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GEOLOGY, SOILS, AND SEISMICITY 
TECHNICAL MEMORANDUM 

West Broadway Avenue Specific Plan EIR 
Seaside, California 

 
 
The City of Seaside is in the process of developing a Specific Plan for its downtown core. The 
West Broadway Avenue Specific Plan Area (Specific Plan Area) is located in the central area of 
Seaside, generally bound on the east by Fremont Boulevard, on the west by Del Monte 
Boulevard, on the north by an alley between Broadway Avenue and Olympia Avenue, and on the 
south by the alley between Palm Avenue and Elm Avenue, as shown on attached Figures 1 and 
2.1  The project area is approximately 40 acres in size, and has been developed since at least the 
1940s with a mix of commercial, industrial, and residential land uses.2 

This Technical Memorandum describes the West Broadway Avenue Specific Plan Area (Specific 
Plan Area) geologic environment based on a site reconnaissance, and published and unpublished 
regional geologic reports and maps.  In addition, this section assesses potential impacts related to 
the project from fault rupture, strong ground shaking, liquefaction, slope failure, lateral slope 
deformation, differential settlement, and unstable or expansive soils.  Mitigation measures for the 
identified significant impacts are provided, as appropriate. 

SETTING 

The project area is located within California’s Coast Ranges Geomorphic Province, a 
geologically young and seismically active region.3  Northwest-southeast trending ranges of low 
mountains and intervening valleys dominate this region, which is bisected by the active San 
Andreas Fault.  The site is located west of the San Andreas Fault on the terraced coastline.  The 
irregularly shaped redevelopment area is located at the outlet of Canyon Del Rey, approximately 
one-quarter mile from Monterey Bay at the eastern edge of the Pacific Ocean.4  

Topography 

The Specific Plan Area is northeast of Roberts Lake and Laguna Grande at the mouth of Canyon 
Del Rey.  Elevations of the project site range from approximately 20 feet National Geodetic 
Vertical Datum of 1929 (NGVD)5 near Roberts Lake at the southwest end to approximately 40 

                                                 
1 City of Seaside, 2007, West Broadway Avenue Existing Conditions, September 18. 
2 EDR, 2007, Historical Topographic Map Report and Aerial Photo Decade Package, CirclePoint Seaside, 10 

December (Appendix A). 
3 California Geological Survey, 2002, California Geomorphic Provinces, Note 36, California Department of 

Conservation. 
4 U.S. Geological Survey (USGS), 1947 photorevised 1968, Seaside Quadrangle 7.5′ Series (Topographic) 

Map, U.S. Department of the Interior (DOI).   
5 NGVD 1929 is approximately equivalent to Mean Sea Level (MSL); however, MSL may vary locally. 

Conversion factors can be found on the following websites: http://tidesandcurrents.noaa.gov/index.shtml; and 
http://tidesandcurrents.noaa.gov/data_menu.shtml?stn=9413450%20Monterey,%20CA&type=Datums. 
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feet NGVD near the northeastern end of the project site.  Slopes generally are northwest towards 
the Pacific Ocean, with local exceptions.6 

Geology 

The project site is on the northeast flank of a gently sloping valley formed by Canyon Del Rey.  
An unnamed stream flows northwest along the valley floor into Laguna Grande and Roberts 
Lake.  The Chupines Fault is located below or near the stream, and is located northeast of 
Roberts Lake just southwest of the Specific Plan Area.7  The project site is underlain by 
Quaternary marine coastal terrace deposits consisting of semi-consolidated, moderately well-
sorted marine sand containing thin, discontinuous gravel-rich layers, and covered by eolian dune 
sand deposits.8  

Soils 

Soil is generally defined as the unconsolidated mixture of mineral grains and organic material 
that mantles the land surface.  Soils can develop on unconsolidated sediments and weathered 
bedrock.  The characteristics of soil reflect the five major influences on their development:  
topography, climate, biological activity, parent (source) material, and time.  The project area is 
mantled by soils that reflect the characteristics of the underlying materials on which the soil is 
developed. 

