TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA

CHAPTER 1: SEISMIC HAZARDS
1.1

Introduction
While Pasadena is at risk from many natural and man-made
hazards, an earthquake is the event with the greatest
potential for far-reaching loss of life or property, and
economic damage.
This is true for most of southern
California, since damaging earthquakes are frequent, affect
widespread areas, trigger many secondary effects, and can
overwhelm the ability of local jurisdictions to respond.
Earthquake-triggered geologic effects include ground shaking,
surface fault rupture, landslides, liquefaction, subsidence,
and seiches, all of which are discussed below.
Earthquakes
can also cause human-made hazards such as urban fires, dam
failures, and toxic chemical releases.
In
California,
recent
earthquakes
in
or
near
urban
environments have caused relatively few casualties.
This is
due more to luck than design. For example, when a portion of
the Nimitz Freeway in Oakland collapsed at rush hour during
the 1989, MW 7.1 Loma Prieta earthquake, it was uncommonly
empty because so many were watching the World Series.
The
1994, MW 6.7 Northridge earthquake occurred before dawn, when
most people were home safely in bed. Despite such good luck,
California’s urban earthquakes have resulted in significant
losses.
The moderate-sized Northridge earthquake caused 54
deaths and nearly $30 billion in damage. Pasadena is at risk
from earthquakes that could release more than 30 times the
seismic energy of the Northridge earthquake.
Although it is not possible to prevent earthquakes, their
destructive effects can be minimized.
Comprehensive hazard
mitigation programs that include the identification and
mapping of hazards, prudent planning, public education,
emergency exercises, enforcement of building codes, and
expedient retrofitting and rehabilitation of weak structures
can significantly reduce the scope of an earthquake’s effects
and avoid disaster.
Local government, emergency relief
organizations, and residents must take action to develop and
implement policies and programs to reduce the effects of
earthquakes.

1.2

Earthquake and Mitigation Basics

1.2.1 Definitions

The outer 10 - 70 kilometers of the Earth consist of enormous
blocks of moving rock, called plates. There are about a dozen
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major plates, which slowly collide, separate, and grind past
each other. In the uppermost plates, friction locks the plate
edges
together,
while
movement
continues
at
depth.
Consequently, the near-surface rocks bend and deform near
plate boundaries, storing strain energy.
Eventually, the
frictional forces are overcome and the locked portions of the
plates move. The stored strain energy is released in waves.
By definition, the break or fracture between moving blocks of
rock is called a fault, and such differential movement
produces a fault rupture.
The place where the fault first
ruptures is called the focus (or hypocenter).
The released
energy waves radiate out in all directions from the rupture
surface, making the earth vibrate and shake as the waves
travel through.
This shaking is what we feel in an
earthquake.
Although faults exist everywhere, most earthquakes occur on or
near plate boundaries.
Thus, southern California has many
earthquakes, because it straddles the boundary between the
North
American
and
Pacific
plates,
and
fault
rupture
accommodates their motion.
The Pacific Plate is moving
northwesterly, relative to the North American Plate, at about
50 mm/yr. This is about the rate at which fingernails grow,
and seems unimpressive.
However, it is enough to accumulate
enormous amounts of strain energy over dozens to thousands of
years.
Despite being locked in place most of the time, in
another 15 million years (a short time in the context of the
Earth’s history), due to plate movements, Pasadena will be
hundreds of kilometers north of San Francisco.
Although the San Andreas fault marks the actual separation
between the Pacific and North American plates, only about 70
percent of the plate motion occurs on the San Andreas fault
itself.
The rest is distributed among other faults of the
San Andreas system, including the San Jacinto, WhittierElsinore,
Newport-Inglewood,
Palos
Verdes,
plus
several
offshore faults; and among faults of the Eastern Mojave Shear
Zone, a series of faults east of the San Andreas, responsible
for the 1992, MW 7.3 Landers and 1999 MW 7.1 Hector Mine
earthquakes (Figures 1-1 and 1-2).
(MW stands for moment
magnitude, a measure of earthquake energy release, discussed
below.)
Thus, the zone of plate-boundary earthquakes and
ground deformation covers an area that stretches from the
Pacific Ocean to Nevada.
Because the Pacific and North American plates are sliding past
each other, with relative motions to the northwest and
southeast, respectively, all of the faults mentioned above are
aligned northwest-southeast, and are strike-slip faults.
On
average, strike-slip faults are nearly vertical breaks in the
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rock, and when a strike-slip fault ruptures, the rocks on
either side of the fault slide horizontally past each other.
However, there is a kink in the San Andreas fault, commonly
referred to as the “Big Bend”.
The northwest corner of the
Big Bend is located about 100 miles northeast of Pasadena
(Figure 1-1). Near the Big Bend, the two plates do not slide
past each other.
Instead, they collide, causing localized
compression, resulting in folding and thrust faulting. Thrust
faults meet the surface of the earth at a low angle, dipping
25 – 35 degrees from the horizontal.
Thrusts are a type of
dip-slip fault, where rocks on opposite sides of the fault
move up or down relative to each other. When a thrust fault
ruptures, the top block of rock moves up and over the rock on
the other side of the fault.
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Figure 1-1:

