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10. SAFETY ELEMENT
10.1 INTRODUCTION
In accordance with the State General Plan Guidelines, the safety element includes maps of
known hazards including seismic and other geologic hazards, and other hazards described
below. It addresses evacuation routes; peak-load water supply requirements; and
minimum road widths and clearances around structures, as they relate to identified fire
and geologic hazards. Other locally relevant safety issues, including hazardous materials
spills and water quality protection are also discussed in this element. The County
Hazardous Waste Management Plan (HWMP) is incorporated herein by reference, and the
goals and policies of the HWMP related to the Safety Element are stated in this section.
LEGAL AUTHORITY
As directed by the State legislature, this element of the General Plan is intended to
further "the protection of the community from any unreasonable risks associated with
the effects of seismically induced surface rupture, ground shaking, ground failure,
tsunami, seiche, and dam failure; slope instability leading to mudslides and landslides,
subsidence and other geologic hazards known to the legislative body; flooding; and
wild land and urban fires (Government Code Section 65302(g))." (Useful Safety
Element definitions and information may be found at the end of this element.) In this
General Plan, flooding and flood control are discussed in more than one element. For
information, goals and policies regarding these issues, the reader is directed to
Sections 7.8, Drainage and Flood Control; and 10.8, Flood Hazards.
This element identifies the hazards that Contra Costa County and its cities must consider
when making land use decisions. Based on analysis of local hazards and an evaluation of
their associated risks to life and property, this element recognizes a degree of acceptable
risk and contains policies for risk management. The element also provides the basis for
planning and coordination of risk management with other divisions of County government,
the incorporated cities, and State and federal agencies in order to ensure that public
projects, plans and programs of other government agencies reflect public safety issues for
Contra Costa County residents.

10.2 RELATIONSHIP TO OTHER ELEMENTS
The Safety Element is expected to affect land use policies and hence is coordinated with
the Land Use Element. Safety considerations may affect the Open Space/Conservation
and Public Facilities/Services Elements, and may present additional justification for
lowering density in conjunction with land use decisions, based partly on seismic and
landslide risk. The Safety Element is also related to the Housing, Transportation and
Circulation; and Public Facilities/Utilities Elements in that it discusses hazards that may
affect decision-making in these issue areas.

10.3 RELATIONSHIP TO OTHER GENERAL PLAN DOCUMENTS
The goals, policies and implementation measures contained in this element are
intended to guide planning for public and private projects that are subject either to
approval of the County planning agency, or to review by County staff, although they
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may be under the jurisdiction of other public agencies operating in the County. Such
goals, policies and implementation measures are intended to be consistent with the
other elements of the General Plan, as well as with other planning documents,
including the County HWMP (1988).

10.4 GENERAL PUBLIC SAFETY ASSUMPTIONS
The concept of public safety expressed in this element, and the proposed policies and programs
to achieve a suitable degree of public protection, are based on the following assumptions:
o
o

o

Hazards are an unavoidable aspect of life. Not all hazards can be eliminated, nor
can every degree of risk be eliminated for any specific hazard.
Public policy and action are appropriate measures to mitigate significant hazards to the
general public or to a large part of the population. Such hazards may have a relatively low
risk of occurrence but would be disastrous should they occur, or they may have a
relatively high risk of occurrence, such as minor landslides, but would not be disastrous.
Hazards of the latter type can be due to persistent safety problems in the County.
Through the dissemination of information and public discussion, satisfactory
judgments can be made as to the levels of monetary, environmental and social
costs appropriate to mitigate hazards to public safety.

The policies of this element are not intended to remove all risks associated with the
specific hazards discussed, but when implemented will reduce risks to life and property
from certain natural and man-made events and conditions, and will lead to greater life
safety in case of general disaster.
The determination of acceptable and unacceptable risk requires judgments based on
weighing several factors including the nature of the hazard, the frequency, or risk, of a
damaging event associated with the hazard, and the relative number of persons
exposed to the risk. The degree or intensity of any specific hazard is a major
consideration in public mitigation efforts. Thus, hazards with a high life-loss potential
are less acceptable than hazards which primarily affect property, and hazards which
could impact entire communities are less acceptable than hazards which may impact
relatively few persons. Only minimal risk to critical facilities and functions (including
water supply, emergency services, evacuation routes, and medical and mass care
facilities) is considered acceptable since these facilities and functions are critical to
disaster recovery for entire communities.
Exposure to the natural hazards considered in the element is often voluntary; persons who
choose to purchase property on unstable ground or subject to wildfire and flooding are usually
aware of the potential hazard. On the other hand, exposure to some risks, such as exposure to
hazardous substances, is usually involuntary. Voluntarily taken risks are not necessarily acceptable from the public point of view because property owners have expectations that grading
and building regulations, fire services, and flood control works will provide a significant degree
of risk reduction. The greater capital and maintenance costs of public facilities in hazardous
areas, represent a disproportionate share of tax revenues for hazard mitigation.

10.5 SAFETY ELEMENT ORGANIZATION
This chapter of the General Plan is divided into six sections that present background
information, policies, maps, and implementation measures regarding:
o

seismic hazards (earthquakes and faults, and the effects of strong earthquakes,
such as liquefaction);
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o
o
o
o
o

landslides and associated hazards;
flooding hazards, including the impacts of the "greenhouse effect," subsidence,
and dam or levee failure;
hazardous material uses, including the transport and storage of hazardous
materials, pipelines, etc.;
dangers to water quality and public water supplies; and,
disaster planning and the provision of public protection services.

10.6 SEISMIC HAZARDS
INTRODUCTION
Earthquakes are sudden releases of strain energy stored in the earth's bedrock. The
great majority of earthquakes are not dangerous to life or property either because they
occur in sparsely populated areas or because they are small earthquakes which release
relatively small amounts of energy. However, where urban areas are located in regions
of high seismicity, damaging earthquakes are expectable if not predictable events.
Seismic risk is assumed by every occupant and developer in Contra Costa County
because the County is within an area of high seismicity; the San Francisco Bay Region
has been impacted by more than ten severe earthquakes during historic time.
The major effects of earthquakes are ground shaking and ground failure. Severe
earthquakes are characteristically accompanied by surface faulting and less commonly by
tsunamis and seiches, further described in the "Flood Hazards" section of this chapter.
Flooding may also be triggered by dam or levee failure resulting from an earthquake, or
by seismically-induced settlement or subsidence. All of these geologic effects are capable
of causing property damage and, more importantly, risks to life and safety of persons.
A fault is a fracture in the earth's crust along which the rocks on opposite sides have
moved relative to each other. By definition, active faults have a high probability of future
movement. With regard to planning and development, two aspects of fault displacement
should be considered: (a) the effects that sudden movement along faults may have on
structures built across their traces, and (b) the relatively slow effects of fault creep on
structures built across their traces. Fault displacement involves forces so great that the
only means of limiting damage to man-made structures is to avoid the traces of active
faults. Any movement beneath a structure, even on the order of an inch or two, could
have catastrophic effects on the structure and its service lines.
Energy release events on an active fault may alternate from one trace to another, and
movement on a master fault may trigger adjustments on minor, subsidiary faults.
Because of these factors, fault traces which intersect or parallel known active faults
warrant special consideration during project review.
For the purpose of this Safety Element, earthquakes are classified according to the
descriptive names listed in Table 10-1.
Earthquake planning and seismic review often use a set of descriptions of predicted
earthquake capabilities called "maximum credible earthquake" and "maximum probable
earthquake." The maximum credible earthquake is the maximum earthquake that appears
capable of occurring. The maximum probable earthquake is the maximum earthquake
believed likely to occur during a 100-year interval. The maximum credible and maximum
probable earthquakes for various faults in the county are defined later in this chapter.
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Descriptive Title

TABLE 10-1
EARTHQUAKE SIZE DESCRIPTIONS
Richter
Magnitude

Minor Earthquake

1 - 3. 9

Small Earthquake

4 - 5.9

Moderate earthquake

6 - 6.9

Major earthquake

7 - 7.9

Great earthquake

8 - 8+

Intensity Effects1

Only observed instrumentally or felt
only near the epicenter. Modified
Mercalli Scale, intensity IV or less.
Surface fault movement is small or
does not occur. Felt at distances of up
to 20 to 30 miles from epicenter. May
cause damage (Modified Mercalli
Scale, VII) in small area.
Moderate to severe earthquake
range; fault rupture probable.
Landslides, liquefaction and ground
failure triggered by shock waves.
Damage extends over a broad
area, depending on magnitude and
other factors. Maximum intensity
ranges from VIII to XII on the
Modified Mercalli Scale.

Source: Compiled by Contra Costa County Conservation and Development Department.

The overall energy release of an earthquake is its most important characteristic, but
not the only criterion required for seismic safety planning or construction design. Other
important attributes include an earthquake's duration, its related number of significant
stress cycles and its accelerations. Structures capable of withstanding more powerful
earthquakes can fail in a less severe earthquake of long duration or due to especially
high local accelerations.
Local Geology
In order to understand the fault system in Contra Costa County, where earthquakes
are most likely to occur, a brief discussion of the local geology is necessary. Figure 101 illustrates the generalized geology of the County and the accompanying Table 10-2
summarizes the County's "geologic column" and geologic time scale.
The geology of Contra Costa County is dominated by several northwest trending fault
systems which divide the County into large blocks of rock. For example, the Briones Hills
are bounded by the Hayward fault on the west and elements of the Franklin-Calaveras
fault system on the east. Within a particular block the rock sequence consists of (1) a
basement complex of broken and jumbled pre-Tertiary sedimentary, igneous and
metamorphic rocks; (2) a section of younger Tertiary sedimentary rocks and some
volcanic rocks (flows and tuffs) which locally intertongue with and overlie the sedimentary
section; and, (3) surficial deposits including stream alluvium, colluvium (slopewash
deposits at the foot of steeper slopes), slides, alluvial fans, and Bay Plain deposits. The
character of each of these categories of rocks is summarized in Table 10-2.
From the perspective of seismic safety planning, the older, coarser, and well-drained
materials tend to be stable during earthquakes, while younger, fine-grained and watersaturated deposits tend to be less stable. Colluvium is often marginally stable to
unstable. A disproportionate share of landslides originate in colluvium.
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TABLE 10-2
GEOLOGIC TIME SCALE
GENERALIZED STRATIGRAPHIC SECTION
AND LITHOLOGIC CHARACTERISTICS
Generalized Stratigraphic Section
Geologic Age
Formation Name
(Absolute Age)1

General Lithologic Description

Quaternary
Holocene & Pleistocene
(0-2)

Alluvium

Includes all types of alluvial deposits. In Central
Coast Range, it is separated from Contra Costa
Group by an angular unconformity.

Tertiary
Pliocene
(2-5)

Contra Costa Group
Bald Peak Basalt
Siesta Formation
Moraga Formation
Orinda Formation

Conglomerate, sandstone, siltstone with minor
amounts of limestone and tuff; rapid face changes.
Some basalt and andesite (volcanic) flows. Clastics
are semi-consolidated and contain montmorillonite
clay. Topographic form highly variable.

Miocene
(5-24)

San Pablo Group (Diablo Range)
Neroly Sandstone
Cierbo Sandstone
Briones Sandstone

Predominantly marine sandstone with interbeds
of shale, siltstone and minor conglomerate.
Upper part includes some non-marine beds (e.g.,
Diablo Formation of Weaver, 1944)

Monterey Group (Briones Hills)
Rodeo Shale
Hambre Sandstone
Tice Shale
Claremont Shale
Sobrante Sandstone

Siliceous shale and fine-grained sandstone.
Some zones of rhythmically bedded chert and
shale. Bituminous in places. Underlies
moderately steep-to-steep hillsides in Briones
Hills.

Oligocene
(24-37)

San Ramon Formation

Tuffaceous sandstone, tuff, minor conglomerate
and siltstone.

