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In populated areas, the greatest potential for loss of life and property damage can result from 
groundshaking from a large or nearby earthquake.  The degree of damage depends on many 
interrelated factors. Among these are the magnitude, focal depth, distance from the causative 
fault, source mechanism, duration of shaking, rock or soil accelerations, type of sedimentary 
deposits or bedrock, degree of consolidation of deposits, presence of high groundwater, 
topography, and the design, type, and quality of building construction. 

Active faults are those faults which have caused soil and strata displacement with evidence of 
ground surface displacement during the Holocene epoch (the last 11,000 years). Some faults 
are characterized as active based on ground surface displacements during historic time 
(approximately the last 200 years) while others are characterized as active based on ground 
surface displacements in rocks or sediments which are less than 11,000 years old. Some faults 
may have been active in this time period, but do not have identifiable ground surface 
displacements, while other faults may be considered active by the USGS or the CGS, although 
they have not generated earthquakes during the Holocene. Several documented earthquakes 
have occurred on faults not previously recognized as active. 

Potentially active faults are defined by the CGS and are those for which there is evidence of 
surface displacement within the Quaternary period (the last 1.6 million years). Faults that have 
experienced movement in the last 11,000 to 750,000 years are conditionally active faults. 

The known active faults in the Coast Ranges are expected to be the main source of future 
groundshaking hazards in the Study Area.  The known active faults in the Sierra Nevada pose 
less of a threat to the Study Area because they are farther away and not capable of producing 
as large earthquakes as the Coast Ranges faults.  A characteristic earthquake on the San 
Andreas fault (M7.9) probably is the largest earthquake that would affect the Study Area.  
Characteristic earthquakes on the Hayward fault (M7.1) and the Calaveras fault (M6.8) would be 
smaller, but could be more damaging because they are closer to the Study Area.  The peak 
ground accelerations from these earthquakes are expected to be in the order of 150 to 
175 percent of the force of gravity (1.5 to 1.75g) in the vicinity of the causative faults, but closer 
to 0.5g in the Study Area.  The 2007 CBC incorporates attenuation relationships developed by 
the California Geological Survey’s Probabilistic Seismic Hazard Program, which consider 
vibration contributions from multiple seismic sources.  The resultant map (Figure 1613.5(3) of 
the 2007 CBC) of short term (0.2 second) ground response indicates the Study Area would be 
subjected to average peak ground accelerations of approximately 0.45g to 0.59g for the largest 
earthquakes in the Coast Ranges.  The 2007 CBC requires the design earthquake (i.e., the 
maximum considered earthquake acceleration response for a given site) to be calculated using 
2/3 of the mapped acceleration value – in this case, approximately 0.3g to 0.4g.  The same 
procedure is used for all structures for human occupancy in California.  Groundshaking effects 
measured on the MMI Scale for this level of acceleration would be between MMI III and MMI IV. 
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Liquefaction Potential  

Liquefaction is the phenomenon in which uniformly sized, loosely deposited, saturated, granular 
soils with low clay content undergo rapid loss of shear strength through the development of 
excess pore pressure during strong earthquake induced groundshaking of sufficient duration to 
cause the soil to behave as a fluid for a short period of time.  Liquefaction generally occurs in 
saturated or near-saturated cohesionless soils at depths shallower than 50 feet below the 
ground surface.  If the liquefying layer is near the ground surface, the effect for any structure 
supported on it is much like that of quicksand, resulting in sinking or tilting.  If the layer is deeper 
in the subsurface, it can provide a sliding surface for materials above it, resulting in lateral 
motion (spreading or lurching) toward any nearby ‘free face’ (shore bluff, river embankment, 
excavation wall).   

Liquefaction related phenomena include vertical settlement from densification, lateral spreading, 
ground oscillation, flow failures, loss of bearing strength, subsidence, and buoyancy effects. 

Only the Tujunga sands within the Study Area present the likelihood of liquefaction because all 
the other soils contain mixtures of finer and coarser sediments that enhance the cohesiveness 
and strength of the soils. 

Landsl ides 

Landslides are downward and outward movements of slope-forming materials which may be 
rock, soil, artificial fill, or combinations of these materials.  The size of landslides varies from 
small slumps or soil flows (usually containing less than one cubic yard of material) to massive 
soil and rock movements containing hundreds to millions of cubic yards of material.  Large 
landslides may move downslope for hundreds of yards or even several miles, moving rapidly or 
so slowly (creep) that a change of position can be noted only over a period of weeks or years. 