Regional Fault Map of Southern California
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Figure 1-2:
California area

Regional

Seismicity

Earth Consultants InternationalSeismic Hazards

Map

of

the

Southern

Page 1-5

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
In southern California, ruptures along thrust faults have
built the Transverse Ranges geologic province, a region with
an east-west trend to its landforms and underlying geologic
structures.
This orientation is anomalous, virtually unique
in the western United States, and a direct consequence of the
plates colliding at the Big Bend.
Many of southern
California’s most recent damaging earthquakes have occurred on
thrust faults that are uplifting the Transverse Ranges,
including the 1971 MW 6.7 San Fernando, the 1987 MW 5.9
Whittier Narrows, the 1991 MW 5.8 Sierra Madre, and the 1994 MW
6.7 Northridge earthquakes. Thrust faults can be particularly
hazardous because many are blind thrust faults, that is, they
do not extend to the surface of the earth. These faults are
extremely difficult to detect before they rupture.
The City of Pasadena is situated in the Transverse Ranges
Province, an area that is exposed to risk from multiple
earthquake fault zones. The highest risks originate from the
Sierra Madre (dip-slip, reverse) fault zone, the Verdugo (dipslip, reverse) fault zone, the Elysian Park (blind thrust)
fault zone, and the Raymond (predominantly strike-slip, left
lateral) fault zone.
Each one of these faults will be
discussed in more detail in Section 1-4.
1.2.2 Evaluating Earthquake Hazard Potential

