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Dear Ms. Campos: 

 

TerraCosta Consulting Group, Inc. (TerraCosta) performed a geotechnical and geologic 

reconnaissance of the area comprising the Morena Corridor Specific Plan.  Our 

reconnaissance consisted of a review of pertinent technical documents in our files and 

readily available sources, and preparing this “desktop” study report summarizing existing 

geologic and geotechnical conditions within the Morena Corridor Specific Plan area.  Our 

January 8, 2018, “Geotechnical and Geologic Reconnaissance” report has been revised to 

address issues raised by the City of San Diego in their February 21, 2018, Cycle Type: 5 

LDR-Geology review comments. 

We appreciate the opportunity to be of service and trust this information meets your 

needs.  If you have any questions or require additional information, please give us a call. 

Very truly yours, 

TERRACOSTA CONSULTING GROUP, INC. 
 

 

    

Matthew W. Eckert, Ph.D., Director of Braven R. Smillie, Principal Geologist 

Engineering, R.C.E. 45171, R.G.E. 2316 C.E.G. 207, P.G. 402 
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REVISED GEOTECHNICAL AND 

GEOLOGIC RECONNAISSANCE 

MORENA CORRIDOR SPECIFIC PLAN 

SAN DIEGO, CALIFORNIA 

 

 

1 INTRODUCTION 

TerraCosta Consulting Group, Inc. (TerraCosta) performed a geotechnical and geologic 

reconnaissance of the area comprising the Morena Corridor Specific Plan (MCSP).  Our 

reconnaissance consisted of a review of pertinent technical documents in our files and other 

readily available sources, and preparing this “desktop” study report summarizing existing 

geologic and geotechnical conditions within the MCSP area.  Our January 8, 2018, 

“Geotechnical and Geologic Reconnaissance” report has been revised to address issues raised 

by the City of San Diego in their February 21, 2018, Cycle Type: 5 LDR-Geology review 

comments.  The general location of the project study area is shown on the Vicinity Map 

(Figure 1). 

2 OVERVIEW OF THE MORENA CORRIDOR SPECIFIC PLAN 

The MCSP proposes the transformation of the area of the City of San Diego known as the 

Morena Corridor (Figure 2) from a primarily auto-oriented commercial corridor into a 

pedestrian-oriented village, a vibrant community core that provides a variety of mixed uses 

and employment and housing opportunities, while promoting variable travel choices that 

include walking, bicycles, and high frequency transit.  

The Morena Corridor area consists of approximately 300 acres along Morena Boulevard and 

West Morena Boulevard between Clairemont Drive and Friars Road.  To the north and east, 

the area is bounded by the single-family residential areas of Clairemont Mesa, the University 

of San Diego, and multifamily and student housing in Linda Vista.  To the south, the area is 

bounded by the San Diego River and Interstate 8 (I-8).   To the west, the area is bounded by 

the railroad right-of-way and Interstate 5 (I-5). 
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Within the Morena Corridor Special Plan area, there are five planning districts: The 

Clairemont District, Artesian District, Tecolote Village District, Employment District, and 

the Morena Station District.  The boundaries of the planning districts are shown on Figure 3, 

and the planned land use areas are shown on Figure 4.  Lastly, a summary of the specific 

plans for each of the districts is provided in Table 1. 

3 SITE AND SUBSURFACE CONDITIONS 

3.1 Geologic Setting  

The MCSP Area is located within the Peninsular Ranges Geomorphic Province, which is 

generally characterized as a series of northwest-trending mountain ranges and valleys 

between Baja California and the Santa Monica Mountains.  Geomorphic maps typically show 

that the Peninsular Ranges Province, which is bounded by the Transverse Ranges and the 

Colorado Desert Geomorphic provinces to the north and east, respectively, extends into the 

Baja California peninsula on the south, and is often mapped as extending as far west as the 

western edge of the offshore continental borderland.  Within San Diego County, the 

Peninsular Range Province is oftentimes further subdivided into a coastal plain subzone 

(referred to as the San Diego Embayment), a central mountain subzone, and a desert subzone. 

Within the Peninsular Ranges Province, the project site is further situated on the westerly 

margin of the coastal plain subzone, which is characterized by a series of uplifted coastal 

terraces (stepping down to the west) that have been modified and abraded by various sea-

level high stands and incised by numerous drainages. 

The coastal plain terraces are typically covered by a veneer of Quaternary-age nearshore 

marine, beach, and non-marine sediments, which are in turn underlain by Cretaceous- and 

Tertiary-age deposits that may or may not be exposed within the coastal bluff face.  The 

incised drainages are generally filled by Quaternary-age alluvial sediments. 

The regional geology in the vicinity of the project site is shown in Figure 1. 
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3.2 Faulting and Seismicity 

Tectonic movement between the North American and Pacific Plates makes Southern 

California one of the more seismically active regions in the United States.  Strain, caused by 

movement between the North American Plate and the Pacific Plate, is spread across a 150+ 

mile wide zone between the San Andreas fault zone, approximately 100 miles east of San 

Diego, out to and beyond the San Clemente fault zone located approximately 50 miles west 

of San Diego. The location of the site in the context of regional faulting is shown in Figure 5. 

Nearing the end of the Miocene, approximately 5.5 million years ago, the boundary between 

the North American and Pacific Plates moved eastward to its present-day position in the Gulf 

of California (Abbott, 1999).  The resultant extension and stretching of the North American 

continental crust formed a rift between the two plates, creating the Gulf of California, which 

continues opening through the present day.  The San Andreas, San Jacinto, Elsinore, Rose 

Canyon/Newport-Inglewood, and San Clemente fault zones are just a few of the resultant 

strain features (faults) created by this tectonic movement.  Today, there is an estimated 22 to 

24 inches per year of relative plate motion between the North American and Pacific Plates, 

spread across the faults within this 150+ mile wide zone, of which the Rose Canyon fault 

zone is estimated to contribute 0.06 inch/year (±0.02 inch). 

Of the major active fault systems in Southern California, the Rose Canyon/Newport-

Inglewood fault zone has impacted the local San Diego region the most.  In addition, the La 

Nacion fault zone to the east of the project and the Descanso Fault offshore to the west, have 

contributed to the local tectonic state of the project site.  Together with other offshore fault 

zones, these faults have contributed to the formation of San Diego Bay.  South of La Jolla, 

the Rose Canyon fault zone changes its orientation from a northwest/southeast trend to a 

more north/south trend, creating a left bend in the fault zone.  This left bend locally creates a 

locking mechanism within the predominantly right-lateral Rose Canyon fault zone.  The 

compressional forces within this zone have caused folding, uplift, and tilting of the overlying 

sedimentary rocks, thus creating Mount Soledad and the down-dropped Mission Bay area.  

To the south, in San Diego Bay, the Rose Canyon fault zone separates into a “horsetail 

splay,” spreading movement across the Silver Strand, Coronado, and Spanish Bight Faults 

(as well as several smaller faults) as it trends offshore toward the Descanso Fault.  The 

Descanso Fault trends offshore from Point Loma, where it extends southerly toward the Agua 

Blanca fault zone in northern Baja (Legg and Kennedy, 1991).  This right step, between the 
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Descanso and Rose Canyon fault zones, creates a releasing bend, causing the rocks to be 

stretched and down-dropped.  In response, the rocks have not deformed elastically, but 

instead have responded with brittle fault failure (Abbott, 1999).  The easterly boundary of 

this releasing bend is formed by the La Nacion fault zone, which generally consists of normal 

faults that down-drop to the west. 

The Rose Canyon fault zone passes through the project limits (Figures 2, 3, and 4). 

