
3. Examination of existing drainage structures and drainage flow 

on site to prevent future erosion problems from occurring; 
4. Whether or not the sewage treatment plant is .in the appro­

priate location; 
5. Whether the hydro electric powerhouse has to be where it is 

located; 
6. Whether the access road can be relocated; 
7. That the least amount necessary of protectivr~ devices be 

allowed or proposed; 
8. That alternative solutions be shown and discussed; 
9. That minimal alterations of landforms occur (e.g., filling .in 

caves rather than using wall device); 
10. What the impact of proposed walls will have on shoreline 

processes and what further impact they will have around ends 
of walls; 

11. Whether vegetative slopes are presently irrigated; and 
12. Whether r.iprap will effect tide pools or tidal land. 
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:rt has been determined (to date) that three permits will need to 
be acquired: 

1. California Coastal commission Development Permit; 
2. U.S. Army Corps of Engineers 404 Permit; and 
3. U.S. Army Corps of Engineers 10 Permit. 

Prior to submittal of the formal application to the coastal 
Commission for permit processing, the final EIR must be approved 
by the San Diego city Council. The time constraints throuqh the 
agencies include approximately 100 days for the Army Corps of 
Engineers process, approximately 6 months for the EIR process and 
approximately 2 months through the Coastal Commission process. 

9. 0 CONSTRUCTION CONSTRAIN'rS 

'l'he Point Loma Treatment Plant is a continuously-operating 
facility having need for continual plant access. Staging areas 
will be made available to the contractor immediately inside the 
Plant boundary on approximately l acre of land adjacent to, and 
westerly of, cabrillo Road. A staginq area, approximately 35 feet 
by 110 feet in plan dimension, will also be available just north­
erly of Section 2 on the lower hydro access road. The contractor 
will be required to cooperate with Plant personnel and maintain 
access down to the lower hydro electric powerhouse, at least on an 
intermittent basis. 

:rt should be noted that construction of this project will require 
substantial truck traffic, carrying construction materials and 
equipment over Cabrillo Road. This impact will be addressed 
within the EIR. 
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The preferred shoreline and upper bluff stabilization approach 
within the Point Loma Treatment Plant boundaries limits proposed 
improvements to only those areas where continued erosion within 
the next 75 years will likely impact existing improvements. 
Specific wall types and dimensions described herein have been 
selected based on estimates of future erosion rates, the cost and 
effectiveness of proposed coastal works, and the long-range needs 
of the Plant. Erosion rat.es have been evaluated from a geologic 
inventory of erosion processes along the bluffs, a review of 
available historical aerial photographs further corroborating 
erosion processes, and discussions with Plant personnel eliciting 
their past experience with erosion processes in the Plant area. 

Coastal and nearshore improvements are proposed in six areas 
within the Plant boundaries, as described below, generally 
ext.ending from north to south. Alternate design concepts con­
sidered appropriate for each location are also described herein. 

Secti~l - Vicinity of Outlet Structure: In the vicinity of the 
outlet structure, an undesirable amount of wave runup currently 
disrupts facilities during periods of high tide and high surf. 
Additionally, the protective stone in front of the outlet struc­
ture is generally comprised of a well-graded quarry stone, much of 
which is less than quarter-ton in size. The slope of this revet­
ment currently ranges from 2:1 to 3:1 (horizontal to vertical) 
which exacerbates wave runup due to the effect of ramping. '.l'he 
smaller stones are also hurled toward the powerhouse and outlet 
structure during periods of increased wave activity. 

A more substantial protective rock revetment is currently proposed 
in front of the outlet structure, having a crown elevation of 
approximately 17 feet (MSL datum). The revetment would extend a 
total of approximately 230 feet .in length and would .incorporate 
the existing rock .in this area as core stone. The revetment would 
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consist of 8-ton armor stone constructed at an inclination of 
1. 7: 1. 0. 'I'he approximate geometry of this revetment is illus­
trated on Figure 4. 

An a-inch-diameter reinforced concrete drain pipe will also be 
installed crossing under the existing asphalt concrete roadway, 
accommodating nuisance drainage waters which currently discharge 
through two a-inch clay drain pipes mid-way up the concrete spill­
way. 

SectioIL-.,l. - Lower HydroAccess Road Where Upper B).uff Erosion Has 
Epcro.?tched l[p_cn Roadwqy_;_ The bluffs within the lower portion of 
the hydro access road have locally eroded to the extent that 
portions of the roadway surface have been lost, and slight over­
hangs currently exist in some areas. Continued erosion in this 
area will likely eliminate future access to the hydro electric 
powerhouse from the hydro access road. An e,;± foot long vertical 
tied-back wall is proposed in this area, with a 3\ foot high 
parapet. The wall would extend from the top of the bluff down to 
the existing rock, approximately 30± feet below. No additional 
bluff reclamation is proposed. 'r!-1e wall is proposed to conform to 
the existing near-vertical bluf:E, provide a barrier wall where it 
currently encroaches upon the roadway, and be designed to visually 
blend into the existing coastal blu:E:Es. The approximate geometry 
o:E this tied-back wall is illustrated i.n Figures 5 and 6. 

As an alternate to the vertical tied-back wall, consideration has 
also been given to the placement of additional rock over a length 
o:E approximately 100 :Eeet, extending up to an elevation of approx­
imately 25 :Eeet. Although slightly less expensive, this option 
still results in 5± feet of additional potential :future encroach­
ment into the already narrow lower hydro access roadway. 

A small sea cave (collapsed at the rear and partially :filled-in by 
riprap) exists just northerly of this section. 'l'he approximate 
limits of the filled-in collapse and the existing "arch" which 
remains at the front o:E the cave are shown on the site Plan and 
Geologic Map (Figure 1). 'I'he sea cave has a current unsupported 
height o:E approximately 12 :Eeet above the base of the cave, with 
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an estimated volumetric dimension of 75 cubic yards. The roof­
arch at the front of th.is sea cave .is estimated to be approxi·­
mately 3 to 5 feet .in thickness and would likely collapse if 
driven over by heavy equipment. 

Based on examination of the interior of the cave, it. appears that 
the roof rock previously collapsed at the rear of the cave and 
that an attempt was made to backfill through the collapse with 
rock and concrete. It is currently proposed to form the front 
face of this cave and entirely grout-in the cave to eliminate the 
potential for future collapse. 

Section 3 - Upp§!r Portion of liYdro Access Road in Vicin.,i,:ty _of 
E½is.ting Fil]. SlQp_e: A relatively large sea cave existed at one 
time beneath the gas utilization facility, which has since been 
filled .in. Where the original mouth of the sea cave necked down 
to the face of the bluff, it was approximately 100 feet in width. 
This area has since been filled .in and an earthe.m fill slope now 
exists in this area, protected by a relatively substantial rock 
revetment. Continued wave runup in this area has eroded the base 
of the fill slope and continued erosion will likely undermine the 
fill slope and the hydro access road .in this area. 

A 106± foot long, 20 foot high, Reinforced Earth wall is proposed 
.in this area. This wall would have a base elevation of 18 feet 
and the lower 6 to 9 feet obscured by the existing stone revet­
ment. As such, only 11 to 14 feet of this wall would be visible. 
A wave deflector would be incorporated into the top of the wall 
and the wall would have a top-of-wall elevation of +38 feet. '.l'he 
slope above the wall would be regraded at an inclination of 2:1 
and relandscaped. A small amount of additional 8-ton rock would 
also be placed in front of the northerly end of the wall, where 
local depressions currently exist: in the present rock revetment. 
The approximate geometry of this wall is illustrated on Figure 7. 

Section_4 - Vicinity of_Armco Binwall: An Armco Binwall currently 
exists along the edge of the bluff in the vicinity of the Adminis·­
tration Building. '.rhe Binwall is constructed of steel bins, 
portions of which have corroded to the point where soil is now 
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exposed on the front face of the binwall. Moreover, lower bluff 
erosion has advanced to the point where the Binwall is locally 
undermined, suggesting that continuing erosion will eventually 
cause the entire Binwall to collapse, resulting in loss of the 
upper access road. As such, a structural tied-back vert.ical 
concrete facing is proposed to resurface the entire exposed face 
of the Armco Binwall. 

A vertical tied-back wall is also proposed along the base of the 
bluff where localized erosion .is undercutting the B.inwall. This 
wall will be approximately 60 feet in length and similar .in 
appearance to the tied-back wall proposed along the lower hydro 
access road (Section 2). This wall would also be protected with 
approximately 70 feet of additional 8-ton rock revetment which 
would augment existing rock at the base of the B.inwall. Existing 
rock locally extends up to elevation 22 feet. The proposed 
additional rock would extend up to, and develop a more uniform 
crown elevation of +25 feet. 'rl1e approximate geometry of the 
binwall facing and lower tied-back wall is illustrated in Figures 
8 and 9. 

As an alternate to rehabilitation of the existing binwall and/or 
placement of the vertical tied-back wall below the base of the 
binwall, consideration has been given to the entire removal of the 
binwall and replacement with a Reinforced Earth wall. This has 
several advantages in that the Reinforced Earth wall alternate is 
more economical than rehabilitation of the existing binwall and, 
because it is a vertical structure, an identical top-of-wall 
location results in 5\ feet of additional sacrificial bluff at the 
base of the wall. After placement of the proposed additional rock 
up to a crown elevation of +25 feet at the base of this wall, 75-
year estimates of bluff retreat in this area are approximately 5 
feet. 

Replacement of the entire binwall has a singular disadvantage in 
that a major construction excavation will be required in the 
vicinity of the Administration Building, requiring temporary 
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relocation of utilities within and adjacent to the existing road­
way and possibly temporary relocation of the trail.er nearest the 
binwall. As of th.is writing, relocation costs have not been 
determined for this alternate. 

Sect.ion 5 - _s_outherl__y of Southerly_ Visitor Parkinq _Lot: _Coastal. 
erosion in this area is encroaching upon the existing access road 
to the Plant and will eventually require realignment of the road 
if coastal protection is not provided. 'rhe remnants of a sea cave 
exist immediately southerly of the visitor parking lot where 
coastal erosion is most prevalent. Approximately 60 feet of 
additional. 8-ton rock would be pl.aced in this area to augment 
existing rock and further mitigate localized lower bluff erosion 
in this area. 

The upper portion of the bluff exposes younger, more erodible 
formational soils underlying from 4 to 6 feet of fill soils, 
presumably placed during construction of the roadway. Approxi­
mately 120± feet of a vertical ti.ed-baclc wall with a short parapet. 
is proposed along the upper bluffs in this area, extending down to 
the lower cretaceous-age format.ional soils (approximate elevation 
60 feet), which are considerably more erosion-resistant. Th.is 
wall would also be similar in appearance to the wall at Sect.ion 2, 
and the lower wall at the base of the Armco B.inwall (Section 4). 

2-_~gj;ion 6 - Hydro Access Road and GUF Access Road Retainin_g_ Wa.lls: 
Retaining walls are proposed landward of the hydro access road and 
easterly of the GUF access road immediately southerly of. the gas 
utilization facility. Natural slopes in these areas are locally 
steeper than 1:1, and continually ravel, reportedly requiring 
maintenance of adjacent roadways. Additional usable land is 
desired in these areas and retaining walls will allow for develop­
ment of additional level ground at the base of the walls. Flexi­
ble cribwalls are currently proposed for this area, a detail of 
which is illustrated on Fiqure 10. 

A 2-inch-thick asphal tic concrete ove.rlay is 
upgrade the existing lower hydro access road. 
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also be increased to a 24-foot paved roadway with 5-foot shoul­
ders. Additionally, it is proposed to temporarily remove the 
engineering trailer from its pad and build-up the pad to correct: 
drainage in th.is area. The existing concrete cribwall located 
between the outlet structure and the emergency spillway .is also in 
need of repa:i.r and will be rehabilitated as a part of this 
project. 

as a At the request of City staff, we will include the walls 
deductive alternative for contract bidding purposes in the event 

part of that insufficient funds exist for construction of all or 
these walls. In order to maintain 24 feet of usable roadway on 
the lower hydro access road, the deductive alternate will exclude 
a 100± foot long wall in the vicinity of Section 2 in order to 
maintain the necessary minimum roadway width in this area where 
coastal erosion has encroached upon the roadway. In other words,, 
whether or not the deductive alternate is constructed, the 100_± 
foot long wall in the vicinity of Section 2 will still be 
necessary. 

11.0 DESIGN CRITERIA 

11. 1 Stqne Revetm<a1n1;_§. 

Deep-water significant wave heights and wave periods were trans­
formed to local deep-water wave heights and directions for 13 
historical storm events considered representative of worst-case 
conditions for the San Diego county coastline. Refraction 
diagrams were then developed to model the effect of near-shore 
bathymetry on the wave height and distribution of wave energy for 
a series of deep-water wave conditions. In virtually all 
instances, design wave heights were controlled by sea-floor 
bathymetry at the base of structures which limited the maximum 
design wave that could develop in front of structures. Sea-fl.oar 
bathymetry in front of proposed structures ranges from an ele­
vation of -4 feet to -6. 0 feet (MSL datum) . 'fhe average near-­
shore slope extending out a distance of 400± feet was on the order 
of 50:1. In all instances, sea-floor materials were comprised of 
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the sedimentary rocks of the Point Loma Formation, judged to be 
erosion resistant. For design purposes, we have assumed no 
additional erosion of these formational materials at the base of 
structures. 

A maximum design still water level of 7.3 feet (MSL) was selected 
for design which includes both the highest high yearly tide, 
combined with a statistical 100-year storm surge, 2 feet of wave 
setup, and 1/2 foot o:f additional height to account for long-term 
rise in sea level. This results in a maximum design breaker 
height of 13 feet, and a required minimum stone size of 8 tons 
(U.S. Army Corps of Engineers Shore Protect.ion Manual 1977 
Edition, Chapter 7). Runup calculations indicate that design 
storm waves with periods on the order of 20 seconds may result in 
as much as 15 :feet of wave runup above the design still water 
level reaching elevations of over 20 feet. 

11.2 Tied-Back Walls 

surface preparation of the bluff would consist of the removal of 
small protrusions which would be difficult to install rein­
forcement around. Slots would be cut in the bluff surface at the 
vertical edges of the concrete :i.n order to key the concrete into 
the bluff. Pockets of rock would be cut from the bluff face at 
the anchor locations so as to provide add:i.t:Lonal concrete thick­
ness to assure adequate tie-back anchorage strength. 

A matrix of holes on approximately a 12±. foot square gr.id would be 
drilled to a depth of about 60± feet :Ln the bluff face. High 
strength steel, PVC encased anchor bars would be installed in 
these holes and grouted into stable areas of the formation well 
shoreward of the bluff face. 

Epol{y-coated reinforcing steel would be attached to the bluff 
surface. Two layers of steel would be used at anchor locations. 
Colored shotcrete, a form of pneumatically installed concrete, 
would be blown on the bluff surface to fully encase the rein­
forcing steel in a minimum of 8 inches of concrete. After the 
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concrete has cured, the tie backs will be tensioned to prevent 
development of active pressures in any fracture roclc behind the 
wall. 

The wall would extend a minimum of 5 feet below the level of rock 
revetment to provide adequate erosion resistance from wave runup 
at • the rock/wall interface. •rhe top of the wall will be extended 
3½ feet above the adjacent roadway elevation to provide a traffic 
barrier (and to comply with OSHA requirements). '!'his parapet 
extension will be constructed of formed concrete. 

11.3 Resurfacing_g_f_Armco Binwall 

Rehabilitation of the binwall would consist of the addition of a 
new 10-inch colored structural concrete surface on the binwall's 
exterior face. The new wall would be stabilized with tie backs 
placed completely through the existing binwall and anchored i.nto 
the underlying formational soils. The tie backs would be placed 
at 10-foot centers, midway between the existing binwall columns 
and spacer plates. At the binwall's greatest height, three levels 
of tie backs would be required. 

Construction would commence with cleaning the front wall stringers 
of all loose corroded material. Holes would be cut in the front 
face of the binwall and pipe casings driven through the fill and 
rear binwall stringers. Holes for the anchors would then be 
drilled through the pipe casing and into the formational soils. 
High strength st.eel anchors, encased in PVC sheathing, would be 
grouted into the rock. 

'!'he new structural concrete face would be placed directly against 
the exterior of the front face stringers. A ribbed concrete cross 
section would result from the. filling between the flutes of the 
binwall stringers. 'rhis concrete section would form a 10-foot­
w:i.de beam spanning vertically between tie backs. 'rhe completed 
tied-back wall would act independently of the binwall, allowing it 
to eventually disintegrate without adversely affecting the 
performance of the new wall. 
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Gravity walls proposed on site include cribwalls and Reinforced 
Earth walls, both patented products. Both of these gravity·walls 
are considered to be semi-flexible structures capable of. accommo­
dating substantial differential settlements. Specific geotech­
nical guidelines for both products are included in Appendix A. In 
general, these wall types, when constructed in conformance with 
manu.facturer•s recommendations, perform well even when subjected 
to substantial differential settlement (see Appendix D). 

12.0 ESTIMATED TOTAL PROJECT COST 

Estimated costs for construction of proposed improvements 
described herein were developed i.n dollars per .fac:t.al square foot 
for total in-place cost for all wall elements; in dollar~ per 
cubic yard for in-place cost of all armor stone, assuming a con­
version of 1.5 tons per cubic yard: and i.n dollars per square :foot 
for an asphalt concrete overlay. The cost estimates include 
installation of all elements of a proposed concept, plus any 
required grading and/or landscaping. It should be noted that 
these costs are based on manufacturer's suggested prices and 
present contractor's average installation cost. These costs could 
vary somewhat depending on availability, suppliers, and bidding 
costs. A breakdown of total estimated project costs ·is provided 
in Table 1. Unit costs used in our estimate of construction costs 
are listed below: 

ITEM UNI'l' cos·r 
a-ton Riprap $35/ton ($52.50/cu. yd.) 
'I'ied-Back Wall $75/facial sq. :ft. 
Reinforced Earth wall $50/facial sq. ft. 
Cribwall: $33/facial sq. ft. (as proposed) 

1 Cell $18/facial sq. ft. 
2 Cell $25/faci.al sq. ft. 
3 Cell $40/facial sq. :ft. 

Asphalt Concrete $1/sq. ft. 
Grout $100/cu. yd. 
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GLOSSARY OF TERMS 

BLOCKFALL: Rapid decent of a large angular rock fragment derived 
from breaking of the parent rock mass, usually along joints. 

BLUFF: The rising ground bordering 
sea cliff, but is characterized by an 
section ending at a coastal terrace. 

the. sea which may include a 
uppe.r, moderately-sloping, 

BLUFF TOP: 
terrace. 

The boundary between the bluff and the coastal 

BLUFF-'.l'OP RE'.l'REA'r: Landward migration over time of the bl.tiff top 
caused by marine erosion on the sea cliff and subaerial erosion of 
the bluff. 

CAUSTIC: In refraction of waves, the name g:iven to the curve to 
whi.ch adjacent wave rays refracted by a bot.tom whose contour lines 
are curved, are tangents. '.l'he occurrence of a caustic al.ways 
marks a reg:ion of crossed wave rays and high wave convergence. 

CLAPOTIS: Nonbreaking waves. 

CLIFF-PLATFORM JUNC'rION: The location at the base 
cliff where the near-horizontal shore platform meets 
vertical sea cliff. 

of the sea 
the near-

COASTAL 
bounded 
landward 

TERRACE: Any long, narrow, 
along the shoreward edge by 
edge by ascending slopes. 

relatively level surface 
a sea cliff and along the 

DIURNAL: Having a period or cycle of approximately l tidal day. 

EROSION: The mechanical. destruction of the land or 
the removal of rock and soil by running water, waves 
moving .ice, wind, and gravity. It .includes the 
weather.ing, solution, corros.ion, and transportation. 

sea floor and 
and currents, 
processes of 

FE'.l'CH: The hor.izontal. distance (:in the direction of the wind) 
over which a wind generates seas. 

FORESHORE ZONE: A part of the shore lying between 
of wave wash at high tide and the low water mark. 
.is usually traversed by the uprush and backrush of 
the foreshore is typ.ically absent at the site. 

the upper 1 im.i t 
The foreshore 

waves; however, 

GEOMORPHOLOGY: That branch of both physiography and geology whi.ch 
deals with the form of the earth, the general configuration of its 
surface, and the changes that take place in the evolution of 
landform. 
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HEADLAND (HEAD): A high steep-faced promontory extending into the 
sea. 

INSHORE ZONE: A zone of variable width extending from the low 
. water line at the shore to the seaward edge. of the breaker zone. 

NEAP TIDE: A tide occurring near the time of quadrature of the 
moon with the sun. The neap tidal range is usually 10 to 30 
percent less than the mean tidal range. 

NEARSHORE ZONE: An indefinite zone extending seaward from tlrn 
shoreline well beyond the breaker zone. 

REFRAC'l'ION: The process by which the direction of a wave moving 
in shallow water at an angle to the contours is changed. 'l'he part 
of the wave advancing in shallower water moves more slowly than 
the part st.ill advancing in deeper water, causing the wave crest 
to bend toward alignment with the underwater contours. 

SEA CLIFF: A more or less continuous line of seaward-facing high, 
steep rock faces or precipices that are caused by marine and 
subaerial erosion. 

SEMIDIURNAL TIDE: A tide with two high and low waters in a tidal 
day. 

SHORE: '.i'he narrow strip o:f land in immediate contact with the 
sea, including the zone between high and low water lines. A shore 
of unconsolidated material is usually called a beach. 

SHORE PLATFORM: 
produced along a 
erosion processes. 

The horizontal or gently seaward sloping surface 
shore by wave erosion and other subaqueous 
synonym: wave-cut platform. 

STANDING WAVES: Nonbreaking waves. 

SUBAERIAL EROSION: Erosion that occurs on the land surface due to 
removal of surface material. by wind, water, and gravity in its 
broadest sense. This also includes the weathering process which 
produces more erodible material. Contrasted with marine erosion. 

WASTING: The gradual destruction or wearing away of a land:form 
surface by wind, gravity, and rill wash, but excluding subaqueous 
erosion. 

WAVE SPEC"rRUM: A graph showing the distribution of wave 
a function of wave frequency. The spectrum may be based 
vations and/or theoretical considerations. Several 
graphic display are widely used. See Appendix B. 
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WAVE HEIGHT: The vertical distance between a crest and the pre­
ceding trough. 

WAVE LENG'rH: The horizontal distance between similar points on 
two successive waves measured perpendicular to the crest. 

WAVE RAY (ORTHOGONAL): On a wave-refraction diagram, a line drawn 
perpendicularly to the wave crests. 

WAVE SETUP: Superelevation of the still water surface over normal 
surge elevation due to onshore mass transport of water by wave 
action alone. 

WEARING: The gradual destruction of a landform surface by move­
ment of loose rock fragments or particles driven by wind, waves, 
running water or ice that causes rubbing, grinding, ]mocking, 
scraping, and bumping against the landform surface. 

WEA'l'HERING: The physical disintegration and chemical decomposi­
tion of rock that produces an in-situ mantle of softer material 
that is more easily eroded. 
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Section 1 

TABLE 1 

ES'I'IMA'l'ED PROJECT COSTS 

7,400 tons rock@ $35/ton 

Section 2 

3,570 sq. ft. tied-back wall@ $75/sq. ft. 
75 cu. yd. grout@ $100/cu. yd. 

Section 3 

2,300 sq. ft. Reinforced Earth Wall@ $50/sq. ft. 
Construction Backcut & Subgrade Prep 
600 tons rock@ $35/ton 

Sf.)ction 4 

May 6, 1988 

$ 259,000 

267,750 
7,500 

115,000 
25,000 
21,000 

5,440 sq. ft. binwall rehabilitation@ $75/sq. ft. 
3,000 sq. ft. lower tied-back wall@ $75/sq. ft. 
1,650 tons rock@ $35/ton 

408,000 
225,000 

57,750 

Section 5 

4,680 sq. ft. tied-back wall@ $75/sq. ft. 
1,200 tons rock@ $35/ton 

Section 6 

14,800 sg. ft. cribwall@ $33/sq. ft. 
22,000 sq. ft. asphaltic conrete@ $1/sq. ft. 
Regrade Engineering Trailer Pad 

TOTAL CONSTRUCTION COST 
15% Contingency 
Design Fees 
10% city Administration 
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351,000 
42,000 

488,400· 
22,000 
15,000 

$ 2,304,400 
345,660 
331,000 

__ ...=2'""'9_JLJ- O_g_ 
$ 3,279,166 
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The upgrading of the Point Loma 'rreatment Plant shore protection 
consists of the stabilization of existing coastal bluffs and the 
mitigation of wave runup in the vicinity of the outlet structure. 
The proposed shoreline protection considers a combination of 
tied-back walls, Reinforced Earth walls, cribwalls, and rock 
revetments. Specifically, the project comprises six critical 
sites designated sections l through 6. 'l'hey are: 

Section l - 'l'he vicinity of the outlet structure; 
Section 2 - The lower hydro-access road corresponding to a 
localized bluff erosion area; 
Section 3 - The upper portion of the hydro-access road in the 
vicinity of the existing fill slope; 
Section 4 - The Armco Binwall; 
Section 5 - The bluff area south of the southerly visitor 
parking lot; and 
Section 6 - The hydro-access road and GUF access road. 

A brief description of the proposed upgrading of the shoreline 
protection for each of these sites is presented below. 

Vicinity~outlet Structure - The proposed shoreline protection 
for this area consists of the placement of additional protective 
rock in front of the outlet structure, to a crown elevation of 
approximately 17 feet. The revetment would consist of 8-ton armor 
stone constructed at an inclination of 1.7:l. 

Lower Hy__dro-Access Road in the Vicini t:y_Q_j,' U_p.Jlftr Bluff __ Erosion 
The proposed improvement in this area consists of an 85± foot long 
vertical tied-back wall wi. th an approximately 3 \;-foot·-high 

GROUP PF.lTA CONSULTANTS, INC. 



CITY OF SAN DIEGO 
Project No. 1089-ESOl 

May 6, 1988 
Page A-2 

parapet. The wall is planned to conform to the existing near­
vertical bluff and is to provide a barrier wall where erosion has 
encroached into the roadway . 

.Qpper ),'or_tj_on ..Qi__Jjydro-Access Road in Vipinity of Existhm_ Fill 
§loge - The proposed improvement in this area consists of an 
approximately 100·-foot-long Reinforced Earth wall which will 
incorporate a wave deflector. 'i'he wall is to have a top-of-wall 
elevation of approximately 38 feet. It is anticipated that the 
Reinforced Earth wall will also support a fill slope which is 
inclined approximately 2:1 (horizontal to vertical). Limited 
additional rock revetment is also required at the base of the wall 
to provide additional protection. 

Armco Binwall - 'The proposed improvements in the vicinity of the 
Armco Binwall consist of: 

Resurfacing the binwall with a tied-back structural concrete 
facing. The purpose of this tied-back facing is to provide 
stability, assuming future total deterioration of the exist­
ing binwall; 
A proposed vertical tied-back wall along the base of the 
bluff where localized erosion is undercutting the binwall. 
This wall would be approximately 60 feet in length and simi­
lar in appearance to the tied-back wall proposed along the 
lower hydro-access road; and 
Additional rock revetment beneath the tied-back wall to 
provide additional protection. 'rhe lateral extent of this 
additional rock revetment is on the order of 70 feet. 

Bluff Area. South of Southerly__ Visitor Parking Lot - The proposed 
improvements in this area consist of approximately 120 feet of 
vertical tied-back walls along the upper portion of the bluff, 
with approximately 60 feet of additional roclc revetment. 

I-Iyg_ro-Access Road and GUF Acc;ess Road Retaining Walls - Retaining 
walls are proposed landward of the hydro-access road and easterly 
of the GUF-access road immediately south of the gas utilization 
facility. These walls will result in additional stability and 
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create additional usable land in these areas. 'I'he inclusion of 
these walls within the proposed project will be dependent upon the 
availability of funds. 

Other minor improvements, including limited grading, additional 
storm drains and resurfacing of the lower hydro access road, are 
also proposed. 

2.0 SCOPE OF WORK 

The purpose of this geotechnical investigation was to provide 
information pertaining to the subsurface soil and geologic con­
ditions within the project site, and to provide geotechnical input 
to the design of the various earth retaining systems. Specif­
ically, our scope of work. consisted of: 

Drilling and sampling of four exploratory soil borings; 
Performing laboratory tests to classify and evaluate the 
strength characteristics of the subsurface materials; 
Engineering analyses; and 
Presenting the results of our investigation and recommenda­
tions in a report. 

3. 0 GEOTECHNICAL SI'.I'E CHARACTERIZATION 

To characterize the subsurface conditions at the project site, we 
reviewed reports from previous geotechnical studies, and performed 
a field investigation and laboratory testing. 

3.1 Review of Previous studies 

Two documents were reviewed as part of our geotechnical investiga­
tion. These were: 

"Soil and Foundation Investigation, Sewer Treatment Plant 
Site, city of San Diego, California,'' prepared by Benton 
Engineering, Inc., dated February 29, 1960; and 

GROUI' DELTA CONSULTANTS, INC. 



CITY OF SAN DIEGO 
Project No. 1089-ESOl 

May 6, 1988 
Page A-4 

Construction drawings entitled "Construction of cabrillo Road 
and S.ite Grading for Sewage 'l'reatment Plant," prepared by the 
City of San Diego Engineering Department, dated November 1, 
1960. 

Smmnary: of Benton Engipeering R§p-0rt - Information obtained from 
Benton Engineering's report and the grading plans was used to help 
characterize the site. Benton Engineering's report was used to 
gualify site geology and to assess the nature of fill materials 
within the reclaimed sea cove areas. Their report discussed the 
suitability of cut material as a source for filled ground. 
Strength characteristics were assessed for recompacted bulk 
samples of near-surface silty sands. Materials were recompacted 
to 90 percent relative compaction (resulting in a dry density of 
approximately 110 pcf) as determined by ASTM D-698 and saturated 
prior to direct shear tests. Results of Benton Engineering's 
tests indicated that the saturated compacted soil had an approxi­
mate cohesion of 175 psf and an angle of friction of 28 degrees. 
On the basis of these tests and their computations, Benton 
Engineering recommended that fill slopes be constructed no steeper 
than 1.5 to 1 (horizontal to vertical) for slopes having a height 
not exceeding 60 feet. For slopes with heights in excess of 60 
feet, they recommended slope inclinations no steeper than 2 to 1 
(horizontal to vertical). 

3.2 Field Invest;i.gation 

Field exploratory work for the geotechnical investigation was 
conducted between November 1987 and February 1988. The investi­
gation included a geologic reconnaissance of the site and the 
drilling of four borings at the approximate locations shown on the 
site Plan and Geologic Map, Figure 1. on the basis of the geo·­
logic site reconnaissance, we determined that four borings would 
be sufficient to describe the geotechnical characteristics of the 
formational materials located on site. 
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The borings were advanced to approximate elevations of -4 feet 
(MSL datum) to +28.5 feet, using a Mobile B-61 truck-mounted dri.11 
ri.g with hollow-stem augers. Refusal was encountered between 
elevations of 16 and 28.5 feet in Borings B-1 and B-4, respec­
tively. 

The test borings were generally sampled at frequent intervals to 
the bottom of the boring. Samples were obtained either from a 3-
• h 3/ 8 ' h 1' f ' ' 1 ' 1110 O.D., 2 -1110. I.D. Ca 1·orn1a ring samp er, or a 3-inch 
O.D., 23/ 8-inch I.D. Moss sampler. The California ring sampler 
was advanced approximately 18 inches, when possible, by driving a 
140-pound hammer falling 30 inches; samples obtained from the 
Moss sampler were generally from a 5-foot interval, and obtained 
by pushing the sampler ahead of the auger as the auger is advanced 
into the soil. Field logs of the materials encountered in the 
test borings were prepared by an engineer and were based on a 
visual examination of the sampled soils, drill cuttings, and the 
action of the drilling equipment. Samples obtained from the 
borings were sealed to preserve in-situ moisture and transported 
to the laboratory for additional inspection and testing. 

A Key to Boring Logs is presented as Figure A-1. Final logs of 
test borings are presented as Figures A-2 through A-5. The 
descriptions on the logs are based on field logs, sample inspec­
tion and laboratory test results. 

3.3 ~abQ~atory Testing 

Representative samples of the soils observed during our field 
exploration were tested to verify field classifications and 
provide strength characteristics. Moisture content and dry 
density tests were performed to assist in classification of the 
formational soils. Soil strengths were evaluated by consideration 
of the dry density-moisture content of the various material types, 
the penetration resistance of the sampler, and the geologic 
characteristics of the various materials. In addition, drained 
direct shear tests were also performed on 5 samples considered 
representative of the various material types encountered within 
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the 
A 

formation to aid in evaluating 
grain size distribution test was 

the strength of the materials. 
performed 011 material obtained 

from the binwall. 

Results of the moisture content and dry density tests are 
presented with the penetration resistance of the sampler at the 
corresponding sample locations on the logs of the test borings. 
Results of the direct shear tests are shown on Figures A-6 
through A-10. 'rhe grain size distribution test is presented as 
Figure A-11. 

4.0 GENERAL SITE CONDITIONS 

4.1 Section 1_- Vicinity_gf outlet Structure 

This area was reclaimed during initial construction in 1963 and is 
illustrated on Cross Sections A - A' through C - c•, Figures A-12 
and A-13. The subsurface conditions generally consist of a fill 
material overlying an eroded shelf of Point Loma Formation. 
Existing surface elevations at the site vary between 17 and 22 
feet. In general, the site is overlain by an asphalt pavement 01' 

undetermined thickness. 'l'he depth and nature of fill material is 
unknown. Comparisons between a 1960 grading plan and the current 
topography indicate that the fill depth ranges from 15 to 25 feet. 
1~he. site is bound on the west by a rock revetment. The revetment 
extends seaward ranging from 50 to 90 feet from the shoreline. 
The thickness of the rock revetment is estimated to vary from zero 
to 20± feet. The revetment i.s generally comprised of 1/4 to 1-ton 
stone. 

4.2 Section 2 - Lower:_Jiygro-Access Road 

This area consists of a bluff of formational 
bounded on the east by a cut slope, and on 

materials which is 
the west by a rock 

revetment, as illustrated on Cross Sections D - D' and E - E'' ' , 
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comprised of the 
that range from 15 

A roadway has been cut and benched into the bluff. 'rile roadway 
consists of approximately 6 inches of asphalt concrete pavement 
which is underlain by approximately 3 feet of fill materials. 
Roadway elevations in this area vary from 38 feet to 48 feet. 

The cut slope to the east has inclinations 011 the order of 1/4:1.0 
to 1./2: 1. o and varies between approximately 20 and 3 o feet .in 
height. The cut slope is comprised of the Point Loma and Bay 
Point Formations, and unclassified fill. 

A rock revetment extends seaward ranging from 20 to 50 feet from 
the bluff face. 'l'he top of the revetment varies between elevation 
1.5 and 20 feet. The thickness of the revetment is estimated to 
vary from zero to 25± feet. The revetment is generally comprised 
of 1 to 6-ton stone. 

4. 3 §.~ct.ion :J - Lower Hvjlro-Access Road 

This area consists of at least two fills which are buttressed by a 
rock embankment (Benton, 1960), as illustrated .in Cross Sect.ions F 
- F' and G - G', Figures A-14 and A-15. For purposes of discus­
s.ion, we have designated these two fills as the "roadway fill" and 
the ''sea cave fill''· 

The buttress consists of a base layer of filter rock, overlain by 
core stone with a minimum weight of 1 ton. This is in turn over­
lain by a cap stone which has a,7-ton mini.mum weight. The filter 
material consisted of aggregate sand. 'l'he seaward design slope 
was 2:1. (horizontal to vertical) slope; the landward design slope 
face was 1.\:1 (horizontal to vertical) .Review of 1960 grading 
plans indicates that the rock buttress extends from elevation -10 
to elevation +25 feet. 
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The "roadway fill" extends from the existing roclc buttress to a 
top-of-slope elevation varying between +54 and +64 feet. The 
extent and nature of the fill material is unknown. 'rhe roadway 
fill appears to have been constructed at slopes on the order CJf 
1.4:1 (horizontal to vertical). However, wave action has locally 
eroded the slope to an inclination on the order of 1:1 and 
steeper. Information was not available to determine the extent of 
benching of the roadway fill into the sea cave fill. 

'l'lie "sea cave" fill extends from approximate elevation -5 feet to 
approximately +96 feet. Review of Benton Engineering's report 
indicates that the material used for this fill was obtained from 
the areas excavated during grading of the main •rreatment Plant 
site. '.l'hese materials are comprised of the Cabrillo and Point 
Loma Formations. DocumentatiCJn pertaining to the exact composi­
tion and properties of this fill material were not available. 

4.4 Site 4 - Armco Binwall 

The area consists of a filled-in depression which is retained by 
an Armco Binwall. '.l'he binwall is founded on formational materi.­
als, as illustrated on Cross Sections H - H' and I - I', Figures 
A-15 and A-16. The base of the binwall, at its deepest section, 
is at an approximate elevation of 60 feet; the top of the binwall 
is at an approximate elevation of +95 feet. The binwall is 
approximately 15 feet in width and the face is battered at a 1.:6 
(horizontal to vertical) slope. •rhe fill materials behind the 
binwall range in thicknesses from 25 feet behind the face of the 
binwall, to zero (OJ where the fill daylights approximately 200 
feet landward from the top of the bi.nwall. The nature of the fill 
material as encountered by our boring consisted of damp sands with 
gravel, gravel with scrap steel, and silty sand wi.th gravel 
(Boring B-4, Figure A-5) . Grain size information (Figure A-11) 
from a sample obtained from the binwall and at a depth of 5 feet, 
indicates the material contained within the binwall consists of 
silty sands with gravel. Observations of an excavation within the 
binwall indicates that the gravel content within the binwall is 
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greater than that indicated by the grain size distribution test. 
In addition, cobbles were observed with.in the excavation. Approx­
imately 10 feet of Bay Point Formation was encountered above the 
Point Loma Formation in the vicinity of Boring B-4. 

At the base of the bluff, a roclc revetment exists which extends 
approximately 40 to 60 feet seaward. The top of the revetment at 
the bluff face is at approximate elevation 22 feet. The revetment 
is comprised of armor stone varying in weight between 6 tons and 
10 tons. 

4.5 Section 5 - Bluffs South of South~Jisitor Parking__Lot 

This area consists of a fill overlying formational 
illustrated on Cross Section J - J', Figure A-16. 
the fill has an approximate elevation of +96 feet, 
ness of the fill near the bluff edge ranges from 
'fhe fill extends easterly approximately 140 feet 
lights with the ground surface. 

materials, as 
The surface of 
and the thick-
5 to 12 feet. 
where it day-

At the base of the bluff, a roclc revetment exists which extends 
approximately 60 to 70 feet seaward. The top of the revetment at 
the bluff face is at an approximate elevation of +20 feet. 'l'he 
surface of the rock revetment is comprised of armor stone varying 
in weight between land 2 tons. 

4.6 Sect~on 6 - Hydro-Access Road and GUF Access Road 

Site conditions in this area are described in paragraphs 4.2 and 
4.3. 

5.0 FAULTING AND SEISMICITY 

The Southern California region is subject to significant hazards 
from moderate to large earthquakes. For example, approximately 32 
damaging earthquakes of estimated magnitude (M) 6 or greater have 
occurred within 100 miles of San Diego County since about 1800 
(Hileman, 1979, Figure l), All of these earthquakes were at least 

GROUP DEi.Ti\ CONSULTANTS, INC, 



CITY OF SAN DIEGO 
Project No. 1089-ESOl 

May 6, 1988 
Page A-10 

60 miles from the site; however, a smaller earthquake in 1862 
appears likely to have occurred on a local fault, either onshore 
or offshore, south or west of San Diego (Legg and Agnew, 1979, 
p. 42). Based on correlation of the reported effects with the 
scales in Richter (1958, p. 353), this earthquake is likely to 
have been a moderate earthquake having a Magnitude of approxi·· 
mately 5½ (M 5\). 

The lack of a record of large earthquakes near the site is not a 
reliable indicator of the actual earthquake hazard because large 
earthquakes from an individual fault may be separated by hundreds 
or thousands of years. In order to provide a useful estimate of 
the earthquake hazard, we have reviewed the record of damaging 
earthquakes (M 6 or greater), identified the act.i.ve faults located 
within 60 miles of the site, and evaluated the record of geologic 
displacements and smaller earthquakes (less than M 6) for other 
faults that could be nearby earthquake sources. our results are 
summarized in Table A-1. 

'l'hree active fault zones pass within 60 miles of the site. 'l'he 
three active fault zones are, in order of proximity to the site, 
the Coronado Banks, Elsinore, and San Clemente. Four other active 
fault zones may also cause significant ground motion at the site. 
The sl.i.p type, length and est.i.mated earthquake magnitudes associ­
ated with these faults are presented in 'rable A-1. 

The nearest fault zone is the Coronado Banks fault zone, located 
offshore as close as 7 miles soutl1westerly of the site (Kennedy 
and others, 1980, Plate 1). It is reported to run from a point 
about 20 mil.es southwest of the city of San Clement,~ to beyond the 
Mexican border. The total length of the fault is approximately 50 
miles and .i.t is likely to be a strike-slip fault. We have used 
one-half of its total length as a length of surface rupture to 
estimate the maximum credible earthquake of M 6-3/4, using the 
length-magnitude relationship of Slemmons (1977, Figure 27). 'l'he 
Coronado Banks fault zone is near an area where the epicenters of 
numerous microearthquakes (M 2. o to 3. 4) have been plotted. 'rhis 
fault is similar to the Elsinore fault in that no large earth­
quakes are confirmed to have originated from it during this 
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fault zone may be 
typical 100-year 

Four other possible sources of earthquakes are included in Table 
A-1, although the reality of the earthquake hazard from them is 
controversial within the engineering community. 'rhese are the 
Rose Canyon (with two possible types of slip), Vallecitos, San 
Diego Trough, and Calabasas fault zones. 

The nearest of these possible sources of earthquakes is the Rose 
Canyon fault zone. The Rase canyon fault zone has generally been 
considered to be .inactive; however, some microe.arthquakes (M less 
than 4.0) have epicenters near one possible alignment of the 
fault. A series of these microearthquakes occurred in June 1985. 
Moreover, we understand that some evidence of displacement of 
geologic deposits that may be Holocene in age (up to 11,000 years 
old) has been discovered near downtown San Diego. One useful 
guideline for considering a fault to be active for engineering 
design purposes is whether Holocene-aged deposits are displaced by 
the fault. Consequently, it may be advisable to consider the 
hypothetical earthquake hazard from the Rose Canyon fault zone. 

The seismic hazard 
large earthquakes 
greater. No active 

at the site is ground shaking from moderate to 
that may occur at distances of 7 miles or 
faults are known to be located closer to the 

site or to pass through the site; therefore, ground rupture is not 
a hazard. Similarly, the favorable geologic conditions at the 
site make other seismic hazards negligible. These negligible 
hazards include earthquake-induced lurching, shallow ground rup­
ture, liquefaction, settlement, and tsunami. Although tsunamis 
are more of a potential hazard than the other items listed, the 
largest tsunami recorded in San Diego since 1906 was less than 5-
feet high in tidal range. Considering the 20-foot elevation of 
the lowest facilities at the site, and the favorable nearshore 
sea-bottom conditions, tsunami of this size would not be expected 
to adversely affect the plant. 
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A useful index of the hazard from ground shaking is the peak 
horizontal acceleration that may be expected at the site from the 
maximum probable earthquake occurring on a fault at the point of 
least distance to the site. 'l'his approach is conservative because 
the maximum probable earthquake is likely to occur on some other 
segment of the fault instead of at the point of closest approach 
to the site. The least distance to the site for each active 
fault, and other potential sources of earthquakes, is shown in 
Table A·-1. 

The maximum peak horizontal acceleration expected from the active 
faults is 0.28 g from the Coronado Banks fault zone. The other 
faults are also potential sources of significant acceleration. In 
particular, the 0.04 g acceleration from a large earthquake on the 
San Andreas fault may have a duration three to five ti.mes that of 
the strong ground motion from the Coronado Banks fault zone. 
Ground shaking from the San Andreas fault may also contain a high 
proportion of long-period ground motion. 

6.0 DESIGN CONSIDERATIONS 

6.1 _Qgsign Param.i;rter.e 

A critical factor in any geotechni.cal evaluation is the selection 
of design parameters. Our selection of design parameters was 
based upon our site reconnaissance, field investi9ation, labora­
tory testing, correlations in published literature, and parametric 
evaluations of existing conditions. Design paramc~ters were 
selected for the unclassified fills and the formational materials. 
Parameters utilized in our evaluation are summarized in '!'able A·-2. 
Information pertaining to the existing fills was unavailable at 
the time of our investigation. As such, parameters for the fill 
soi.ls were based on typical conservative values for compacted 
soils obtained from the literature. '!'he parameters chosen for the 
formational materials represent a lower estimate of anticipated 
strengths. 
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'l'he geotechnical factors influencing the design of a tied-back 
wall system includes the stability of the slope, the strength of 
the anchor zone, the type of anchor system, and the forces acting 
on the tied-back wall system. The results of our analyses 
indicate that the sea cliffs are generally stable with respect to 
deep-seated, rotational-type failures. However, the bluffs are 
susceptible to local instabilities associated with undermining and 
erosion due to wave action. The undermining appears to produce a 
series of block-type failures (blockfall) resulting in bluff 
retreat. Results of our investigation also indicate that the 
formational materials are highly jointed in localized areas. The 
joint pattern is both perpendicular and parallel to the cliff 
face. Formational materials encountered in our borings, in 
general, are suitable for supporting the proposed anchor systems. 

6. 3 lii:;:avity structures 

The gravity structures associated with this project consist of 
cribwalls and Reinforced Earth walls. Geotechnical considerations 
associated with the design of gravity structures include bearing 
capacity, settlement, earth pressures acting on the gravity 
structure, and other external forces such as those due to waves. 
Present plans indicate that, in general, the gravity-type struc­
tures will be founded on undocumented fill materials. we antici­
pate that these materials will provide adequate bearing support; 
however, we anticipate that the compressibility of these materials 
will be variable. As such, the gravity wall systems need to be 
flexible in order to accommodate the anticipated moderate differ­
ential settlements. Recommendations for bearing capacity, earth 
pressures, and estimates of differential settlements are provided 
in Section 7.3. 
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Based on geotechnical considerations, the structures currently 
proposed for shoreline protection at the Point Loma 'l'reatment 
Plant may be constructed within the materials encountered at the 
site, provided the recommendations in this report are incorporated 
into the design of the structures. 

7.2 Tied-Back Walls 

Two different applications of tied-back walls are anticipated for 
the shore protection on this project. One system consists of a 
tied-back wall for the purpose of restraining the fill materials 
within the existing Armco Binwall. The second system consists of 
a tied-back wall used to stabilize currently unprotected sea 
cliffs. 

7.2.1 General Anchor Design 

We anticipate that anchor design will consist of bar tendons 
grouted into an inclined anchor hole and post-tensioned 
against the face of the wall. Either friction anchors or 
belled anchors could be used for the tie backs. However, for 
the conditions at this site, it has been our experience that 
friction anchors involve fewer installation problems and 
provide more uniform support than belled anchors. Therefore, 
we recommend straight, friction anchors. 

Allowable anchor capacity is based upon the surface area of 
bonded anchor. We recommend a minimum anchor diameter of 12 
inches. Allowable anchor loads for both types of tie backs 
can be calculated from the following equation: 

GROUP DEL.Ti\ CONSULTANTS, INC. 



CITY OF SAN DIEGO 
Project No. 1089-ESOl 

d 
Tall = 1. 65 L (~) (0. 032Z + 0, 7) 

May 6, l.988 
Page A-J.5 

Where: L = effective length of anchor measured in feet. 
d = anchor diameter measured in inches {12 inches 

minimum). 
z = depth of anchor (below the ground surface), 

measured in feet. 
Tall= allowable anchor capacity in kips. 

For example, the computed allowable anchor capacity for an 
anchor with 50 feet of effective embedment, a diameter of 12 
inches, and approximately l.O feet below the ground surface is 
82.5 kips. This equation utilizes a factor of safety of 2.0 
against ultimate pullout resistance. 

All tied-back walls should be constructed and proof-tested in 
the field according to specifications which will be provided 
in Phase 2 Project Documents. 

7. 2. 2 'l'ied-Back Walls Sup_pprting_h_pnco Binwalls 

Tied-back anchors used to support the existing Armco Binwall 
should be designed so that the effective embedment length for 
the anchors is calculated from that portion of the anchor 
embedded into formational materials. 'rhe approximate depth 
of the formational soi.ls are illustrated on Cross Section 
H - H', Figure A-15. The load carrying portion of the anchor 
should not extend into the existing fills. Tied-back anchors 
should be designed on a 20 to 30 degree downward slope 
measured from the horizontal at the face of the binwall. 

The tied-back wall should be designed to accommodate earth 
pressures and vehicle loads. We recommend that the tie-back 
wall be designed for an active earth pressure equivalent to a 
fluid pressure of 28 pounds per cubic foot. This assumes 
that the soil behind the retaining wall will consist of 
compacted granular soils. Recommended earth pressures do not 
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include hydrostatic loading. If drainage is not provided or 
maintained immediately behind the wall, hydrostatic forces 
need to be included in the design. 

In addition, to simulate the loading due to the periodic 
movement of heavy truck traffic, an additional uniform 
pressure of 60 psf should be assumed to act on the entire 
wall. 'l'his value assumes that the vehicle will be a minimum 
of 10 feet from the tied-back wall and will be limited to a 
tandem axle truck with 18,000 pound maximum axle load weight. 
Walls subjected to surcharge loads, applied at a distance 
behind the wall equal to the wall height, should be designed 
for an additional uniform pressure equal to, or less than, 
0.3 times the surcharge load. 

7.2.3 Tie Backs for General Bluff stabilization 

Tie backs used to restrain walls for general bluff stabili­
zation should be designed to resist a uniform lateral 
pressure of 7H, where His the total vertical height of the 
sea cliff, which will likely be in excess of the total height 
of tied-back wall. All anchors should be embedded in 
formational materials and the bond length of the anchor 
measured from a point a minimum of 30 feet from the bluff 
face. Tie backs should be constructed at a 10± degree down­
ward angle measured from horizontal at the face of the 
bluff. 

7. 3 GravfuJetaini11g Walls 

Allowable Bearing_pressures - We recommend that gravity-retaining 
wall structures be designed for an allowable bearing pressure of 
3,000 pounds per square foot. We estimate that differential 
settlements for the cribwalls will be on the order of 1/2 to 1 
inch between structural components of the system. Differential 
settlements for the Reinforced Earth structure are expected to be 
less than 1/2-foot locally. 
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Active Earth Pressures - Construction of the proposed gravity-type 
structures within Sections 3 and 6 are anticipated to consist of 
cribwalls and Reinforced Earth retaining walls. We recommend that 
these structures be designed to resist the load imposed by an 
active earth pressure equivalent to a fluid weighing 35 pounds per 
cubic foot. This assumes that soil behind the retaining wall will 
consist of compacted granular soils. It also assumes level back­
fill conditions and that no surcharge loads exist. For walls 
where backfill slopes are anticipated to be constructed at incli­
nations as steep as 2 to 1, the walls should be designed for an 
active equivalent flui.d pressure of 40 pounds per cubi.c foot. 
Recommended earth pressures do not include hydrostatic loading. 
If drainage is not provided or maintained immediately behind the 
wall, hydrostatic forces need to be included in the design. Walls 
subject to surcharge loads, applied at a distance behind the wall 
equal to, or less than, the wall height, should be designed for an 
additional uniform pressure equal to 0.3 times the surcharge 
load. 

Lateral Resistance - '.I'o provide resistance for design lateral 
loads, we recommend that passive pressure be assumed equivalent to 
a fluid pressure of 350 pcf for footings and shear keys poured 
neat against sides of excavations. This value assumes a horizon­
tal surface for the soil mass extending at least 10 feet from the 
base of the wall or 3 times the height of the surface generating 
the passive pressure, whichever is greater. The upper 12 inches 
of materials in areas susceptible to erosion should not be 
included in design for passive resistance to lateral loads. If 
friction is to be used to resist lateral loads, we recommend a 
coefficient of friction of 0.35 between the soil and the base of 
the footing. If it is desired to combine friction and passive 
resistance in design, we recommend using a reduced friction co­
efficient of 0.25. 

constructiQn Considerations - Construction of the proposed gravity 
structures within Sections 3 and 6 will necessitate the steepening 
of existing slopes. Review of the 1960 grading plans and current 
topography indicates that several of the temporary construction 
cuts will be made in undocumented fill. Geometric constraints due 
to the existing roadways, buildings, and proposed retaining 
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structure alignments will necessitate relatively steep and high 
cut slopes. Within Section 3, the inclination of the temporary 
construction cut slope is estimated to be on the order of 3/4 to 1 
(horizontal to vertical) and is anticipated to have a height of up 
to 50 feet. Within Section 6, the cut slope inclination is 
estimated to be approximately 1 to 1 (horizontal to vertical) and 
have maxi.mum cut heights on the order of 35 feet. 

Estimates of slope stability for the proposed construction cut 
slopes indicate that these slopes may be marginally stable and 
local failures may occur. The length of time the slope is 
exposed, weather conditions, and construction procedures all could 
contribute to the potential instability of the slope. As such, 
consideration should be given to monitoring slopes during the 
construction excavations. 

7. 4 Seismic Desi_g_l} Considerations. 

Dynamic 
during 

lateral forces 
seismic shaking. 

are imposed 
Although i.t 

upon 
may 

retaining structures 
not be mandatory to 

include seismic loading in the sizing of structures and/or anchor 
assemblies, consideration should be given to mitigating a poten­
tial failure from overstressing foundation components during a 
design earthquake such as the maximum probable earthquake. 
Seismic loading on any earth retaining structure on site should be 
computed based on the following formula: 

Ps = 45gH 

Where Ps = Uniformly distributed seismic pressure in psf 
g - The peak horizontal acceleration for the design 

earthquake; expressed in terms of percent g 
(i.e. 0.1, 0.2, etc.) 

H = •rhe height of the gravity wall in feet, or the 
total vertical height of the sea cliff, which 
will likely be higher than the tied-back wall. 
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For example, at Section 2, for a 30-foot-high tied-back wall where 
the ground surface is at elevation 44 feet and the shore platform 
is likely at elevation -4 feet (H = 48 feet), a design horizontal 
acceleration of O,lg would result in a seismically-induced lateral 
pressure of 216 psf. This uniform pressure is added to the static 
wall pressures recommended in Sections 7.2 and 7.3 of this 
report. 
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ACTIVE FAULT OR 
FAULT ZONE 

Coronado Banks 

San.Clemente 

Elsinore 

San Jacinto 

San Andreas 

Agua Blanca 

San Miguel 

OTHEJLfAUL TS 

Rose Canyon 

Rose Canyon 

San Diego Trough 

Vallecitos 

Calabasas 

TABLE A-1 

EARTHQUAKE DESIGN PARAMETERS FOR 
ACTIVE FAULTS WITHIN 60 MILES OF THE SITE 

AND SELECTED OTHER FAULTS 

SLIP 
TYl'E 

Strike 

Strike 

Strike 

Strike 

Strike 

Strike 

Strike 

Reverse 

Strike 

FAULT 
LENGTH 
(miles) 

50 

100 

200 

150 

500+ 

105 

92 

14 

66 

Oblique ? 62 

Strike 40 

Oblique ? 1B 

MAXIMUM 
CREDIBLE {M~') 

EARTHQUAKE 
(M) 

6-3/4 

7-1/4 

7-1/2 

7-1/2 

8-1//+ 

7-1/4 

7-1/4 

7 

7 

7 

6-3/4 

MAXIMUM 
PROBABLE(MP) 
EARTHQUAKE 2 

(M) 

6 

6-1/2 

6-3/4 

7 

7-3/4 

6-3/4 

6-3/4 

6 

6 

6 

6 

6 

LEAST 
DISTANCE 
TO SITE 3 

(mi !es) 

7 

38 

47 

68 

96 

62 

70 

6 

6 

17 

33 

46 

PEAK 
HORIZONTAL 

ACCELERATION 
FOR MPt'(g) 

0.28 

0.07 

0.06 

0.04 

0.04 

0.04 

0.03 

0.32 

0.32 

0.13 

0.04 

0.03 

Estimated to be the maximum earthquake capable of occurring. Derived by using one-half of the 
fault length as the length of surface rupture in an earthquake along the main fault in Figure 
27 of Slemmons, 1977. Adjustments of up to 1/4-magnitude unit have been made based on consis­
tency with the geologic expression of fault displacement. 