When comparing the sizes of earthquakes, the most meaningful
feature is the amount of energy released.
Thus scientists
most often consider seismic moment, a measure of the energy
released when a fault ruptures.
We are more familiar,
however, with scales of magnitude, which measure amplitude of
ground motion.
Magnitude scales are logarithmic.
Each onepoint increase in magnitude represents a ten-fold increase in
amplitude of the waves as measured at a specific location, and
a 32-fold increase in energy.
That is, a magnitude 7
earthquake produces 100 times (10 x 10) the ground motion
amplitude of a magnitude 5 earthquake. Similarly, a magnitude
7 earthquake releases approximately 1,000 times more energy
(32 x 32) than a magnitude 5 earthquake.
Recently,
scientists have developed the moment magnitude (Mw) scale to
relate energy release to magnitude.
An early measure of earthquake size still used today is the
seismic intensity scale, which is a qualitative assessment of
an earthquake’s effects at a given location. Although it has
limited scientific application, intensity is still widely used
because it is intuitively clear and quick to determine.
The
most commonly used measure of seismic intensity is called the
Modified Mercalli Intensity (MMI) scale, which has 12 damage
levels (Table 1.1).
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A given earthquake will have one moment and, in principle, one
magnitude, although there are several methods of calculating
magnitude, which give slightly different results.
However,
one earthquake will produce many intensities because intensity
effects vary with the location and perceptions of the
observer.
Few faults are simple, planar breaks in the Earth. They more
often consist of smaller strands, with a similar orientation
and sense of movement.
A strand is mappable as a single,
fairly continuous feature at a scale of about 1:24,000.
Sometimes geologists group strands into segments, which are
believed capable of rupturing together during a single
earthquake. The more extensive the fault, the bigger the
earthquake it can produce.
Therefore, multi-strand fault
ruptures produce larger earthquakes.
The bigger and closer the earthquake, the greater the
likelihood of damage. Thus fault dimensions and proximity are
key parameters in any hazard assessment.
In addition, it is
important to know a fault’s style of movement (i.e. is it dipslip or strike-slip, discussed above), the age of its most
recent activity, its total displacement, and its slip rate
(all discussed below).
These values indicate how often a
fault produces damaging earthquakes, and how big an earthquake
should be expected the next time the fault ruptures.
Total displacement is the length, measured in kilometers (km),
of the total movement that has occurred along the fault over
as long a time as the geologic record reveals. It is usually
estimated by measuring distances between geologic features
that have been split apart and separated (offset) by the
cumulative movement of the fault over many earthquakes. Slip
rate is a speed, expressed in millimeters per year (mm/yr).
Slip rate is estimated by measuring an amount of offset
accrued during a known amount of time, obtained by dating the
ages of geologic features.
Slip rate data also are used to
estimate a fault’s earthquake recurrence interval. Sometimes
referred to as “repeat time” or “return interval”, the
recurrence interval represents the average amount of time that
elapses between major earthquakes on a fault.
The most
specific way to derive recurrence interval is to excavate a
trench across a fault to obtain paleoseismic evidence of
earthquakes that have occurred during prehistoric time.
Paleoseismic studies show that faults with higher slip rates
often
have
shorter
recurrence
intervals
between
major
earthquakes.
This makes sense.
A high slip rate indicates
rocks that, at depth, are moving relatively quickly. Thus the
locked, surficial rocks are storing more strain energy, so the
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forces of friction will be exceeded more often, releasing the
strain energy in more frequent, large earthquakes.
Faults have formed over millions of years, usually in response
to regional stresses. Shifts in these stress regimes do occur
over millennia. As a result, some faults change in character.
For example, a normal fault in an extensional environment may
become a strike-slip fault in a compressional environment.
Other faults may be abandoned altogether. Consequently, the
State of California, under the guidelines of the AlquistPriolo Earthquake Fault Zoning Act of 1972 (Hart and Bryant,
1999), classifies faults according to the following criteria:
•

Active: faults showing proven displacement of the
ground surface within about the last 11,000 years
(within the Holocene Epoch), that are thought capable
of producing earthquakes;

•

Potentially
Active:
faults
showing
evidence
of
movement within the last 1.6 million years, but that
have not been shown conclusively whether or not they
have moved in the last 11,000 years; and

•

Not active: faults that have conclusively NOT moved in
the last 11,000 years.
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Table 1-1: Abridged Modified Mercalli Intensity Scale
Average
Peak
Velocity

Intensity Value and Description

Average Peak
Acceleration
(g = gravity
)

(cm/sec)