Eocene
(37-58)

Markley Formation
Nortonville Shale
Domengine Sandstone
Meganos Formation

Predominately indurated bedrock including
shale, siltstone and sandstone. Montmorillonitic
clay shales, unstable.

Paleocene
(58-66)

Martinez Formation

Marine, Glauconite sandstone and shale. Shale
similar to Ecocene.

Cretaceous
(66-144)

Great Valley Sequence

Great Valley Sequence: Massive beds of
sandstone alternating with siltstone and shale.
Minor conglomerate, limestone and lignite.
Complex folding and faulting. Crops out in
Briones Hills and Diablo Range.

Cretaceous-Jurassic

Franciscan Assemblage

Cretaceous-Franciscan: Rhythmically bedded
graywacke Jurassic Assemblage sandstones, shale,
siltstones, radiolarian chert, and greenstone. Minor
amounts of limestone and schist. Partially
recrystallized and intruded by serpentine and
associated igneous rocks. Strongly deformed.

(In part
contemporaneous with
Great Valley Sequence
and Tertiary rocks.)
1

Units of absolute age are millions of years before present.
Modified after Radbruch (1969). Compiled by Contra Costa County Conservation and Development Department.
Note: This table is generalized from original source materials. It is not an indicator of ground conditions on individual sites.

Faults are seldom-single cracks but are typically a series of quasi-parallel or enechelon breaks that comprise zones. These breaks form networks composed of major
and minor faults. A fault having recorded movement, or one which shows evidence of
geologically recent displacement (within about the last 11,000 years), is regarded as
"active" and is more likely to generate a future earthquake than a fault which shows no
signs of recent movement. Along with the criteria for fault activity, the last time of
faulting, based on geologic evidence, is used to access fault activity. The historic
record is so short, and earthquakes are so scattered, that they are used only as the
surest indicator of fault activity.
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Figure 10-1

Generalized Geology of Contra Costa County

Units

Characteristics
Modern sediments of
San Francisco bay estuary
and delta lowland.

Soft, water saturated muds, peat and loose sands. Mud and peat subject to
differential settlement under load. Local areas may slump and slide. Muds
contain expansive clays, some sands may liquify under earthquakes stresses.

Quaternary Alluvium

Consolidated and unconsolidated sediments. Localized problems for building
include expansive clays, hillside earthflows and unstable cut slopes.

Tertiary Formations

Hard marine sandstone and shale overlain by soft non-marine (Pliocene) units.
Slope stability conditions range from good (marine sandstone) to poor (Orinda Formation).

Great Valley Sequence

Hard marine sandstone, shale and conglomerate. Foundation and slope
stability conditions good to fair subject to sliding where sheared, fractured or contorted.

Franciscan Formation

Hard sandstone, chert and shale, metamorphic rock and basalt. Forms core
of Diablo Range and Briones Hills Foundation support and slope stability in
fresh rock good, subject to sliding where sheared.
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General Inventory of Seismic Faults
Figure 10-2 shows the earthquake faults that have been mapped in the County and categorizes
their recent activity. Further technical information is discussed in the appendix. Table 10-3
summarizes other available data on inferred active faults affecting Contra Costa County.
TABLE 10-3
AVAILABLE DATA ON INFERRED ACTIVE FAULTS
AFFECTING CONTRA COSTA COUNTY

Fault Name

San Andreas
Hayward

Calaveras

Historic
Estimated Maximum
Damaging
Historic Surface Known Micro
Earthquakes Faulting
seismic Activity Credible Earthquake
Preferred From
magnitude literature
1838, 1906
Creep and Surface Yes
8.5
8.51
Rupture
1836, 1868
Creep and Surface Yes
7.25
7.0,1 6.9,2
Rupture
7.25,3 7.0,5
6.8-7.0,6
7.676
1861
Surface Rupture None in Contra 7.25
7.3,1 6.7,2
Costa County
7.3,3,4,5 6.57.2,6 7.57
6.255
6.3,1 7.25,3
6.5,4,5 6.16.5,6 6.47

Estimated Maximum
Probable Earthquake
Preferred From
magnitude literature
8.25
8.256
6.5

6.756

6.5

6.56

N/A
5.75

N/A
5.56

Franklin
Concord

1898?
1955

None Known
Creep

No
Yes

6.25
6.5

GreenvilleClayton Segment
GreenvilleMarsh Creek
GreenvilleSegment
Unknown
Black Diamond
Area
Antioch

None Known

None Known

No

6.25

6.25,4,5
6.5,4,5

5.5

N/A

1980

Surface Rupture Yes

6.5

6.9,7

5.75

5.56

5.54
None Known
1889?, 1965

None Known

Scattered clusters 5.5
in areas near faults
Reported Creep Yes
6.5

6.6,1 5.75,4
6.56

N/A
5.75

References:
1
Wesson and Others (1975)
2
Herd (1979)
3
Slemmons and Chung (1982)
4
Earth Science Associates (1982)
5
Earth Science Associates (1983)
6
Woodward-Clyde Consultants (1984)
7
Shedlock and Others (1980)
Notes:
(1) The maximum credible earthquake is the maximum earthquake that appears capable of occurring under the presently known tectonic framework. It is
a rational and believable event that is in accord with all known geologic and seismic facts. In determining the maximum credible earthquake, little
regard is given to its probability of occurrence, except that its likelihood of occurring is great enough to be of concern. It is conceivable that the
maximum credible earthquake might be approached more frequently in one geologic environment that in another. (California Division of Mines and
Geology (CDMG) Note 43, 1975)
(2) The maximum probable earthquake is the maximum earthquake that is likely to occur during a 100-year interval. It is to be regarded as a
probable occurrence, not as an assured event that will occur at a specific time. (CDMG Note 43, 1975).

In the context of geologic evidence for activity, those faults which have been active
during the Holocene period, approximately the last 11,000 years, are considered to be
active faults, and those faults which have been active during the Quaternary period,
approximately the last 1.6 million years, are considered to be potentially active faults.
This serves to differentiate faults for which sufficient evidence of recent activity has been
noted to explicitly include them as known geologic hazards, distinct from those faults for
which recent displacement is known or suspected, and whose latest activity has not
been determined, but may have been within approximately the last 11,000 years.
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Figure 10-2

Mapped Earthquake Faults

Strike - Slip and normal fault
(location approximate; those
in EFZ considered active or
potentially active)
Thrust Fault (location approximate;
not considered to pose a risk of surface
fault rupture, but considered potential
seismic source)
Earthquake Fault Zone (active
fault traces may exist anywhere
in the EFZ; see official maps for
more accurate location)

Source:
U.S. Geological Survey (Graymer, Jones and Brabb, 1994;
and Earthquake Fault Zone Maps (California Geological Survey)
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Figure 10-3

Earthquake Locations in Contra Costa County (1934 - 1980)
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In addition to faults which have been classified as active or potentially active, there are
others whose activity has not been clearly established by presently available information.
Some of these faults are shown on Figure 10-2. Others remain to be studied. Specifically,
there are numerous thrust faults in the County that present an apparently low risk of
surface fault rupture but are potential seismic sources. Perhaps the most significant fault
in this category is the blind thrust fault that defines the boundary between the Great
Valley of California and the Coast Range geomorphic provinces.
The County has been subjected to numerous seismic events, originating both on faults within the
County and in other parts of the region. Six major Bay Area earthquakes have occurred since
1800 that definitely affected the County, and at least two of the faults that produced them run
through or into the County. These earthquakes and the originating faults include the 1836 and
1868 earthquakes on the Hayward fault, and the 1861 earthquake on the Calaveras fault. Two
earthquakes, in 1838 and 1906, originated on the San Andreas fault, west of the county near
San Francisco or to the south, while one earthquake (with two major shocks) that caused some
damage in the County occurred in 1872 and was centered north of Contra Costa County in the
Vacaville-Winters area of Solano County. These latter events likely occurred on a thrust fault and
are not known to have been accompanied by surface fault rupture. A smaller earthquake,
centered near Collinsville in Solano County on a fault of uncertain identity, occurred in 1889.
Existing Policies and Regulations Affecting Seismic Hazards
The major State legislation regarding earthquake fault zones is the Alquist-Priolo Special
Studies Zones Act. The purpose of the Act is to regulate development near active faults
to mitigate the hazard of surface fault rupture. Under the Act, the State Geologist is
required to delineate "earthquake fault zones" along known active faults in California.
Cities and counties affected by the zones must regulate certain development projects
within the zones. They must withhold development permits for sites within the zones
until geologic investigations demonstrate that the sites are not threatened by surface
displacement from future faulting. Within Contra Costa County faults that a currently
zoned include the Hayward, Calaveras, Concord and Greenville faults.
The Seismic Hazards Mapping Act (the Act) of 1990 (Public Resources Code, Chapter 7.8,
Division 2) directs the California Department of Conservation (DOC), Division of Mines and
Geology (DMG) [now called California Geological Survey (CGS)] to delineate seismic hazard
zones. The purpose of the Act is to reduce the threat to public health and safety and to
minimize the loss of life and property by identifying and mitigating seismic hazards. Cities,
counties, and state agencies are directed to use the seismic hazard zone maps in their landuse planning and permitting processes. Like the Alquist – Priolo Act, projects that fall under
the authority of the Seismic Hazards Act are subject to the outcome of comprehensive
geotechnical studies. Evaluation and mitigation of seismic hazards are to be conducted
under guidelines adopted by the California State Mining and Geology Board (SMGB).
The Act also directs SMGB to appoint and consult with the Seismic Hazards Mapping Act
Advisory Committee (SHMAAC) in developing criteria for the preparation of the seismic
hazard zone maps. SHMAAC consists of geologists, seismologists, civil and structural
engineers, representatives of city and county governments, the state insurance commissioner
and the insurance industry. In 1991, SMGB adopted initial criteria for delineating seismic
hazard zones to promote uniform and effective statewide implementation of the Act. These
initial criteria provide detailed standards for mapping regional liquefaction hazards. They also
directed CGS to develop a set of probabilistic seismic maps for California and to research
methods that might be appropriate for mapping earthquake-induced landslide hazards.
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The official Seismic Hazard Maps of Contra Costa County have not yet been issued, but official
maps have been issued for portions of San Francisco, Alameda and Santa Clara Counties, and
the mapping of Contra Costa County is anticipated in the near future. When official maps are
issued, the County would utilize these maps to identify areas that are deemed to present a
risk of liquefaction and seismically triggered landslide hazards that require study.
Projected Probability of Seismic Hazard Occurrences
Using the available data and information, an earthquake probability estimate has been
developed for Contra Costa County and is shown in Table 10-4. Table 10-4 evaluates
the likelihood that earthquakes capable of producing damage in Contra Costa County
will occur on certain faults during a 50-year period. (Fifty years is a rough average
nominal life of a structure.) The forecast shows that a structure built in Contra Costa
County is likely to be subjected to a severely damaging earthquake during its useful
life. Such an earthquake could originate in several locations.
Since a structure built in the region probably will be subjected to a damaging
earthquake during its useful life, it is reasonable that it be designed to survive the
event, or to at least protect its occupants and functions. To do this, architects and
engineers need to have information on earthquake characteristics, such as earthquake
accelerations and duration of strong ground shaking. These characteristics have been
estimated for selected faults in Table 10-5. The data in the table may be used as an
approximation of parameters prevailing over a large area and as a beginning point for
determining the parameters affecting a particular location.