3.3 Site Conditions 

The topography for most of the San Diego coastal metropolitan area is relatively simple, 

consisting of uplifted ancient sea floors and shore platforms that have become the present-

day westerly sloping coastal terraces.  These terraces are in turn dissected by westerly 

flowing streams and rivers, which have incised significant canyons as they flow to the coast 

(Abbott, 1999). 

The project site is located at the base of an ascending ancient coastal slope, with current 

ground surface elevations ranging from approximately +7 feet MSL near the Interstate 5 

overpass at Tecolote Creek to an approximate elevation of +100 feet MSL at the 

northeastern-most corner of the project limits near Clairemont Drive.  However, the majority 

of the site is located below elevation +40 feet MSL. 

3.4 Site Geology 

From a local geological perspective, the project site is located on gently westerly sloping, late 

Quaternary-age terrace deposits, which generally follow along the easterly limits of Mission 

Bay and Interstate 5 at the base of the current coastal bluff.  The site is bisected by Tecolote 

Creek and is bounded on the south by the San Diego River.  Quaternary-age alluvial deposits 

fill Tecolote Creek, the eastern edge of Mission Bay, and the San Diego River.  In addition, 

Tertiary-age formational soils of the Ardath, Scripps, and San Diego Formations are 

encountered in a few areas along the western edge of the project site.  Portions of the project 

site have been raised by the placement of artificial or man-made fills soils.  These fill soils 

have generally been placed within the lower lying areas along the southerly end of the project 

area adjacent to Mission Bay and the San Diego River.  Lastly, the project site is located 

along and within the Rose Canyon fault zone. 
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Historically the geologic characterization of surface conditions changes over time.  For 

example, the geologic conditions within the study area, as understood prior to our current 

understanding, are shown in Figure 6.  The current map of geologic conditions within the 

project area is shown in Figure 7.  Explanations of the geologic units shown on Figure 7 are 

presented on Figure 8. 

Bedrock units exposed locally within the project limits include the Tertiary-age Ardath Shale 

(Ta), Scripps Formation (Tsc), and the San Diego Formation.  General descriptions (Kennedy 

and Tan, 2008) of these three bedrock units are presented below in order of decreasing age: 

 Ardath Shale (Ta) – The Ardath Shale is a middle Eocene deposit consisting of 

uniform, weakly fissile, olive-gray silty shale, with thin beds of medium-grained 

sandstone in the upper part, and thicker concretionary sandstone beds with molluscan 

fossils in the lower part.  Exposures of the Ardath Shale at the site are mapped within 

the shear zone forming the westerly side of the Rose Canyon fault zone. 

 Scripps Formation (Tsc) – The Scripps Formation is a middle Eocene deposit that is 

mostly pale yellowish-brown, medium-grained sandstone containing cobble-

conglomerate interbeds.  Middle Eocene molluscan fauna are found within the unit.  

The Scripps Formation is exposed locally along the southern boundary of Tecolote 

Creek and is very limited in exposure. 

 San Diego Formation (Tsd) – The San Diego Formation is an early Pleistocene and 

late Pliocene deposit of undivided sandstone and conglomerate.   The sandstone has 

been described as a predominantly yellowish-brown, gray, fine to medium-grained, 

poorly indurated fossiliferous marine sandstone, whereas the conglomerate has been 

described as reddish-brown, transitional marine and non-marine pebble and cobble 

conglomerate. 

Surficial soil units exposed within the site include old paralic deposits (Qop6), young alluvial 

deposits (Qya), and artificial fill (af).  A general description of these units in order of 

decreasing age follows: 

 Old Paralic Deposits of Unit 6 (Qop6) – The old paralic deposits of Unit 6 are late to 

middle Pleistocene deposits consisting of poorly sorted, moderately permeable, 

reddish-brown, interfingered strandline, beach, estuarine, and colluvial deposits 



RECON ENVIRONMENTAL, INC. May 15, 2018 

Project No. 2882 Page 6 

 

 

 

K:\28\2882\2882 TCG Reports\2882 R02 Geotechnical and Geologic Reconnaissance Revised.doc 

composed of siltstone, sandstone, and conglomerate.  In the project site area, these 

deposits rest on the 22 to 23 meter Nestor Terrace. 

 Young Alluvial Floodplain Deposits (Qya) - Those materials mapped as young 

alluvial floodplain deposits are considered Holocene and late Pleistocene in age and 

typically consist of poorly consolidated, poorly sorted, permeable floodplain deposits 

of sandy, silty, or clay-bearing alluvium. 

 Artificial Fill (af) – Artificial fill soils resulting from construction in and around the 

project site area are of unknown composition and may be compacted or uncompacted.  

Without documentation, these materials should be considered undocumented and 

non-engineered structural fills, pending additional studies. 

A relatively recent geotechnical investigation performed as part of the Pure Water Program 

by AECOM for the Morena Pump Station and the cut and cover portions of the associated 

pipeline (AECOM, 2017) reports the subsurface conditions as follows: 

 Morena Pump Station – The subsurface conditions consist of a relatively thin fill 

layer over alluvium to the depths explored.  The maximum depth explored was 

estimated to be approximately 80 feet below the existing ground surface. The 

thickness of fill was on the order of 3 to 5 feet.  The alluvial soils, to depths ranging 

from 19 to 29 feet, were generally comprised of loose sands to silty sands with some 

zones of very loose to medium dense materials.  In addition, significant interbeds of 

low-plastic silts were encountered at some of the exploration locations.  Underlying 

the upper sands to silty sands were fine-grained soils characterized as silt with 

interbeds of clay and silty sand.  The consistencies of these fine-grained soils were 

characterized as soft to stiff.  These fine-grained soils extended to an approximate 

depth of 50 feet below the ground surface.  At a depth of approximately 50 feet, 

medium dense to dense sands to silty sands were encountered to the depths explored.  

Within this lower granular layer were zones of looser soils and an approximately 

5-foot-thick, stiff, fine-grained layer. 

 Pipeline from along Morena/West Morena Boulevard from Friars Road to Ingulf 

Street – The subsurface conditions within the planned trench depths generally 

consisted of fill soils over alluvium or estuarine deposits.  AECOM noted that for 
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short reaches, old paralic deposits (historically referred to as Bay Point Formation) 

were encountered.  The estuarine deposits were encountered between Dorcas Street 

on the south and Savannah Street on the north, and were described as consisting of 

mostly sands, clays, and some very soft organic soils. 

3.5 Geologic Hazards 

In general, a project may be exposed to risks associated with various geologic hazards.  

Many of those hazards are related to the actions of earthquakes and faulting.  Such geologic 

hazards generally include ground rupture, ground shaking, tsunamis, seiches, seismic-

induced flooding, liquefaction, seismic-induced ground settlement, and seismic-induced 

slope instability. 

In addition to geologic hazards associated with earthquakes and faulting, there are other 

potential geologic hazards that may impact the proposed project.  These include:  landslides, 

expansive soils, collapsible soils, corrosive soils, and high or perched groundwater. 

 A brief description of various geologic hazards is presented below. 

3.5.1 Seismic Hazards 

3.5.1.1 Earthquake Faults, Including Information on Historic Earthquakes 

Southern California is located across the boundary of two major tectonic plates, the North 

America Plate and the Pacific Plate.  The San Andreas Fault System (SAFS) is the main 

structural expression of the boundary between these two plates.  The SAFS is a transform 

plate boundary.  The relative displacement between the two plates is right-lateral.  This SAFS 

distributes the right-lateral displacement across numerous secondary faults located to the 

west of the boundary.  The Rose Canyon fault zone is one of these secondary faults. 

