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3.10 GEOLOGY AND SOILS 
 
This section evaluates the potential impacts of the proposed project on geology, soils, and 
seismic hazards.  This evaluation is based on the Preliminary Geotechnical Investigation 
Technical Memorandum No. 2 prepared for the pipeline tunnel by Ninyo & Moore (Jacobs 
Associates 2005) and the Geotechnical Investigation Technical Memorandum 02 prepared by 
GeoLogic Associates (HDR 2005).  These reports are bound separately with the respective 
Preliminary Design Reports for the tunnel and FRS II, and are available for review at the Water 
Authority’s offices. 
 
3.10.1 Existing Conditions 
 
Regional Geologic Setting 
 
The project area can be described as topographically diverse consisting of a major river gorge, 
relatively flat mesa areas, several drainages, rounded hilltops, and steep slopes.  The elevation of 
the project area ranges between 180 and 820 feet AMSL.  The project area is in the western 
portion of the Peninsular Ranges and in the Coastal Plains geomorphic provinces of Southern 
California.  The 30- to 100-mile-wide Peninsular Ranges geomorphic province extends from the 
Transverse Ranges and the Los Angeles Basin south to the tip of Baja California and is bounded 
on the east by the Colorado Desert and on the west by the Coastal Plains.  Most of the Peninsular 
Ranges geomorphic province is characterized by northwest trending mountain ranges lying west 
of the San Andreas Fault.  The Coastal Plains rise sharply to nearly level terraces or mesas, 
dissected terraces, and rolling hills with characteristic Mesozoic volcanic and Eocene 
sedimentary rocks.    
 
The project area lies within a seismically active region subject to the effects of moderate to large 
earthquake events along major faults.  The regional faults that may affect the project area include 
the Rose Canyon, Coronado Bank, La Nacion, Elsinore, San Jacinto, and San Andreas faults. 
The Elsinore, San Jacinto and San Andreas faults lie more than 30 miles inland from the project 
site.  The Rose Canyon fault zone lies approximately 14 miles north of the project with faults 
both onshore and offshore.  The Coronado Banks fault is located offshore approximately 15 
miles to the west. The La Nacion fault zone lies approximately 5 miles northeast of the project 
area.   
 
Site Geology 
 
Geologic maps of the study area are presented in Figures 3.10-1 through 3.10-3.  A generalized 
geologic profile along the project alignment is also shown in this figure.  Details on the 
formations in the study area are presented below. 
 
Artificial Fill is present on the site as backfill for Water Authority pipelines and the FRS I.  
Undocumented fill soils were generated during the grading of the on-site dirt roads.  The fill soils 
were obtained from the on-site soils. 
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Alluvium is present as loose alluvial soils in the various ravines and canyons that cross the 
alignment.  These materials have been transported by surface water and are derived from the on-
site surface soils and underlying formations. 
 
Topsoil and Colluvium are present as naturally occurring topsoil and colluvium over much of the 
undisturbed portions of the site.  Topsoil occurs from the weathering and decomposition of the 
underlying formations.  Colluvium is the accumulation of loose soils that were transported down-
slope by gravity and water.  Topsoil typically ranges in depths to about 3 feet.  Colluvium is 
typically thicker, particularly at the base of hillsides. 
 
Landslide Deposits (Qls) are present at the southerly end of the alignment.  The landslide 
materials generally consist of highly disturbed blocks of sandstone and claystone derived from 
the Friars Formation and the Mission Valley Formation.  The landslide deposits have been 
estimated to extend to a depth of approximately 50 to 55 feet in the vicinity of the existing Water 
Authority pipelines. 
 
Pomerado Conglomerate (Tp) is present on the ridge tops along the tunnel alignment.  The 
Eocene-age Pomerado Conglomerate in the project area consists of light brown to reddish brown, 
strongly cemented, silty sandstone and cobble to boulder conglomerate.  Excavations by backhoe 
and borings may be very difficult. 
 
Mission Valley Formation (Tmv) is present generally under the Pomerado Conglomerate along 
the tunnel alignment.  The Eocene-age Mission Valley Formation consists predominantly of light 
gray weakly to moderately cemented silty fine-grained sandstone with interbeds of clayey 
siltstone and silty claystone.  Some cobble beds and strongly cemented concretionary beds are 
also present.  Layers of relatively weak, sheared, and remolded clay up to approximately 0.25 
inch in thickness, may occur within this formation. 
 