Causative Fault
San Andreas
Hayward
Calaveras
Concord
Antioch
Definition of Terms:
Likely:
Intermediate:
Low:

TABLE 10-4
APPROXIMATE PROBABILITY OF OCCURRENCE OF
EARTHQUAKES ON SELECTED BAY AREA FAULTS
(50-YEAR PERIOD)
Approximate Probability of
Magnitude
Occurrence (over a 50-year period)
7.0 - 8.0
Likely
8.0 - 8.5
Intermediate
6.0 - 7.0
Likely
7.0 - 7.5
Intermediate
6.0 - 7.0
Likely
7.0 - 7.5
Intermediate - Low
5.0 - 6.0
Likely
6.0 - 7.0
Intermediate - Low
5.0 - 6.0
Likely
6.0 - 7.0
Intermediate - Low
Greater than a 50% probability of occurrence.
A 15-50% probability of occurrence.
Less than a 15% probability of occurrence.

Source: Contra Costa County Conservation and Development Department estimates

The tabulated earthquake characteristics in Table 10-5 are for "bedrock" for seismic
response purposes, and may differ in the near-surface materials. Solid ground or rock
tends to dampen ground motion while poorly consolidated and water-saturated
materials amplify ground motion. These data should be used only by qualified
personnel in project background evaluations, and by engineers and architects in their
development of structural design criteria.
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TABLE 10-5
ESTIMATED MAXIMUM PARAMETERS FOR KNOWN FAULTS
AFFECTING CONTRA COSTA COUNTY
(BASED ON TABLE 10-3)
San
Fault
Andreas
8.25 - 8.5
Magnitude1
Duration of Strong Shaking2
25 -37
(Seconds)
Maximum Intensity (M.M.)3
IX - XI
Peak Horizontal Accelerations on
Rock4
Distance from Fault in Miles
5
10
20
30
40
50

.50 - .55
.45 - .50
.25 - .30
.20 - .25
.15 - .20
.10 - .15

Clayton
Hayward Calaveras Concord /Greenville Antioch
6.5 - 7.25 6.5 - 7.25 5.75 - 6.5 5.75 - 6.5 5.75 - 6.5
18 - 30
18 - 30
7 - 22
7 - 22
7 - 22
VIII - IX

VIII - IX

VII - VIII

VII - VIII

VII - VIII

.25 - .50
.15 - .40
.10 - .25
.05 - .20
.05 - .10
<.10

.25 - .50
.15 - .40
.10 - .25
.05 - .20
.05 - .10
<.10

.20 - .45
.15 - .30
.05 - .15
.05 - .10
<.05
<.05

.20 .15 .05 .05 <.05
<.05

.20 - .45
.15 - .30
.05 - .15
.05 - .10
<.05
<.05

.45
.30
.15
.10

Notes:
1
Magnitude Estimates from Table 10-3. The first listed magnitude for each fault is the maximum probable earthquake; the second is
the maximum credible earthquake. The maximum probable earthquake for the San Andreas Fault is the historic 1906 earthquake.
2
Bracketed duration for ground motions are 0.5g within 10 miles of the fault. Estimates based on relationships developed by Bolt (1973).
3
Estimate based on relationships developed by Richter (1958). Modified Mercalli scale is included in Appendix M.
4
Estimates based on relationships developed by Seed and Idriss (1972), Joyner and Boore (1981), Campbell (1981) and Sadigh (1983).

The ways different areas of the County would react to ground shaking have been
mapped using approximation methods (described in a technical background report
which is an appendix to this document). Figure 10-4 illustrates the estimated seismic
susceptibility to damage based upon this mapping.
Areas situated on hard bedrock (e.g. the Briones Hills, Las Trampas Ridge, Diablo
Range) may be expected to perform satisfactorily under earthquake conditions,
provided that ground materials near the surface do not fail. Areas underlain by weakly
consolidated sedimentary rocks (e.g. Pinole Ridge, the Tassajara Area, Alamo) are
considered to possess a moderately low to moderate damage susceptibility.
The characteristics of ground motion in alluvial areas will differ somewhat from nearby
bedrock areas (e.g., higher amplitudes, longer period, somewhat higher accelerations, etc.),
and these differences may be important in the design of sophisticated structures. Areas
underlain by firm, dry alluvium is considered to possess a moderate damage susceptibility.
Areas underlain by young bay mud and deposits of the Sacramento-San Joaquin delta are
considered to possess the highest damage susceptibility. Most of the County's development
and population are located in areas of moderate to moderately low damage susceptibility.
Liquefaction is a specialized form of ground failure caused by earthquake ground motion.
It is a "quicksand" condition occurring in water-saturated, unconsolidated, relatively clayfree sands and silts caused by hydraulic pressure (from ground motion) forcing apart soil
particles and forcing them into quicksand-like liquid suspension. In the process, normally
firm, but wet, ground materials take on the characteristics of liquids.
Catastrophic ground failures may result from liquefaction that pose a major threat to the
safety of engineered structures. Major landslides, settling and tilting of buildings on level
ground, and failure of water retaining structures have all been observed as a result of
this type of ground failure. It should be emphasized that great earthquakes anywhere in
the Bay Area are capable of triggering liquefaction in Contra Costa County.
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Historically, ground failure in its various forms, including liquefaction, has been a
problem in areas of continually wet, unconsolidated geologic units. In Contra Costa
County, the areas which are most susceptible to ground failure include the geologically
young sediments of the San Francisco Bay estuary, including the Delta lowlands.
Within the area of continually wet, unconsolidated deposits (Zone IV on Figure 10-4), the
degree of seismic risk is closely related to local ground conditions. A site underlain by a
great thickness of potentially unstable material (soft, compressive mud and loose, clayfree sands, etc.) is extremely hazardous. It should be recognized that such a site has a
very limited development potential. Conversely, a site underlain by a minimum thickness
of soft mud possesses a much better development potential. Utilizing existing knowledge
of foundation engineering, such a site could be made suitable for a variety of land uses.
Liquefaction presents the potential for the most serious consequences in the Delta.
Several pre-development studies have confirmed that a high potential for liquefaction
exists below levees and proposed developments. This potential presents the possibility
that several failures can occur simultaneously on a single levee, possibly preventing
access for repairs. Flooding of protected islands would then be unpreventable and would
make emergency relief and later repair very difficult. (A further discussion of flooding
and liquefaction in the Delta area is included in the "Flood Hazards" section below.)
Figure 10-5 shows the estimated liquefaction potential for the County, based on geologic
conditions (summarized in Figure 10-1), and a review of soils data from a number of sources.
This map will be utilized until the new official seismic hazard maps are published and available.
Areas underlain by hard bedrock are not subject to liquefaction, so these can be eliminated
from consideration when large areas are being evaluated on a generalized basis. In Contra
Costa County, such areas comprise about half of the land area, but almost all of that has hilly
topography. Areas with deep water tables and those underlain by well consolidated ground
materials typically have low or moderate liquefaction potentials. The cities of western, central
and northern Contra Costa County fall into these categories.
Geologically young and water-saturated sandy sediments, such as those found in the
extensive shoreline areas in western and northeastern county locations and the delta,
are highly susceptible to liquefaction. Soil engineering studies for subdivision and other
major land development projects should make a careful appraisal of the liquefaction
potential and the possible consequences of such liquefaction.
SEISMIC HAZARD ISSUES
In areas of substantial risk, geologic conditions should be a primary determinant of land
use. Generally, urban or suburban uses or intensities should not be planned for areas
where geologic conditions would result in unacceptable risks to life and safety, and areas
where the public costs of overcoming geologic deficiencies would exceed public benefits.
It should be recognized, however, that much can be done to mitigate potentially
hazardous conditions. Project approvals in areas of substantial risk should be based on
knowledge of local ground conditions and appropriate mitigation. Because it is
impractical for government to prepare detailed geologic information on a countywide
basis, it is preferable to deal with geologic conditions through project review.
State law (1986) requires that jurisdictions prepare an inventory of un-reinforced
masonry structures and adopt local ordinances to improve or replace this type of
structure. Un-reinforced masonry structures are generally believed to be prone to
collapse in an earthquake with resultant high risk of deaths and injuries. This was
recently confirmed by the Paso Robles earthquake of 2003.
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Figure 10-5
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10. Safety Element

Certain public and institutional services are needed immediately following an
earthquake to aid the injured, prevent additional casualties, and protect property. It is
imperative that these critical and emergency service facilities survive an earthquake
and remain operative. Other public facilities such as emergency shelters and gathering
areas for separated family members are also important facilities that should be
designed to survive any earthquake.
Underground components of utility systems are often extensively damaged during
significant earthquakes. Pipelines for domestic and fire fighting water, sewer service,
gas, and for electrical services and communications can be shattered. Above-ground
transmission and distribution systems are also susceptible to earthquake damage, but
they are usually easier and less expensive to restore than the underground
installations. In addition, utility plants and stations are subject to earthquake damage.
Transportation facilities, especially the bridges, roads and streets of the arterial
network, are "critical" or "essential" facilities for responding to the effects of a
substantial earthquake because they are necessary for the movement of emergency
vehicles, supplies, and evacuation transport. Later, they are necessary to accomplish
reconstruction and restoration of the local economy. For example, airports enable
damage-assessment reconnaissance flights immediately after a disaster, and
accommodate the evacuation of casualties and supplies afterwards. The full range of
transportation facilities, including railroads, ports, and public transportation systems,
have roles to play in the recovery process.
Transportation systems are vulnerable to earthquakes. Road and streets are easily
blocked, and are often buckled and broken, but emergency routes can be readily
improvised. The interchanges of freeways and similar installations (bridges and
overpasses, for example) are often damaged but not readily restored. A major
earthquake impacting Contra Costa County would be expected to cause widespread
damage to its transportation systems. The linear elements of these systems--roads,
railroad tracks, and BART tracks--necessarily cross various earthquake faults as well as
areas susceptible to ground failure. Landsliding from non-earthquake causes is a
recurring problem that would be intensified by ground shaking.
Critical industrial facilities are of special concern because of potential hazardous
materials spillage or critical industrial processes disruption. For critical industrial
facilities, seismic safety considerations must include the location of plants and storage
areas, and the design and construction of industrial structures. As a result of
compliance with out-of-date building codes, some existing installations need to be
evaluated in light of current knowledge.
Opportunities and Constraints
Table 10-6 details the acceptable risks from seismic events relative to various types of
structures by use and occupancy. This scale was developed by the California
Legislature's Joint Committee on Earthquake Planning and has been adopted in most
California building codes and by most California planning agencies.
Following the experience of the San Fernando Earthquake of 1971, building code
provisions have strengthened many structural design criteria. However, a major
deficiency in the code is the lack of strict criteria governing attachment of non-structural
elements which present a danger to persons if they are dislodged during an earthquake.
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TABLE 10-6
A SCALE OF ACCEPTABLE RISKS
Level of Acceptable Risk

Kinds of Structures

Extra Project Cost Probably
Required to Reduce Risk to
an Acceptable Level

1. Extremely low1

Structures whose continued functioning is
critical, or whose failure might be catastrophic:
nuclear reactors, large dams, power intertie
systems, plants manufacturing or storing
explosives or toxic materials.

No set percentage (whatever is
required for maximum attainable
safety).

2. Slightly higher than under
level 1

Structures whose use is critically needed after a
disaster: important utility centers: hospitals, fire
police, emergency communication facilities; fire
stations, and critical transportation elements such
as bridges and overpasses; also smaller dams.

5 to 25 percent of project cost2

3. Lowest possible risk to
occupants
of
the
structure2

Structures of high occupancy, or whose use after a
disaster would be particularly convenient: schools,
churches, theaters, large hotels, and other highrise buildings housing large numbers of people,
other
places
normally
attracting
large
concentrations of people, civic buildings such as fire
stations, secondary utility structures, extremely
large commercial enterprises, most roads,
alternative or non-critical bridges and overpasses.

5 to 15 percent of project cost4

4. An "ordinary" level of risk
to occupants of the
structure3

The vast majority of structures:
most
commercial and industrial buildings, small
hotels and apartment buildings, and singlefamily residences.