The susceptibility of a given area to landslides depends on a many variables, such as:  

 Steepness of slope – landslides usually occur on moderate to steep slopes. 

 Type of slope material – loose, unconsolidated soils and soft, weak rocks are more 
hazardous than are firm, consolidated soils or hard bedrock. 

 Structure and physical properties of materials – the orientation of layering and zones 
of weakness relative to slope direction strongly affect landslide potential. 

 Water content – increasing water content increases landslide hazard because water 
decreases resistance to sliding and adds weight to the materials on a slope. 

 Amount of vegetation – abundant vegetation with deep roots increases slope stability. 

 Proximity to areas undergoing rapid erosion or man-made cuts – undercutting 
slopes may greatly increase landslide potential. 

 Earthquake ground motions – strong ground motion may trigger landslides in 
marginally stable slopes or loosen slope materials and thus increase the risk of future 
landslides. 

These general characteristics influencing landslide hazards are well understood and it is 
possible to map areas in terms of general susceptibility to landslides. 

Only the steep banks of the Stanislaus River would be subject to landslides, mudslides, or 
rockfalls induced by seismic activity or excessive rainfall.  The remainder of the Study Area is 
essentially flatlying.   
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Volcanic Hazards 

The most probable centers of future volcanic eruptions in California are in the Cascade Range 
and the Sierra Nevada mountains, with the greatest concentrations in northeastern California 
(east of Interstate 5) and along the southeastern California border with Nevada.  More than 500 
volcanic vents have been identified in California, at least 76 of which have erupted during the 
past 10,000 years. Six areas of the state are considered by the USGS to be subject to potential 
hazards from future eruptions.  The area closest to Oakdale and Stanislaus County is the Long 
Valley Caldera, including Inyo Craters, Mono Craters, and Mammoth Mountain.  The most 
recent major eruption within the Long Valley Caldera area was approximately 600 years ago, 
although there appears to have been at least three minor eruptions within the last 200 years.  
This area remains seismically restless as a result of magma chamber activity at relatively 
shallow depths below the ground surface.3  Because the Long Valley Caldera is approximately 
120 miles east of Oakdale, it is not considered a substantial hazard in the Study Area. 

REGULATORY CONTEXT 

Federal 

There are no federal regulations directly applicable to the geotechnical conditions at the Study 
Area.  Nonetheless, installations of any underground utility lines are required to comply with 
industry standards specific to the type of utility (e.g., National Clay Pipe Institute for sewers; 
American Water Works Association for water lines, etc.) and the discharge of contaminants is 
required to be controlled through the National Pollutant Discharge Elimination System (NPDES) 
permitting program for management of construction and municipal stormwater runoff.  These 
standards contain specifications for installation, design, and maintenance to reflect site-specific 
geotechnical conditions.  The assessment of site-specific conditions is mandated at the state 
and local levels through regulations contained in the California Building Code and the Oakdale 
Municipal Code and is enforced through plan review and inspection programs coordinated by 
the City. 

Executive Order 12699 

If new construction of buildings owned, leased, constructed, assisted, or regulated by the 
federal government occurs in the Study Area, Executive Order 12699, “Seismic Safety of 
Federal and Federally Assisted of Regulated New Building Construction,” would apply to those 
structures.  The Executive Order was signed by President George H. W. Bush on January 5, 
1990 to further the goals of Public Law 95-124, the “Earthquake Hazards Reduction Act of 
1977,” as amended.  Guidelines and procedures for implementing the Executive Order were 
prepared in 1992 by the federal Interagency Committee on Seismic Safety in Construction.  The 
guidelines establish minimum acceptable seismic safety standards, provide evaluation 
procedures for determining the adequacy of local building codes, and recommend 
implementation procedures.  Each federal agency is independently responsible for ensuring 
appropriate seismic design and construction standards are applied to new construction under its 
jurisdiction.4 