2 Estimated to be the maximum earthquake likely to occur during 
Magnitude val~es are a judgement based on regional seismicity, 
fault, and geologic expression of fault displacement. 

3 Measu~ed from Jennings (1975), and Kennedy and others (1980). 

Estimated from Schnabel and Seed (1973), 
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'rABLE A-2 

GEOTIWHNICAL PARAME'l1ERS 

Strength Characteristics 
'I1otal Unit 

Weight 
Material 
•rype 

Fill near 
outlet 
structure 

Pill near 
sea cave 

F.ill near 
binwall 

Bay Point 
Foprmation 

Point Loma 
Formation 

Peak 
Residual 

C rt> 

(psf) (deg) 

200 31 

200 31 

200 31 

200 34 

1,800 36 
1,100 33 
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~t 
(pcf) 

120 

120 

120 

125 

130 
130 

Qualitative 
Compressi­

bility 

Variable, 
moderate to 
high 

Moderate 

Moderate 

Low 

Low 
Low 
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~~j o, p;: .,: 
t!)~ 

v ---

t 

D E S C R I P '.I I O H 

Medium dense, moist, brown SILTY FINE SAND (SM) 

Unified Soil Classification.J-

5- ~ t '------ Water Table Measured on Date Indicated 
------Nwnber of Blows Required to Advance 

' 
-- Sampler One Foot 

Sample Type: 
B Plastic Bag 

CA cal.ifornia Drive with Rings 
CO tk»ss Sapler 

--------- Sample Location 

-- ------- Depth Below Surface Elevation 

l, 

2, 

Indicates Samples Tested for Other Properties:---------' 
DS Direct.Sbear 

Ngtll'S ON FIELD T.flmT.CGATIOR 

Borings were advanced using a truck-mounted Mobile B-61 drill rig with an 8-inch hollow-stem auger, 

California and Moss samplers were used to obtain soil samples. 1'he california samplers were driven 
into the soil at the bottom of the borings with a 140-pound hammer falling 30 inches. When the 
sample:1:s were withdrawn from the boring, the samplers were removed, visually classified, sealed in 
plastic containers, and taken to the laboratory for testing. 

The Californ.ia sampler ii; an 18-inch-long, 2-1/2-inch inside diameter, 3-inch outside diameter, thick­
walled sampler. The sampler is lined with 18 2-3/8-inch inside diameter brass rings. Relatively 
undisturbed, intact soil samples at·e retai~ed in the brass rings. 

Tbe Moss sampler is a continuous, thick-walled sampler with 2-3/8 inside diameter brass ,:,ings. The 
sampler is pushed into the soil ahead of the auger as the auger is advanced into the soil. Continu• 
ous, relatively undist1irbed saniples up to 5 feet in length may be obtained. 

3. Free groundwater was enco\mtered in some borings as shown on the logs. 

1.. ClassificaUons are based upon the Unified Soil Classification System and include color, moisture and 
consistency. Field descriptions have been modified to reflect results of laboi-atory analyses where 
deemed appropriat.e. 

·1 Descriptions 
descriptions 

on th~s boring log apply only at the specific boring location and at the time the boring was made. 1'he 
on this log are not warranted to be representative of subsurface conditions at other locations or·times. 

PROJECT NO. : 1089wESQl l POINT LOMA TREA'.l.'MEN'f PI.ANT -1 FIGJ.JR,E NO.: A - l 

GE'R~"JU:P DdELT~ CONSULTANTS ,. INC • 
ng1neers an Geologists 



: 

B O R l N G L O G 

LOGGED BY: MWE 
DRILL RIG: Mobile B-61 

~ 
H 

~ I ,-., 
~ - lij rn ·~ C/l 

~ 
l•l ~ 

IH ~ ~ gj D' ~-_, C/l 

!DATE DRILLED: 12-2-87 !BORING ELEVATION: 96,6 feet (MSLD) !BORING NUMBER: -----------+----------------1---------------'--~--1 !BORING DIAMETER: 8-inch !HAMMER WT.~ ll,O lbs. DROP: 30 in. I B - 1 
--r--i"""'.""-r---r-----------------~--...... ---------------r---..., 

D E S C R I P T I O N 

-1===:i=:::;:=1;:==:t==::t===================================t:=== .. ::=====::=====:: 
-

1 CA -
·- 2 SK 

. 5 ---+--+ 
3 CA ·-

-
-

! -
·. 10 

It CA -
-

1' -
-

15 
' 

5 CA 
"""" .-... ,-

I. -
-

' -
I 

·, 20 
6 CA -

-' 
' 
' I -

-
25 

7 CA 
' -' - -· -

--
I 

~ 

l, 30 
8 CA - - ·--

-
-

62 

66 

93 

50/ 
2 ., 

120 

36 

46 

Dry to damp, light brown SILTY SAND (SM), with gravel 

FILL 

Dense, damp, reddish-brown CLAYEY SAND (SC), with cobbles 

BAY POINT FORMATION 

Hard, moist to damp, reddish-brown SANDY CLAY (CL), with gravel 

Very dense, dry to damp, light yellowish-brown SILTY SAND (SM) 
(partially cemented) 

-1,-- gravel lens 

Dense, damp, reddish-brown CLAYEY SAND (SC-CL) 

35 , 
50/ 9 CA -

_, 

-
-· 

• 40 
10 CA -

-
-
-

45 ---­
- 11 co 

- 12 co 

50 

3~ 

100/ 
6= 

Hard, damp, olive-gray FINE SANDY CLAY (CL), with interbeds of 
light tan, SILTY FINE SAND (SM-ML), with gypsum filled joints 
(1/16 inch to 1/4 inch wide) 

Laminar bedding - estimate 411 average bed thickness 

POINT LOMA l•'ORMATION 

8.3 
8.9 

112.h 

122.8 DS 
120.8 OS 

• Descriptions on this boring log apply only at the specific boring location and at the time the boring was made. The 
descriptions on this log are not warranted to be representative of subsurface cond:l.tions at other locations or times. 
-------------..--------------------------------------------1 I POINT LOMA 1'RF:ATMEN'l' PLANT I FIGURE NO.: .1 PROJECT NO • : 1089-ESOl 

GROUP DEL,TA CONSULTANTS,. INC~ 
Engineers and Geologists 

A - 2 a 



',-.----------------·------·----·-------·-----------------------------.... 
B O R I_.K G I. 0 G 

"Lor.ciin u·-Y-= -i1-wE-::-· - -=3DATE DRILLED= 12-2--a1 ~-
- DRILL RIG: Mobile B-61 BORING DIAME'fER: 8-inch 

BORING ELEVATION: 96.6 feet (MSLD) 
HAMMER WT. : 140 1 bs. DROP: 30 in. 

•• ---------------------,.--...... ----.---, 
' ~ 0 

~ 

j 
r:t:l 

,-.. 
~ ~l ~ ~ e, 

c:i--- ~ f'.:1 

D K S C R I P T I O K 

~-
Hard, damp, very dark gray SILTY CLAY (CL-CH) 

- 13 co (massive appearance witll few thin inte.rbeds and tight sparse jointing) 

POINT L~ F'ORMATION 
• 55 --'- -· ·-

- lli CO 

-
'60 --•-+•-

15 CA 100/ 
16 CO 3oa 

17 co -
- 18 co 
---19 co -

70 --i--t---t 
20 CA 100·1-_,.._.. __ 

-

75 ---··-21 CA 100-1-

- 22 co 

I - 23 co 
80 --

1 =t-+-......,--1--.-.-.i.--BO_TT_OM_:;· ~~;;;; at ~-~½-~~et - Refusal 

No groundwater encountered at time of drilling 

I . -· -
'90-

1 --

--

r -
-loo 

17 .3 
16.l 
15.8 

113.6 
112.8 
114.7 

DS 
DS 
DS 

llf,l 107.2 DS 
14,5 110.l~ DS 

'Descdpti.ans on this bor:i.ng log apply only at the specific boring location and at the time the boring was 1oade. The­
ldescriJJtions on this log are not warranted to be representative of subsurface conditions at other locations or times. 

!Ro~~cr No:; 1oa9:F;s01. I_ - -~-~OMA TREATMENT _PLANT I FIGURE NO.: A - 2 b -

GROUP D:Et::LTA CONSULTANTS,. INC. 
Emd.neers and Geolml'ists 



LOGGED BY: 

DRILL RIG: -- . 
£ 

,,..._ 

I ~ ~~ 
1 .! 

A'-' 

-
-
-•I-

- l 
5 --

- 2. 

-· 1--, -
3 -

10 - -
- I~ 

I -
' .._, .. 

-·►-
~ 5 

15 -·· 
I 

6 -I 
I - 7 -- 8 -
11 20 

- 9 

-· ', ---
i 10 

-· 
25 

- 11 
\ ----· 12 -

D O R I N G L O G 

MWE IDATE DIULLED: 12-3-87 !BORING ELJWA'l'ION: 38.2 feet (MSLD) 

Mobile B-61 !BORING DIAMETER: 8 inch I HAMMER wr. : 11+ o 1 bs • DROP: 30 in. 

~ -!£ 
~ s 

p:i 

-
co 

co 
_,,.., 

co 

··-
co 
,__ 
1--

co 
--
co 
co ·-
co 

co 

··-
co 

co 

-
co 

I ~;-
fa 
0;:l: 

D K S C R I P T I O N 

~ A.C. 1mvement - approximately 6 inches thick .....--, ,,__ __________________________________ , 
Damp, brown-gray SILTY SAND {SM), with gravel 

Hard, damp, olive-gray SILTY CLAY (CL), with i.nterbeds of 
very dense, damp, light tan SILTY FINE SAND (SM) 

~ 

POINT LOMA FORMATION 

- water seepage 

- lime cemented layers 

J- lime cemented layers 

a-I' it~ 
~~ 
~8 

-I BORING NUMBER: 
I B - 2 

~ 
' tl~'tl 
A~P. 

A I~ 

1, 30 

I 

• - lJ co 
-- ---- 14 co -

35 
-· 15 co 
- -· --· 16 co -

: ,,o - ---
-
-
--
-· 

115 ·-
-, 

-
-
-50 

Desc.riptions 
descriptions 

PROJECT NO.: 

-- water seepage 

BOTTOM OF BORING at 40 feet 

on this boring log apply only at the specific boring location and at the time the boring was made. The 
on this log are not warranted to be representative of subsurface conditions at other locations or times. 

I POINT LOMA TREATMENT PLANT ll<'IGURE NO.: A - 3 

GROUI;> Dl~L".l::"A CONSULTANTS:,, :CNC ~ 
Engineers and Geolo!lists 



---·---------------·-- ---·-----·---·---------·-·....,;,--------
BORING LOG 

--------------:... LOGGED BY: MWE !DATE DRILLED: 12-4-87 !BORING ELEVATION: 45.9 feet (MSLD) 

. DRILL RIG: Mobile B-61 
!-

--.. -..---...--------1 .... n_o_R_IN_G_D_I_AM_E_•T_E_R_: _B_i_nch, ____ l_l_IAMMER WT.: 140 lbs. ~: 30 

! . 
~ 0 :z; 
f.,:, I ,..... ~j -... 

i~ mt Vl 

i ~ t ~ 8 
A..., .,, IQ ~~ 

D E S C R I P T I O N 

-- --
-.. 

! 

-
-

5 --
! -

_, 

-; 

! W• 

l 10 

·-
-

' 
'1 -

·-
, 15 ,· 
! -

--
i -
\20-

-
-; 

i -
-

25 -
I -
i, 

-
-
-· I 

' 30 

--
' -

-
35 -·· -

-· 
-
-; ,.o 
-
-
~-
-

45 -
-

-· 

--
1 

2 

3 

-· 
l¼ 

5 

-· 

6 

-
7 

--· 
8 

,_ 

9 

----
10 

ll 

-
12 

-· 
13 

--
l./♦ 

15 

--
16 

-
17 

·-co 

co 

co 

-
co 
. 

co 

--
co 
,_ 
co 

,,_ 
co 

-co 

-co 

co 

---
GO 

--co 

-
co 

·--
co 

--
co 

---
co 

---, .._ ____ A_._c_,. __ p_a_v_e,1_oe_n_t_-_a ... p_p_ro_x_i_u_ia_t_e_l,._y_6_1_·r_tch_e_s_t_h_i_c_k ____ _.r--

Brown SILTY SAND (SM) with gI'avel base 

Hard 1 damp 1 gray SIL.TY CLAYSTONE (CL)~ interbedded with 
very dense, damp, brown SILl'Y to CLAYEY SAND (SM-SC) 

FIIL 

POINT LOMA-FORMATION 

IJ- ceJnented zone 

~ cemented zone 

J- cemented zone 

i-- water seepage 

• 50 - -,-- " BOTTOM OF l30RING at li9 feet 
·,-- - -· -

in . 
cN' I i;i 

~~ 
i!8 

-· !BORING NUMBER: 
I B - 3 

~~~ Ii f:l::OO 0 
1:1~ ~ 
~ 

·Descriptions on this boring log apply only at the specific boring location and at the time the boring was inade. The 
descriptions on this log are not warranted to be representative of subsurface conditions at other locations or times. 

1~~7icT NO~~r ---POINT LOMA T~~-NT PLANT ::: ~: 1FIG~RE NO.=-=~ A_ 4 

GROUP DELTA CONSULTANTS., INC. 
li~no·i r1.::i.ei·r"-1:;:! At"h~ f.?An·1 nl"l'1.a-t·"" 



-· 

B 0 R I N G L 0 G 

LOGGED BY: BRS/WEG IDATE DRILLED: 12/7/87 jBORING ELEVATION: 94.5 feet (MSLD) · I BORING NUMB!i'Rt 
DRILL RIG: Mobile B-61 !BORING DIAMETER: 8 inch I HAMMER WT. : 11,0 lbs. DROP: 30 in. I B - 4 

0 H 

~~~ :.i: ~ I i::l ,..., 
~ -- la D E s C R I p T I 0 N ~~'tl m~ 

~l 
Vl 

t ~ s ~ ~ f,/J 

£8 
~ r!i P, 0 i:l 

A._,, Ill f11 <.!1:3' i:::i -
A.C. pavement - approximately 8-- inches thick over 1.-im:h aggregate base -

·. - Damp, gray-brown SAND (SP), with gravel 
-
- El.L1 

5 --
I - ·--·1 Damp, red-brown SILTY SAND (SM) r--I 

- Damp, dark gray SANDY GRAVEL (GP), with pieces of scrap steel -
' (1 inch average angular crushed rock) 
I -

10 --

-
' -
' -

-
15-

-
-- Very moist, brown SILTY SAND (SM), with gravel 

-
' 
I 20- ,--- water seepage 

-
-·-· -

1. -
I l H -

25 
2 CA 44 - -- -- Medium dense, damp to moist, mottled red, brown and gray CLAYEY 

M,.,,, ---,-
SAND {SC) -

' 
3 B -I 

i. 30 
BAY POINT FORMATION -

-
i -
I -

35 
If CA 55/ 16.9 112.3 DS 

' 
' 

6= Hard, damp, olive-gray SILTY CLAY (CL), with interbeds of 17.2 107.'.l DS 
' - 17. 7 107.8 DS 

- 5 co light tan SILTY FINE SAND (SM-ML) 17 .9 101+.8 DS 

-
i.o--

gypsum and lime in seams and joints 

- 6 co POINT LOMA 1:''0RMATION -- --~ 
7 co -

lf5 

- 8 co 
-
- 9 co -• 50 - -; Descr 1.ptions on this boring log apply only at the specific boring location and at the time the boring was made. The 

descriptions on this log are not warranted to be representative of subsurface conditions at other locations or times. 

PROJECT NO. : 1089-ESOl I POINT LOMA TREATMEN'l' PLANT l:nGIJRE NO.: A - 5 a . 
GROUP DELTA CONSULTANTS, INC. 
Engineers and Geologists 



,--------·-------·--------------------------------,--------------

I 

' 

1 

i 

I 

' ' 

B O R I N G l, 0 G .., ____ 
BRS/WEG LOGGF.D BY: ------------t-1 D,A'.I.'E DRILLED: 12 /7 /8!,__, __ -1!1-BO_J_U_N_G_E_'~LE_V.N.._T_I_O_N_: _94_.-'5-'-fe_e_t~(M_S_LD __ );,,__-11 BORING NUMBEfh 

!BORING DIAMETER: 8 inch !HAMMER wr.: 1110 lbs. DROP: 30 in, I B - 4 DRILL RIG·; Mobi.le B-61 -. 
~ i 

!j 
I ,.., -- ~! II ! ~ ~ 0-

IQ t3 ;l: 

- 10 co 
·- ,__ f--

11 co -
55 --- .. -

- 12 co 
-
- 13 co -

60 

- ll1 co 
-·--~-- 15 co -

D E S C R I P T I O N 

Hard, damp, olive-gray SILTY CLAY (CL), with interbeds of 
light tan SILTY FINE SAND (SM-ML) 

POINT LOMA FORMATION 

- cemented zone 

- cemented zone 

--

, 65 
I 
I -
; - BOTTOM OF BORING at 66 feet - Refusal to drill on hard claystone 

-· 
-' 

70 ·--
-
-

75-

--

',80-

--

85-

-
·90-

-
-

95 -

-
-
-• 100 

Descriptions on this boring log apply only at the specific boring location and at the ti111e the boring was made. The 
descriptions on this log are not warranted to be representative of subsurface conditions at other locations or times. 
1------·---------..-----------------------------.---------------1 I POINT LOMA '.l'REATMENT PLANT IF'IGURE NO.: ··-----,-·-------------------------------------------·--------
PROJECT NO.: 1089-ESOl A - 5 b 

GROUP DELTA CONSULTANTS,,. INC. 
Ern,·:inriers 1md r.P.nlor;,i.::ri; 
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JJ 
rn 
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e .,.., 
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_,, ____________________ ., ___________ -

10 

9 

B 

7· 

6 

5-

\ 

10 

9-

B 

Peak 
L. 4--·1------1----4,--~-~~i---lf..<;ll'.,~....,,r➔ 
0 
IV 
~ J-+---1-----+--➔-r-----l---~ Residual at .3 In dlspl. 

2 -· - ....... --4-----l•~~i,,::1:;ipr......, 

1- --. 

o- - O - ,-rT--r-r,r,,-·rrr I I I .-, 
o.o 0,1 0.2 0.3 ·o 2 J 4 s 6 1 a 9 

Horii:. Displacement, in. Normal Stress, ksf 

NOTE: OBSERVED HORIZONTAL DISPLACEMENT INDICATES PROBABLE 
SAMPLE DISTURBANCE IN THE OUTER ZONE OF SAMPLE 

..---- -
SAMPLg DATA 

Sample Number B1-7 -Sample/Ciassl.f icatlon BROWN PARTIALLY-CEMENTED SILTY SAND (Qbp) 
,, ____ ,. __ , 
~pec.lmen Number 1 2 3 

----
(.~.:~&ht, lnchcs 1.000 1.000 1.000 
Dlamete1·, inches 2.375 2.375 2.375 
--· 

11ti",'3 122.8 In i ti.al !!D' _ _Densi ty, pcf 120.8 .. ···-- ----·--- ........... ,_, ______ , 
Jnltia.l Moisture Content, 7. 8.4 8.3 9.0 
tnitlal Saturation, 7. 56 63 65 
l?.lnal Dry Density, pcf 
J•'ina.l Moisture Content, i. ___ ....., 

111nal Saturation, 7. 
Normal Stress, psf 1000 2000 4000 -

i

. . ___ 'l'ES'l' DA'~· 

ype of Test: CONSOLIDATED DRAINED 
nglo of Y.'ri.ctJ.on, Effective ~• .., 34° @peal< 
ohest.on,_!~fective C:' "' 7.4 ksf@p~~~~~e ~*of ~i __ ic_a_r_, _l_n_/i_nl_n __ o_.0_24 ___ ...,. 

:c,:rREC'1, SI-IEA1~ 



'f-• 
(I) 

X 

00 
0) 

f 
+' 
U') 

I.. 
0 
IV .c 

U') 

10- ---- 10 

9- 9-

8 --- 8-

7 ,._ 7-
.,, 

II) .,,,,..-
_'( 

¼/ 6- -·-- 6 
11) / 
11) / 

5- f 5 / ~ 
(/) 

4- 1_ 4 Residual at .3 In dlspl. 0 
(IJ 

J- ~--. ..c J 
Ul 

1-

0 -,rr--1 , 1 1 , , 1 1 , 1 , 1 1 
0,0 0.1 0.2 0.3 0 1 2 J 4 5 6 7 8 9 

Horiz. Displacement. in. Normal Stress. ksf 

NOTE: OBSERVED HORIZONTAL DISPLACEMENT INDICATES PROBABLE 
SAMPLE DISTURBANCE IN THE OUTER ZONE OF SAMPLE 

SAMPLg DATA 
,., 

Sample Number B1-20 

Sample/Classification • BJlOWN SANDSTONE (Kp) 
~pec.imen Number 1 2 3 -· Height, inches 1.000 1.000 1.000 
!Hamet:er, 1.nches 2.375 2.375 2.375 
Initial Dry Density, pcf 113.6 112.8 114.7 -- -Initial Moistm·e Content, 7. 17.3 16.1 15.8 -·-·--- .. 
Initial Saturation, i. 100 92 95 
Final Dry Density, pcf 
~inal Moisture Content, 7. 
final Saturation, i. 
Normal Stress, psf 3000 4000 700() ---. 

'l'gS'1' DA'f A --Type of Test: CONSOLIDATED DRAINED 
Angle of Friction, Effective~• ,,. 40° @peal< 

-■ 

-·· 

Cohesion, Effective C1 a 1.4 ksf@ peak !Hate of Shear, in/min 0.024 -
:DIR l:1! C:! •r SI-I ll;AI~. 

--· 

--

p~:_~· ~089~~01 I ~ _POIN"~ _LO_~~REAT~-=-~:_PL~~T- ==i.:IGUl!R: A-7 

Gnoup DF:LTA CONSUI.TANTS, INC. 
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~ 

g 9-
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B B-

ui' B 
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~ 5 
vi 

-

-
--

- ..0---B-··1 

-
a-a-e - 2_ 

- -· 
ui' 6 
rn 
~ 5-....., 

(/) 

Peak 

I., 4 
0 I ' 

I' . .., __ ....., 1 .. ..,... ·•r ··--••--...... i... 4- r 
(I) -- _..__._~ 

J; __ -a,1 ~ 
m 3 

g -~;;.,--.c 3 • ::::----
(/) - :;...--- Residua! at .3 In dlspl. 

' / - ,.,.e-

- I I 
2 

0 
-r----* 
0,0 

·- •I"-•-

0,1 0,2 0.3 
Horiz. Displacement, in. 

2-

1 -· 

0 I I I I I I I I I I I 
2 3 4 5 6 7 

Normal Stress. ksf 

NOTE: OBSERVED HORIZONTAL DISPLACEMf:NT INDICATES PROBABLE 
SAMPLE DISTURBANCE IN THE OUTER ZONE OF SAMPLE 

- --
SAMPLE DATA -

Sampfo Number 81~21 
-· -··-·-···· 

Sample/Glass J.f lent ion GR/W MUDSTONE (Kp) 
Specimen Number 1 2 
!lelght:, inclies 1.000 1.000 
IHameter, lnches 2.375 2.375 

-
Inlt.1.nl Dry D~~!~ l ty, pcf 110.4 107.2 
-- - --
lnltial Moisture Content 1 7. 14.5 14.1 ... --
rnitial Saturation, 7. 77 69 

nnal Dry Density, pcf 
~'inal Moisture Content, i. ·-
Final Saturation, i. 

-· 
Not:ma.l Stress, psf 4000 7000 - - --

'l'ES'l' DATA 
Type of Test: CONSOLIDATED DRAINED 
Anglo of F'dction, Effect::Lve 01 ... 21° @ peak 

0.024 

CHlOUP DELTA CONSULTANTS, INC. 
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Jc! 
01 6 
rn 
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D 

...... -,,.,.. 

-
-

-

-· 

-
-· 
-
-
-

-
. 

- _/ 
pr,,..... 

-(/ 
o.o 

''··· ... ,. 

-··· 
~2 -.--

/ ~ 
--

l -&~-a-

; 1 

Ir! 
.. -

_r 
~· 

0,1 0,2 

Horiz. Displacement, in. 

-·-

·-
'I-rn 
::,(. 

fl) 
fl) 

~ 
..µ 
(/) 

I.. 
-&-e-1 0 

Q) 

.c 
\. .,. .;. 

(/) 

'· 
0.3 

10 ,._ 

9 

B 

7-

6 --· 

5 

4--

3 --· 

2-
1/ 

O-· ---r1 
(l 1 

/ 
K Residual at .3 In dlspl. 

I I I I I I I I I I I I I ., 
2 3 4 5 6 7 8 9 

Normal Stress 1 ksf 

NOTE: OBSERVED HORIZONTAL DISPLACEMENT INDICATES PROBABLE 
SAMPLE DISTURBANCE IN THE OUTER ZONE OF SAMPLE 

r------------------·-------·-----·-" 
SANPLI~ DATA 

Sample Numbt?r 84-4 SANDSTONE INTERBED 
~amp lo/ Class l.~ i cat lon BRO"YN ~A~OSTONE(Kp-) ---------------

-~.::...pe_· c_• i_m_e_n_N_u_n_1b_e_r _____ 1 __ ___!_ ____________ ?_ ___ .. 1 ____ +------1-----
lle ight, inches 
Diameter, inches 
~nitinl _pr_r._ Density, pcf 
Inlllal Moisture Content~ i. 
lnltlal Saturation, Z 

1.000 
2.375 
107.8 
17.7 

88 .. ---· 

1.000 
2.375 ----104.8 
17.9 
82 

.\~.!!.1.~~l:__Dry Densi t:)'1__,__p_c_f ___ 1 ____ +-----+----i----i-----
1,.illal Mo_isti1re Content, i. 

---11----t----+-----1 

~·inal Saturati.()n, 7. 
----1·-----+----1-----t----1----

Normlll Stress, psf 2000 4000 
--~ ________ _._ ____ M •-•-•-i...-..;..;..~-'------.1...-----1..-,---· 

----- ----------------·-- --'l'ES'l' DA'rA -·---::---------,------------------------t 
'!':¥Jl0 of Test: C0~~9.!:~~TED DRAINED --:-~----:---•--,---------------• 
~~1gle of Friction, Effective ~• =- 44° @peak 
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Sample Number B4-4 MUDSTONE INTERBED 
Sample/Classificatlon GRAY\M1Jb$1'0NE INTEABEDDED WITH BROWN SANDSTONE (Kp) 
~pedmen Number 1 2 

!.~_eight:, inches 1.000 1,000 ·-· -
Diameter, lnches 2.375 2.375 · 

·•-·--•--·· 
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··------ -· 
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--
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·-• 
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Ocean waves off the coast of southern California fall into three 
main categories: 

1. Northern hemisphere swell consisting of waves generated 
in the northern hemisphere, which arrive in the southern 
California waters after leaving the generating area; 

2. Southern hemisphere swell consisting of similar waves 
generated south of the equator; and 

3. Sea consisting of waves generated within the local area 
(Munk and Traylor, 1947). 

1.1 Northern Hemisphere Swell 

Winds which produce northern hemisphere swell are usually 
associated with one of the following meteorological situations 
(Marine Advisers, 1961): 

1. ,Japanese-Aleutian storms which move from west to east in 
relatively high latitudes, often stagnating in the Gulf 
of Alaska. Occasionally, especially during winter and 
spring, this storm track shifts southward and the 
maximum wave heights occur at central or southern 
California lat.i tudes. '.l'hese extra tropical cyclones are 
the most .important source of severe waves reaching the 
California coast. 

2. Hawaiian storms which move from west to east .in m.id­
latitudes. 
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3. Tropical 
coast of 

hurricanes which commonly develop off the west 
Mexico. 'L'he resulting swel 1 rarely exceeds 

2 m, but a strong tropical storm will occasionally move 
far enough north to cause destructive high waves. The 
storm of September 1939, which passed directly over 
southern California causing very high waves locally, is 
an example. 

1. 2 Southern .HemispJ1ere Swell 

Munk, et al., (1963) point out three major source areas: The Ross 
Sea, the New Zealand-Australia-Antarctic sector, and the Indian 
Ocean. These southern ocean source areas are significantly 
blocked by island chains in the south Pacific Ocean. The South 
Pacific is of such a large area that waves from several southern 
storms commonly reach southern California simultaneously. 
Southern swell is most important during the southern winter (April 
through September). 

1.3 Sea 

Sea is the term applied to short, steep waves which are still in 
or near the area in which they are generated. Wind conditions 
which generate sea vary greatly as one moves offshore from the 
southern California coast, changing from relatively mild winds 
over the inner channels to strong, gusty winds outside the 
islands. 

2.0 WAVE CLIMATE 

There are two sources of wave data available for the study region: 
1) in-situ wave measurements, and (2) hindcast predictions of the 
wave field, inferred from the wind field. 
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There are relatively few long-term measurements of the deep 
ocean (unaffected by the Channel Islands and/or coastal 
bathymetry) wave field for the southern California region. 
The principal source of long-term in-situ measurements is the 
Coastal Data Information Program (Seymour and Sessions, 
1976), Instrumented sites in the program include nondirec­
tional buoys at Begg Rock and Point Arguello, both of which 
are almost fully exposed to deep ocean waves. 

A directional NOAA buoy was deployed due south of San 
Nicholas Island and west of San Clemente Island in April 1984 
for a period of 18 months. This site is open to virtually 
all important wave directions. However, the absolute 
accuracy of moored directional buoys is not well known, and 
studies suggest an accuracy of 10 degrees (Burdette and 
Howard, 1982), A 10 degree difference in deep water 
direction can sharply alter the expected coastal response 
(see refraction di.a.grams). Wave tra"I1sformati.on through the 
Channel Islands i.s so sensitive to the details of the deep 
water directional spectrum that both very accurate instrumen­
tation and high resolution estimator techniques are required 
if the deep ocean data i.s to be quantitatively related to 
specific coastal response. 

2.1.2 Nea:i;:§h9re Waye Data 

Waves originating outside the Channel Is.lands are highly 
modified upon reaching the coastline (Inman, et al., 1986). 
Northern swell is significantly sheltered by Point Conception 
and the Channel Islands. The ~:anner and Cortez Banks also 
significantly alter deep-wate.r waves as they approach the 
coastline. Figure B-1, taken from the Beach Erosion Control 
Report, A Cooperative study of San Diego county, California, 
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March 1, 1960, prepared by the 
of Engineers, illustrates the 

'rhe nearshore. bathymetry off the southern California coast i.s 
very complex. Refractive effects associated with shoals and 
banks in the island vicinity yield a rather different 
sheltering picture than obtained bys.imply assuming geometric 
shadows behind islands and banks. Visual observations in 
winter suggest that most of the energy approaches from 
directions 260 to 280 degrees which are geometrically 
shadowed by San Clemente Island and the Tanner and Cortez 
Banks. 

In-situ wave measurements for Point Loma do not exist. The 
California Coastal Data Collection Program (Seymour and 
Sessions, 1976) has recorded wave height measurements at 
Imperial Beach_ (summarized .in Figure B-2) and at the Mission 
Bay entrance channel (Table B-1, and Figures B-3 and B-4). 
This program was .initiated .in 1978 and has cont.inned to the 
present with minor interruptions due to instrumentation 
failure. During th.is period, the winter waves of January 
through March 1983 were by far the most energetic (Seymour et 
al., 1984). 

2. 2 W.aie Hindcasts 

The most extensive deep-water ocean data is not directly measured, 
but .is inferred from the wind field, wh.ich is usually inferred 
from maps of barometric pressure. It is clear that the quality of 
these wave hindcasts is limited in accuracy by the quality of the 
initial barometric pressure fields, and the subsequent models for 
the wind field and wave generation-propagation. 

Marine 
station 
Island. 
weather 
.involved 

Advisers (1961) has generated hindcast estimates for a 
approximately 65 nautical miles southwest of San Clemente 

Due to the relatively sparse nature of the available 
information, a considerable degree of subjectivity was 
in deducing large-scale wind fields. Assumptions used in 
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this study lead to considerable computational simplification, but 
is also very nonphysical. The Marine Advisers (1961) data should 
be acknowledged as qualitative in nature, and i.s included here 
only for completeness and perspective. '!'heir data is compactly 
expressed in wave roses (Figure B-5). The radiating bars 
represent direction classifications, and the concentric circles 
which intersect them form a frequency scale which is in percentage 
of the average total number of hours in a year (8766 hrs/yr). For 
example, the longest bar in the upper wave rose represents all 
northern hemisphere swell approaching from 300 to 310 degrees. 
The inner segment, out to the numeral l, gives the frequency of 
waves from that direction in the 0.1 to 0,9 foot height group. It 
measures approximately 6.9 percent, which indicates that waves of 
this classification can be expected 0.069 x 8766 = 605 hours per 
year. Note that maximum south swell heights arriving from the 
southern hemisphere are only about 25 percent as large as north 
swell heights from the northern hemisphere. The Marine Advisers 
(1961) hindcasts are based on singular wave models rather than 
spectral wave models. 

Seymour et al. (1984) has generated storm wave hindcast estimates 
for the period 1900 - 1984 using a single methodology which is 
spectral throughout. The hindcast location is near 35'N, north of 
Point Conception and the Channel Islands. Only waves with deep­
water approach directions between SW and WNW were considered due 
to the fact that waves approaching more obliquely would be 
diminished considerably by refraction as they approached the 
shoreline. Further, the waves were ranked by their power (energy 
multiplied by period), This resulted in a list of 59 storms in 
which the resulting offshore significant wave height exceeded 3 m, 
all having periods equal to or exceeding 12 seconds. 'rhe tropical 
cyclone of September 1.939, a major wave event in southern 
California, was added for a total of 60 storms. These are listed 
in Table B-2. 

A second series was obtained by considering only the very largest 
e.vents. The threshold significant wave height was raised to 6 m 
(20 feet). The second series contains only 18 storms because of 
its higher limit value, as shown in Table B-3. As indicated in 
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Seymour's paper "It should be clearly recognized that the possible 
quality of hindcast decreases with the age of the data, particu­
larly prior to the 1950 1 s. It is likely that some major storms in 
the early years were excluded because there was insufficient 
pressure field resolution and accuracy to estimate the real w.ind 
speeds. This is particularly true for small, intense storms like 
tropical cyclones. It is almost impossible to hindcast these 
storms prior to the availability of satellite imagery. However, 
since no series of this length had previously been published, and 
since the work used a consistent methodology throughout, we felt 
that they would make a valuable contribution to our knowledge of 
the wave climate off Cal.ifornia." 

It is interesting to note that during the 84-year hindcast that 
there were seven storms during the winter of 1982-83, w.ith 
significant wave heights above 4.9 m. Note also the very long 
periods found in these storms. All seven storms had maid.mum 
periods of 14 to 25 seconds. This suggests that the 1982-83 waves 
were among the most energetic in this century. Using historical 
records, Seymour et al. (1984) demonstrated a strong correlation 
between moderate and strong El Nino events and large wave events 
in California. Furthermore, they suggest that pronounced warming 
of the surface waters a.long the California coast during a strong 
El Nino condition allows tropical cyclones to penetrate further 
northward than in non-El Nino years. These tropical cyclones 
are of such small spatial extent that they are not described J.n 
detail sufficient for hindcasts on pre-satellite weather maps. 

3.0 WAVE REFRACTION ANALYSIS AT POINT LOMA 

3. 1 Techni_g_ue 

The sheltering of Point Loma by the Channel Islands and the Cortez 
and Tanner Banks prevents deep-water wave hindcasts from being 
used directly as input for a wave refraction model.. To get a more 
realistic view of LOCAL deep-water wave characteristics, each 
storm event was presented by a directional wave spectrum which was 
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transformed to a local deep-water spectrum as described by Le 
Mehaute and Wang (1982). Figures B-6, B-7 and B-8 show sheltered 
significant wave height as a funct:i.on of direct:i.on. Local deep­
water refers to the first deep water encountered offshore from a 
particular site. It is generally inside the islands and, 
therefore, potentially sheltered from deep ocean waves. Figure 
B-9 shows the bathymetry used for this refraction (obtained from 
NOAA data). 

Each storm was modeled as a directional spectrum at a given 
frequency and with an energy density which fell off like cosine 
squared from the peak direction. The spectra were assigned a 
width of 15 degrees at the point at which the energy density was 
half the peak value, or 15 degrees, full width, half maximum 
(FWHM). The true shapes of deep ocean wave spectra are not well 
known due to the limited resolving power of modern day measuring 
techniques. Hence, the choice of a spectrum's shape and width is 
somewhat arbitrary at best. Fortunately, the spectral transforma­
tion techniques are not overly sensitive to these factors in most 
cases. Attachment A shows the spectral transformations used to 
get local directions for each event. 

'l'he deep ocean wave spectra were transformed to local deep-water 
wave spectra in 100 m of water offshore from Point Loma. The 
local deep-water significant wave heights and peak energy 
directions were then derived from the local spectra. From the 18 
extreme events exceeding 6 m significant wave height ('rable B-3), 
10 events were chosen to have the largest local deep-water wave 
heights for a particular period and local direction. 'l'he 
remaining 8 events had similar periods and directions, but lower 
wave heights than one of the 10 selected for refraction. An 
additional three events were analyzed where severe storm damage 
was reported in southern California. 'l'hese storms occurred on 
February 6, 1969, January 16, 1978 and ,January 27, 1.983. 'l'he 
transformed local deep-water significant wave heights and periods 
for these 13 events are presented in 'l'able B-4'. 

Wave rays were run at a 200 m spacing from local deep water. They 
were stopped when the wave height calculated along a ray exceeded 
l. 28 times the depth (breaking wave ratio). Note that some 
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breaking wave heights were rather large and associated w.ith areas 
of strong ray convergence. If these rays were permitted to 
continue, they would have formed caustics. 'l'he shortcomings of 
neglecting diffraction are thus evident and the breaker heights 
should probably be viewed as overestimates in these areas. 
Refraction results are presented in Attachment B for each of the 
1.3 wave events. 
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TABLE B-1 

Significant height return periods based on Mission Bay entrance 
channel data (Seymour, 1982). 

SIGNIFICANT HEIGHTS FOR VARIOUS RETURN PERIODS 
SEA-DOMINATED OBSERVATIONS 

0.99 CONFIDENCE LIMITS 
SIG. H"r. (CM) 

322.7 

UPPER LIM. LOWER LIM. 

381.3 
455.3 
486.7 
517.7 
535.7 
558.3 
575.8 
588.4 

303.l 
344.1 
360.9 
377.2 
386.6 
398.2 
407.1 
413.4 

RETURN PERIOD (YR) 

l 
374.4 
395.8 
416.8 
428.9 
443.9 
455.6 
463.9 

SIG. HT. 

344.0 
390.8 
409.9 
428.5 
439.l 
452.3 
462.5 
469.7 

5 
10 
20 
30 
!50 
75 

100 

****************************** 

SIGNIFICAN'r HEIGH'l'S FOR VARIOUS RETURN PERIODS 
SWELL-DOMINA'l'ED OBSERVA'rIONS 

0.99 CONFIDENCE LIMI'l'S 
(CM) UPPER LIM. LOWER LIM. RETURN PERIOD 

393.4 328.8 1 
454.7 367.4 5 
480.1 383.0 10 
504.9 398.0 20 
519.3 406.6 30 
537.0 417.2 50 
550.7 425.4 75 
560.6 431.2 100 
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TABLE B-2 

Hlndcast (1900-84) Waves Exceedlng 3 m Height Near 35" N 
(Seymour et. al., 1984) 

EXTREME WAVE EPISODES EXCEEDING 3M. (BASIC SERIES) 
1900 - 1984 

DATE S_Ig. HT. ( ml __ M~K.,_f_f;R I OD DIRECTION, 
13 MAR 05 8.8 15 247 
17 NOV 05 3.3 17 286 
31 DEC 07 5.3 16 282 
12 MAR 12 3.2 12 2.20 
26 JAN 1 l, 5,8 13 223 
03 FEB 15 7.5 11, 235 
01 JAN 18 3.7 16 280 
12 FEB 19 5.3 12 299 
20 DEC 20 4 .7 13 301 
15 OCT 23 3.7 16 296 
01 FEB 26 6.9 15 257 
03 JAN 27 5.8 20 287 
06 NOV 28 4.0 17 291, 
01 JAN 31 3.9 16 276 
28 DEC 31 7 ,I, 1 a 288 
19 DEC 35 4.7 16 267 
13 DEC 37 4 ,. 

.;} 16 272 
06 JAN 39 7,9 19 285 
25 SEP 39 4.5 15 205 
24 JAN t,O 4.3 16 267 
25 DEC 40 5.7 16 270 
20 OCT 41 3.3 17 294 
30 DEC 45 3,9 19 285 
13 FEB 47 3.9 16 265 
04 NOV 48 4.7 18 300 
15 NOV 53 5.7 17 269 
15 JAN 58 3.1 22 280 
26 JAN 58 6.8 11, 259 
05 APR 58 7.7 18 289 
16 FEB 59 5 .1 14 21,4 
09 FEB 60 8 .1 19 295 
22 DEC 60 3,4 17 276 
31 JAN 63 4.2 16 260 
10 FEB 63 5.9 15 256 
19 NOV 65 4.0 15 277 
07 DEC 67 4.0 15 298 
06 FEB 69 4.7 13 222 
04 DEC 69 3.6 17 278 
06 DEC 69 4.9 22 274 
14 DEC 69 5.7 17 29() 
19 DEC 69 1,.7 18 281 
26 DF.C 72 4 .1 15 289 
21 FEB 77 5.2 18 280 
29 OCT 77 5.5 20 299 
16 JAN 78 6.0 13 240 
01 JAN 80 4.7 20 272 
17 FEB 80 6.1 18 249 
22 JAN 81 4.3 20 258 
28 JAN 81 7.0 17 262 
13 NOV 81 4.9 18 28ft 
01 DEC 82 6.4 14 295 
18 DEC 82 6.4 20 288 
25 JAN 83 6. 1 17 278 
27 JAM 83 7.3 22 279 
10 FEB 83 6.7 25 281 
13 FEB 83 4.9 17 268 
01 MAR 83 8.2 20 258 
14 NOV 83 5.0 17 290 
03 DEC 83 7,0 17 285 
25 FEB 84 6.4 17 300 
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TABLE B-3 

Hindcast (1900-84) Waves Exceeding 6 m Height Near 35° N 
(Seymour et. al. , 1984) 

EXTREME WAVE EPISODES EXCEEDING 6 m 
1900 - 1984 

PA"rE SIG. H'l1 • (m) MAX. PERIOD DIRECTION 
13 MAR 05 8.8 15 247 
03 FEB 15 7.5 14 235 
01 FEB 26 6.9 15 257 
28 DEC 31 7.4 18 288 
06 ,JAN 39 7.9 19 285 
26 JAN 58 6.8 14 259 
05 APR 58 7.7 18 289 
09 FEB 60 8.1 19 295 
J.7 FEB 80 6.1 18 249 
28 JAN 81 7.0 17 262 
01 DEC 82 6.4 14 295 
18 DEC 82 6.4 20 288 
25 JAN 83 6.1 17 278 
27 JAN 83 7.3 22 279 
10 FEB 83 6.7 25 281 
01 MAR 83 8.2 20 258 
03 DEC 83 7.0 17 285 
25 FEB 84 6.4 17 300 
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13 sec wave_§. 

210 
240 

1-4 sec wav~.§. 

240 
245 
265 
290 

17 sec waves 

245 
265 
290 

20 sec waves 

255 
265 
285 

TABLE B-4 

Transformed Local Deep-Water Wave 
Significant Wave Height and Period 

}'lave Hei_ghtLm 

4.7 
6.0 

8.3 
5.6 
5.6 
2.9 

5.8 
4.2 
4.0 

4.5 
2.7 
2.6 

OROUP DELTA CONSULTANTS, INC. 

05 Feb 1969 
16 Jan 1978 

13 Mar 1905 
01 Feb 1926 
26 Jan 1958 
01 Dec 1982 

17 Feb 1980 
28 Jan 1981 
03 Dec 1983 

01 Mar 1983 
10 Feb 1983 
18 Dec 1982 
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F1gurn 3.2,2• 7 Wnve rose, SLation A, annual average (Hl56-58) northern hemisphct(! swell 
(Marine Advisers, 1961 ). 

Wave rose, Station A, mrnunl nveragc (l918~MJ) southern hemisphere swell 
(Marine Advisers, 1961 ). 

Figure B-5 
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Attachment A 

Spectral Transformations Used to Get Local Directions 
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Attachment B 

Point Loma Wave Refraction 

GROUP DELTA CONSULTANTS, INC. 



POINT LOMA WAVE REFRACTION 
-----.--------· 

1----I 1 krn 

20 15 10 5 1 
PERIOD .,.. 13.0 s DIRECllON = 21 o.o· 



Wave Brea.lcJ.ng Data. 

ray latitude longitude angle clepth(m) height(m) 

1 32 40 9 117 14 50 226.5 4.3 3.4. 

2 32 40 6 11? 14 55 228.1 6.5 5.3 

3 32 40 8 117 15 6 236.0 6.4 5.0 

4 32 40 14 117 15 11 235.3 7.3 5.7 

5 32 40 23 117 15 12 235,8 6.8 5.3 

6 32 40 39 117 15 0 230.8 lL9 3.0 

? 32 40 23 117 15 35 233.1 13.1 10.3 

8 32 40 52 117 15 1 245.4 2.2 1.7 

9 32 40 34 117 15 47 226.4 13.6 10.7 

10 32 40 56 117 15 20 236.2 6.4 4.3 

11 32 41 1 117 15 27 234.7 8.0 6.3 

12 32 41 8 117 16 26 244.'/ 6.4 4.2 

13 ~~2 41 11 117 16 48 21', .6 11. 9 9.3 

14 32 41 2 117 16 2 236.6 14.9 J. l. 6 

15 32 41 21 11? 16 36 236.9 8.7 6.8 

16 32 41 32 117 15 41 242.7 9.4 7.4 

17 32 41 40 117 16 36 241.1 5.0 3.9 

18 32 41 49 11? 16 27 263.8 3.6 2. •t 

19 32 42 7 117 16 36 242.5 6.0 4. "/ 

20 32 42 2 117 16 49 242.0 10.6 8.3 
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Wave Breaking Data 

ray lati·tud.e longitude angle depth(m) height(m) 

l 32 39 49 117 14 46 240.4 7.3 5.7 

2 32 39 64 117 14 63 234.9 9.1 7.1 

3 32 39 46 117 16 16 249.7 13.7 10.7 

4 32 40 0 117 14 61 243.6 6.6 4.6 

6 32 40 6 117 14 68 236.6 7.4 6.8 

6 32 40 8 117 16 8 246.2 7.6 5.9 

7 32 40 14 11'/ 16 16 245.3 8.7 6.8 

8 32 40 20 117 16 12 249.0 7.0 5.4 

9 32 40 21 117 15 31 239.8 13.5 10.G 

10 32 40 24 117 16 23 264.2 11. 3 8.8 

11 32 40 41 117 15 17 249.0 5.9 4.5 

12 32 40 33 117 15 42 242.7 14.4 11.2 

13 32 40 47 117 15 16 250.2 5.6 4.4 

14 32 40 56 117 15 23 244.0 7.7 6.1 

15 32 40 51 117 15 46 249.4 10.2 7.9 

16 32 41 l 117 15 26 251.2 7.7 6.0 

17 32 41 2 117 15 51 238.l 12.2 9.5 

18 32 41 16 117 15 2'/ 246.9 5.9 4.6 

19 32 41 10 117 15 57 253.2 9.0 7.1 

20 32 41 24 117 15 34 249.7 7.1 5.6 
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wa,ve Break:lnf.; Data 

ray lat :L·t ude long:Ltude angle depth(m) he:Lght(m) 

1 32 39 43 117 15 29 2fi5. 0 13.l l.0.3 

2 32 39 59 117 15 4 242.3 10.4 8.1 

3 32 40 2 117 15 16 247.8 11.l 8.9 

4 32 40 11 117 15 15 245.2 9.6 7.5 

5 32 40 14 117 15 21 246.3 11.7 9.2 

6 32 40 25 117 15 20 239.0 10.3 8. l 

7 32 40 17 117 15 46 250.9 12.l 9.4 

8 32 40 34 117 15 17 250.7 6.5 5.1 

9 32 40 28 117 15 51 242.7 14.5 11. 3 

10 32 40 39 117 15 29 250.3 12.2 9.5 

1 J. 32 40 62 117 15 24 244. l 9.6 7.4 

12 32 40 48 117 16 5l. 246.9 l.2.7 l.0.0 

HI 32 40 62 117 15 52 ~350. 6 13.8 10.8 

14 32 41 9 117 16 28 247.1 6.9 5.4 

15 t~2 41 9 117 15 32 262.6 9.2 7.2 

16 32 41 7 117 16 1 252.0 12.7 9.9 

17 32 41 14. 117 15 58 261.9 10.7 8.2 

18 32 41 19 11'7 16 2 247.7 12,7 9.9 

19 32 41 30 117 16 39 258.6 9.0 7.0 

20 32 4l. 32 11'7 J.6 3 252.1 11. 2 8.7 
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W1J,ve Breaking Data. 