1 to 2 percent of project cost, in
most cases (2 to 10 percent of
project cost in a minority of cases)4

1
2

3
4

5

Failure of a single structure may affect substantial populations.
These additional percentages are based on the assumption that the base cost is the total cost of the building or other facility when
ready for occupancy. In addition, it is assumed that the structure would have been designed and built in accordance with current
California practice. Moreover, the estimated additional cost presumes that structures in this acceptable-risk category are to embody
sufficient safety to remain functional following an earthquake.
Failure of a single structure would affect primarily only the occupants.
These additional percentages are based on the assumption that the base cost is the total cost of the building or facility when ready for
occupancy. In addition, it is assumed that the structures would have been designed and built in accordance with current California
practice. Moreover, the estimated additional cost presumes that structures in the acceptable-risk category are to be sufficiently safe to
give reasonable assurance of preventing injury or loss of life during any earthquake, but otherwise not necessarily to remain functional.
"Ordinary risk": Resist minor earthquakes without damage, resist moderate earthquakes without structural damage, but with some
non-structural damage; resist major earthquakes of the intensity or severity of the strongest experienced in California, without
collapse, but with some structural as well as non-structural damage. In most structures, it is expected that structural damage, even
in a major earthquake, could be limited to repairable damage. (Structural Engineers Association of California).

Source:

Meeting the Earthquake Challenge, Part 1, p. 9.

The major technical impediment to the development of programs to correct hazardous
structural conditions or "dangerous buildings" is the lack of a comprehensive and
systematic inventory. Conventional sources of generalized structural information, such as
the Federal Census of Housing and Land Use inventories for the general plan, are not
adequate to make even large-area policy planning assessments of where problem
structures are located, what their problems are, and how many structures are involved.
Similarly, normal sources of information on individual structures are inadequate to provide
the kinds of information needed for implementation and enforcement programs. In both
cases, special inventories and specialized reviews of existing data sources are necessary
to prepare seismic safety programs dealing with structures.
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The Post-Earthquake Recovery and Redevelopment Advisory Group to the Legislature's
Joint Committee on Seismic Safety has made a series of recommendations which
suggest control mechanisms that can be instituted prior to an earthquake, and which
will go into effect automatically in the post-earthquake period to provide a framework
for reconstruction and redevelopment. The objectives of these recommendations are to
minimize recovery problems and maximize the degree of seismic safety afforded to
future generations inhabiting the affected area.
Evaluation Of Existing Plans, Policies and Regulations
This advisory group has recommended that counties and cities provide for post-disaster
conditions in the General Plans. First, jurisdictions need to ensure that proper consideration be
given to changes in land use in areas that are heavily damaged by future earthquakes. The
planning staff should develop contingency procedures for immediate updating of the General
Plan for areas that are heavily damaged by a severe earthquake. Additionally, it is suggested
that contingency redevelopment be considered in preparing or updating area plans.
The most expeditious results from this program can be gained through the process of
public reviews for both public and private projects because they rely to a substantial
extent on the project sponsor to respond to the findings of studies prepared for the
project. The basic recommendation is that the Safety Element be utilized to its fullest in
performing project reviews. It is intended to guide public and private planning for
development and public works, emergency operations, post-disaster recovery assistance,
and redevelopment. The policies are suggested for consideration by all public, private, and
utility agencies in the County which impact on, or can improve the state of public safety,
guide public and private planning for development and for public works, emergency
operations, post-disaster recovery assistance, and redevelopment. The policies are
suggested for consideration by all public, private, and utility agencies in the County which
impact on, or can improve, public safety.
The purpose of the preceding discussion has been to make observations and preliminary
estimates of the prevalence, location and degree of hazard posed by certain types of existing
structures and facilities. Furthermore, it is intended to indicate the scope, direction and
magnitude of the subsequent review of individual facilities. It is apparent that the highest priority should be given to (a) critical structures (including industrial facilities and high occupation
buildings) that are sited in hazardous fault zones, in areas subject to seismically-triggered
flooding, and in marshland areas; (b) building types that are know to be hazardous; (c) older
structures which have not had the benefit of seismic design provisions.
SEISMIC HAZARD GOALS
10-A. To protect human life and reduce the potential for serious injuries from earthquakes;
and to reduce the risks of property losses from seismic disturbances which could
have severe economic and social consequences for the County as a whole.
10-B. To reduce to a practical minimum injuries and health risks resulting from the
effects of earthquake ground shaking on structures, facilities and utilities.
10-C. To protect persons and property from the life-threatening, structurally and financially
disastrous effects of ground rupture and fault creep on active faults, and to reduce
structural distress caused by soil and rock weakness due to geologic faults.
10-D. To reduce to a practical minimum the potential for life loss, injury, and economic
loss due to liquefaction-induced ground failure, levee failure, large lateral land
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movements toward bodies of water, and consequent flooding; and to mitigate
the lesser consequences of liquefaction.
SEISMIC HAZARD POLICIES
10-1.

Contra Costa County, as part of an area with high seismicity, shall recognize
that a severe earthquake hazard exists and shall reflect this recognition in its
development review and other programs.

10-2.

Significant land use decisions (General Plan amendment, rezoning, etc.) shall be
based on a thorough evaluation of geologic-seismic and soils conditions and risk.

10-3.

Because the region is seismically active, structures for human occupancy shall be
designed to perform satisfactorily under earthquake conditions (see Table 10-6).

10-4.

In areas prone to severe levels of damage from ground shaking (i.e., Zone IV
on Map 10-4), where the risks to life and investments are sufficiently high,
geologic-seismic and soils studies shall be required as a precondition for
authorizing public or private construction.

10-5.

Staff review of applications for development permits and other entitlements,
and review of applications to other agencies which are referred to the County,
shall include appropriate recommendations for seismic strengthening and
detailing to meet the latest adopted seismic design criteria.

10-6.

Structures for human occupancy, and structures and facilities whose loss
would substantially affect the public safety or the provision of needed
services, shall not be erected in areas where there is a high risk of severe
damage in the event of an earthquake.

10-7.

The County should encourage cooperation between neighboring government agencies
and public and private organizations to give appropriate attention to seismic hazards
to increase the effectiveness of singular and mutual efforts to increase seismic safety.

Groundshaking Policies
10-8.

Ground conditions shall be a primary consideration in the selection of land use
and in the design of development projects.

10-9.

In areas susceptible to high damage from ground shaking (i.e., Zone IV on Map
10-4), geologic-seismic and soils studies shall be required prior to the authorization
of major land developments and significant structures (public or private).

10-10. Policies regarding liquefaction shall apply to other ground failures which might result
from groundshaking but which are not subject to such well-defined field and
laboratory analysis.
Faults and Fault Displacement Policies
10-11. Classify as active those faults which have ruptured the ground surface during
Holocene geologic time, roughly the last 10,000 years. Classify as potentially
active faults which displace Quaternary geologic units, those formed during
approximately the last 2 to 3 million years.
10-12. Prohibit construction of structures for human occupancy, and structures whose
loss would affect the public safety or the provision of needed services, over
the trace of an active fault.
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10-13. In areas where active or inactive earthquake faults have been identified, the
location and/or design of any proposed buildings, facilities, or other development
shall be modified to mitigate possible danger from fault rupture or creep.
10-14. Preparation of a geologic report shall be required as a prerequisite before
authorization of public capital expenditures or private development projects in
areas of known or suspected faulting.
10-15. To the extent practicable, the construction of structures requiring a high
degree of safety and other critical structures shall not be allowed in an active
or potentially active fault zone.
10-16. When such a critical structure must be located in a fault zone, the structure shall
be carefully sited, designed and constructed to withstand the anticipated
earthquake stresses.
10-17. Locate roads, particularly those which carry important utilities or large volumes
of traffic, over active faults only where other alternatives are impractical.
Liquefaction Policies
10-18. This General Plan shall discourage urban or suburban development in areas
susceptible to high liquefaction dangers and where appropriate subject to the
policies in 10-20 below, unless satisfactory mitigation measures can be
provided, while recognizing that there are low intensity uses such as waterrelated recreation and agricultural uses that are appropriate in such areas.
(For the Bethel Island Area, the adopted specific plan policies will apply.)
10-19. To the extent practicable, the construction of critical facilities, structures
involving high occupancies, and public facilities shall not be sited in areas
identified as having a high liquefaction potential, or in areas underlain by
deposits classified as having a high liquefaction potential.
10-20. Any structures permitted in areas of high liquefaction danger shall be sited,
designed and constructed to minimize the dangers from damage due to
earthquake-induced liquefaction.
10-21. Approvals to allow the construction of public and private development projects
in areas of high liquefaction potential shall be contingent on geologic and
engineering studies which define and delineate potentially hazardous geologic
and/or soils conditions, recommend means of mitigating these adverse
conditions; and on proper implementation of the mitigation measures.
SEISMIC HAZARD IMPLEMENTATION MEASURES
10-a. Require that structures intended for human occupancy are adequately set back
from active and potentially active fault traces. Ensure that minimum setbacks take
into account the varying degrees of seismic risk and the consequences of failure.
10-b. Utilize the land in the setback zones along active and potentially active fault
traces for open forms of land use that could experience displacement without
endangering large numbers of people or creating secondary hazards. Examples
are yards, greenbelts, parking lots, and non-critical storage areas.
10-c. Require comprehensive geologic and engineering studies for any critical
structure, whether or not it is located within a Special Studies Zone.
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10-d. Through the environmental review process, require geologic, seismic, and/or
soils studies as necessary to evaluate proposed development in areas subject to
groundshaking, fault displacement, or liquefaction.
10-e. Evaluate and, where necessary, upgrade water distribution, sewage disposal, gas and
electricity, communications and other service facilities in areas subject to seismic hazards.
10-f. Evaluate and upgrade hospitals, bridges, major roads, and other essential
structures to be able to withstand seismic hazard.
10-g. Establish a clearinghouse for vital service records and distribution system design plans.
10-h. In areas that could become isolated in the event of a major earthquake, ensure
that adequate medical aid, water supply, waste disposal, and other public health
and safety services are available.
10-i. Adopt ordinance code provisions related to the repair or replacement of
unreinforced masonry structures.
10-j. Prepare an inventory of post-disaster public facilities to be used for emergency
shelter and gathering places.
10-k. Authorize the Conservation and Development Department to immediately begin
updating the general plan in areas which are heavily damaged by a severe
earthquake.
10-l. Develop ordinances incorporating existing Board of Supervisors' policy on
administering the Alquist Priolo Special Studies Zone Act.