The project site is located within the Rose Canyon fault zone, which is considered part of the 

Newport-Inglewood-Rose Canyon fault system.  Other significant faults within approx-

imately 60 miles of the site, and which contribute to the overall ground-shaking risk at the 

site, include the Coronado Bank Fault, the Palos Verdes Connected Fault, the San Diego 

Trough, the Elsinore Fault (including the Julian, Temecula, Coyote Mountain, Whittier, and 

Glen Ivy segments), the Earthquake Valley Fault, the San Clemente North and South Faults, 
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the Palos Verdes Fault, the San Jacinto Fault (including the Coyote Creek, Anza, Clark, 

Borrego, Superstition Mountain, SBV, and SJV segments), and the San Joaquin Fault. 

Historically, the project site has been subjected to ground shaking.  According to our search 

of the California historical earthquake database used in the computer program EQSEARCH 

(Blake, 2001), the site has been subjected to 1,070 earthquakes of magnitude 4 or greater, 

122 earthquakes of magnitude 5 or greater, 23 earthquakes of magnitude 6 or greater, and 

one earthquake of magnitude 7 or greater.  In addition, four earthquakes of magnitude 5.5 or 

greater have occurred within 31 miles of the site.  These four earthquakes occurred prior to 

1900.  The largest estimated peak ground acceleration that the project site has experienced 

was approximately 0.26g. 

3.5.1.2 Surface Fault Rupture 

The project site is located within the Rose Canyon fault zone.  There are five Alquist-Priolo 

Earthquake Fault Zones (APEFZ) delineated along the Rose Canyon fault zone located 

within San Diego, California.  Four of the APEFZ are located in the downtown and San 

Diego Bay area of the City of San Diego, and one begins just to the north of the project and 

extends up the Interstate 5 corridor to the ocean through La Jolla.  The closest APEFZ is 

located approximately one-quarter of a mile north-northwest of the project limits, as 

measured from Clairemont Drive.  The next closest APEFZ is located approximately 2.4 

miles southeast from the southern limits of the project site. 

While not located within a delineated APEFZ, numerous fault zones (City of San Diego, 

2008) have been identified and are referenced as Geologic Hazard Category No. 12, and are 

shown on Figure 9.  The fault zones shown on Figure 9 are labeled “Potentially Active,” 

“Inactive,” “Presumed Inactive” or “Activity Unknown.”  A study prepared by SANDAG 

(SANDAG, 2013) presented the results of aerial photographic interpretation by Kleinfelder, 

Inc. of various geomorphic features, such as suspected faults, drainages, side slope bench 

lineaments, scarps, pressure ridges, and landslides.  Also, AECOM (AECOM, 2017) reported 

finding an active fault strand located near the proposed pump station.  The location of the 

offset identified by AECOM is shown on Figure 2.  City-identified fault zones and suspected 

fault traces identified by Kleinfelder (SANDAG, 2013) are shown on Figures 2, 3, and 4. 
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It is important to note that the Morena Specific Plan study area is located in an area where 

faults crisscross the site.  In addition, while the City of San Diego has identified several fault 

zones, twelve within the study area, on their Seismic Safety Maps (Figure 9), which 

according to Appendix E of the City of San Diego Guidelines for Geotechnical Reports 

(Guidelines) indicates that fault studies may be required, recent discussions with City Staff 

made it clear that faults studies will be required throughout the Morena Specific Plan area, as 

the City considers this area to contain active faults that could be located anywhere on the 

project site.  Accordingly, fault studies will be needed for all new developments, as well as 

projects where repurposing of existing occupancy and use will occur.  Lastly, fault studies 

will need to be performed in accordance with the Alquist-Priolo Earthquake Zoning Act, 

California Geological Survey Note 49, and the requirements of the City of San Diego 

Guidelines for Geotechnical Reports.  According to City Guidelines, the preferred method for 

field investigation for surface faulting is trenching.  Where trenching is not feasible, 

alternatives include continuously logged borings spaced adequately to allow valid 

correlations and interpretations with optimal coverage, or cone penetration testing (CPT) on a 

10- to 15-foot spacing with continuously logged borings of adequate spacing for validation of 

CPT interpretations. 

California Building Code requirements state that new buildings cannot be located over active 

faults.  As such, the specific locations of buildings may be impacted due to locations of 

discovered and identified active faults.  To mitigate surface fault rupture hazards, new and re-

purposed existing buildings will need to be appropriately located a setback distance from any 

identified active fault, such as was recommended for the proposed Morena Pump Station 

(AECOM, 2017).  Typical setback distances are on the order of 50 feet.  Thus, some 

proposed developments may be prohibited where impacted buildings cannot be set back from 

identified active faults. 

3.5.1.3 Strong Seismic Ground Shaking 

The significance of ground shaking, as it relates to a geologic hazard, is associated with two 

issues.  The most commonly understood issue pertains to the imparting of inertial forces into 

buildings and structures.  The second issue, of equal significance, is related to the stability of 

the ground during ground shaking. 
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The characterization of ground shaking is often expressed in terms of either peak ground 

acceleration (PGA) or the response of a single degree of freedom oscillating mass for various 

periods or frequencies of motion to the ground shaking produced by an earthquake.  This 

response is generally expressed in terms of a response spectrum that encapsulates the range 

of motions anticipated at the site for a given set of earthquake events. 

A given site is potentially exposed to a wide range of earthquake events, each having a 

different likelihood of occurring.  As such, the risk of ground shaking is generally expressed 

in terms of likelihood or probability of exceedance for a particular earthquake event.  In 

addition, the likelihood of a particular event is only one part of the measurement of risk at a 

site.  Another key part of risk is the consequence to a given building or structure associated 

with a given earthquake event.  Thus, both the likelihood of occurrence of a given earthquake 

and its consequence are generally paired together to form design code requirements.  Each 

class of structure or facility typically has its own design code requirements.  For example, 

buildings in general are designed in accordance with Chapters 16 and 18 of the California 

Building Code (CBC). 

3.5.1.4 Seismically Induced Slope Failure 

For purposes of discussion, seismically induced slope failure excludes liquefaction-induced 

slope instability and lateral spreading, and pertains to slopes that fail due to imposed inertial 

loads associated with ground shaking.  For liquefaction-induced ground and slope failure, 

refer to the below subsection on Liquefaction and Related Ground Failure. 

According to the City of San Diego Seismic Safety Study, slopes within the project site are 

located in Geologic Hazard Category 52 or 53 (Figure 9).  Geologic Hazard Category 52 is 

described as other level areas and gently sloping to steep terrain with favorable geologic 

structure, and is considered low risk.  Geologic Hazard Category 53 is described as level or 

sloping terrain with unfavorable geologic structure, having low to moderate risk.  In general, 

the portion of the site in Geologic Hazard Category 52 is located south of Tecolote Creek, 

and the portion in Geologic Hazard Category 53 is located to the north of Tecolote Creek. 

In general, site grades are mild and on the order of 2 to 10 percent.  However, there are 

steeper slopes located within the site generally along the edges of Tecolote Creek and at the 

northeastern-most corner.  The slopes along Tecolote Creek are either laterally restrained by 

the concrete-lined portions of the creek, or are comprised of fairly competent terrace deposits 
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and Tertiary formational materials with favorable structure and, as such, are considered low 

risk with respect to seismically induced slope instability.  The slopes at the northeastern-most 

corner of the project are located within Ardath Shale formation within an identified fault 

shear zone.  Such slopes likely have unfavorable geologic structure and, as such, are 

considered to have a low to moderate risk with respect to seismically induced slope 

instability. 

City code requires geotechnical and geologic studies for projects, including the requirement 

that slopes be evaluated for stability under both static and seismic conditions.  If slopes are 

found to be not in compliance with City requirements, they would need to be remediated so 

that they do comply with City requirements in order for project approval to be granted.  As 

such, this potential hazard is considered to be non-significant, as we anticipate that potential 

hazards can be mitigated as part of project design. 