1·a.y latitude longitude angle depth(m) height(m) 

1 32 39 68 117 14 60 244.7 6.0 3.9 

2 32 40 3 117 15 0 240.8 8.2 6.4 

3 32 40 8 117 16 6 24'i'. 6 6.8 6.6 

4 32 40 12 117 16 16 24'/. 3 9.6 7.5 

6 32 40 20 117 15 9 250.5 6.4, 5.0 

6 32 40 22 117 15 26 242.6 12.6 9.8 

7 32 40 23 117 16 25 267.0 12.1 9.4 

8 32 40 38 117 16 17 249.1 6.2 4.4 

9 32 40 37 117 16 32 246.6 12.5 9.8 

10 32 40 47 117 15 20 248.8 7.6 6.9 

11 32 40 63 117 113 22 24.6.7 7.8 6.1 

12 32 40 50 117 15 44 252.2 9.6 7.5 

13 32 41 3 117 15 22 251. 7 6. 6 4.3 

14 32 40 59 117 15 69 260.1 12.9 10.l 

16 32 41 14 117 16 29 249,8 7.0 6.4 

16 32 41 18 117 16 32 249.7 8.0 6.3 

17 32 41 26 117 16 34 249.6 6.8 6.4 

18 32 41 27 117 15 41 268.4 10.1 'I. 9 

19 32 41 36 117 16 38 251.9 7.6 6.7 

20 32 41 38 117 16 46 266.6 11.4 8.9 
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Wave Breltking Data 

ray latitude longi·t,ude angle depth(ro) height(ro) 

1 32 39 69 11'/ 14 66 249.6 8.2 6.4 

2 32 40 7 117 14 66 242.9 6.7 6.2 

3 32 40 10 117 16 13 266.2 8.6 6.7 

4 32 40 16 117 16 16 268.2 9.1 7.1 

6 32 40 20 117 16 17 267.6 9.7 '7 .6 

6 32 40 28 117 16 11 257,2 5.2 4.1 

7 32 40 30 117 HJ 39 258,1 14.6 l. l. 4 

8 32 40 37 117 15 20 261.3 8.1 6.4 

9 32 40 47 117 l.5 19 253.8 7.1 6.6 

10 32 40 61 117 15 24 269.7 9.8 7.7 

11 32 41 2 117 15 30 266,5 9.4 7.3 

12 32 41 0 117 15 42 266.3 11,2 8.7 

13 32 41 10 117 15 29 267.9 7.1 6.5 

J.4 32 41 16 117 16 ,33 269.2 9.2 7.2 

15 32 41 22 117 15 34 258.6 8.4 6.2 

16 32 41 27 117 15 38 267.0 9.0 7.0 

17 32 41 36 117 15 44 260.3 10. 5 8.2 

Hl 32 41 37 117 16 7 262.8 14,9 11. 6 

19 32 41 47 117 15 36 261.6 5.3 4.1 

20 32 41 55 117 15 44 261.0 8.0 6.2 
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Waye Brea.king !)a.ta. 

ray latitude longitude angle depth(m) height(m) 

1 32 39 61 117 14 46 26:3,6 6.6 4.3 

2 32 39 68 117 14 60 266.2 6.0 3.9 

3 32 40 10 117 14 56 262.4 6.4 4.9 

4 32 40 14 117 14 49 268,4 3.4 2.6 

6 32 40 18 117 14 69 266.2 6.7 4. 6 

6 32 40 26 117 16 18 266.6 9.2 7.2 

7 32 40 36 117 14 69 263,6 3.9 3.0 

8 32 40 39 117 16 16 267.6 4.0 3.1 

9 32 40 45 117 15 16 264,2 6.8 4.6 

10 32 40 56 117 16 46 264.7 9.6 7.6 

11 32 41 2 117 16 8 266.4 2.8 2.6 

12 32 41 10 11'1 16 33 269.4 10.0 7.8 

13 32 41 14 117 15 16 262.4 3.7 2.9 

14 32 41 21 117 16 32 270.6 7.2 6.6 

16 32 41 31 117 16 31 266.6 4.8 3,8 

16 32 41 33 117 16 42 276.6 10.l 7.9 

17 32 41 44 117 16 31 267.l 3,7 2.9 

18 32 41 61 11? 16 38 267.0 6.1 4.7 

19 32 41 67 117 16 34 274.7 4.2 3.3 

20 32 42 6 117 16 32 270.9 4.6 3.8 
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Wave Breaking Data 

ray latitude longitude (tngle depth(m) height(m) 

l 32 39 42 117 16 20 252.0 13.7 10.7 

2 32 40 l 117 14 54 241.9 7.4 6.8 

3 32 40 0 117 15 10 249.7 9.8 7.7 

4 32 40 9 117 16 7 247.4 6.9 5.3 

5 32 40 13 117 16 15 249.2 9.1 7.l 

6 32 40 22 117 15 l.4 248.4 8.0 6.3 

7 32 40 16 l.17 ltl 42 250,0 11.0 8.6 

8 32 40 24 117 16 20 256.9 10.2 8.0 

9 32 40 40 117 15 22 245.0 9.6 7.4 

10 32 40 36 117 16 33 249.3 12.8 10.0 

11 32 40 45 l J.7 16 21 250.3 .8.6 6.7 

12 32 40 62 117 J.5 24 247.4 9.6 7.3 

13 32 40 60 117 15 47 253.6 10.9 8.:l 

14 32 41 5 117 15 23 252.0 5.6 4.4 

l 6 32 40 69 117 15 60 262.8 13.2 10.3 

16 :12 41 14 117 15 31 249.8 8.4 6.5 

17 32 41 18 117 15 35 261.6 9.8 7.6 

18 32 41 26 l.17 15 35 250.6 7.3 6.7 

19 32 41 27 117 16 42 260.8 10.3 8.1 

20 32 41 31 11? 16 59 253.1 10.1 7.9 
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Wa,ve Breaking Data 

ray latitude longitude angle depth(m) height(m) 

l 32 40 0 117 14 53 248.6 6.8 6.3 

2 32 40 8 117 14 52 243.3 5. 11 4.2 

3 32 40 11 117 15 9 254.9 7.2 5.7 

4 32 40 17 117 15 11 257.8 7.1 6.6 

6 32 40 20 117 15 16 257.3 9.0 '(,0 

6 32 40 34 117 14 58 250.3 4.1 3.2 

'l 32 40 30 117 15 39 257.2 14.5 11.4 

8 32 40 36 117 15 19 260.9 7.6 5.9 

9 32 40 48 117 15 17 253.2 5.6 4.4 

10 32 4,0 54 l l'l 15 18 2136.3 13. 2 4.1 

11 32 41 3 117 H! 28 255.6 8.6 6.7 

12 32 41 0 l.17 15 46 261.'/ 11. 3 9.0 

13 32 41 11 117 15 26 257.7 5.7 4.4 

14 32 41 15 117 15 32 259.2 8.4 6,6 

15 32 41 22 117 113 30 256.2 6.3 4.9 

16 32 41 28 117 15 34 264.4 6.8 5.3 

17 32 41 38 117 15 39 263.3 7.7 6.1 

18 32 41 39 117 16 4 261.9 12.9 10.1 

19 32 41 48 117 Hi 39 259.l 6.2 4.8 

20 32 41 55 117 15 43 261.8 7.5 5.8 
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Wave Brea.king Data. 

ray latitude longi1;ude angle depth(m) height(m) 

l 32 39 67 117 16 12 266.6 11.2 8.8 

2 32 40 11 117 14 62 249.6 6.2 4.0 

3 32 40 16 117 16 17 266.3 9.4 7,4 

4 32 40 27 117 16 28 267.8 11.6 9.1 

6 32 40 28 117 16 29 271.8 11.6 9.1 

6 32 40 36 117 16 17 266.2 6.7 4.6 

7 32 40 46 117 16 17 261.8 6.3 4.9 

8 32 40 64 11'/ 16 18 268.8 6.2 4.1 

9 32 40 67 117 16 24 269.6 7,7 6.9 

10 32 41 6 117 16 11 266.7 3.7 2.9 

11 32 41 18 117 15 28 262.6 6.0 4.7 

12 32 41 24 117 16 42 281.l 49.8 ***** 

13 32 41 22 117 16 36 271.4 9, l 7.1 

14 32 41 36 117 16 36 268.9 6.9 4.6 

16 32 41 40 117 16 44 272.9 10.l 7.9 

16 32 41 4'l 117 15 38 264.8 6.0 4.7 

17 32 41 67 117 16 38 270.l 6.9 4.6 

18 32 42 0 117 16 48 268.3 10.2 7.9 

19 32 42 7 117 15 37 271.9 6.3 5.0 

20 32 42 11 117 16 l 270.4 14.3 11. l 
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wave Break.1.ng Do,ta 

ray lat.1.tud.e longltude angle depth(m) he.1.ght(m) 

1 32 40 6 117 14 54 242.0 6.2 4.8 

2 32 39 48 117 16 24 257,7 61.6 40.9 

3 32 40 15 117 14 65 250.3 5,5 'iL3 

4 32 40 21 117 15 14 252,2 7.9 6.0 

5 32 40 24 117 15 14 258.4 7.6 5.9 

6 32 40 33 117 15 20 253.7 9.2 7.2 

7 32 40 34 117 l.5 28 250,7 11. 1 8.6 

8 32 40 39 117 15 21 259.7 8.9 6.9 

9 32 40 53 11'1 15 18 249,3 5.6 4.3 

10 32 40 47 117 16 1 268.8 16.8 13,6 

11 32 40 66 117 16 23 257,5 7.3 6.7 

12 32 40 68 117 15 56 250.3 13.4 10.5 

13 32 41 16 117 15 32 263.3 8.4 6.6 

.14 32 41 14 117 16 67 260.4 9.7 7.6 

15 32 41 18 117 16 1 266.4 12.6 9.8 

16 32 41 23 117 16 42 269.0 11. 6 9.0 

17 32 41 38 J.17 16 34 263.7 6.2 4.1 

18 32 41 29 117 16 58 266.0 66.4 ***** 

19 32 41 40 117 16 43 263.8 9.6 7.5 

20 32 41 56 117 16 39 260.l 6.4 6.0 
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Wo.ve Break.tug Do.ta 

ray latitude J.ong:Ltude angle depth(m) height(m) 

l 32 39 47 117 14 36 245.8 2.7 2.1 

2 32 39 49 117 14 43 251.6 5.2 4.1 

3 32 40 0 117 14 51 248.6 5. l. 4 .. 0 

4 32 40 8 117 14 50 245,2 4.4 3.4 

5 32 40 15 117 14 55 252.6 5.6 4 .. 3 

6 32 40 19 117 14 60 254.3 6.3 4.1 

'7 32 40 21 117 16 12 266.2 6.9 6.4 

8 32 40 36 l.17 14 67 247.4 2.9 2.3 

g 32 40 31 l. J.7 15 37 257.0 14.2 11.1 

10 32 40 36 117 16 l '7 260.l 6.7 6.2 

11 32 40 61 117 16 6 264.5 4.1 3.2 

12 32 41 2 l.17 15 8 256.0 3.7 2.9 

13 32 41 4 117 15 24 254.0 6.4 6.0 

14 32 40 69 117 16 63 269.7 12.9 10.2 

16 32 41 13 117 16 16 264.1 3.8 3.0 

16 32 41 16 117 16 30 258.5 7.0 6.5 

17 32 41 21 117 16 19 268.8 4.2 3.2 

18 32 41 29 117 l.6 28 260.3 6.0 3.9 

19 32 41 40 117 16 35 260.3 4.7 3.7 

20 32 41 44 117 16 38 264.2 6.8 4,5 



POINT LOMA WAVE REFRACTION 

I I 1 km 

201--- _ ~ -~ -; 

1:: ,~---+-___ ----r·· -- .,. -, __ 2 

10~ 

5 

.Jct 

PERIOD == 20.0 s DIRECTION = 265.o• H0 = 2.9 rn 

·/ "\ 



Wave Breaking Data 

ray latitude longitude angle depth(m) height;(m) 

l 32 39 48 117 14 43 252.2 5,6 4.4 

2 32 40 0 117 14 51 248.4 5.4 4.2 

3 32 40 7 117 14 51 244.8 4.7 3.6 

4 32 40 14 117 14 56 253,l 5.9 4.6 

5 32 40 19 117 15 3 255.7 5.6 4.4 

6 32 40 21 117 15 13 256.4 7,3 5.7 

7 32 40 36 117 14 57 247.3 3.1 2.4 

8 32 40 31 117 15 38 257.0 14.2 11.2 

g 32 40 36 117 15 18 260.2 7.0 5.5 

10 32 40 50 117 15 13 253.9 4.3 3.4 

11 32 41 2 117 15 8 256.l 3.9 3,1 

12 32 41 3 117 15 25 254.2 6.8 5.3 

13 32 40 59 117 15 54 259.9 13.0 10.2 

14 32 41 13 117 15 15 254.3 3.9 3.1 

15 32 41 16 117 15 30 258.7 7.4 5,7 

16 32 41 21 117 15 19 258.9 4.5 3.4 

17 32 41 28 117 15 29 260.7 5.3 4.1 

18 32 41 40 117 15 35 260.7 4.9 3.8 

19 32 4.1 44 117 15 ::l9 264.3 6.2 4.8 

20 32 41 48 117 15 46 258.8 9.9 7. '7 
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Wave Breakj_ng Data 

ray latj_tude longj_tude angle depth(m) hej_ght(m) 

l 32 40 0 117 14 49 253.l 4.5 3.6 

2 32 40 9 117 15 6 256.7 6.0 4.7 

3 32 40 14 117 14 66 267.3 6.7 4.3 

4 32 40 19 117 15 0 259.6 5,6 4.4 

6 32 40 18 117 15 21 269.0 11. 3 a.a 

6 32 40 29 117 15 16 263.4 6.7 6.2 

7 32 40 46 117 16 16 269.0 5.7 4.5 

8 32 41 1 117 15 20 258,0 6.0 3.9 

9 32 40 57 117 16 47 276.0 66.4 ***** 

10 32 4,0 69 117 16 23 266.8 6.2 6.0 

11 32 41 5 117 16 27 264, l 7.0 6.4 

12 32 41 13 117 16 16 260.6 4.4 3.6 

13 32 41 20 117 15 16 269.7 3.3 2.6 

14 32 41 35 117 16 41 266.3 9.9 7.6 

16 32 41 36 117 16 6 269.6 12.6 10.1 

16 32 41 38 117 15 33 264.7 6.2 4.1 

17 32 41 64 117 15 32 264.6 4.4 3.6 

18 32 42 3 117 15 48 266.6 10.3 8.0 

19 32 42 ·1 117 15 39 269.3 6.9 6. 4 

20 32 42 13 117 16 36 267.7 6.2 4.0 
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This appendix documents the technical approach to estimation of 
the 50-year and 75-year bluff retreat lines drawn on Figure 1. in 
the main report (Site Plan and Geologic Map). Our evaluation is 
based on four types of analysis: 

1. Estimation of the relative effectiveness of marine versus 
subaerial erosion; 

2. Estimation of the amount of marine erosion that should be 
expected at the cliff-platform junction; 

3. Estimation of the potential for collapse of overhangs and 
block fall along joints; and 

4 . Estimation of the 
expected for the 

amount of slope decline 
cliff and bluff above the 

principal influence of marine erosion. 

that may 
elevation 

he 
of 

Some of the terminology used in this report may be unfamiliar to 
some readers. These terms are defined in the Glossary section of 
the main report. 

1.1 pea-Cliff Geomorphology 

The geomorphology of a typical Point Loma sea cliff is shown in 
Figure C-1. The typical sea-cliff profile generally consists of a 
lower near-vertical cliff rising directly from the sea, an 
intermediate bluff or cliff at 42 to 80 degrees, and an upper 
bluff with moderate slopes. Little or no flat area is exposed 
above sea level at the base of the cliff, even at very low tides. 
The sea cliff is bounded at its landward edge by the coastal 

GROUP DELTA CONSULTANTS, INC. 



CITY OF SAN DIEGO 
Project No. 1089-ESOl 

May 6, 1988 
Page c-2 

terrace, which may extend inland a considerable distance. 
Offshore from the cliff is an area of indefinite extent called the 
nearshore zone. 

'.rile sea bottom in the nearshore zone is a shore platform extending 
out to sea from the base of the cliff. Generally, such platforms 
vary from nearly flat to gradients of approximately 3 horizontal 
to l vertical. At the site, the gradient of the shore platform is 
approximately 50: 1 or about 1. 15 degrees. 

1'he point at which the sea cliff and shore platform meet is called 
the cliff·-platform junction. It is at this junction, and some 
distance above, where retreat of the base of the cliff occurs. 

'.rl1e breaking of waves defines the inshore and foreshore zones. 
The inshore zone starts offshore where the waves begin to break. 
-:rtlis zone is highly variable with time because the point at which 
waves begin to break changes dramatically with changes in wave 
size and tidal level. During low ti.des, large waves will begin to 
break far out to sea. During high t.i.de, waves may not break at 
all or they may break directly on the lower cliff. 'l'he foreshore 
represents that portion of the shore lyinci between the upper limit 
of wave wash at high tide and the ordinary low water mark. It is 
absent at the site. 

1. 2 Point Lomg. Sea G.l.:lf;fs 

The coastal bluffs at Point Loma were generally classified by 
Emery and Kuhn (1982) as type C(d) (Figure C-2). The letter ''C" 
designates coastal bluffs having a resistant geologic formation at 
the bottom, and less resistant materials in the upper parts of the 
bluff. The relative effectiveness of marine erosion of the lower 
resistant formation compared to subaerial erosion of the upper 
bluff produces characteristic profiles. Rapid marine erosion 
compared to subaerial erosion produces a steep cliff whereas slow 
marine erosion produces a gently-sloping upper bluff. The letter 
"(d)" designates the case of comparatively slow marine erosion. 
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Local variations in geology at the Point Loma Treatment Plant have 
produced a range of profile types (Figure C-3). The geologic 
section includes three, instead of two, materials of varying 
erosion resistance. In the lower 10 to 20 feet of the sea cliff, 
the lower Point Loma Formation is highly resistant to erosion. 
'.!.'he upper portion of the Point Lorna Formation encountered between 
the elevations of about 20 and 60 feet, is intermediate in erosion 
resistance. The upper bluffs, which are comprised of the Bay 
Point Formation, typically found above elevation 56 to 60 feet, 
have relatively low erosion resistance. Exposure of these three 
materials to marine and subaerial erosion has produced different 
profiles for the headlands and coves. 

The profile of the typical headland within the site fits classifi­
cation "C(d)" for which marine erosion is generally somewhat 
slower than subaerial erosion. Along some of the headlands at the 
site, a notch has forme.d just above the contact of the lower, more 
erosion-resistant, portion of the Point Lorna Formation because of 
a lens of locally niore erodible upper Point Loma Formation. 'l'he 
profile of slope formers in the upper bluff indicate that marine 
erosion at the cliff-platform junction is slow enough to permit 
rather well developed slope decline to the observed gradients. 

The profile of the typical cove :ls of type "C(a)", having steep 
cliffs up to about 90-feet high in all three geologic units. 
Undercutting by marine erosion at the base of the cliff is common. 
This profile indicates that the rate of marine erosion at the 
cliff-platform junction is much greater than the rate of subaerial 
erosion of the upper cliff and bluff (Figure C-2). The upper 
bluff tends to retreat by collapse of overhangs and block fall 
along steep joints in order to keep up with the marine erosion. 

A variable length transition area exists between the headlands and 
coves reflective of both type ''C(c)'' and "C(b)'' sea cliff pro­
files. 
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Placement of facilities on the coastal terrace above the bluff 
must account for changes in the bluff that should be expected 
during the intended life of the faci.1:l.ty. One approach has been 
to build as close to the bluff as des.ired, assuming that mainte­
nance and repair can forestall loss of the facility. Another 
approach is to estimate the amount of bluff·-top retreat that 
should be expected within the life of the facility and to build 
behind the influence of retreat. A combined approach may also be 
appropriate, wherein a facility is sited within the area expected 
to retreat and limited shoreline protect.ion is provided. If the 
component processes of bluff-top retreat are understood, then 
selection and efficient design of the appropriate limited shore··· 
line protection is possible. 

In coast.al engineering, the concept of intended lifetime of a 
facility has been replaced by required desiqn periods set by regu­
latory agencies. The Corps of Engineers requires 50 years and the 
California Coastal Commission requires 75 years. 1'hese design 
periods approximate the useful life of most facilities. 

Available compiled measurements of bluff-top retreat are too 
widely variable for use in engineering design. For cliff profiles 
similar to those .in San Diego, the best estimates of retreat rates 
have been reported near Santa Barbara where cliff materials 
similar to those at the site experienced measured bluff recession 
rates of 1,87 to 12.14 inches per year (Norris, 1975). These 
rates were measured by comparing existing structures to the topog­
raphy on plot plans filed for their building permits. For the 75-
year period of interest, the .indicated bluff-top retreat would be 
approximately 12 to 76 feet. Rates of up to J..5 feet per year 
have been reported for sunset Cliffs by the U.S. Army corps of 
Engineers. At that rate, bluff-top retreat would be 112 feet in 
75 years. 
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Large short-term variations .in bluff-top retreat should be 
expected in steeper sea cliffs. Wherever the profile .is steep 
enough that rock and slope stability .is questionable, failures can 
cause an .instantaneous retreat of many feet. 

We have applied techniques of geomorphology to estimate rates of 
bluff-top retreat. This requires breaking the problem down it1to 
component processes, analyzing each component, identi:fy.lng the 
interact.ion of the components, and evaluating each cl).aracter.lstic 
bluff profile for the site. 

The component processes of bluff-top retreat 
parts of the bluff, the sea cliff, and 
junction. 'l'he components are as follows: 

operate on various 
the cliff-platform 

1. Marine erosion at the ell.ff-platform junction; 

2. Collapse of overhangs and bloclc fall along joints, essen­
tially a rock stability problem; and 

3. Slope decll.ne by subaerial erosion of the middle and upper 
bluffs. 

The components interact in different ways on the various bluff 
profiles characteristic of headlands, coves and transition areas. 
In isolation, each component process would independently proceed 
to completion or to an asymptotic rate. For example, slope 
decline in the Bay Point Formation would eventually produce a 
slope somewhat flatter than the angle of repose in several million 
years. In reality, continued erosion at the base of the cliff 
keeps the cliff and bluff steep, at approximately the same 
profile. For this to occur, the separate components of bluff-top 
retreat must retain the same approximate balance over time. The 
process of bluff-top retreat is further complicated by the 
presence of existing shoreline protection which may be only 
partially adequate. In general, this tends to mitigate the marine 
erosion component. 
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Retreat rate at the cliff-platform junction is variable. One 
generally uniform rate appears to affect the sea cliffs, another 
rate affects the cove, and a th.i.rd and more variable rate affects 
the transitional areas. Moreover, the rate .in the coves appears 
to be variable from cove to cove and may also vary widely over 
time. These differences in characteristic rate between the cliffs 
and coves requires separate evaluation. 

The cliff-platform junction contribution to retreat of the sea 
cliff is from marine erosion, wh:Lch includes mechanical, chemical, 
and biological erosion processes. Marine erosion operates hori­
zontally on the cliff as far up as the splash zone. It is accom­
panied by downwearing (marine erosion measured in a vertical 
direction) of the shoreline platform, which operates in a vertical 
direction. In general, backwearing (marine erosion measured in a 
horizontal direction) and downwearing progress at rates that will 
maintain the existing slope of the shoreline platform at approxi­
mately 50:l. This suggests that the rate of downwearing is 
approximately 2 percent of the rate of backwearing. 

2. l Effect of Water Depj:h, Wave Height L and Platform SlopJi! 

The key aspects of the sea-cliff profile for the marine erosion 
component of bluff-top retreat are the water depth at the base of 
the cliff, the breaking wave height and the slope of the shore 
platform. At the site, water depth at the cliff-platf(1rm junction 
averages 4 to 6 feet relative to mean sea level. •rhis relatively 
deep water at the base of the sea cliff subjects the cliff to the 
attack of non-breaking, breaking, and broken waves that in turn 
control which mechanical erosion processes are active. Forces due 
to non-breaking waves are primarily hydrostatic. Broken and 
breaking waves exert an additional force due to the dynamic 
effects of turbulent water and the compression of entrapped a.i.r 
pockets. 
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Breaking waves exert a considerable added erosive force called 
"breaking wave shock" because of trapped air cushions in a near­
vertical wave front. These shock or impact pressures result in 
relatively high pressure fields that last a few thousandths to a 
few hundredths of a second. These relatively short-duration 
impact pressures are of questionable importance in the design of 
vertical seawalls, however, when acting upon jointed and fractured 
rock, the water-hammer effect tends to cause hydraulic fracturing 
which exacerbates lower sea cliff erosion. Large sections of rock 
can be pried off by one well-placed wave. Erosion associated with 
breaking waves is most active when water depths at the cliff­
platform junction (ds) coincide with the respective critical 
incoming wave height (H) such that ds::.. 1,3H. 

Waves will break when their height reaches approximately 75 per­
cent of the water depth, thus 3 to 4.5 foot wave heights, will 
break at the base of the sea cliff in the Plant vicinity when 
tides are at mean sea level. Moreover, since the waves reaching 
the coast are generally in the range of 2 to 5 feet, breaking 
waves should be expected to occur at the base of the sea cliff 
usually four times a day (due to semidiurnal tidal fluctuations). 

The slope of the shore platform is typically 50:1 or about 1.15 
degrees. Whenever wave height and water depth are sufficient to 
produce breakers some distance offshore from the cliff, the very 
gradual slope will influence the breaker to form broken waves with 
high turbulence. The broken waves may reform as smaller non­
brealdng waves. Moreover, the smaller non--breaking waves may, in 
turn, reform as small breakers in a repetition of the process. 
When waves break and reform, considerable wave energy is lost to 
drag on the shore platform; consequently, less erosive energy is 
delivered to the cliff-platform junction. 

2,2 ErosioILProcesses 

The types of erosion affecting the typical Point Loma profile will 
change with the tidal level. In addition, any local variation 
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that changes the average water depth will significantly alter the 
local balance of erosive forces. 

Mechanical erosion processes at the cliff-platform junction 
include water abrasion, rock abrasion, cavitation, water hammer, 
air compression in joints, breaking-wave shock, and alternation of 
hydrostatic pressure with the waves and tides. All of these 
processes are active in backwearing. Downwearing processes 
include all but break.i.nq-wave shock. Baclcwearing and downwearing 
by the mechanical processes described above are both augmented by 
b.i.oe.rosion. Bioerosion is the removal of roclc by the direct 
action of organisms. Backwearing at the site .i.s assisted by algae 
in the intertidal and splash zones and by rock-boring mollusks in 
the tidal range. Algae and associated small organisms bore into 
rock up to several millimeters. Mollusks may bore several centi­
meters into the rock. Both chemical and salt weathering also 
contribute to the erosion process. 

2. 3 Rate of Marine Erosion_ of the pea Cliff 

'l'he general rate of marine erosion at the cliff-platform junction 
is the result of the combined effect of mechanical erosion and 
bioerosion. Reported total rates for sedimentary rock coasts vary 
from less than 10 mm/yr for hard-rock coasts, to 2000 mm/yr for 
weak sedimentary rocks such as mudstones and siltstones. 'I'he 
Point Loma Formation at the cliff·-platform junction is in the 
hard-rock part of this range of rock. types. 

In San Di.ego County, rates of marine erosion have been measured 
for the somewhat less resistant sedimentary rocks present at the 
cliff-platform junction north of Point Loma. The average rate 
obtained was approximately 10 mm/yr during a five-year period, 
from 1970 to 1975 (Lee, Pinckney, and Bemis, 1976), of mild 
winters with few major storms and only one episode of extreme wave 
activity (see Appendix B). More typically, a five-year period 
would include three or four extreme-wave episodes suggesting a 
proportional increase in erosion. 
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The rate of bioerosion has been estimated for downwearing to be 
0.6 mm/yr for sandstones in Southern California (North, 1954). No 
estimates are available for the horizontal component of bio­
erosion. 

For headlands, we have chosen to use a preliminary estimated rate 
of one-half inch per year (12.7 mm/yr) for marine erosion at the 
cliff-platform junction. This estimate is based on consideration 
of the worldwide data, local measui·ements, va.riations in rock 
type, and the long-term storm record. Beginning with the measured 
rate for the San Diego coast of 10 mm/yr, the one··half inch per 
year rate was estimated assuming an increased wave environment to 
be approximately balanced by more erosion-resistant rock of the 
lower Point Loma Formation. At this rate, approximately 3 feet of 
marine erosion should be expected to occur in 75 years at the base 
of the sea cliffs. 

Shoreline erosion of the headlands was not determinable through 
review of historical photographs dating back to 1939. •rhat is to 
say, the rate of erosion was too slow to detect any measurable. 
rate of retreat, thereby corroborating the preliminary estimate of 
1/2 inch per year. 

2.4 Cove Erosion 

2.4.1 '.J'.Y_pical Profile 

The typical cove profile is shown on Figure C-4. The cove is 
eroded back into the normal sea-cliff profile (shown in the 
background). The sea floor in the cove is generally incised 
by a 5 to 20± foot wide surge channel which extends seaward 
beyond the cliff front. '.l'he surge channels in the site 
vicinity appear to be about 2 to 5 feet deeper than the 
adjacent shore platform. In the cove, the bottom of the 
surge channel likely extends inland at a gradient similar to 
the shore platform at about 50:l or 1.15 degrees. 
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Erosion at the cliff-platform junction of the cove is in the 
Point Loma Formation. The Point Loma Formation is generally 
resistant .to erosion, except at fractures and joints. Care­
ful geologic mapping provided close correlation of faults, 
shear zones, and fractures, with associated increased rates 
of erosion of the cliff·-platform junction in these areas. 
Thus, coves and other discontinuities exhibiting locally 
higher rates of marine erosion are joint controlled along 
this reach of coastline. 

An additional factor controlling the location of coves is a 
difference in erodibility between the lower section of Point 
Loma Formation and the overlying parts of the unit. The 
lower section consists of comparatively thick-bedded sedi­
ments that are more resistant to erosion. 'l'he overlying 
section consists of comparatively thin·-bedded sediments that 
have many more bedd.i.ng planes and fractures on wh.i.ch wave 
action can operate. Because of this difference, the upper, 
laminated section of Point Loma Format.Ion will erode more 
rapidly than the lower, more massive section (when exposed to 
marine erosion). 

In general, the lower, more resistant section is exposed 
along the sea cliffs. As indicated on Figure C-4, the Point 
Loma Formation dips into the cliff at an average angle of 
about 8 degrees. As such, continued erosion exposes 
progressively more of the upper more erodible portion of the 
Point Loma Formation to marine erosion. Wherever long-term 
retreat has breached the more resistant rocks, accelerated 
cove growth will occur. The location of many of the wider 
coves along the Point Loma coast is likely to be at least 
partly controlled by this distribution of variably resistant 
Point Loma Formation. The maximum extent of indentation for 
any cove along the Point Loma coast is 300 :feet and the 
average for large coves is approximately 200 feet. 
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Erosion processes in the coves are essentially the same as 
those along the sea cliff. Small differences arise because, 
under normal day-to-day sea conditions, the wave energy is 
occasionally sheltered somewhat by the adjacent headland, 
which often leads to a comparatively qui.et water environment 
in the cove. Extreme wave episodes often arrive directly on 
the coast from within 30 degrees of perpendicular to the 
general shoreline (see Appendix B). The direct approach of 
extreme waves transmits high erosive energy into the cove for 
short periods of time. Moreover, local offshore sea floor 
bathymetry tends to focus wave energy into the coves. 

2.4.4 Rate_of Marine Erosion 

The rate of marine erosion for the coves has been estimated 
as a reasonable multiple of the rate for the sea cliff along 
the main coastline alignment and from comparison of aerial 
photographs taken as early as 1939, with new photographs 
taken for this project. A lower limit was set based on 
minimum rates considered necessary to maintain the ne.ar­
vert.ical upper bluffs of the overlying Bay Point Formation. 
This approach is further developed in Sect.ion 4.0. 

Significant differences in erosion rates are evident between 
the sea cliff and the coves. 'fhis is in part due to the 
difference in lithology and intensity of j o.inting, the wave-­
direct.ion dependence of transmi tt:lng erosive enm:·gy into the 
cove, and the energy-focusing effect of surge channels. 

'fhe less-resistant upper Po.int Loma Formation .in the coves is 
judged to have the approximate erosion resistance of the 
younger, Tert.iary-age.d rocks· in which direct measurements 
were made along the coast north of Po.int Loma. 'I'he rate for 
the sea cliff at the site was, in part, based on recognition 
of the more resistant nature of the lower section of Point 
Loma Formation. Locally, jointing and faulting further 
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reduces erosion resistance near the apex of the cove. This 
leads to an upward adjustment. in rate in the back of the 
cove. 

'rhe wave direction and extreme-wave episode dependence of the 
cove erosion may be summarized as the proportion of extreme 
wave episodes that arrive from within approximately 30 
degrees of perpendicular to the coast. '.rhirty-seven of the 
60 extreme wave episodes since 1905 (Appendix B) have arrived 
within this range. The rate for the sea cliff at the site 
was based, in part, on recognition that three to four times 
as many extreme wave episodes of greater .intensity should 
normally occur .in the five-•year period over which measure­
ments were made by Lee and others (1976). For the coves, 
only two of the four episodes would be likely to cause sig­
nificant erosion by arriving from the proper direction. This 
leads to a downward adjustment in rate. 

The focusing effect of surge channels increases the erosive 
effectiveness of waves arriving from the same, or approxi­
mately the same, direction. This leads to an upward adjust­
ment in the rate. 

Considering the above three factors, it seems reasonable that 
the rate of marine erosion in the coves would be four to 
eight times that of the sea cliff. 

Aerial photographs taken at irregular intervals from as early 
as 1939 to the present were compared .in estimating the rate 
of cliff retreat. our interpretation of these photographs 
indicated bluff-top retreat rates varying from approximately 
2½ to 4 inches per year. Review of aerial photographs fur-
tiler indicated that upper bluff retreat was primarily 
sloughing, whether by undermining or due to localized 
.instability. Thus, the rate of marine erosion in the 

due to 
slope 
backs 

of coves is substantially faster than subaerial erosion and 
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the development of a more stable (flatter) upper slope cannot 
be initiated due to the excessive rate of undermining that 
occurs in the backs of the coves. 

We have chosen to use a rate of 4 inches per year for the 
cliff-platform junction contribution to bluff-top retreat in 
the back of coves. This is somewhat h.i.gher than a measure­
ment reported by Kennedy in a sea cave at Sunset cliffs of 
five inches between 1965 and 1973 (Kennedy, 1973). This 
period included several extreme wave episodes. The Point 
Loma Formation exposed at Sunset Cliffs is judged to be 
intermediate in erosion resistance between the more erodible 
sediments in coves at the plant and the resistant sedimentary 
rocks along the sea cliff at the Plant. 

Marine erosion rates were also developed for the transit.ion 
zones between headlands and the back of each cove. This was 
somewhat more subjective and, in part, a factor of current 
slope geometry. We have chosen a marine erosion rate of 1 
.inch per year for the median point of what we considered to 
be representative of the transition. However, th.is point is 
typically closer to the headland than the back of the cove, 
resulting in a retreat rate for most of the cove and transi­
tion zone similar to that of the back of the cove. 

Historical photographs dating back to the early l900's 
(primarily in the vicinity of Sunset Cliffs, approximately 
J.!, miles to the north) were also reviewed to further evaluate 
erosion ra.tes in both the Po.int Loma and Bay Point Forma­
tions. 

3.0 BLOCK FALL 

3 . J. Ovei:;:_!)2 ng:§. 

The maxi.mum extent of overhangs was estimated from topographic 
mapping, ground measurements where access was possible, and obser­
vations, from a distance, of inaccessible caves. Existing sea 
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caves and overhangs are shown in Figure 1 as shaded areas along 
the base of the sea cliff. Where overhangs and sea caves are not 
filled, they may coll.apse. Although only a certain proportion of 
overhangs will fall in a given year, it is difficult to predict 
which overhang will fall. Therefore, a rate cannot be estimated. 
We have assumed that overhangs and sea caves that are left 
unfilled will collapse, except where specific analysis and thick­
ness of roof rock has shown that collapse should not be expected 
within the 75-year period of interest. 

3. 2 Joint-Contro_lled Block Fall 

Block fall along joints applies to the part of the lower sea cliff 
where joints and other rock discontinuities intersect the cliff 
face. This part of the cliff, consisting of Point Loma Formation, 
currently stands at slope angles of about 80 degrees, parallel to 
the primary joint set. Prediction of the actual stability along 
each joint intersecting the cliff was beyond the scope of our 
investigation. We have assumed that parts of the cliff will 
retreat by block fall to a slope angle of 80 degrees. 

4.0 SLOPE DECLINE 

The process of slope decline is illustrated in Figure C-5. The 
graph (from Wallace, 1977) shows the gradual decline of slope 
angle as the slope ages. The curve is for weakly indurated forma­
tions. The curve has two parts. 'rhe steeper section, represent­
ing more rapid decline from about 10 to 100 years of age, shows a 
decline from 60 degrees to about 35 degrees. The flatter section 
represents slower decline after 100 years. This data has been 
developed from an evaluation of fault scarps where estimates of 
age were available. 

4.1 BayPoint Formgtio11 

The Bay Point Formation 
stands at slopes varying 
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tal to vertical) at headlands, to about 80 degrees in coves. 
Using the graph in Figure C·-5, the slopes should be expected to 
decline from 30.5 to 29.5 degrees at the headlands, from 45 to 35 
degrees at the transition median po.int, and from 80 to 37 degrees 
at the back of coves. 

In reality, the base of the slope in Bay Point Formation will be 
eroded back along with the top of the underlying formation. 

4. 2 Uppµ_ Point Loma Formation 

'rhe upper Point Loma Formation is moderately to strongly 
indurated. It stands at slopes varying from about 1.0:1.0 at 
headlands, to vertical or overhanging in coves. We constructed a 
new curve for the Po.int Loma Formation based on the underlying 
principles of slope decline represented in Wallace's graph. 'lhese 
slopes should be expected to decline :from 45 to 44 degrees at the 
headlands, :from 63.5 to 54 degrees at the transit.ion median point, 
and :from near vertical to 57 degrees at the back o:f coves. 

Fill slopes, where not maintained, will also retreat, but should 
not decline according to Figure C-5. Most fill slopes at the site 
are protected by pavin<;J on the flat area above the slope. 'l'his 
protection is likely to cause the fill slope to retreat as a 
series of slumps from progressive toe failures due primarily to 
wave runup and subsequent progressive erosion of the toe of the 
fill slope. 

5. 0 EFFECT OF EXISTING SHORELINE PRO'I'EC'I'ION 

The presence of a stone revetment at the base of the coast.al 
bluffs mitigates direct wave impact onto the bluffs. Although 
direct wave impact is reduced, wave runup and the attendant splash 
is likely increased, which contributes to both lower bluff and 
upper bluff erosion. Nevertheless, bluff-top retreat will con­
tinue as the upper parts of the cliff and bluff are affected by 
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slope decline. since construction of the Plant in 1963, there 
have been several periods of riprap placement with the net effect 
of further reducing coastal erosion. We have reviewed available 
stereographic aerial photographs from the following dates: 

Since 
rate 
data 
ments 

st"-~eqgraphip Aerial Photographic Coverage 

Date of Phot.og:ra:Qh Photog:ra2hic Scale 

1987 1:12,000 {photographically 
enlarged to 1"<=200 1 ) 

1986 1:12,000 
1985 1:40,000 
1982 1:24,000. 
1981 1:24,000 {photographically 

enlarged to 1 11 =200 I) 

1978 1:40,000 (photographically 
enlarged to 1 11 =200 I) 

1972 1:20,000 (photographically 
enlarged to 1 11 =200 1 ) 

1964 1:24,000 (photographically 
enlarged to 1"=200 1 ) 

1960 1:24,000 (photographically 
enlarged to l. 11 =200 1 ) 

1953 1:24,000 (photographically 
enlarged to 1 11 =200 1 ) 

1950 1:24,000 (photographically 
enlarged to 1"=200 1 ) 

1949 1:20,000 
1939 1:24,000 (photographically 

enlarged to 1"=200 1 ) 

erosion rate was, in part, evaluated by the cliff retreat 
based on successive photo evaluation and historical storm 
('l'able B-2, Appendix B) the effect of existing stone revet­
on bluff retreat rate was evaluated based on the annualized 

reduction in retreat rate after placement of rock when compared to 
the pre-1963 data. 'l'his information has been incorporated into 
the evaluation of our 50 and 75-year bluff retreat lines shown on 
Figure 1 in the main report. 
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Existing shoreline protection consists of rock revetments and 
walls. 'rhe re.vetments ml.ti.gate or nearly eliminate marine erosion 
at the cliff-platform junction (within the 75-·year period of 
interest) . 

Sections of the upper bluff with walls create a man-made bluff-top 
line at the top of the wall. Th.is line will not retreat unless 
the wall fails. Some walls at the site are expected to fail by 
undermining and/or corrosion if additional protection is not 
provided, 'rhis has also been .incorporated into the 50 and 75-year 
bluff retreat lines shown on Figure 1 of the ma.in report. 

6.0 BLUFF-TOP RETREAT LINES 

Estimates of the 50 and 75-year bluff-top retreat lines, shown in 
Figure 1 of the main report, were made by analyzing the effect of 
each bluff-top retreat process on each of the typical bluff 
profiles present at the site. An example of the transition median 
point is shown in Figure C-6. The retreat lines estimated from 
the analysis of profiles are generally not as far from the present 
bluff as the 50 and 75-year lines shown in Figure 1. An addition­
al margin has been added in some areas to account for the more 
limited data for modeling transition areas. 

Special study of the sea cave under the engineering trailer has 
shown the roof to consist of thick competent rock. 'l'herefore, 
this cave has not been assumed to collapse as have the other 
caves. 

Using Figure c-6, the bluff profile after 75 years of erosion was 
estimated by the following six-step method: 

1. The overhang was assumed to collapse, forming a vertical 
cliff. 

2. The Bay Point slope declines to 35 degrees by the process of 
slope decline. 
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3. At the same ti.me, the upper Point Loma Formation declines to 
54 degrees. In so doing, the contact between upper Point 
Loma Formation and Bay Point Formation retreats. 

4. The new profile on the Bay Point Formation i.s estimated by 
connecting the contact point determined in step 3 with the 
retreat point determined in Step 2. 

5, Marine erosion at the cliff-platform junction causes retreat 
along the contact between the lower and upper portions of the 
Point Loma Formation. The amount of erosion shown is approx­
imately 6 feet. 

6. '.l'he future profile of the 
estimated by connecting the 
with the point estimated in 

upper Point 
retreat point 
Step 3. 

Loma Formation is 
estimated in Step 5 

The method described above was applied to the typical Point Loma 
profiles for headlands, coves, and transition areas. In each 
case, the respective marine erosion rates and slope declim~ rates 
resulted in an estimated future profile similar to the present 
profile. The estimate.d similarity suggests that the estimated 
rates of marine and subaerial erosion are in a balance that will 
maintain the current profiles. 
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SECTION SUBJECT TO 
RILL WASH 

SECTION SUBJECT TO 
BLOCK FALL AND 
BLOCK TOPPLING 

SECTION SUBJECT TO 
BACKWEAR!NG BY 
MARINE PROCESSES 

POINT LOMA FORMATION 
(more resistant) 

PRESEt,,1T BWFF TOP 

I 75-YEAR BLUFF-TOP RETREAT LINE 

BAY POil'{T FORMATION 

POllvT LO~'AJA FORMATION 
(tess resistant) 

NOTE Numbered areas 1 through 6 in cross 
section refer to bluff-top retreat 
contributions described in the text 

CONTRIBUTIONS TO BLUFF-TOP RETREAT 
Project No.· 
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REINFORCED EARTH®: 
APPLICATION OF THEORY 

AND RESEARCH TO PRACTICE 
David P. McKittrick* 

This teclmical paper was presented as the keynote address at 
the Symposium 011 Soil Reinforcing and Stabilisi11g Techniques 
sponsored /Jy the New South Wnfes fnsiiture of Tec/1110/og_y ancf 
the University of New S011111 Wales on October 16, 1978 ih 
Sydney, Australia. 

In the eleven years since the fits! commercial use or Rein­
forced Earth"', over 2,200 structures have been completcw. 
These slruclures have included: retaining walls and bridge 
abutments for transportation applications; industrial structures 
including material processing and storage facilities; contain­
ment dikes for crude oil and liquified natural gas slorage; and 
foundation slabs and hydraulic structures such as seawAlls, 
flood proleclion structures, sedimentation basins and dams. 
Structures have been cmnpleled in all parls or the world in a 
variety of environmental settings; structures have been design­
ed for, and been subjected lo, a variety of loading conditions 
including static, moving and dynamic loads, thermal stresses 
mid hydraulic and seepage forces. The perrorrnance ol these 
structures has been closely monitored, either through gross 
observation or by precise inslrumenlalion. This experience has 
provided the opportunity to crmcally examine theoretical and 
applied researcl1, to compare predicted with actual perfor~ 
mance, to refine design procedures, and to improve construc­
tion methods and technology lo optimize economics. This paper 
reports on the present slate of lhe art from a practicing 
enginem's viewpoint and proposes design procedures Iha! me 
consistent with both basic soil and structural mechanics theory, 
as well as observed behavior of completed structures. 

INTRODUCTION 

In his "Stale-of-the-Art" address prepared for the Americrm 
Society of Civil Engineers (A.S.C.E.) Syrnrosiurn on Earth 
Reinforcement, our late colleague, Dr. Kenneth Lee ( 1 ), 
reviewed nol only the papers that had bear, subml!ted for pubU­
calion but also the status and rnsulls of research programs that 
he had actively directed, supported or reviewed during the 
siweral years that he and his associates had been involved in 
this topic. In his paper he listed several topics that he believed 
were in need of further study and advised caution in "drawing far 
reaching conclusions from !imiled'basic research data" (!his list 
is reproduced in Table I). A consclenlious reader or his paper 
might, however, be somewhat puzzled by what would appear lo 
be a contradiction contained therein; that is, his acknowledg· 
ment that "today ( 1978) the practice or using Reinforced Earth 
for appropriate geotechnical engineering projects is well estab­
lished, and rational design procedures have been developed 
and demonstrated on many successful projects" and his 

'Pmsldnnl, !ho Reinforced E~rth Corn"nr,y, W•shinglon, D.C. 

I .. • • ... ereinioraiiemiii. •• 

adrnonilion that" ... the behavior of Reinforced Earth is actually 
very complex and ... many more years will elapse before Ille 
basic mcdmnisms nro clearly established to everyone's SAiis· 
faction." The same conscientious reader must then ask from 
what sources do practicing engineers derive the confidence and 
experience lo design and construct clvil and Industrial wor~s 
using this new malertal, knowing full well that lhe failure of these 
structures could imperil the public s;:ifnty and cause significant 
economic disruption ,md monetary loss. These sources are, ol 
course, the same theoretical and experimental studies known to 
and reviewed by Dr. lee, augmented and interpreted in the light 
of experience with the design, construction and constant r.ur­
veillanco or actual rleinforced Earth slnJclures. In lhis pRper, I 
will atlempt to re--examine those several topics cited by Dr. Lee 
in llghl of actual field experience in the United Slates and other 
countries, in an attempt to demonstrate that F-leinforced Earth 
slruclures are designed on the basis or rational And usual 
engineering procedures and that, while certain behavior 
mechanisms may be complex, they slill may be explained by 
basic soil mechanics theory and appropriately conservalive 
parameters can be selected lo account for these behavior 
mechanisms in Iha design of actua.l slructures. 

Proposed by l<enneth L. Lee, 1 El78 

1. Sliding shear resistance between soi! and reinlorcing 
materra! 

2. FtmdarnenlA! behavior mechanisms and practical design 
parameters 

:1. Long term durability or corrosion ol reinforcing 
malerials • • 

4. Backfill ol cohesive soil or soil with fines 

Table I: Reinforced Earth Topics !or Further Study 
(Beginning with lhe most lmpo11nnl} 

Reflecting on the present st.ate-ol-the-a11 from a practitioner's 
standpoint and reviewing the amount of published data now 
available, I cannot disagree wilh the content or Dr. Lee's !Able. I 
would, however, rearrange and combine some of the topics. 
Table II contains n somewhat parallel listing of the fAclors or 
topics dealing with Reinforced Earth which are most imporianl 
from a design and perfonnance viewpoint. The order is derived 
not only from personal experience but also from the exnressed 
concerns of lhe engineers with whom wo deal on a daily basis. 

TECHNICAL SERIES • REPORT 79-1 



Eler:ause !hey are interrelated, I have chosen to discuss items la 
and b and 111 in sr3quence. The durability question will be pre .. 
sented last. nol becm1se ii is unhnportant, but because ii can be 
convenien11y separal!)d. 

I. Elasic Mechanics ol Reinforced Earlh 
a Stale of Stress In a Reinforced Earth Slruclure 
b. Friclional Re!alionship between Soil and 

Reinforcements 

II. Durability of Buried Metal l~einforcements 

Ill. Selection of Soil for Use in Reinforced Earth 
Structures 

Table 11: Topics of Major lmporlance to the Safety and Economy of 
Reinforced Earth Slruchares 

In F.tll projec1 specific discussions of F1einforced Earth, lhe firs I 
question asked is "how does it work?". Having explained that 
lhe basic working mechanism depends Oil ll1e efficient combi­
nation of metallic reinforcements and granular soi!, lhe engi­
neer's concern irn111ediately shlf!s lo the durability or service life 
question because it appears !hat most engineers, either through 
their work or educational experience, have concluded 11ml melal 
buried in H1e earth will corrode in a lirne period inversely propor­
tional lo their years of experience. Engineers believe they 
understand the concept of friction and !hey have Ar,pmenlly 
decided Iha! lhe complexities in data published by lhe re-· 
semd1ers are fhe result of bAd testing. They seern kiss inler­
esled in !Im se!eclion of llrn lmd<fill.believin91his question lo be 
one merely of economic concern. Before reviewing the status of 
research on the listed topics, ii is important lo understand the 
basic mechanics of the rnnleria! undm consideration. 

I. Basic Mechanics of Reinforced Earth 

The basic mechai1ics of fleinforced Earth were well under­
stood by Vidal and were explained in detail in his early publica­
tions. A simplification of these basic mechanics can be 
illustrnled by Figure 1. As shown in Figure 1 a, an axial load Oil a 
sample of grnnular malerral will result in laternl expansion in 
dense materials. Because of dilation, lhe lateral strain is more 
than one-half the axial slrain. However, if inextensible horizontal 
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Fig 1: Stale of Stress in Reinforced Earth 

reinforcing elements me placed within lhe soil m;:iss. AS shown 
in Fi9ure 1 b, these reinforcements will prnvent latmal strain 
be?auso of friction between the reinforcing elements nml the 
srnl, m,d the behavim will be as ii a lr-iternl restrnlninu force or 
load had been imposed on lhe element. This equivalent l;iteral 
lorid on the soil element is eqrnil to lhe emlh pressure RI rest 
(K0 ,rvl• Each element ol lhE! soil mmis is acted upon by El IRternl 
stress equal l<.0 ,rv. Thetefore, as Ille vertical slresses incte<1se, 
the horizonlRI reslrnining stresses or lnlernl forces also incrf!ASP. 
in direct proportion. Tilus, Im any vahtP. of !he angle ol inletnal 
friction, ,f,. nornrnlly associated wilh wanular sons, the stress 
circle lies well below the rupture curve at all points. F;;ii!ure can 
occur on!y by loss of friction between the soil and lhe reinforco­
rnenls, or by tensile failure ol Um reinforcements. This hmda­
menlal principle WiJS examined and confirmed by Schlosser and 
Lot11:-Je (2), Hausman (3) and others. Theoretical re!ntionships 
were developed b0.lwee11 the spacing and tonsile reslstc111r:e of 
the reinforcements and lhe increase in "anisotropic pseudo­
cohosion" of the reinlorced nm1erials. Finding conclusions from 
lhis 0.arliet· resemch resl.riclive of widen npplk:ntinns or omlh 
reinforcing, Bassell and Last (4) have lwlher lnvesligated this 
concer,t with analyses of a non··cohesive soil reinforced with a 
uni-directional reinforcernen! system subjecled lo pl,me strnin. 
Using a Mohr circle of strnin rah\ Figure 2a, the investigators 
have determined the direction of lhe nrnjor and minor principle 
strains, "1 and 1:3, and also the direction of the zero strain 
planes, it and fl, which define an me segment conlnining the­
minor principle slrnin direction <c3, within which all normal strains 
would be tensile and reinforcement horizontal in line with the 
maximum principle tensile strain. This direction is usr~d in act11al 
lleinlorced Enrth retnining WHlls. Ft\1llH-J 3b shows thn ellecl 011 
lhn sa11ic 0lrni11 lidds and rolcnlial lnihnn plm1cs wl11m mln­
forcntnents are inset ted in the soil matrix in a dirnction para!lc1I lo • 
r:3. Since the modulus of the reinforcing material is generally 
vnry much greater 111cm that or th0 soil mid rn, efficionl lricliomil 
bondin11 occurs be1ween the soil mn!rix find Ille reinforce111enls, 
the direction of lhe reinforcement must be e1ligned wilh one ol 
the zero extension characterislics. ne!erring to Fit1ures 2h anrl 
3.-t, lhe f-l ctiarnctetlstics of a composite material would !Jo 
rolAled to become very nearly horizonlal and the " charnc­
terislics are forced lo follow. The potential rupture or failure 
meclianisrn would also altmnpl lo re-align with lhese new 
charnclerisltcs. Such a re-alignment is in substantial conformity 
to lhe locus of maximum tensile strains measured in several 
full-scnle structures, Schlosser el al (5}, Figure 23. Vidal 
assumed thal !his cornposile material r:ould be used lo construct 
a coherent gravity structure, and thnt the properties of the 
slrncture would be similar lo !hat of the theoretical and experi­
menlal models. Certainly, empirical adjuslmenls would have lo 
be made to ar,count for horizontal and vertical discontinui-ly ol 
the reinforcements. Adjustments would also be made lor 
boundary conditions at the lacing of the slructure, point and 
magnitude of applied loading, foundation conditions, thrust ol 
lhe backfill and other project-specific conditions. 

·inmost research prournms hwolving a study of the mechrmics 
of rnater-inls, a fl1t1darnenlal behnvior or failure mechanism is 
assumed. All sludies thereafter build from that i11iliril hypoth; 
osis. Exroriments me designmJ'ln examine properlifm or indi­
vidu,:11 cornpommts of the rrn'llerial, m1d very olten many ynars 
are spent trying lo rationalize and rnudify data lo fit lhe iniliat 
assumption. Such has apparently been, and unfortunately con• 
tinues to be, the case with Reinforced Earth. Many rnsearchers 
have embarked on extensive research programs usinrJ the 
hypothesis that Reinforced Earth structures. in particular retain­
ing slruclures, are ana!onous lo lied-1.mck walls. Thn liferature 
on Reinforced Earth is replete wilh rnferences to "lie·-forces:• 
Ranl<ine fnilure planes, and othor topics relovan! lo tlm a11Alysis 
and clesign of anchor systoms. These conscientious investi-
9alors have apparently ne~Jlected or misunderstood the basic 
111ecl1anics of the rnaletial or the slgnllicant and suhslanlial 



documentation that has existed for several years that should, 
when seriously consic:lered in the light of actual structural per­
forrnance, eliminate the lie·back or anchor approach as a 
conceivable failure mechanism. Before inveslirJating structural 
behavior in more detail, I believe it ls useful to compare lhe two 
hypotheses, i.e., composite material and tie·back, to determine 
ii, in fact, they are so different. 
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Fig 2: Mohr Circle of Strain Rate 
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Fig 3: Strain Field Orientation-Cantilever and Reinforced Earth 
netainlng Walls 
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Fig 4: Design Hypotheses for Reinforced Ear1h Walls 

Figures 4a and b detnonstrate !he significant differences in 
fundamental dirner'lsions and stresses which can be obtained 
by use of the design procedures 0l'dinarily used for the two basic 
mechanism theories. (The derivation of the design procedure 
and dimensions lrom U1e "coherent gravity structure" hypoth­
esis will be developed later in this papnr.) 

For the same ear1h pressure coe!licients, the use of Vidal's 
approach would require more reinforcements lo resist the 
higher calculated stresses; but lhe required length of the rein­
forcements would be shorter ll1an thal calculated by the anchor 
theory. neterrinrJ briefly to a published case study reprnied by 
AH lussaini (6}, Figure 5 demonstrated !hat use ol lhe "coherent 
gravity structurn" analysis would have predicted a consmvalive 
and safe design. It would not havr.;1 been necessa1y to rely on 
empirically adjusted values. 

Fig 5: Measured Lateral Pressures W.E.S. Wall 
(after At•llussalnl, 1976) 

With the potential for calculating divergent answers to the 
irnporlant questions which govern safety and ecnnotnics, it is 
important to determine what hypothesis can be supported by 
fic~ld experience. Unfortunately, we have convincing answers lo 
this query. Field experience strongly supports the coherent 
gravity structure theory, as denionslrated by gross foundation 
failures under structures al Aguadilla, Puerto Rico, and 
Floseburg, Oregon. 



Al Aguadilla a nine-meter high retaining structure, presum­
ably founded on tock, was instead constructed on a compacted 
structural fill placed on a clay foundation. Unknown lo The 
r--leinforced Ea11h Company and in violation of the specifications 
of the Puerto Rico Department of Public Works, the rmindalion 
had not been benched and so it sloped down and away from the 
rear of the slructure. The backfill used to construct the structural 
fill and wall was a clean, unlform beach sand and the fill within 
!he wall was compacted by ponding. As the stI1Jcture neared 
complel!on, lhe reduced shear strength of the s,ilurated and 
presumably rernolded clay foundation was not surricienl to resist 
the mobilizing force of the mass, and the structure moved out­
ward as a unit approximately two meters. The wall face 
remained essenlially vertical during wan movement and no 
struclural distress was evident in the preens! concrete panels. 
The struclure remained coherent, and ii was possible lo dissas­
semble the structure and salvarie all wall panels without danger 
to the workers. The initial and final locations of the structure are 
shown in Figure 6. Photographs tnken berore and after sliding 
occurred are shown in Figures 7 and B. 

Fig 6: Movement of Structure at Aguad11la, P.A. 

In Roseburg, Oregon, a 10-rneter high Reinforced Earth re­
taining wall I·,ad been constructed lo reduce the amount of fill 
required for a highway embankment and to prevent encrnach­
ment of the embankment on a river which paralleled the high­
way. A cross-sec lion showing the wall and its relative position in 
the embankment is shown in Figure 9a and b. As lhe embank­
ment Bbove the wall was nearing completion, a slide occurred al 
ll1e wall location. The slide railure plane, which was positively 
identified through continuous sampling, and by lhe use o_f 
inclinometers, passed behind and beneath the slructure. Tt,e 
lop of tlie f'~einforced Earth wall was displaced seven rneters 
horizontally and lhe wall dropped approximalely 3. 7 meters 
vertically. The final location of the wall and !he location of the 
slide plane are shown in Figure 10. Remedial measures are also 
sl1own. In spile of these large movements, !he structure 
remained intacl AS shown in Figures 11a, band c. Subsequent 
analysis revealed thal the slide was caused by overstressing the 
weak foundation soils located approximately six meters below 
tile base of the wall. 

Fig 7: Aguadllla Struclul'e Befom Movement 
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Fig 8: Aguadllla Structure Arter Movement 



In its report on the Roseburg landslide, the Federal Highway 
Administration (7) ccmcludes, " ... It should be emphasized that 
the subjed problem was a landslide problem and not a _Rein­
forced Earth wall failure. Unfortunate as it was, the sllde did 
provide a dramatic full-scale tesl or a Reinforced Earth wall (the 
first we know of in the world) and demonstrated (1) the Internal 
strength of a Reinforced Earth structure and (2) that· a 
Reinforced Earth wall does, in fact, perform as a (coherent) 
gravity strncture." 
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Fig 9: Position of Reinforced Earth Wall Before Slope Failure 

Fig 9: Roseburg Slructure before Movement 

In other cases, when Reinforced Earth structures have 
experienced important and expected settlements, careful 
measurements have confirmed that the reinforced volumes 
reacted as coherent masses. 
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Fig 10: Roseburg-Coos Bay Highway Oregon Route 42 

In light of substantial theoretical analyses supported by actual 
field performance, it seems reasonable to adopt the coherent 
gravity structure theses as a basis ot design and to re-examine 
experimental data derived or interpreted on the basis of a "tle• 
back" or anchor wall failure mechanism. 

{a) State of Stress In a Reinforced Earth Structure 

The essential calculation in designing Reinforced Earth struc­
tures is the calculation determining the lateral or tensile stresses 
.which must be resisted by the reinforcements. Overstl'ess could 
promote tensile failure of the reinfo(cement which In turn would 
produce a catastrophic structural collapse. The calculation 
regarding the sliding shear resistance between the soil and 
reinforcements Is less critical since slippage will causEt only 
re-distribution of stress and a slow defonnation of the mass. 

Instrumentation of Reinforced Earth structures has shown 
that the slate of stress within these structures varies and cannot 
be consistently predicted using, for example, a sfngle ea11h 
pressure assumption adjusted as required lor the effect of the 
thrust of the backfill. Schlosser (B) has previously reported in 
this conference a summary of earth pressures calculated from 
·strain gauge measurements made in actual structures. This 
data, which is repeated in Figure 12 and is consistent with 
Vidal's early qualitative observations, as shown in Figure 13, 
can be explained by the relationship between the critical void 
ratio and applied stress. Studies such as those by Castro (9) 
have shown that the critical void ratio decreases with increasing 
stress. Accordingly, relative extension of the soil compared with 
tile reinforcing strips becomes less for higher walls with their 
corresponding higher stresses. Thus, for higher structures the 
effective lateral stress is reduced and approaches an active 
state. 
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Fig ·11: Roseburg Structure after Movement 



The elfect of the Faclor of Safety in designs is lo move the 
Mohr circle away from the failure envelope, In effect designing 
for a coefficient of earth pressure K, greater than the active 
coefficient Ka, 
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Fig 12: Earth Pressure Variation In Reinforced Earth Structures 

This phenomenon was reproduced experirnenla!ly by 
Hausmann (10) and he reports similar observations during 
measurements of full-scale structures at Dunkirk, Thionville, 
and Granton. 

The empirical distribution shown in Figure 14 has been 
developed to conform lo observed stress distributions in i::iein­
forced Earth structures and is consistent with resulls of lheornl-· 
ical analyses. 

(b) Frictional Relationship Between Soil 
and Reinforcement 

Having detem1ined appropriate conservative values for lhe 
horizontal stresses in a Heinforced Earth mass and propor­
tioned the cross-section and horizontal and vertical spacing of 
tile reinforcements therein, the designer must sal.isfy himself 
that the horizontal stress can be effectively and efficiently trans­
ferred lo these reinforcements. The designer must also be able 
to predict, within certain limits, the margin of safety available in 
the completed structure. 
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Fig 13: State of Stress In II Reinforced Enl'lh Wall (11ner Vidal, 1969) 
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Fig 14: Earth Pressure Distribution In a Reinforced Earth Slructure 

Equations governing the frictional relationship are presented 
in Figure 15. 
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Fig 15 

The solution of equation (2) in Figme 15 requires not only 
knowledge of the geometry of the structure, but also the selec;­
tion of appropriate values for the apparent friction coefficient, f', 
the elfeclive length of tile reinforcement, Le, and lhe earth 
pressure coefficient, I<. Let us examine lirsl !he apparent friction 
coefficient. 