10.7 GROUND FAILURE AND LANDSLIDE HAZARDS
INTRODUCTION
The major geologic hazards in Contra Costa County, aside from earthquake rupture and
direct effects of ground shaking, are unstable hill slopes and reclaimed wetlands and marsh
fill areas. Slopes may suffer landslides, slumping, soil slips, and rockslides. Reclaimed
wetlands, whether filled or not, experience amplified lateral and vertical movements which
can be damaging to structures, utilities, and transportation routes and facilities.
Landslides and other ground failures occur during earthquakes, triggered by the strain
induced in soil and rock by the groundshaking vibrations, and during non-earthquake
conditions, most frequently during the rainy season. Both natural and man-made
factors contribute to these slope failures. Contra Costa County's damage costs after a
large earthquake could be high in proportion to the State as a whole because of its
large area of hilly terrain and high proportion of recent, poorly consolidated geologic
formations which are prone to slope failure.
Ground failure occurs when stresses in the ground exceed the resistance of earth
materials to deformation or rupture. This instability can be triggered by earthquake
shaking, which instantaneously places high stresses on earth materials by loss of soil
strength due to saturation or seismic shaking. Ground failure can also be triggered by
man-made changes, such as loading a steep slope or unstable soils.
The manifestations of ground failure are complex and highly variable; they include
numerous varieties of landslides, sloughing, liquefaction, ground cracking, lurching, lateral
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spreading, subsidence and differential settlement. Whether ground failure may occur, and
the type of ground failure that may develop, depend on the topographic, geologic, and
hydrologic characteristics of the ground, as well as the extent of ground shaking.
Important effects of ground failure in addition to direct life and structure loss and
injuries, include loss of access for emergency services and repairs at important
facilities which are accessed by traversing unstable ground, and the potential release
of hazardous materials from containment facilities.
Landslides are perhaps the most common form of ground failure that is not caused by
earthquakes. In areas where a severe slope stability problem exists, landslide damage
can best be avoided by simply not building on the unstable ground. In some landslideprone areas, landslides can be totally removed or stabilized. Through good planning
and careful, controlled design, landslide losses can be all but eliminated.
Although landslides due to slope failure are most frequent in "wet years" with aboveaverage rainfall, they can occur at any time. Landslides may also occur on slopes of 15
percent or less; however, the probability is greater on steeper slopes, with old
landslide deposits being the most likely to experience failure.
Slope failures are not expected to produce a disaster affecting hundreds or thousands of
persons in the County. Rather, there is a persistent risk of damage to public and private
property including individual residences, roads, canals and reservoirs, and other facilities. On a
county-wide basis, the two most important factors influencing the performance of slopes are
the nature of the bedrock or surficial deposits and the slope angle. However, there are a
number of other factors which have a profound effect on the stability of a particular hillside. For
example, the presence or absence of deep-rooted vegetation; surface and subsurface drainage
conditions; thickness and engineering characteristics of soils and underlying weathered,
partially decomposed rock; orientation of bedding; or locally high rainfall can exert a controlling
effect on the intensity of natural processes occurring on a particular hillside.
County General Plans historically have recognized that major slope areas in excess of 26
percent are "not readily developable" and "undevelopable," recognizing the cost and
engineering difficulties of grading steep slopes as well as their inherent unsuitability. This
development limit in general agrees with customary limits throughout the Bay Area, and
varies only slightly from the 30 percent standard reference developed by the State Division of
Mines and Geology as the maximum developable slope. This is a state-wide reference which
does not reflect special conditions such as clayey soils prevalent in Contra Costa County.
Landslides and ground slippages are another form of ground failure which may be
precipitated by significant ground motion produced by earthquakes. Areas that are
subject to slides and slippages from other natural causes may be very hazardous under
earthquake conditions. This is also to say that earthquake effects will be more
extensive if a major earthquake occurs during the rainy season when ground
conditions are favorable to landsliding and ground slippage.
Whether a landslide will or will not occur at any specific, presently stable slope usually
cannot be predicted under "natural conditions" because of the range of natural
conditions and changes which occur with time. However, land which has experienced
landsliding in the past is believed to be generally more slide-prone, and also is more
sensitive to man-induced changes, such as grading, watering, removing or changing
the type of vegetation, and changing drainage patterns, among many possible factors.
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Many old landslides reach a position of static stability that may be lost as a result of
earthquake shaking. The nearer to "equilibrium" condition the land is during normal
conditions, the more likely the equilibrium (stable condition) will be lost during
earthquake shaking. It should be noted again, however, that equilibrium may prevail
under natural conditions at some times, yet be reduced to marginal stability or
instability with different, natural or changed, conditions. Slight changes in equilibrium
may result in slow, barely recognizable, landslide movement, and/or movement which
periodically occurs under unfavorable conditions. Some landslides can be "turned on
and off" by allowing groundwater levels to rise or fall, or by changing the mass of
material in a particularly sensitive part of the landslide.
Map of Slopes and Landslide Hazard Areas
Maps showing degree of slope, landslides, landslide deposits, and relative slope
stability (or instability) have been produced by several State, regional, and federal
agencies; several such maps cover parts of Contra Costa County, and others, cover
areas as large as the entire nine-County Bay Area. These maps and studies are
referenced in the bibliography. When they are issued the Seismic Hazard Map will be
the official landslide maps. Until that time all available landslide maps should be
utilized. The only Countywide surficial deposits map is that prepared by Nilsen (1975).
Figure 10-6 shows the general locations where landslide deposits are prevalent, based on
U.S. Geological Survey landslide maps. Figure 10-7 illustrates in a general fashion the areas
of the County where the prevailing slopes are 26 percent or over. Neither of the maps is
definitive on a site-specific basis, but they do present an overview of stability and slope
conditions for large areas. They are not a substitute for site-specific engineering geology
and soils investigations. Nevertheless, several of the maps, especially those that are based
on field-checked aerial photograph study, are valuable tools for preliminary assessments of
the intensity or type of more detailed future investigations required for site development.
GROUND FAILURE AND LANDSLIDE HAZARD GOALS
10-E.

To minimize the risk of loss of life or injury due to landslides, both ordinary
and seismically-induced.

10-F.

To reduce economic losses and social disruption from landslides, both ordinary
and seismically-induced.

GROUND FAILURE AND LANDSLIDE HAZARD POLICIES
10-22. Slope stability shall be a primary consideration in the ability of land to be
developed or designated for urban uses.
10-23. Slope stability shall be given careful scrutiny in the design of developments
and structures, and in the adoption of conditions of approval and required
mitigation measures.
10-24. Proposed extensions of urban or suburban land uses into areas characterized by
slopes over 15 percent and/or generally unstable land shall be evaluated with
regard to the safety hazard prior to the issuance of any discretionary approvals.
Development on very steep open hillsides and significant ridgelines throughout the
County shall be restricted, and hillsides with a grade of 26 percent or greater shall
be protected through implementing zoning measures and other appropriate actions.
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10. Safety Element

10-25. Subdivision of rural lands outside planned urban areas down to the allowed
minimum parcel size shall be discouraged, if the parcels are within, or only
accessible through, geologically unstable areas.
10-26. Approvals of public and private development projects in areas subject to slope
failures shall be contingent on geologic and engineering studies which define and
delineate potentially hazardous conditions and recommend adequate mitigation.
10-27. Soil and geological reports shall be subject to the review and approval of the
County Planning Geologist.
10-28. Generally, residential density shall decrease as slope increases, especially
above a 15 percent slope.
10-29. Significant very steep hillsides shall be considered unsuitable for types of
development which require extensive grading or other land disturbance.
10-30. Development shall be precluded in areas when landslides cannot be adequately repaired.
10-31. Subdivisions approved on hillsides which include individual lots to be resold at
a later time shall be large enough to provide flexibility in finding a stable
buildable site and driveway location.
10-32. The County shall not accept dedication of public roads in unstable hillside
areas, or allow construction of private roads there which would require an
excessive degree of maintenance and repair costs.
GROUND FAILURE AND LANDSLIDE HAZARD IMPLEMENTATION MEASURES
10-m. Encourage the State Geological Survey to make preparation of Seismic
Hazards maps of Contra Costa County a priority.
10-n.

Analyze the slope failure records of the Conservation and Development
Department and U.S. Geological Survey and recommend any needed
improvements in the County's grading ordinance.

10-o.

Consider adoption of a hillside preservation ordinance in order to implement
the policies of the Safety Element and other elements of the General Plan.

10-p.

Refer development proposals in areas of potential land instability or geologic
hazards to a registered engineering geologist for review and recommendation.

10-q.

Through the environmental review process, require geologic and engineering
studies as necessary to evaluate proposed development in areas subject to
potential landslide hazards.

10-r.

General Plan amendment requests which involve parcels with slopes of over
15 percent shall be accompanied by a geological/soils report.

10.8 FLOOD HAZARDS
INTRODUCTION
Substantial areas within Contra Costa County are subject to flooding. According to records
maintained by the Federal Emergency Management Agency (FEMA), the majority of the
County's creeks and shoreline areas lie within the 100-year flood plain, i.e., an area subject
to flooding in a storm that is likely to occur (according to averages based upon recorded
measurements) once every 100 years. The FEMA records are maintained as a means of
determining flood insurance rates through the National Flood Insurance Program.
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In the West and Central County, these areas include portions of the shoreline in the
vicinity of Richmond, Hercules, Rodeo, Crockett, Port Costa, and Martinez; most creeks
in urbanized areas, including Concord, Walnut Creek, and the San Ramon Valley; and
reservoirs and creeks located on undeveloped East Bay Regional Park District (EBRPD)
and East Bay Municipal Utility District (EBMUD) lands. In the East County, substantial
acreage lies within the 100-year flood plain, including Bethel Island, the Veale Tract,
Holland Tract, Franks Tract, Jersey Island, and the area in the Byron vicinity. Portions of
the Pittsburg, Antioch, and Brentwood areas, as well as a number of creeks in East
County, are also subject to flooding.
The most serious flood hazard that exists in Contra Costa County relates to the system
of levees that protect the islands and adjacent mainland in the San JoaquinSacramento River Delta area in eastern Contra Costa. Levees are basically long,
continuous dams that keep water out of a lower area, such as the Delta islands, many
of which are at an elevation just above or below sea level.
The islands in the California Delta were drained during the nineteenth century to create
high quality agricultural land. Since then, the peat-laden soil of many of the islands has
oxidized, resulting in a sinking of their island floors and consequently requiring the
construction of higher and heavier levees. Levee failure occurs in some areas where
levees rest on soft mud, silt, or peat.
The islands continue to flood. In general, the islands have been reclaimed after each
flood. However, Franks Tract State Park, essentially a lake east of Bethel Island, and
the Big Break area of water north of Oakley, are visible reminders that it is not always
practical or economical to reclaim flooded lands. Flooding problems in the Delta area
have also been exacerbated by boat movement (primarily recreational) on the
waterways which causes waves that accelerate the natural process of levee erosion.
The threat of levee failure during periods of high water is constant. In the years 1973,
1980, 1982, 1983, and 1986, one or more Delta island levees failed or were overtopped,
and some of these events were summer breaks that did not occur at times of high storm
runoff. Some islands in the Delta have been flooded two or three times since 1980.
The possibility that flooding will occur on the islands in the Delta is greatly increased
by two ongoing, natural processes, which compound the dangers that periodic high
tides or strong winter storms may breach a portion of the existing levee system. The
two natural processes which impact the integrity of the levee are rising sea levels,
caused by the world-wide "greenhouse effect," and "subsidence."
The greenhouse effect is a phenomenon that is projected to cause a rise in sea level over
the next century, thus creating potential flooding problems. Hydrologists estimate the rate
of rise may increase from the present one-half foot per century to approximately two to
eight feet. The anticipated rise is believed to be caused by warming of the global climate
due to accumulation in the atmosphere of gases such as carbon dioxide, methane, and
chlorofluorocarbons which result from fossil fuel burning and deforestation of tropical rain
forests. Since many factors affect global climates, the rate of change over a relatively
short time-period, even a century, is very difficult to establish. The U.S. Environmental
Protection Agency suggests that a rate of four feet per century be assumed for planning
purposes for the San Francisco Bay Area. It is important to note that the existing FEMA
flood hazard maps do not include the greenhouse effect in their potential flooding analysis.
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In Contra Costa County, subsidence is caused by the natural process of oxidation of island
peat soils, resulting in a gradual sinking of the ground. As many of the islands in the Delta
(along with their levees) sink in elevation, the levees that protect the island's agricultural
and/or residential uses must be raised and reinforced by adding more earth fill to the top
of the levees. Recent evidence indicates that many islands have experienced significant
subsidence over the last several decades. For example, it is estimated that Webb Tract in
Contra Costa County has subsided up to 17 feet, and Bacon Island adjacent to Contra
Costa County has subsided approximately 14 feet. Most reclaimed portions of the Delta in
the County have subsided at least 10 feet. Areas that have experienced a measurable
amount of subsidence are illustrated in Figure 10-8, Flood Hazards Map included in a later
section of this chapter. These areas are highly susceptible to flooding.
A number of causes for subsidence have been identified. The oxidation-decay and
shrinkage of peat and other soils which are rich in organic matter and fine clay
particles may be the largest contributor to the problem. However, the withdrawal of
shallow ground water for surface drainage may also cause surface compaction and/or
soil shrinkage, which results in a loss of elevation. There is also evidence that the
pumping of groundwater, oil, or gas supplies from underneath several of the islands
may be contributing to the natural consolidation and subsidence. Natural "tectonic"
subsidence may also be contributing to the problem.
There are great difficulties involved in estimating the amounts and rates of subsidence
from island to island in the Delta, since subsidence changes the elevation of bench
marks, the survey points from which elevations are determined. It is first necessary to
establish elevation control from stable areas outside the Delta, which requires very
long survey lines. Recent work is concentrating on the use of an unmanned space
satellite as a "survey platform" from which to study changes in elevations.
The consequence of subsidence and the possibility of sea levels rising due to the
greenhouse effect is the increased potential that levees will fail and tidewater and high river
water will inundate farmed and populated areas in the Delta. The California Delta in Contra
Costa and in the adjoining counties has historically been devoted to agriculture and its
population has remained small. However, growing commercial recreation and residential
uses, as evidenced by the success of year-round subdivisions such as Discovery Bay, are
leading to increases in the permanent population of the area. It will become increasingly
more important, but also more difficult, for the County to provide adequate flood protection
to residents and businesses in the Delta area. New urban development should be allow only
if long term, year-round flood protection can be provided to the area.
Allowing more residential and commercial development on or near the islands of the Delta
increases the disaster potential of subsidence and flooding when levees fail. Approving land
uses in the Delta area that support significant new populations must be carefully measured
in terms of the potential loss of lives and property that could occur in the event of a major
flood. The economic consequences of certain development should also be studied.
Seismicity presents additional special problems in the Delta. Delta levees are, in
places, underlain by sands that are susceptible to ground failures including liquefaction
during an earthquake. Strong earthquake shaking can cause the entire levee
foundation to lose strength, leading to levee failure. Many levees are themselves
constructed of liquefiable sand.
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Figure 10-8