The soils in the City of Seaside are generally characterized as medium-grained sand of low to 
moderate organic matter content, and excessively well-drained.9  The soils underlying the 
Specific Plan Area have been mapped as the Baywood Sand.10  Sandy soils are subject to piping, 
resulting in surface collapse given a concentrated flow of water, and low-strength conditions. 

Seismicity   

The project area is not located in an Alquist-Priolo Earthquake Fault Zone (A-PEFZ); however, 
it is located in a seismically active region.  The main feature generating the seismic activity in 
the region is the tectonic plate boundary between the North American and Pacific plates.  
Locally, this boundary is referred to as the San Andreas Fault Zone (SAFZ), which includes the 
San Andreas Fault and numerous other active faults.   

The regional faults near the Specific Plan Area include the San Andreas and its western 
branches, including the Monterey Bay Fault Zone and its onland extensions, the Chupines and 
Navy Faults, the San Gregorio-Palo Colorado Fault Zone, the King City-Reliz-Riconado Fault, 
and the Zayante-Vergeles Fault.  All of these faults are considered active (i.e., evidence of fault 

                                                 
6 USGS, 1968, op. cit. 
7 California Geological Survey, 2002, Geologic Map of the Monterey 30′ x 60′ Quadrangle and Adjacent 

Areas, California. 
8 U.S. Geological Survey, 1997, Geologic Map of the Monterey and Seaside 7.5-Minute Quadrangles, 

California. 
9 City of Seaside, 2004, Seaside General Plan, Safety Element, August. 
10 U.S. Department of Agriculture, Web Soil Survey 2.0, National Cooperative Soil Survey, accessed 13 

December 2007 at http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx. 
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rupture in the past 11,000 years) or potentially active (i.e., evidence of fault rupture in the past 
1.6 million years), and are shown on the attached Figure 3.11   

The closest faults to the Specific Plan Area are the Chupines Fault, located at the southwest edge 
of the Specific Plan Area northeast of Roberts Lake, and the Seaside Fault located about 500 feet 
northeast of the Specific Plan Area, shown on Figure 4.12  These two closest faults are classified 
as potentially active,13 and are of Quaternary age showing evidence of displacement in the last 
1.6 million years.14 

In a fact sheet published in 2003, the U.S. Geological Survey estimated that there was a 34 
percent probability that between 2002 and 2031, a 6.7 or greater magnitude earthquake will 
occur in the region between the San Andreas Fault and the San Gregorio Fault.  The probability 
of a 6.7 magnitude or greater earthquake occurring along individual faults was estimated to be 21 
percent along the San Andreas Fault, and ten percent along the San Gregorio Fault.15 

Seismic and Geologic Hazards 

Surface Rupture 

Surface rupture occurs when the ground surface is broken due to fault movement during an 
earthquake.  The location of surface rupture generally can be assumed to be along an active 
major fault trace.  The two closest faults to the Specific Plan Area, the Chupines and the Seaside 
Faults, are classified as potentially active.16  They are not classified under the A-PEFZA to be  
active faults.  The Seaside General Plan Fault Locations Figure S-1 does not indicate A-PEFZA 
zones or other faults considered active to be in the project area.17  The current version of the 
Alquist-Priolo mapping indicates that an A-PEFZA zone does not cross the Specific Plan Area;18 
therefore, potential for fault rupture at the site is less than significant.   