                                                 
3 Miller, C. Dan, 1989, Potential Hazards from Future Volcanic Eruptions in California: USGS Bulletin 1847, 17p. 
4 US Department of Commerce, Technology Administration, National Institute of Standards and Technology, 
Guidelines and Procedures for Implementation of the Executive Order on Seismic Safety of New Building 
Construction, NISTIR 4852, 1992, pp. 1 through 7. 
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Under the original Executive Order 12699, the model code for the West Coast was the Uniform 
Building Code developed by the International Conference of Building Officials (ICBO).  In 1994, 
the ICBO joined with other similar organizations in the Southeast and on the East Coast to form 
the International Code Council (ICC).  In 2000, the ICC published the first International Building 
Code (IBC) based on the reassessment of earlier codes and the combined updated experience 
of ICC member organizations.  The current 2006 IBC is the result of nearly 100 years of building 
code improvement and forms the basis of the California and Oakdale building codes, which are 
successively more stringent than the codes in force at the time of the implementation of the 
original federal guidelines. 

State 

Alquist -Priolo Earthquake Fault  Zoning Act 

The State legislation protecting the population of California from the effects of fault-line ground-
surface rupture is the Alquist-Priolo Earthquake Fault Zoning Act (California Public Resources 
Code 1972, 1997).  The Act was originally called the Special Studies Act, but was renamed in 
1994.  The Act was passed in response to the 1971 Sylmar Earthquake (also known as the San 
Fernando Earthquake), which was associated with extensive surface fault ruptures that 
damaged numerous homes, commercial buildings, and other structures.  The primary purpose 
of the Act is to reduce the hazard of fault rupture by prohibiting the construction of buildings for 
human occupancy across the trace of an active fault.5  The Act requires the State Geologist to 
delineate Earthquake Fault Zones along fault traces that are “sufficiently active” and “well 
defined.”  The zones extend 200 to 500 feet on either side of identified active fault traces and 
are revised periodically, as new information becomes available.  The CGS has prepared nearly 
600 maps delineating Earthquake Fault Zones. 

No structures for human occupancy may be built across an identified active fault trace.  An area 
of 50 feet on either side of an active fault trace is assumed to be underlain by the fault, unless 
proven otherwise.  Proposed structures for human occupancy in an Alquist-Priolo Earthquake 
Fault Zone are permitted only following the completion of a fault location investigation report 
prepared by a California-registered Professional Geologist, usually in cooperation with a 
Geotechnical Engineer, and reviewed by the City’s California-registered Professional Geologist.  
These reports conform to the guidelines set forth by CGS Note 49, Guidelines for Evaluating the 
Hazard of Surface Fault Rupture, 1997a, and Special Publication 117, Guidelines for Evaluating 
and Mitigating Seismic Hazards in California, 1997b.  The investigations encompass the most 
recent information obtainable from the USGS, the CGS, and other published sources, as well as 
data recovered onsite from trenches, borings, test pits, and by geophysical methods.  The 
location and structural design recommendations resulting from the investigation must be 
incorporated in the planning for, and structural design of, the proposed development 
(CGS, 2007). 

                                                 
5 Alquist-Priolo Earthquake Fault Zoning Act, California Public Resources Code, Division 2, “Geology, Mines, and 
Mining,” Chapter 7.5 “Earthquake Fault Zones,” Sections 2621 through 2630; signed into law December 22, 1972, 
most recently amended October 07, 1997. 
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The Act dictates that cities and counties withhold development permits for sites in an 
Earthquake Fault Zone until the fault location investigations demonstrate that the sites are not 
threatened by surface displacements from faulting.  No portion of the City of Oakdale is in an 
Earthquake Fault Zone.  The only Earthquake Fault Zone in Stanislaus County is near the 
southernmost tip of the county along the Oragalita fault in the Diablo Range. 

Alfred E.  Alquist Hospital  Faci l i t ies Seismic Safety Act of 1983 (HFSSA) and 
Senate Bi l l  1953 