NOTE:
This is a generalized map. For site specific information
please refer to Flood Insurance Rate (FIRM) maps prepared
by the Federal Emergency Management Agency (FEMA).
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10. Safety Element

According to a report prepared for the East Bay Municipal Utility District, whose aqueduct
pipes cross the Delta, twelve separate faults are capable of causing ground motion sufficient
to cause liquefaction, requiring accelerations on the order of 7 to 27 percent of gravity (0.07
to 0.27g), with shaking lasting from about 5 to 23 seconds. A 1985 study by a State
Department of Water Resources geologist noted levee slips and cracks from five recent
earthquakes, some as distant as 150 miles away from Contra Costa County. A large nearby
earthquake could cause a number of simultaneous levee failures, making repairs difficult
because the levees are the only land access to many points following a levee break.
In addition to the flooding hazards associated with levee failure caused by an
earthquake, fault ruptures or ground shaking during an earthquake can cause the
collapse of dams, as well as seiche and tsunami ("tidal waves").
Dam safety is regulated by the State Department of Water Resources, Division of Safety
of Dams. All large reservoirs in the County have been investigated and many have been
strengthened. Further, the Office of Emergency Services has produced inundation maps
and emergency plans covering various scenarios of dam failure in the County.
The safety of small dams, which are mostly used for stock watering and other
agricultural activities, is largely a private concern, with present standards set by the
County Grading Ordinance. Many small dams predate even this regulation. However,
seismic activity is not considered a significant hazard to small dams.
Tsunamis are sea waves created by undersea fault movement. Traveling through the deep
ocean, a tsunami wave is a broad, shallow, and fast moving wave. When it reaches the
coastline, the wave form pushes upward from the ocean bottom and becomes a high swell of
water that breaks and washes inland with great force. The waves may reach fifty feet in
height on unprotected coasts, and one recorded tsunami (in Japan in 1896) killed nearly
30,000 people and destroyed over 10,000 homes. Several people were drowned in Crescent
City, California, in 1964 by the tsunami generated by the "Good Friday" Alaska earthquake.
Historic records of the Bay Area used by one study indicate that 19 tsunamis were
recorded in San Francisco Bay during the period of 1868-1968. The maximum wave
height recorded at the Golden Gate Tide Gage was 7.4 feet, which may be regarded as
a reasonable maximum for future events.
The available data indicate a systematic diminishment of wave height from the Golden
Gate to about half that height on the shoreline near Richmond, and to nil at the head of
the Carquinez Strait. Thus, the damage potential of a tsunami will tend to be greater in
the Richmond area and show a general decrease toward the head of Carquinez Strait.
Flooding can also result from seiche, which is a long wave-length, large-scale wave action
set up in a closed body of water such as a lake or reservoir. Seiche is known to occur during
earthquakes, but is not well understood. No occurrences have been recorded in the Bay
Area. Elongated and deep (relative to width) bodies of water seem most likely to be
affected, and earthquake wave orientation may also play a role in seiche formation. Seiche
can temporarily flood a shoreline in a manner similar to tsunami; however, its destructive
capacity is not as great. Seiche may cause overtopping of impoundments such as dams,
particularly when the impoundment is in a near-filled condition, releasing flow downstream.
Maps of Flood Hazard Areas
Figure 10-8 depicts the general location of the FEMA flood hazard areas throughout
Contra Costa County. Flood Hazard Areas are those areas which have statistical chance
of flooding once in 100 years. This map is not intended to be used to locate parcel10-30
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specific sites in relation to Flood Hazard Areas, but to convey the general extent and
location of such areas. The map also indicates areas of subsidence in the County, but
does not presently include consideration of the greenhouse effect.
FLOOD HAZARD GOALS
10-G. To ensure public safety by directing development away from areas which may
pose a risk to life from flooding, and to mitigate flood risks to property.
10-H. To mitigate the risk of flooding and hazards to life, health, structures,
transportation and utilities due to subsidence, especially in the San JoaquinSacramento Delta area.
GENERAL POLICIES
10-33. The areas designated on Figure 10-8 shall be considered inappropriate for
conventional urban development due to unmitigated flood hazards as defined by
FEMA. Applications for development at urban or suburban densities in areas where
there is a serious risk to life shall demonstrate appropriate solutions or be denied.
10-34. In mainland areas affected by creeks, development within the 100-year flood
plain shall be limited until a flood management plan can be adopted, which
may include regional and local facilities if needed. The riparian habitat shall be
protected by providing a cross section of channel suitable to carry the 100year flow. Flood management shall be accomplished within the guidelines
contained in the Open Space/Conservation Element.
10-35. In mainland areas along the rivers and bays affected by water backing up into
the watercourse, it shall be demonstrated prior to development that adequate
protection exists either through levee protection or change of elevation.
10-36. On islands in East County, development shall not be allowed until a study is
performed to resolve issues and determine appropriate locations for development.
This study shall be a high priority for the County and should include the following:
o
o

a risk assessment of development in that area; and
an analysis of flooding due to runoff and tides, settlement of shallow soils,
deep subsidence, liquefaction, and adequacy of insurance programs.

10-37. A uniform set of flood damage prevention standards should be established by the
cooperative efforts of all County, State, and federal agencies with responsibilities
for flood control works and development in flood-prone areas in the County.
10-38. Flood-proofing of structures shall be required in any area subject to flooding; this shall
occur both adjacent to watercourses as well as in the Delta or along the waterfront.
10-39. In developing areas which are subject to the provisions of the Flood Insurance
Program, for which there is no reasonable expectation of flood control project
participation by the Corps of Engineers and where a significant number of properties
will be affected, the Flood Control District shall be permitted to construct 100-year
flood protection works when so directed by the Board of Supervisors.
10-40. Planning Agency and Flood Control District review of any significant project
proposed for areas in the County which are not presently in Flood Zones shall
include an evaluation of the potential downstream flood damages which may
result from the project.
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FLOOD HAZARD POLICIES
10-41. Buildings in urban development near the shoreline and in flood-prone areas
shall be protected from flood dangers, including consideration of rising sea
levels caused by the greenhouse effect.
10-42. Habitable areas of structures near the shore line and in flood-prone areas shall be
sited above the highest water level expected during the life of the project, or shall
be protected for the expected life of the project by levees of an adequate design.
10-43. Rights-of-way for levees protecting inland areas from tidal flooding shall be
sufficiently wide on the upland side to allow for future levee widening to
support additional levee height.
10-44. The County shall review flooding policies in the General Plan on an annual
basis, in order to incorporate any new scientific findings regarding project sea
level rise due to the greenhouse effect.
10-45. The County shall review flooding policies as they relate to properties
designated by FEMA as within both the 100- and the 500-year floodplains.
Policies Regarding Subsidence
10-46. Whenever studies indicate subsidence is or may become a flood-threatening
problem, the County should continue to monitor subsidence until flood
protection is assured.
10-47. In accordance with the following policies, the General Plan shall not permit a
substantial non-agricultural, residential population to be subjected to
increased flood hazard due to subsidence.
10-48. Low density development of lands subject to subsidence shall take into
account and fully mitigate the potential impacts of flooding based on the best
currently available techniques.
10-49. Any development approvals for areas subject to subsidence shall include
conditions which account for the need to support Delta reclamation and irrigation
districts, and to strengthen weak and low levees prior to development.
10-50. The pumping of substantial quantities of water, oil, and gas in an area
protected by levees is inconsistent with new major development approvals.
Policies Regarding Flooding Due to Levee or Dam Failure, or Tsunami
10-51. In order to protect lives and property, intensive urban and suburban
development shall not be permitted in reclaimed areas unless flood protection
in such areas is constructed, at a minimum, to the standards of the Flood
Disaster Protection Act of 1973. Levees protecting these areas shall meet the
standards of the U.S. Army Corps of Engineers.
10-52. Delta levees shall be rehabilitated and maintained to protect beneficial uses of the
Delta and its water. Only those uses appropriate in areas subject to risk of flooding
and seismic activity, such as agriculture and recreation, should be planned and
approved. This policy shall not apply to Bethel Island or Discovery Bay.
10-53. Development of levee rehabilitation plans should consider methods to foster
riparian habitat to the fullest extent possible consistent with levee integrity.
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10-54. Agencies whose projects benefit from Delta levee protection, including the
State and federal government (water, highway, fish and wildlife, and
recreational projects), PG&E, and private railroad companies, shall participate
in funding Delta levee improvements and maintenance.
10-55. The potential effects of dam or levee failure are so substantial that geologic
and engineering investigation shall be warranted as a prerequisite for
authorizing public and private construction of either public facilities or private
development in affected areas.
10-56. Development proposals should be reviewed with reference to dam failure inundation
maps, as these become available, in order to determine evacuation routes.
10-57. Dam and levee failure, as well as potential inundation from tsunamis and seiche,
shall be a significant consideration of the appropriateness of land use proposals.
10-58. Dams and levees should be designed to withstand the forces of anticipated
(design) earthquakes at their locations.
10-59. Important dams and coastal levees shall be regarded as critical facilities that
should not be sited over the trace of an active or potentially active fault.
10-60. Structures for human occupancy, and particularly critical structures, and potentially
dangerous commercial or industrial facilities (e.g., plants for the manufacture or
storage of hazardous materials) shall be protected against tsunami hazard.
FLOOD HAZARD IMPLEMENTATION MEASURES
10-s.

Revise the creek setback ordinance for residential and commercial structures in
order to prevent property damages from bank failure along natural water courses.

10-t.

Encourage the County Flood Control District to proceed with drainage
improvements in areas subject to flooding from inadequate facilities, and to
ensure that additional new drainage facilities, including road culverts and
bridges, are designed to pass the flow specified by County Ordinance Code.

10-u.