(b-1) Apparent Friction Coefficient, f•. 

The topic of sliding shear resistance between lhe soil and 
reinforcements has been the subject of numerous research 
studies in several countries. These studies have produced 
abundant data that mi first examination are difficult to explain 
but will, after more detailed scrntiny, generally yield to the usual 
concepts or Iha shear strength properties of granular materials 
and sliding friction between materials. Several types of tests 
have been used to measure the value of r. These include: 

( 1) Direct shear (sliding shear) tesls between soil and rein­
forcing materlal--model and prototype scale. 

(2) Reinforcing strip pullout from a Reinforced Emth wall­
model, prototype and full scale. 

(3) Reinforcing strip pullout tests from embankments. 

(4) Reinforcing strip pullout tests from a rigid moving wan­
model scale. 

(5) Reinforcing strip pullout lesls during vlbralion---model 
scale. 

Of all !he testing procedures used, the direct or slfrling shem 
lesl is the one most available to prnclidng engineors !01 the 
evaluation of design parameters. Other tesllng procedures re­
quire more specialized equipment, and generally involve higher 
cost which may not be justified by either the size of the project or 



the economic gain thal may result from more refined and exten­
sive data. From a desi{Jner's standpoint, therefore, it is impor­
tant lo know If direct shear test results can be used with 
reliability. Let us first generally examine the results of the other 
testing programs. In the following discussions, the terms 
"apparent friction coefficient,'' ''pullout resistance," and "shear­
ing resistanc,~" will be used interchangeably to describe the 
frictional bond between soil and reinforcement. 

Reinforcing strip pullout tests in the laboratmy and in full-size 
structures have shown the peak and residual shearing resis­
tances to be dependent on the density of the soil, 11-1e effective 
overburden pressure and the geometry and surface roughness 
of the reinforcements. Some typical results from field pullout 
tests are shown in Figures 16 through 19a, b and c. 

tonulh ol lhe Reinr,m,mnaol 

Fig 16: Pull-out Tests: App'arenl Friction Coefficient (Influence or 
lhe Leng th of lhe Reinforcement) 

Dala from field pullout tests have shown the shearing resis· 
lance developed by reinforcements to be directly proportional lo 
length, ~lesulls lrorn both the Satolas ( 11) and Highway 39 ( 12) 
tests show that the apparent coefficient of friction reaches a 
maximum value at a strip length of about eight meters, For 
lon9er lenfJlhs, strips experience ductile flow and, therefore, the 
!fisting procedure is no longer relevant to the determination of 
the sliding shear resistance. • 

The surlace roughness has an obvious mw! 1ong•understood 
effect on the sliding shear resistance. Schlosser and Vidal ( 13) 
reported results of direct shear tests perfqrmed on samples of 
leucate and calcareous sand sheared along, and in contact 
with, smooth and roughened reinforcements. The results of 
these tests are shown in Figure 20, Exarninati.on ol the nJin­
forcernenls alter shearing revealed striations on the smooth 
strip oriented in the direction of the displacement. This is evi­
dence Illa! sliding of the soil particles along the strip had 
occurred. Examination of \he mughened reinforcement did not 
reveal such striations, evidence that. shearing had tal<en place 
along a soil-soil interface. Examination of the high adherence 
reinlorcernen\s now in use tested in prototype direct shear and 
full-scale lield pullout tests reveals similar evidence. Thus, It is 
reasonable to assume that the use of reinforcements with 
approprialely dosigned surface roughness can result in an 
apparenl hfolion coefficient approximately equal to ttie shear 
strength of the soil as determined by dirncl sI·1ear or sliding 
shear tests. 

T(daN) 

2000 --

1500 

IUOO 

--0.·.,:::,:IM•II 

li111111 

Tan,(4•.1_ .. ,_~~-S1mx11h Strip 6Dx:J mm 

----~-----------

10 15 20 25 

I' 

I -,:; 
LL 

Dlsµlacomen1 

Fig 17: Pull-out Test lr1 Reh1forced Earth Walls (lnrtuence of the 
Nature of the Strip Surface) 

The relationships shown in Figure 19a, h and c are calculated 
using the expression T = tr v Ian 'I' • 2bL to determine the 
apparent friction coefficient I' (i.e., I' = tan '11). As shown In 
these Figures, frictional values exceed those which could be 
calculated using a value of 'l' or cf, determined by direct shear 
testing procedures. Since these results could strongly Influence 
overall safety and economy, it is important to determine if they 
are a function of the testing procedure or in fact represent a 
phenomenon which can be expected in the performance of 
actual structures. To mom easily understand the influence of 
density and overtJurden pressure on a Reinforced Ea.th mass, 
let us first examine the influence of these parameters on the 
shear strength of a granular material. Figure 21 shows the effect 
of density on the stress-strain-volumetric relationships in gran­
ular soils tested under drained shear conditons. Dense sands 
1~xhibit a high peak devialor stress at low strains, and a residual 
deviator stress, less than the peak stress, at high strain. lhe 
dense material expands, or dilates, during shear. The loose 
sand exhibits a much lower deviator stress, no peak value, and 
a volurnellic contraction or compression du1ing shear. A further 
insight is gained by examining the same stress-strain-relation­
ships during undralned shear where no volume changes are 
allowed to occur. This restriction ol volumetric expansion is a 
condition llke that which exists in an actual structure. The un­
drained relationships are shown in Figure 22. The negative pore 
pressures which are induced in a saturated sample during shear 
may be used qualitatively lo estimate the apparent increase in 
overburden stress when volumetric expansion in unsaturated 
samples (or structures) is not allowed to occur (a localized 
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condition). Higher densities can, thererore, increase the nom,al 
stresses acting on the strip and the apparent coefficient of 
friction, at least in those ranges or overburden pressures where 
the soil will be dilalant (i.e., void ratios less than lhe critical void 
ratio). Test results which indicate lhat at high density the values 
of the apparent coerticient of friction are much greater than the 
value of tan 111, as determined in direct shear results on soil-strip 
interface, can therefore be rationalized by laking into erfect a 
factor lo allow for the dilatancy or the soil. (In recent. tests where 
volumetric expansion was not allowed to occur during direct 
shear tests, calculated values of 'I' were 10-15 degrees higher 
than tests where free expansion could occur.) 

An interrelated phenomenon is the effect of the overburden 
stress on the apparent friction coefficient. To gain insight Into 
this, let us investigate the effect of nonmd or overburden 
stresses on lhe shearing resistance of granular soils. 
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Figure 23 contains a display of peak stress rntios delellllined 
from 60 mm square direct shear box tests and BO mm squ1tre 
plane strain compression samples compacted to a relative 
density of 0.70 (17.0kN/M2} (14). Al small normal stresses 
(--20kN/M2) the peak angle of shearing resistance is approx­
imately 50", but this drops lo 42" as the nomud stress rises. Peak 
results fton, direct shear test and plane compression test rf?sulls 
are significanlly greater than 33~. I.he ultimate strength deter­
mined after the peak in direct shear tests and from loose slope 
angles (14). These results ate consistent with the resull.s of 

,, 
d 
-~ 
.9. 
0 
> 

;;; 
"'· -< 
{:' 
T 
.f 
m 
m 

~ 
~ 

.e .. 
;; ., 
a 

,\ 
t,. 
I 

(ti) l)p11~fl ,;;;anrl h~lme 
c.hr,1t111r, 

~hJ p,..n,.e !",rmd ~~p,111dmR 
drnm~ ~h':'m 

/I 
t, J 
I 

(r) l,m,11o~ ,;.;111f! f,1~kur. 
5l,r:i-;11i11r, 

(1/J l nur;.p r...11,rl 1·n,11pl"'G~ir1p, 
cfw ing ~.11,ic11 

0.Bn 

0.15 

0.10 

0.65 

o,r,o 
0 

!20 

100 

80 

60 

~o 

20 

0 
0 

Ellccts of shearing orlvolume ol g,anulm sol ls. 

··;-·· ... -r. J---
·- -t-,_ ---

DP.11s-P. '!;IUHI 
ro-0,64 -

? Cm1l!mmuc-; 
rlt1f,11mnli,m :11 

,cnnc;,[;=1111 vohmrn 

5 10 15 20 25 .lO 35 ~O 

0eMe sa11d 

---- ---':."!'--- --· -- ......... _ 
'· Loose sar1d 

- . . . - -- - . 

5 10 IS 20 ;; JO 35 ~O 
l\itii!-I ~,rain, riP.r ri1rnt 

Fig 21: Effect of Density on Stress-Slniln-Volume nelatlonshlp!I In 
Granular Soils. Oraloed Shear Tests, (after Leonards, 1962) 



Ponce and Bell (15), who report an angle of shearing resistance 
increasing wm, the reduction of normal stress, and with 
Cornforth (16) who established that peak (strength) angles wlll 
exceed ullimate angles by up to 17" in a typical dense sand in 
plane slrain. 

As soils used in Reinforced Earth structures are (1) granular, 
(2) subjected lo low strain levels, (3) normally stressed in plane 
strain (except under point loads) and (4) compacted to relatively 
high densities, II is reasonable to evaluate their static pertor­
mance in a reinforced state using peak values determined in 
plane strain compression tests adjusted as required for. the 
appropriate overburden conditions. Using such assumptions, it 
is possible to ralionalize the values of I', shown In Fit1ure 19, 
with soil mechanics theory. 

For example, Schlosser (8) reports the average of residual 
and peak values fort· equal to approximately 1.35 for pullout 
tests of smooth reinforcements in fine sand with an ultimate 
strength ,f, <= 35°. If we assume a 30 percent lncrease in normal 
stress due to the effect of restrained volumetric expansion, a 
value of 53° Is calculated, a peak strength result consistent with 
Cornforlh's observations. 

The factors affecting sliding shear resistance are thus seen lo 
be at least quaHtatively consistent with basic soil mechanics 
theory. A lrnowledgr~ of the density, shear strength, void ratio 
and strain stale is, therefore, important in selecting the value of 
f' to use in design ol actual structures. II is also important to 
consider the nature of the reinforcement surface. 

For smooth reinforcements, the value of r• obtained in direct 
shear tests, selected al strain conditions consistent with antici­
pated structural performance, should be used. In most cases 
this value will be equal lo the residual sliding shear value (!ah w). 

For reinforcements wil/1 deformations or transverse ribs, such 
as !hose shown in Figure 24, values of f' consistent with soil 
parameters adjus!ed for the effects of plane compression, dila• 
lancy, and ovmburden pressure can be used with confidence. In 
tile case of smooth strips, the soil-strip friction characteristics 
will control behavior; in lhe case of ribbed or roughened strips, 
Hie soil-soil characteristics will most often control. 

Axial slrain, ,ier cent 

Fig 22: Undrained Shear Tests on Very Loose and on Moderately 
Dense Saturated Sand. (After Bishop and 1-lenkel, 1957) 

(b-2) Effective Helnforcement Length. 

Analysis of Reinforced Earth structures has shown that the 
tensile stress in the reinforcements of a structure is not 
maxirnurn at Ille facing, but al a distance behind the lacing. As 
shown in Figure 25, tile locus of the points of maximum tension 
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Fig 23: r Irr on Plane of [ r /ir] Peak (Bolton et. al., 1978) 
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Fig 24: Ribbed Strips 

define two zones within the structure: n,r1 active zone in which 
the shearing stresses exerted by the earth on the reinforcement 
are directed outward, towards the facing: and a resistant zone in 
wt1ich the shearing stresses are directed towards lhe free end of 
the reinforcement. The boundary of this "active zone" varies 
wil.11 tt1e type of structure, the foundation soil, and the location 
and magnitude of applied external loading. 111e boundary of the 
active zone, as detorminod by instrurnenlalion of full-scale 
structures designed in accordance with working stress princi­
ples, as well as the boundary determined by theoretical 
procedures as previously reported by Schlosser (8) in lhls 
conference, can be enveloped by lhe straight lines shown in 
Figure 25. 

This boundary is qualitatively consistent with hypothetical 
ideal distributions of shear stress along reinforcing strips 
presented by Hausmann (10). This graphlcal illustration is 
reproduced in an extended Imm in Figure 26. The ideal rein­
forcing case can be symbolically represented by Vidal's paper­
reinforced rock pile, Figure 27. Here, an particles are in contact 
with 11,e reinforcements and shear is a maximum at the center. 
ln an actual Reinforced Earth wall, the discontinuity ol the 
reinforcements, the soil loading imposed on !he lacing by the 
conslruction procedures, the sllffness of the facing, and other 
factors cause the redistribution of stress shown. 



Fig 25: Tensile Forces Distribution Along the Reinforcements 

(b-3) Design Procedures. 

Based on these foregoing discussions, it is possible to form­
ulate design procedures to adequately (and safely) proportion 
the reinforcement surface area. This pr0<::edure is shown 
schematically in Figure 28a and b. For granular backfills (com­
pacted lo at least 90 percent standatd Proctor densily) and 
ribbed reinforcements, lhe use of values for I' indicated in lhe 
figure can be supported by empirical data. However, one may 
also select a value of f' S=, tan rt,' (peak stress determined from 
plane compression tests) FJpproximately adjusted for the effects 
of dilalancy. For nondilatant soils, a value for r = tan ,1, (direct 
shear test value) should be used for both ribbed and smooth 
reinforcements. Appropriate sarety factors should be used. 
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Fig 26: Hypothetical Ideal Dislrlbutions of Shenr Stress Along 
Reinforcing Strip & Tie-Back (after Hausman, 1978) 

II. Selection of Soils For Use in Reinforced Earth 
Construction. 

Three principal considerations which influence the seleclion 
of soils for use in Reinforced Earth structures are: 

(1) Long-le1m stability of the completed structure 

(2) Sho1Herm (or construction phase) stability 

(3) Physiochemical properties of the materials. 

It is evident from the previous discussions that granular soils 
compacted to densities that result in volumetric expansion 
during shear are Ideally suited for use in Reinforced Earth 
sln.rctures. Where these soils ate well-drained, errective normal 
stress transfei between tho strips and soil backfill will be 

immediale as each lift ol bf!cldtll is placed, and shear slrength 
increase will not lag behind vertical !nading. In the range of 
loading normally associated with Reinforced Enrth structures, 
granular soils behave as elastic maleria!s. Therefore, for struc­
tures designed at working stress levels, no post-consltuctlon 
movements associated with internal yielding ot readjustments 
should be anticipated. 

Fig 27: Idealized Reinforced Mass 

On the other hand, line-grained rnateIials ;irn not especialy 
suitable ror Reinforced Earth struclurns. Ttmy are normally 
poorly drained. and effective stress transfer wi!I not be immedi• 
ate, thus requiring a greatly slowed construction schedule or an 
unacceptably low factor of safely in tho conslruclion phase. 
Fine-grained materials oflen exhibit elaslo-plastic or plastic 
behavior, thereby increasing the possibility ol posl-contruction 
rnovernenls. In addition, if a significant potUon ol the strength of 
the line-~Jrained material is derived from i!s clay conl!mt, the 
rational design procedures used horetnfore to evaluitle ll1e 
sarety of the structure will not be applicnble. Wi!h such sharply 
contrasting performance, ii !s necessary lhen to dnline denrly 
the boundary between granular and fine-grained soils, as this 
boundary or limit applies lo Reinforced Earth construction . 
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Writers of the first specifications for Reinforced Earth projects 
(inGltJding, of course, Vidal) clearly understood the shear 
strength, density and dilatancy relationships and specified 
clean granular materials for use in all structures. Fleflecting on 
lhis, it is interesting lo note that by specifying such a material, 
they virtually eliminated from concern such problems as drain­
age, corrosion and post-construction movements. The first 
specification published by the U.S. Federal Highway Adminis­
tration in 1974 was derived from the early French specification 
and allowed the following limiting gradation: 

Sieve Opening or 
Screen Size 

10 inches (254mm) 
4 inches (101.6mm) 

No. 200 (75 J.J m) 

Percent Passing 
(By Weight) 

100 
100-75 
0-15 

Table Ill: Specification for Select Granular Backfill Material from 
F.H.W.A. Specification FP-74(17) 

In addition, the specification furt11er required that all backfill 
material exhibit an angle of internal friction of 25 degrnes as 
delerminecl by standard triaxial or direct shear testing melhods, 
This caveat was added In recognition of Ille fact that many 
gravels in the western part of the United Stales am highly 
degradable and normal desi.gn assumptions would not be 
applicable to them. The specifications were appropriately con­
servative given Ille slate-of-the-art at the lime they were pub­
lished. However, as more experience wilh actual structures was 
t1ained and as the results of theoretical and applied research 
were analyzed, it became evident that a significant relaxation 
and broadening of these specifications could be done safely, 
thus extending !he spectrum of usable rnaterials and further 
improving the potential for economy to users of the system. 

From 1970 lo ·1974 an extensive research program was 
carried out by Schlosser and long (18) lo study the relationship 
between the fine·-grained portion of a soil and the development 
of Ille angle of internal friction. In this study two types of soil test 
were conducted: (1} an artificial soil made with a mixture of 
glass balls and powdered clay and (2) mixtures of natural soils, 
Saturated soil samples of both types with varying amounts of 
fines were tested in a direct shear box. Results were conclusive 
in demonstrating lhat the parameter controlling shear strength 
is tt1e relative volume of !he fine-grained portion to the granular 
portion. Some typical results are shown in Finure 29. Additional 
tests have shown tha1 the grain size which separates 1110 Hne 
grained portion from Ille granular portion is 1511.. 

While this theoretical research was carried on, several pro­
jects were constructed usinrJ materials which dilfered from the 
ori~1inal specification in the amount of fines passintJ the 751t 
sieve. These materials were typically nonplastic residual soils 
such as H1ose derived from decomposed granites and rnela­
sedimentaiy fonnaUons htgh in quartz and mica content 
(schistose and schistose gneisses of the Piedmont Plateau). 
Fino content (percent !Feater than 7511.) varied lrorn the allow­
able 15 to as rnuch as 40 percent. This field experience was 
generally favorable but dld require the designers to focus more 
clos~1ly on quesHons of short-term stabilily, and to develop 
construction procedures necessary to effectively incorporate 
soils wilt, higher fine contents inlo Reinforced Earth structures. 
Two examples illustrate this point. 

At Cove Point, Maryland ovor 800 linear meters ol sin9le and 
double-faced Reinforced Earth containment dikes 3 to 5 meters 
high were constructed using sandy silts, wilh as much as 40 
percont pnssi11n n rfiJI scrncm. Exlonsive lnbornlory lusts wcro 
conducted lo evaluate Ille apparent coefficient of friction be­
tween tho aluminwn reinlorcernents and the sandy silts. Thl~se 
le➔sl results were used to determine safety faclors for the com-

pleted structures, which were designed with the usual wo1king 
stress factor or safety allowed by U.S. practice. Wall backfill had 
previously been excavated and stockpiled at future lank loca­
tions. During construction of the walls, wor-k was stopped for one 
week due to heavy rains (which eventually totalled 25cm for the 
week) after which construction was immeclialely re-started. 
Backfill was brought to tile waif location with 25cu meter self· 
loading scrapers. Two days after construction had resumed, 
outward deflections were noticed in several areas along the 
dikes. Construction was stopped so that the situation could be 
assessed. • 
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Fig 29: Evolution of the Angle of Internal Friction and Cohesion 
(after Schlosser and Long, 19741 

At another project along lrllerslate Route 70 near Vail, 
Colorado, a similar !Jut slightly more dramatic episode occurred. 
The construction of lhe highway through the highly scenic Vail 
~"'ass in the Colorado Rockies required the construction or 
approximately 27,000 square meters of retaining wall to control 
embankment encroachment on streams and wilderness areas. 
Of the total, approximately 75 percent or 20,000 square meters 
were f=leinlorced Earth structures built using conventional, as 
well as curved panels. Wall heights varied lrom 3 to 26 meters, 
and walls were built vertically in a single step or in Hers. Typical 
structures are shown in Figures 30 and 31. Due to the short 
construction season, contractors often worked 20-24 hours per 
day on a six-day work schedule. Wall backfill was a decom­
posed granite with up to 25 percent passing a 75/t screen, the 
normal requirement for structure backfill in the Stat.e of 
Colorado. Early in November of 1975 as the contraclor was 
nearing completion of a Reinforced Earth structure, a section of 
wall 300 feet long lilted outward during placement ()f the hack fill. 
Some panels were cracked and brol<en, and the reinforcing 
strips had obviously been drawn out of the fill. As in the case at 
Cow} Point, construction was halted and an invesligalion 
undertaken. 

The two cases are, quite obviously, related to the wal!n 
content and loading condilions of the soil which was placed 
within the F1einforcecl Earth struclures. At Cove Point, the 
loadin9 from the scrapers was far greater than the loading 
considered in static wall desigi1s, This increase tn overall load­
ing, combined with a temporary decrease in shear stren~Jlh 
caused by the higher waler content and poor drainage charac­
te rislics of the soil, combined to create a marginally stable 
situation. Thus, outward movement of the panels occurred. 
noview ol lllo calculations showed no problem with ton{J Imm 
stability, and construction was allowml to conlinue arter the soil 
had dried out and lighter equipment was brought in. Conlinutng 
observation showed no further rnovemenl of the walls. 



Fig 30: Vail Pass-Tiered Wall 

Fig 31: Vall Pass--Slandatd Panel Wall 

Al Vail Pass, investigations revealed that the ril!ing operntion 
had been inlennittenlly shut down for several days prior lo the 
wall deflections due to snow and freezing temperatures. It was 
not possible to determine ii the contractor had cleaned, scarified 
and recotnpacted the fill surface aner filling operations 
resumed. However, samples taken in several locations in the 
ernlmnkment and wall alter tile failure, showAd water contents 
of 6 lo 8 percent over optimum. It wns, therefore, mm;omible to 
deduce thal high porn pressures were created in the wall backfill 
under the influence of tile heavy haul equipment. Shear stren­
gth, as well as sliding resistance, were drastically reduced and 
the panels moved outward virtually without restraint. Al Vall, the 
affected poriion of the wall was removed, and construction 
resumed with proper attention lo compaction water con lent. To 
completely eliminate such occurrences in !he future will proba­
bly be impossible. However, if specifications are· correctly 
written, many slmi!ar problems can be avoided. 

Drawing on these and other experiences, as well as an 
understanding of the basic mechanics of Reinforced Earth, ii 
has been possible to define a wider spectrurn of materials 

suiti'lble for use in Fleinforced Emlh s!ructures. These broHder 
limits are shown in lhe new F.H.W.A. specification which will bo 
issued al the end of 1978. 

---- -··-·-·····--·· ...... --·-···-·-·---·--···---··-··---

Sieve Size Porcenl Passing 

~ 100 
3" 75-100 

No. 200 0-25 

and P.I < 6 

OR if pmconl passing No. ?00 ls i:irnn!m thm1 
25 pen:rml. and percent finer Ihm, I 5 p is less 
than 15 percent, material is acceptable if 

~ ,-30" as determined by A.I\SHTO T-236 
P.I. <6 

Table IV: Minimum Specllicnlion for Select Backfill (Adopled by 
F.U.W.A., 1978) 

When I.he percent finer lhan 75,, is greater l1rnn 15 percent, 
special attention to moisture-density relationships is required. 
The compaction specifications should include a specified lilt 
thickness and allowable range of moisture content above and 
below optimum. Special atlenlion must also be locustid on 
design details such as internal and external drainage. 
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Fig 32: Large Direct Shear Box with Creep Test Setup 

The broader specifications sliU mslricl the spectrum ol surt· 
able materials lo !hose which r1re non-rlaslic and whoso 
defonnaliOfl properties will be essentially elastic in the normal 
load ran~Je ol Fleinlorced Earth slructures. Even assuming that 
a rational design procedure could be developed lor cohesive 
soils, we believe that the potential lor lmge post-construction 
rnovernenls due to creep would be significanl. A laboratory 
testing program is now in pronress lo evAhmle this 



phenomenon. Testing procedures are shown in Figure 32. Pre­
Hrninary results of a reinforci11g strip pullout test in residual sills 
with between 70 and 90 percent passing a 75µ, sieve are shown 
in Figure 33, The tests show significantly lower values of 
apparent friction are obtained with these materials and, more 
importantly, tile values are significantly less than the shear 
rnsistance of the soil, even with deformed or ribbed· strips. 
Figure 34 shows the result of two creep te~ts conducted at 
slress levels which varied from 34 to 49 pernent of measured 
peak load. High deflections are seen to continue after 50 hours 
loading. Other tesling pronrams now in progress will evaluate 
the, possibility ol using adtnil<tllres sL1ch as flyash, Jirne or 
cement to reduce the plasticity of cohesive soils to eliminate or 
minimize creep. We hope to be able to report on the results of 
these tests in one or two years. At the present, however, ii is not 
possible to use such soils reliably in permanent structures. 

In addition to the mechanical complexllies, as soils become 
more fine•wained, their resistivity generally decreases. Soil 
resistivity is an important factor controlling the rate of galvanic 
corrosion, and low resistivity is often associated with aggressive 
soils. This topic will be discussed in t1realer detail in lhe fol­
lowing sedion. 
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Fig 33: Slrip Pullout Tests-Fine Grained Soils 
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Ill. Durability of Buried Metal Reinforcements. 

In the many discussions we hold with potenlial users of 
Reinforced Eatth, the most frequently asked question is "How 
lon~J will it last?" Everyone knows that ferrous and other metals 
corrode and that metallurgists might spend whole careers creat­
ing a singla exollc alloy to resist the aggressive attack of a 
predictable environmental setting (such as aluminum boats in 
sea water). Reinforced Ear111 structures are normally designed 
for a service life of 75 to I 00 years. Reinlorcements are typically 
thin metal strips varying In thickness from 3 to 9 mm thick 
depending on the physical forces lo be resisted and environ­
mental setting in which the structure will be erected, Whal 
special information, therefore, is required to safely propor1ion 
the structural components to resist a physical phenomenon that 
is as undeniable as ii Is seemingly unpredictable? Whal margin 
will exist and what will be !he consequences if tho predictions 
are incorrect? 

To allempt to answer these questions we must again reflect 
on the mechanism of corrosion, the results of theoretical sludies 
and whatever actual performance data exists. In interpreting 
these studies and data, we must be careful lo interpret them in 
the ligl'lt of our own concerns. For example, a buried metal 
conduit might be considered to have failed if a pilling type 
corrosion completely penetrates the conduit wall and fluid or 
pressure is lost. In contrast, pit type penetrations of a sheel or 
strip may do little to reduce !he effective cross-section resisting 
stress. Therefore, for the same corrosive effect, the strip is 
serviceable and the conduit is nol. With this in mind, let us 
examine the phenomenon of corrosion as it applies to the 
serviceability of Reinforced Ear1h structures. 

The corrosion process is essentially an electrochemical 
process. For corrosion to occur there rnusl be a potential dif­
ference between two points that are electrically connected in the 
presence of an electrolyte. A typical galvanic cell is shown in 
Figure 35. Current flows from the anodic area through the 
eleclrolyte lo lhe calhodic area and back through the nmtal to 
complete the circuit. In tho case of buried metals, the electrolyle 
consists of waler rich in oxygen and dissolved sans wetting the 
soil particles in contact with lhe metal. Among the factors that 
9overn corrosivily or a given soil are (1) porosity (aeration) (2) 
electrical conduclivity (3) dissolved salts, including depolarizers 
or inhibilors ( 4) moisture and (5) acidity or alkalinity (pH). Let us 
look at the influence of each ol lhese parameters. 

A porous soil may retain moisture over a longer time or may 
allow maximum aeralion, both factors which tend to increase the· 
initial corrosion l'ate. The situation is complex, however, be­
cause corrosion products formed in an aerated soil may be 
more protective of the base metal than lhose formed In an 
unaerated soil. In addition, It is probable that aeration of soils 
may affect corrosion not only by direct ac:lion of oxygen in 
formit1g protective films, but also indireclly through the lnflmmce 
of oxygen reacling with an decreasing concentration of the 
organic complexing agents or depolarizers naturally present in 
some soils which greally stimulate localfzalion cells, Another 
factor lo be considered is that in poorly aerated soils containing 
sulfates, su!late-reducing bacteria may be found. These 
organisms often produce the highest corrosion rates normally 
experienced in any soil. However, lhe beneficial effect of aera- • 
lion extends to soils that harbor sulfate-reducing bacteria 
bocause tllese bacteria become dornrnnt in Ille rresence ol 
dissolved oxyger 1. 

The eloctrical continuity allows current lo flow between anodic 
and cathodic zones on Ille metal surface. The loss of metal from 
the anode is prof)or1iorrnl to lhe inlensity of lhe cummt whk:h in 
tum is directly prormrtional to Ille conduclivily ol the electrolyte 
between the two poles of the eloclrochernical cell. Normally, !he 
method used lo nmnsure lhis irnporla111 soil parameter is tho 
resistivity, the direct inverse or the conductivity. llosislivily is 
derendent on tile soil's conlenl or soluble sails and varkis 



greatly with degree of saturation. 
For purposes of determining service life, the resistivity ol a soil 

at ·100 percent saturation, the worst case, is always us~1d. 
Generally a high resistivity is associated with a slightly aggres­
sive soil. Table V shows some typical resislivllies ol soils. 

Moisture, even ln small quantities, is a necessary agent In 
corrosion. Usually the speed of corrosion increases with in­
creasing water content of the soil. The conductivity of waler 
increases with increasing concentration of dissolved sails, 
again increasing the polential for increased corrosion. 

The acidity or alkalinity (pH) of a soil also controls the rate of 
corrosion. Certain proleclive oxides that form on the surface or a 
metal are insoluble within certain pH ranges. For example, 
experience has shown that the by-products ol lhe corrosion of 
zinc are insoluble within a 5 to 12 pH range. 

Eloctrolyle 
i anode i 

r-·"' l ,.,--, 
Cal]?:[:~~\ n 'J~"<: ~-.;-.{}~~~~~le 
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Fig 35: Idealized Galvanic Cell in Buried Mel;:,ls 
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Table V: Some Physiochemical Properties of Soils in the 
Washington, D.C. Area 

The polenlial difference between the poles of a galvanic cell is 
dependent upon !he nature of ion concenlralions on the surf ace. 
Certain ions, such as chlorides and sulfates, are a~mressive; 
others sucl1 as ma9nesiurn and calcium are inhibitors ol cor­
rosion. 

Thus, ll1e high number of interrelated factors which influence 
the initial and long-term corrosion rate makes the study of 
corrosion and service life an inexact science, especially when 
one considers that many of the parameters will most certainly 
change with the passage of lime. As in other scienc(:rn where 
exact solutions are not possible, and I suggest that soil 
mechanics is cer1ainly one~. ii is necessary to determine the 
possible upper and lower limits lo the effects m results under 
study and then, using prudent engineering judgrmml, lo provide 
for a reasonable margin of safety. This approach is applicable to 
the stucly of corrosion of buried melals. 

The most extensive series of field tests on various metals and 
cm,tings ln all types of soils was begun in 1910 by tlm U.S. 
National Bureau of Standards. (NBS). These tests continued 
until 1955 and now constitute the most important sources of 
comprehensive data available in ll·m field of underground cor­
rosion. This information, therefore, constitutes the data base of 
the entire sub-science, and it is against this data that all new 
experience and subsequently derived empirical relalionships 
must be compared and contrasted. It is useful, therefore, to 
briefly review the results of this study. 

In the NBS study, samples of ferrous and nonferrous metals 
were buried al 128 sites. Plain and rialvanized sleel specimens 
were burk:id al 4 7 sites where the soil-water environrnrmts were 
dHlernnl, bul representative or soil conditions in llm UnilmJ 
Slates. The resistivity and pH were measured al each s!te in All 

attempt lo determine a quantitative con-elatlon between these 
measurable (but sornewhal time- and enviromnenl-dfipendent) 
parameters and metal loss. Romanorr ( 19) the author of the 
NBS sludy, demonstrated that the rate of corrosion is greatest in 
the first few years alter burial and decreases to a much lower 
constant rate thereafter, He indicated that this damping of cor• 
rosion was a more significant parameter thm1 the inilial rate. He 
proposed quanlilalive empirical relationships to calculate 
avem~Je loss of thickness ol pl<1in sleel as a function of time. 

Darbin (20), in his comprehensive review of the NBS data, 
has selected burial site data more or less consistent with the 
normal range of environments for buried reinforcing strtps and 
extended this data in accordance with f~olTlanofl's proposals. 
He compared lhe results of this extended or exlrapo!aled dala 
with other perlinenl studies such as the performance ol sheet 
piles mid culvnrls. This comparison lor gatvnni;:od slcn! smn­
ples and melal culverts is shown in Figure 36. This data demon­
strates that even in rm aggressive onvironrmml (p -- 13,000 I l 
... cm, pH ~ ti. 7), the galvanizoc-J sleol, oinforcing strips cummlly 
in use would have a service lile of 120 years. 

" • ?!~·· i/ 

--~~~e:." 

Fig 36; Synthesis ol Extrnr,olnted NBS nnd Metal Culvert Dula 
(after Darbin et. al., 1978) 

The extrapolation ol the Romanoll d;ita requires the solution 
of the exponential equation: 

X c:, kTn 
where: X 0= avf!rage loss of !11ickness with lime 

I{ = a sile characteristic 
T = time in ye.:1rs 
n = site dependent and is a!ways less lhim 1.0 

Since selection of k and n requires some subjective inter· 
pretalion, it is useful to see if some more general quanlilAtive 
conr.hmions cnn bn dmwn lrom 111n normmofl d11tn. In ::111 
allempt loobtnin lhis, the NBS d<1ta from the '17 stoel b111if!I silos 
has been re-plotted. Figure 37 is an <1llnmpt to show a rel;:ition­
ship between metal loss and resistivity. The figure shows thal a 
well-defined relationship does not exist, but clearly derno11-
slral0s a !rend of smaller metal losses with Increased resilivity 
for sites whose pH is greater than 5. Figure 38 Is an allempt l<J 
show a relationship between metal loss and pH. l hn fi~Jllt'e 
agRin de111onslratc1s that a well-drtfined relationship does not 
exist. However, it does show great.er metal losses al sites with 
pH values less than 5. Using pl-I as tile only guide, ii is dillicull lo 
drnw a conclusion. However, if only well-drained s!les arr:? 
plotted as in Figure 39, It can be conch 1ded that mela! losses al 
such sites will not exceed 0.15 oz./sq. fl. /yr. 
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Fig 37: Weight Loss versus Resistivity 

The abundance and reliability of this data and the ability to 
extrapolate it lo the lime period normally associated with 
engineering works has led lo the selection of galvanized steel as 
the material rnosl commonly used for Reinforced Earth struc­
tures. The zinc coating on galvanlzed steel forms a sacrificial 
anode whrch corrodes whlle protecting !he base metal. In addl· 
tion, zinc promotes a more uniform corrosion by preventing the 
forrnation of pils durrng tile highly aggressive initial sta~Jes of 
btJrial. 
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Other materials currently used for reinforcements Include 
plain carbon steel for temporary slrnctures arid some marine 
structures, and a lusion-bonded epoxy-coaled steel reinforce­
ment for llighly acidic or warm marine envirornnenls. 

Olher nmterials havo been used as H)inforct~rnenls wilh 
mixed resulls. Stainless steel was used in len structures in 
France. Nine of these structures showed no evidence of corro­
sion when examined scweral years afler c.omp1eUon. In one 

structure, there was some evidence of surface corrosion and 
pitting. Aluminum magnesium reinforcements were used on 
several slructures in France and the United States. When 
placed in clean, well-aerated backfills, this material demon· 
strnted excellent performance. These passive metals such as 
stainless sleel and aluminum, are highly reactive in the 
presence of oxygen, and under favorable conditions are rapidly • 
coated wllh a protective film of oxides that prevents corrosion of 
the base metal. However, when this protective layer is destroy• 
ed, either by physical or chemical processes, rapid corrosion 
can occur. 
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Plastics and other synthetics have also been used as rein­
forcements, but their performance has been disappointing . 
These materials are loo brill!e or too flexible to withstand and 
sustain the construction loads, and their corrosion performance 
is unpredictable (but in our experience uniformly poor) . 

In summary, we can slate that there is sulficient data av all able 
to permit lhe selection of the cross-section and coaling weight of 
galvanized steel reinforcements to insure a minimum service 
life. Design procedures for t11is important determination include 
the lollowing: • 

(1) tt1e calculation of anticipated weight loss, based on labo· 
ratory or field measured values of resistivity and pH at 
saturated conditions. 

(2) the selection of suitable site-dependent characteristics for 
precise calculation according to Aomanoff's formula. 

(3) comparing answers found in (2) wilh upper limits inferred 
by a broad interprntation of the r-1omanoll data. 

(4) propor1ioning the strip dimensions such that the stresses 
in the equivalent c:ross .. seclion al the end of the anlici­
palod service life will be less lhan or equal lo Ille yield 
stress. • 

(5) applying whatever factor of safety to calculalion (4) is 
required by the site and project characteristics. 



CONCLUSIONS 

The excellent structural performance of the more lhan 2,000 
Reinforced Earth structures completed durin9 the past 11 years 
demonstrates more than any other facl that these structures 
have been safely designed. Measurements and observations of 
movements and stresses confi1m that lhe working stress design 
procedures derived on the basis of a coherent gravity structure 
analysis, accurately predict subsequent performance. As im­
provements are made in the technology, such as the recent 
introduction of high adherence reinforcements, basic soil 
mechani<'.S theory, supported by laboratory and field testinu, can 
be used to modify design procedures to anticipate the effects of 
these improvements. 

This experience has demonstrated that from all consiclera-
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Attention: Mr. Joe Aroyo 

GEOTECHNICAL EVALUATION AND 
BLUFF RETREAT STUDY 
POINT LOMA TREATMENT. PLANT 
ACCESS ROAD 
SAN DIEGO, CALIFORNIA 

Gentlemen: 

Project No. 1106-SIOl 
October 26, 1988 

In accordance with our Agreement for Consulting Services, dated 
November 15, 1987, we have completed our geotechnical evaluation 
for the proposed realignment of a portion of the access road for 
the Point Loma Treatment Plant, located approximately 1,000 feet 
south of the southerly Plant property boundary near the southerly 
tip of the Point Loma Peninsula, in San Diego, California. 

Phase 1 of this project, the Bluff Retreat study, was performed in 
conjunction with the bluff retreat study for the adjacent Point 
Loma Treatment Plant site, on a shared-cost basis in accordance 
with our Consultant Agreement with the City of San Diego, Document 
No. R-269683. Phase 2, the Geotechnical Evaluation for the 
proposed road realignment, however, differed from our proposal in 
that, due to environmental constraints, we were requested by the 
National Park Service to avoid performing excavations within the 
Park property. Accordingly, we agreed with BSI Consultants, Inc. 
that no field or laboratory tests would be performed. Our geo­
technical evaluation for the proposed road realignment, therefore, 
is based on our detailed field reconnaissance, our investigation 
of the subject site for the bluff study, and on our geotechnical 
test borings along the roadway, within the nearby Plant site. 
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If you have any questions or require additional information, 
please give us a call. 

Very truly yours, 

GROUP DELT CONSULTANTS, INC. 

. Crampton 
23792, R.G.E. 245 

WFC/BRS/jg 
Attachments 

GROUP DELTA CONSULTANTS, INC. 

Braven R. Smillie 
C.E.G. 207 
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The Point Loma Treatment Plant is located approximately 3/4 miles 
northerly of the Point Loma Lighthouse. Coastal bluffs in thJ.s 
area rise to over 90 feet above sea level, and many of the 
improvements associated with the treatment plant, including the 
access road, extend relatively close to the bluffs. 

The Cabrillo/Gatchell Road provides access to the lower westerly 
slopes of Point Loma, extending over approximately 1.3 miles from 
Cabrillo Memorial Drive at approximate elevation 350 feet (mean 
sea level datum), to the entrance to the city Sewage Treatment 
Plant, at approximate elevation 90 feet. 

As we understand, the area of primary geotechnical concern for 
both the city of San Diego and BSI Consultants, Inc. is approxi­
mately 600 feet south of the entrance to the Sewage Treatment 
Plant site, where bluff erosion, aggravated by a collapsed sea 
cave, is encroaching upon the existing road alignment (see 
frontispiece). We have, therefore, confined our investigation to 
that part of the road alignment (within approximately 1,000 feet 
of the City property boundary) that the city is considering 
realigning. 

2.0 PURPOSE AND SCOPE OF INVESTIGATION 

The purpose of our investigation 
geotechnical information to assist 
lar, our investigation is designed 
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lines of estimated bluff-top retreat. Additionally, our investi­
gation is designed to address: 

• 

• 

The geologic setting of the site; 
Surface conditions in the site area; 
General lithologic and soil conditions; 
Evaluation and recommendations regarding the stability of 
temporary construction slopes, and for cut and fill slopes; 
Retaining wall, Reinforced Earth wall, or Cribwall design 
recommendations, if required; and 
Pavement design recommendations . 

During our study, we have discussed the project with personnel 
from BSI Consultants, Inc. We have also .been provided a 2-sheet 
"Preliminary Alignment and Profile, Point Loma Treatment Plant 
Access Road, 50-Year Alignment," (Sheet 1 of 2),; and "Preliminary 
Alignment and Profile, Point Loma Treatment Plant Access Road, 
75-Year Alignment," (Sheet 2 of 2). These drawings, scaled 1 inch 
equals 40 feet, include a profile of the realigned road for each 
of the two alternatives. The 50- and 75-year alignment alterna­
tives are based on the estimated 50- and 75-year bluff~top retreat 
lines that we have previously provided to BSI Consultants, Inc., 
and are also presented on the aforementioned same drawings. 

Supplementary data for our study were obtained primarily from 
available published geologic literature and maps. These refer­
ences are cited at the end of this report. Aerial photographs of 
the alignment area were also examined for significant geologic 
features. 

Our field investigations for both phases of this project were 
conducted between November 1987 and October 1988. 

This report, in part, provides the technical basis for selection 
of the 50- and 75-year bluff-top retreat lines previously provided 
to BSI Consultants, Inc., and so indicated on their above­
referenced 2-sheet alignment and profile plans. 
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Point Loma is a long promontory, extending approximately 6 miles 
southward from the low land adjacent the San Diego River. Parts 
of its western shoreline are bordered by a narrow wave cut 
Quaternary-age terrace with a top elevation ranging from 25 to 95 
feet above sea level. The shoreline of Point Loma is irregular, 
due to differences in geologic structure and in rock hardness. 
Wave erosion has etched out less resistant rock masses, resulting 
in shallow pocket coves between rocky headlands. Small pocket 
beaches have sporadically formed in areas where sufficient sand is 
available. 

Offshore, the sea floor is comprised of the sedimentary rocks of 
the Point Loma Formation. Isolated, erosion-resistant staclcs 
exist seaward of the intertidal zone, resulting in isolated topo­
graphic highs that cross a ledgy shelf surface. Seaward, the 
ledges become progressively deeper, interspersed with surge 
channels typically approaching the shoreline along trends of the 
major geologic joint sets which control the erosion resistance of 
this formational unit. 

3.2 site Conditions 

The existing access road within the study area has been graded 
into a narrow Quaternary-age terrace, described above, at an 
average elevation of 100 feet (mean sea level datum). The 
frontispiece piece photograph shows the subject section of the 
alignment, the encroaching sea coves and caves, and the hillside, 
into which the road is proposed to be realigned. 

3.3 Subsurface Conditions 

Three geologic formations are present in the site area. These are 
the Point Loma and Cabrillo Formations of Cretaceous age, and the 
Bay Point Formation of Quaternary age. Overburden soils in the 
site area include alluvium, slopewash, and the topsoil which has 
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formed on them. The following paragraphs describe these units in 
order, from oldest to youngest. 

Point Lo:ma Formation: The Point Loma Formation is an approxi­
mately 900-foot-thick (Kennedy, 1975) sedimentary layer that 
discontinuously crops out in coastal areas of northern Baja 
California and as far north as Carlsbad. At the site, it forms 
the lower, :more resistant parts of the sea cliff up to elevations 
of 54 to 60 feet, and it dips into the sea cliff at about 8 to 12 
degrees. The Point Loma Formation extends seaward, comprising the 
sea floor adjacent the cliff. 

The Point Loma Formation consists of well-indurated marine sedi­
ments deposited by an offshore and deep-water submarine fan. 
Offshore deposits are represented by the thin-bedded siltstone and 
fine sandstone exposed in the upper part of the sea cliff. Deep­
water deposits are represented by the erosion-resistant thick­
bedded mudstone and sandstone exposed at the base of the cliffs. 
The Point Loma Formation ranges in age from approximately 70 to 80 
million years within Rosario Group rocks of the Upper Cretaceous 
Period. 

Cabrillo Formation: The Cabrillo Formation is a 560± foot thick 
sedimentary deposit that discontinuously crops out in coastal San 
Diego County from the southern tip of Point Loma to Carlsbad. At 
the site, it forms the slopes east of the coastal terrace on which 
the Plant is situated. The formation consists of moderately­
indurated, massive marine sandstone and conglomerate deposited in 
the nearshore area of a submarine fan. The Cabrillo Formation 
conformably overlies the Point Loma Formation. The age of the 
Cabrillo Formation ranges from approximately 66 to 70 million 
years within the Rosario Group rocks of the Upper Cretaceous 
Period. 

Bay Point Formation: The Bay Point Formation, deposited on the 
coastal terrace on which the subject section of the access road is 
built, ranges up to approximately 35 feet in thickness and for:ms 
the upper part of the sea cliff above elevations of 54 to 60 feet. 
The cliff~forming section of Bay Point Formation is approximately 
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The Point Loma Formation is exposed along the entire base of the 
sea cliffs in the study area; it is vertical to near-vertical in 
most areas and is on the order of 50 to 60 feet high in the 
project area. Erosion at the base of the cliff, up to approxi­
mately elevation +10 feet (MSL), is due predominantly to direct 
wave impact acting upon small joints and fissures in the lower, 
more massive rock unit, and by water-hammer effects between 
parallel joints. Much of the Point Loma Formation exposed in the 
shoreline bluffs is . quite intact, and appears to have experienced 
little erosion in the last 50 years. In other areas, where 
fractures and joints in the rock are more prevalent, erosion is 
occurring more rapidly. Where shear zones are present, surge 
channels and caves have developed. 

4.2 Upper Bluff Erosion 

The upper bluffs are comprised of the Point Loma Formation above 
approximate elevation +10 to +20 feet (MSL) and the overlying Bay 
Point Formation beginning at elevations ranging from approximately 
50 to 60 feet. The Bay Point sands form the uppermost portion of 
the bluffs and are approximately 35 feet in thickness. These 
sands are subject to several different forms of erosion as a 
result of the following actions: 

Wave spray and wave splash; 
Undermining of the basement rock and caving of the 
resulting oversteepened slopes; and 
Wind, rain, irrigation, and uncontrolled surface run­
off. 

The upper bluffs, which support little or no vegetation, are 
exposed to the elements throughout most of the site. Wave spray 
and splash often reach these unprotected sands, causing saturation 
of the outer layer and subsequent sloughing of oversteepened 
slopes. 

ROUP DELTA CONSULTANTS, INC. 
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In areas where the Point Loma Formation is experiencing erosion at 
the base of the sea cliff, the overlying upper bluffs become 
undermined and subsequently fail through loss of vertical support. 
This results in oversteepened slopes that stand nearly vertically. 
The Point Loma Formation and the lower cliff-forming section of 
marine Bay Point Formation form the existing sea cliff. The upper 
slo~e-forming section of Bay Point Formation stands vertically, 
until the pore-water tension within the soil has had a chance to 
dissipate; then sloughing occurs. The slopes are relatively 
stable when they attain inclinations of about 1 to 1. 

Wind, rain, irrigation, and uncontrolled surface runoff contribute 
to minor erosion of the upper cliff face, especially on the more 
exposed, oversteepened portions of the friable sands. A consider­
able amount of rilling has occurred along portions of the upper 
cliffs as a result of these actions. 

4.3 Rates of Bluff Retreat 

When studying and reporting sea cliff erosion and retreat, care 
must be taken to distinguish between cliff retreat rates based on: 
(a) bluff or cliff top retreat, (b) shoreline or cliff base 
retreat, and (c) averages between the top and bottom at various 
locations along the cliff. The degree of erosion can vary signif­
icantly from spot to spot on a sea cliff, and is influenced by 
many independent and dependent variables (that is, lithology, 
joints or fracture characteristics, beach configuration, offshore 
bottom conditions, climate, impacting wave configuration and 
energy, and human effects). Because erosion does not necessarily 
act uniformly over a sea cliff, nor necessarily at a uniform rate, 
the lack of clarification of the basis for the qualitative erosion 
rate values can lead to confusing and misleading results. 

Kennedy (1973) provides a good general discussion of the erosion 
processes and forces acting on the Point Loma peninsula. Based on 
a comparison of old and new photographs, Kennedy reported that 75 
percent of the sea cliff area has undergone no appreciable erosion 
during the last 75 years; only 20 percent of the cliff has under­
gone very rapid retreat of 10 feet in the last 75 years (0.13 feet 
per year), with nearly 5 feet of retreat occurring in the late 
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1940's . Kennedy's reported average erosion rate was 3 feet in 75 
years (0 .04 feet per year). 

4 . 3.1 Site-Specific Bluff Retreat Rate 

In order to evaluate the rate of bluff retreat in the vicini­
ty of the proposed Cabrillo Road realignment, a review was 
made of the following data: 

Stereographic aerial photographs from 1939 to the 
present; 
Pertinent Historical Society photographs and supporting 
data (some of which were taken as early as the 1800s); 
Topographic maps and supporting field notes dating back 
to 1859; 
Applicable geologic and geotechnical literature; 
Historical storm data; and 
Wave climate. 

A detailed geologic site reconnaissance was then performed to 
map sediments exposed in the bluffs in or d er to develop an 
understanding of the soil characteristics and strength of 
individual stratigraphic units, the bedding attitudes, fault­
ing, joint and fracture patterns, and to look for evidence of 
perched groundwater seepages. An inventory was a l so made of 
adjacent and nearby bluffs in order that they could be 
compared to the site-specific stratigraphy, structure, slope 
geometry and stage of development. 

After evaluating the data collected, geologists and oceanog­
raphers most conversant with the Point Loma shoreline pro­
cesses were contacted at the following agencies: 

The Army Corps of Engineers; 
The United States Geological Survey; 
Scripps Institution of Oceanography; 
San Diego County; and 
The State of California. 
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Based on a review of the available data, our geologic inven­
tory of the site vicinity, and discussions with other 
experts, we have developed a design rate of bluff retreat and 
a 50 and 75-year bluff retreat line. A detailed description 
of the methods used for determining the bluff retreat rate is 
included in Appendix A. 

The design bluff retreat rate is, in part, based on our 
combined evaluation of historical storm data (Table 1) and 
stereographic aerial photographs from the following dates: 

Stereographic Aerial Photographic Coverage 

Date 

1987 

1986 
1985 
1982 
1981 

1978 

1972 

1964 

1960 

1953 

1950 

1949 
1939 

of Photograph Photographic Scale 

1:12,000 (photographically 
enlarged to 1 11=200') 

1:12,000 
1:40,000 
1:24,000 
1 :24 ,000 (photographically 

enlarged to 1"=200') 
1:40,000 (photographically 

enlarged to 1 11=200') 
1:20,000 (photographically 

enlarged to 1"=200') 
1:24,000 (photographically 

enl arged to 1"=200' ) 
1:24,000 (photographical ly 

enlarged to 1 11=200' ) 
1:24,000 (photographically 

enlarged to 1"=200 1 ) 

1:24,000 (photographically 
enlarged to 1 11=200') 

1:20,000 
1 : 24,000 (photographically 

enlarged to 1 11=200') 

The 50- and 75-year bluff retreat lines generated from our 
design rate of bluff retreat are shown on a 2-sheet set of 
preliminary drawings titled ''Preliminary Alignment and 
Profile, Point Loma Treatment Plant Access Road, 50-Year 
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Alignment," (Sheet 1 of 2),; and "Preliminary Alignment and 
Profile, Point Loma Treatment Plant Access Road, 75-Year 
Alignment," (Sheet 2 of 2). These drawings, prepared by 
BSI Consultants, Inc., show a preliminary date of May 9, 
1988, and were prepared under the supervision of Mr. Joe 
Aroyo, R.C.E. No . 36086, Engineer in Responsible Charge. 

5.0 SLOPE DESIGN CONSIDERATIONS 

In order to evaluate the general stability of proposed construc­
tion cuts and finished slopes along the alignment, nearby 
exposures and cut slopes in the site vicinity were examined, and 
information determined regarding their height, inclination and any 
geologic structure. With this information, soil strength parame­
ters were back-calculated assuming a static factor of safety of 
1.2 (equivalent to a seismic factor of safety of 1.0). This 
enables a general comparison of the lower limit of soil strengths 
necessary for stability of both temporary construction cuts and 
permanent slopes. Overall, slope stability was also evaluated in 
determining design lateral earth pressures for retaining walls. 

In our analyses, we have assumed an internal angle of friction of 
33 degrees and a soil unit weight of 115 pcf for the formational 
soils. The Janbu method of analysis was used to back-calculate 
the required cohesion necessary for a static factor of safety of 
1.2. 

6.0 GEOTECHNICAL CONCLUSIONS AND RECOMMENDATIONS 

6.1 General 

Our investigation did not reveal any major adverse geologic con­
ditions on the site, such as faults or landslides, which would 
preclude the proposed road realignment and any associated retain­
ing walls, if they should be required. Additionally, competent 
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materials exist, which should provide adequate foundation support 
for these walls. 

6.2 Grading 

It is our opinion that the formational soils on site can be 
ripped, with heavy duty equipment, to design grades throughout the 
entire alignment. 

In our opinion, all materials generated on site during grading 
operations are suitable for use as structural fill soils. The 
majority of the on-site fill soils are considered nonexpansive in 
nature and would be suitable for use at finish grade. 

A limited amount of porous alluvial and slopewash materials 
(generally less than 2 feet) presently exist on the slopes within 
the real ignment area. In our opinion, excavation for the realign­
ment will remove most or all of the porous overburden soils within 
the realignment area. 

We expect that both the 50- and 75-year proposed alternates for 
realignment will remove most or all of existing variable thick­
ness, porous alluvial soils at the site. These soils are con­
sidered unsuitable in their present condition for the direct 
support of any settlement-sensitive structural elements. Asphal­
tic concrete pavement is, however, a semi-flexible structure and 
can accommodate slight differential movements without distress to 
the pavement section. In this regard, we recommend that, as a 
minimum, road bed excavations be examined and, where porous 
alluvial soils are exposed at pavement subgrade elevations, these 
materials should be scarified in place to a depth of 12 inches, 
moisturized as necessary, and compacted to a minimum relative 
compaction of 95 percent of the laboratory standard, as determined 
from ASTM Test Designation D 1557-78 . 

6.3 Slopes 

It is our opinion that proposed cut slopes having 
inclinations of 2.0:1.0 (horizontal to vertical) 

GROUP DELTA CONSULTANTS, INC. 
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unsupported slope heights of up to 20 feet will have adequate 
factors of safety against both deep-seated and surficial slope 
failure. 

It is our opinion that properly engineered fill slopes having 
maximum s l ope inclinations of 2.0:1.0 and maximum slope heights of 
up to 10 feet wil l have adequate factors of safety against both 
deep-seated and surficial s l ope failu re. 

6.4 Retaining Wall Design Criteria 

From a geotechnical standpoint, the Pleistocene-age terrace depos­
its, which will provide support for any proposed retaining walls, 
are relatively competent in nature and suitable for relatively 
heavil y loaded foundation elements. We recommend that an allow­
able bearing pressure of 5,000 psf be used for design of footings, 
bearing on undisturbed Bay Point formational sands. This value 
may be increased by 1/3 for transient loads, such as seismic and 
wind loads. 

We recommend that all backfill materials beh ind any proposed 
retaining walls consist of properly compacted, nonexpansive 
granular soils. The backfill should be placed and compacted in 
accordance with the current Standard Specifications for Public 
Works Construction. We recommend that all backfil l be c ompacted 
to a minimum relative compaction of 90 percent of the l aboratory 
standard, as determined from ASTM Test Designation D-1557-78. 