3.5.1.5 Tsunamis and Seiches 

Our review of the State of California Tsunami Inundation Map for Emergency Planning for 

the La Jolla Quadrangle indicates that the land portions of the project site are not located 

within the tsunami inundation zone (Figure 10A, 10B, and 10C).  However, tsunami 

inundation is anticipated for some part of the reach of Tecolote Creek.  In addition, the 

project site is located on higher ground to the east of Mission Bay, as evidenced by the limits 

of the tsunami inundation limit line and, as such, is not considered to be susceptible to 

flooding caused by seiches within Mission Bay due to earthquakes.  Thus, tsunamis and 

seiches are not considered likely hazards at this project site. 

3.5.1.6 Liquefaction and Related Ground Failure 

Liquefaction is a process whereby strong earthquake shaking causes sediment layers that are 

saturated with groundwater to lose strength and behave as a fluid.  This subsurface process 

can lead to near-surface or surface ground failure that can result in property damage and 

structural failure.  If surface ground failure does occur, it is usually expressed as lateral 

spreading, flow failures, ground oscillation, and/or general loss of bearing strength.  Sand 

boils (injections of fluidized sediment) can commonly accompany these different types of 

failure. 
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In order to determine a region’s susceptibility to liquefaction, three major factors must be 

analyzed.  These include: 

• The intensity and duration of ground shaking. 

• The age and textural characteristic of the alluvial sediments: Generally, the younger, 

less well compacted sediments tend to have a higher susceptibility to liquefaction.  

Textural characteristics also play a dominant role in determining liquefaction 

susceptibility.  Sand and silty sands deposited in river channels and floodplains tend 

to be more susceptible to liquefaction, and floodplains tend to be more susceptible to 

liquefaction than coarser or finer grained alluvial materials. 

• The depth to the groundwater:  Groundwater saturation of sediments is required in 

order for earthquake-induced liquefaction to occur.  In general, groundwater depths 

shallower than 10 feet of the surface can cause the highest liquefaction susceptibility. 

Research and historical data indicate that loose, granular materials at depths of less than 50 

feet with silt and clay contents of less than 30 percent saturated by a relatively shallow 

groundwater table are most susceptible to liquefaction.  These geological conditions are 

typical in parts of southern California, including the City of San Diego, and in valley regions 

and alluviated floodplains. 

The project site contains both non-liquefiable and potentially liquefiable soils.  The areas 

susceptible to liquefaction include those areas designated as Category 31 (Figure 9), as 

defined by the City of San Diego Seismic Safety Guide.  In general, the potentially 

liquefiable soils are confined to the main drainages that cut through and border the site.  The 

liquefiable areas include the alluvial deposits associated with the drainages of Tecolote Creek 

and the San Diego River, as well as those low-lying areas where artificial fill has been used 

to raise grades within the floodplain of the San Diego River and adjacent to Mission Bay. 

Consequences associated with liquefaction include ground settlements, loss of foundation 

support, ground oscillation, surface damage from sand boils, and lateral spreading.  In cases 

where lateral stability of the ground is low, ground instability associated with the lateral 

movement or lateral spreading of soil is more likely.  Within the project site, areas more 

susceptible to lateral spreading are located along the edges of drainages such as Tecolote 
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Creek and the San Diego River.  Areas adjacent to Mission Bay are considered less 

susceptible to lateral spreading due to the distance from the bay. 

New developments located within liquefiable areas will require site-specific investigations to 

ascertain the level of risk and hazard.  Structures and buildings will need to be designed to 

address life and safety concerns.  Such designs may include ground remediation as one 

method to mitigate the hazards associated with liquefaction.  Other mitigation strategies that 

may be viable include structural reinforcement of the facilities, as well as specific foundation 

systems. 

3.5.2 Landslides 

No landslides have been mapped within the project limits.  As such, landslides are not 

considered a geologic hazard for the project site. 

According to the City of San Diego Geologic Hazard Category system, the project site 

contains areas that are classified as Categories 31, 52, and 53 (Figure 9).  Hazards related to 

slope stability and mudslides, if they exist, are more likely to be found within Categories 52 

and 53.  Areas located within Category 52 are considered to have low risk, while areas 

located within Category 53 are considered to have low to moderate risk. 

Areas of the project site having significantly steep slopes are generally located along 

Tecolote Creek and the northeastern corner of the project site near Clairemont Drive.  

Development in these areas will likely require evaluation of the stability of the existing 

slopes.  As part of any geotechnical investigation, an assessment of slope stability is required, 

with a determination of the stability of the slope and any mitigation measures that may be 

warranted. 

Review of USGS Open-File Report OF 03-17 titled, “Preliminary Soil-Slip Susceptibility 

Maps, Southwestern California,” indicates that the susceptibility for soil-slip, including 

mudslides, is low for the project site. 

Site-specific studies will be required to assess site-specific risks and hazards, and mitigation 

strategies that may be required to mitigate any discovered hazard.  We anticipate that hazards 

associated with landslides, slope instability, and mudflows can be mitigated and, as such, we 
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consider the risk associated with landslides, slope instability, and mudflows to be less than 

significant. 

3.5.3 Collapsible Soils 

Soils that undergo volumetric reduction due to wetting and inundation are considered 

collapsible soils.  Such soils are typically found within alluvial deposits.  Some fill soils also 

undergo collapse when wetted or inundated.  As such, potentially collapsible soils are 

anticipated within those areas of the site that are mapped as younger alluvium (Qya) and 

artificial fill (af). 

The primary hazard associated with collapsible soils is settlement-induced damage.  This 

hazard can be mitigated by identifying and delineating the limits of these soils during the 

geotechnical investigation for specific structures, and by removing and recompacting the 

soils in question or founding the proposed structure on a foundation system designed to 

protect the proposed structure from settlement-induced damage. 

3.5.4 Expansive Soils 

In general, portions of the upper fill soils and alluvial deposits within the project limits may 

contain clayey soils that are potentially expansive.   However, as most of these soils are 

generally covered by hardscape and pavements, these soils are likely kept at a fairly constant 

moisture content by the relatively shallow underlying groundwater table.  As such, it is our 

opinion that impact to the proposed project due to expansive soils is low.  However, the 

designers of future projects within the area will need to assess the potential impacts of 

expansive soils on a case-by-case basis.  If expansive soils are found at a particular project 

site within the study area, that project site would need to comply with the both California 

Building Code and San Diego code requirements. 

3.5.5 Corrosive Soils 

The project study area is located within a marine environment.  As such, on-site soils run the 

risk of being potentially corrosive.  Therefore, new developments within the study area will 

need to assess potential impacts associated with corrosive soils.  If corrosive soils are found, 

the potential impacts related to corrosive soils can be mitigated to non-impacting conditions 
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through the use of material selection and design criteria.  For example, concrete mix designs 

can be adjusted to accommodate corrosive soils. 

3.5.6 Erosion and Sedimentation 

Erosion and sedimentation are a function of rainfall, runoff, topographic conditions, ground 

cover, and various soil characteristics such as grain size and permeability.  Bare and poorly 

vegetated areas are prone to soil erosion and sediment being transported by surface waters 

and drainages.  The site is well-developed and generally well-landscaped.  In addition, 

Tecolote Creek is a concrete-lined drainage.  As such, erosion of soil from properties located 

within the project limits is considered to be not significant.  Similarly, redepositing eroded 

soils as sediments is considered not significant. 

3.5.7 Groundwater 

Groundwater within the project site is influenced by water levels in Mission Bay, Tecolote 

Creek, and the San Diego River.  As such, the depth to the groundwater table, likely to be 

encountered near mean sea level, will vary.  However, nearby recharge sources, such as 

Mission Bay, Tecolote Creek, and the San Diego River, may cause seasonally higher 

groundwater levels at the site. 