Develop Flood Control Zone plans based on the concepts found in this General
Plan. As adopted zone plans are revised, they should be brought into
conformity with these concepts.

10-v.

Draft and adopt a flood management plan for mainland areas affected by
creeks, in accordance with the guidelines contained in the Safety Element and
Open Space/Conservation Element of this General Plan.

10-w.

Conduct a study of flooding conditions on islands in East County, including a
risk assessment of development in that area and an analysis of flooding due
to runoff and tides, settlement of shallow soils, deep subsidence, liquefaction,
and adequacy of insurance programs.

10-x.

Establish a uniform set of flood damage prevention standards in cooperation
with appropriate County, State, and federal agencies.

10-y.

Through the environmental review process, ensure that potential flooding
impacts, due to new development, including on-site and downstream flood
damage, subsidence, dam or levee failure, and potential inundation from
tsunamis and seiche, are adequately assessed. Impose appropriate mitigation
measures (e.g. flood-proofing, levee protection, Delta reclamations).
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10-z.

Develop and implement Delta levee rehabilitation plans in cooperation with
State and federal agencies and the private sector, in accordance with the
policies of this General Plan.

10-aa. Adopt ordinances implementing the FEMA Flood Insurance Program.
10-ab. Prohibit new structures which would restrict maintenance or future efforts to
increase the height of the levees from being constructed on top or
immediately adjacent to the levees.
10-ac. All analysis of levee safety shall include consideration of the worst case
situations of high tides coupled with storm-driven waves.

10.9 HAZARDOUS MATERIALS USES
INTRODUCTION
Contra Costa County contains extensive heavy industrial development which may be
associated with hazardous materials uses along its west and north coasts, as depicted in
Figures 10-9a and 10-9b. Land uses involving hazardous materials or other hazards
considered in this section include airports, the Concord Naval Weapons Station, petroleum
and chemical processing plants, oil and gas wells, and petroleum product and natural gas
pipelines. In addition, land uses that involve hazards to navigation are considered here.
Heavy industrial land uses centered on the west and north shores of the County have the
potential to present significant risk to public safety because of the hazardous nature of some
petroleum and chemical materials. Potential hazards include explosion and flammability of
petroleum products and other chemicals, and chemical toxicity. Hazardous materials uses are
concentrated in heavy industries along the coasts, and are also present in lesser quantities in
industrial parks in the County's interior. Notwithstanding industrial safety procedures, the
presence of large quantities of hazardous materials in the County, particularly close to and/or
upwind of populated areas, poses a potential safety hazard at all times.
Many industrial uses in the County are located on reclaimed marshland underlain by soft, wet,
unstable mud. However, damage from earth movements are believed to have a low probability
of occurrence because of adequate foundation design of buildings and other structures.
Information is not available on whether or not there are older tanks used to store
hazardous materials that are not sufficiently stabilized. Informal observation of tanks
in the County indicates that there is no requirement to space tanks far enough apart to
prevent a fire or explosion from spreading. In areas in which tanks are closely spaced,
particularly where these are close to population centers, there is a potential for a
disaster affecting a significant population. Although historic accident records suggest
that such a risk is low, the seriousness of the event, should it occur, indicates that
some additional measure of public safety may be advisable.
Hundreds of miles of pipelines for the transportation of natural gas, crude oil, and
refined petroleum products traverse Contra Costa County, including residential and
commercial areas. Such pipelines cross areas with active fault lines, landslide deposits,
unstable slopes, and areas underlain by soft mud and peat. The risk presented to
pipelines by geologic conditions has not been quantified. The public safety hazard from a
pipeline break would depend on the proximity of the accident to populated areas as well
as the nature of the event that produced it (e.g., the landslide or earthquake).
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Figure 10-9b
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In general, natural gas is believed to be less hazardous to the public than petroleum
products because it is transported at lower pressures and, when released, rises and
dissipates into the atmosphere. Petroleum products are pumped at pressures up to 200
pounds per square inch and, when released, flow along the ground. Petroleum fires are
also more likely to spread to nearby property than vertical-burning natural gas fires.
Numerous active gas and oil wells are located in the County, most of which are far from
populated areas. Although there is a risk of a well catching on fire, such incidents have
been very few and the risk of such a fire causing a general disaster is remote. North and
east of Brentwood, future parcel splits resulting in a dispersed but sizeable population
could lead to a public safety hazard if rural residential areas are permitted to encroach on
the gas producing area. Further, a concentrated population in proximity to the numerous
wells in peat areas could expose persons and properties to peat fires which are difficult to
control and may smolder for weeks or months before they are completely extinguished.
No particular routes for hazardous materials transportation are designated in the County.
Most of these materials are regularly carried on the freeways and major roads designated
as explosives routes. The proximity of some of these routes to large numbers of people
suggests that an accident involving hazardous materials transportation could reach disaster
proportions. The extreme toxicity of some chemicals used in the County and the specialized
handling and cleanup procedures required during an accident make proper information and
training of local response agencies, such as the police and fire departments, essential.
A unique risk to public safety is presented by transportation in the County of quantities
of various radioactive materials. In the event of an accident, small amounts of
radioactive materials can be dislodged from their protective containers and become
extremely difficult to locate. Emergency response to a spill involving radioactive
materials requires special knowledge and equipment, and persons may be unknowingly
subjected to radiation in traffic accidents or other routine mishaps.
Explosives are defined in the California Health and Safety Code as any substance or
combination of substances the primary purpose of which is detonation or rapid combustion.
Most munitions and some chemical materials are included in the Class A explosives
category regulated by the State and various bridge authorities. There are numerous users
of explosive materials in the County, but by far the largest is the U.S. Army’s Military Traffic
Management Command (formerly Concord Naval Weapons Station), to and from which
munitions are regularly transported by truck, train and ship. Other explosives used for
construction and quarrying are present in smaller amounts throughout the County.
Two major railroad companies serve Contra Costa County – Burlington Northern - Santa Fe and
Union Pacific -- and both transport munitions for the Army’s Military Traffic Management
Command. Truck transportation of explosives through populated areas constitutes a potential
significant public safety hazard. Permitted routes designated by the California Highway Patrol
include the major freeways and other highways in the County. While training requirements
exist for carriers of hazardous materials, including explosives, they may be unable to perform
immediate remediation of emergency conditions under some situations.
The County is responsible for determining land uses and community development configuration
within its jurisdiction, but does not determine the nature of substances used on industrial and
military sites. Nor does the County grant permits for the use or transportation of hazardous
materials, determine appropriate routes for transporting these materials, or require properly
informed emergency personnel. Public safety in regard to the use and transportation of
hazardous substances generally depends on actions by the State and federal governments.
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In the case of land uses involving hazardous materials, the County Planning Agency
can minimize public safety risks by ensuring that hazardous materials use areas and
residential populations are separated to the extent that fire or explosions on industrial
and military properties or in gas and oil well areas will not spread to homes or
businesses. Preventing environmental releases of hazardous materials depends
primarily on industrial safety requirements and procedures. By requiring that project
proposals to construct tanks, pipelines, and other facilities be accompanied by
thorough investigations of the natural and man-made hazards potentially affecting the
proper functioning of these facilities, the County can be assured that risks are reduced
to the minimum level that can be achieved by engineering technology.
Since emergency and disaster plans and procedures have been prepared by the County
Office of Emergency Services (OES), it is appropriate for all potentially disastrous events
to be reported to them, so that County emergency services such as traffic control, fire
and medical equipment, and evacuation notification can be available if needed.
Contra Costa County is home to numerous businesses and industries that manufacture,
store, use and dispose of hazardous materials and hazardous waste. These businesses are
neighbors to an increasingly urbanized population. To ensure the protection of public
health and safety and the environment, it is imperative to plan for the safe and effective
use of hazardous materials and the management of hazardous waste. In recent years,
there has been a growing understanding of the widespread use of hazardous materials.
Contra Costa County began planning specifically for the management of hazardous
materials and waste in 1983, with the establishment of the County Hazardous Waste Task
Force. The County has completed the County Hazardous Waste Management Plan, a
comprehensive analysis of all aspects of hazardous waste management from generation
through disposal. The plan establishes goals and policies for the safe management of
hazardous waste, and recommends the establishment of programs designed to reduce
hazardous waste generation by 30 to 40 percent by the year 2000. The plan, which serves
as the primary planning document for hazardous waste management in the County and in
the incorporated cities, projects the need for commercial hazardous waste management
facilities and specifies criteria to determine whether a facility may be established.
The management of hazardous materials is the focus of the Contra Costa County
Hazardous Materials Area Plan, which was adopted in January of 1988. This Plan
outlines the procedures that County regulatory and response agencies will use for
managing, monitoring, containing and removing hazardous materials from the site of
an actual or threatened accidental release. The plan also identifies the agencies within
the County responsible for the effective management of hazardous materials.
Navigational Hazards
With over 70 square miles of water and hundreds of miles of shoreline along the bays, rivers and
sloughs, off-shore waters are particularly important in Contra Costa County for industrial,
commercial, agricultural and recreational uses. The public right to use open water for navigation
is established in the State constitution and State law, but navigation can be hazardous if landbased activities result in obstructions such as docks, low bridges, or elevated pipelines.
Where waters are shallow for some distance from shore commercial and industrial docks are
usually built out to the shipping channel as a more acceptable plan than continuously dredging
a side channel closer to shore. The Corps of Engineers permit system prevents docks from
encroaching into shipping channels. Small docks for commercial or private recreational use
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have proliferated around Bethel Island and on the mainland side of Sand Mound Slough. The
U.S. Department of the Interior, noting "a plethora of uses not associated with commerce
activities" on the State's waterways indicates that controls are necessary to protect the public
right to use navigable waters.
It should also be recognized that because thousands of boaters use the Delta annually,
many of them not skilled, the proliferation of smaller docks may be a hazard to public
safety. The risk would not be of a disastrous single event, but is rather a persistent
hazard probably affecting only a few persons at a time.
As previously mentioned, additional discussion of the County HWMP and related General
Plan goals and policies is provided in the Public Facilities/Services Element of this
document. For a listing of General Plan goals regarding hazardous waste management,
the reader is directed to Section 7.12.
HAZARDOUS MATERIALS GOALS
10-I.

To provide public protection from hazards associated with the use, transport,
treatment and disposal of hazardous substances.

HAZARDOUS MATERIALS POLICIES
10-61. Hazardous waste releases from both private companies and from public
agencies shall be identified and eliminated.
10-62. Storage of hazardous materials and wastes shall be strictly regulated.
10-63. Secondary containment and periodic examination shall be required for all
storage of toxic materials.
10-64. Industrial facilities shall be constructed and operated in accordance with upto-date safety and environmental protection standards.
10-65. Industries which store and process hazardous materials shall provide a buffer
zone between the installation and the property boundaries sufficient to protect
public safety. The adequacy of the buffer zone shall be determined by the
County Planning Agency.
10-66. To the greatest possible extent, new fuel pipelines should not be routed through
centers of population nor should they cross major disaster evacuation routes.
10-67. In order to provide for public safety, urban and suburban development should not
take place in areas where they would be subject to safety hazards from oil and gas
wells. Development near oil and gas wells should meet recognized safety standards.
10-68. When an emergency occurs in the transportation of hazardous materials, the
County Office of Emergency Services shall be notified as soon as possible.
10-69. Industry should be encouraged to utilize underground pipelines, rail, and
water transportation of hazardous materials to the greatest extent feasible to
take advantage of the greater separation from the general public provided by
these modes of transportation.
10-70. Applications for private or commercial recreation docks which would encroach
into waterways used primarily for recreation boating should be reviewed by
the County to evaluate their aggregate impact upon public safety.
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HAZARDOUS MATERIALS IMPLEMENTATION MEASURES
10-ad. Encourage the State Department of Health Services and the California
Highway Patrol to review permits for radioactive materials on a regular basis
and to promulgate and enforce public safety standards for the use of these
materials, including the placarding of transport vehicles.
10-ae. Request that State and federal agencies with responsibilities for regulating the
transportation of hazardous materials review regulations and procedures, in
cooperation with the County, to determine means of mitigating the public
safety hazard in urbanized areas.