Not felt except by a very few under especially
<0.1
<0.0017
favorable circumstances
(I Rossi-Forel scale). Damage potential: None.
II. Felt only by a few persons at rest, especially on
upper floors of high-rise buildings. Delicately
suspended objects may swing.
(I to II Rossi-Forel scale). Damage potential:
None.
III. Felt quite noticeably indoors, especially on upper
floors of buildings, but many people do not
recognize it as an earthquake. Standing
automobiles may rock slightly. Vibration like
passing of truck. Duration estimated. (III
Rossi-Forel scale). Damage potential: None.
IV. During the day felt indoors by many, outdoors by
1.1 – 3.4
0.014 few. At night some awakened. Dishes, windows,
0.039
doors disturbed; walls make creaking sound.
Sensation like a heavy truck striking building.
Standing automobiles rocked noticeably. (IV to V
Rossi-Forel scale). Damage potential: None.
Perceived shaking: Light.
V.
Felt by nearly everyone, many awakened. Some
3.4 – 8.1 0.039-0.092
dishes, windows, and so on broken; cracked plaster
in a few places; unstable objects overturned.
Disturbances of trees, poles, and other tall
objects sometimes noticed. Pendulum clocks may
stop. (V to VI Rossi-Forel scale). Damage
potential: Very light. Perceived shaking:
Moderate.
VI. Felt by all, many frightened and run outdoors.
8.1 - 16 0.092 -0.18
Some heavy furniture moved, few instances of
fallen plaster and damaged chimneys. Damage
slight. (VI to VII Rossi-Forel scale). Damage
potential: Light. Perceived shaking: Strong.
VII. Everybody runs outdoors. Damage negligible in
16 - 31 0.18 - 0.34
buildings of good design and construction; slight
to moderate in well-built ordinary structures;
considerable in poorly built or badly designed
structures; some chimneys broken. Noticed by
persons driving cars. (VIII Rossi-Forel scale).
Damage potential: Moderate. Perceived shaking:
Very strong.
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VIII. Damage slight in specially designed structures;
31 - 60 0.34 - 0.65
considerable in ordinary substantial buildings
with partial collapse; great in poorly built
structures. Panel walls thrown out of frame
structures. Fall of chimneys, factory stacks,
columns, monuments, and walls. Heavy furniture
overturned. Sand and mud ejected in small
amounts. Changes in well water. Persons driving
cars disturbed. (VIII+ to IX Rossi-Forel scale).
Damage potential: Moderate to heavy. Perceived
shaking: Severe.
IX. Damage considerable in specially designed
60 - 116 0.65 – 1.24
structures; well-designed frame structures thrown
out of plumb; great in substantial buildings with
partial collapse. Buildings shifted off
foundations. Ground cracked conspicuously.
Underground pipes broken. (IX+ Rossi-Forel
scale). Damage potential: Heavy. Perceived
shaking: Violent.
X. Some well-built wooden structures destroyed; most
> 116
> 1.24
masonry and frame structures destroyed; ground
badly cracked. Rails bent. Landslides
considerable from river banks and steep slopes.
Shifted sand and mud. Water splashed, slopped
over banks. (X Rossi-Forel scale). Damage
potential: Very heavy. Perceived shaking:
Extreme.
XI. Few, if any, (masonry) structures remain standing.
Bridges destroyed. Broad fissures in ground.
Underground pipelines completely out of service.
Earth slumps and land slips in soft ground. Rails
bent greatly.
XII. Damage total. Waves seen on ground surface.
Lines of sight and level distorted. Objects
thrown into air.
Modified from Bolt (1993); Wald et al. (1999)
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These
definitions
are
used
primarily
for
residential
subdivisions. Other definitions of activity are used by other
agencies or organizations, depending on the type of facility
being planned or developed.
For example, longer periods of
inactivity may be required for dams or nuclear power plants.
An important subset of active faults are those with historical
earthquakes.
In California, that means faults that have
ruptured since 1769, when the Spanish first arrived in the
area.
The underlying assumption in this classification system is
that if a fault has not ruptured in the last 11,000 years, it
is not likely to be the source of a damaging earthquake in the
future.
In reality, however, most potentially active faults
have been insufficiently studied to determine their hazard
level. Also, although simple in theory, the evidence necessary
to determine whether a fault has or has not moved during the
last 11,000 years can be difficult to obtain.
For example,
some
faults
leave
no
discernable
evidence
of
their
earthquakes, while other faults stop rupturing for millennia,
and then are “reactivated” as the tectonic environment
changes.
1.2.3 Causes of Earthquake Damage

Causes of earthquake damage can be categorized into three
general areas: strong shaking, various types of ground failure
that are a result of shaking, and ground displacement along
the rupturing fault. The State definition of an active fault
is designed to gauge the surface rupture potential of a fault,
and is used to prevent development from being sited directly
on an active fault.
This helps to reduce damage from the
third category. Below, the three categories are discussed in
order of their likelihood to occur extensively:
1) Strong
Ground
Shaking
causes
the
vast
majority
of
earthquake
damage.
Horizontal
ground
acceleration
is
frequently responsible for widespread damage to structures,
so it is commonly estimated, as a percentage of g, the
acceleration of gravity.
Full characterization of shaking
potential, though, requires estimates of peak (maximum)
ground displacement and velocity, the duration of strong
shaking, and the periods (lengths) of waves that will
control each of these factors at a given location. We look
to the recorded effects of damaging earthquakes worldwide
to understand what might happen in similar environments
here in the future. In general, the degree of shaking can
depend upon:
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•

Source effects.
These include earthquake size,
location, and distance, as discussed above.
In
addition, the exact way that rocks move along the
fault can influence shaking.
For example, the 1995,
MW 6.9, Kobe, Japan earthquake was not much bigger
6.7
Northridge,
California
than
the
1994,
MW
earthquake, but Kobe caused much worse damage. During
the Kobe earthquake, the fault’s orientation and
movement directed seismic waves into the city. During
the Northridge earthquake, the fault’s motion directed
waves away from populous areas.