We recommend that retaining walls be designed to resist a lateral 
earth pressure equal to an equivalent fluid pressure wei ghing 40 
pounds per cubic foot. This assumes that soil behind the retain­
ing wall will consist of compacted granular soils, and that a 
sloping surcharge condition exists at an inclination of 6 units 
horizontal to 1 unit vertical. 
include hydrostatic loading. 
maintained immediately behind 
be included in the design. 
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To provide resistance for design lateral loads, we recommend that 
passive pressure be assumed equivalent to a fluid pressure of 350 
pcf for footings and shear keys poured neat against sides of 
excavations. This value assumes a horizontal surface for the soil 
mass extending at least 10 feet from the base of the wall or 3 
times the height of the surface generating the passive pressure, 
whichever is greater. The upper 12 inches of materials in areas 
susceptible to erosion should not be included in design for 
passive resistance to lateral loads. If friction is to be used to 
resist lateral loads, we recommend a coefficient of friction of 
0.35 between the soil and the base of the footing. If it is 
desired to combine friction and passive resistance in design, we 
recommend using a reduced friction coefficient of 0.25. 

6.5 Pavement Design 

The appropriate pavement section depends primarily on the shear 
strength of the s ubgrade soils, traffic load, and planned life. 
We have not been allowed the opportunity to expose the actual 
pavement section or subgrade soils, and have performed no labora­
tory tests to evaluate the soils' support characteristics for 
pavement subgrade. As we have previously discussed , since the 
existing pavement section appears to be in excellent condition, we 
would suggest that the existing as-built pavement section be 
determined and utilized as the basis of design for a ny new pave­
ment sections. 

We recommend that surface drainage be provided to prevent ponding 
of water and to reduce infiltration of water into the subgrade 
materials . We suggest that paved areas have a minimum gradient of 
1 percent. 

7.0 LIMITATIONS 

Coastal engineering and the earth sciences are characterized by 
uncertainty. Professional judgements represented herein are based 
partly on our evaluation of the technical information gathered, 
partly on our understanding of the proposed construction, and 
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partly on our general experience. Our engineering work and judge­
ments rendered meet the current professional standards; we do not 
guarantee the performance of the project in any respect. This 
warranty is in lieu of all other warranties, express or implied. 
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scale in varas. 
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The coastal bluffs at Point Loma consist of a resistant geologic 
unit at the bottom, and less resistant materials in the upper 
parts of the bluff. The relative effectiveness of marine erosion 
of the more resistant lower bluff, compared to subaerial erosion 
of the less resistant upper bluff, produces characteristic sea 
cliff profiles. Rapid marine erosion compared to subaerial 
erosion produces a steep cliff whereas slow marine erosion pro­
duces a gently-sloping upper bluff. 

Local variations in geology along Point Loma have produced a range 
of profile types. In the lower 10 to 20 feet of the sea cliff, 
the Point Loma Formation is typically highly resistant to erosion. 
The upper portion of the Point Loma Formation, encountered between 
the elevations of about 20 and 60 feet, is intermediate in erosion 
resistance. The upper bluffs, which are comprised of the Bay 
Point Formation, typically found above elevation 56 to 60 feet, 
have relatively low erosion resistance. Exposure of these three 
materials to marine and s ubaerial erosion has produced different 
profiles for headlands and coves. 

Weathering patterns in the Point Loma Formation are variable, due 
to the localized presence of joint and fracture zones. Unfrac­
tured portions of the Point Loma Formation are relatively resis­
tant to weathering, and have experienced little erosion over the 
last 50 years. Where fractures and joints are more prevalent, 
erosion rates are correspondingly greater. A number of shear 
zones are also present in the lower bluffs which exhibit intense 
fracturing or brecciation. These areas are subject to high levels 
of erosion and often form the loci for surge channels and sea 
caves. 
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Marine erosion is generally somewhat slower than subaerial ero­
sion for the typical headland profile adjacent the site. The 
profile of slope formers in the upper bluff indicate that marine 
erosion is slow enough to permit a rather gentle slope to develop 
on the upper Bay Point Formation. 

The profile of the cove exhibits relatively steep cliffs up to 
about 90-feet high in both geologic units. Undercutting by marine 
erosion at the base of the cliff is common. This profile indi­
cates that the rate of marine erosion at the base of the cliff is 
much greater than the rate of subaerial erosion of the upper 
cliff. The upper portion of the cliff tends to retreat by 
collapse of overhangs and block fall along steep joints in order 
to keep up with the marine erosion. 

DESIGN CONSIDERATIONS OF BLUFF-TOP RETREAT 

Placement of improvements on the coastal terrace above the bluff 
must account for changes in the bluff that should be expected 
during the intended life of the improvement. One approach has 
been to build as close to the bluff as desired, assuming that 
maintenance and repair can forestall loss of the improvement. 
Another approach is to estimate the amount of bluff-top retreat 
that should be expected within the life of the improvement and to 
build behind the influence of retreat . 

In coastal engineering, the concept of intended lifetime of an 
improvement has been replaced by required design periods set by 
regulatory agencies. The Corps of Engineers requires 50 years and 
the California Coastal Commission requires 75 years. These design 
periods approximate the useful life of most improvements. 

Available compiled measurements of bluff-top retreat are too 
widely variable for use in engineering design. For cliff profiles 
s imilar to those in San Diego, the best estimates of retreat rates 
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have been reported near Santa Barbara where cliff materials 
similar to those at the site experienced measured bluff recession 
rates of 1.87 to 12.14 inches per year (Norris, 1975). These 
rates were measured by comparing existing structures to the topog­
raphy on plot plans filed for their building permits. For the 75-
year period of interest, the indicated bluff-top retreat would be 
approximately 12 to 76 feet. Rates of up to 1.5 feet per year 
have been reported for Sunset Cliffs by the U.S. Army Corps of 
Engineers. At that rate, bluff-top retreat would be 112 feet in 
75 years. 

Large 
pected 
enough 

short-term variations in bluff-top retreat should be ex­
in steeper sea cliffs. Wherever the profile is steep 

that rock and slope stability is questionable, failures can 
cause an instantaneous retreat of many feet. 

We have applied certain geomorphic techniques to estimate rates of 
bluff-top retreat. This requires breaking the problem down into 
component processes, analyzing each component, identifying the 
interaction of the components, and evaluating each characteristic 
bluff profile for the site. 

The component processes of bluff-top retreat operate on various 
parts of the bluff and the sea cliff. The components are as 
follows: 

1. Marine erosion at the base of the sea cliff; 

2. Collapse of overhangs and block fall along joints, essen­
tially a rock stability problem; and 

3. Slope decline by subaerial erosion of the middle and upper 
bluffs. 

The components interact in different ways on the various bluff 
profiles characteristic of headlands and coves. In isolation, 
each component process would independently proceed to completion 
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or to an asymptotic rate. For example, slope decline in the Bay 
Point Formation would eventually produce a slope somewhat flatter 
than the angle of repose in several million years. In reality, 
continued erosion at the base of the cliff keeps the cliff and 
bluff steep, at approximately the same profile. For this to 
occur, the separate components of bluff-top retreat must retain 
the same approximate balance over time. The process of bluff-top 
retreat is further complicated by the presence of existing shore­
line protection which may be only partially adequate. In general, 
this tends to mitigate the marine erosion component. 

MARINE EROSION AT THE BASE OF THE SEA CLIFF 

Retreat rate at the base of the sea cliffs is variable. One 
generally uniform rate appears to affect the headlands, and 
another rate affects the coves. Moreover, the rate in the coves 
appears to be variable from cove to cove and may also vary widely 
over time. These differences in characteristic rate between the 
cliffs and coves requires separate evaluation. 

Marine erosion which affects the base of the sea cliff includes 
mechanical, chemical, and biological erosion processes. Marine 
erosion operates horizontally on the cliff as far up as the splash 
zone. It is accompanied by downwearing (marine erosion measured 
in a vertical direction) of the seafloor adjacent the cliff, which 
operates in a vertical direction. In general, backwearing (marine 
erosion measured in a horizontal direction) and downwearing 
progress at rates that will maintain the existing slope of the 
seafloor at approximately 50:1. This suggests that the rate of 
downwearing is approximately 2 percent of the rate of back­
wearing. 

Effect of Water Depth, Wave Height. and Seafloor Slope 

The key aspects of the sea-cliff profile for the marine erosion 
component of bluff-top retreat are the water depth at the base of 
the cliff, the breaking wave height and the slope of the seafloor 
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near the base o f the c l iff. Tidal a nd seasona l variations s ubject 
the clif f to the att a c k of non- b reaking , break ing, a nd broke n 
waves tha t in turn control which mechanical erosion processes are 
active . Forces due to non- breaking waves are primarily 
hydrostatic. Broken and breaking waves exert an additional force 
due to the dynamic effects of turbulent water and the compression 
of entrapped air pockets. 

Breaking waves exert a considerable added erosive force called 
"breaking wave shock" because of trapped air cushions in a near­
v e rtical wave front. These shock or impact pressures result in 
relatively high pressure fields that last a few thousandths to a 
few hundredths of a second. These relatively short-duration 
impact pressures are of questionable importance in the design of 
vertical seawalls, however, when acting upon jointed and fractured 
rock, the water-hammer effect tends to cause hydraulic fracturing 
which exacerbates lower sea cliff erosion. Large sections of rock 
c a n b e pried off by one well-placed wave. Erosion associated with 
breaking waves is most active when water depths at the base of the 
sea cliff (ds) coincide with the respective critical incoming wave 
height (H) such that ds - 1.3H. 

Waves will break when their height reaches approximately 75 per­
cent of the water depth, thus 3 to 4.5 foot wave heights, will 
break at the base of the sea cliff when tides are at mean sea 
level . Moreover, since the waves reaching the coast are generally 
in the range of 2 to 5 feet, breaking waves should be expected to 
oc cur at the base of the sea cliff usually four times a day (due 
to semidiurnal tidal fluctuations ) . 

The slope of the seafloor adjacent the bluff is typically 50:1 or 
a bout 1 . 15 degrees . Whenever wave height and water depth are 
s ufficient to produce breakers some distance offshore from the 
cliff, the very gradual slope will influence the breaker to form 
broke n waves with high turbulence . The broken waves may reform as 
smaller n on- breaking waves. Moreover, the smaller non- breaking 
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waves may, in t u rn, refo rm as small breakers in a repeti tion of 
t h e p r ocess . When waves break and reform, considerable wave 
e ne r gy i s lost to drag on the s eafl oor ; cons e quently , less e r osive 
ener gy is delivered to the base of the sea cliff. 

Eros i on Processes 

The types of erosion affecting the typical Point Loma profile will 
change with the tidal level. In addition, any local variation 
that changes the average water depth will significantly alter the 
local balance of erosive forces. 

Me chanical erosion processes at the base of the sea cliff include 
water abrasion, rock abrasion, cavitation, water hammer, air 
compression in joints, breaking-wave shock, and alternation of 
hydrostatic pressure with the waves and tides. All of these 
processes are active in backwearing. Downwearing processes 
include all but breaking- wave shock. Backwearing and downwearing 
by the mechanical processes described above are both augmented by 
bioerosion. Bioerosion is the removal of rock by the direct 
action of organisms. Backwearing at the site is assisted by algae 
in the intertidal and splash zones and by rock-boring mollusks in 
the tidal range. Algae and associated small organisms bore into 
rock up to several millimeters . Mollusks may bore several centi­
meters into the r ock. Both chemical and salt weathering also 
contribute to the erosion process. 

The general rate of marine erosion at the base of the sea cliff is 
the result of the combined effect of mechanical erosion and bio­
erosion. Reported total rates for sedimentary rock coasts vary 
from less than 10 mm/yr for hard- rock coasts, to 2000 mm/yr for 
we ak sedimentary rocks such as mudstones and siltstones . The 
Point Loma Formation at the base of the sea cliff is in the hard­
r ock part of this range of rock types. 
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In San Diego County, rates of marine erosion have been measured 
for the somewhat less resistant sedimentary rocks present at the 
base of the sea cliff north of Point Loma. The average rate 
obtained was approximately 10 mm/yr during a five-year period, 
from 1970 to 1975 (Lee, Pinckney, and Bemis, 1976), of mild 
winters with few major storms and only one episode of extreme wave 
activity. More typically, a five-year period would include three 
or four extreme-wave episodes suggesting a proportional increase 
in erosion. 

The rate of bioerosion has been estimated for downwearing to be 
0.6 mm/yr for sandstones in Southern California (North, 1954). No 
estimates are available for the horizontal component of bio­
erosion. 

Headland Erosion 

For headlands, we have chosen to use a preliminary estimated rate 
of one-half inch per year (12.7 mm/yr) for marine erosion at the 
base of the sea cliff. This estimate is based on review of avail­
able stereographic aerial photographs, consideration of the world­
wide data, local measurements, variations in rock type, and the 
long-term storm record. Beginning with the measured rate for the 
San Diego coast of 10 mm/yr, the one-ha l f inch per year rat e was 
estimated assuming an increased wave environment to be app roxi­
mately balanced by more erosion-resistant r ock of the lower Point 
Loma Formation. At this rate, approximately 3 feet of marine 
erosion should be expected to occur in 75 years at the base of the 
sea cliffs. 

Shoreline erosion of the headlands was not determinable through 
review of historical photographs dating back to 1939. That is to 
say, the rate of erosion was too slow to detect any measurable 
rate of retreat, thereby corroborating the preliminary estimate of 
1/2 inch per year. 
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The Point Loma Formation is generally resistant. to erosion, except 
at fractures and joints. Careful geologic mapping provided close 
correlation of faults, shear zones, and fractures, with associated 
increased rates of erosion of the base of the sea cliff in these 
areas. Thus, coves and other discontinuities exhibiting locally 
higher rates of marine erosion are joint controlled along this 
reach of coastline. 

Active Cove Erosion Processes 

Erosion processes in the coves are essentially the same as those 
along the sea cliff. Small differences arise because, under 
normal day-to-day sea conditions, the wave energy is occasionally 
sheltered somewhat by the adjacent headland, which often leads to 
a comparatively quiet water environment in the cove. Extreme wave 
episodes often arrive directly on the coast from within 30 degrees 
of perpendicular to the general shoreline. The direct approach of 
extreme waves transmits high erosive energy into the cove for 
short periods of time. Moreover, local offshore sea floor bathym­
etry tends to focus wave energy into the coves. 

Rate of Marine Erosion for Coves 

Significant differences in erosion rates are eviden t between the 
sea cliff and the coves. This is in part due to the difference in 
lithology and intensity of jointing, the wave-direction dependence 
of transmitting erosive energy into the cove, and the energy­
focusing effect of surge channels. 

The less-resistant upper Point Loma Formation in 
judged to have the approximate erosion resistance of 
Tertiary-aged rocks in which direct measurements were 
the coast north of Point Loma. The rate for the sea 

the coves is 
the younger, 

made along 
cliff at the 

site was, in part, based on recognition of the more resistant 
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nature of the lower section of Point Loma Formation. Locally, 
jointing and faulting further reduces erosion resistance near the 
apex of the cove. This leads to an upward adjustment in rate in 
the back of the cove. 

Aerial photographs taken at irregular intervals from as early as 
1939 to the present were compared in estimating the rate of cliff 
retreat. Our interpretation of these photographs indicated bluff­
top retreat rates varying from approximately 2\ to 4 inches per 
year. Review of aerial photographs further indicated that upper 
bluff retreat was primarily due to sloughing, whether by under­
mining or due to localized slope instability. Thus, the rate of 
marine erosion in the backs of coves is substantially faster than 
subaerial erosion and the development of a more stable (flatter) 
upper slope cannot be initiated due to the excessive rate of 
undermining that occurs in the backs of the coves. 

We have chosen to use a rate of 4 inches per year for the base of 
the sea cliff contribution to bluff-top retreat in the back of 
coves. This is somewhat higher than a measurement reported by 
Kennedy in a sea cave at Sunset Cliffs of five inches between 1965 
and 1973 (Kennedy, 1973). This period included several extreme 
wave episodes. The Point Loma Formation exposed at Sunset Cliffs 
is judged to be intermediate in erosion resistance between the 
more erodible sediments in coves in the vicinity of the site and 
the resistant sedimentary rocks along the sea cliff in this area. 
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Gentlemen: 

In accordance with our consultant agreement, we have completed the final preliminary 

report, including site information and constraints, and preliminary studies for certain 

shoreline and· upper-bluff stabilization measures considered necessary to protect the 

northwest corner of the Point Loma Wastewater Treatment Plant in San Diego, California. 

The accompanying report presents the results of the various engineering support studies, 

site information and constraints, and alternate concept designs for shoreline and upper­

bluff stabilization in this area. 

If you have any questions or require additional information, please give us a call. 
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EXECUTIVE SUMMARY 

Coastal erosion and bluff retreat have characterized coastal geomorphic processes in the 
San Diego area for an estimated 18,000 years and, consequently, the construction and 
maintenance of shoreline protection have been necessary since the opening of the Point 
Loma Metropolitan Treatment Plant in 1963. The most recent shoreline and upper-bluff 
stabilization project, completed in 1992, required extensive construction at five separate 
sites within the plant boundaries, and included the construction of stone revetments, tied­
back walls, gravity walls, and the resurfacing and structural stabilization of a deteriorated 
steel binwall. The City currently intends to construct the North Shoreline Protection 
Improvements (NSPI) at the landward end of an approximately 100-foot-wide, 200+-foot­
long sea cove (collapsed sea cave) at the northern boundary of the plant site, an area of 
accelerated erosion not addressed or mitigated by the 1992 construction. The NSPI 
project area was formed along an existing fault lineament, which has weakened the cliff­
forming bedrock unit in this area, originally allowing the formation of a large sea cave, the 
roof of which eventually collapsed, forming the cove that exists today. This fault-controlled 
cove area continues to exhibit significantly higher erosion rates, necessitating the currently­
proposed improvements. 

The proposed improvements include a rock revetment at the base of the coastal bluff to 
essentially arrest ongoing marine erosion, and the construction of a 30±-foot-high 
reinforced shotcrete structural tied-back wall at the top of the bluff to increase the stability 
of the currently oversteepened and marginally stable upper portion of the bluff. Following 
removal of the existing talus/debris pile, the rock revetment would be built upwards from 
the shore platform to elevation 25 feet (MSL Datum) using approximately 3,000 cubic yards 
of imported 8-ton riprap. The structure would have a crown width of approximately 11 feet 
and an inclination of 1.7:1. 

Upper-bluff stabilization would commence above the Point Loma contact near elevation 
57 feet starting behind a 12-foot setback, essentially forming a 12-foot-wide sacrificial 
bench. This concept is similar to the existing shoreline protection southwesterly of the 
Administration Building at the entrance to the Plant, and minimizes the visual impact and 
landform alteration. The free-form structural tied-back shotcrete surface would be carved 
and otherwise shaped to conform to the natural geologic structure, and will extend from the 
Point Loma contact up to the top of the bluff, protecting both the terrace deposits and the 
existing overlying fill soils. 

Following complete removal of the existing unsightly debris pile, a smaller-scale and less 
obtrusive rock revetment would be placed at the base of the bluffs. This singular 
improvement would result in re-exposing a 35-foot-tall vertical cliffed portion of the bluff, 
which is currently covered with debris. A chemical stain would then be used, which reacts 
with the alkalinity in the concrete to provide a mottled natural appearance similar in color 
to that of the adjacent rock for the upper 30±-foot-high shotcrete wall. These 
improvements would be essentially identical to the southerly cove adjacent to the 
Administration Building at the entrance to the Plant, which has been judged by the 
California Coastal Commission as a premier example of acceptable coastal protection. 
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The City of San Diego owns and operates the metropolitan sewerage system which 

currently provides service to a population of approximately 1.5 million customers in San 

Diego and 16 surrounding municipalities and sewerage districts. The Point Loma 

Wastewater Treatment Plant (PLWTP) began operations in 1963, and the City now pro­

cesses approximately 200 million gallons of sewag~ on a daily basis, and discharges the 

treated effluent into the ocean through a 9-foot-diameter pipe extending approximately 5 

miles offshore to a water depth of 320 feet 

The PLWTP is situated on approximately 37 acres of land, with approximately 2,150 lineal 

feet of ocean frontage and is located approximately 3/4 miles northerly of the Point Loma 

Lighthouse. Coastal bluffs in this area rise to over 90 feet above sea level, and many Plant 

improvements are sited relatively close to the bluffs. 

Erosion and cliff retreat are ongoing processes along the San Diego coastline. At the 

PLWTP, limited amounts of rock slope protection have been placed during, and several 

times since, construction to help control erosion. By 1984, stone revetments had been 

placed at the base of approximately 50 percent of the bluffs supporting the PLWTP. By 

1987, shoreline erosion had advanced to the point where Gatchell Road was becoming 

undermined near the entrance to the Plant, and the existing Armco Binwall immediately to 

the north was similarly being undermined. Shoreline erosion had also encroached upon 

the lower hydro access road, limiting access for certain maintenance equipment necessary 

for servicing the lower pump house and outlet structure. 
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In December 1987, the City of San Diego contracted with Group Delta Consultants, Inc. 

(GDC) to provide construction documents, environmental documents, and permit 

acquisition for a variety of shoreline stabilization measures, extending from the southerly 

entrance to the PLWTP to the northerly end of the lower hydro access road just beyond 

the lower pump house. That shoreline stabilization work, completed in 1992 (Resolution 

No. R-269683), stabilized the southerly 1,450± feet of shoreline fronting the Plant. 

As we understand, the City now desires to stabilize a limited area of ongoing coastal 

erosion along the northern boundary of the Plant limits, northerly of the shoreline 

stabilization work completed in 1992. The site currently houses the sheet metal 

maintenance building and paint warehouses, and is also used as a staging and work area 

for miscellaneous Plant activities. A 100±-foot-wide sea cove fronts this area and in 

previous meetings with M\JWIJD Staff, we have characterized this northernmost cove area 

as being similar to the southerly cove adjacent the PLWTP Administration Building, 

referred to as Site 5 in the Shoreline Stabilization Project completed in 1992. Both of these 

coves originated as sea caves, which formed along existing fault and joint lineaments in 

the lower cliff-forming bedrock unit. Continuing differential erosion enlarged the sea caves 

to the point where roof-rock instability resulted in collapse, forming the coves that exist 

today. These fault/joint-controlled- cove areas continue to exhibit significantly higher 

erosion rates than the remaining unfaulted areas of the bluff within the Plant limits. 

Previous attempts to retard erosion in these two cove areas included the placement of 

considerable riprap at the base of the southerly cove in the early 1970s, and miscellaneous 

construction debris in the northerly cove (presumably placed by the Navy) at some time in 

the past. Ongoing erosion in the southerly cove area, which threatened Gatchell R_oad, 

necessitated the shoreline improvements recently implemented at Site 5. Similar 

conditions exist in the vicinity of the northerly cove and, as we understand, the City now 

desires to stabilize this northerly-most portion of the PLWTP. 

Bajada/GDC Associates was retained to provide construction documents and the 

supporting basis of design for the currently-proposed North Shoreline Protection 

Improvements (NSPI) at the Treatment Plant. This report presents the results of the 

various engineering support studies, including a geotechnical investigation and coastal 
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bluff retreat study, along with concept designs for the proposed stabilization of the coastal 

bluffs in this area. 

2 SCOPE OF WORK 

The scope of work for this project has been performed in general accordance with our 

Consultant Agreement with Black & Veatch dated December 28, 1994. 

Specifically, the scope of work includes that effort necessary for providing construction 

documents and the supporting technical basis of design for shoreline and upper-bluff 

stabilization measures considered necessary to stabilize the seaward edge of the coastal 

bluff in the vicinity of the northwest corner of the plant site. This document describes the 

results of the various engineering support studies, site information and constraints, and 

alternative concept designs for shoreline and upper-bluff stabilization in this area. The 

specific tasks to be accomplished during this phase of work include the following: 

0 Develop Site Information and Constraints 

o Data Collection from Various Agencies 

o Bathymetry 

o Geotechnical Investigation 

o Estimate of Bluff Retreat 

o Develop Design Waves 

0 Preliminary Studies 

o Identification and Evaluation of Alternate Design Concepts 

o Concept Designs and Cost Estimates 

This report includes the technical background for alternative design concepts considered 

feasible, and includes preliminary cost estimates associated with each alternative. This 

report further addresses the effectiveness of proposed coastal protection works, and the 

necessity for structures within the northerly cove area; probable post-construction 

maintenance requirements; degree of physical impacts, beneficial or adverse, on abutting 
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property; and impact on existing infrastructure in compliance with City of San Diego 

standards and Army Corps of Engineers standards. 

3 FIELD STUDIES 

Field studies, conducted during the period between January and March 1995, included a 

detailed geologic mapping of the site, the field work associated with the geotechnical 

investigation, and a detailed assessment of potential site constraints that could impact 

prnposed improvements. Survey work was also conducted to field-edit the topographic 

base map provided by the City of San Diego, to survey-in geologic contacts, and to 

develop offshore bathymetry. A more detailed description of the geotechnical and coastal 

studies is included in Appendix A. 

Nearshore sea-floor bathymetry was surveyed, extending 300± yards offshore from the sea 

cove. We have digitized our recent bathymetric survey, along with the original offshore 

bathymetric surveys conducted as part of the 1988 GDC studies, onto the City's 

topographic base, and have provided the offshore bathymetry in digital format in a 

separate package. 

4 GENERAL SITE CONDITIONS 

4.1 Existing Improvements 

As can be seen on the frontispiece, the northerly limits of the Plant boundary essentially 

bisect the subject cove with the Navy property, which contains the northerly parking lot and 

construction staging areas for several ongoing PLWTP improvement projects. This 

photograph, taken in late 1994, shows the considerable debris at the base of the slope and 

active erosion undermining the existing improvements in this area. Virtually the entire site, 

including much of the adjacent Navy property, has been graded since construction of the 

facility in 1963, resulting in essentially no natural open space areas on the site. 
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The geologic strata exposed in the face of the coastal bluffs represent two principal 

geologic units. The lower cliff-forming unit, which extends up to an elevation of 

approximately 57 feet, is the Cretaceous-age (70 to 90 million years old) Point Loma 

Formation. Where not affected by fractures and jointing in the rock, this cliff-forming unit 

is relatively resistant to erosion. The various headlands represent relatively unfractured 

rock, and the cove areas represent zones of more intense fracturing, which are thus more 

susceptible to erosion. This cove originated as a sea cave, which formed along existing 

fault and joint lineaments in the lower cliff~forming bedrock unit. Continuing differential 

erosion enlarged the sea cave to the point where roof rock instability resulted in collapse, 

forming the cove that exists today. This fault/joint-controlled cove continues to exhibit 

significantly higher erosion rates than the remaining unfaulted areas along this portion of 

the Point Loma Peninsula. 

The lower cliff-forming geologic unit has experienced upwards of 45 feet of tectonic uplift 

in the last 125,000 years, raising the relic abrasion platform to approximate elevation 57 

feet. Subsequent deposition of the Bay Point formational soils on top of this wave-abraded 

surface (approximately 120,000 years ago) mantled the older Point Loma Formation to 

form a cap of more-erodible marine terrace deposits. Prior to grading for the development 

of the Plant in the early 1960s, this area sloped toward the bluff-top at a relatively gentle 

gradient of 12 percent. Subsequently, upwards of 20 feet of fill was placed in the area to 

create the relatively level present-day topography. A more detailed description of the 

geologic environment is contained in the Geotechnical and Coastal Studies report, 

Appendix A. 

4.3 Coastal Environment 

In evaluating the wave climate that controls coastal erosion, considerable hindcast data 

are available, which indicate likely future trends. Accordingly, it is feasible to establish 

geotechnical design criteria for coastal structures. Waves along the San Diego County 

shoreline generally range in height from 2 to 5 feet; however, large waves ranging from 6 

to 10 feet in height are not uncommon. These large waves can arrive at almost any time 

BAJADA/GDC ASSOCIATES 



BLACK & VEATCH 
Project No. 1601 

July 3, 1995 
Page6 

during the year and may continue for 3 to 4 days. These high-wave episodes are 

frequently unaccompanied by strong winds. Breakers with estimated heights of 15 to 20 

feet have been observed off the coastline within the study area (USCOE, 1960; National 

Marine Consultants, Inc., 1960). 

Seymour, et. al. (1984) have produced storm wave hindcast estimates for the period 1900-

1984. This resulted in a list of 59 storms in which the resulting offshore significant-wave­

height exceeded 3 m (10 feet), all having periods equal to or exceeding 12 seconds. The 

tropical cyclone of September 1939, a major wave event in southern California, was added 

for a total of 60 storms. 

It is of interest to note that extreme deep-water wave episodes exceeding 6 meters were 

. only reported on eight occasions during the period 1900 - 1979, while the period from 

February 1980 through February 1984 experienced a total of ten storm events with deep­

water waves exceeding 6 meters. Further, the storm of January 17-18, 1988, produced 

the highest measured deep-water waves approaching the southern California coast. The 

significant wave height was 10.0 meters (Seymour, 1989), higher than any reported in the 

1900 - 1984 database. This storm was likely on the order of a 200-year storm, and was 

reported by Seymour to be " ... remarkably similar to Richard Henry Dana's observations 

in Two Years Before the Mast of the dangerous Southeasters [significant storm arriving 

from the south] off this same coast during the 1830's." 

Continued coastal erosion, in part accelerated by more energetic wave activity during the 

last 10 years, has subjected the Southern Californta coastline to a progressively more 

severe wave energy environment than that experienced during the preceding 40 to 50 

years. This historical database is used by most consultants to estimate shoreline erosion 

rates, which are typically then used to forecast erosion during the useful life of a proposed 

structure. A more detailed description of the coastal environment is contained in the 

Geotechnical and Coastal Studies report, Appendix A. 
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The rate of marine erosion for the coves has been estimated as a reasonable multiple of 

the rate for the sea cliff along the main coastline alignment and from comparison of aerial 

photographs taken as early as 1939, with recent photographs and mapping for this project. 

Significant differences in erosion rates are evident between the relatively linear coastal 

headland, and the sea coves. This is in part due to the difference in lithology and intensity 

of jointing, to the wave-direction dependence of transmitting erosive energy into the cove, 

and to the energy-focusing effect of surge channels. 

Aerial photographs taken at irregular intervals from as early as 1939 to the present were 

compared in estimating the rate of cliff retreat. Our interpretation of these photographs 

indicates bluff-top retreat rates varying from approximately 0.21 to 0.33 feet per year. 

Review of aerial photographs further indicates that upper-bluff retreat was primarily due to 

sloughing, whether by undermining or due to localized slope instability. Thus, the rate of 

marine erosion in the backs of coves is substantially higher than subaerial erosion. 

Preliminary estimates of ongoing marine erosion indicate a long-term annualized rate of 

bluff-top retreat on the order of 0.2 to 0.3 feet per year at the head of the cove in the 

project area. Subaerial erosion, primarily from aging drainage facilities that are themselves 

being undermined, is also contributing to retreat of the bluff-top. 

5 DESIGN CONSIDERATIONS 

5.1 General Considerations 

In order to determine an appropriate shoreline cliff stabilization program, especially in an area 

of extreme environmental sensitivity, it is important to address: the problems of visual 

aesthetics; current uses of the area; the present hazards associated with already unstable 

oversteepened slopes; the potential for future erosion; and the impact of minimal or no 

stabilization in certain areas. Relevant sections of the California Coastal Act require that 
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coastal protection be limited to only those areas where continued erosion will impact existing 

improvements. To satisfy this concern, proposed shoreline and upper-bluff stabilization 

measures have been limited to only the head of the sea cove, where a relatively high erosion 

rate exists. 

5.2 Coastal Erosion 

The main erosion problems at the base of the sea cliff in this area are associated· with the 

direct impact of waves and/or wave runup in areas where joints and/or fractures are present 

in the Point Loma- Formation. The sea cove itself has been formed by a northeasterly­

trending fault zone and an associated northwesterly-trending joint system, resulting in a 

relatively wide zone of fractured rock at the head of the existing cove, which is susceptible to 

ongoing marine ~rosion. The presence of a large debris pile at the head of the cove, along 

with the shingle beach, itself partially derived from the debris, has provided temporary 

protection from direct wave impact and a corresponding temporary reduction in the rate of 

marine erosion. This debris pile is comprised of two components: 1) concrete and associated 

rubble derived from demolition of structures (estimated 30 to 50 percent of debris volume); 

and 2) natural soil slump debris, caused by periodic failure (collapse) of the oversteepened 

upper-bluff soils (estimated 50 to 70 percent of debris volume). 

Placement of the demolition debris, based on photographic reconnaissance, likely occurred, 

periodically, during the middle to late 1960s. The debris pile has been temporarily effective 

in mitigating marine erosion; however, marine erosion appears to be rapidly reducing its 

effectiveness, thus allowing an increase in the rate of erosion in the Point Loma Formation, 

undermining the overlying Bay Point Formation, and reinitiating progressive collapse of the 

upper part of the coastal bluff. 

Unless some form of lower shoreline stabilization is provided to replace the rapidly eroding 

debris pile, the rate of bluff-top retreat will again accelerate, resulting in a continual loss of 

existing bluff-top improvements. Of more concern, however, is the mechanism of upper-bluff 

retreat, which poses a life-safety issue due to the substantial amount of old fill soils that 

mantle the upper Bay Point formational soils. When destabilized, these old fill soils tend to 

collapse in a rapid progression, possibly taking upwards of 10 to 15 feet of bluff-top 
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improvements with the failure. More troublesome is the rapidity with which the failure would 

occur, which could pose a life-safety issue, were anyone to be in the vicinity of the failure. 

Although various structural measures were considered to reduce the rate of marine erosion, 

rock revetments are considered to be the most appropriate solution, as they currently stabilize 

over 50 percent of the coastline fronting the Plant boundaries. This structural solution would 

be most appropriate to maintain visual consistency throughout the Treatment Plant. 

5.3 Aesthetics 

The existing visual character in this area has been degraded somewhat by the existing debris 

that currently exists within this cove. The placement of a rock revetment would require that 

all of the debris be removed and replaced with a more natural-appearing rock structure of 

considerably smaller scale at the base of the bluffs. This singular improvement would result 

in re-exposing a 35±-foot-tall vertical cliffed portion of the bluff, which is currently covered with 

debris. 

5.4 Upper-Bluff Stabilization 

Once the lower cliffed portion of the coastal bluff has been stabilized, some remedial work is 

still necessary to improve the stability of the upper portion of the bluff, addressing both the 

Bay Point Formation and the overlying marginally stable fill soils. A variety of upper-bluff 

stabilization measures are appropriate for improving the stability and safety of the upper 

portion of the bluff headward of the sea cove. We have included both structural and 

nonstructural alternatives and a general description of some of the merits and constraints of 

each option. The no-project option was not considered as we believe the existing upper 

portion of the bluff is in a marginally-stable and potentially hazardous condition that should 

be mitigated. 

All of the upper-bluff stabilization measures considered herein address only stabilization of 

the upper terrace deposits and old fills. Although other options exist, in order to minimize both 

the scale and cost of this shoreline stabilization project, we have assumed that a rock 

revetment would be constructed at the base of the coastal bluff, leaving a 35± foot natural 
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vertical-cliffed section of bluff extending up to the Point Loma contact near elevation 57 feet. 

In order to accommodate the anticipated [albeit reduced] future marine erosion affecting the 

lower-cliffed section of the bluff, we are proposing to initiate any upper-bluff stabilization 

measures starting behind a 12-foot setback, measured from the seaward face of the Point 

Loma contact, essentially forming a 12-foot-wide sacrificial bench. This concept is similar to 

the existing shoreline protection southwesterly of the administration building at the entrance 

to the Plant. This 12-foot setback line is shown on the Site Plan, Figure 1. 

5.5 Revetment Design 

A stable riprap design section requires consideration of such factors as the maximum 

anticipated deep-water design wave height and wave period that could be expected to occur 

over the life ofthe structure. Upon reaching the coastline, the design wave reaches a depth 

of water so shallow that the waves collapse or break. This depth is equal to about 1.3 times 

the wave height. During periods of extreme high tide, small swells of approximately 2 to 4 

feet in height may actually maintain most of their wave energy and break directly on the 

structure. During periods of heavy storms, where deep-water wave heights are tens of feet 

high, these waves break quite a distance offshore, reform as smaller waves, and eventually 

impart a portion of the original wave energy onto the shore protection structure. 

Deep water significant wave height and significant wave period may be determined if wind 

speed, wind direction and fetch length are known. This information, with water level data, is 

used with refraction analyses to determine wave conditions at the site. Wave conditions at 

a site depend critically on the water level and the corresponding sea-floor elevation at the 

base of the structure. Consequently, knowtedge of sea-floor bathymetry and the design still­

water level (SWL) must be established to evaluate the wave forces on a coastal structure. 

The foreshore slope also affects the height of a particular design wave ·approaching the 

coastline. For a given beach elevation at the base of the coastal bluff, a steeper foreshore 

slope allows a larger wave to break upon the coastal bluff. Local subsurface anomalies in 

offshore bathymetry may also result in wave focusing or otherwise increased wave forces that 

may impact upon the bluff. 
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Our evaluation of the maximum design wave height is based on criteria set forth in the U.S. 

Army Corps of Engineers Shore Protection Manual (1984 Edition), and the 1980 NOAA 

published data for combined maximum astronomical tide plus storm surge for a 100-year 

return period. A maximum still-water level of 6.3 feet (MSL Datum) was selected for design, 

which includes both the highest high yearly tide, combined with a statistical 100-year storm 

surge, 1 foot of wave setup, and 1 /2 foot of additional height to account for long-term rise in 

sea level. 

6 UPPER-BLUFF STABILIZATION ALTERNATIVES 

We have considered a variety of upper-bluff stabilization alternatives, ranging from simply 

regrading the upper slope to a more stable inclination, to various types of gravity structures, 

including mechanically-stabilized embankments; to stabilizing the upper bluff by a free-fonn 

structural tied-back shotcrete surface similar to the four recently-completed shotcrete walls 

as described in the 1988 GDC study. As indicated in Section 5.2, Coastal Erosion, all of the 

upper-bluff stabilization alternatives considered start at the top of the Point Loma contact, 

near elevation 57 feet, behind a 12-foot-wide setback to maintain economical, yet long-term, 

stability for the upper-bluff stabilization. Of the 40 feet upper bluff material considered for 

stabilization, the lower 20± feet, comprised of the Bay Point Formation, is more stable than 

the overlying fill soils; however, is still susceptible to subaerial erosion. As indicated in 

Figures 2 through 5, there are a variety of suitable upper-bluff stabilization alternatives, and 

the alternatives themselves can be combined in many ways. For example, the lower Bay 

Point formational soils may be cut back to a stable inclination and landscaped, and a structure 

built on top of the Bay Point Formation, to create the finished seaward edge at the top of the 

coastal bluff. 

The most expensive and durable option would be the free-form structural tied-back shotcrete 

wall, which would be carved and otherwise shaped to conform to the natural geologic 

structure. A chemical stain would then be used, which reacts with the alkalinity in the 

concrete to provide a mottled natural appearance similar in color to that of the adjacent rock. 

These improvements would be essentially identical to the four walls completed to the south 

in 1992, which were judged by the California Coastal Commission as a premier example of 
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acceptable coastal protection. Although most expensive, this alternative provides the most 

long-term stability to the upper portion of the bluff, as well as that of the lower cliffed portion 

of the Point Loma Formation, due to its lateral restraint originating 100± feet back into the 

interior bedrock mass of the Point Loma Peninsula. In addition to the ability to reclaim a 

reasonable amount of additional useable bluff-top square footage, this alternate is likely the 

easiest to process through the various regulatory agencies in view of the Coastal 

Commission's strong support for the recent shoreline stabilization efforts conducted at the 

Plant. It may be of interest to note that, in the November 1993 Coastal Commission hearings 

in San Diego, the Director of the California Coastal Commission, while referencing 

photographs of the PLWTP's recently completed Shoreline Stabilization Project, stated in a 

general message to the audience that this is the type of visual appearance that future 

shoreline stabilization projects should attempt to achieve. 

The various gravity walls, which would include patented products such as Stresswall® and 

Reinforced Earth®, impose specific foundation loading conditions that must be addressed as 

part of the overall bluff stability considerations. · The 12-'foot setback significantly improves 

foundation performance, especially in view of the existing 2- to 4-foot-thick weathered veneer 

that comprises the outer face of the vertical cliffed section of the Point Loma Formation. 

Seismic loading conditions must also be considered, as they affect both the stability of the 

upper-bluff stabilization alternate and the entire coastal bluff. 

At this concept design level, we have tentatively sized all structures and developed 

preliminary costs assuming a 0.25g earthquake-induced site acceleration, with a structure 

design factor of safety of 1.2. 

The relatively steeply-inclined, mechanically-stabilized embankment (MSE) slope alternative 

shown on Figure 4 is the least-durable alternate, in part due to its 1 :1 slope inclination. The 

durability of this option increases with a flatter slope inclination. However, there is an 

attendant loss of useable bluff-top space in the process. 

As indicated on the drawings, several options require, or can be designed to accommodate, 

landscaping, and this also has an attendant O&M cost that may be objectionable. 
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Product literature has been included in Appendix B for Reinforced Earth® walls, StresswallS®, 

and Tensar® (MSE) slope reinforcement. It should also be noted that many of the patented 

products, especially when 40±-feet high, would be difficult to visually blend into the existing 

coastal bluff and will likely meet with some resistance during the regulatory process. 

The geotechnical factors influencing the design of these various upper-bluff stabilization 

alternatives include global stability of the slope, bearing capacity, earth pressures, and, for 

the tied-back wall system, the anchor design and the forces acting on the tied-back wall 

system. A detailed description of the geotechnical design aspects affecting the various 

structures is presented in Appendix A. 

6.1 Post-Construction Maintenance Reguirements 

Post-construction maintenance requirements for the various alternatives are presented in the 

following paragraphs. In all instances, we have assumed that a rock revetment similar to that 

shown in Figure 2 will be constructed to eliminate the hydrodynamic forces from breaking 

waves impacting upon the coastal bluff. Although wave runup is occasionally expected to 

overtop the structure, contributing to limited additional marine erosion, we have not proposed 

any additional stabilization measures for the remainder of the vertical cliffed section of the 

Point Loma Formation, which extends up to elevation 57 feet. A 12-foot-wide sacrificial bench 

has been proposed at the top of the Point Loma contact to allow some additional erosion of 

the lower cliffed section of the bluff. This sacrificial bench should preclude the possibility of 

any undermining impacting any of the upper-bluff alternates well beyond the 75-year design 

life suggested by the Coastal Commission. 

No additional post-construction maintenance requirements are anticipated for the rock 

revetment during its design life. As a flexible rubble mound structure, some consolidation is 

expected, and some stones may become dislodged during major storm events; however, the 

bulk of the section will remain confined within the cove area, and its permeable nature will 

continue to provide suitable dissipation of wave energy well beyond its 75-year design life. 

It should also be noted that the 1.7:1 inclination recommended for the revetment has been 

found to be considerably more stable than the original industry-recommended structure 

inclination of 1.5: 1, and the coastal community now routinely recommends this slightly flatter 
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inclination for improved section performance when the expanded footprint requirement does 

not pose significant environmental impacts, thereby negating its benefit. 

6.1.1 Stresswafl Alternate 

The Stresswall, like many of the other patented pre-fabricated component walls, 

should provide reasonable performance over the design life of the structure. It is 

slightly more expensive than any of the other proposed patented alternates; however, 

the pre-cast elements themselves are quite robust and more durable than any of the 

other MSE structures. The relatively large pre-cast elements minimize the potential 

for future corrosion-induced degradation to the concrete. The stepped alternate 

depicted on Figure 2 has been successfully used at various locations in San Diego 

County, and provides an attractive alternate to a vertical wall, especially when heights 

on the order of 40 feet are contemplated. As implied in the sketch, the Stresswall 

counterforts (excluding the bottom counterfort) would all be founded in properly 

compacted engineered fill soils, and the proposed terrace pad between successive 

walls could be landscaped, thereby masking the height of the structure. As with any 

landscaping, there are attendant O&M costs for both sustaining the planting itself, 

along with the soil exposed on the terraced surfaces1 as any erosion of the exposed 

soil will tend to undermine the upslope wall. Any uncontrolled water that may scour 

away engineered fills must be precluded and, as with any "plantable" type walls, this 

potential must be guarded against. 

As indicated in Figure 1, all of the proposed upper-bluff stabilization measures extend 

both southerly and northerly of the existing cove limits, stepping up the sloping coastal 

terrace surface, which represent the flanks of the sea cove. The Stresswall alternate 

requires 8-foot vertical steps in both of these return walls necessitating the 

construction of relatively extensive keyways stepping up along each return. Any 

uncontrolled drainage that may extend down the face of any of these keyways could 

easily undermine the edge of any Stresswall termination and judicious control of 

surface drainage in these areas is necessary to preclude localized erosion within these 

keyways. 
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The tied-back wall, and the combination tied-back wall and gravity counterfort wall, are 

clearly the most expensive; however, they are also the most durable. A relatively thick, 

high-strength structural concrete section is rather impermeable, especially when using 

some of the special additives, and the likelihood of reinforcing steel corrosion within 

the design life of the structure is quite low. The corrosion protection systems currently 

available for tiebacks are both excellent and dependable, and can essentially provide 

a guaranteed service life in excess of 100 years. The counterfort design for either the 

tied-back wall or the counterfort gravity wall also eliminates any potential problems 

associated with the potential for low density backfill soils, as the wall essentially 

develops its lateral restraint from a combination of the tied-back anchors and the 

counterfort foundations resting on the top of the Bay Point formational contact. The 

tied-back wall alternate, as proposed, does not have any exposed soil to 

accommodate landscaping; however, the previous shoreline stabilization project to the 

south has demonstrated that a natural appearance can be maintained, essentially 

masking the appearance of the structure. As with all of the proposed structural 

alternates, the two return walls become gravity structures stepping up the sloping 

coastal terrace surface, requiring at least some attention to uncontrolled surface runoff 

along the face of the two return walls. 

6.1.3 Regraded Upper Slope 

As indicated on Figure 4, this is clearly the most economical approach to stabilizing the 

upper bluff; however, this approach places the graded edge of the upper bluff 

approximately 80 feet easterly of the seaward edge of the Point Loma contact. 

Although most economical, this alternate also requires that the finished slopes be 

landscaped, and 40-foot-high landscaped slopes do have certain O&M costs and an 

ongoing commitment to maintain and revegetate, as necessary, the sloping surface. 

This option is likely least desirable in view of the limited space available within the 

Plant boundaries, since considerable usable bluff-top surface is lost, and there is still 

a significant O&M cost to maintain the integrity and stability of the slope. 
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The geogrid-reinforced earth slope alternate shown on Figure 4, although less 

expensive than all alternates except the regraded slope described in the previous 

section, also has relatively high O&M costs. In general, O&M costs increase as the 

inclination of the geogrid-reinforced slope face becomes steeper. However, the 

attractiveness of this alternate is to enable the construction of slopes on the order of 

1 : 1 or steeper. As with the previous alternate, the slope face must be landscaped, and 

the landscaping does require some ongoing effort to maintain its health. One attractive 

feature of the geogrid reinforcement is that it does provide tensile reinforcement of the 

MSE volume, making the slope quite stable against deep-seated instability. 

Maintenance requirements are, in part, a function of the desired level of visual 

performance, and are greatly reduced if surface waters are precluded from discharging 

over the slope face. When compared to the regraded upper slope alternate, 

depending upon the inclination, the presence of the primary and intermediate geog rid 

synthetic fabric reinforcement helps to stabilize the front face of the slope, significantly 

reducing the potential for surficial instability. 

6.1.5 Reinforced Earth Retaining Wall 

The Reinforced Earth (RE) alternate undoubtedly provides the most usable bluff-top 

space for dollars spent; however, it is relatively difficult to mask its massive linear 

appearance. Several of these walls have been used as coastal protection structures 

along the San Diego County coastline, and one such structure was recently 

constructed approximately 400 feet to the south (partway down the lower hydro access 

road) as part of the 1992 Shoreline Stabilization Project. One of the true values of this 

type of construction is its flexibility and, in fact, it was chosen for this purpose in the 

previous shoreline protection project as it spanned the front face of a since-buried sea 

cove and its flexible structure was a requisite at that location. If a vertical structure 

were contemplated similar to that shown on Figure 5, it should provide reasonable 

performance with the same cautionary notes regarding its stair-stepped returns up the 

sloping coastal terrace surface. Typical RE facing elements are 5-foot by 5-foot in 

dimension, have cruciform shapes, and ship lapped joints. Similar to the Stresswall, 
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as the RE panels step up the slope, they require stepped keyways to continue the 

erection of the RE wall. As with all of the other return walls; care must be given to 

precluding erosive waters flowing down the front face of the RE panels, which, if 

unchecked, could undermine the return wall. 

6.1.6 Composite Systems 

As indicated in the text, and illustrated on Figures 2 through 5, a variety of upper-bluff 

stabilization alternatives exist, both in terms of material components and finished slope 

geometry and alignment. Slope alternates that incorporate landscaping have 

additional O&M costs attendant with the upkeep of the landscaping, and any of the 

MSE-type structures must have their MSE volume remain intact to preserve their long­

term performance. 

6.2 Existing Fill Soils 

The entire site area extending easterly to First Street is underlain by a variable thickness fill 

pad placed on the gently, westerly-sloping coastal terrace surface during the original site 

grading in 1963, which has resulted in upwards of 20 feet of fill near the westerly edge of the 

site. This fill is likely unsuitable in its present condition for support of any future improvements 

that may be contemplated as part of the Plant's master planning considerations. More 

importantly, the existing fill soil is unsuitable as a reaction for a post-tensioned tied-back 

structural wall alternate due to its anticipated excessive deformation from post-tensioning 

anchors. With the exception of the regrading alternate, all of these slope stabilization 

measures will require removal and recompaction of the outer approximately 20 to 80 feet of 

the existing fill, including the construction backcut (see Figures 2 through 5). Any subsequent 

site remediation work that may be contemplated as part of any future site improvements may, 

if in close proximity to the proposed shoreline stabilization improvements, compromise these 

upper-bluff stabilization measures. 

It is critically important that any future contemplated site improvements be conducted with due -

consideration given to any upper-bluff stabilization measures implemented as part of the 

currently proposed NSPI project. In discussions with personnel from both Black & Veatch and 
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the City of San Diego, it was agreed that the removal and proper recompaction of this entire 

19601s vintage fill be included as part of the NSPI project in order to eliminate any future site 

remediation work that may be considered necessary. We suggested this additional earthwork 

in consideration of the current master plan for the plant, which proposes a new North 

Operations Building be located in this area. The fill would be replaced to elevation 87 feet 

adjacent to the wall, reducing the depth of fill to 10± feet at this location. This will also reduce 

the cost of any upper bluff stabilization measures. The net volume of fill to be moved is 

estimated at 5200 cubic yards. 

We have offered the previous discussion in view of our own experience at the Plant with 

ongoing improvements conflicting with previously constructed Plant projects. We would like 

to illustrate this with several examples in hopes that any contemplated future site work in this 

area does not in any way adversely affect the NSPI project. 

o The Sludge Pumping Station currently under design by Metcalf and Eddy, to 

be located at the ''Y" intersection of Gatchell Road, First Street, and Second 

Street contemplates a 30-foot excavation to accommodate the new pump 

house. This excavation conflicts with four existing post-tensioned tieback 

anchors, which provide support for the adjacent 35-foot-high structural 

shotcrete tied-bqck wall fronting the coastal bluff. Fortunately, these conflicts 

were recognized early in the design process, and the original design team 

members of the tied-back wall were retained to assist in the redesign of these 

anchors to accommodate the currently proposed sludge pumping station. 

o The Digestor Upgrades and Expansion project included a pump house to be 

located on the lower hydro access road near the southerly edge of the tied­

back shotcrete seawall constructed as part of the Site 2 improvements for the 

recently constructed Shoreline Stabilization Project. The geotechnical 

consultant for that project was contemplating a drilled pier foundation for the 

pump house, with the possibility existing for potential conflicts with the 

southerly most set of tiebacks for the adjacent slope stabilization project. As -­

orig in al designer of the tied-back wall, we were happy to assist in the 

resolution of this matter. 
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As indicated in the two previous examples, conflicts can and do occur, and the available 

space within the Plant boundaries necessitates maximum utilization of all of the available 

land, which is bound to result in conflicts with existing improvements on site. Tied-back 

structures, although highly efficient, do result in underground embedded anchors that may 

exceed 100 feet in length. If utilized, it is important that these anchors be considered in any 

future site improvements contemplated within the influence of the anchors. Similarly, the 

other upper-slope stabilization alternates, particularly the mechanically-stabilized 

embankment (MSE) type products depicted on Figures 4 and 5, utilize either geosynthetic or 

steel reinforcing strips embedded throughout the MSE volume, which, if compromised, 

reduces stability of the MSE structure. 

A corollary concern is best illustrated with the geogrid-reinforced earth slope alternate shown 

on Figure 4. The MSE volume necessary to support a 1 :1 inclination, with appropriate 

surcharge loading conditions, would be as shown on Figure 4. The base of the MSE volume 

would extend approximately 62 feet in from the seaward edge of the Point Loma contact, and 

the top of the MSE volume would extend approximately 88 feet in from the face of the Point 

Loma contact. As previously indicated, the existing 19601S vintage fill in this area may be 

deemed as unsuitable for future improvements, or the improvements themselves may 

encroach upon the MSE volume. If the fill were to be removed and recompacted, or the MSE 

volume itself compromised to accommodate some future improvement, the geogrid-reinforced 

earth slope would likely require redesign and possibly reconstruction to accommodate some 

future need. 

The tied-back wall alternate shown on Figure 3 may be the least sensitive structural 

alternative, since the wall itself would not be compromised with any subsequent removal of 

existing fill soils. This alternate, however, does require that any future site utilization 

recognize the presence of existing embedded anchors that may extend 100 feet into the pad, 

albeit well below the top of the Bay Point formational contact. Any deep excavations to 

accommodate some subterranean structure similar to the sludge pump station, or any drilled 

pier foundations to accommodate some future utilization of the site, should include a careful 

evaluation of the existing subsurface components constructed as part of the NSPI project. 
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At this point, it should be noted that the estimated total project cost listed in Section 8 

assumes all upper-bluff stabilization alternates to be 40 feet in height, essentially extending 

from elevation 57 to 97 feet. We have also analyzed a 30-foot-high tied-back wall alternate, 

which may be an attractive option in view of the current master plan considerations in this 

area. Total project cost for shoreline stabilization in this area will obviously be a function of 

the ultimate plan bluff-top elevation, and these costs will be refined as part of the 60 percent 

submittal, pending final City recommendations. 

6.3 Site Drainage 

Approximately 1.1 ± acres of upland watershed currently drains to this portion of the coastline, 

with all surface w,ater discharging over the coastal bluff near the northwest corner of the site, 

which, over the last 30 years, has been the principal contributor to the significant incised gully 

in this area. Additionally, an existing 24-inch RCP drain line exits the face of the coastal bluff 

near the southerly margin of the sea cove, with the pipe invert elevation near 81 feet. 

Although surface drainage has extensively incised the original engineered fill placed in this 

area, the existing 24-inch drain line has also caused severe erosion of the upper bluff along 

the southerly margin of the sea cove. Site drainage in this area must be improved as part of 

the NSPI project in order to avoid damage to existing improvements from inadequately 

controlled surface runoff. We would suggest that all site drainage be directed to a suitable 

drainage structure 30± feet landward of the seaward edge of the selected bluff-top remedial 

measures. We anticipate ·that the structure would consist of a vault with an angle-bored drain 

line exiting the lower cliffed section of the coastal bluff near the top of the proposed revetment 

at about elevation 25 feet. This approach to accommodating site drainage is essentially the 

same as that installed at Site 5 of the 1992 Shoreline Stabilization Project. We would further 

suggest that the existing 24-inch drain line also be rerouted to drain into the proposed 

drainage vault. 

7 CONSTRUCTION CONSTRAINTS 

The PLWTP is a continuously-operating facility having need for continual Plant access. It will 

be necessary for staging areas to be made available to the contractor adjacent to the face of 
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the bluff. The contractor will be required to cooperate with Plant personnel and maintain 

access along First Street and, presumably, if staging off the Navy property, will have 

additional requirements imposed by the Navy. 

8 RECOMMENDED SHORELINE STABILIZATION PROJECT 

The preferred shoreline and upper-bluff stabilization approach within the PLWTP boundaries 

limits proposed improvements to only those areas where continued erosion within the next 

75 years will likely impact existing improvements. Specific wall types and dimensions 

described herein have been selected based on estimates of future erosion rates, the cost and 

effectiveness of proposed coastal works, and the long-range needs of the Plant. Erosion 

rates have been evaluated from a geologic inventory of erosion processes along the bluffs, 

a review of available historical aerial photographs further corroborating erosion processes, 

and discussions with Plant personnel eliciting their past experience with erosion processes 

in the Plant area. 