The recent study for the Morena Pump Station and cut and cover portions of the associated 

pipeline (AECOM, 2017) indicates that groundwater was measured at depths below ground 

surface (bgs) ranging from 6 to 20 feet.  In addition, AECOM noted that, at the proposed 

pump station site, groundwater was measured at a depth of 8 feet bgs at an approximate 

elevation of 5 to 6 feet (MSL). 

3.5.8 Infiltration Characteristics for Storm Water Management 

Based on our review of the County of San Diego Hydrologic Soils Group Map, the majority 

of the soils within the project area classify as undetermined.  Review of the Morena Pump 

Station geotechnical report (AECOM 2017) indicates that the site is covered with a relatively 

thin layer of fill soils overlying alluvial soils with a relatively shallow groundwater table.  

The fill soils are described as generally silty sand near the pump station, and silty to clayey 

sand along the pipeline.  The infiltration characteristics of such soils vary depending upon 

fines content.  Underlying these fill soils are alluvial soils, which are generally sandy just 
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under the fill.  Given such conditions, it is our opinion that the general infiltration rates of 

these soils are likely less than 0.5 inch per hour.  However, locally higher infiltration rates 

could exist. 

Given the relatively shallow groundwater conditions within the project site, groundwater 

mounding due to infiltration is likely.  An increase in groundwater levels would increase the 

risk of liquefaction.   In addition, the quality of water infiltrated could increase the risk of 

groundwater contamination.  However, it may be possible to screen out contaminants from 

surface runoff to mitigate this concern. 

Site-specific studies will be needed to assess the feasibility of infiltration of stormwater, 

either fully or partially.  However, given the shallow water depth, the risk of groundwater 

mounding, the increased risk of liquefaction, and the potential transportation of contaminants 

via infiltration, it is our opinion that the feasibility of infiltrating stormwater is low.     

4 DISCUSSION 

4.1 Geotechnical Concerns 

The guiding principles of the MCSP seek to: 

 Protect and enhance the neighborhood character of the area; 

 Establish a balanced mix of use, which includes preserving existing restaurants, 

encouraging development of new restaurants, and providing a range of housing 

options that complement the existing character of the area; 

 Promote services, shopping, and small business; 

 Create additional gathering and recreational open space opportunities; and 

 Improve mobility of all modes of transportation. 

To this end, a variety of projects and developments will be required.  Such projects and/or 

developments will likely include modifications to existing buildings and structures, new 

buildings and structures, and improvements to the infrastructure.  All these endeavors will 

likely require geotechnical and geological studies. 
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The project site is located in an area of known geologic hazards that will require future 

investigation and potential mitigation to lessen the impacts of a potential hazard to less than 

significant.  While all geologic hazards can potentially impact and influence the nature of a 

particular project, there are two hazards of greater concern that could impact new and 

modified existing structures, these being surface fault rupture and liquefaction.   The current 

state of practice provides methods that can mitigate the impacts of most hazards to less than 

significant.  However, with respect to surface ground rupture, the only effective mitigation 

option is to offset and locate the building away from the identified fault zone.  As such, some 

locations may require the demolition of existing structures and re-siting of the replacement 

building.  For the hazard of surface fault rupture, the relationship between building location 

to fault location will dictate the viability of mitigating the impacts of this particular hazard. 

4.2 Thresholds of Significance 

According to Appendix G of the CEQA Guidelines, a project would normally have a 

significant effect on the environment if the project would: 

G-1 Expose people or structures to potential substantial adverse effects, including the 

risk of loss, injury, or death involving: 

i) Rupture of a known earthquake fault, as delineated on the most recent 

Alquist-Priolo Earthquake Fault Zoning Map issued by the State Geologist 

for the area or based on other substantial evidence of a known fault. (refer 

to Division of Mines and Geology Special Publication 42). 

ii) Strong seismic ground shaking. 

iii) Seismic-related ground failure, including liquefaction. 

iv) Landslides. 

G-2 Result in substantial soil erosion or the loss of topsoil. 

G-3 Be located on a geologic unit or soil that is unstable, or that would become 

unstable as a result of the project and potentially result in on- or off-site landslide, 

lateral spreading, subsidence, liquefaction, or collapse. 
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G-4 Be located on expansive soil, as defined in Table 18-1B of the Uniform Building 

Code (1994), creating substantial risks to life or property. 

G-5 Have soils incapable of adequately supporting the use of septic tanks or 

alternative waste water disposal systems where sewers are not available for the 

disposal of waste water. 

To address these CEQA Guidelines, we have provided the following comments. 

4.2.1 CEQA Threshold G-1 i, ii, and iii 

The project is located within Southern California, known for the occurrence of earthquakes.  

Also, the project site is located along and within the Rose Canyon fault zone.  In addition, 

while no APEFZ are delineated within the project limits, numerous potentially active fault 

features have been identified and featured within the project limits.  In addition, an active 

fault offset was identified at one location near the proposed Morena Pump Station.  Lastly, 

portions of the project site contain soils that have been identified as being potentially 

liquefiable. 

Given the above, the project site is exposed to the following potential seismic-induced 

impacts:  ground shaking, rupture, liquefaction, seismic-induced ground settlement, and 

lateral spreading.  Left unmitigated, the impacts associated with these hazards could subject 

the residences, occupants, visitors, structures, etc. to substantial adverse effects, including the 

risk of loss, injury, or death. 

However, given that development within the project site area is subjected to City of San 

Diego code requirements, these potential impacts will be mitigated by complying with City 

Code requirements.  For example, impacts associated with ground shaking are mitigated by 

the requirement that projects be designed to accommodate ground shaking effects such that 

the potential for loss, injury, or death are mitigated to less than significant. As such, this 

impact is considered less than significant with mitigation incorporated. 

While the site does not have any APEFZ delineated within the project limits, the City of San 

Diego Seismic Safety Element has identified potentially active faults within the area.  Also, 

the City of San Diego guidelines state that fault studies may be required for a project.  In 

addition, we understand that the City views this area as having the potential for active faults 
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anywhere within the study area, not unlike the downtown San Diego area that has been 

designated as a Special Studies Zone.  As such, geotechnical investigations for projects 

would have to demonstrate that fault rupture is not an issue or would have to identify 

mitigation measures to address fault rupture impacts for the project in order to obtain 

approval from the City.  Such mitigation measures would be offsetting buildings from the 

fault or the no project option.  These measures would be implemented as part of site-specific 

geotechnical report requirements as future development is proposed.  Therefore, with 

implementation of the site-specific geotechnical report required pursuant to City Municipal 

Code requirements, the impact would be considered less than significant. 

Regarding liquefaction and liquefaction-related issues such as lateral spreading, City code 

requires that liquefaction and its consequences be evaluated for projects.  In addition, if the 

finding of the required study establishes an impact to a project, City code requires that the 

impacts be mitigated to address potential loss, injury, or death. 

Lastly, City code requirements mandate an assessment of seismic-induced settlements, as 

well as the mitigation of their impacts.  These measures would be implemented as part of 

site-specific geotechnical report requirements as future development is proposed. Therefore, 

with implementation of the site-specific geotechnical report required pursuant to City 

Municipal Code, the impact would be considered less than significant  

Individual projects within the City must comply with City codes.  These codes contain the 

requirements to design projects to accommodate ground shaking and to assess various 

geologic hazards, including rupture, ground shaking, liquefaction, lateral spreading, seismic-

induced ground instability, and seismic-induced settlement.  In addition, City code requires 

that impacts associated with identified hazards be mitigated to address loss, injury, and death 

issues related to the identified hazards.  These measures would be implemented as part of 

site-specific geotechnical report requirements as future development is proposed. Therefore, 

with implementation of the site-specific geotechnical report required pursuant to City 

Municipal Code, the impact would be considered less than significant 

4.2.2 CEQA Threshold G1-iv 

Review of available geologic maps and the City of San Diego Seismic Safety Element 

revealed no mapped landslides located within the project limits.  As such, the impact to the 

project associated with landslides is considered not significant. 
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4.2.3 CEQA Threshold G-2 and G-3 

The project site is a well-developed urban area located within the City of San Diego.  As 

such, the majority of surface soils are landscaped and maintained, thus reducing erosion in 

general throughout the project site. 