Stadium Conglomerate (Tst) is present to a limited extent.  The Eocene-age Stadium 
Conglomerate typically underlies and mixes with the basal portion of the Mission Valley 
Formation.  The Stadium Conglomerate in the site vicinity consists of yellowish tan to gray, 
medium brown to reddish brown, strongly cemented, cobble conglomerate with a matrix of silty 
fine to medium sand.  It is thin and discontinuous at the project site. 
 
Friars Formation (Tf) is present in the northern and southern ends of the tunnel alignment.  At 
the project site the Eocene-age Friars Formation generally consists of reddish brown claystone 
and light gray to olive green clayey to silty sandstone.  A landslide south of Elliott Vent #5 
occurred in the Friars Formation. 
 
Santiago Peak Volcanics (Jsp) is present at the northern end of the tunnel alignment.  
Metavolcanic rock of the Jurassic-age Santiago Peak Volcanics is expected to underlie the on-
site formations at depth.  The contact with the metavolcanics is expected to be highly variable.  
In the site vicinity the Santiago Peak Volcanics consist of dark gray, massive, hard, fine-grained 
metavolcanic rock.  Upper portions of the unit can be deeply weathered to a light reddish brown 
to green, silty to clayey sand to silty clay.   
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FRS II.  For the FRS II site, two exploratory borings and two seismic lines were performed in 
May 2005.  The borings were drilled to a depth of 60 feet below the existing ground surface.  
Based on the boring data, the base of the proposed FRS II would be founded in Pomerado 
Conglomerate or interfingered with the Mission Valley Formation.  These materials typically 
allow for stable excavation and fill slopes.  Cobbles up to 10 inches or more are anticipated in 
these formations as well as zones of moderate to highly cemented materials.  Localized heavy 
ripping, rock-breaking, jack hammering, and blasting may be necessary or chosen by the 
contractor for cost-effective excavation.   
 
Tunnel Alignment.  The geology study of the tunnel alignment was based on a review of 
published geologic maps and geotechnical reports.  The surface of the study area is comprised of 
artificial fill, alluvium, topsoil and colluvium, and landslide deposits and underlain generally by 
Pomerado Conglomerate, Mission Valley Formation, Stadium Conglomerate, Friars Formation, 
and the Santiago Peak Volcanics.  The sedimentary units are nearly horizontal or dip gently a 
few degrees to the west-southwest.  Santiago Peak Volcanics are expected to be encountered in 
constructing the North Portal and the first 200 to 1,000 feet of the inlet tunnel excavation.  
Blasting is expected to be required at the North Portal for this reach.  See Section 2.4.5 for a 
description of the blasting construction process.  The South Portal is expected to be constructed 
in Mission Valley Formation.   
 
Groundwater 
 
The depth to the groundwater table is unknown but probably is at the elevation of the San Diego 
River in the site vicinity or about 180 feet AMSL.  Groundwater was not encountered in the 60-
foot-deep borings on the FRS II site.  Since the deepest project features are above an elevation of 
500 feet AMSL, the groundwater table is not expected to be encountered during project 
construction.  However, groundwater seepage from perched water tables may occur along the 
tunnel alignment.  The one exception is the proposed stabilized crossing of the San Diego River 
where surface water is present year-round.  
 
Geologic Hazards 
 
Faulting and Fault Rupture.  As defined by the California Geological Survey, an active fault is 
one that has had surface displacement within Holocene time (about the last 11,000 years).  The 
state geologist has defined a potentially active fault as any fault considered to have been active 
during Quaternary time (last 1.6 million years).  This definition is used in delineating Earthquake 
Fault Zones under the Alquist-Priolo Geologic Hazards Zones.  The FRS II site is not included 
within any Earthquake Fault Zones as created by the Alquist Priolo Act.  There are no known 
major or active faults on or in the immediate vicinity of the site.  Two active regional fault zones 
in the San Diego area are the Rose Canyon Fault Zone and the Coronado Bank Fault Zone 
located approximately 8.3 and 21.4 miles from the site, respectively.  A potentially active 
Quaternary fault (displacement within the last 1.6 million years) is mapped about 2 miles west of 
the project site.  This fault is part of the northernmost extension of the La Nacion Fault Zone, 
which is estimated to have a maximum likely quake magnitude of 6.2 to 6.7 (Deméré 1997b).   
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The project site is located within Seismic Zone 4.  The project site, as with all of southern 
California, is considered to lie within a seismically active region.  The Rose Canyon Fault Zone 
is considered to have the most significant effect in the project area from a design standpoint.  The 
peak horizontal ground acceleration from the design earthquake is predicted to be 0.20g (20 
percent of the acceleration of gravity) at the FRS II site.  Based on review of the historical 
earthquake records, the closest historic event occurred in 1803 approximately 3 miles from the 
FRS II site, and the ground acceleration resulting from that Magnitude 5.0 earthquake was 0.12g 
(12 percent of the acceleration of gravity).  The design of the FRS II and other project 
components would adhere to the Uniform Building Code and seismic design parameters of the 
Structural Engineers Association of California.   
 