Based on discussions with Plant personnel, we have developed the following proposed 

shoreline and upper-bluff stabilization measures, in part due to the durability, long-term 

performance, and minimum maintenance requirements, all of which are considered to be 

important issues when considering the long-term stability of the coastal bluff, 

At present, we are recommending that the finish grade adjacent the top of the coastal bluff 

be lowered to elevation 87± feet, in order to reduce the scale of the proposed stabilization 

measures and to accommodate the long-term master plan objectives for this area. The 

proposed improvements include a rock revetment at the base of the coastal bluff (Figure 2) 

to essentially arrest ongoing marine erosion, and the construction of a 30±-foot-high 

reinforced shotcrete structural tied-back wall at the top of the bluff (Figure 3) to increase the 

stability of the currently oversteepened and marginally stable upper portion of the bluff. As 

indicated on Figure 1, the base of the wall would essentially follow the 12-foot setback; 

however, both ends of the shotcrete wall would extend beyond the width of the sea cove, -

stepping up and keying into the more competent intact Bay Point formational soils extending 

beyond either edge of the sea cove alignment. The total length of the proposed tied-back wall 
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would be approximately 130 feet, and would result in a new useable bluff-top configuration, 

essentially as shown on Figures 1. We are also proposing drainage improvements, 

essentially as described in Section 6.3, incorporating a single inlet structure and diagonally­

bored gravity drain line exiting at the top of the rock revetment, essentially similar to that 

which currently exists immediately southerly of the PLWTP Administration Building. 

The lower rock revetment is proposed to have a crown elevation of 25 feet (MSL datum), be 

approximately 100 feet in length (the width of the sea cove), and consist of 8-ton armor stone 

constructed at an inclination of 1.7:1. The approximate geometry of this revetment is 

illustrated on Figure 2. All of the existing debris would be removed from the head of the cove, 

and the existing shingle beach would be removed within the footprint of the proposed 

revetment and the revetment itself keyed a minimum of 2 feet into the Point Loma shelf rock 

comprising the base of the sea cove. 

The structural shotcrete wall will incorporate a 3½-foot-high concrete parapet designed to 

visually blend into the existing coastal bluffs, and designed to accommodate impact loading 

from HS-20 vehicular traffic impacting the wall at a speed of 10 miles per hour. 

9 DESIGN CRITERIA 

9.1 Stone Revetments 

Sea-floor bathymetry in front of proposed structure is on the order of elevation of +1 foot (MSL 

datum). The average nearshore slope extending out a distance of 600± feet is on the order 

of 40: 1. The sea-floor materials are comprised of the sedimentary rocks of the Point Loma 

Formation, and are· judged to be relatively erosion resistant. For design purposes, we have 

assumed 1 foot of additional erosion from gravel abrasion at the base of structure; 

A maximum design still-water level of 6.3 feet (MSL Datum) was selected for design which 

includes both the highest high yearly tide, combined with a statistical 1 OD-year storm surge, 

1 foot of wave setup, and 1/2 foot of additional height to account for long-term sea level rise. 

This results in a maximum design breaker height of approaching 8 feet, and a required 
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minimum stone size of 6 tons. We would suggest specifying 8-ton stone, since it is more 

readily available (this is a Caltrans and County of San Diego specification rock size). Runup 

calculations indicate that design storm waves with periods on the order of 6 seconds may 

result in upwards of 25 feet of wave runup above the design still-water level reaching 

elevations of over 30 feet. 

9.2 Tied-Back Walls 

Surface preparation of the bluff would consist of the removal of small protrusions which would 

be difficult to instaU reinforcement around. Slots would be cut in the bluff surface at the 

vertical edges of the concrete in order to key the concrete into the bluff. Pockets of rock 

would be cut from the bluff face at the anchor locations so as to provide additional concrete 

thickness where tieback anchor stresses applied to the shotcrete skin are the greatest. 

A matrix of holes on approximately a 12± foot square grid would be drilled to a depth of about 

100± feet in the bluff face. High strength, multi-strand, prestressing tendons utilizing a double 

corrosion protection system would be installed in these holes and grouted. 

Epoxy-coated reinforcing steel would be attached to the bluff surface. Two layers of steel 

reinforcing would be used at anchor locations. Colored shotcrete, a form of pneumatically 

installed concrete, would be blown on the bluff surface to encase the reinforcing steel in a 

minimum 12-inch-thick shotcrete wall. After the shotcrete has cured, the tiebacks will be 

tensioned and locked-off at their design loads to prevent development of active pressures in 

any fractured rock behind the wall. The anchorage pockets would then be fdled to match the 

surrounding shotcrete to complete the wall. 

10 ESTIMATED TOTAL PROJECT COST 

Estimated costs for construction of proposed improvements described herein were developed 

in dollars per facial square foot for total in-place cost for all wall elements; in dollars per cubic 

yard for in-place cost of all reinforced or graded slopes and riprap. The cost estimates include 

installation of all elements of a proposed concept, plus any required grading and/or 
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landscaping. (Grading would include the construction backcuts necessary to accommodate 

the alternates shown in Figures 2 through 5, respectively). It should be noted that these costs 

are based on manufacturer's suggested prices and present contractor's average installation 

cost. These costs could vary somewhat depending on availability, suppliers, and bidding 

costs. A breakdown of total estimated project costs is provided in Table 1. Unit costs used 

in our estimate of construction costs are listed below: 

Estimated Unit Costs 

ITEM 

Rock Revetment Lower Shoreline Protection 

Stresswall® 

Tied-Back Wall 

Tied-Back Wall and Counterfort Gravity Wall Combination 

Regrade Upper Slope 

Geogrid-Reinforced Earth Slope 

Reinforced Earth Retaining Wall 
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UNIT COST 

$73/ton ($110/cu.yd.) 

$44/sq.ft. 

$124/sq. ft. 

$117/sq.ft. 

$10/cu.yd. 

$31/cu.yd. 

$40/sq.ft. 



TABLE 1 
ESTIMATED PROJECT COSTS 

ROCK REVETMENT LOWER SHORELINE PROTECTION 

Earthwork (removal of talus and debris): 

3000 cu.yd. @ $20/cu.yd. $ 60,000 
Riprap: 

4500 tons @ $60/ton 270,000 
Total Rock Revetment ... $ 330,000 

STRESSWALL® 

Structure Excavation and Backcut: 

4075 cu.yd. @$10/cu.yd. $ 40,750 
4400 sq.ft. Stresswall@ $35/sq.ft. 154,000 

Total Stresswall $ 194,750 

TIED-BACK WALL 

Earthwork (excavation & recompact fill within 15 feet of wall): 

920 cu.yd. @ $20/cu.yd. $ 18,400 
Tied-Back Wall: 

4400 sq.ft.@ $120/sq.ft. 528,000 
Total Tied-Back Wall $ 546,400 

30-FOOT-HIGH TIED-BACK WALL 

430 cu.yd. @ $20/cu.yd. $ 8,600 
3300 sq.ft. @ $120/sq.ft. 396,000 

Total Tied-Back Wall $ 404,600 

TIED-BACK WALL AND COUNTERFORT GRAVITY WALL 

Earthwork (excavate and recompact fill within 15 feet of wall): 

920 cu.yd. @ $20/cu.yd. $ 18,400 
Tied-Back Wall: 

2750 sq.ft. @$120/sq.ft. 330,000 
Counterfort Wall: 

1650 sq.ft. @$100/sq.ft. 165,000 
Total Tied-Back Wall and Counterfort .. $ 513,400 

REGRADE UPPER SLOPE 

Excavation: 

6000 cu.yd. @ $10/cu.yd. $ 60,000 

Total Regrade Upper Slope $ 60,000 

GEOGRID-REINFORCED EARTH SLOPE 

Structure Excavation: 

10,312 cu.yd. @$8/cu.yd. $ 82,496 

Reinforced Earth: 

7645 cu.yd. @ $20/cu.yd. 152,900 

Total Geogrid-Reinforced Earth Slope $ 235,396 
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ESTIMATED PROJECT COSTS 

(continued) 

REINFORCED EARTH RETAINING WALL 

Structure Excavation: 

6519 cu.yd. @ $10/cu.yd. 

Reinforced Earth Wall: 

4400 sq.ft.@ $25/sq.ft. 

Total Reinforced Earth Retaining Wall 

REINFORCED EARTH WALL WITH 
GEOGRID-REINFORCED EARTH SLOPE 
Structure Excavation: 

6519 cu.yd. @$10/cu.yd. 

Reinforced Earth Slope: 

1527 cu.yd. @ $20/cu.yd. 

Reinforced Earth Wall: 

2750 sq.ft. @ $25/sq.ft. 

Total RE Wall w/Geogrid-Reinforced ... 
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$ 

$ 

$ 

$ 

65,190 

110,000 

175,190 

65,190 

30,555 

68,750 

164,495 
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BLOCKFALL: Rapid decent of a large angular rock fragment derived from breaking of the 
parent rock mass, usually along joints. 

BLUFF (COASTAL BLUFF): The rising ground bordering the sea, which may include a sea 
cliff, but is characterized by an upper, moderately-sloping, section ending at a coastal terrace. 

BLUFF-TOP: The boundary between the bluff and the coastal terrace. 

BLUFF-TOP RETREAT: Landward migration over time of the bluff-top caused by marine 
erosion on the sea cliff and subaerial erosion of the bluff. 

CAUSTIC: In refraction of waves, the name given to the curve to which adjacent wave rays 
refracted by a bottom whose contour lines are curved, are tangents. The occurrence of a 
caustic always marks a region of crossed wave rays and high wave convergence. 

CLAPOTIS: Nonbreaking waves. 

CLIFF-PLATFORM JUNCTION: The location at the base of the sea cliff where the near­
horizontal shore platform meets the near-vertical sea cliff. 

COASTAL TERRACE: Any long, narrow, relatively level surface bounded along the 
shoreward edge by a sea cliff and along the landward edge by ascending slopes. 

DIURNAL: Having a period or cycle of approximately 1 tidal day. 

EROSION: The mechanical destruction of the land or sea floor, and the removal of rock and 
soil by running water, waves and currents, moving ice, wind, and gravity. It includes the 
processes of weathering, solution, corrosion, and transportation. 

FETCH: The horizontal distance (in the direction of the wind) over which a wind generates 
seas. 

FORESHORE ZONE: A part of the shore lying between the upper limit of wave wash at high 
tide and the low water mark. The foreshore is usually traversed by the uprush and backrush 
of waves; however, the foreshore is typically absent at the site. 

GEOMORPHOLOGY: That branch of both physiography and geology which deals with the 
form of the earth, the general configuration of its surface, and the changes that take place in 
the evolution of landform. 
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GRABEN: An elongate, relatively downthrown, crustal unit or block that is bounded by faults 
on its long sides. 

HEADLAND (HEAD): A high steep-faced promontory extending into the sea. 

HORST: An elongate, relatively uplifted crustal unit or block that is bounded by faults on its 
long sides. 

INSHORE ZONE: A zone of variable width extending from the low water line at the shore to 
the seaward edge of the breaker zone. 

NEAP TIDE: A tide occurring near the time of quadrature of the moon with the sun. The neap 
tidal range is usually 10 to 30 percent less than the mean tidal range. 

NEARSHORE ZONE: An indefinite zone extending seaward from the shoreline well beyond 
the breaker zone. 

REFRACTION: The process by which the direction of a wave moving in shallow water at an 
angle to the contours is changed. The part of the wave advancing in shallower water moves 
more slowly than the part still advancing in deeper water, causing the wave crest to bend 
toward alignment with the underwater contours. 

SEA CLIFF: A more or less continuous line of seaward-facing, high, steep rock faces or 
precipices that are caused by marine and subaerial erosion. 

SEMIDIURNAL TIDE: A tide with two high and low waters in a tidal day. 

SHORE: The narrow strip of land in immediate contact with the sea, including the zone 
between high and low water lines. A shore of unconsolidated material is usually called a 
beach. 

SHORE PLATFORM: A gently seaward-sloping, but relatively level, surface produced by 
wave erosion and extending far into the sea. 

STANDING WAVES: Nonbreaking waves. 

STILL-WATER LEVEL: The elevation that the surface of the water would assume if all wave 
action were absent. 
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SUBAERIAL EROSION: Erosion that occurs on the land surface due to removal of surface 
material by wind, water, and gravity in its broadest sense. This also includes the weathering 
process which produces more erodible material. Contrasted with marine erosion. 

WASTING: The gradual destruction or wearing away of a landform surface by wind, gravity, 
and rill wash, but excluding subaqueous erosion. 

WAVE HEIGHT: The vertical distance between a crest and the preceding trough. 

WAVE LENGTH: The horizontal distance between similar points on two successive waves 
measured perpendicular to the crest. 

WAVE RAY (ORTHOGONAL): On a wave-refraction diagram, a line drawn perpendicularly 
to the wave crests. 

WAVE SETUP: Superelevation of the still water surface over normal surge elevation due to 
onshore mass transport of water by wave action alone. 

WEARING: The gradual destruction of a landform surface by movement of loose rock 
fragments or particles driven by wind, waves, running water or ice that causes rubbing, 
grinding, knocking, scraping, and bumping against the landform surface. 

WEATHERING: The physical disintegration and chemical decomposition of rock that 
produces an in-situ mantle of softer material that is more easily eroded. 
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POINT LOMA METROPOLITAN WASTEWATER TREATMENT PLANT 
SAN DIEGO, CALIFORNIA 

1 PROJECT DESCRIPTION 

Coastal erosion and bluff retreat have characterized coastal geomorphic processes in the 

San Diego area for an estimated 18,000 years and, consequently, the construction and 

maintenance of shoreline protection has been necessary since the opening of the 

Treatment Plant in 1963. The most recent shoreline and upper-bluff stabilization project, 

completed in 1992, required extensive construction at five separate sites within the plant 

boundaries. The design of that project by Group Delta Consultants, Inc .. (GDC) included 

the construction of stone revetments, tied-back walls, gravity walls, and the resurfacing and 

structural stabilization of a deteriorated steel binwall. We understand that the City currently 

intends to construct the North Shoreline Protection Improvements (NSPI) at the landward 

end of an approximately 100-foot-wide, 200+-foot-long sea cove (collapsed sea cave) at 

the northern boundary of the plant site, an area of accelerated erosion not addressed or 

mitigated by the 1992 construction. Figure A-1, the Site Plan and Geologic Map, shows 

the current topography, geology, and existing improvements in the general site area. 

2 SCOPE OF WORK 

Our geotechnical and coastal studies were performed to evaluate subsurface soil and 

geologic conditions, and to provide geotechnical and coastal engineering input to the 

design of shoreline and upper-bluff stabilization structures. 

The field studies, performed during the period between January and March, 1995, were 

conducted to provide both geotechnical and coastal engineering data for design, and for 

assessment of potential site constraints that could impact the proposed improvements. 
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Survey work was also conducted to field-edit the topographic base map provided by the 

City of San Diego, to survey-in geologic contacts, and to develop offshore bathymetry. 

Nearshore sea-floor bathymetry was surveyed, extending 300± yards offshore from the sea 

cove. We have digitized our recent bathymetric survey, along with the original offshore 

bathymetric surveys conducted as part of the 1988 GDC studies, onto the City's 

topographic base, and have provided the offshore bathymetry in digital format. 

2.1 Geotechnical Investigation 

Field studies for this project, as agreed with the client, were designed to supplement and 

complement the geotechnical studies for the HOG project, and the very detailed field and 

laboratory investigations performed over a three-year period during both the design and 

construction phases of the 1989-92 shore and upper-bluff stabilization project at the Plant 

site. 

Geologic data points were surveyed in with the use of total station instrument. A Gradall 

Model G-880 excavator with a 30-foot boom was employed to expose geologic contacts 

on the steep slope at the head of the cove, and to assist the field geologist in reaching 

difficult access survey points. Additionally, the Gradall was used to excavate two test 

trenches through the mantle of natural overburden soils and fill at the top of the bluff. 

Figure A-1, the Site Plan and Geologic Map, presents the alignment of mapped geologic 

contacts, bedding attitude measurement points, and the locations of Test Trenches T-1 

and T-2. 

2.2 Coastal Studies 

Our coastal engineering work on the project was performed to address three 

interdependent areas of investigation: 

1) Bathymetry of the shore platform; 

2) Selection of design waves; and 

3) Development of a design rate of bluff retreat. 
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Sea-floor bathymetry was determined immediately offshore of the study area, since, 

to a certain extent, sea-floor bathymetry controls the magnitude of design waves 

approaching and impacting upon the proposed coastal structures. We have made 

use of the offshore bathymetric suiveys, conducted by GDC in 1988, just southerly 

of the study area as part of the recent shoreline stabilization work, and have 

augmented this baseline information with suivey points extending several hundred 

feet offshore, and with a sufficient number of point elevations at the base of the 

bluffs to define local anomalies that may cause wave focusing. We have digitized 

our recent bathymetric suivey, along with the original offshore bathymetric surveys 

conducted as part of the 1988 GDC studies, onto the City's topographic base, and 

have provided the offshore bathymetry in digital format under separate cover. 

2.2.2 Design Waves 

We have developed project design waves based on criteria set forth in the U.S. 

Army Corps of Engineers Shore Protection Manual (1984 edition). Foreshore 

slopes were determined from the results of the bathymetric surveys described 

above. Design still-water levels were obtained from NOAA reports with storm surge, 

wave setup, and sea level rise included. 

2.2.3 Rate of Bluff Retreat 

A geologic site reconnaissance was made to map the sediments exposed in the 

bluffs. The project site bluff geometry, stratigraphy, structure, and stage of 

development were compared with those of adjacent and nearby bluffs. Present 

day drainage patterns on the relatively gentle slopes above the bluffs were 

compared to those in historical photos. Using available data, soil strengths were 

assigned to the mapped soil units, and erosion susceptibility analyzed. Finally, 

utilizing all of the significant data obtained, a design rate of bluff retreat was 

developed. 
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Virtually the entire area easterly of the project site has been graded since construction of 

the plant facility in 1963, resulting in essentially no natural open space areas. The 17-

sheet set of plans for the construction of Cabrillo Road and Site Grading for Sewage 

Treatment Plant - City of San Diego Drawing Nos. 9074-1 D to 9074-17D (plans approved 

November 1, 1960, as-built plans dated November 3, 1963), indicates that the site vicinity 

originally consisted of a gently westerly-sloping coastal terrace surface ranging in elevation 

from a low of 80 feet near the edge of the coastal bluff, to a high of approximately 106 feet 

in the vicinity of First Street. Original site grading completed in 1962 developed a variable­

thickness fill pad in this area, with a finished surface along its seaward margin around 

elevation 95 feet, where it remains today. 

As indicated in the original construction drawings, up to approximately 20 feet of fill soils 

were placed in this area in 1962. Ongoing erosion has removed portions of this material, 

undermining adjacent bluff-top improvements. In addition to the engineered fill shown on 

the above-referenced grading plans, relatively extensive debris fills also exist to the north, 

including a considerable volume of this material dumped into the head of the cove area, 

presumably to retard past coastal erosion encroaching upon bluff-top improvements. 

The area easterly of the project site currently houses several existing structures, and is 

also used as a staging and work area for miscellaneous plant activities. The entire area 

is currently covered with asphalt concrete paving. Chain-link fencing and "K"-rail barriers 

extend along the northerly and westerly limits of the site. 

3.2 Setting 

Point Loma is a 6-mile-long promontory, extending southward from the lowland adjacent 

to the mouth of the San Diego River. The Point Loma coastal bluffs are bordered by a 

narrow wave-cut Quaternary-age terrace or bench, with elevations ranging up to 

approximately 95 feet above sea level. Wave-impact erosion has etched out less resistant 
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faulted and jointed rock in the lower, cliffed portion of the bluffs, resulting in numerous sea 

caves and coves. 

3.3 Soil and Geologic Units 

The areal distribution and stratigraphic sequence of soil and geologic units are presented 

on Figure A-1, Site Plan and Geologic Map. Figure A-2, Generalized Geologic Cross 

Section A-A', indicates the general structural and stratigraphic relationships between the 

various soil and geologic units at the site. Figure A-3, Sea Cave Features and Structural 

Discontinuities, presents an aerial view of the cause-and-effect relationship between fault 

and joint trends, and the accelerated marine erosion (exemplified by sea caves and 

overhang features), that result from these structural discontinuities. This figure also shows 

one very large sea cave (approximately 160-feet long, 15- to 20-feet wide, and 35±-feet 

maximum height). Figure A-4, Generalized Geologic Cross Section B-B' is drawn through 

this very large cave, filled in 1963, as described in notes on the cross section. 

Two geologic formations, two natural surficial soil deposits, and two types of man-placed 

(and dumped) earth materials are. present in the general site area. The following 

paragraphs describe these units, in order from oldest to youngest. 

Point Loma Formation (Kp): The Point Loma Formation is an approximately 900-foot-thick 

(Kennedy, 1975) sedimentary layer that discontinuously crops out in coastal areas of 

northern Baja California and as far north as Carlsbad. At the site, the Point Loma 

Formation forms the lower, more resistant, cliffed portion of the coastal bluff, up to 

approximately 50 to 60 feet in elevation, and dips landward (into the bluff) at about 10 to 

15 degrees. This 70-to 90-million-year old formational unit extends seaward, comprising 

the shore platform, and extends landward beneath the coastal terrace and the entire Point 

Loma peninsula. 

The Point Loma Formation consists of well-indurated marine sediments deposited by an 

offshore and deep-water submarine fan. Offshore deposits are represented by the thin­

bedded siltstones and fine sandstones exposed in the upper part of the bluffs. Deep-water 
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deposits are represented by the erosion-resistant thick-bedded mudstone and sandstone 

exposed in the lower-cliffed part of the bluff. 

Bay Point Formation (Qbp): The Bay Point Formation, deposited on an elevated abrasion 

terrace, ranges up to approximately 35 feet in thickness at the site, and forms the upper 

part of the coastal bluff above approximate elevation 57 feet. The lower, relatively steeply­

inclined 20±-foot section of this unit is comprised predominantly of locally-derived, relatively 

clean marine sands. The upper 15±-foot section is comprised predominantly of dense, 

non-marine, clayey to silty, medium to fine sands with sparse gravels, covered by 2 to 3 

feet of silty sand topsoil and slopewash. The log of Test Trench T-1, presented on Figure 

A-5, shows the Bay Point Formation soils encountered near the surface of the coastal 

terrace. • 

The Bay Point Formation, deposited approximately 120,000 years ago on an approximately 

125,000-year-old wave-cut platform, abraded during the last interglacial period when 

worldwide sea level was approximately 20 feet higher than today. Geologic evidence 

indicates that, since deposition of the Bay Point Formation, Point Loma has been uplifted 

by tectonic forces, approximately 40 feet at a rate of about 0.4-inches. per 100 years. 

Shingle Beach Deposits (Qsb): The cove contains a pocket beach consisting of gravel and 

cobbles. This coarse-grained "shingle" beach rests on the shore platform and is estimated 

to be up to approximately 1 0 feet in thickness. 

Slump Deposits (Qsd): Slump-fall materials, which exist at the head (easterly end) of the 

cove are partly the result of oversteepening of Bay Point formational soils in the upper 

bluff, and partly of loading of the upper bluff soils with dumped fill and construction debris. 

In general, these loose deposits consist of light brown to tan, silty to clayey sands, and are 

mixed with construction debris (concrete, steel, etc.). 
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Artificial Fill (Qaij: Artificial fill, placed by man (as opposed to filling by sedimentary 

deposition), is exposed continuously along the top of the coastal bluff. This fill, placed to 

expand the useable flat area of the coastal terrace, can be expected to range in thickness 

up to approximately 20 feet in filled natural erosion gullies incised into the Bay Point 

Formation along the top of the bluff. Test Trench T-2, presented on Figure A-6 

encountered an abundance of construction debris (large pieces of concrete and reinforcing 

steel) encountered in one of these filled drainages. 

Rock Revetments: Figure A-1, the Site Plan and Geologic Map, shows the northerly edge 

of the existing rock revetment, previously placed to protect the lower hydro access road 

and outfall structure. These materials consist predominantly of angular, metamorphic 

quarry rock, which measures up to approximately 5½ feet in maximum dimension. 

3.4 Groundwater 

No significant free groundwater seepages were observed during our recent site 

reconnaissance, logging of test pits, and mapping of the coastal bluff slopes; however, we 

did observe several areas of locally damp to moist soil, indicating minor, evaporating 

perched seepages within the Bay Point Formation in the upper bluff, and a few such locally 

damp areas on the exposed Point Loma Formation strata in the lower part of the bluff. A 

broken 24-inch RCP storm drain, located in the southeast~rly corner of the sea cove (see 

Figure A-1) discharges storm flow onto the coastal sediments below approximate elevation 

81 feet. In addition to the damaging accelerated subaerial erosion caused by surface flow 

from this discharge, it is apparent that stress-relief jointing in the outer 2 to 4 feet of the 

bluff face is constantly saturated in the general area of the storm drain. 

With the exception of the above-described effects from the broken storm drain pipe, only 

a few locally damp soil areas were observed, representing minor evaporating seepages 

in the coastal bluff soils. This condition is consistent with our review of the logs of 

geotechnical test borings drilled into the coastal terrace, easterly of the project site area. 

It should be expected that an extensive, regional groundwater table exists at, and slightly 

above,sealevel. 
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The Point Loma Formation, which forms the lower cliffed portion of the bluff, has 

generally receded at a very uniform rate, forming long stretches of straight 

headlands, except where structural discontinuities (faults and related rock joints) 

have provided conduits for accelerated marine erosion. The subject sea cove has 

advanced landward some 200 feet, at the cliff/platform junction, in advance of the 

overall bluff headland alignment. Figure No. A-3, Sea Cave Features and Structural 

Discontinuities, and Figure No. A-4, Generalized Geologic Cross Section B-B', show 

the general cause-and-effect relationship between structural discontinuities and 

accelerated marin.e erosion. 

In general, a sea cave begins to advance as wave energy propagates along 

weakened rock joints or faults. The cave begins to widen by water erosion, sand 

abrasion, and by slight differences in hydraulic pressure between neighboring joint 

planes. Eventually, sand particles suspended in larger and larger volumes of 

backwash from the cave abrade a surge channel seaward, which, in turn, creates 

a path for increased volumes of wave attack. The maximum measured extent of 

indentation for any cove along the Point Loma coast is approximately 300 feet, and 

the average for large coves is approximately 200 feet. Ultimately, sea caves widen 

to the point where the cave roof is unable to support its own weight, and a collapse 

occurs. Figure A-9 shows sea cave development resulting from wave energy 

focused along the alignment of a joint trend (N52 °W). Figure Nos. A-3 and A-4, 

respectively, show areal and cross-sectional views of a large cave (approximately 

160-feet long, 15- to 20-feet wide, and 35±-feet maximum height) that was infilled 

as part of the original Plant construction in 1963. 

Of importance in the growth of sea caves is an understanding of the mechanics of 

its growth and its stability after cessation of erosive energy. Sea caves form along 

structural weaknesses in the geologic formation, with the base [floor] of the sea 

cave developing along the shore platform surface. Although locally deeper surge 
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channels may exist along a fault lineament, the base of the sea cave will not extend 

below the offshore projection of the shore platform. Localized surge channels within 

the floor of the sea cave (on the fault lineament) seldom exceed 2 to 4 feet in width, 

with maximum depths limited to 1 to 3 feet. Subsidiary sea caves only form along 

subsidiary joint sets and, depending upon lithology and availability of erosive wave 

forces, can also grow to be quite large in dimension. 

When the erosive wave energy is eliminated, further growth of the cave ceases, 

unless the cave geometry was only marginally stable at cessation of wave energy. 

Infilling sea caves is highly effective in mitigating their presence, as was done for 

the sea cave depicted on Figure A-4. Most importantly, based on our 

understanding of the mechanics of sea cave development, it is our opinion that the 

existing sea caves in the site vicinity pose no direct, or indirect, impact to the long­

term (75 years±) stability or structural integrity of the proposed North Shoreline 

Protection Improvements. 

3.5.2 Landsliding and Soil Slumping 

Our field investigation did not reveal the presence of any existing ancient natural 

landslides in the project site area. No landslides have been mapped as being 

present on, or immediately adjacent to, the subject north boundary sea cove. A 

relatively large soil slump, apparently the result of oversteepened upper bluff 

geometry, is shown on Figures A-1 and A-2. This soil mass, along with construction 

debris carried down with it, and apparently dumped over the top of the bluff, is 

currently serving to protect the cove from erosion, and should continue to do so until 

it is removed by the next major storm event, or as part of the construction activities 

associated with the proposed improvements. The potential for landsliding in the 

coastal bluffs at the project site is discussed in greater detail in this report under 

Section 6.3, Bluff-Top Retreat. 
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The site is located in a moderately-active seismic region of Southern California that 

is subject to significant hazards from moderate to large earthquakes. Ground 

shaking from ten major active and potentially-active fault zones could affect the site 

in the event of an earthquake. Those within 60 miles of the site are the Rose 

Canyon, Coronado Banks, La Nacion, San Diego Trough, San Clemente, and 

Elsinore fault zones. The location of the site and the proximity to these faults is 

illustrated on Figure A-7, the Regional Fault Map. 

To assess the level of seismic exposure at the site, we estimated the maximum 

credible and maximum probable earthquake magnitudes for these fault zones. The 

maximum credible earthquake is the maximum earthquake for a given fault, based 

upon the geologic characteristics and constraints of the fault. The maximum 

probable earthquake defined by the CWP Guidelines is the earthquake that is likely 

to occur for any given 100-year period with a 1 0 percent probability of being 

exceeded. The resulting maximum probable earthquakes in Table A-1 are slightly 

more conservative than used for hospital design, which allows a 20 percent 

probability of being exceeded. 

Based on our analysis the mean site acceleration for the maximum probable 

earthquake is approximately 0.25g. The Rose Canyon fault zone and the Coronado 

Banks fault zone produce a similar level of seismic exposure. Therefore, we 

recommend a design site acceleration of 0.25g. This acceleration is based on 

attenuation relationships by Campbell 1987, which emphasize near-field strong 

ground motion in the distance range of active faults near the site. 

Acceleration of 0.25g is the mean acceleration. The mean-plus-one standard 

deviation acceleration, having a 16 percent probability of being exceeded during the 

maximum probable earthquake, is also shown for comparison but typically would 

not be used for design of a sewage facility. The additional conservatism resulting 

from use of the mean-plus-one standard deviation acceleration is usually applied 

only to nuclear power plants and similar potentially hazardous facilities. 
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The Point Loma Peninsula is a tectonically upthrown-block or "horst" on the westerly 

side of the downthrown, San Diego Embayment Graben, a major regional north­

south trending structural feature. The Point Loma Fault, which generally trends 

north-south along the easterly shoreline of Point Loma, separates the horst and 

graben fault blocks. The project site is situated in an area of the peninsula 

traversed by numerous faults antithetic to the regional north-south trending 

structure. All, or nearly all, of the sea caves and coves in the plant site area appear 

to have been formed by accelerated erosion along these secondary fault zones 

and/or the abundant jointing associated with the faulting. Figure A-3, Sea Cave 

Features and Structural Discontinuities, indicates the approximate alignment of a 

northeasterly-trending fault zone and a northwesterly-trending joint system, two 

structural features that have played a large role in the erosion of the north boundary 

sea cove. , Like all of the structural discontinuities mapped in the Point Loma 

Formation at the plant site, these two features do not offset (nor are they reflected 

in) the overlying Quaternary-age soils, and thus can be classified as "not active." 

Section 6 of this report contains additional discussion on the relationship between 

structural discontinuities and the propagation of sea caves and coves. 

4 DESIGN CONSIDERATIONS 

4.1 Design Parameters 

A critical factor in any geotechnical evaluation is the selection of design parameters. Our 

selection of design parameters was based upon our site reconnaissance, field 

investigation, correlations in published reports and literature, and parametric evaluations 

of existing conditions. Design parameters were selected for the unclassified fills and the 

formational materials. Parameters utilized in our evaluation are summarized in Table A-2. 

Information pertaining to the existing fills was unavailable at the time of our investigation. 

As such, parameters for the fill soils were based on typical conservative values for 
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compacted soils obtained from the literature. The parameters chosen for the formational 

materials represent a lower estimate of anticipated strengths. 

4.2 Tied-Back Walls 

The geotechnical factors influencing the design of a tied-back wall system includes the 

stability of the slope, the strength of the anchor zone, the type of anchor system, and the 

forces acting on the tied-back wall system. The results of our analyses indicate that the 

sea cliffs are generally stable with respect to deep-seated, rotational-type failures. 

However, the bluffs are susceptible to local instabilities associated with undermining and 

erosion due to wave action. The undermining appears to produce a series of block-type 

failures (blockfall) resulting in bluff retreat. Results of our investigation also indicate that 

the formational materials are highly jointed in localized areas. The joint pattern is both 

perpendicular and parallel to the cliff face. Formational materials encountered in our 

investigative work, in general, are suitable for supporting the proposed anchor systems. 

4.3 Gravity Structures 

The gravity structures under consideration include conventional reinforced concrete walls, 

reinforced concrete counterfort walls, Stresswalls, and mechanically-stabilized walls. 

Geotechnical considerations associated with the design of gravity structures include 

bearing capacity, settlement, lateral earth pressures acting on the gravity structure, and 

other external forces such as those due to waves. Gravity-type structures may be founded 

on either the Bay Point Formation or the underlying Point Loma Formation. 

Recommendations for gravity walls, excluding mechanically-stabilized earth walls, are 

provided in Section 5.3. Recommendations for mechanically-stabilized earth walls are 

presented in Section 5.4. 
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Based on geotechnical considerations, the structures currently proposed for shoreline 

protection at the PLWTP may be constructed utilizing the materials encountered at the site, 

provided the recommendations in this report are incorporated into the design of the 

structures. 

5.2 Tied-Back Walls 

5.2.1 General Anchor Design 

We anticipate that anchor design will consist of multi-strand prestressing tendons 

grouted into an· inclined anchor hole and post-tensioned against the face of the wall. 

Either friction anchors or belled anchors could be used for the tiebacks. However, 

for the conditions at this site, it has been our experience that friction anchors involve 

fewer installation problems and provide more uniform support than belled anchors. 

Therefore, we recommend that anchors utilize friction from straight shaft cylindrical­

bored holes, with the design capacity based upon the surface area of the bonded 

zone. Allowable design anchor loads can be calculated from the following equation: 

d 
T811 == 1.65 L (12) (0.032z + 0.7) 

Where: L = effective length (bonded length) of anchor measured in feet. 

d = anchor diameter measured in inches. 

z = depth of anchor (below the ground surface), measured in feet. 

Tan = allowable anchor capacity in kips. 

For example, the computed allowable anchor capacity for an anchor with 50 feet of 

bonded length, a diameter of 12 inches, and approximately 10 feet below the 
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ground surface is 84.15 kips. This equation utilizes a factor of safety of 2.0 against 

ultimate pullout resistance. 

All tiebacks should be proof tested in the field in general accordance with the City 

of Los Angeles Code Requirements for Anchor Testing. The City of San Diego 

Building Inspection Department is currently in the process of updating their 

requirements for anchor testing, and these requirements, although not currently in 

effect, are also considered acceptable for anchor testing. 

5.2.2 Tied-Back Walls Supporting Upper Fill Materials 

Tied-back anchors used to restrain a concrete structure supporting the upper fill 

soils should be designed so that the bonded zone for the anchors is calculated from 

only that portion of the anchor embedded into either Bay Point or Point Loma 

formational materials. In all likelihood, the tied-back anchors will be incorporated 

within a reinforced concrete counterfort wall, which bears on the Bay Point 

Formation. Tied-back anchors should be inclined on a minimum 9½ degree 

downward slope measured from the horizontal . Larger inclinations approaching 45 

degrees are acceptable. We recommend that a minimum unbonded anchor length 

of 15 feet be used for all tiebacks. 

The tied-back and counterfort walls should be designed to accommodate earth 

pressures and vehicle loads. Recommended design earth pressures are presented. 

in Table A-3. Due to the limited amount of anticipated wall movements, the design 

earth pressures assume "at-rest" conditions and include an increase to account for 

compaction-induced pressures (Fang, 1991). In addition, the soil behind the wall 

is assumed to consist of granular soils. Recommended earth pressures do not 

include hydrostatic loading. If drainage is not provided or maintained immediately 

behind the wall, hydrostatic forces need to be included in the design. 

To simulate the loading due to the periodic movement of heavy truck traffic, an 

additional uniform pressure of 60 psf should be assumed to act on the entire wall. 

This value assumes that the vehicle will be a minimum of 10 feet from the tied-back 
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wall and will be limited to a tandem axle truck with 18,000 pound maximum axle 

load weight. 

Walls subjected to other surcharge loads, such as fills or footings, applied within a 

distance behind the wall equal to or less than the wall height, should be designed 

to accommodate the surcharge load. For uniform pressure surcharge loads, the 

walls should be designed for an additional uniform pressure equal to 0.5 times the 

uniform surcharge pressure. 

5.2.3 Tiebacks for Bay Point Formation Stabilization 

Tiebacks used to restrain walls fronting the Bay Point formational soils (the lower 

20± feet of the tied-back wall) should be designed to resist an equivalent fluid 

pressure of 60 pcf with surcharge loading due to the upper fill and gravity structure 

footing modeled as a uniform pressure equal to the maximum vertical pressure 

times a lateral earth pressure coefficient of 0.5. Tiebacks should be constructed at 

a 10± degree downward angle measured from horizontal at the face of the bluff. 

5.3 Gravity Retaining Walls 

Allowable Bearing Pressures - All gravity retaining walls should be founded in intact 

formational Bay Point or Point Loma soils. We recommend that gravity-retaining wall 

structures be designed for an allowable bearing pressure of 5,000 pounds per square foot. 

We estimate that total settlements for the gravity structures, including mechanically­

stabilized walls, will be less than 1 inch. 

Active Earth Pressures - We recommend that these structures be designed to resist the 

load imposed by an active earth pressure equivalent to a fluid weighing 35 pounds per 

cubic foot. This assumes that soil behind the retaining wall will consist of compacted 

granular soils. It also assumes level backfill conditions and that no surcharge loads exist. 

For walls where backfill slopes are anticipated to be constructed at inclinations as steep 

as 2 to 1, the walls should be designed for an active equivalent fluid pressure of 40 pounds 

per cubic foot. Recommended earth pressures do not include hydrostatic loading. If 
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drainage is not provided or maintained immediately behrnd the wall, hydrostatic forces 

need to be included in the design. Walls subject to surcharge loads, applied at a distance 

behind the wall equal to, or less than, the wall height, should be designed for an additional 

uniform pressure equal to 0.3 times the surcharge load. Surcharge loading from vehicular 

traffic, as described in Section 5.2.2, should be modeled as an additional uniform load of 

60 psf acting along the entire wall. 

Lateral Resistance - To provide resistance for design lateral loads, we recommend that 

passive pressure be assumed equivalent to a fluid pressure of 350 pcf for footings and 

shear keys poured neat against sides of excavations. This value assumes a horizontal 

surface for the soil mass extending at least 10 feet from the base of the wall or 3 times the 

height of the surface generating the passive pressure, whichever is greater. The upper 12 

inches of materials in areas susceptible to erosion should not be included in design for 

passive resistance to lateral loads. If friction is to be -used to resist lateral loads, we 

recommend a coefficient of friction of 0.35 between the soil and the base of the footing. 

If it is desired to combine friction and passive resistance in design, we recommend using 

a reduced friction coefficient of 0.25. 

5.4 Mechanically-Stabilized Embankments (MSE) 

Overview 

A mechanically-reinforced fill is an embankment in which planar reinforcing 

elements are incorporated horizontally into the fill volume during construction. 

Through the mobilization of tensile stresses in these reinforcing elements, an 

embankment can be constructed at a steeper inclination than if no horizontal 

reinforcement was present. Typical horizontal reinforcement can include geogrids, 

metal strips, or wire mesh. 

For mechanically-reinforced fills constructed at inclinations of less than 

approximately 1: 1, no facing element is generally required where the mechanical 

reinforcement terminates at the slope face. At fill slope inclinations greater than 

approximately 1: 1, a facing element is typically incorporated where the mechanical 
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reinforcement terminates at the slope face as the embankment is constructed. 

These facing elements mitigate surficial loss of soil at the slope face and provide a 

more aesthetically and psychologically acceptable appearance. Facing elements 

can typically be composed of concrete panels, welded-wire panels, geotextile 

wraps, or landscape blocks. In applications where usable space at the top of the 

fill is at a premium, mechanically reinforced embankments are often constructed at 

vertical inclinations with concrete panels as facing elements, giving the appearance 

of a conventional gravity retaining structure. 

Several companies currently manufacture a variety of patented applications that are 

essentially mechanically-reinforced fills that utilize a specific type of reinforcing 

element and facing element. These companies include: 

o Tensar Corporation (geogrid reinforcement and geotextile facing 

elements); 

o Hilfiker (welded-wire reinforcement and welded-wire facing elements); 

o Reinforced,Earth (metal strip reinforcement and concrete panel facing 

elements); and 

o Mirafi (geogrid reinforcement and landscape block facing elements). 

Design Considerations 

The geometry of a mechanically-reinforced fill is largely governed by space 

requirements at the top of the proposed fill. Steeper fill inclinations typically cost 

more to construct but provide more space at the top of the fill. For a selected 

inclination and height, a mechanically-reinforced fill can be designed after 

appropriate strength values of the proposed backfill material are determined. We 

recommend that the strength parameters for fill material as listed in Table A-2 be 

considered for design. 

It is recommended that computer stability analyses be conducted on proposed 

mechanically reinforced fills so that a variety of postulated failure planes can be 

considered. In these analyses, it is important that both the internal stability of the 
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mechanically-reinforced fill and the global stability of the proposed design be 

considered. A variety of computer programs such as SLOPE/Wand STABGM are 

available which can analyze the stability of slopes that have been designed with 

horizontal reinforcement. Additionally, some manufacturers of patented 

mechanically-reinforced fill systems have design software that is product specific 

that can be utilized provided that the designer is comfortable with the program 

design methodology. 

For slope stability analyses, we recommend that the proposed improvements be 

designed to have a static factor of safety of at least 1.5. We also recommend that 

the proposed improvements incorporate a minimum pseudo-static factor of safety 

of 1.2 when a horizontal site acceleration of .25g is considered. 

5.5 Seismic Design Considerations 

Dynamic lateral forces are imposed upon retaining structures during seismic shaking. 

These forces could result in net deformation in a retaining structure, development of 

residual forces in anchors, and increased load requirements of the various structural 

elements. Although it may not be mandatory to include seismic loading in the sizing of 

structures and/or anchor assemblies, consideration should be given to mitigating a poten­

tial failure from overstressing foundation components during a design earthquake such as 

the maximum probable earthquake, as well as assessing magnitudes of net displacement 

of retaining structures and induced residual forces. 

Seismic loading on any earth retaining structures was based on a Mononobe-Okabe 

analysis (Seed and Whitman, 1978) method. For a design acceleration of 0.25g, and a 

total unit weight of 130 pcf, we recommend an equivalent seismic-induced earth pressure 

component of 26 pcf. This equivalent seismic-induced earth pressure should be applied 

as an additional inverted triangular loading acting at 2/3 of the wall height. 
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In evaluating the wave climate that controls coastal erosion, considerable hindcast data 

are available, which indicate likely future trends. Accordingly, it is feasible to establish 

geotechnical design criteria for coastal structures. Waves along the San Diego County 

shoreline generally range in height from 2 to 5 feet; however, large waves ranging from 6 

to 1 O feet in height are not uncommon. These large waves can arrive at almost any time 

during the year and may continue for 3 to 4 days. These high-wave episodes are 

frequently unaccompanied by strong winds. Breakers with estimated heights of 15 to 20 

feet have been observed off the coastline within the study area (USCOE, 1960; National 

Marine Consultants, Inc., 1960). 

The San Diego County coastline is exposed to wave action, undiminished by island 

interference, through only two relatively narrow corridors of wave approach (USCOE, 

1960). Waves with periods longer than 10 seconds approach the shore from the northwest 

between Santa Rosa Island and San Nicolas Island, and from the southwest between 

Cortez Bank and Los Coronados Islands. The longer-period waves approaching from 

other directions are obstructed by the various channel islands, Tanner Bank and Cortez 

Bank, and the Los Coronados Islands. 

Short-period waves, with periods of 8 seconds or shorter, generated from the nearshore 

waters within the various channel islands and offshore banks, have a fetch of 50 to 100 

nautical miles, and approach the study area from the northwest through the southwest. 

Ocean waves off the coast of southern California fall into three main categories: 

1. "Northern hemisphere swell" consisting of waves generated in the North 

Pacific and Gulf of Alaska; 

2. "Southern hemisphere swell" consisting of similar waves generated south 

of the equator; and 

BAJADA/GDC ASSOCIATES 



BLACK & VEATCH 
Project No. 1601 

July 3, 1995 
PageA-20 

~- "Sea" consisting of waves generated within the local area (Munk and 

Traylor, 1947). 

Northern Hemisphere Swell: Winds that produce northern hemisphere swell are 

usually associated with one of the following meteorological situations (Marine 

Advisors, 1961): 

1. Japanese-Aleutian storms, which move from west to east in relatively 

high latitudes, often stagnating in the Gulf of Alaska. Occasionally, 

especially during winter and spring, this storm track shifts southward 

and the maximum wave heights occur at central or southern California 

latitudes. These extra-tropical cyclones are the most important 

source of severe waves reaching the California coast. 

2. Hawaiian storms, which move from west to east in mid-latitudes. 

3. Tropical hurricanes, which commonly develop off the west coast of 

Mexico. The resulting swell rarely exceeds 2 m (6.5 feet), but a 

strong tropical storm will occasionally move far enough north to cause 

destructive high waves. The storm of September 1939, which passed 

directly over southern California causing very high waves locally, is an 

example (Harrer, 1960). 

Southern Hemisphere Swell: Munk, et al., (1963) point out three major source 

areas: The Ross Sea, the New Zealand-Australia-Antarctic sector, and the Indian 

Ocean. These southern ocean source areas are partially blocked by island chains 

in the South Pacific Ocean. The South Pacific is such a large area that waves from 

several southern storms commonly reach southern California simultaneously. 

Southern swell is most important during the southern winter from April through 

September. 

Sea: Sea is the term applied to short, steep waves which are still in or near the 

area in which they are generated. Wind conditions which generate sea vary greatly 
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as one moves offshore from the southern California coast. changing from relatively 

mild winds over the inner channels to strong, gusty winds outside the islands. 

Summaries of Wave Data: Directional wave information is available from various 

sources. Among others, Marine Advisors (1961) has produced hindcast estimates 

for a station approximately 65 nautical miles southwest of San Clemente Island, 

thereby providing deep-water wave data unaffected by island sheltering. Their data 

are compactly expressed in wave roses, and reproduced herein as Figure A-8. The 

radiating bars represent direction classifications, and the concentric circles which 

intersect them form a frequency scale, .expressed in percentage of the average total 

number of hours in a year (8766 hrs/yr). For example, the longest bar in the upper 

wave rose represents all northern hemisphere swell approaching from 300 to 310 

degrees. The inner segment, out to the numeral "1", gives the frequency of waves 

from that direction in the 0.1 to 0.9 foot height group. It measures approximately 6.9 

percent, which indicates that waves of this classification can be expected 0.069 x 

8766 = 605 hours per year. Note that maximum south swell heights arriving from 

the southern hemisphere are only about 25 percent as large as north swell heights 

from the northern hemisphere. 

Seymour, et. al. (1984) have produced storm wave hindcast estimates for the period 

1900 - 1984 using a single methodology, which is spectral throughout. The 

hindcast location is near 35°N, north of Point Conception and the Channel Islands. 

Only waves with deep-water-approach directions between SW and WNW were 

considered because waves approaching more obliquely would be considerably 

diminished by refraction as they approached the shoreline. Further, the waves were 

ranked by their power (energy multiplied by period). This resulted in a list of 59 

storms in which the resulting offshore significant-wave-height exceeded 3 m 

(10 feet), all having periods equal to or exceeding 12 seconds. The tropical cyclone 

of September 1939, a major wave event in southern Caiifornia, was added for a 

total of 60 storms. These are listed in Table A-4. 

It is of interest to note that extreme deep-water wave episodes exceeding 6 meters 

were only reported on eight occasions during the period 1900 -1979, while the 
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period from February 1980 through February 1984 experienced a total of ten storm 

events with deep-water waves exceeding 6 meters. Further, the storm of January 

17-18, 1988, produced the highest measured deep-water waves approaching the 

southern California coast. The significant wave height was 10.0 meters (Seymour, 

1989), higher than any reported in the 1900 - 1984 database. This storm was likely 

on the order of a 200-year storm, and was reported by Seymour to be 

" ... remarkably similar to Richard Henry Dana's observations in Two Years Before 

the Mast of the dangerous Southeasters [significant storm arriving from the south] 

off this same coast during the 1830's.11 

Continued coastal erosion, in part accelerated by more energetic wave activity 

during the las,t 10 years, has subjected the San Diego County coastline to a 

progressively more severe wave energy than that experienced during the preceding 

40 to 50 years. This historical database is used by most consultants to estimate 

shoreline erosion rates, which are typically then used to forecast erosion during the 

useful life of a proposed structure. 

6.2 Short-Term Sea Level Rise 

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 San Diego County coast have a semi­

diurnal inequality. On an annual average basis, the lowest tide is about -1.7 feet 

(MLLW datum) and the highest tide is about 7.3 feet MLLW datum (+4.42 feet MSL 

datum). 
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Storm Surge: Storm surge results from strong storms pushing sea water against 

the coast. Extreme storm surges are presented as a function of return period at 

selected California tide stations (NOAA, 1980), with those for La Jolla shown below: 

Return Period Storm Surge 
Years Feet 

5 2.0 

10 2.1 

25 2.2 

50 2.3 

100 2.4 

When storm surge occurs at the same time as a tidal maximum, the combination 

results in a statistical extreme water elevation as follows (NOAA, 1980): 

Return Period Extreme Water Elevation 
Years Feet (MSL Datum) 

5 4.4 

10 4.5 

25 4.6 

50 4.7 

100 4.8 

Wave Setup: Wave setup results from superelevation of the water surface over the 

normal surge elevation due to onshore mass transport of the water by wave action 

alone. Wave setup is a function of both the still-water level, and the elevation and 

slope of the shore platform. For San Diego County, the typical maximum range in 

wave setup would likely vary from 1/2 to 1 foot, which would be added to the 

extreme water elevation resulting from storm surge and astronomical tide. 
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Design Still-Water Level: For design of coastal structures, a conservative high sea 

level is determined that accounts for all of the factors that may increase sea level 

during the design life of the structure. Tides, storm surge, and wave setup add up 

to a 1 OD-year high-water elevation of 5.8 feet (MSL datum). To this, an additional 

0.5 feet is added to account for long-term sea-level rise. Most designers use 0.5 

foot, although best estimates of expected rise in the next 75 years are 4 inches (10 

cm per 100 years). For the San Diego County coast, the design still-water level is 

6.3 feet (MSL). 

6.3 Bluff-Top Retreat 

This section documents the technical approach used for estimation of the 75-year bluff­

retreat line, as presented on Figure A-1, the Site Plan and Geologic Map. Our evaluation 

of bluff retreat is based on two principal factors, both to be considered in the absence of 

the proposed North Shoreline Protection Improvements: 

1. Estimation of the amount of marine erosion expected at the cliff-platform 

junction and evaluation of the resulting effect upon erosion of the coastal 

bluff; and 

2. Estimation of the amount of slope decline expected for the bluff above the 

elevation of principal influence of marine erosion. 

6.3.1 Bluff-Top Defined 

For the purpose of this report, and in general accordance with currently-accepted 

coastal agency standards, bluff top or top-of-bluff is defined as the boundary, or line 

of intersection, between the inclination of the upper natural bluff and the natural 

surface of the coastal terrace, excluding incised drainages. 
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Placement of facilities on the coastal terrace above the bluff must account for 

changes in the bluff expected during the intended life of the structure. Historically, 

the typical approach has been to build as close to the bluff as desired, assuming 

that maintenance and repair would forestall loss of the structure. Another approach 

has been to estimate the amount of bluff-top retreat expected within the economic 

life of the structure, and to build behind the influence of retreat. 

In coastal engineering, the concept of intended lifetime of a structure has been 

replaced by required design periods and bluff setbacks set by regulatory agencies. 

The California Coastal Commission requires a 75.;year period to approximate the 

useful design life of most structures. 

6.3.3 Methodologies of Analyses 

The methodologies most useful in the assessment of relative rates of coastal 

erosion can be divided into five general categories: 

o Historical analyses; 

o Geomorphic analyses; 

o Anthropic influences; 

o Impact of long-term sea-level change; and 

o Empirical and analytical techniques. 

Historical Analyses 

Historical data include maps, charts, photographs, survey notes, reports, newspaper 

clippings, and eye-witness accounts. The comparison of contemporary maps is 

subject to error, especially when the maps are produced only a few years apart. We 

have found that, in general, successive high-resolution photographs showing 

readily-identified coastal features provide the best record of progressive shoreline 
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change. Analysis of stereographic aerial photographs dating from 1938 has proven 

an effective tool in evaluating bluff retreat at the north boundary sea cove. 

Geomorphic Analyses 

Geomorphic analyses include all of the factors that contribute to the shaping of 

coastal landforms. Coastal erosion and coastal-bluff retreat are caused by both 

marine and terrestrial processes. Surf action is usually the dominant marine agent 

producing both hydraulic (wave) impact and abrasion. The principal geomorphic 

factors that contribute to coastal erosion are climate, wave energy, lithology and the 

structure of coastal bluffs, groundwater, bluff geometry and the angle of upper bluff 

slope decline. 

A basic understanding of the various geomorphic processes is requisite to the 

assessment of variations in shoreline erosion. Geomorphic analysis, including 

coastwide geologic inventory, measurements of offshore bathymetry, and research 

to determine historic climatic conditions permits the assessment of likely future 

coastal erosion. 

Anthropic Influences 

Human activity significantly influences shoreline changes. Grading operations at 

the Plant site, which began in 1963, have had a major impact upon upper-bluff 

erosion, focusing uncontrolled surface drainage over the bluff-top at the head of the 

cove. 

Impact of Long-Term Sea-Level Change 

An entirely independent method of assessing the rate of coastal erosion is to 

consider long-term (geologic) sea-level change, which is the major factor 

determining coastal evolution (Emery and Aubrey, 1991). Sea-level curves show 

a relatively rapid rise of about 1 meter per century from about 18,000 years before 

present to about 8,000 years ago, as indicated in Masters and Fleming (1983). 

BAJADA/GDC ASSOCIATES 



BLACK & VEATCH 
Project No. 1601 

July 3, 1995 
Page A-27 

About 8,000 years ago, the rate of sea-level rise slowed, ultimately to a relatively 

constant rate of about 10 centimeters per century since about 6,000 years ago 

(Curray, 1960; 1961; 1965). Most researchers agree that, along the Southern 

California coastline, the sea level approximately 6,000 years ago was 12 to 16 feet 

below its current elevation (Curray, 1960; 1965; Inman and Veeh, 1966). More 

importantly, the world coastline, including that of California, has been shaped largely 

within this 6,000-year period with the sea at, or within 16 feet of, its present level 

(Bird, 1985). 

In its simplest form, a sea-level model can be written as follows: 

Sea Level Rise 
dx/dt= --------

Shore Platform Slope 

where: ctddt is the horizontal rate of erosion 

lfwe assume a constant sea-level rise for the last 6,000 years of 10 cm/century and 

a shore platform slope of 1 :40, then dxldt equals 0.13 feet per year. Using this 

model, this represents the average erosion rate of the headland. This model further 

assumes uniform lithology and a uniform elevation of the cliff-platform junction. 

Empirical and Analytical Techniques 

The scientific community has been actively engaged in developing numerical 

models to assess rates of shoreline erosion. Numerical models attempt to address 

both the landward retreat of the sea cliff, and the development of the shore platform. 
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In its simplest expression, predictive cliff-erosion models take the following form 

(Sunamura, 1977): 

where: dxldt is the horizontal rate of erosion 

fw is the wave force 

J; is the rock resistance, which is proportional to its unconfined 

compressive strength. 