If the construction of hospital buildings occurs in the Study Area, the Hospital Facilities Seismic 
Safety Act of 1973, as amended by the Alfred E. Alquist Hospital Facilities Seismic Safety Act of 
1983 (HFSSA), would apply to those structures.  In response to the 1971 Sylmar earthquake, 
the California Legislature enacted laws which require that acute care hospitals be designed and 
constructed to withstand a major earthquake and ultimately to remain operational immediately 
after such an event.  The HFSSA requires that construction and design plans for acute care 
hospitals in California be in full compliance with the regulations and standards developed by the 
Office of Statewide Health Planning and Development (OSHPD) pursuant to the HFSSA.  The 
HFSSA preempts local regulatory authority (i.e., the City Municipal Code) over the design and 
construction of “health facilities,” a category that includes hospital buildings and certain skilled 
nursing facilities.  Under the HFSSA, OSHPD has the authority to review plans and 
specifications for such buildings, to conduct inspections, and to oversee the design and details 
of the architectural, structural, mechanical, plumbing, electrical, and fire and panic safety 
systems.  Following the 1994 Northridge earthquake, Senate Bill 1953 (SB 1953) amended the 
HFSSA and reinforced the importance of retaining the structural integrity of medical facilities.  
By 2030, every “health facilities” building must be designed and constructed to remain standing 
and be operational following a major earthquake.6 

In conducting its permitting review for acute care hospital buildings, OSHPD applies a distinct 
subset of the requirements of the 2007 California Building Code (CBC).  These are known as 
the “OSHPD 1” requirements, which govern comprehensively all aspects of the design and 
construction of hospital buildings.  OSHPD 1 requirements are listed in Section 110.1 of the 
2007 CBC.  For the most part, they are identical to the standard 2007 CBC requirements, but 
where they differ (for example in not permitting certain Alternative Seismic Design Category 
Designations and Simplified Design Procedures, or requiring specific modifications to the 
American Society of Civil Engineers Minimum Design Loads for Buildings and Other Structures), 
they are detailed in seven chapters of the 2007 CBC: Chapters 16A (Structural Design), 17A 
(Structural Tests and Special Inspections), 18A (Soils and Foundations), 19A (Concrete), 21A 
(Masonry), 22A (Steel), and 34A (Existing Structures).  For hospital buildings, OSHPD is 
responsible for ensuring that the HFSSA seismic safety standards are met and for applying and 
enforcing the OSHPD 1 requirements of the 2007 CBC. 

                                                 
6 California Health and Safety Code, Sections 130000 – 1300025, 2005. 



NOVEMBER 2009  GEOLOGIC & SEISMIC HAZARDS CHAPTER 

 
CITY OF OAKDALE D.1-18  GENERAL PLAN TECHNICAL BACKGROUND REPORT 

Cal i fornia Bui lding Code (CBC) 

All development in the State of California must comply with the provisions of the California 
Building Code.  The CBC provides minimum requirements for grading, building siting, 
development, and seismic design.  Until January 1, 2008, the CBC was based on the then-
current Uniform Building Code and contained Additions, Amendments and Repeals specific to 
building conditions and structural requirements in the state of California.  The 2007 CBC, 
effective January 1, 2008, is based on the current (2006) International Building Code (IBC) and 
contains prominent enhancement of the sections dealing with fire safety, equal access for 
disabled persons, and environmentally friendly construction.7   Each jurisdiction in the state may 
adopt its own building code based on the 2007 CBC.  Local codes are permitted to be more 
stringent than Title 24, but, at a minimum, are required to meet all state standards and enforce 
the regulations of the 2007 CBC beginning January 1, 2008.   

Chapter 16 of the CBC deals with Structural Design Requirements, including (but not limited to) 
regulations governing seismically resistant construction such as factors and coefficients used to 
establish seismic site class and seismic occupancy category for the soil/rock at a building 
location and the proposed building design.  Chapter 18 deals with the requirements for 
foundation and soil investigations (Section 1802); excavation, grading, and fill (Section 1803); 
allowable load bearing values of soils (Section 1804); the design of footings, foundations, and 
slope clearances (Section 1805), retaining walls (Section 1806), pier, pile, driven, and cast in 
place foundation support systems (Section 1808, 1809 & 1810).  Chapter 33 includes (but is not 
limited to) requirements for safeguards at work sites to ensure stable excavations and cut or fill 
slopes (Section 3304).  Appendix J includes (but is not limited to) grading requirements for the 
design of excavations and fills (Sections J103 through J107) and for erosion control (Sections 
J109 & J110).  Construction activities are subject to occupational safety standards for 
excavation, shoring, and trenching as specified in Cal-OSHA regulations (CCR, Title 8). 

The City of Oakdale and Stanislaus County use the 2007 CBC as the basis for their building 
codes. 