Ground Shaking 

Ground shaking is a general term referring to all aspects of motion of the earth’s surface 
resulting from an earthquake, and is normally the major cause of damage in seismic events.  The 
extent of ground shaking is controlled by the magnitude and intensity of the earthquake, distance  
 

                                                 
11 City of Seaside, 2004, op. cit.  
12 City of Seaside, 2005, Local Hazard Mitigation Plan, adopted 15 September. 
13 City of Seaside, 2004, op cit. 
14 California Division of Mines and Geology, 1994, Fault Activity Map of California and Adjacent Areas, 

California, Geological Datamap Series, Map No. 6.  
15 USGS, 2003, Earthquake Probabilities in the San Francisco Bay Region: 2002 to 2031, Open File Report 

03-214, Figures 6.1 and 6.2. 
16 City of Seaside, 2004, op. cit. 
17 Ibid. 
18 California Geological Survey, Interim Revision 2007, Fault-Rupture Hazards Zones in California, Special 

Publication 42, California Department of Conservation. 
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from the epicenter, and local geologic conditions.  Magnitude is a measure of the energy released 
by an earthquake; it is assessed by seismographs that measure the amplitude of seismic waves.19  

Intensity is a subjective measure of the perceptible effects of seismic energy at a given point and 
varies with distance from the epicenter and local geologic conditions.  The Modified Mercalli 
Intensity Scale (MMI) is the most commonly used scale for measurement of the subjective 
effects of earthquake intensity (Table 1).  Intensity can also be quantitatively measured using 
accelerometers (strong motion seismographs) that record ground acceleration at a specific 
location, a measure of force applied to a structure under seismic shaking.  Acceleration is 
measured as a fraction or percentage of the acceleration under gravity (g).   

A 7.0 (MW) magnitude event on the nearby active San Andreas Fault in the Santa Cruz 
Mountains segment could be capable of generating strong seismic shaking (MMI VI or VII) in 
the project area.20  

Estimates of the peak ground acceleration have been made for the project area based on 
probabilistic models that account for multiple seismic sources.  Under these models, 
consideration of the probability of expected seismic events is incorporated into the determination 
of the level of ground shaking at a particular location.  The expected peak horizontal acceleration 
(with a ten percent chance of being exceeded in the next 50 years) generated by any of the 
seismic sources potentially affecting the project area is estimated by the California Geological 
Survey at about 0.30g to 0.40g.21  The Seaside Local Hazard Mitigation Plan estimates this 
acceleration at 0.61 to 0.70g.22  This level of ground shaking in the project area is a potentially 
significant hazard. 

Liquefaction and Lateral Spreading 

Liquefaction is the temporary transformation of loose, saturated granular sediments from a solid 
state to a liquefied state as a result of seismic ground shaking.  In the process, the soil undergoes 
transient loss of strength, which commonly causes ground displacement or ground failure to 
occur.  Since saturated soils are a necessary condition for liquefaction, soil layers in areas where 
the groundwater table is near the surface have higher liquefaction potential than those in which 
the water table is located at greater depths.  The Monterey County 2004 General Plan indicates 
that the project area has a low potential for liquefaction, and indicates the potential is moderate 
just beyond the western project boundary.23  The water table is expected to be at about the  

                                                 
19 In the past, the common standard for measurement of magnitude (ML) by geologists and earthquake 

seismologists was the Richter Scale.  However, due to limitations of the instrumentation used to measure Richter 
magnitude, moment magnitude (MW) is now commonly used to characterize seismic events.  Moment magnitude is 
determined from the physical size (area) of the rupture of the fault plane, the amount of horizontal and/or vertical 
displacement along the fault plane, and the resistance of the rock type along the fault to rupture.  The moment 
magnitude can be calculated following an earthquake or estimated for an expected earthquake if the fault rupture 
area and displacement and rock properties can be estimated accurately.  Therefore, the magnitudes of expected 
earthquakes in the San Francisco Bay Area are reported as moment magnitudes. 

20 USGS, 2003, op. cit., Figure 7.1c. 
21 California Geological Survey, Probabilistic Seismic Hazards Mapping Ground Motion Page, accessed 23 

January 2008 at http://redirect.conservation.ca.gov/cgs/rghm/pshamap/psha12237.html. 
22 City of Seaside, 2005, op. cit. 
23 County of Monterey, 2004, County of Monterey General Plan, 2004, Map HS-6.  
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Table 1:  Modified Mercalli Scalea  

 Intensity Effects v,b cm/s gc 
Md I. Not felt.  Marginal and long-period effects of large earthquakes.   
3 II. Felt by persons at rest, on upper floors, or favorably placed.   
 III. Felt indoors.  Hanging objects swing.  Vibration like passing of light trucks.  