10.10

WATER SUPPLY REQUIREMENTS

INTRODUCTION
This section of the Safety Element focuses on water supply safety issues. For a
discussion of issues related to general domestic water supply, the reader is directed to
the Public Facilities and Services Element of this general plan.
Water supply requirements increase during a disaster, with extra amounts being used
for fire fighting, sanitation, and debris clean up. Damages to this essential supply can
occur in the centralized parts of water supply systems--the intakes, canals, and major
reservoirs--or at the delivery points as a result of disruption of main lines or of the
many subsidiary lines to each home, school, business, or hospital.
Damage to centralized parts of the water supply system has the potential to affect
thousands of persons but can be repaired relatively quickly. Loss of water in localized areas
would affect fewer people, but because repair times could be long, hazards to property and
safety could be greater for inhabitants of such areas. In a general or widespread disaster
the water supply to several parts of the County could be disrupted for days or weeks.
Although the risk of such an event is believed to be low, the seriousness of the impact on
affected communities indicates that citizens, water suppliers and government agencies
should be prepared to supplement water supplies for disaster recovery uses.
Large low-density areas of the County do not use water from large public systems, but
instead rely on wells. These areas would be expected to have less difficulty supplying
water in the event of a disaster such as an earthquake.
WATER SUPPLY GOALS
10-J.

To ensure a continuous supply of safe water to county residents.

10-K.

To protect the quality, quantity, and productivity of water resources as vital
resources for maintaining the public, ecological and economic health of the region.

10-L.

The safety of valuable underground water supplies for present and future
users shall be ensured by preventing contamination.

10-M.

All wells and other entrances to aquifers shall be identified and protected.

WATER SUPPLY POLICIES
10-71. The County shall support local, regional, State, and Federal government
efforts to improve water quality.
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10-72. The County shall support water quality standards adequate to protect public
health in importing areas as a priority at least equal in status to support of
Bay/Delta estuary water standards.
10-73. Point sources of pollution shall be identified and controlled to protect adopted
beneficial uses of water.
10-74. Public ownership of lands bordering reservoirs shall be encouraged to
safeguard water quality.
10-75. Prohibit underground discharges of toxic liquid wastes.
10-76. Land use plans and major project proposals that would encourage
development served by wells and septic systems shall be approved only after
there are assurances of the adequacy of the aquifer and that there is
minimum risk of well contamination during the rainy season.
10-77. Annexation of municipal or small service districts into the larger districts shall
be supported when such annexations would result in water supply safety
benefits to the consumers.
10-78. No new water districts shall be established.
10-79. The use of reclaimed water for industrial operations shall be encouraged.
10-80. Because of the public need for water of a quality suitable for domestic,
industrial and agricultural uses, the County shall take an active role in
reviewing regional, State and federal programs which could affect water
quality and water supply safety in Contra Costa County.
10-81. New water storage reservoirs shall be encouraged in appropriate locations
subject to adequate mitigation of environmental impacts.
10-82. Discourage the development of new wells for domestic use in areas with high
nitrite concentrations in the ground water.
WATER SUPPLY IMPLEMENTATION MEASURES
10-af. A permit system shall be required for all future wells or other shafts to aquifers.
10-ag. Monitoring of well water quality shall be required.
10-ah. Develop drilling and sealing ordinances designed for protection of aquifers and
the public health and welfare.
10-ai. Instruct the County Health Department to do a study of the nitrite
groundwater problem for East County including recommendations on
continued approval of new wells for residential use.
10-aj. Prohibit underground discharge of toxic liquid wastes through adoption of a
hazardous materials ordinance or other means.
10-ak. Encourage local, State, and federal agencies to investigate and recommend
methods of maintaining agricultural productivity with reduced amounts of
toxic and nutritive chemicals which can damage water quality.
10-al. Encourage all water districts in their efforts to provide water supply safety for
emergency and disaster uses by the most practicable means.
10-am. Encourage domestic water services to participate in the State Emergency Services
program for county-wide coordination of emergency response planning and to take
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advantage of low cost purchase of auxiliary power equipment where these
programs would result in greater security for domestic water supplies.
10-an. Encourage domestic water suppliers to undertake programs to inform
homeowners, schools, convalescent hospitals, and other institutions of
appropriate and efficient emergency use of available water in an immediate
post-disaster recovery period.
10-ao. Review and evaluate regional, State, and federal programs which could affect
water quality and water supply safety in the County.

10.11 PUBLIC PROTECTION SERVICES AND DISASTER PLANNING
INTRODUCTION
This section of the Safety Element includes a discussion of the essential public
protection services which will provide the major work force, facilities and equipment for
disaster recovery.
The Contra Costa County Office of Emergency Services prepares disaster plans for the
county and coordinates required emergency services and facilities from all agencies
and levels of government to meet emergency and disaster needs. While there is some
overlap between this element and the Public Facilities and Services Element, the
policies contained here are primarily related to disaster situations, rather than to
ongoing facilities and services standards.
Aside from the emergency/disaster situations previously described in this element such as
earthquakes, floods and accidental releases of hazardous materials, the Safety Element
addresses the additional areas of wildfire, emergency medical response and crime prevention.
Wildfire
Fire hazards present a considerable problem to vegetation and wildlife habitats
throughout the County. Grassland fires are easily ignited, particularly in dry seasons.
These fires are relatively easily controlled if they can be reached by fire equipment; the
burned slopes, however, are highly subject to erosion and gullying. While brushlands
are naturally adapted to frequent light fires, fire protection in recent decades has
resulted in heavy fuel accumulation on the ground.
Brush fires, particularly near the end of the dry season, tend to burn fast and very hot,
threatening homes in the area and leading to serious destruction of vegetative cover. While
woodland fires are relatively cool under natural conditions, a brush fire which spreads to a
woodland could generate a destructive hot crown fire. No suitable management technique
of moderate cost has been devised to reduce the risk of brush fires.
Because the natural vegetation and dry-farmed grain areas of the County are extremely
flammable during the late summer and fall, wildfire is a serious hazard in undeveloped
areas and on large lot homesites with extensive areas of un-irrigated vegetation. Several
factors affect the relative degree of wildfire hazard, including atmospheric humidity, slope
steepness, vegetation type, exposure to the sun, wind speed and direction, accessibility to
human activities and accessibility to firefighting equipment. Taking these factors into
consideration, a fire hazard severity scale has been devised which characterizes areas
throughout the County by the number of days of moderate, high and extreme fire hazard.
Mapped information on fire hazard severity is included later in this section.
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Peat fires represent a special hazard in that once ignited, they are extremely difficult to
extinguish. In some instances, islands have been flooded in order to extinguish peat fires.
Any area lying generally east of the mean high water line may be peaty due to the marshy
origin of the soil, although local areas of mineral soil are present within the general area.
Emergency Medical Response
Medical emergency services are provided by hospitals, ambulance companies and fire
districts. Considerable thought and planning have gone into efforts to improve responses
to day-to-day emergencies and planning for a general disaster response capability.
However, certain areas remain which require improvement to enhance public safety.
Identification of streets, house numbers, and townhouse and apartment units remains
a major factor hampering locating patients. Design of multi-story buildings rarely
includes provision for elevators or stairways which can accommodate gurneys, which
are preferred for patient transport because they allow for continuous care. In the event
of a disaster, many persons could be affected.
Although substantial progress has been made in terms of earthquake restrainers being
added to freeway overpasses, cities and communities with limited access to hospitals,
such as Lafayette, Moraga and Orinda, are still at some risk to access blockage due to
the potential for landslides or traffic accidents to temporarily close roads.
Crime Prevention
While it is not a purpose of this element to deal with crime as such, there are planningrelated opportunities to aid in the efficiency of police services and incorporate crime
reducing features into development projects which could enhance public safety at
relatively little public cost.
Response times can be hampered by uncoordinated street naming between
jurisdictions, or by conflicting street numbering between cities and the County on the
same road/street name.
Defensible space is a concept which incorporates crime prevention principles into
development design. This concept has already been discussed in the "Public Protection"
section of the Public Facilities/Services Element.
Maps
In general, the fire hazard severity is related to distance from the marine atmospheric
influences of the Pacific Ocean, intervening topography, slope steepness and
vegetative type and coverage. Figure 10-10 shows these areas.
PUBLIC PROTECTION SERVICES AND DISASTER PLANNING GOALS
10-N.

To provide for a continuing high level of public protection services and
coordination of services in a disaster.

PUBLIC PROTECTION SERVICES AND DISASTER PLANNING POLICIES
10-83. The County will adopt and implement a comprehensive hazard mitigation plan
to minimize the impacts of natural and man-made disasters pursuant to the
requirements of the Federal Disaster Mitigation Act of 2000.
10-43

10. Safety Element

10-84. The Office of Emergency Services, in cooperation with cities within the
County, shall delineate evacuation routes and, where possible, alternate
routes around points of congestion.
10-85. The Office of Emergency Services, in cooperation with public protection
agencies, shall delineate emergency vehicle routes for disaster response, and
where possible, alternate routes where congestion or road failure could occur.
10-86. In order to ensure prompt public protection services, dwelling unit numbers
shall be required to be easily seen from the street or road.
10-87. In order to reduce the risk of crime at little public cost, the County shall
encourage the use of citizen action programs such as Neighborhood Alert and
Operation ID.
10-88. The County shall require adequate access for medical emergency equipment
in high-occupancy buildings of over two stories.
10-89. Every high-rise building shall be designed and constructed to provide for the
evacuation of occupants and/or for the creation of a safe environment in case
of a substantial disaster, such as a severe earthquake or fire.
10-90. Policies related to wild land fire risk are contained in the Fire Services section
of the Public Facilities Element.
10-91. Restrict homes built in rural areas or adjacent to major open space areas
from having roofs which are covered with combustible materials.
Figure 10-10 contains the characterization of fire hazard for the County by Fire Weather
Classes, and delineates those areas of the County which are subject to peat fires.
The Fire Weather Classes depicted on Figure 10-10 are defined in terms of the number
of days per year of Critical Fire Weather. Class 1 has 0 to 1 days per year of Critical
Fire Weather, Class II has 1 to 9.5 days and class III has over 9.5 days.
PUBLIC PROTECTION SERVICES AND DISASTER PLANNING IMPLEMENTATION
MEASURES
10-ap. The County has adopted a local hazard mitigation plan pursuant to the
requirements of the Federal Disaster Mitigation Act of 2000, and will
implement and evaluate the Plan on a regular basis as necessary to comply
with federal and state laws. The Sheriff’s Office of Emergency Services will be
the lead County department responsible for preparing the hazard mitigation
plan.
10-aq. Undertake a program in cooperation with cities within the County to unify
street name and numbering systems.
10-ar. In cooperation with cities within the County and public protection agencies,
delineate evacuation routes, emergency vehicle routes for disaster response and,
where possible, alternative routes where congestion or road failure could occur.
10-as. Development of areas identified by the criteria of the State Division of Forestry
as having an Extreme Fire Hazard will be avoided where possible. Homes
located in extreme or high fire hazard areas will be constructed with fire10-44
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resistant materials and the surroundings should be irrigated or landscaped with
fire resistant plants.
10-at. Require projects which encroach into areas which are determined to have a
high or extreme fire hazard, or which incorporate wildfire hazard areas, to be
reviewed by the appropriate Fire Bureau to determine if special fire prevention
measures are advisable.
10-au. Major developments will not be approved if fire fighting services are not
available or are not adequate for the area.
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Fire Hazard Areas
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