Liquefaction.  Liquefaction is a phenomenon in which soils lose strength when subjected to 
ground shaking during an earthquake.  The soils at risk of liquefaction are typically uniform, 
granular, and saturated with groundwater.  Any structures founded on or buried in such soils, 
including buildings, tanks, and pipelines, can experience very large total and/or differential 
settlements, causing major damage.  In the project area, a near-surface groundwater table is 
lacking, the design site acceleration is relatively low, and the site soils are competent.  Therefore, 
the potential for large-scale liquefaction effects and associated settlement of the proposed 
structures is considered to be very low.   
 
Landslides.  As noted above and shown on Figures 3.10-2, a landslide from the Friars Formation 
and the Mission Valley Formation is south of the project area, east of the Water Authority 
Second Aqueduct easement.  The landslide deposits have been estimated to extend to a depth of 
approximately 50 to 55 feet in this area.   
 
Soils 
 
The soil types within the study area were identified based on the reports and maps in the Soil 
Survey for the San Diego Area (U.S. Soil Conservation Service 1973).  The four basic soil types 
mapped along the tunnel alignment are as follows: Diablo-Olivenhain complex, Redding 
gravelly loam, Redding cobbly loam, and riverwash.  All of these soils consist of cobbly or 
gravelly loam over gravelly or cobbly clay and sandy clay.  The Diablo series consists of well-
drained, moderately deep to deep clays derived from soft, calcareous sandstone and shale.  
Olivenhain cobbly clay loam is low in fertility and is very slowly permeable in the subsoil.  The 
Redding series consists of well-drained, undulating to steep gravelly loams that have a gravelly 
clay subsoil and hardpan.  These soils formed in old mixed cobbly and gravelly alluvium.  
Cobblestones make up 20 to 30 percent of the surface layer and 25 to 35 percent of the subsoil.   
 
Riverwash occurs in intermittent stream channels.  The material is typically sandy, gravelly, or 
cobbly.  It is excessively drained and rapidly permeable.  Many areas are barren.  Scattered 
sycamores and coast live oaks grow along the banks.  This land type is of no value for farming or 
ranching and in many locations has been used as a source of sand and gravel.  The following are 
the specific soil types found within the project area:   
 
 Diablo-Olivenhain complex, 9 to 30 percent slopes (DoE) 
 Redding gravelly loam 2 to 9 percent slopes (RdC) 
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 Redding cobbly loam 9 to 30 percent slopes (ReE) 
 Redding cobbly loam, dissected, 15 to 50 percent slopes (RfF) 
 Riverwash (Rm) 

 
Table 3.10-1 summarizes the characteristics and occurrence of these soil types in the project 
area. 
 

Table 3.10-1 
Soil Characteristics and Location in Project Area 

 
Soil Name 
(Symbol) 

Percent 
Slope 

Erosion Potential / 
Hydrologic Group 

Shrink-Swell 
Behavior Project Location 

Diablo-
Olivenhain 
complex (DoE) 

9 to 30 Moderate erodibility  
Hydrologic Group D 
(high runoff potential) 

High North Portal, FRS II, 
South Portal, access 
trails 

Redding gravelly 
loam (RdC) 

2 to 9 Severe erodibility  
Hydrologic Group D 
(high runoff potential) 

High North Portal, FRS II, 
South Portal, access 
trails 

Redding cobbly 
loam (ReE) 

9 to 30 Severe erodibility  
Hydrologic Group D 
(high runoff potential) 