Depending upon the proportionality constants used, a three-fold reduction in 

compressive strength can result in a four- or five-fold increase in erosion rate. 

Of particular interest in numerical modeling is the fact that a minimum or critical 

wave height capable of causing erosion exists, below which, for a given rock 

lithology, no erosion would occur. Additionally, the rate of erosion increases in 

logarithmic proportion to increase in wave force, which is substantially less than a 

linear increase in wave energy. Importantly, however, these numerical models 

describe the mechanical erosion of intact rock of assumed uniform lithology, and do 

not account for the accelerated erosion caused by the hydrodynamic component of 

wave forces that occurs in fractured rock. 

6.3.4 Field Investigative Work 

Because relatively extensive existing engineered fills mask much of the near­

surface site geology, we conducted a field exploratory program utilizing a "Gradall" 

excavator with a 30-foot reach to expose geologic and soil units on the face of the 

coastal bluff where necessary. Geologic contacts and bedding attitudes were 

mapped by the geologist rappelling down the bluff slopes, and surveyed-in with a 

Total Station Instrument in order to locate contacts as precisely as possible, and to 

record local variations in bedding attitudes. 
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The rate of marine erosion for the coves has been estimated as a reasonable 

multiple of the rate for the sea cliff along the main coastline alignment and from 

comparison of aerial photographs taken as early as 1939 with new photographs 

taken for this project. A lower limit was set based on minimum rates considered 

necessary to maintain the near-vertical upper bluffs of the overlying Bay Point 

Formation. 

Significant differences in erosion rates are evident between the coastal bluff 

headlands and the coves. This is, in part, due to the difference in lithology and 

intensity of jointing, the wave-direction dependence of transmitting erosive energy 

into the cove, and the energy-focusing effect of surge channels. 

The less-resistant upper Point Loma Formation in the coves is judged to have the 

approximate erosion resistance of the overlying Quaternary rocks in which direct 

measurements were made along the coast north of Point Lorna. The rate for the 

sea cliff at the site was, in part, based on recognition of the more resistant nature 

of the lower section of Point Loma Formation. Locally, jointing and faulting further 

reduces erosion resistance near the apex of the cove (see Figure Nos. A-3 and 

A-9). This leads to an upward adjustment in rate of erosion in the head of the cove. 

The focusing effect of surge channels increases the erosive effectiveness of waves 

arriving from the same, or approximately the same, direction. This leads to an 

upward adjustment in the rate of erosion. 

Aerial photographs taken at irregular intervals from as early as 1939 to the present 

were compared in estimating the rate of cliff retreat. Our interpretation of these 

photographs indicated bluff-top retreat rates varying from approximately 0.21 to 0.33 

feet per year. Review of aerial photographs further indicates that upper-bluff retreat 

was primarily due to sloughing, whether by undermining or due to localized slope 
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instability. Thus, the rate of marine erosion in the heads of coves is substantially 

greater than subaerial erosion, and the development of a more stable (flatter) upper 

slope cannot be initiated due to the excessive rate of undermining that occurs at the 

head of the coves. This was the case at the northerly cove, until grading operations 

caused surface drainage to be directed over the bluff~top at the head of the cove. 

We have chosen to use a rate of 0.33 feet per year for bluff-top retreat at the head 

of the cove. 
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Fault-Zone 
Alignment 

Active 1: 

Rose Canyon 

Coronado Banks 

San Diego Trough 

San Clemente 

Elsinore 

Agua Blanca 

San Jacinto 

San Miguel 

San Andreas 

Potentially Active2: 

La Nacion 

Notes: 1) 

2) 

3) 
4) 

5) 

6} 

TABLE A-1 
SITE ACCELERATIONS FOR ACTIVE FAUL TS 

AND POTENTIALLY ACTIVE FAUL TS 

Least Maximum Peak Maximum 
Distance Credible (MC) Horizontal Probable (MP} 
to Site3 Earthquake4 Acceleration Earthquake6 

(miles) (Mw) for MC5(g) (Mw) 

Mean M+a 

6 7 0.33 0.45 6½ 

8 7¼ 0.32 OA4 6½ 

17 7½ 0.22 0.30 6½ 

38 7¾ 0.12 0.15 6¾ 

47 7½ 0.09 0.12 7¼ 

62 7½ 0.06 0.09 7 

68 7½ 0.06 0.07 7¼ 

70 7¼ 0.05 0.06 7 

96 8¼ 0.06 0.08 8 

11 6½ 0.16 0.22 5½ 

Peak Horizontal 
Acceleration 

for MP5(g) 

Mean M+a 

0.25 0.35 

0.22 0.30 

0.12 0.15 

0.07 0.09 

0,08 0.10 

0.04 0.06 

0.05 0.06 

0.04 0.05 

0.05 0.07 

0.09 0.12 

Fault zones reported to have displaced Holocene-age (11,000 years old or younger) 
geologic units, with geologic evidence of high slip rate, the probable sources of recorded 
earthquakes of Mw 5.0 or greater, or classified by professional judgement of available 
information. 
Fault zones of low slip rate that displace Quaternary-age (11,000 to 1.6 million years old) 
geologic units. 
Measured from Regional Fault Map reproduced in this report. 
Estimated to be the maximum earthquake capable of occurring. Derived from the 
maximum rupture length using length-magnitude relationship like Slemmons (1977, Fig. 
27). Relationship used is for California earthquakes greater than or equal to Mw 6.0, plus 
one standard deviation. Multiple segment ruptures from Anderson and others, 1989, are 
also considered. 
Estimated from Campbell (1987) unconstrained mean and mean +1o for use as an index 
to prioritize earthquake sources. Acceleration value is for shallow soil. Ground 
acceleration may be less for sites on significant thicknesses of sedimentary rock. Design 
accelerations usually vary. 
Estimated to be the earthquake with a 10 percent probability of being exceeded during a 
100-year interval. Based on single segment ruptures having return periods up to 1000 
years (Anderson and others; 1989). Magnitude values are a judgement based on regional 
seismici1.y, earthquake activity near the fault, and geologic expression of fault displacement. 
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GEOTECHNICAL PARAMETERS 

STRENGTH 
CHARACTERISTICS Total Unit 

Weight 
MATERIAL C ct> yt Qualitative 

TYPE (psf) (deg) (pcf) Compressibility 

Recompacted On-Site 200 31 120 Moderate 

Bay Point Formation 200 34 125 Low 

Point Loma Formation 

Peak 1800 36 130 Low 

Residual 1100 33 130 Low 
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Notes: 

2) 

TABLE A-3 
COMPACTION-INDUCED LATERAL EARTH PRESSURES 

FOR NON-YIELDING WALLS 

Vertical Distance from Pressure 
Top of Wall (feet) (psf) 

0 0 

1 450 

1 <Z <12.14 Ps = 425+25Z 

2~12.14 Ps = 60Z 

Z (feet) Z (feet) 

1) Compaction equipment assumes either vibratory plate or roller, and does 
not include effects due to rammer plates. 

Example 1: For Z = 10 feet 

Example 2: For Z = 15 feet 

Ps = 425 + 25{10) or 
Ps = 675 psf 

Ps = 60(15) or 
Ps = 900 psf 

3) Hydrostatic forces are not included. Hydrostatic forces need to be included, 
unless the wall has been designed to preclude the buildup of hydrostatic 
pressures. 
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TABLEA-4 

Hindcast 11900-84) Waves Exceedfng 3 m Height Near 350 N 
(Seymour et. al., 1984) 

EXTREME WAVE EPISODES EXCEEDING 3 M. {BASIC SERIES) 
1900 - 1984 

DATE 
13 MAR 05 
17 NOV 05 
31 DEC 07 
12 MAR 12 
26 JAN 14 
03 FEB 15 
01 JAN 18 
12 FEB 19 
20 DEC 20 
15 OCT 23 
01 FEB 26 
03 JAN 27 
06 NOV 28 
01 JAN 31 
28 DEC 31 
19 DEC 35 
13 DEC 37 
06 JAN 39 
25 SEP 39 
24 JAN 40 
25 DEC 40 
20 OCT 41 
30 DEC 45 
13 FEB 47 
04 NOV 48 
15 NOV 53 
15 JAN 58 
26 JAN 58 
05 APR 58 
16 FEB 59 
09 FEB 60 
22 DEC 60 
31 JAN 63 
10 FEB 63 
19 NOV 65 
07 DEC 67 
06 FEB 69 
04 DEC 69 
06 DEC 69 
14 DEC 69 
19 DEC 69 
26 DEC 72 
21 FEB 77 
29 OCT 77 
16 JAN 78 
01 JAN 80 
17 FEB 80 
22 JAN 81 
28 JAN 81 
13 NOV 81 
01 DEC 82 
18 DEC 82 
25 JAN 83 
27 JAN 83 
10 FEB 83 
13 FEB 83 
01 MAR 83 
14 NOV 83 
03 DEC 83 
25 FEB 84 
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SIG. HT. (ml 
8.8 
3.3 
5.3 
3.2 
5.8 
7.5 
3.7 
5.3 
4.7 
3.7 
6.9 
5.8 
4.0 
3.9 
7.4 
4 .. 7 
4.5 
7.9 
4.5 
4.3 
5.7 
3.3 
3.9 
3.9 
4.7 
5.7 
3.1 
6.8 
7.7 
5.1 
8.1 
3.4 
4.2 
5.9 
4.0 
4.0 
4.7 
3.6 
4.9 
5.7 
4.7 
4.1 
5.2 
5.5 
6.0 
4.7 
6.1 
4.3 
7.0 
4.9 
6.4 
6.4 
6.1 
7.3 
6.7 
4.9 
8.2 
5.0 
7.0 
6.4 

MAX. PERIOD 
15 
17 
16 
12 
13 
14 
16 
12 
13 
16 
15 
20 
17 
16 
18 
16 
16 
19 
15 
16 
16 
17 
19 
16 
18 
17 
22 
14 
18 
14 
19 
17 
16 
1 5 
1 5 
15 
13 
17 
22 
17 
18 
15 
18 
20 
13 
20 
18 
20 
17 
18 
14 
20 
17 
22 
25 
17 
20 
17 
17 
17 

DIRECTION 
247 
286 
282 
220 
223 
235 
280 
299 
301 
296 
257 
287 
294 
276 
288 
267 
272 
285 
205 
267 
270 
294 
285 
265 
300 
269 
280 
259 
289 
244 
295 
276 
260 
256 
277 
298 
222 
278 
274 
290 
281 
289 
280 
299 
240 
272 
249 
258 
262 
284 
295 
288 
278 
279 
281 
268 
258 
290 
285 
300 
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Figure 3.2.2-7 Wave rose, Station A, annual average (1956-58) northern hemisphere swtll 
(Marine Advisers, 1961). 

Wave rose, Station A, annual average (1948-50} southern hemisphere swell 
(Marine Advisers, 1961 ). 

FIGURE,:N.O. A-8 
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INTRODUCTION 

ince the invention of Rein­
forced Earth® a little over 
20 years ago, and its sub­
sequent development tor 

use in transportation and civil engi­
neering applications, more than 
7,000 retaining walls have been con­
structed throughout the world. 

On first examination, the design and 
performance of these structures may 
appear simple, as in the case of large 
gravity walls. However, the internal 
mechanism of Reinforced Earth is 
unique and complex. Following the 
conception and initial studies by 
Henri Vidal, the Reinforced Earth 
Group continued research in order to 
extend th.e knowledge of the behavior 
of Reinforced Earth in retaining wall 
applications. That research contin­
ues today. It has involved varied but 
complementary methods, ranging 
from laboratory studies on reduced­
scale models and instrumentation of 
actual projects and full-scale experi­
mental wal Is, to computerized mathe­
matical studies including finite ele­
ment method analysis. 

The synthesis of this considerable 
mass of data has made it possible to 
develop practical, accurate design 
procedures for current projects. It 
has also enabled designers to opti­
mize the geometry of Reinforced 
Earth structures to their intended use 
and environmental setting. 

I 

In addition to the experience acquired 
on difficult sites, research results 
have contributed to the careful design 
of retaining structures for large, 
sloped embankments (or terraced 
structures), for walls built on poor or 
compressible ground, and for proj­
ects built in mountainous areas, on 
both rocky flanks and unstable talus 
slopes. 

The following pages chronicle some 
of the research conducted on the per­
formance of Reinforced Earth retain­
ing structures, and describe how the 
results of this research have been 
applied to the internal and geometric 
designs of the projects. 

List of Symbols 

T - tensile force in reinforcing strip 

crv - vertical stress 

crh - horizontal stress 

K - ratio between crh and crv 

K - coefficient of active earth pres-
a sure 

K - coefficient of earth pressure at 
0 rest 

y - unit weight of soil 

L - reinforcing strip length 

H - wall height 

q> - angle of internal friction 

N - number of strips per unit of wall 
facing surface 

f" - coefficient of apparent friction 

~ - inclination angle of resultant 
earth pressure behind fill 

q - surcharge load 

Z - depth of fill above reinforcing 
strip 

"Reinforced Earth' and the Reinforced Earth logo are 
the tradename and trademark owned by Individual 
companies of the Aeinloroad Earth Group of compa­
nies who hold licenses under the palents of Henri 
Vidal. 

Copyright Terre Armoo Internationale S.A. 



RETAINING WALLS 

ravity Structure 
Massive gravlty•type re• 
taining walls were the f1rst, 

••• ana remain-tl'iemostwide• •• 
spread application of Reinforced 
Earth (Fig. 1 ). The term "massive" 
clearly implies that the material, al· 
though composite and flexible, forms 
a continuous, homogenous block. It 
is this block, as heavy and stable as a 
large masonry wall, that retains the fill 
or soil. In addition to its own weight, 
the block transfers the effects of sur­
charges and earth pressures to the 
foundation, and distributes them 
evenly over the entire width of its 
base. Due to the flexibility of the wall, 
this wide foundation prevents con• 
centrations of loads; making it pos· 
sible to build a Reinforced Earth re• 
taining wall directly on the ground, 
even on very poor foundation soils. 

Research and Development of 
Overall Structure Dimensions 
Therefore, designers of Reinforced 
Earth structures initially preferred the 
stable shape of a wide rectangular 
form, one which imposed a minimum 
and uniform stress on the ground 
(Fig. 2). 

While early research was performed 
on structures of thls type, nearly tri­
angular wall shapes were also con­
ceptualized for use where appropri-

E 
0 

10m 

Figure 2: Normandy Highway, lncarville, 
France, 1968. 

Figure 3: French-Italian Highway, Le Peyron­
net, 1968. 

Figure 1: Cut-away view of a typical Reinforced Earth retaining wall. 

ate (Fig. 3). Whereas the shape of 
the structure was adapted • to the 
profile of the ground, a somewhat 
intuitive effort was also made to make 
the design encompass all potential 
internal.failure planes. • 

Thus, in addition to theoretical and 
laboratory studies on the fundamen­
tal behavior of Reinforced Earth (in­
cluding, among others, trlaxial tests), 
a constderable amount of applied 
research on Reinforced Earth re­
taining walls was conducted. There 
were three primary objectives of 
this research: 

• To study the behavior of the struc­
ture.; to analyze how such external 
factors as the structure's own 
weight, surcharge loading, and 
earth pressures behind the Rein­
forced Earth mass affect the devel­
opment and transmission of inter­
nal stresses within the backfill, the 
reinforcing strips, and the facing. 

• To analyze the influence of a 
structure's overall geometry, 
shape, and width-to-height ratio on 
its behavior - and the resulting 
foundation loading; and to study the 
effects of variations in the modulus 
of elasticity of the reinforcements on 
overall structural performance. 

I 

• To develop new designs for Rein­
forced Earth retaining walls. For 
example, the development of a 
narrow profile wall for projects 
where it is more important to re­
duce the overall width of a struc­
ture built in a cut than to limit the 
pressures exerted by the retaining 
wall on the foundation (Fig. 4). This 
has been a topic of recent re­
search. Results of the most impor­
tant research activities are dis­
cussed in following sections. 

Figure 4:Austria-ltalian Highway, Casello,1985. 



• RESEARCH USING SCALE MODELS 

ince the introduction of 
Reinforced Earth technol­
ogy, laboratory-scale 
models have proven 

useful in gaining an understanding of 
the behavior of full-scale structures. 
Henri Vidal, the inventor of Rein­
forced Earth, constructed and stud­
ied sand and paper models fn the 
early 1960s. From 1969 to 1982,with 
the cooperation and financial support 
of the Reinforced Earth Group, inde­
pendent laboratories around the 
world conducted more than a dozen 
scale-model research projects. 

Bidimensional Models 
At the Laboratoire Central des Pants 
et Chaussees (LCPC) in Paris, two­
dimensional models of steel rods and 
sheets of aluminum made it possible 
to distinguish between failures due to 
slippage or to breakage in the rein­
forcing strips (Fig. 5). 

Tridimensional Models 
Subsequently, with the use of three­
dimensional sand models built by 
LCPC and the lnstitut National des 
Sciences Appliquees (INSA) in Lyon, 
it was possible to observe the shape 
of failure surfaces. Computational 
methods were deduced from these 
model studies. 

Centrifuge Testing 
Unfortunately, stresses and other 
forces in small-scale models are 
themselves small, and therefore diffi· 
cult to measure directly. 

I 
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Figure 6: Centrifuge. 
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Figure 5: Scale Models. Different modes of failure. 

In a centrifuge, on the other hand, an 
acceleration of 1 00g in a 20cm-hlgh 
model can produce the same levels 
of strain that are found in a 20 meter-
high wall. These loads can then be 
measured using sensors and strain 
gauges. In Manchester, England, the 
Transport and Road Research Labo­
ratory (TRRL) used thts method to 
measure tensile force levels in rein­
forcing strips and the pressure levels 
at the base of a model wall (Fig. 6). 

Large Scale Models 
Subsequently, using "static" models 
more than one meter high (Fig. 7), 
LCPC obtained consistent results for 

Tmax. (N) 

the variations in tensile force levels 
along reinforcing strips as a 
function of depth, and for the founda­
tion pressures transmitted to the 
ground. Analogous methods were 
used at the Ecole Nationals des 
Pants et Chaussees (ENPC) in 
France to study sloped and heavily 
surcharged structures. 

However, scale models do not faith­
fully reproduce the true flexibility of 
the wall facing, the effects of com­
paction or dilatancy of the fiU, Tests 
on full-size structures were indispen­
sible during initial development, and 
remain so today. 

d 

100 200 800 400 500 600 700 800 900 1000 mm 

Figure 7: Large Scale Models. Variation of tension In bottom strips as helght of wall increases, 



1·1 FULL-SCALE TESTS 

he best method for obtain­
ing reliable data on the be­
havior of walls or embank-

- nients is the iilstruniei"nta­
tion of structures built under normal 
field conditions. This has been done 
at a number of sites around the world, 
beginning with several of the early 
Reinforced Earth projects. Many of 
these experiments were financed in 
whole or in part by companies of the 
Group. Today, results from measure­
ments taken on 20 actual structures 
and nine experimental structures are 
available for analysls. The findings of 
this instrumentation program are 
presented below. 

Reinforcing strips fitted with gauges. 

Instrumentation 

Instrumentation for studying 
Reinforced Earth structures typically 
includes: 

• Strain gauges set at predetermined 
intervals along a majority of the re­
inforcing strips in a single vertical 
cross-section. Each point requires a 
gauge on both the upper and lower 
surfaces to eliminate the effects of 
local bending. To minimize local­
ized irregularities due to the normal 
construction process, several rein­
forcing strips in the same layer are 
usually instrumented. 

• Total pressure cells for measuring 
stress levels iri the fill, particularly 
behind the wall facing and at the 

base of the structure. Here, too, 
measurements may sometimes 
vary due to local irregularities. 

• Surveys, inclinometers, and settle­
ment indicators to record move­
ments of the structure. 

Of course, it has not been possible to 
instrument all monitored Reinforced 
Earth walls in such a complete way. 
However, cross-checks using a suffi­
cient number of experimental and in­
strumented structures, as shown in 
Figure 8, have enabled researchers 
to draw solid, convincing conclusions 
regarding the behavior and mecha­
nisms of Reinforced Earth. 

0.5 0.5 1.0 m 1.5 m 2.0 m 

... 
@ Reinforcements equipped with gauges 
mi Location .ot load cells 
• Displacement measuring point 

Figure 8: Instrumentation of the Fremersdorf wa!I, Germany. 
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_:i Load cells for vertical pressure measurements 
-. Displacement measuring point 
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- M E A S U R E M E N T S O N A C T U A L P R O J E C T S 

ensile Forces In the 
Reinforcing Strips 
Strain gauge measure­
ments show the variations 

in tensile forces along reinforcing 
strips, or (at a minimum) the averages 
of these variations (Fig. 9). 

E ., 

From these curves, it is possible to 
locate the point of maximum stress at 
each level of reinforcing strips. By 
connecting these points, one can 
derive the line of maximum tensile 
force in the structure. 

- . , ' 

(j) ' ' 

'' . ' ... 

HEIGHT QF FILL OVER STRIP(j) 

At end or oonst,uction: O 5.55 m 

~~~mi;;F.~::r,---,-.:..-,-:.___'---'--- { 't' 4.50 m 
rlog construction: I. 3.00 m 

.c::ii 1.50m 

Figure 9: Silvermlne wall, South Africa, 1976. 
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Figure 11: Granton wall, Great Britain, 1973. 
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Figure 12: Measured tension of the connection compared to measured maximum tension. 
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Figure 10: Thionville wall, France, 1972 
(prior to construction o.f the bridge beam seal). 

Variation of the Tension with 
Depth 

A graph showing variations in maxi­
mum tensile force as a function of 
depth can also be derived from these 
measurements (Fig. 10). In all proj­
ects, It has been observed that stress 
is not entirely proportional to depth. 
Stresses are higher at the top of the 
wall and lower at the base. 

This was confirmed with measure­
ments taken on a wall built at Gran­
ton, Great Britain, where it was shown 
that higher stresses at the top of the 
structure are caused by forces devel­
oped during compaction (Fig. 11 ). In 
contrast, stresses are often reduced 
at the base of the wall because the 
foundation soil - due to its cohesion 
- "relieves" the lower levels of rein­
forcing strips. 

Stresses at the Wall Facing 

When gauges are placed close 
enough to the facing of a Reinforced 
Earth retaining wall, It is possible to 
estimate forces at the connection 
between facing and the reinforcing 
strips. Otherwise, these forces are 
derived from the horizontal stresses 
measured behind the _facing where 
total pressure cells have been in­
stalled. These measurements have 
shown that stress levels at the face 

----are·· lower-:than-the-ma-xi mum--levels- -- -- -
(Fig. 12). However, test results are 
far from uniform, thus demonstrating 
the necessity and value of numerous 
measurements. 



ressure at the base. 
Earth pressure due to 
the retained fill. 
wnen -ari--aaequate num­

ber of pressure cells are installed 
under the base of a structure, it is 
possible to determine the variation 
and magnitude of the foundation 
loading exerted by the wall on the 
underlying soil (Fig. 13). The Fre­
mersdorf wall (Fig, 8) provided such 
an opportunity. Tests on that struc­
ture demonstrated that loading ls 
greater toward the front of the struc­
ture du.e to earth pressure imposed 
by the retained fill behind the wall. In 
addition, the total load was slightly 
greater than the total weight of the 
wall, indicating that the thrust behind 
the structure was inclined. 

The difference between total loading 
and weight, and the location of the 
resultant, makes it possible to com­
pute the thrust angle [3. 

V 
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I 
Figure 13: Fremersdorf wall; bearing pressure. 

~~~!4i,~--,----12} i.,.7 m 

L~5 m; Ali~0.75 m 

Figure 14: Asahigaoka wall, Japan. 
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Extra load due to the 
CJ cantilever effect 

Figure 15: Lille wall, France, 1972 (before construction of abutment superstructures). 
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Trapezoidal Walls 

Among the structures in service that 
have been instrumented, several 
were built with reinforcing strips 
shorter at the base than at the top. 
The Asahlgaoka wall in Japan is a 
case in point. The results of field 
measurements on this structure are 
in very close agreement with those 
obtained on walls with a rectangular 
cross-section of the same general di­
mensions (Fig. 14). 

As observed in a structure in Lille, 
France, excessively extended 
lengths of reinforcing strips used for 
abutment loading can result in the 
secondary maximum of tensile stress 
due to the cantilever of the extended 
Reinforced Earth fill over the more 
compressible random backfill (Fig. 
15). 



EXPERIMENTAL WALLS 

ctual projects that have 
been instrumented were, 
of course, designed ac­
cording to the current 

state-of-the-art standards. These 
walls have been subjected to no more 
than design loadings. 

Experimental walls, on the other 
hand, are generally intended for test­
ing new designs or technologies. 
They are often loaded to failure. 

The Trial wall, for example, built in 
1975 by La Terre Armee S.A., 
France, was constructed to verify the 
behavior of high-adherence reinforc­
ing strips, and to check the effects 
of vibrations. 

Another experimental wall, erected in 
1976 by the U.S. Army Corps of Engi­
neers in Vicksburg, Mississippi, was 
built using non-standard metal facing 
panels of the military's design. It was 
then loaded to failure. 

As part of the research into the dura­
bility of buried steel, Tierra Armada 
S.A., Spain, built a six-meter-high 
wall in Madrid in 1977 using thin rein­
forcing strips (0.6 mm). The structure 
was then inundated with brine to ac­
celerate corrosion. Failure devel­
oped along a surface very similar to 
the line of maximum tensile force es­
tablished by previous research. In 
addition, at the moment of fatlure the 
overall residual resistance of the rein­
forcements was very close to the sum 
of the theoretically predicted maxi­
mum tensile forces. 

Figure 16: PWRI wall in Japan, 1978. 
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Figure 17: PWRI wall. Cross section and 
tensile forces. 

Surcharge 

In 1978, the Public Works Research 
Institute (PWRI) of Japan built a six· 
meter-high experimental wall (Fig. 
16) to study the effects of a sloping 
surcharge and the consequent role of 
the wall facing. When the reinforclng 
strips were unbolted tram the outside, 
the face at first remained stable, con­
firming the hypothesis that it plays 
only a minor structural role. When the 
structure was loaded to failure, the 
break in the fill closely followed the 
tneo-retic-al •• 11ne ·otnraxtmurn tens11e 
stress, as shown in Figure 17. 



11 
arrow Profile Walls 
In 1983, The Reinforced 
Earth Company,. United 
States, built and instru­

mented a six-meter-high wall with 
short reinforcing strips at Millville, 
West Virginia. The structure has two 
cross-sections: one is rectangular, 
witt.i reinforcing strips of 2.7 meters 
(L/H = 0.45); the other is trapezoidal, 
with reinforcing strips of 1.8 to 3.0 
meters (L/H = 0.30 to 0.50) 

An experimental wall of the same 
type, but with a h~ight of 10.5 meters, 
was constructed in France near Fon­
tainebleau by La Terre Armee S.A. 
and LCPC (1986/7). Building the 
wall, equipping it with complete in­
strumentation, and taking measure­
ments cost about $360,000, of which 
90 percent was provided by the Rein­
forced Earth Group. 

As in Millville, the project included 
two separate sets of measurements. 
(Fig. 18). One set involves a rectan­
gular cross-section and reinforcing 
strips of five meters (L/H ; 0.5); the 
cross-sectlon of the other set is trape­
zoidal, with reinforcements four to six 
meters in length (L/H; 0.4 to 0.6). 

Deliberately built on relatively poor 
foundation soils and with fill of aver­
age quality, this experimental wall 
was designed to test practical con­
struction conditions as well as the 
overall stability and design principles 
associated with a narrow profile 
structure. 

Figure 1 B: Instrumentation. 

Fontainebleau wall, France. 

Instrumentation of Fontainebleau 

In total, the instrumentation shown in 
Figure 18 included: 

• 355 locations for determining the 
tensile stresses in reinforcing strips 
(two strain gauges per location). 

• 52 locations for measuring the ver­
tical stresses in the soil (Glotzl 
cells). 

Controlled 

compactio~ 

----

• 24 load cells, specially developed 
for this purpose and designed to 
measure the force transmitted from 
one panel to another within the wall 
face. 

• 28 settlement meters, six incli­
nometers, plumb lines, and to­
pographical benchmarks for as­
sessing movements. 

STRIPS + not equipped 
o light equipment, 

reduced monitQring 
® heavy equipment, 

extsnsivs monitoring 

■ LOADGAUGE 

• SETTLEMENT INDICATORS 

0 INCLINOMETERS 

= GLOTZL LOAD CELLS 

a DISPLACEMENT 
MEASURING POINT 

---------------
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Figure 19: Detailed section of one of the finite element models. 

• cale models can only pro­
vide limited results. Full­
scale experiments, on the 
other hand, are very ex-

pensive and require a great deal of 
time. Thus, only a limited number of 
structures and loading conditions can 
be studied. However, computer 
analyses using the flnite elernent 
method make it possible to vary many 
parameters, and to examine stress 
and deformation created by a wide 
number of loading conditions at any 

Element Method (FEM) studies on 
elastoplastic models that included 
friction-separation elements. This 
method allows a bar element to slide 
when the force it is transmltting be­
comes greater than the limiting fric­
tion. The system ls thus computed by 
successive iterations until stablliza­
tion or failure.. Moreover, the model in 
Figure 19 is practically three-dimen­
sional. In fact, the soil is in contact 
with the reinforcing strips through the 
friction-separation elements: at the 

----~poinrrn tliemooe1:-- - - --- ·····•········ ·····- •• ·- same time the soWlsccmtinCJoUs oe­
tween the reinforcements and 
through non-sliding soil-soil friction 
elements. 

The Model 

From 1982 to 1984 Terre Armee 
Internationale employed the 
Rosalie program to conduct Finite 

II 

I soil/strip' 

C soil/soil (non-sliding) 

Variation of Design Parameters 

The reliability of this model was ini­
tially tested by verifying that it pro­
duced results that were very close to 
those previously obtained by instru­
mentation of actual structures. This 
was followed by a study of 50 differ­
ent walls, not including works sub­
jected to concentrated loads. The 
following parameters were varied 
simultaneously: 
- height H (10.5 or 6m}, 

--·"·· section through.wall.rectangular ---· 
0.7 < L/H:;; 0.4 or trapezoidal, 

- uniform surcharge, 
- distribution of metallic reinforcing 

strips, 
- type of wall facing, and 
- modulus of the foundation soil. 
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Figure 20: Variations of tensile stress forces. 

esufts 
For each of the models 
considered, results of the 
computations were ex­

pressed graphically by computer 
(Fig. 20). Superimposing the curves 
made it possible to analyze the influ­
ence of the length of reinforcing strips 
on: variations in tensile stress along 
the strips; increases in maxlmum ten­
sile stress with depth; and the shape 
of the active zone. These com­
parisons confirmed that a Rein­
forced Earth structure with metallic 
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reinforcing strips as short as 0.4H al­
ways behaves in the same way, even 
when the structure has a trapezoidal 
cross-section. 

These test results also made it pos­
sible to evaluate the effect of the type 
effacing on the tensile stresses at the 
connections. One can also produce 
an amplified representation (Fig. 21) 
of the natural deformations of the 
structure, which are always small 
with steel reinforcing strips. 

2. 

Detailed analyses of the stresses on 
the boundaries of the structure also 
make it possible to determine vari­
ations in the earth pressure beyond 
that boundary, and its inclination 
(which is relatively sensitive to the 
width of the structur&--see Fig. 22), 
as well as the pressure transmitted to 
the foundation (Fig. 23). 
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Figure 22: Variation and inclination of earth pressure behind Reinforced 
Earth. 
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Figure 23: Bearing pressure. 
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verall Behavior 
The available composite 
data confirms that a Rein· 
forced Earth structure 

behaves like a gravity wall. To the 
weight of the wall and the superim· 
posed loads are added the effects of 
earth pressure from the retained fill 
(Fig. 24). Because of the wall's flexi­
bility, this earth pressure corre­
sponds to the active state; as a gen­
eral rule, the slope of its resultant 

Figure 24: External loads and global 
equilibrium. 
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Figure 25: Thrust gradient. 
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becomes steeper as the embank­
ment becomes narrower (Fig. 25). 

Instrumentation of actual structures 
and finite element analyses demon­
strate that at the base of the struc­
tures and at intermediate levels, ver­
tical stress in the embankment is 
higher closer to the facing and ls on 
average greater than 'Y Z. Use of the 
Meyerhof formula provides a good 
estimate of maximum stress in the 
structure (Fig. 26). 

Internal Stress Distribution 
Tensile stresses within the reinforc­
ing strips are at a maximum at acer­
tain distance behind the facing. The 
line joining the points of maximum 
tensile force separates the active 
zone, in which the reinforcing strlps 
retain the fill, from the passive zone, 
in which the friction of the fill retains 
the reinforcing strips. 

l.JH 

1.0 1,2 

All data confirms that when metallic 
reinforcing strips are used, the line 
separating the two zones begins at 
the toe of the structure and follows a 
nearly vertical path to a point less 
than 0.3H from the facing at the top of 
the structure. This is true regardless 
of the structure's dimensions (up to 
L/H = 0.4), even for structures with a 
trapezoidal cross section (Fig. 27). 

The shape of the active zone has also 
been established by kinematic analy­
sis of the mechanism of rupture along 
a logarithmic spiral. 

2e 

Figure 26: Meyerhof formula . 
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Figure 27: Active zone; measurements taken on actual projects; line obtained using scale model; results of finite element analysis. 
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I 
aximum Stress Levels 
in the Reinforcing 

_ S~rip~ ___ __ 
Adopting the hypothesis 

that the shear force is zero in planes 
lying midway between reinforcing 
strips (Fig. 28), the equilibrium of the 
zone thus established within the ac­
tive zone -implies that N Tmax = crh 

(with N the number of reinforcing 
strips per unit of surface of the wall 
facing). Horizontal stress within the 
structure at the point of maximum 
tensHe stress is a function of the ver­
tical stress at this maximum point, 
expressed by the equation: crh = K av 
with a, the value calculated by the 
Meyerhof formula. The experimen­
tal results and finite elements study 
(Fig, 29) show that K is practically 
equal to the active earth pressure co­
efficient, K •. 

H 

,, coomcient K higher 
el the top 

Figure 29: Analyse de T.., ~ Ka/ N 

At the top of walls and to a depth of 
approximately six meters (Fig. 30}, 
the values of I<: calculated from meas~ 
urements of actual structures are 
significantly higher, largely due to the 
stresses induced by compaction. 
They approach a value in the region 
of K0, the coefficient of earth pressure 
at rest. 

Tm 

-- F.E. analysis 

---- Calculation 

Figure 31: Ratio between tensile loads at connection and maximum tensile forces. 

I 

.......... ........._ 

4H 

,\', 
:~) Aotive zone 

.!II 

..,fl! Passive zone 

1· 
Figure 28: Local equilibrium. 

Height of fill 
aboll8 alrip 

" .. 
.. . : 

v~1x,.; 

'35 t I 

'7· 

.. 
I 

46' 

I( 

- Vioksburg 
v SUvmmina 

Cl LIiie 

-------- Granton 
X UCLA Rle39 

---•-- Grigny 

·--·- Asahlgaolol 
.. _. .. _ Fremersdorf 

Figure 30: Measured values of coefficient K. 

Tensile Stress Levels at 
Connection 

Based on a conservative evaluation 
of actual measurements and finite 
element computations, tensile stress 
levels at the connections to the con­
crete facing panels may reach 85 
percent of maximum tensile stress, 
and up to 100 percent at the base of 
the wan (Fig. 31 ). 

With metal facing elements, this 
stress level never exceeds 75 per­
cent of the maximum tensile force in 
the strip. 



C U R R E N T D_ E S I G N M E T H O D S 

eometry of Structures 
A synthesis of the results 
previously summarized 
makes It possible to define 

practical design methods for Rein­
forced Earth retaining walls. 

These methods are applicable to 
structures of rectangular cross-sec­
tion with a maximum height-to-width 
ratio of 2(UH ~ 0.5). They can be 
adapted to "trapezoidal" structures, 
narrower at the base (H/3 and 2H/3 

;.,. 213 H 

wide at the base and the top, respec­
tively) provided the dimensions do 
not affect the overall stability of the 
structure (Fig. 32). In these formulae, 
height H is understood to extend to 
the top of low embankments sup­
ported by the structure. Reinforced 
Earth structures that support long 
slopes or heavy surcharges are sub­
ject to special design procedures. 

Figure 32: Geometry of typical Reinforced Earth retaining walls; overall equilibrium. 
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Earth Pressure Behind the 
Structure 

Generally, the resultant of earth pres­
sure due to the fill behind the struc­
ture is assumed to be inclined at the 
angle: ~ = (1.2 - UH)<p2 , with q\ the 
angle of internal friction of the fill. 
Earth pressure is computed using the 
Coulomb coefficient, which has as its 
horizontal component 

cos2 % 
"=----"-=---''------

[1 + ✓sin (<p2 + ~) sin q,2 /cos ~ ]2 

Stresses Within the Structure 
At the foundation level and at any 
intermediate reinforcement level, 
vertical stress a. is computed from the 
vertical resultant "i,V of the loads ap­
plied to the structure using the Meyer­
hof formula. With M the moment of 
those loads with respect to the mid­
point of the base, 

r.,v 
Cf=----

y L- 2M/:B/ 
The maximum horizontal stress,ah, 
is computed using the relation 
ah = Ka,, where K varies from 
K0=1 - sin q>1 at the surface to 
Ka=tan2 (x/4-<!1 /2) below depths of six 
meters, with <p1 the angle of internal 
friction of the Reinforced Earth fill 
(usually :.::36°). See Figure 33 for re­
sultant loads of stresses. 

1 



=--~= -
~-~~~-~ ensile Stresses in the 

Reinforcing Strips 
The maximum tensile 
stress in the reinforcing 

strips is distributed at the given rein­
forcement level into the number of re­
inforcements per unit of facing sur­
face. This is equal to T max"' o/N. 
The line joining the points of maxi­
mum tensile force starts at the toe of 
the structure, as shown tn Figure 34. 

At the connection point between the 
reinforcing strip and the facing, ten­
sile force, T , varies (depending on 
the level ln the structure) between 85 
to 100 percent of Tm with concrete fac­
ing, and equals 75 percentofT when 
metallic facing is used. m 
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z The adequacy of the cross-section of 
reinforcing strips shown in Figure 35 
is checked at the point of maximum 
tensile force and at the connection 
(net section) as a function of the per­
missible stress, applicable codes, 
and any sacrificial thickness applied 
for service life design. 

Figure 34: Line-of maximum tensile forces; tensile loads at connection. 

Adherence (Soil-Strip Interaction) 

The assumed length L, the width b 
and the number N of reinforcing strips 
are then checked with respect to the 
minimum available frictional capacity 
in the passive zone. Research on 
friction shows (Fig. 36) that in back­
fills normally used in Reinforced 
Earth construction-,correctly com­
pacted and unsaturated-the coeffi­
cient of apparent friction (f') between 
earth and high-adherence rein­
forcements, decreases as a result 
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Figure 35: Strip cross-sections. 