Duration estimated.  May not be recognized as an earthquake. 
 0.0035-0.007

4 IV. Hanging objects swing.  Vibration like passing of heavy trucks; or sensation of a 
jolt like a heavy ball striking the walls.  Standing motor cars rock.  Windows, 
dishes, doors rattle.  Glasses clink.  Crockery clashes.  In the upper range of IV 
wooden walls and frame creak. 

 0.007-0.015 

 V. Felt outdoors; direction estimated.  Sleepers wakened.  Liquids disturbed, some 
spilled.  Small unstable objects displaced or upset.  Doors swing, close, open. 
Shutters, pictures move.  Pendulum clocks stop, start, change rate. 

1-3 0.015-0.035 

5 VI. Felt by all.  Many frightened and run outdoors.  Persons walk unsteadily.  Win-
dows, dishes, glassware broken.  Knickknacks, books, etc., off shelves.  Pictures 
off walls.  Furniture moved or overturned.  Weak plaster and masonry D 
cracked.  Small bells ring (church, school).  Trees, bushes shaken (visibly, or 
heard to rustle - CFR). 

3-7 0.035-0.07 

6 VII. Difficult to stand.  Noticed by drivers of motor cars.  Hanging objects quiver. 
Furniture broken.  Damage to masonry D, including cracks.  Weak chimneys 
broken at roof line.  Fall of plaster, loose bricks, stones, tiles, cornices (also 
unbraced parapets and architectural ornaments - CFR).  Some cracks in masonry 
C.  Waves on ponds; water turbid with mud.  Small slides and caving in along 
sand or gravel banks.  Large bells ring.  Concrete irrigation ditches damaged. 

7-20 0.07-0.15 

 VIII. Steering of motor cars affected.  Damage to masonry C; partial collapse.  Some 
damage to masonry B; none to masonry A.  Fall of stucco and some masonry 
walls Twisting, fall of chimneys, factory stacks, monuments, towers, elevated 
tanks.  Frame houses moved on foundations if not bolted down; loose panel 
walls thrown out.  Decayed piling broken off.  Branches broken from trees.  
Changes in flow or temperature of springs and wells.  Cracks in wet ground and 
on steep slopes. 

20-60 0.15-0.35 

7 IX. General panic.  Masonry D destroyed; masonry C heavily damaged, sometimes 
with complete collapse; masonry B seriously damaged.  (General damage to 
foundations - CFR.)  Frame structures, if not bolted, shifted off foundations.  
Frames racked.  Serious damage to reservoirs.  Underground pipes broken.  Con-
spicuous cracks in ground.  In alluviated areas sand and mud ejected, earthquake 
foundations, sand craters. 

60-200 0.35-0.7 

8 X. Most masonry and frame structures destroyed with their foundations.  Some 
well-built wooden structures and bridges destroyed.  Serious damage to dams, 
dikes, embankments.  Large landslides.  Water thrown on banks of canals, rivers, 
lakes, etc.  Sand and mud shifted horizontally on beaches and flat land.  Rails 
bent slightly. 

200-500 0.7-1.2 

 XI. Rails bent greatly.  Underground pipelines completely out of service.  >1.2 
 XII. Damage nearly total.  Large rock masses displaced.  Lines of sight and level 

distorted.  Objects thrown into the air. 
 