Seismic Hazards Map Act 

The state regulations protecting the public from geo seismic hazards, other than surface 
faulting, are contained in California Public Resources Code, Division 2, Chapter 7.8 (the 
Seismic Hazards Mapping Act), described here, and 2007 California Code of Regulations 
(CCR), Title 24, Part 2 (the California Building Code ), described above.  Both of these 
regulations apply to public buildings, and a large percentage of private buildings, intended for 
human occupancy. 

The Seismic Hazard Mapping Act was passed in 1990 following the Loma Prieta earthquake to 
identify and map seismic hazard zones for the purpose of assisting cities and counties in 
preparing the safety elements of their general plans, to encourage land use management 
policies and regulations that reduce seismic hazards, to reduce threats to public health and 
safety, and to minimize property damage caused by earthquakes.  The act directs the CGS to 
identify and map areas prone to the earthquake hazards of liquefaction, earthquake induced 
landslides, and amplified groundshaking.  The act requires site specific geotechnical 
investigations to identify potential seismic hazards and formulate corrective measures prior to 
permitting most developments designed for human occupancy within the Zones of Required 
Investigation. 

                                                 
7 California Building Standards Commission, 2007 California Building Code, California Code of Regulations, Title 24, 
Part 2, Volumes 1 and 2, effective January 1, 2008. 
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As of August 2009, 117 official seismic hazard zone maps showing areas prone to liquefaction 
and landslides had been published in California, and more are scheduled for 2010.  Most of the 
mapping is being performed in Southern California and the San Francisco Bay Area.  CGS 
Special Publications 117, “Guidelines for Evaluating and Mitigating Seismic Hazards in 
California,” provides guidance for the evaluation and mitigation of earthquake-related hazards 
for projects in designated zones of required investigations.  The City of Oakdale and Stanislaus 
County have not been mapped for seismic hazards by CGS. 

California Environmental  Quality Act Appendix G and Environmental  Thresholds of 
Signif icance 

The 2009 Guidelines for the California Environmental Quality Act (CEQA) provide a sample 
form, “Appendix G: Environmental Checklist,” for the use of lead agencies in the preliminary 
environmental review of proposed projects.  When used in conjunction with an appropriate 
environmental information form, such as the sample in CEQA Appendix H, the Checklist meets 
the CEQA requirements for an Initial Study, provided the identification of each environmental 
effect on the Checklist is explained to indicate that there is some evidence to support the 
conclusion that the effect may occur.  The forms are only suggested, and public agencies are 
free to devise their own formats.  Appendix G has not been updated for more than 10 years.  
Although it remains a useful tool for its intended purpose, the Checklist section devoted to 
geology and soils contains undefined descriptors, outdated references to the CBC and 
California Geological Survey publications, and, as with most other Appendix G sections, no 
standards against which to measure the potential effects of a proposed project on the 
environment or of the environment on a proposed project.  Many of the geology and soils 
Checklist questions are ambiguous and their answers do not constitute definitive evidence that 
adverse environmental effects would occur if a project were implemented.  These are not 
serious defects when the Appendix G Checklist is used as intended (i.e., as a guideline for 
preliminary consideration of whether a proposed project could affect the environment in which 
the project would be implemented).  However, when most geology and soils Checklist questions 
are utilized as criteria to determine the level of significance of a potential environmental impact, 
the determinations cannot be substantiated because there are no stipulated factors or 
conditions against which to measure the potential effects.  Consequently, although many 
jurisdictions accept it as such, the Appendix G Checklist is not a set of thresholds of 
significance, at least for issues related to geology and soils. 