Geologic surface units within the site include Quaternary-age terrace deposits, alluvial 

deposits, and Tertiary-age formational (bedrock) units.  The terrace deposits and bedrock 

units are considered stable and competent.  The identified alluvial areas have been developed 

and generally covered with landscaping, pavements, paved parking, and buildings.  As such, 

the risk concerning soil erosion is considered to be very low to not significant.  Applicable 

measures to address soil erosion would be implemented as part of site-specific geotechnical 

report requirements as future development is proposed.  Therefore, with implementation of 

the site-specific geotechnical report required pursuant to City Municipal Code, the impact 

would be considered less than significant. 

However, the areas occupied by alluvial soils are potentially liquefiable and have been 

identified in the City of San Diego Seismic Safety Element as being potentially liquefiable.  

Any development within the project limits would need to be evaluated on a case-by-case 

basis.  Geotechnical investigations performed for those projects are required by City code to 

assess their liquefaction potential, including related ground instabilities associated with 

liquefaction, such as surface damage, lateral spreading, induced ground settlement, etc.  City 

code requires that impacts associated with liquefaction hazards be mitigated when there is a 

potential for loss, injury, or death.  As such, any potential impacts related to unstable ground 

associated with liquefaction would be required to be addressed and mitigated. Site specific 

measures would be implemented as part of geotechnical report requirements as future 

development is proposed.  Therefore, with implementation of the site-specific geotechnical 

report required pursuant to City Municipal Code, the impact would be considered less than 

significant. Lastly, the risk of soil erosion increases during the construction phases of 

projects, when surface conditions are disturbed and oftentimes stripped of vegetation and 

other features that have limited soil exposure.  As such, soil erosion could become significant 

if not addressed during construction.  Fortunately, City code requires that construction sites 

develop and maintain drainage and erosion control to address soil erosion within a project 

site, as well as transportation of sediment off-site due to runoff.  These systems require 

extensive documentation, monitoring, and verification.  Compliance with applicable City 
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code requirements would ensure that construction-induced soil erosion would be reduced to 

less than significant. 

4.2.4 CEQA Threshold G-3 

Geologic surface units within the site include Quaternary-age terrace deposits, alluvial 

deposits, and Tertiary-age formational (bedrock) units.  The terrace and bedrock units are 

considered stable and competent.  The identified alluvial areas have been developed and 

generally covered with landscaping, pavements, paved parking, and buildings. 

In those areas of the site where slopes do not exist, the terrace and bedrock soil units would 

not result in risk to life or property.  In those areas where slopes do exist, there could be a 

potential risk to life or property if those slopes were unstable.  According to the City of San 

Diego Seismic Safety Element, the project site contains two categories of geologic hazard in 

which slopes are of concern.  These areas are classified as Categories 52 and 53.  Slopes 

within Category 52 have favorable geologic structure and, as such, have a low risk with 

respect to slope instability.  Slopes within Category 53 have unfavorable geologic structure, 

which results in slopes having low to moderate risk as it pertains to slope instability.  That 

said, for this project site, City code requires that geotechnical investigations and studies be 

conducted prior to City approval of development.  City guidelines for geotechnical 

investigations require the evaluation of slope stability associated with any project.  Slopes 

found to be unstable shall be modified and/or strengthened to make the slopes stable.  Such 

measures would be implemented as part of site-specific geotechnical report requirements as 

future development is proposed.  Therefore, with implementation of the site-specific 

geotechnical report required pursuant to City Municipal Code, the impact would be 

considered less than significant. 

However, areas occupied by alluvial soils may be potentially liquefiable, and have been 

identified in the City of San Diego Seismic Safety Element as being potentially liquefiable.  

Areas identified as potentially susceptible to liquefaction can become unstable during 

earthquake events.  Any development within the project limits would need to be evaluated on 

a case-by-case basis.  Geotechnical investigations performed for those projects are required 

by City code to assess liquefaction potential, including related ground instabilities associated 

with liquefaction, such as surface damage, lateral spreading, induced ground settlement, etc.  

City code requires that liquefaction hazards be mitigated when there is a potential for loss, 

injury, or death.  As such, any potential impacts related to unstable ground associated with 
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liquefaction would be required to be addressed and mitigated as part of site-specific 

geotechnical report requirements as future development is proposed.  Therefore, with 

implementation of City requirements, the impact would be considered less than significant. 

4.2.5 CEQA Threshold G-4 

Geologic surface units within the site include Quaternary-age terrace deposits, alluvial 

deposits, and Tertiary-age formational (bedrock) units.  The terrace deposits generally consist 

of interbedded sands, silts, and clays existing in varying compositions such as sands, silty 

sands, clayey sands, sandy silts, clayey silts, silty clays, and sandy clays.  The alluvial soils 

consist of interlayered sands and finer grained soils, likely interlayered. 

The infiltration characteristics of the terrace deposits are variable and not consistent, and 

range from very to moderately permeable.  As such, soils are not conducive to rapid 

infiltration.  In addition, the interbedded nature of the deposits would lead to the potential for 

perching infiltrated waters and the potential for lateral migration of infiltrated waters to areas 

off site.  As such, the terrace deposits will not adequately support any proposed septic tanks.  

Fortunately, the project site is located within the City limits and in a well- developed area 

and wastewaters are collected from the individual properties and conveyed by sewer lines to 

the City’s Point Loma Wastewater Treatment Plant. 

In general, the project area alluvial soils are more permeable than the terrace deposit soils.  

However, these soils are either located near or below groundwater.  As such, these soils 

cannot be used to infiltrate wastewater from septic tanks.  Fortunately, the project site is 

located within the City limits and in a well- developed area, and wastewater is collected from 

the individual properties and conveyed by sewer lines to the Point Loma Wastewater 

Treatment Plant. 

4.3 Concluding Remarks 

As stated previously, the polices of the MCSP are intended to transform the area of known as 

the Morena Corridor (Figures 2, 3, and 4) from a primarily auto-oriented commercial 

corridor into a pedestrian-oriented village, a vibrant community core that provides a variety 

of mixed-use and employment and housing opportunities, while promoting variable travel 

choices that include walking, bicycling, and high frequency transit. 
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To accomplish this, the guiding principles of the MCSP seek to:  protect and enhance the 

neighborhood character of the area; establish a balanced mix of use, which includes 

preserving existing restaurants, encouraging new restaurants, and providing a range of 

housing options that complement the existing character of the area; promoting services, 

shopping, and small business; creating additional gathering and recreational open space 

opportunities; and improving mobility of all modes of transportation. 

Of the policies of the MCSP that directly or indirectly may have significant environmental 

impacts are those structures associated with human occupancy where life-safety issues are 

paramount, such as with new businesses, residences, and re-purposed existing structures that 

place such structures in areas of identified surface ground rupture hazards and in areas where 

ground instability could result in structural collapse if left unmitigated.  As such, a particular 

use of a particular parcel of land will play a significant role in determining any potential 

impacts if mitigation is not possible. 