 
 

 
a From Richter (1958). 
b  Average peak ground velocity, centimeters per second (cm/s). 
c  Average peak acceleration (away from source). 
d  Richter magnitude correlation. 
Note:  Masonry A, B, C, D.  To avoid ambiguity of language, the quality of masonry, brick or otherwise, is specified by the 
following lettering (which has no connection with the conventional Class A, B, C construction). 
• Masonry A:  Good workmanship, mortar, and design, reinforced, especially laterally, and bound together by using steel, 

concrete, etc; designed to resist lateral forces. 
• Masonry B:  Good workmanship and mortar, reinforced, but not designed to resist lateral forces. 
• Masonry C:  Ordinary workmanship and mortar; no extreme weaknesses such as non-tied-in corners, but masonry is neither 

reinforced nor designed against horizontal forces. 
• Masonry D:  Weak materials, such as adobe; poor mortar; low standards of workmanship; weak horizontally. 
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Expansive Soils 

The soils in the City of Seaside are generally characterized as medium-grained sand of low to 
moderate organic matter content, and excessively well drained.37 The soils below the Specific 
Plan Area have been mapped as the Baywood Sand.38  Sandy soils are generally not expansive; 
therefore the potential for substantial risk to life or property from expansive soils is less than 
significant. 

Slope Stability 

The Specific Plan Area is flat to very gently sloping with slopes of less than five percent.  There 
is no history of landslides in the City of Seaside, and they are not addressed in the Seaside Local 
Hazard Mitigation Plan.39  Therefore, the potential impact from landslide hazards is less than 
significant.   

Soils and Waste Water Systems 

The Specific Plan Area is served by the Seaside County Sanitation District (SCSD).  Service 
would be made available to future projects based on available system capacity.  Therefore, this 
potential impact is less than significant.  

Significant Impacts 

Significant impacts that would require mitigation are described below. 

Impact 1: Seismically-induced Ground Shaking, Liquefaction, and Lateral Spreading 

The project area will likely experience at least one major earthquake (greater than moment 
magnitude 6.7) within the next 30 years.  The intensity of such an event would depend on the 
causative fault and the distance to the epicenter, the magnitude, the duration of shaking, and soil 
qualities.  Saturated soils within the Baywood Sand below the project area may be susceptible to 
liquefaction hazards, piping, and lateral spreading to an open face.  

The 2004 Seaside General Plan includes a policy of reducing the risks of impacts from seismic 
and geologic hazards.  Implementation of the following mitigation measures would reduce these 
potential impacts to a less-than-significant level. 

Mitigation Measure 1a:  The applicant shall perform an assessment for potential seismic and 
geologic hazards.  A geotechnical report shall be prepared by a state-licensed Engineering 
Geologist and/or Civil Engineer.  The recommendations contained in the geotechnical report 
shall be implemented.   

Mitigation Measure 1b:  All development shall be conducted in accordance with the most recent 
building codes and the most recent state and seismic requirements for structural design of new 
development and redevelopment.   
                                                 

37 City of Seaside, 2004, op. cit. 
38 U.S. Department of Agriculture, Web Soil Survey 2.0, National Cooperative Soil Survey, accessed 13 

December 2007 at http://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx. 
39 City of Seaside, 2005, op. cit. 
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Impact 2: Differential Settlement 

Future projects within the redevelopment area may result in areas of cut and fill, and may 
involve new or redevelopment projects that span old building footprints and combined parcels 
with historically different uses.  Fills of different thickness and fills adjacent to cut areas could 
create the potential for differential settlement.  Construction on un-compacted and loose fill, if 
present, would be subject to varying rates of settlement.  If the settlement is not uniform, 
structural damage can occur.  Buried utilities may also experience differential settlement along 
their alignments.  Structures built over discontinuous materials of varying densities and 
compactness may be subject to stress or damage due to differential settlement.  Implementation 
of the following mitigations would reduce this potential impact to a less-than-significant level. 

Mitigation Measure 2: The applicant shall perform an assessment of the potential for differential 
settlement. A site-specific geologic conditions report shall be prepared for future projects in the 
redevelopment area due to the seismic and liquefaction hazards in the area, and the 
recommendations from a licensed engineering geologist or civil engineer contained in the 
geologic report shall be implemented.  The California Building Code (CBC) recommends that 
geologic reports include evaluations of conditions that could lead to differential settlement and 
provide for project-level mitigations in the report.  Preparation of geologic reports by licensed 
professional(s) and implementation of associated recommendations for future projects would 
render this potential impact less than significant. 
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