High FRS II, South Portal, 
access trails 

Redding cobbly 
loam, dissected, 
(RfF) 

15 to 50 Severe erodibility  
Hydrologic Group D 
(high runoff potential) 

High North Portal 

Riverwash (RM) --- Severe erodibility 
Hydrologic Group A 
(low runoff potential) 

Low River crossing 

Source: U.S. Soil Conservation Service 1973 
 
3.10.2 Thresholds of Significance 
 
Thresholds used to evaluate potential geology and soils impacts are based on applicable criteria 
in the State CEQA Guidelines (CCR §§15000-15387), Appendix G.  A significant geology and 
soils impacts would occur if the proposed project would: 
 
 Expose people or structures to potential substantial adverse effects, including the risk of 

injury or death involving:  

 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, such as Division of Mines and Geology 
Special Publication 42; 

 Strong seismic ground shaking; 

 Seismic-related ground failure, including liquefaction; 

 Landslides. 

 Result in substantial soil erosion or the loss of topsoil. 
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 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. 

 Be located on expansive soil, as defined in Table 18-1-B of the Uniform Building Code 
(1994), creating substantial risks to life or property. 

 
3.10.3 Impact Analysis 
 
Would the proposed project expose people or structures to potential substantial adverse effects, 
including the risk of injury or death involving:  

 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, such as Division of Mines and Geology 
Special Publication 42? 

 Strong seismic ground shaking? 

 Seismic-related ground failure, including liquefaction? 

 Landslides? 
 
While southern California is a seismically-active area, the proposed project would be located in 
an area where the risks of damage due to fault rupture, strong seismic ground shaking, 
liquefaction, and landslide are low.  Since there are no known faults through the project site, the 
risk of damage to project components from fault rupture is low.  The closest fault, which is part 
of the northernmost extension of the La Nacion Fault Zone, is estimated to have a maximum 
likely quake magnitude of 6.2 to 6.7 (Deméré 1997).  This represents a low seismic hazard (0.2 
to 0.3 g) over the next 50 years.  Furthermore, the project structures would be designed to resist 
damage from ground-shaking induced by the design earthquake.  Finally, the FRS II and pipeline 
tunnel would be unmanned.  Therefore, the proposed project would not expose structures or 
people to potential substantial adverse seismic effects, including the risk of injury or death.  This 
impact would not be significant. 
 
Would the proposed project result in substantial soil erosion or the loss of topsoil? 
 
The project would involve extensive grading, including widening of unpaved access trails within 
MTRP that are on soils with severe erodibility and high runoff potential.  Therefore, the potential 
for substantial soil erosion or the loss of topsoil is high.  However, substantial soil erosion or loss 
of topsoil would be avoided by implementation of the standard specifications and project 
features described in Section 2.6, including erosion control BMPs developed for the SWPPP.  
The impact of potential erosion and loss of topsoil would be less than significant. 
 
Would the proposed project 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? 

Geotechnical surveys conducted for the FRS I project and the currently proposed project have 
determined that the Pomerado Conglomerate, which is the primary geologic unit in which the 
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FRS II would be constructed, is stable.  According to the geologic technical reports prepared for 
the FRS II and the pipeline tunnel, the potential for landslides, surface rupture, and liquefaction 
is low.  Therefore, impacts relating to unstable geologic units would be less than significant.  
 
Would the proposed project be located on expansive soil, as defined in Table 18-1-B of the 
Uniform Building Code (1994), creating substantial risks to life or property? 
 
Expansive soils are clay- or adobe-based soils that absorb large quantities of water and, as a 
result, expand.  This expansion can cause building slabs to crack and buckle.  As noted above, 
the FRS II would be located within Pomerado Conglomerate, which is a light brown to reddish 
brown, strongly cemented, silty sandstone and cobble to boulder conglomerate.  Pomerado 
Conglomerate is not considered to be an expansive soil.  In addition, the FRS II site and the 
pipeline tunnel would be over excavated and backfilled with appropriate materials.  There would 
be no impacts relating to expansive soils.   
 
3.10.4 Mitigation Measures 
 
Impacts to geology and soils would be less than significant.  Therefore, no mitigation measures 
are required. 
 
3.10.5 Residual Impacts after Mitigation 
 
No residual impacts would occur. 
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