The current state of engineering practice provides methods and strategies that can mitigate 

the impacts of most hazards to less than significant.  However, the one potential geologic 

hazard that cannot be mitigated is when the location of a new structure, re-purposed existing 

structure subjected to current building code requirements, or a rebuilt structure cannot be 

located over an identified active fault and its associated offset zone.  In this case, the only 

way to mitigate to a less than significant impact would be to not proceed with the project 

(non-project alternative) or to redesign the project to avoid the fault zone, if feasible.  Thus, 

for the hazard of surface fault rupture, the relationship between building location to active 

fault location will dictate the viability of mitigating the impacts of this particular hazard. 

Given that we consider the non-project alternative a viable mitigation measure for a given 

geologic hazard, it is our opinion that the potential impacts related to the geologic hazards 

from the implementation of the MCSP would be avoided, reduced to an acceptable level of 

risk, or reduced below a level of significance through mandatory conformance with the 

applicable regulatory requirements. 

Lastly, it is important to note that if the MCSP is not implemented, the study area will still be 

subjected to the same geologic hazards identified in this report.  As such, it should be noted 

that, assuming no new project that would be subjected to the given set of regulatory 

requirements applicable to development is ever proposed within the study area, the existing 

facilities would be prone to impacts associated with earthquakes, such as ground shaking, 
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potential surface ground rupture from active faults known or unknown, liquefaction, and 

lateral spreading.  Such impacts, as we understand, are permitted to occur by current City 

building code requirements as the structures are already existing and no improvements are 

required.  Thus, these impacts as such, can only be mitigated via mandated action adopted 

and implemented by the City. 

5 LIMITATIONS 

Geotechnical engineering and the earth sciences are characterized by uncertainty.  Professional 

judgments presented herein are based partly on our evaluation of the technical information 

gathered, partly on our understanding of the proposed project, and partly on our general 

experience.  Our engineering work and judgments rendered meet the current professional 

standards.  We do not guarantee the performance of the project in any respect. 

This study is a geotechnical and geologic desktop reconnaissance study whose primary purpose 

was to provide input into the preparation of draft environmental impact reports.  We have 

conducted no field investigation or laboratory testing.  We have reviewed information available 

in our files, as well as other cited sources.  There may be other studies that we are unaware of 

that may require reassessment of our opinions and comments.  If such information becomes 

available that is relevant to the general conclusions of this study, then we recommend that that 

information be reviewed and a revised report issued. 

This report is not intended for use other than for providing a general assessment of geotechnical 

and geologic conditions for the preparation of environmental planning documents and is not 

appropriate or suitable for detailed design or development.  Detailed geotechnical reports and 

investigations for any specific projects will be required. 
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TABLE 1 

SUMMARY OF SPECIFIC PLANS FOR EACH PLANNING DISTRICT 

Planning District Policies 

Clairemont 

 Support restaurant and retail use in “village” core between 

Ashton and Napier, including wider pedestrian area and pocket 

parks and public spaces. 

 Implement street modal design for Morena Blvd with accessible 

travel for bicycles and pedestrians 

 Enhance frontage elements of buildings and public places 

Artisan 

 Support artisan, craft, produce goods, and food and beverage 

businesses 

 Support consolidation of lots to allow larger buildings 

 Support development of the Tecolote Linear Park 

Tecolote Creek 

 Establish pedestrian and transit-oriented development that 

integrates with the Tecolote Transit Station 

 Provide entertainment, office, retail, residential, service 

commercial, public and park uses 

 Provide system of incorporated public streets, private drives, 

pedestrian and bicycle facilities, paseos, and sidewalks 

Employment 

 Support a range of urban-oriented light industrial, creative 

office/flex space businesses and commercial uses to increase 

employment and stimulate business growth and development 

 Provide pedestrian and bicycle connection 

 Expand right-of-ways, where needed 

 Provide sidewalks 

Morena 

 Develop a mixed-use and pedestrian-oriented district that is 

supported by a network of public streets 

 Provide for entertainment, office, retail, residential, recreational, 

public, and park uses 

 Provide housing 

 Connect Morena Blvd and Sherman St 

 Provide pedestrian paths, sidewalks, and walkways 
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GEOLOGIC UNITS 

Qya 

Qop6 

Tscl 
Tsclu 
Tscl~g 

SOIIRCE: 

Artificial m (late Holocene) 
Deposits of fill resulting from.lwman 
construction, mining, or quarrying ac:ti.vities; 
includes compacting engineered and 
non-c:ompacted, non-engineered fill Some 
large deposits are mapped. but in some areas 
no deposits are shown. 

Young alluvial D.ood-plaln depoliu 
(Holocene and late Pleistocene) 
Poorly consolidated, poorly sorted, permeable 
flood-plain deposits of sandy, silty or 
clay-bearing alluvium. 

Old paralic deposi.U, Unit 6 (late to middle 
Pleistocene) 
Poorly sorted, moderately permeable, 
reddish-brown, interfinsered strandline, beach, 
estuarine and colluvial deposits composed of 
siltstone, sandstone and conglomerate. These 
deposits rest on the 22-23 m Nestor tm&ce. 

San Diego Formation (early Pleistocene and 
Tsdss late Pliocene) 
PredomiDantl.y yell.owish-brown and gray, fine­
to medium-grained, poorly indurated 
fossiliferous marine sandstone (Tsdss) and 
reddish-brown, transitional marine and 
nonmarine pebble and cobble conglomerate 
(Tsdcg). In part of the area the sandstone and 
c:onglomerate are undivided (Tsd). The San 
Diego FoiDUltion consists of approximately 75 
m of marine and 9 m of nonmarine sedimentary 
rocks (Demere, 1983). These rocks and their 
associated marine fossils were first described 
by Dall (1898) and given the name "San Diego 
Beds. •• The name San Diego FoiDUltion was 
given to these rocks in an extensive 
biostratigraphic study by Amold (1903). 
Several comprehensive studies of the marine 
invertebrate fossil fau:nas of the San Diego 
FOIDUltion have been published subsequently 
by Grant and Gale (1931) and Hertlein and 
Grant (1944, 1960, 1972). Most recently 
Demere (1982, 1983) presents a concise 
discussion on the history of work. geologic 
setting, biostratigraphy and age of the San 
Diego FoiDUltion. 

"Geologic Map of the San Diego JD'x60' 
Quadrangle, California," compiled by Michael P. 
Kennedy and Siang S. Tan, 2008. California 
Geological Survey, Regional Geologic Map No. J. 

Tsc 
Tscu 

Ta 

Smppa Formation (middle Eocene) 
The Scripps Formation (Tsc) is 
mostly pale-yellowish-brown, medium-grained 
sandstone contaming oc:c:asional cobble­
conglomerate interbeds. It contains a middle 
Eocene Molluscan fauna (Givens and Kennedy, 
1979). The Scripps FOIDUltion is 56 m thick at its 
type section, which is 1 km north of Scripps Pier, 
on the north side of the mouth ofBlacka Canyon 
(K.c:muxly and Mome, 1971). Both the basal 
contact with the Ardath Shale and the upper cont.act 
with the Friars Formation are conformable. In 
upper Carroll Canyon, a tongue of the Scripps 
FoiDUltion (Tscu) exists above an intervening part 
of the Stadium Conglomerate. This "upper" tongue 
is difficult to separate from the main body of the 
Scripps Formation where the Stadium 
Conglomerate is absent. 

Ardath Shale (middle Eocene) 
Mostly UDffinm, weakly fissile olive-gray silty 
shale. The upper part contains thin beds of 
medium-grained sandstone, similar to thicker ones 
in the overlying Scripps Formation, and 
concretionaty beds with molluscan fossils. The 
type section of the Ardath Shale is on the east side 
of Rose Canyon, 800 m south of the Ardath Road 
intersection with Interstate 5 (Kennedy and Moore, 
1971). 