Because the City of Oakdale’s and Stanislaus County’s geology and soils thresholds of 
significance re-iterate Appendix G of the CEQA Guidelines, it is necessary to apply some 
external standard against which to measure the potential effects of, or to, a proposed project 
with regard to the geological environment (including geology, soils, seismicity, slope stability, 
erosion, etc.) when preparing a CEQA document.  Given that most urban construction projects 
have little or no effect on the geological environment beyond those produced by grading, and 
that the City enforces the 2007 CBC, it is appropriate to use the 2007 CBC standards to define 
thresholds of significance for the effects the geologic environment could have on a project, for 
CEQA purposes.  Adverse effects would be considered unavoidable significant impacts if they 
could not be reduced to a level of risk consistent with the standards established by the 
2007 CBC.  Adherence to the 2007 CBC would ensure the maximum practicable protection 
available for people and structures on project sites and would render all potential geology and 
soils impacts less-than-significant.  Because compliance with the requirements of the 2007 CBC 
is not optional, no discretionary action (mitigation measures) would be necessary on the part of 
the City to enforce it: compliance by an applicant is part of the regulatory environment in which a 
project would be implemented.   
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The design of new structures in the Study Area would be required to comply with the 2007 CBC 
standards, and, as a consequence, would not be permitted to exceed the applied thresholds of 
significance.  Where nexus can be demonstrated, the City does have the authority to impose 
conditions of approval beyond those stipulated by the 2007 CBC standards to ensure due 
diligence in implementation of projects. 

California Geological Survey Special  Publications 

The California Geological Survey produces a variety of on-line and hard-copy publications that 
provide guidance for individuals and municipalities addressing issues related to geology and 
geologic hazards including fault rupture, seismic groundshaking, liquefaction, landsliding, 
settlement, etc.  With the exception of Official Maps, such as Earthquake Fault Zones and 
Seismic Hazard Zones, these publications represent compendia of State legislation, 
professional judgment, and Best Management Practices recognized by the State of California as 
appropriate methods for investigating and mitigating geologic hazards.  Although many of the 
guidelines have been adopted by the State for advisory purposes, none has the force of law in 
itself unless adopted specifically by a municipality as its “official” procedure.  Most municipalities 
have not adopted any of these documents as official procedures, but expect their consultants to 
use them as intended – as the most practical and widely accepted guides for addressing issues 
arising from geologic conditions within the municipality’s jurisdiction.  The City of Oakdale and 
Stanislaus County have not codified any of these guidelines in their Municipal Codes. 

Local 

The City of Oakdale adopted the 2007 CBC as the basis for its building code (Municipal Code, 
Chapter 7, Articles I and II) through Ordinance No. 1158, Section 2, on January 2, 2008.  The 
full 2007 City of Oakdale Building Code consists of the 2006 IBC, as amended by the 2007 
CBC, and as further modified by City amendments designed to be used in conjunction with the 
2007 CBC.  Compliance with the Building Code is mandatory.  Throughout the permitting, 
design, and construction phases of a building project, City planners, engineers, and building 
inspectors confirm that the Building Code is being implemented by project architects, engineers, 
and contractors. 

Stanislaus County adopted the 2007 CBC as the basis for its building code (Municipal Code, 
Title 16, Chapter 16.05 Articles) through Ordinance No. CS 1017 Sections 5 through 10, on 
December 11, 2007.  The full 2007 Stanislaus County Building Code consists of the 2006 IBC, 
as amended by the 2007 CBC, and as further modified by County amendments designed to be 
used in conjunction with the 2007 CBC.  Compliance with the Building Code is mandatory.  
Throughout the permitting, design, and construction phases of a building project, County 
planners, engineers, and building inspectors confirm that the Building Code is being 
implemented by project architects, engineers, and contractors. 
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KEY TERMS 

Active Faults. Faults which have caused soil and strata displacement with evidence of ground 
surface displacement during the Holocene epoch (the last 11,000 years). 

Earthquake Magnitude. A quantitative measure of the strength of an earthquake or the strain 
energy released by it, as determined by seismographic observations.   

Erosion.  A two-step process by which soils and rocks are broken down or fragmented and then 
transported. 

Expansive Soils. Soils that are prone to change in volume because of the presence or absence 
of moisture.   

Landslides.  Downward and outward movements of slope-forming materials which may be 
rock, soil, artificial fill, or combinations of these materials.   

Liquefaction.  The phenomenon in which uniformly sized, loosely deposited, saturated, 
granular soils with low clay content undergo rapid loss of shear strength through the 
development of excess pore pressure during strong earthquake induced groundshaking of 
sufficient duration to cause the soil to behave as a fluid for a short period of time.   

Moment Magnitude (M) Scale. A logarithmic scale that is used to measure the total amount of 
energy released by an earthquake, and is related to the physical dimensions of the ruptured 
portion of a fault plane and the movement or displacement across that plane.  

Subsidence. The sinking of a relatively large area of ground in which the material is displaced 
vertically downward, with little or no horizontal movement.   