I I 
I I I . ·I 

/ ! 
I I 
I, I 

I . . I 
I I 

I. . I 
" I • • I 

~~~~II·· . I i ____ • ________ I 
z L 

t;.a:1.5 except for uniform granular material (f,i=1.2) 

Figure 36: Adherence capacity. 

of dilatancy from a maximum value of 
f = 1.5 at the surface, to tan <i>i at a 
depth of six meters and beyond. For 
smooth reinforcing strips, f* = 0.4 is 
used throughout. 

The design consists of satisfying the 
following equation: 

Tm:;;; Tf = 2b f* (L-D) 'Y, Z/ y1 

where "ft is a safety factor, L-D the 
length of the reinforcing strip in the • 
stable zone, and 'Y1Z the weight of the 
fill above tlie reinforcing strip; that is, 
a value slightly but conservatively 
smaller than the actual vertical 
stress, cr,. 



INFINITE SLOPE LOADS AND SUPERllvlPOSED EMBANKMENTS 

liding Beneath The Base 
The internal design of a 
ReJnforced Earth mass 
does not predetermine the 

general stability of the structure, the 
soil it supports, or the soil on which it 
is founded. 

As in the engineering of any soil­
supported retaining wall, with Rein­
forced Earth one must first determine 
that there is no risk of horizontal slid­
ing under the base of the structure 
(Fig. 37). In the typical case of a 
structure supporting a horizontal 
backfill, this criterion rarely governs. 
When it does, because of the charac­
teristics of the foundation soil or the 
backfill, it may require a widening of 
the structure; that is, a lengthening of 
the reinforcing strips. 

Slope Loads 
The criterion for horizontal sliding is 
often more critical when there is a 
heavy surcharge behind the struc­
ture; for example, when supporting a 
high, sloping embankment (Fig. 38a). 
The minimum proportions of the 
structure depend primarily on the 
magnitude and inclination of earth 
pressure behind the wall. 

Superimposed Structures 
A special case of this problem is 
encountered when one Reinforced 
Earth structure is built on top of an­
other Reinforced Earth"supported 
embankment (Fig. 38b). Such cases 
are not rare. They are possible be­
cause Reinforced Earth structures 
can be built on both embankments 
and soft natural ground. 

Figure 37: Resistance to horizontal sliding. 

In these cases, the two Reinforced 
Earth embankments are two inde­
pendent structures, each requiring its 
own internal design. 

Figure 3Ba and b: Reinforced Earth walls supporting sloping embankments or superimposed Reinforced Earth structures. 

Figure 39: Terraced, ·tiered structures. 

I 

Terraced Structures 
This is no longer true when the Rein­
force~ Earth structures are directly 
superimposed, one on another 
which is done when a very high wall i; 
divided intoanumberofterraces (Fig. 
39). 

T_h~se offse~ structures are obviously 
s1m1larto a smgle embankment with a 
sloping face. In fact, they exhibit 
essentially the same overall behav­
ior, and are designed as sloping 
faced Reinforced Earth walls. In­
clined retaining walls have been 
used extensively in the mining indus­
try for construction of large ore star-

-age-structures-and-have-been-the- --­
subject of considerable, specific 
research. 



COMPRESSIBLE AND LOW BEARING CAPACITY SOILS 
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Figure 40a, b, and c: Adaptation to settlements: coping; preloading; vertical joints. 

xternal stability design 
also requires a determina­
tion that the bearing ca­
pacity of the foundation is 

capable of supporting the load super­
imposed by the structure, and re­
quires a calculation· of the total antici­
pated differential settlement. 

Settlements 

Depending on the amount of settle­
ment and the time required for it to 
occur, there are several methods of 
adapting a Reinforced Earth retain­
ing wall to the site conditions or of ac­
celerating the consolidation of the 
site, should that be required. 

Rapid settlements can generally be 
accommodated during the construc­
tion process by final adjustments to 
the dimensions of the top course of 
facing panels, as in Figure 40a. 

Slower settlements, if large in magni­
tude, must often be accelerated to 
allow for corrective measures during 
construction. Methods for accom­
plishing this include temporary sur-
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charging of the structure foundation., 
installing vertical drains, and other 
traditional methods (Fig. 40b). 

When differential settlement along 
the facing is expected to exceed the 
one-to-two percent which can be ac­
cepted by the facing system without 
risk of damage, the wall face can be 
given additional "degrees of free­
dom" by installing vertical slip joints 
(Fig. 40c). 

Soil Improvement 

On soils of poor quality, both settle­
ment and bearing capacity problems 
may be solved by improving the foun­
dation, by partial replacement, pre­
loading, or even use of stone col­
umns or a lightweight backfill (Fig. 
41aand b). 

Adaptation otthe Reinforced Earth 
Structure 
On a marginal foundation soil, it is 
possible to use the flexibility of Re­
inforced Earth to build retaining 
walls without resorting to special 
procedures. 
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Figure 41 a, b, and c: Soil improvement ; widening of foundation. 

I 

This may be done: 

1) By building the project at a rate 
whlch will allow the soil to consoli­
date, including building the project 
in stages if necessary; 

2) or, in some cases, by lengthening 
the lower levels of reinforcing 
strips to widen the foundation of 
the structure, thus reducing the 
foundation pressure and provid­
ing assurance against a deep 
bearing capacity failure (Fig. 41c). 

For all Reinforced Earth retaining 
walls built on problem soils, the best 
approach is often a combination of 
these solutions. However, by at­
tempting first to take advantage of the 
abrlity of Reinforced Earth structures 
to accept deformation, it may be pos­
sible to reduce the requirements for 
some of the more expensive soil-im­
provement techniques. 



-=': WALLS ON MOUNTAIN HIGHWAYS 

esearch is being con­
ducted on Reinforced 
Earth walls of narrow or 
trapezoidal cross-section 

with the aim of developing reliable 
design procedures for structures suit­
able to sites where excavation must 
be limited. 

Figure 42: Reinforced Earth structure in a cut. 
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Figure 43: Reinforced Earth structure on a rock 
slope. 

Figure 44: Cross-section showing special con-
crete foundation. ; 

I 

Excavation 
One such case (Fig. 42) is a project 
constructed in a cut and on a very 
~table or rocky natural ground, where 
1t would be paradoxical to replace too 
much of the existing terrain with fill 
even if it was reinforced. ' 

Walls On Rock Slopes 
For embankment projects built on 
rocky slopes, the length of reinforce­
ments at the base of the wall is re­
duced (Fig. 43). 

When a ~lope Is very steep, it may be 
economically and technically advan­
tageous to support the base of the 
Reinforced Earth structure with a 
concrete substructure tied into the 
rock, as in Figure 44. 

Unstable Slopes 

The most difficult cases are those 
where the slope c_onsists of relatively 
unstable, or marginally stable materi­
als, such as thick debris or talus. 

Dimensions of the Reinforced Earth 
embankment must then provide a 
compromise between the stabillty of 
the slope above the excavation dur­
ing construction and the stability of 
the ground below, once the latter is 
supporting the load of the structure 
(Fig. 45). -

The first condition requires that the 
reinforcing strips be shortened, 
whereas the second calls for length­
ening them to tie the overload to the 
existing ground more securely and to 
deepen any potential rupture lines. 
(The solution may also call for a 
temporary shoring of the excavation 
and construction proceeding in small 
and progressive sections.) Such an 
optimization process requires careful 
~eotechnical studies as well as stabil­
ity calculations that take into consid­
eration the resistance of any reinforc­
ing strips intersected by the lines of 
possible major faults or slides. 

Figure 45: Unstable slope; stability of upstream excavation and of downstream slope. 



utoroute40 
A still more difficult case 
was presented near Nan­
tua, France, on a section 

of the highway linking Lyon, France 
with Geneva, Switzerland. The talus 
slope there was ln such precarious 
balance that it was practically impos­
sible to excavate it, even to modest 
depths. For the same reason, the 
slope could not support heavy fill sur­
charges. Therefore, the highwaywas 
designed with two vertically offset 
roadways to follow as closely as pos­
sible the natural contours of the ter­
rain. The wall now separating the two 
grades of the roadways was built 
approximately half cut and half fill. 

The lower section is in the form of a 
tieback-anchored wall built down­
ward from the surface. The upper 
part is a Reinforced Earth structure, 
constructed almost without excavat­
ing into the existing terrain. The 
anchors provided stability first for the 
excavated talus slope, and then for 
the slope supporting the fill sur­
charge and the Reinforced Earth 
embankment. 

The downhill roadbed is itself sup­
ported by a Reinforced Earth struc­
ture that was also set close to the 
slope line when necessary, after the 
slope had been stabilized by one or 
two levels of tiebacks. In other sec­
tions, where stability was not as criti­
cal, the lower wall of Reinforced Earth 
was terraced to blend with the site. 

onclusion 
Because of its technical 
superiority and economic 
advantages, Reinforced 

Earth has become. widely used in the 
construction of earth-retaining struc­
tures. 

Presently, more than 7,000 retaining 
structures are in place throughout the 
world. The international Reinforced 
Earth Group of companies continues 
to expand the state-of-the-art and to 
adapt this technology to an increas­
ing range of problems, sites, and 
requirements. 
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Figure 46: Typfcal cross-section highway A40, France. 
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~ A WORLDWIDE ORGANIZATION 

Licensed under the patents issued to 
Henri Vidal throughout the world, the 
Reinforced Earth Group of compa­
nies operates in 34 countries on six 
continents. Although part of the 
same Group, each company is inde­
pendently managed by nati.onals of 
that country who are professional 
engineers that understand local con­
ditions, codes of practice, and con­
struction capabilities and techniques. 

All Reinforced Earth companies are 
fully staffed with experienced engi­
neers and project managers and pro­
vide a complete range of services: 

• Engineering, from conceptual de­
signs to finished construction plans 
and shop drawings. 

• Materials specification, production 
and delivery. 

• Specltication and prod,uction of cus­
tomized components, such as traf­
fic safety barriers, seawall wave de­
flectors, and architectural finishes. 

----------·--·------···-··- ----···-------·····-----· 

• Detailed cost estimates. 

• On-site construction assistance 
and advice. 

• Fixed-price contracts covering both 
services and materials. 

Research and other technological 
activities among the different compa­
nies are coordinated from Paris by 
Terre Armee Internationale. For new 
applications and special or unusual 
projects, Terre Armee Internationale 
can pool the resources of several 
companies to create optimum project 
designs and material specifications. 
It also acts as the central technical 
service organization, and maintains 
the primary information data base 
collected from new applications, spe­
cial projects and research. 

Terre Armee Internationale takes the 
lead in organizing and developing 
research projects, both under its own 
direction and through coordination 
among the other companies. Analy­
sis and synthesis of research and 

technical data by Terre Armee Inter­
nationale result in technical recom­
mendations and design improve­
ments published in routine reports 
disseminated to all the Reinforced 
Earth companies. 

The dynamics of this organization 
allow each Reinforced Earth com­
pany to offer government agencies, 
owners, consultants and contractors 
the understanding and flexibility of a 
local business, combined with the 
vast resources and technological ad­
vantages of a global concern. 

Worldwide, the Reinforced Earth 
Group has a staff of some 500 profes­
sional and administrative employees. 
More than 10,000 Reinforced Earth 
structures have been completed in 56 
countries. 

FRANCE • GERMANY • UNITED KINGDOM • ITALY • SPAIN • BELGIUM • THE NETHERLANDS • 
SWITZERLAND • PORTUGAL • IRELAND • UNITED STATES • CANADA • MEXICO • ARGENTINA • BRAZIL ■ 

VENEZUELA • AUSTRALIA • NEW ZEALAND • SOUTH AFRICA • JAPAN • MALAYSIA • SINGAPORE • 
BRUNEI • HONG KONG • SOUTH KOREA • THAILAND • TAIWAN • INDONESIA • IRAN • 

KUWAIT • OMAN • QATAR • LEBANON • SAUDI ARABIA 
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Through the application of advanced soil 
mechanics, Stresswall has developed an 
innovative design approach to earth retention 

structures. This design enable_s the Stresswall system 
to exhibit cost effectiveness through all stages of 
procurement, installation and maintenance. 
This versatile product can be produced in various 
configurations resulting in attractive as well as 
practical solutions to your earth stabilization 
requirements. • 

Stresswall was initially developed by Morrison 
, Knudsen Engineers in response to the Colorado 
Department of Highways needs in the mid 1970's. 
Through their licence agreement with Stresswall 
International,_ MKE continues to fully support the 
newly developed Stresswall systems with their 
engineering expertise. 

BACKFILL ZONE 

WALL PANEL 

Stresswall's standard section was modi­
fied to provide an effective seawall 
product. The SeawaWs modified section: is 
efficiently installed in difficult site 
conditions, provides scour protection, 
and prevents the development of 

■ MATERIAL NOT REQUIRED 
WITH STRESSWALL APPLICATION 

stresswal I is comprised of twq precast 
concrete elements: 

: L-shaped tie-backs are placed perpendicular 
to the structure's face and extend into the backfill 
zone, 

: Wall panel· elements are placed between the 
tie-backs forming a completed wall configuration. 

Wall heights in excess of 70 feet are possibleineither 
tiered or vertical configurations (Stresswall #1 and 
#2). The vertical wall system is also available in a 
"smooth-faced" alternative (Stresswall #3) for use 
adjacent to traffic lanes on roadways. 

overturning forces due to soil pressure. 
Stresswa!l's precast concrete elements, as 
well as being highly resistant to cbrroslon 
and wear, are very cost effective when 
compared to other shore protection 
alternatives. • 

Pavement or Other 
Structure 

SEAWALL SECTION nts 

--, 
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ADVANTAGES 
D No mechanical fasteners are required 

eliminating problems with corrosion. 

D Fast erection time because of the lack of 
fastening devices and size of components. 
(120 sf plus per wall paneL) 

D The amount of excavation required to 
get the wall in place is less than with most 
systems, 

D Backfill can be placed and compacted 
with normal heavy equipment Backfill 
compaction requirements are significantly less 
than with other systems, Hand-placment and 
compaction are minimized or elirn,inated , 

D Precast components can be manufac­
tured locally. 

D Can be designed to use local cut 
material for backfill. 

D No requirement for any cast-in-place 
concrete, 

D Walls can be designed with various 
architectural configurations and surface 
finishes. 

D Large precast components enable walls 
to be dismantled and re-used in similar 
applications, 

D Precast concrete elements in addition to 
being inherently durable, can be modified to 
enhance specific performance requirements, 

D Individual elements allow grade and 
alignment variations (curves, etc,), without 
special consideration or cost, 

• 

S tresswall Canada Ltd is exclusively licensee to provide 
Stresswall Systems in Canada. Complete engineering ser­
vices are available on all prQJects by Morrison Knudsen 

Engineering Inc (Ranked # l in the USA 1986 by Engineering 
News Record) Stresswall International would be pleased to 
provide preliminary concept drawings and cross-sections along 
with estimated costs for future systems or value engineering on 
existing projects, 



Seawall & Earth Retention Systems By STRESS WALL 

OWNER: Palacios Seawall Commission 
CONTRACTOR: Ercon Inc. 
PRECASTER: Manco Inc. 
ENGINEER: Jones & Neuse 

UNIQUE CONDITIONS 

• Built in adverse conditions. Saturated envi­
ronment due to constant wind drrven high 
tides. 

• Required the use of innovatrve geotextile 
drainage system and cast in drainage slots. 

• Existing Clayey/sand embankment material 
used for wall backfill. 

OWNER: Utah Dept. of Transportation 
CONTRACTOR: LA Young & Sons, Inc. 
PRECASTER: Lay's Rock Products 

UNIQUE CONDITIONS 

• First precasVprestressed structure used for 
erosion control on Great Salt Lake. 

• Special design considerations required for 
high salt concentrations. 

• Locally available "slag" from Kennecott 
Copper used for wall backfill. 

OWNER: Colorado Drvision of Highways 
CONTRACTOR: Ames Construction 
PRECASTER: Amcor - ArvadaColorado 

UNIQUE CONDITIONS 

• One of first structures used on a privately 
funded interstate project 

• Twenty-eight foot high three tier wall 
• Architectural exposed aggregate surface 

on wall panels 

Stresswall International, Inc. 
125 S. Howes St. 
Suite 880 
Fort Collins, CO 80521 
Tel: (303) 221-3894 

Stresswall Canada Ltd. 
3522 West 41st Avenue 
Vancouver, B.C. V6N 3E6 
Tel: (604) 263-2696 





TensarUniaxi 
Geogrids are u 
primary rein1orc 
provide overall • 
'<ill_ types of reinf 

Stabi '.itv When 
You Need If 

When you're faced with weak construction 
soils, such as silts or clays, Tensar Geogrids provide 
reinforcement which permits use of these poor 
quality fill soils. 

When right-of-way is limited, a reinforced soil 
slope ~n be constructed with TensarGeogrids to 
fit available space at a substantially lower cost than 
a retaining wall. 

When fill is scarce or expensive, Tensar 
Geogrids permit steeper slope construction so that 
fill and transportation expenses are minimized. 

Unreinforced Slope 

-----------------·····-····------------------. 

Stable 
Unreinforced 

Slope 

Additional Land 
Available for 
Widening Highway 

Right of Way 
·--•••.•. ___ .....,,. Limit 

.......... _,, ____ -___ ....,,. 

Tensar Geogrid 
Reinforced Slope 

__ _.·· ... --------. 
---.............. 

Reduce Fill 
Requirements 

.............. 

Stable 
Unreinforced 
Slope 

........... --

When soils are corrosive, Tehsar Geogrids 
provide reinforcement that will not deteriorate, even 
in acidic, alkaline, or saltwater environments. 

The examples shown here illustrate the most 
common situations in which reinforced soil slopes 
are constructed with Tensar Geog rids. Tensar 
Geogrids have proven their endurance, practicality, 
and economic advantage in these and many other 
applications through their use In thousands of 
structures in North America and around the world. 

Landslide Reconstructed to 
Original Slope Angle 

Conventional Concrete 
Retaining Wall 

Tensar Geogrid 
Reinforced Slope 

Tensar Reinforced 
Dike Elevation 

Original 
Dike 

----------~""'~---



An unreinforced slope has a natural angle of repose 
that Is dictated by the shear strength ot its soil. 
Typically, this may range from 20° for clay to 35.:. for 
sand and gravel. With a typical factor of safety, 
unreinforced soif slopes are usually constructed at 
angles of 18° to 26° from the horizontal 

Tensar Geogrids, when embedded in soil, form a 
reihforced soil composite that has high internal 
stabnity Tensar Geogrid reinforced slopes can, 
therefore, be constructep far more steeply than the 
soil's natural angle of repose. The result is much 
more efficient construction and use of land than 
conventional methods can safely allow. 

Design of reinforced soil slopes with Tensar 
Geogrids lnvolves determining: 

• the desired slope geometry (cross sectiort); 

• the forces acting on the soil structure which must 
be offset through reinforcement to ensure stabllity; 

• the required number and type of Geogrid reinforce­
ment layers; 

• the vertical spacing of the Geogrid reinforcement 
layers;and 

• the embedmentlengths otthe Geogrid reinforce-
ment layers. 

Detailed instructions for determining these p~rarn­
eters are included in Tensar Technical Note: Slope 
Reinforcement with Tensar Geogrids Design and 
Construction Guidelines. 

... , 
.. -···········--····· \ 

~--------- I 
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The Tensar Corporation also 
has.design sof!Ware and • 
technical suppart services 
available for developillg 
reir:iforc~.slope designs.for • 
compl~x lltabllity J)fOblems. 



Des·gn,ng wi h 
Tensar G ogri·ds 

Design of reinforced soil slopes with Tensar Geognds Is 
straight forward, as Is shown in the typical example which 
follows. All designs should, of course, always be confirmed 
by adequate site investigations and finalized by a qualified 
professional engineer. 

Example: Design a Tensar Geogrid reinforced soil slope 
for the conditions shown in Figure 1, where 

H - SI.ope height 

q - Uniform surcharge loading on top of slope 

'Ym - Moist unit weight of the soil fill 

I/>' Ettect1ve soil friction angle 

FS = Minimum Factor of Safety 

Jj = Slope angle 

c - Effective soil cohesion 

u Pore pressure 

Determine the modified slope height, H', to take surcharge 
loading, q, into consideration as follows 
H' - H q/ym 

H' = 38 + 240 sf = 40 ft 
120pcf 

(Note If H exceeds 1 2H, contact The Tensar Corporation 
for further guidance) 

2 Determine the factored soil friction angle,~• ·,, to incorporate 
the desired minimum factor of safety, FS, in lhe design 
as follows: 

tp'1 = tan ( ta~9' ) 

, _ tan , ( tan32° ) = t , .624 = 25 7 <Pt 1.3 an 1.3 • 

q = 240 pst 

Stable Foundation 

Soil Properties/Factor of Safety 

Q'/'= 32° Ym= 120pcf 

H = 38 ft. 

FS=1.3 

3. Determine the Tensar Geogrid force coefficient, K, as 
indicated in Figure 2 by the proposed slope angle, /J, and 
the factored soil friction angle, r/ 1 

K = 0.14 

4 Determine the total horizontal force, T, to be resisted by the 
Tensar Geogrid reinforcement as follows. 
T 1/2 K y ,,. (Hf 

T = (1/2)(0.141(120)(40)2 13,440 lbs/ft 

5. Determine the minimum number of reinforcement layers 
required, Nm,n• as Indicated by long-term allowable design 
tensile strength of the Geognd, T as follows 

T 13 440 
N'""' f,; N,.,,n = 1,000 -14(forSR1) 

13 440 
Nmln = 2,000 ~ 7 (for SR2) 

13 440 
Nmln = 3 000 , 5 (for SR3) 

• 
where TA 1,000 lbs/ft for UXl 100 (SRl) Geogrids 

TA 2,000 lbs/ft for UXl 200 (SR2) Geogrids 
TA 3,000 lbs/ft for UXl 300 (SR3) Geognds 

6 Determine lhe required geogrid embedment length at the 
top (Lr) and at the bottom (lg) of the slope as indicated In 
Figure 3 by the proposed slope angle Jj, and the factored 
soil friction angle, 9 ,. The minimum embedment lengths 
required for geogrid layers at intermediate levels between 
the top and bottom of the slope should vary linearly 
between Lr and L8 In actual construction any convenient 
length in excess of these minimums may be used. 

LafH' - 73 

L/H' 53 

L9 = 29.2 

Ly= 21 .2 

7 Determine the maximum vertical spacing of the Tensar 
Geogrid reinforcements, Sm at each elevation as follows· 

T 
S,,., Ki' z 

where z distance beneath the actual slope crest plus q/ym. 

This computation will result in a theoretical maximum 
spacing curve Figure 4 shows the spacing curves for the 
three UX type geogrlds described above, based on the 
design problem in Figure 1 Vertical spacing increases as 
you approach the top of the slope 

8 Determine the actual vertical geognd spacing as shown in 
Figure 4. Geogrid spacing should not exceed four feet. If 
calculations indicate a spacing greater than four feet, you 
should utilize a lower strength geogrid. For simplicity of 
construction, uniform geogrid spacings are normally 
established. Figure 4 assumes that the fill is placed in 8" 
lifts. A maximum spacing of 36' would, therefore, result 
in placement of the next lowest multiple of 8" (i.e .. 32'1-
See TTN·SRl for a complete discussion on geog rid spacing 

9 An example of the completed design including intermediate • 
rein forcing layers Is shown In Figure 5. Note the use of .,. 
BX 1100 (SSl) geogrids as intermediate layers to provide 
stability at the face of the slope 
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Design Assumptions: 
Ftgures 2 and 3 indicate the 
number and embedment 
length of Tensar Geogrids 
layers needed in the design 
of a reinforced soil slope. 
These relationships are 
based on hundreds of trial 
wedge analyses for homo­
geneous compacted soil 
slopes built over stable 
foundations. These analy­
ses also assume that the 
slope face is planar. the top 
of the slope is horizontal, 
there are no seismic forces 
and that the pore water 
pressure In the slope is 
zero Note that these rel -
tionships apply only to 
Tensar Geog rids. 

When the slope angles 
exceed 50 degrees, wrap­
around construction is 
recommended to simplify 
construction When using 
this method the maximum 
vertical spacing of geogrids 
should not exceed two feet. 



The Tensar Corporation is a manufacturer of high 
performance, premium quality products for use in 
reinforcement, support, containment, enclosure, 
and drainage applications. Tensar products have 
undergone extensive performance testing by 
private industry, universities, engineering con­
sultants, and state and federal agencies. Tensar 
products have been used in hundreds of construc­
tion, inctustrial , marine, and military applications 
around the world. Several thousand Tensar Installa­
tions are now in service. 

Technical Assistance 
Tensar's active research and technical assistance 
programs are geared to meet your needs. For a 
preliminary cost evaluation or design assistance for 
your next reinforced slope project, contact your 
local Tensar representative. 

For additional information about Tensar products 
and applications, call or write : 

The Tensar Corporation 
1210 Citizens Parkway 
Morrow, GA 30260 
(404) 968-3255 
1-800-845-4453 

the engineered advantage TM 

Tensar Geogrids are distri­
buted throughout the 
United States by Contech 
Construction Products Inc. 
For more information on 
Tensar designs and applica­
tions, contact your Contech 
representative or the 
Contech Construction 
Products office nearest you. 

A ~,,~._l'l'rAU 
v ~ .. ~~ ■ ;;.vn 
CONSTRUCTION PRODUCTS INC. 

tO-WA•UM(Ol;.°"'""flllW(.ICllof'tlOCN(l\ 

Contech Construction 
Products Inc. 
Dept LCP-0386 
P.O. Box 800 
Middletown, Ohio 45043 
1-800-338-1122 

Regional Offices are In 
the following cities: 
Atlanta, GA 30359 
P.O. Box 49526 
404/325-0814 

Houston, TX 77024 
820 Gessner, Suite 855 
713/973-9908 

Indianapolis, IN 46250 
8604 Allisonville Rd. 
317/842-7766 

Memphis, TN 38157 
5050 Poplar Avenue 
Suite1028 
901 /761-3446 

~ 1987 The Tensar Corporation 
lensar Is a registered lrademark 
Pnnted rn U SA 
SR-01-87 

Oak Brook, IL 60521 
1200 Harger Road 
Suite707 
312/573-1110 

Palmer; MA 01069 
Fenton St. 
413/283-7611 

Raleigh, NC 27609 
4700 Homewood Court 
919/781-8540 

San Bernardino, CA 92408 
1585 South D St. 
Suite 203 
714/885-8800 

The Tensar Corporation also 
supplies Retaining Wall 
Systems for those situations 
in which a reinforced soil 
retaining wall ls required 
For addltIonal information 
ask for our Tensar Geowall 
brochure 

Topeka, KS 66614 
5942 S.W. 29th 
913/273-5950 

Wheat Ridge, CO 80033 
Suite 195, Bldg. I 
4891 Independence St 
303/431-8999 

Sales Offices are 
In principal cities. 

The Informahon con1arned herein has been carelully compiled by The lenser 
Corporellon end to 1he besl of our knowledge accura1ely represanla Tensar 
produci use In the appllcallons which are 1llustraled Final delerm,naUon ol 
the su11ablhty ot any ,nformauon or ma1enal for lhe use con1empla1ed end Its 
manner of use Is the sole responsfb1llty of the user 
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GAIL MASUTANI, PHD, PE 
HDR 
591 CAMINO DE LA REINA, SUITE 300 
SAN DIEGO, CALIFORNIA 92108 
 
Subject: Geotechnical Investigation 
 Point Loma Wastewater Treatment Plant Site Improvements 

San Diego, California 
 
Dear Ms. Masutani: 

Atlas (formerly SCST) is pleased to present our report describing the geotechnical investigation 
performed for the subject project. We conducted the investigation in general conformance with 
the scope of work presented in our revised proposal dated December 18, 2019. Based on the 
results of our investigation, we consider the planned development feasible from a geotechnical 
standpoint, provided the recommendations of this report are followed. If you have any questions, 
please call us at (619) 280-4321. 

Respectfully submitted, 
 
 
 
 
 
 
Drew McPeak, GIT 1090 Gillian L. Carzzarella, PE, C87787 
Staff Geologist Project Engineer 
 
 
 
 
 
 
 
Andrew K. Neuhaus, CEG 2591  
Chief Geologist  
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1.    INTRODUCTION 

This report presents the results of the geotechnical investigation Atlas (formerly SCST) performed 
for the subject project. We understand that the project includes the design and construction of 
storm water site improvements. The purpose of our work is to provide conclusions and 
recommendations regarding the geotechnical aspects of the project. Figure 1 presents a site 
vicinity map. 

2.    SCOPE OF WORK 

We conducted this investigation in general conformance with the scope of work presented in our 
Proposal No. 19-0830R2 dated December 18, 2019. Our scope of work consisted of the following. 

2.1    Subsurface Exploration 
We explored the subsurface conditions by drilling five borings (B-1 through B-4 and B-6) to depths 
between about 4 and 20 feet below the existing ground surface using a truck-mounted drill rig 
equipped with a hollow stem auger. We were not able to drill one of the planned borings (B-5) 
due to existing utilities. Figure 2 shows the approximate locations of the borings. Two Atlas 
engineers logged the borings and collected samples of the materials encountered for laboratory 
testing. The logs of the borings are presented in Appendix I. Soils are classified according to the 
Unified Soil Classification System illustrated on Figure I-1. 

2.2    Laboratory Testing 
Selected samples obtained from the borings were tested to evaluate pertinent soil classification 
and engineering properties and enable development of geotechnical conclusions and 
recommendations. The laboratory tests consisted of in situ moisture and density, particle-size 
distribution, Atterberg limits, corrosivity, expansion index and direct shear. The results of the 
laboratory tests and brief explanations of the test procedures are presented in Appendix II. 

2.3    Analysis and Report 
The results of the field and laboratory tests were evaluated to develop conclusions and 
recommendations regarding: 

• Subsurface conditions beneath the site 
• Groundwater levels and the necessity for dewatering 
• Potential geologic hazards 
• Criteria for seismic design in accordance with the 2019 California Building Code (CBC) 
• Site preparation and grading 
• Foundation alternatives and geotechnical engineering criteria for foundation design 
• Estimated foundation settlements 
• Support for concrete slabs-on-grade 
• Excavation characteristics of the subsurface materials encountered 
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• Backfill recommendations and the suitability of excavated materials for use as backfill 
• Allowable temporary excavation side slope and shoring recommendations 
• Lateral earth pressures and resistance to lateral loads  
• Support for the pipeline 
• Potential pipeline settlements 
• Appropriate types of bedding and backfill materials as well as placement and compaction 

procedures 
• Suitability of excavated materials for use as backfill 
• Soil modulus E’ for pipeline design 
• Corrosivity  

3.    SITE DESCRIPTION 

The planned project is located at the Point Loma Wastewater Treatment Plant, at 1902 Gatchell 
Road, on Point Loma San Diego, California. The site is generally bound by the Pacific Ocean to 
the west, a hillside to the east, military property to the north and Cabrillo National Monument to 
the south. Existing improvements consist of pavements, hardscape, pipelines and the facility 
buildings. Site elevations range from about 18 feet on the west side of the site to about 95 feet 
MSL on the south and east portions of the site. 

4.    PROPOSED DEVELOPMENT 

Based on our review of the provided schematic site plans and discussions with the team, we 
understand the project will consist of the design and construction of storm water site 
improvements including pipelines, force mains, various drains, catch basins, and two pump 
stations.  

5.    GEOLOGY AND SUBSURFACE CONDITIONS 

The site is located within the Peninsular Ranges Geomorphic Province of California, which 
stretches from the Los Angeles basin to the tip of Baja California. This province is characterized 
as a series of northwest trending mountain ranges separated by subparallel fault zones and a 
coastal plain of subdued landforms. The mountain ranges are underlain primarily by Mesozoic 
metamorphic rocks that were intruded by plutonic rocks of the southern California batholith, while 
the coastal plain is underlain by subsequently deposited marine and non-marine sedimentary 
formations. The site is located in the coastal plain and is underlain by fill, very old paralic deposits 
and Cabrillo Formation. Descriptions of the materials encountered are presented below. Figure 3 
presents a geologic cross-section. Figure 4 presents the regional geology in the vicinity of the 
site. 

• Fill (Qf): Fill was encountered beneath the existing pavement sections in borings B-1 
through B-4, and at the ground surface in boring B-6. As encountered, the fill generally 
consisted of loose to very dense silty and clayey sand and hard sandy clay with varying 
amounts of gravel and cobbles. Soil cement was encountered in boring B-2 from depths 
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between about 1 foot and 6 feet below the existing ground surface. Sand cement slurry 
was encountered in boring B-4 from about 1½ to 4 feet below the ground surface.  

• Very Old Paralic Deposits (Qvop): Very old paralic deposits were encountered 
underlying the fill in boring B-2 and consisted of weakly to strongly cemented clayey and 
silty sandstone. 

• Cabrillo Formation (Kcs): Cabrillo Formation was encountered beneath the very old 
paralic deposits in boring B-2, and beneath the fill in boring B-3. As encountered, the 
Cabrillo Formation generally consisted of strongly indurated claystone and moderately 
cemented silty sandstone. Interbedded sandstone and claystone layers were observed. 

• Groundwater: Groundwater was not encountered in the borings. However, groundwater 
levels may fluctuate in the future due to tides, rainfall, irrigation, broken pipes, or changes 
in site drainage.  Because groundwater rise or seepage is difficult to predict, such 
conditions are typically mitigated if and when they occur. 

6.    GEOLOGIC HAZARDS 

The site is not located within an area previously known for significant geologic hazards. Evidence 
of active faulting, liquefiable soils, or collapsible soils was also not observed during our 
investigation. A discussion of existing and potential geologic hazards follows. 

6.1    Faulting and Surface Rupture 
The closest known active fault is the Newport-Inglewood-Rose Canyon fault zone, located about 
2½ miles east of the site. The closest mapped fault is the potentially active Point Loma Fault, 
which trends through the site. The Point Loma Fault is not known to have offset Holocene 
sediments, indicating it is not active. The State of California does not consider this fault to be 
active, and as such, an Alquist-Priolo Earthquake Fault Zone has not been established. In our 
opinion and according to the guidelines of the State of California, the fault is not a potential source 
of seismic shaking or ground rupture. No active faults are known to underlie or project toward the 
site; therefore, the probability of fault rupture is low. 

6.2    CBC Seismic Design Parameters 
A geologic hazard likely to affect the project is ground shaking as a result of movement along an 
active fault zone in the vicinity of the subject site. Based on the subsurface conditions encountered 
during our investigation, the area near the proposed northern pump station (in the vicinity of boring 
B-4) may be classified as a Site Class C. The area near the proposed southern pump station (in 
the vicinity of boring B-6) may be classified as a Site Class D. The mapped site coefficients and 
maximum considered earthquake (MCER) spectral response acceleration parameters in 
accordance with the ASCE 7-16 (SEAOC, 2020) are presented in Tables 1 and 2. 
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Table 1 – ASCE 7-16 Mapped Site Coefficients, Northern Pump Station 

Site Coordinates 
Latitude: 32.67854° Longitude: -117.24723° 

Site Coefficients and Spectral Response Acceleration Parameters Value 
Site Class C 
Site Coefficients, Fa 1.200 
Site Coefficients, Fv 1.500 
Mapped Spectral Response Acceleration at Short Period, Ss 1.231g 
Mapped Spectral Response Acceleration at 1-Second Period, S1 0.424g 
Mapped Design Spectral Acceleration at Short Period, SDS 0.985g 
Design Spectral Acceleration at 1-Second Period, SD1 0.424g 
Site Peak Ground Acceleration, PGAM 0.655g 
 

Table 2 – ASCE 7-16 Mapped Site Coefficients, Southern Pump Station 

Site Coordinates 
Latitude: 32.67732° Longitude: -117.24647° 

Site Coefficients and Spectral Response Acceleration Parameters Value 
Site Class D 
Site Coefficients, Fa 1.006 
Site Coefficients, Fv *See Note 1 
Mapped Spectral Response Acceleration at Short Period, Ss 1.236g 
Mapped Spectral Response Acceleration at 1-Second Period, S1 0.425g 
Mapped Design Spectral Acceleration at Short Period, SDS 0.829g 
Design Spectral Acceleration at 1-Second Period, SD1 *See Note 1 
Site Peak Ground Acceleration, PGAM 0.604g 
* Note 1 – ASCE 7-16, Section 11.4.8. A site-specific ground motion analysis is required to be performed in accordance 
with Section 21 unless exempted in accordance with Section 20.3.1 
 

For a Site Class D, a site-specific ground motion analysis is required to be performed in 
accordance with the requirements of ASCE 7-16. However, we assume that a site-specific ground 
motion analysis is likely not needed for the proposed southern pump station at this time. If a site-
specific analysis is required, a report addendum can be issued at a later date. 

6.3    City of San Diego Seismic Safety Study 
Figure 5 shows the site location on the City of San Diego Seismic Safety Study Map (City of San 
Diego, 2008). The project site is located in Geologic Hazard Categories 12, 44, and 53. Geologic 
Hazard Category 12 is a fault zone defined as potentially active, inactive, presumed inactive, or 
activity unknown. Geologic Hazard Category 44 is a coastal bluff defined as moderately stable, 
mostly stable formations, and local high erosion. Geologic Hazard Category 53 is defined as level 
or sloping terrain with unfavorable geologic structure and a low to moderate risk. Unfavorable 
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geologic structure was not observed during our investigation.  In our opinion, the geologic risks 
for the site are moderate to high. 

6.4    Liquefaction and Dynamic Settlement 
Liquefaction occurs when loose, saturated sands and silts are subjected to strong ground shaking. 
The soils lose shear strength and behave like liquid, resulting in large total and differential ground 
surface settlements and possible lateral spreading during an earthquake. Due to the relatively 
dense nature of the materials beneath the site, the potential for liquefaction and dynamic 
settlement to occur is considered low. 

6.5    Landslides  
Evidence of landslides or slope instabilities was not observed during our investigation. The 
potential for landslides or slope instabilities to occur at the site is considered low. The site is not 
mapped within a known landslide area (California Department of Conservation, 2015). 

6.6    Slope Stability Analysis 
The slope stability analyses were performed using SLIDE v. 6.0, a product of Rocscience, Inc. 
(2016). SLIDE is a two-dimensional, limit equilibrium slope stability program that evaluates the 
factor of safety of soil and rock slopes against both circular and non-circular failure surfaces. The 
Spencer’s method was used. This method of analysis provides the factor of safety based on both 
force and moment equilibrium. Bishop’s simplified method and Janbu’s simplified method were 
also evaluated to compare and consider the results. The analyses were performed to examine 
both the global and local stability of the slope under static and pseudostatic conditions.  

Traffic loads from existing access roads along the slope were represented as a uniform surcharge 
load of 250 pounds per square foot (psf) in general accordance with 2014 AASHTO LRFD. 
Additionally, a 100 psf distributed live load was assumed for the existing south throttling facility. 
The unit weight of water was also adjusted to 64 pounds per cubic foot (pcf) to account for the 
presence of salt water.  

Three different materials were defined to represent the subsurface conditions. These materials 
include Cabrillo formation, very old paralic deposits and existing undocumented fill. The properties 
of the materials selected for the analyses are listed in Table 3.  

Table 3 – Strength Parameters for Slope Stability Analyses 

Material Name Unit Weight 
(pcf) 

Cohesion 
(psf) 

Friction Angle 
(deg) 

Undocumented Fill (Qf) 120 100 30 
Very Old Paralic Deposits (Qvop) 127 470 37 

Cabrillo Formation (Kcs) 130 670 35 
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The shear strength parameters were derived from laboratory test results and our experience with 
similar materials on previous projects in the site area.  

Analyses of the existing conditions were performed on Cross-Section A-A’ (Figure 3). The results 
are presented in Appendix III and summarized in Table 4. 

Table 4 – Slope Stability Analyses Results  

Cross Section 
Factor of Safety 

Static Pseudostatic 
A-A’ (Global) 2.158 1.533 
A-A’ (Local 1) 2.166 1.650 
A-A’ (Local 2) 1.602 1.199 

 

Factors of safety of 1.5 (static) and 1.15 (pseudostatic) are considered adequate in standard 
geotechnical practice. 

6.7    Flooding, Tsunamis, and Seiches 
It should be noted that the tsunami inundation line runs north-south along the west side of the site 
(CAL EMA, 2009). However, the site is not located within a mapped tsunami inundation area on 
the State of California Tsunami Inundation Maps (Cal EMA, 2009); therefore, damage due to 
tsunami inundation is considered low. Seiches are periodic oscillations in large bodies of water 
such as lakes, harbors, bays, or reservoirs. The site is not located adjacent to any lakes or 
confined bodies of water; therefore, the potential for a seiche to affect the site is considered low. 
The site is mapped within an area of minimal flood hazard (FEMA, 2019).  

6.8    Subsidence 
The site is not located in an area of known subsidence associated with fluid withdrawal 
(groundwater or petroleum); therefore, the potential for subsidence due to the extraction of fluids 
is considered low. 

6.9    Hydro-Consolidation 
Hydro-consolidation can occur in recently deposited sediments (less than 10,000 years old) that 
were deposited in a semi-arid environment. Examples of such sediments are aeolian sands, 
alluvial fan deposits, and mudflow sediments deposited during flash floods. The pore spaces 
between the particle grains can re-adjust when inundated by groundwater causing the material to 
consolidate. The relatively dense materials underlying the site are not susceptible to hydro-
consolidation. 
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7.    CONCLUSIONS 

Based on the results of our investigation, we consider the proposed construction feasible from a 
geotechnical standpoint provided the recommendations of this report are followed. In our opinion, 
the site conditions are suitable to construct the proposed improvements. The main geotechnical 
considerations affecting the proposed construction are the presence of potentially compressible 
soils, cut/fill transitions, and difficult excavations in soil cement, very old paralic deposits and 
Cabrillo Formation. We understand that project plans are not available at this time, and the 
locations and depths of the proposed pump stations have not been finalized. We anticipate that 
the proposed pump stations may be supported on shallow spread footings with bottom levels 
bearing either entirely on compacted fill, or entirely on formation (very old paralic deposits or 
Cabrillo Formation). Remedial grading is recommended to reduce the potential for distress to the 
proposed improvements. Remedial grading recommendations are provided herein. The 
recommendations presented herein may need to be updated once final plans are developed.  

8.    RECOMMENDATIONS 

The remainder of this report presents recommendations regarding earthwork construction as well 
as geotechnical recommendations for the design of the proposed structure and improvements. 
These recommendations are based on empirical and analytical methods typical of the standard 
of practice in southern California. If these recommendations appear not to address a specific 
feature of the project, please contact our office for additions or revisions to the recommendations.  

8.1    Earthwork 
Earthwork is anticipated to include site preparation, remedial grading, excavations for 
foundations, temporary excavations for underground utilities, and placement and compaction of 
fill and backfill. Grading and earthwork should be conducted in accordance with the CBC and with 
the recommendations of this report. The following recommendations are provided regarding 
specific aspects of the proposed earthwork construction. These recommendations should be 
considered subject to revision based on field conditions observed by the geotechnical consultant 
during construction. 

8.1.1 Site Preparation 
Site preparation should begin with the removal of existing improvements, vegetation, and debris. 
Subsurface improvements that are to be abandoned should be removed, and the resulting 
excavations should be backfilled and compacted in accordance with the recommendations of this 
report. Pipeline abandonment can consist of capping or rerouting at the project perimeter and 
removal within the project perimeter. If appropriate, abandoned pipelines can be filled with grout 
or slurry as recommended by and observed by the geotechnical consultant. 

8.1.2 Remedial Grading – Pump Station Pads 
Beneath the proposed pump station pads, we recommend over-excavating a minimum of 3 feet 
below planned subgrade elevation, or 3 feet below the proposed footing bottoms, whichever is 
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deeper. The removal and recompaction should extend at least 5 feet outside the pump station 
footprint. At Atlas representative should observe the conditions exposed in the bottom of 
excavations to assess if additional excavation is recommended. 

Additionally, the proposed pump stations should not be underlain by cut/fill transitions or 
transitions from shallow fill to deep fill. Where such transitions are encountered, the formational 
materials should be over-excavated and replaced with compacted fill to provide a relatively 
uniform thickness of compacted fill beneath the entire structure and reduce the potential for 
differential settlement. The over-excavation depth should be at least 3 feet below the planned 
finished pad elevation, at least 2 feet below the deepest planned footing bottom elevation, or to a 
depth of H/2, whichever is deeper, where H is the greatest depth of fill beneath the structure. 
Horizontally, the over-excavation should extend at least 5 feet outside the planned footing 
perimeter or up to existing improvements, whichever is less. Where practical, the bottom of 
excavations should be sloped toward the fill portion of the site and away from its center. 
Alternatively, individual pump stations can be supported on spread footings with bottoms levels 
bearing entirely on formational materials or on 2-sack sand/cement slurry extending down to 
formational materials. 

8.1.3 Expansive Soil 
The on-site soils tested have expansion indexes of 19 and 34, classified as very low to low 
expansion potential. To reduce the potential for expansive heave, the top 2 feet of material 
beneath footings and slabs-on-grade should have an expansion index (EI) of 50 or less 
determined in accordance with ASTM D4829. Horizontally, the soils having an EI of 50 or less 
should extend at least 2 feet outside the planned improvement or up to existing improvements, 
whichever is less. Based on our laboratory test results, we expect that most of the on-site silty 
sand, clayey sand, and clayey gravel is expected to meet the expansion index criteria. The on-
site sandy clay is not expected to meet the expansion index criteria. Import material may be 
needed. 

8.1.4 Compacted Fill 
The material exposed in the bottom of excavations should be scarified to a depth of 6 inches, 
moisture conditioned to near optimum moisture content, and compacted to at least 90% relative 
compaction. Where gravel is provided for the stabilization of the bottom of excavation, a non-
woven filter fabric should be placed between the gravel and overlying fill. Fill should be placed in 
horizontal lifts at a thickness appropriate for the equipment spreading, mixing, and compacting 
the material, but generally should not exceed 8 inches in loose thickness. Fill should be moisture 
conditioned to near optimum moisture content and compacted to at least 90% relative 
compaction. The maximum density and optimum moisture content for the evaluation of relative 
compaction should be evaluated in accordance with ASTM D1557. The top 12 inches of subgrade 
beneath vehicular pavements should be compacted to at least 95% relative compaction. 
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8.1.5 Imported Soil 
Imported soil should consist of predominately granular soil, free of organic matter and rocks 
greater than 6 inches. Imported soil should be observed and, if appropriate, tested by Atlas prior 
to transport to the site to evaluate suitability for the intended use.  

8.1.6 Excavation Characteristics 
It is anticipated that excavations can be achieved with conventional earthwork equipment in good 
working order. Difficult excavation should be anticipated in the soil cement fill, slurry, very old 
paralic deposits and Cabrillo Formation. Excavations may generate oversized material that will 
require extra effort to crush or haul off site.  

8.1.7 Oversized Material 
Excavations have the potential to generate oversized material. Oversized material is defined as 
rocks or cemented clasts greater than 6 inches in largest dimension. Oversized material should 
be broken down to no greater than 6 inches in largest dimension for use in fill, landscape material, 
or disposed of off site.   

8.1.8 Temporary Excavations and Shoring 
Temporary excavations will be required for open cut and cover trenching. Temporary excavations 
3 feet deep or less can be made vertically. Deeper temporary excavations should be laid back no 
steeper than 1½:1 (horizontal:vertical). The faces of temporary slopes should be inspected daily 
by the contractor’s Competent Person before personnel are allowed to enter the excavation. 
Zones of potential instability, sloughing or raveling should be brought to the attention of the 
Engineer and corrective action implemented before personnel begin working in the trench. 

Excavated materials should not be stockpiled behind temporary excavations within a distance 
equal to the depth of the excavation. Atlas should be notified if other surcharge loads are 
anticipated so that lateral load criteria can be developed for the specific situation. If temporary 
slopes are to be maintained during the rainy season, berms are recommended along the tops of 
the slopes to prevent runoff water from entering the excavation and eroding the slope faces. 

Slopes steeper than those described above will require shoring. Soldier piles and lagging, sheet 
piles, internally braced shoring, or trench boxes could be used. If trench boxes are used, the soil 
immediately adjacent to the trench box is not directly supported. Ground surface deformations 
adjacent to the pit or trench could be greater where trench boxes are used compared to other 
methods of shoring. 

For design of cantilevered shoring with level backfill, the active earth pressure can be taken as 
equivalent to a fluid weighing 40 pcf. An additional 25 pcf should be added for shoring with 2:1 
sloping ground or braced shoring. The surcharge loads on shoring from traffic and construction 
equipment working adjacent to the excavation can be modeled by assuming an additional 2 feet 
of soil behind the shoring. 
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8.1.9 Groundwater Seepage 
Groundwater seepage may occur locally and should be anticipated in excavations.  

8.1.10 Slopes 
Long-term slopes should be constructed no steeper than 2:1 (horizontal:vertical). Faces of fill 
slopes should be compacted either by rolling with a sheepsfoot roller or other suitable equipment, 
or by overfilling and cutting back to design grade. Fills should be benched into sloping ground 
inclined steeper than 5:1 (horizontal:vertical). In our opinion, slopes constructed no steeper than 
2:1 (horizontal:vertical) will possess an adequate factor of safety. An engineering geologist should 
observe cut slopes during grading to ascertain that no unforeseen adverse geologic conditions 
are encountered that require revised recommendations. Slopes are susceptible to surficial slope 
failure and erosion. Water should not be allowed to flow over the top of slope. Additionally, slopes 
should be planted with vegetation that will reduce the potential for erosion. 

8.1.11 Surface Drainage 
Final surface grades around structures should be designed to collect and direct surface water 
away from the structure and toward appropriate drainage facilities. The ground around the 
structures should be graded so that surface water flows rapidly away from the structures without 
ponding. In general, we recommend that the ground adjacent to the structures slope away at a 
gradient of at least 2%. Densely vegetated areas where runoff can be impaired should have a 
minimum gradient of at least 5% within the first 5 feet from the structure. Roof gutters with 
downspouts that discharge directly into a closed drainage system are recommended on 
structures. Drainage patterns established at the time of fine grading should be maintained 
throughout the life of the proposed structures. Site irrigation should be limited to the minimum 
necessary to sustain landscape growth. Should excessive irrigation, impaired drainage, or 
unusually high rainfall occur, saturated zones of perched groundwater can develop. 

8.1.12 Grading Plan Review 
Atlas should review the grading plans and earthwork specifications to ascertain whether the intent 
of the recommendations contained in this report have been implemented and that no revised 
recommendations are needed due to changes in the development scheme. 

8.2    Foundations 
The foundation recommendations provided herein are considered generally consistent with 
methods typically used in southern California. Other alternatives may be available. Our 
recommendations are only minimum criteria based on geotechnical factors and should not be 
considered a structural design, or to preclude more restrictive criteria of governing agencies or by 
the structural engineer. The design of the foundation system should be performed by the project 
structural engineer, incorporating the geotechnical parameters described herein and the 
requirements of applicable building codes.  
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We understand that project plans are not available at this time, and the locations and depths of 
the proposed pump stations have not been finalized. However, we anticipate that the proposed 
pump stations may be supported on shallow spread footings with bottom levels bearing either 
entirely on compacted fill, or entirely on formation (very old paralic deposits or Cabrillo Formation). 
If the foundations are to bear entirely on formation, and isolated areas of fill exist below footings, 
concrete or a 2-sack sand/cement slurry can be placed between the formation and design bottom 
of footing elevation. 

8.2.1 Spread Footings 
Footings should extend at least 18 inches below lowest adjacent finished grade. A minimum width 
of 12 inches is recommended for continuous footings and 24 inches for isolated footings. An 
allowable bearing capacity of 2,500 psf can be used for spread footings supported on granular 
compacted fill. An allowable bearing capacity of 3,500 psf can be used for spread footings 
supported on formation (very old paralic deposits or Cabrillo Formation). The allowable bearing 
capacity can be increased by 500 psf for each foot of depth below the minimum and 250 psf for 
each foot of width beyond the minimum up to a maximum of 4,000 psf on compacted fill or 6,000 
psf on formation. The bearing value can be increased by ⅓ when considering the total loads, 
including wind or seismic forces. Footings located adjacent to or within slopes should be extended 
to a depth such that a minimum horizontal distance of 7 feet exists between the lower outside 
footing edge and the face of the slope. 

Lateral loads will be resisted by friction between the bottoms of footings and passive pressure on 
the faces of footings and other structural elements below grade. An allowable coefficient of friction 
of 0.35 can be used. An allowable passive pressure of 350 psf per foot of depth below the ground 
surface can be used for level ground conditions. The allowable passive pressure should be 
reduced for sloping ground conditions. The passive pressure can be increased by ⅓ when 
considering the total loads, including wind or seismic forces. The upper 1 foot of soil should not 
be relied on for passive support unless the ground is covered with pavements or slabs.  

8.2.2 Settlement Characteristics - Compacted Fill or Old Paralic Deposits 
Total foundation settlements are estimated to be less than 1 inch. Differential settlements between 
adjacent columns and across continuous footings are estimated to be less than ¾ inch over a 
distance of 40 feet. Settlements should be completed shortly after structural loads are applied. 

8.2.3 Settlement Characteristics - Undocumented Fill 
If the proposed pump stations are planned to be constructed in areas with relatively deep 
undocumented fill, Atlas should be notified so that the estimated total and differential foundation 
settlements may be quantified. 

8.2.4 Foundation Plan Review 
Atlas should review the foundation plans to ascertain that the intent of the recommendations in 
this report has been implemented and that revised recommendations are not necessary as a 
result of changes after this report was completed. 
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8.2.5 Foundation Excavation Observations 
A representative from Atlas should observe the foundation excavations prior to forming or placing 
reinforcing steel. 

8.3    Conventional Retaining Walls 
Conventional retaining walls can be supported on spread footings. The recommendations for 
spread footings provided in the foundation section of this report are also applicable to 
conventional retaining walls. 

The active earth pressure for the design of unrestrained retaining walls with level backfill can be 
taken as equivalent to the pressure of a fluid weighing 40 pcf. The at-rest earth pressure for the 
design of restrained retaining wall with level backfill can be taken as equivalent to the pressure of 
a fluid weighing 60 pcf. These values assume a granular and drained backfill condition. Higher 
lateral earth pressures would apply if walls retain clay soils. An additional 25 pcf should be added 
to these values for walls with 2:1 (horizontal:vertical) sloping backfill. An increase in earth 
pressure equivalent to an additional 2 feet of retained soil can be used to account for surcharge 
loads from light traffic. The above values do not include a factor of safety. Appropriate factors of 
safety should be incorporated into the design. If any other surcharge loads are anticipated, Atlas 
should be contacted for the necessary increase in soil pressure.  

Retaining walls should be designed to resist hydrostatic pressures or be provided with a backdrain 
to reduce the accumulation of hydrostatic pressures. Backdrains can consist of a 2-foot-wide zone 
of ¾-inch crushed rock. The backdrain should be separated from the adjacent soils using a non-
woven filter fabric, such as Mirafi 140N or equivalent. Weep holes should be provided, or a 
perforated pipe should be installed at the base of the backdrain and sloped to discharge to a 
suitable storm drain facility. As an alternative, a geocomposite drainage system such as Miradrain 
6000 or equivalent placed behind the wall and connected to a suitable storm drain facility can be 
used. The project architect should provide waterproofing specifications and details. Figure 6 
presents typical conventional retaining wall backdrain details. 

If required, the seismic earth pressure can be taken as equivalent to the pressure of a fluid 
weighing 28 pcf. This value is for level backfill and does not include a factor of safety. Appropriate 
factors of safety should be incorporated into the design. This pressure is in addition to the un-
factored, static active earth pressure. The passive pressure and bearing capacity can be 
increased by ⅓ in determining the seismic stability of the wall. 

Wall backfill should consist of granular, free-draining material having an expansion index of 20 or 
less. The backfill zone is defined by a 1:1 plane projected upward from the heel of the wall. 
Expansive or clayey soil should not be used. We anticipate that the on-site soils will not be suitable 
for wall backfill. Additionally, backfill within 3 feet from the back of the wall should not contain 
rocks greater than 3 inches in dimension. Backfill should be compacted to at least 90% relative 
compaction. Backfill should not be placed until walls have achieved adequate structural strength. 
Compaction of wall backfill will be necessary to minimize settlement of the backfill and overlying 
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settlement sensitive improvements. However, some settlement should still be anticipated. 
Provisions should be made for some settlement of concrete slabs and pavements supported on 
backfill. Additionally, any utilities supported on backfill should be designed to tolerate differential 
settlement. 

8.4    Pipelines 

8.4.1 Pipeline Support 
It is anticipated that some of the materials along the pipeline alignment will not provide adequate 
support for the pipe, as loose, soft, and otherwise unsuitable materials should be anticipated. 
Unsuitable materials encountered near trench bottom levels, as evaluated during construction by 
the engineer, should be excavated 1 to 3 feet as evaluated by the geotechnical consultant and 
replaced as compacted fill or with crushed gravel. Unsuitable materials should be removed from 
the full width of the trench. The bottoms of the excavations should be observed by the 
geotechnical consultant prior to placement of pipe bedding. The use of a stabilizing fabric such 
as Mirafi® HP 570 can also be used to stabilize the bottom of the excavations, if needed. 

8.4.2 Modulus of Soil Reaction 
A modulus of soil reaction (E’) of 1,400 psi can be used to evaluate the deflection of buried flexible 
pipelines. This value assumes that granular bedding material is placed adjacent to the pipe and 
is compacted to at least 90% relative compaction. 

8.4.3 Thrust Blocks 
For level ground conditions, a passive earth pressure of 330 psf per foot of depth below the lowest 
adjacent final grade can be used to compute allowable thrust block resistance. A value of 140 psf 
per foot should be used below groundwater level, if encountered. 

8.4.4 Pipe Bedding 
Bedding material should consist of clean sand having a sand equivalent not less than 30 and 
should extend to at least 12 inches above the top of pipe. Alternative materials meeting the intent 
of the bedding specifications are also acceptable. Samples of materials proposed for use as 
bedding should be provided to the engineer for inspection and testing before the material is 
imported for use on the project. The on-site materials are not expected to meet “Greenbook” 
bedding specifications. The pipe bedding material should be placed over the full width of the 
trench. After placement of the pipe, the bedding should be brought up uniformly on both sides of 
the pipe to reduce the potential for unbalanced loads. No voids or uncompacted areas should be 
left beneath the pipe haunches. Ponding or jetting the pipe bedding should not be allowed. 

8.4.5 Trench Backfill 
Excavated material free of organic debris and rocks greater than 6 inches in largest dimension 
are generally expected to be suitable for use as trench backfill. Imported material should not 
contain rocks greater than 6 inches in largest dimension or organic debris. Imported material 
should have an expansion index of 20 or less. Atlas should observe and, if appropriate, test 
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proposed imported materials before they are delivered to the site. Backfill should be placed in lifts 
8 inches or less in loose thickness, moisture conditioned to optimum moisture content or slightly 
above, and compacted to at least 90% relative compaction. All references to optimum moisture 
content and relative compaction in this report are based on ASTM D1557 test method. The upper 
12 inches of soil beneath subgrade for pavements should be compacted to at least 95% relative 
compaction. We recommend that the soils in the top 24 inches below hardscape have an 
expansion index of 20 or less. Atlas should observe and, if appropriate, test the soils to be used 
within this backfill zone. 

8.5    Soil Corrosivity 
Representative samples of the on-site soil were tested to evaluate corrosion potential. The test 
results are presented in Appendix II. The project design engineer can use the sulfate results in 
conjunction with ACI 318 to specify the water/cement ratio, compressive strength, and 
cementitious material types for concrete exposed to soil. A corrosion engineer should be 
contacted to provide specific corrosion control recommendations. 

9.    GEOTECHNICAL ENGINEERING DURING CONSTRUCTION 

The geotechnical engineer should review project plans and specifications prior to bidding and 
construction to check that the intent of the recommendations in this report has been incorporated. 
Observations and tests should be performed during construction. Atlas should be present during 
grading and construction to verify the consistency of subsurface conditions across the site with 
the areas explored during our subsurface evaluation. If the conditions encountered during 
construction differ from those anticipated based on the subsurface exploration program, the 
presence of Atlas during construction will enable an evaluation of the exposed conditions. 
Subsequently, modifications of the recommendations in this report or development of additional 
recommendations will be provided upon request and in a timely manner. 

10.    CLOSURE 

Atlas should be advised of changes in the project scope so that the recommendations contained 
in this report can be evaluated with respect to the revised plans. Changes in recommendations 
will be verified in writing. The findings in this report are valid as of the date of this report. Changes 
in the condition of the site can, however, occur with the passage of time, whether they are due to 
natural processes or work on this project or adjacent areas. In addition, changes in the standards 
of practice and government regulations can occur. Thus, the findings in this report may be 
invalidated wholly or in part by changes beyond our control. This report should not be relied upon 
after a period of two years without a review by us verifying the suitability of the conclusions and 
recommendations to site conditions at that time. 

In the performance of our professional services, we comply with that level of care and skill 
ordinarily exercised by members of our profession currently practicing under similar conditions 
and in the same locality. The client recognizes that subsurface conditions may vary from those 
encountered at the boring locations and that our data, interpretations, and recommendations are 
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based solely on the information obtained by us. We will be responsible for those data, 
interpretations, and recommendations, but shall not be responsible for interpretations by others 
of the information developed. Our services consist of professional consultation and observation 
only, and no warranty of any kind whatsoever, express or implied, is made or intended in 
connection with the work performed or to be performed by us, or by our proposal for consulting 
or other services, or by our furnishing of oral or written reports or findings. 
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FIELD INVESTIGATION 

 
Our subsurface exploration consisted of drilling five borings on August 3, 2020 to depths between 
about 4 feet and 20 feet below the existing ground surface using a truck-mounted drill rig equipped 
with a hollow stem auger. Figure 2 shows the approximate locations of the borings. Our 
subsurface exploration was performed under the observation of two Atlas engineers who also 
logged the borings and obtained samples of the materials encountered. 

Relatively undisturbed samples were obtained using a modified California (CAL) sampler, which 
is a ring-lined split tube sampler with a 3-inch outer diameter and 2½-inch inner diameter. 
Standard Penetration Tests (SPT) were performed using a 2-inch outer diameter and 1⅜-inch 
inner diameter split tube sampler. The CAL and SPT samplers were driven with a 140-pound 
weight dropping 30 inches. The number of blows needed to drive the samplers the final 12 inches 
of an 18-inch drive is noted on the boring logs as “Driving Resistance (blows/ft of drive).” SPT and 
CAL sampler refusal was encountered when 50 blows were applied during any one of the three 
6-inch intervals, a total of 100 blows was applied, or there was no discernible sampler 
advancement during the application of 10 successive blows. Disturbed bulk samples were 
obtained from the SPT sampler and the drill cuttings. 

The soils are classified in accordance with the Unified Soil Classification System as illustrated on 
Figure I-1. Logs of the borings are presented on Figures I-2 through I-6.  
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SAMPLE SYMBOLS LABORATORY TEST SYMBOLS
AL  - Atterberg Limits

CAL CON  - Consolidation
CK COR  - Corrosivity Tests
MS    (Resistivity, pH, Chloride, Sulfate)
ST CBR  - California Bearing Ratio

SPT DS  - Direct Shear
EI  - Expansion Index

GROUNDWATER SYMBOLS MAX  - Maximum Density
RV  - R-Value
PD  - Particle-size Distribution
SC  - Soil-Cement Suitability
SS - Soluble Sulfate

By: THC/PFL
Job Number: 190329P4.3-1

- Modified California Sampler
- Bulk Sample

- Shelby Tube
- Standard Penetration Test sampler

- Undisturbed Chunk sample
- Maximum Size of Particle

- Water level at time of excavation or as indicated

- Water seepage at time of excavation or as indicated

ML

CLEAN SANDS

Inorganic silts and very fine sands, rock flour, sandy silt or clayey-silt-
sand mixtures with slight plasticity.

CL Inorganic clays of low to medium plasticity, gravelly clays, sandy clays, 
silty clays, lean clays.

SILTS AND CLAYS
(Liquid Limit less 
than 50)

II. FINE GRAINED, more than 50% of material is smaller than No. 200 sieve size.

SM

SC

Silty sands, poorly graded sand and silty mixtures.

Clayey sands, poorly graded sand and clay mixtures.

SANDS
More than half of 
coarse fraction is 
smaller than   No. 
4 sieve size.

Poorly graded sands, gravelly sands, little or no fines.SP

Organic silts and organic silty clays or low plasticity.

PT Peat and other highly organic soils.III. HIGHLY ORGANIC SOILS

MH

CH Inorganic clays of high plasticity, fat clays.

Inorganic silts, micaceous or diatomaceous fine sandy or silty soils, 
elastic silts.

OH Organic clays of medium to high plasticity.

GRAVELS
More than half of 
coarse fraction is 
larger than No. 4 
sieve size but 
smaller than 3". GRAVELS WITH FINES 

(Appreciable amount of 
fines)

CLEAN GRAVELS

GP

GM

GW

Figure:
Date: September, 2020

I-1

Point Loma Wastewater Treatment Plant Site Improvements
San Diego, California

SUBSURFACE EXPLORATION LEGEND

SILTS AND CLAYS
(Liquid Limit 
greater than 50)

UNIFIED SOIL CLASSIFICATION CHART

SOIL DESCRIPTION

I. COARSE GRAINED, more than 50% of material is larger than No. 200 sieve size.

OL

GROUP 
SYMBOL TYPICAL NAMES

Well graded gravels, gravel-sand mixtures, little or no fines

GC Clayey gravels, poorly graded gravel-sand, clay mixtures.

SW Well graded sand, gravelly sands, little or no fines.

Poorly graded gravels, gravel sand mixtures, little or no fines.

Silty gravels, poorly graded gravel-sand-silt mixtures.
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AKN

Not Encountered

1 FILL(Qf): CLAYEY SAND with GRAVEL, medium dense, brown, 
moist, fine to coarse grained, trace cobbles.2
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Dense.
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Point Loma Wastewater Treatment Plant Site Improvements
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THC/PFL September, 2020

17

CABRILLO FORMATION (Kcs): CLAYSTONE, gray to light brown, 
moist, slightly weathered, strongly indurated and cemented, fine 
grained, interbedded sandstone.

Interbedded claystone layers.
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Date Drilled: Logged by:
Equipment: CME 95 with 8-Inch HSA Reviewed by:

Elevation (ft): 93 Depth to Groundwater (ft):
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Job Number: Figure: 

LOG OF BORING B-4
8/3/2020 PFL
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SUMMARY OF SUBSURFACE CONDITIONS

6 inches of Portland Cement Concrete 
FILL (Qf): SILTY SAND with GRAVEL, very dense, light brown, 
moist, fine to coarse grained, trace cobbles, concrete debris.
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Date Drilled: Logged by:
Equipment: CME 95 with 8-Inch HSA Reviewed by:

Elevation (ft): 97 Depth to Groundwater (ft):
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By: Date:
Job Number: Figure: 

LOG OF BORING B-6
8/3/2020 PFL

AKN

Not Encountered

CLAYEY SAND, medium dense to dense, reddish brown, moist, fine 
to coarse grained, trace cobbles.

SANDY CLAY, hard, gray to brown, moist, fine to coarse grained, few 
gravel.

CLAYEY SAND, medium dense, reddish brown, moist, fine to coarse 
grained, trace gravel.
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FILL (Qf): SILTY SAND with GRAVEL, medium dense, brown, moist, 
fine to coarse grained, trace cobbles.
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LABORATORY TESTING 

 
Laboratory tests were performed to provide geotechnical parameters for engineering analyses. 
The following tests were performed: 

• CLASSIFICATION: Field classifications were verified in the laboratory by visual 
examination. The final soil classifications are in accordance with the Unified Soil 
Classification System. 

• IN SITU MOISTURE AND DENSITY: The in-situ moisture content and dry unit weight 
were evaluated on samples collected from the borings. The test results are presented on 
the boring logs in Appendix I. 

• PARTICLE-SIZE DISTRIBUTION: The particle-size distribution was evaluated on two 
selected soil samples in accordance with ASTM D6913. Figures II-1 and II-2 present the 
test results. 

• ATTERBERG LIMITS: The Atterberg limits were evaluated on two selected soil samples 
in accordance with ASTM D4318. Figures II-1 and II-2 present the test results. 

• CORROSIVITY: Corrosivity tests were performed on two selected soil samples. The pH 
and minimum resistivity were evaluated in general accordance with California Test 643. 
The soluble sulfate content was evaluated in accordance with California Test 417. 
The total chloride ion content was evaluated in accordance with California Test 422. 
Figure II-3 presents the test results. 

• EXPANSION INDEX: The expansion indices were determined on two selected samples 
in accordance with ASTM D4829. Figure II-3 presents the test results. 

• DIRECT SHEAR: The shear strengths were evaluated on two selected soil samples in 
accordance with ASTM D3080. The shear stress was applied at a constant rate of strain 
of 0.003 inches per minute. Figures II-4 and II-5 present the test results. 

Soil samples not tested are now stored in our laboratory for future reference and analysis, if 
needed. Unless notified to the contrary, all samples will be disposed of 30 days from the date of 
this report. 
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DESCRIPTION

190329P4.3-1 II-1

SAMPLE NUMBER PLASTIC LIMIT
56706 PLASTICITY INDEX

Point Loma Wastewater Treatment Plant Site Improvements
San Diego, California

By:

CLAYEY GRAVEL with 
SAND

LIQUID LIMIT

DJM September, 2020

B-1 at 2 to 4 Feet
SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION: GC ATTERBERG LIMITS
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Date:
Job Number: Figure:190329P4.3-1 II-2

SAMPLE NUMBER PLASTIC LIMIT
56712 PLASTICITY INDEX

Point Loma Wastewater Treatment Plant Site Improvements
San Diego, California

By:

LIQUID LIMIT

DJM September, 2020

SAMPLE LOCATION UNIFIED SOIL CLASSIFICATION: SC ATTERBERG LIMITS
B-6 at 2 to 4 Feet DESCRIPTION CLAYEY SAND
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N/A 2,500
0.50 4,000
0.45 4,500
0.45 4,500

2. Modified from ACI 318-14 Table 19.3.1.1 and Table 19.3.2.1

By: Date:
Job Number: Figure:

SO4 > 2.00 Very Severe S3 V plus pozzolan or slag cement

September, 2020

0.10 ≤ SO4 < 0.20 Moderate S1 II
0.20 ≤ SO4 ≤ 2.00 Severe S2 V

Max. 
W/C

Min. fc'  
(psi)(ASTM C150)

SO4 < 0.10 N/A S0 No type restriction

Water-Soluble Sulfate Exposure 2

Water-Soluble Sulfate (SO4) in soil 
(percent by weight)

Exposure 
Severity

Exposure 
Class

Cement Type

B-6 at 2 to 4 Feet 389 8.18 0.092 0.015
B-3 at 6 to 6½ Feet 290 8.10 0.104 0.030

SAMPLE RESISTIVITY (Ω-cm) pH CHLORIDE (%) SULFATE (%)

Very High
91-130

1. ASTM - D4829

Medium

RESISTIVITY, pH, SOLUBLE CHLORIDE and SOLUBLE SULFATE

Above 130
High

II-3190329P4.3-1
DJM

Point Loma Wastewater Treatment Plant Site Improvements
San Diego, California

SAMPLE

EXPANSION INDEX

Very Low1-20
Expansion Potential

ASTM D4829

Classification of Expansive Soil 1

Expansion Index

EXPANSION INDEXDESCRIPTION
B-1 at 2 to 4 Feet 19CLAYEY GRAVEL with SAND
B-6 at 2 to 4 Feet CLAYEY SAND 34

51-90
Low21-50

---



B-2 at 6 to 6½ Feet Φ 37 o 37 o

c 485 psf 470 psf

NOTES: Insitu γd 120.8 pcf 120.8 pcf
Strain Rate:  0.003 in/min wc 5.9 % 13.8 %
Sample was consolidated and drained Saturation 41 % 96 %

By: Date:
Job Number: Figure:

September, 2020PFL
190329P4.3-1

Point Loma Wastewater Treatment Plant Site Improvements
San Diego, California

II-4

VERY OLD PARALIC DEPOSITS (Qvop): CLAYEY 
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B-2 at 19½ to 20 Feet Φ 39 o 35 o

c 590 psf 670 psf

NOTES: Insitu γd 112.2 pcf 112.2 pcf
Strain Rate:  0.003 in/min wc 16.0 % 20.9 %
Sample was consolidated and drained Saturation 88 % 100 %

By: Date:
Job Number: Figure:

CABRILLO FORMATION (Kcs): CLAYSTONE

Peak Ultimate
SAMPLE ID:

Initial Final

September, 2020PFL
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SLOPE STABILITY ANALYSIS 
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2.1582.158

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

2.1582.158

Material Name Color
Unit Weight

(lbs/�3)

Sat. Unit

Weight

(lbs/�3)

Strength Type
Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 150 Infinite strength None 0
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Cross Section A-A': Global
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1.5331.533

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

1.5331.533

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 Infinite strength None 0
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2.1662.166

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

2.1662.166

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 Infinite strength None 0
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1.6501.650

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

1.6501.650

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 Infinite strength None 0
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1.6021.602

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

1.6021.602

Material Name Color
Unit Weight

(lbs/�3)
Strength Type

Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 Infinite strength None 0
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1.1991.199

W W

 250.00 lbs/ft2

 250.00 lbs/ft2

 100.00 lbs/ft2

1.1991.199

Material Name Color
Unit Weight

(lbs/�3)

Sat. Unit

Weight

(lbs/�3)

Strength Type
Cohesion

(psf)

Phi

(deg)
Water Surface Hu Type Hu Ru

Kcs Cabrillo Forma�on 130 Mohr-Coulomb 670 35 Water Surface Custom 1

Qf Fill 120 Mohr-Coulomb 100 30 None 0

Qvop Very Old Paralic Deposits 127 Mohr-Coulomb 470 37 None 0

Valve Facility-Concrete 150 150 Infinite strength None 0
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