SEE TEXT FORADDmONAL EXPLANA110N. 
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METHOD OF PREPARATION 
Initial tsunami modt~ng was ptt1omled by tM UnwettAy of Soucntm Califomia (USC) 
Teun•mi Resesrch Center funded through the Ce!ifor~ Emergency M8nagement AQency 
(CatEMA) by lhe Nabooal TSlrlam Hazard Mrbgation Progtam The twnam1 mods-ltng 
Pf')QOR uti hzed tho MOST (Method of Sphtt:ng Ttunamit) c:o~tational program 
(1/arsion 0), 'oltoiol\ t llov.s for wove e110lution ovor • vorilblo b>lhymetry o nd topogr~phy 
UMd tor th6 W'U'\datlon ~N~ppmg {Tib)v and Gonzai&Z. 1997: r11.ov and Syno&alda. 1998) 

TM bathymeb10'topogta,phlc data that were u~ In !he tsunami modelS~ Of a 
MJI•s of ntos~td g-lds Nur"'lhor• Q'lch wit'l ~ 3 t~ro-s..oond (75-- to 90-meters) 
resolution or higher, were ad)Jsted 10 · Mean H~h V\et ef" .sea-level conditions, 
reprewnb:ng a conservaM sea lev~ for h •mended use ollht tsunami fYIOdeling 
and mapping 

A Slaet of tsunami SOtXCe events was 8-4Hected 1ot mocl8~ng. repres.ent~ng re.a~Mie 
local and di5tilnt oaf'ChQuakes and hypo1heb1•xnme undenea, near-$hore land51idot 
(Table 1). Local tsunami sources lhat ~re corwder&d indude offshore rev~rse*ttlN$1 
faulw. romin01g bends on alr!q-olip faufi lOOe&and largo ...t>manno land­
capable of S9'1ificant •.lllfloorditplacementand tsunam generation Oistam tsunami 
sources that were conSidered include great subduction 20ne events that ate known to 
have ooc:urred hiWJri<:ell~ (1960 Chile end 1964 Ale'ke oatthquokes) ond othol'swhich 
can OCCUr around the Pacitic Ocean • Ring ol Fire.'" 

In order to enharce the re54Jtt from the 75· b 90-me1er inl.l'ldation grid data, a me:hod 
wa& developed util•z.no hlghetof'~klbon digital topographiC dala (3- ao 1G-metef'S 
reiOiuton) that better deflnelil 'fie lOcation of tht rm~.xlmum lnUnda110n lltle (U.S. 
Geologtcal Survey, 1993, ln.tennap, 21XX3. NOAA, nl4) The locatiOn of the enhanced 
in!Zid.ation 11'18 was deterr'I'Wled b~ uU\g ~I knagery and tertain d ata on a GIS 
pbtfofmwith consideration gilootn to hislOricinvndatoo inlormation (bndtt", et at., 
1IXIJ), Tt>io ;ntormolor! w.,. vorifie<!, wt>oro pqoo!>lo, ~~ 6o!o -~ <»or<l;no\00 W\'11 
IOC81 county personnel. 

Thft acaJtacy of thtt •nundabon r.,e shown on these mo~~ps •• auqect to ltmrtilltJons. in 
.,. aoc::uracy and oompleWM5S of avlia* •rrain and tsunanw110uree inJormatiOn. and 
the current unders1anding of tsunami gene~bon and propilg~bon phenomel'\il ~s expressed 
In lhe models. Thus, alf'lough an attempt has been made to klentty a aed•ble upper 
bound to inundaOOnat any location along the coaitlire, it remains po5tible that act;ua.l 
mllldation coi.Jd be greater •n a mt~,tOr Uiul\&rri event 

This map does not repro;sent 1nu"datklf1 fTom • single 15Cenario event ltwasere~Ued by 
OOfl'lblntng tnundation results tor an ensemble of 50\KCI8 events affecting a ~ region 
(Table 1 ). For thl& reason, all of the lruncSaton rtl$1ion., a pank:\Jiar area WIIII'IC)t Hkely 
be inundated during a 5ingte t'$l.Jnami e-vent 
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Table 1: Tsunami sources modeled forthe San Diego ~unly coastline. 

Sources (M • moment magMude- used in modeled ..... ) 

c ~ Ca/&MA _ .. , .... , ....... 

usc 
l''ln:asm· 

Of'SOl"T11£1l'\ 

~ 

MAP EXPLANATION 

...rv-- Tsunami Inundation Line 

Tsunami Inundation Area 

PURPOSE OF THIS MAP 
Thts tsunami inl.lt'dation mapwaspreparect toasastcitaes and oounliesln identifying 
lhetr t&un:am hazard. It is intended for local )'JisctiCbonal, coa~l ev~cua-.on 
ptannmg uses onty. This n-.p, and cne Information presented herein. Is r.ot a ttgal 
docOO"Wtnl and doet not meet di5d0$Ure r~~q~..~iTemenl$ foc rNI nt;lte tnlnucbons 
r.or for ar.y ather regulatnty ptJtpo&e. 

The inl.rdation map has been co~ with be!f: CUtTentty a'o'e~eble ecientffie 
Information. The Inundation hne rtpreMniS N ma»mum consklertd tsunami n.rtup 
tom a n~ber of extreme. )'Ot realistic, ~arri sources T~m~ are rett~ eventa: 
tbt to a lad< of known occurrences M"'lhe his.toneal f'eCXKd, ltlis m;p incluc:»s no 
information about tho probabiity of an)' tsun~mi a fleeting any area withln a speCific 
period ol'6mo. 

Please refer to the tolo'Mng wobsites for additional informalion on the cot'IWUCtion 
and/or .,tended tee of h l::!unarn inundation mliillp: 

State of C.lffomia Emergency Management Agency. Un:hquake Jnd Ttun8mi ProgN~m· 
hllpJ""-.oes.ca.<pYN'/ebPagoloos-""bsito.nsf/Conll!ntiB1 EC 
51BA215931768825741FOOSEllOOO?OpenDowment 

Unrlr'4W'Sit)r of Sou'hem Caltbmia - TSUlami Reseal'th Cenw. 
hUp;JiwNw.Uie,vdu/dept/t!iunamii12005Andex.l)hp 

State of Califomla ~leal Surwy Tll.l'lam Information. 
http:llwww.conwrvabOn ea govkgslgeologic_hazardsiTsu~rnilindex htm 

Nabontl Oounie • nd A~ Agt~y C.nttt for TSUNmi Rese1fth (MOST model). 
http;llhc:trpmel.no::~a govltlmeJbac;:l(grO\M\dlmodelt htrnl 

MAP BASE 
Topographic ~58 maP5 prepared by U.S. G~logical Surwy a5 part of the 7.5--minutu 
Oladrangle Map Senes (ongmaly t :24,000 scale). Tsunam HlUndiltion ltne 
bOUOO;;Irles may reftect updated di$;tal Of'I'IOpnotlgnillptic and topOgtapl'lc data that 
can differ iignmcan•)' from contours shoiM"' on 1he but map 

DISCLAIMER 
The Calt~mil EmergtJnq Managemtn1 Agency (CIIIEIAA), 1M Univ..-..ty of Sovtlem 
Co1~ (USC}. ond the Cellf(lrfnle Geologieel Survey (CGS) rroke no repl~ntet)on 
orwarral'lltJ.scregardiog fle- aceuraey ofthls inundabOn map nor tht data from which 
me map was del1\'ed. Neither the State o1 California nor USC shal be l11ble ur\der any 
cirwrmtanoes for ~n~ d ireet,. indireet, special, incidental or oon68quential dama995 
INith respeet to any d alrn tly M)' UYr Of any lt'll'd party on aec:ountofor an~~ng from 
IN UM o:f r.l$ map. 
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