•

Path effects. Seismic waves change direction as they
travel through the Earth’s contrasting layers, just as
light bounces (reflects) and bends (refracts) as it
moves from air to water.
Sometimes seismic energy
gets focussed into one location and causes damage in
unexpected areas.
Focussing of 1989’s MW 7.1 Loma
Prieta
earthquake
waves
caused
damage
in
San
Francisco’s Marina district, some 100 km distant from
the rupturing fault.

•

Site effects.
Seismic waves slow down in the loose
sediments and weathered rock at the Earth’s surface.
As they slow, their energy converts from speed to
amplitude, which heightens shaking. This is like the
behavior of ocean waves - as the waves slow down near
shore, their crests grow higher. In addition, seismic
waves can get trapped at the surface and reverberate
(resonate).
Whether resonance will occur depends on
the period (the length) of the incoming waves. Waves,
soils and buildings all have resonant periods.
When
these coincide, tremendous damage can occur.

We keep talking about periods.
What do we mean?
Waves
repeat their motions with varying frequencies.
Slow-torepeat waves are called long period waves. Quick-to-repeat
waves are called short period waves.
Long period seismic
waves, which are created by large earthquakes, are most
likely to reverberate and cause damage in long period
structures like bridges and high-rises.
(“Long period
structures” are those that respond to long period waves.)
Shorter period seismic waves, which tend to die out
quickly, will most often cause damage fairly near the
fault, and they will cause most damage in shorter period
structures such as one- to three-story buildings.
Very
short-period waves are most likely to cause near-fault,
interior damage, such as to equipment.
2) Liquefaction
and
Slope
Failure
are
very
secondary effects of strong seismic shaking.
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•

Liquefaction typically occurs within the upper 50 feet of
the surface, when saturated, loose, fine- to mediumgrained soils (sand and silt) are present.
Earthquake
shaking suddenly increases pressure in the water that
fills the pores between soil grains, causing the soil to
lose strength and behave as a liquid. This process can
be observed at the beach by standing on the wet sand near
the surf zone.
Standing still, the sand will support
your weight.
However, when you tap the sand with your
feet, water comes to the surface, the sand liquefies, and
your feet sink.
When soils liquefy, the structures built on them can
sink, tilt, and suffer significant structural damage.
Liquefaction-related effects include loss of bearing
strength, ground oscillations, lateral spreading and flow
failures or slumping.
The excess water pressure is
relieved by the ejection of material upward through
fissures and cracks.
A water-soil slurry bubbles onto
the ground surface, resulting in features called “sand
boils”, “sand blows” or “sand volcanoes”. Site-specific
geotechnical studies are the only practical, reliable way
to determine the liquefaction potential of a site.

•

Gravity
Landslides
and
Rockfall
(Mass
Wasting).
inexorably pulls hillsides down and earthquake shaking
enhances this on-going process. Slope stability depends
on many factors and their interrelationships. Rock type
and pore water pressure are arguably the most important
factors, as well as slope steepness due to natural or
human-made undercutting.
Where slopes have failed
before, they may fail again.
Thus, it is essential to
map existing landslides and soil slumps.
Furthermore,
because there are predictable relationships between local
geology and the likelihood that mass wasting will occur,
field investigations can be used to identify failureprone slopes before an earthquake occurs. This, combined
with GIS-based analyses of slope gradient, land use, and
bedrock or soil materials can be used to identify highrisk areas where mitigation measures would be most
effective.

3) Primary Ground Rupture Due to Fault Movement typically
results in a relatively small percentage of the total
damage in an earthquake, yet being too close to a rupturing
fault can result in extensive damage.
It is difficult to
safely reduce the effects of this hazard through building
and foundation design.
Therefore, the primary mitigation
measure is to avoid active faults by setting structures
back from the fault zone.
Application of this measure is
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subject to requirements of the Alquist-Priolo Earthquake
Fault Zoning Act and guidelines prepared by the California
Geological Survey – previously known as the California
Division of Mines and Geology (CDMG Note 49).
The final
approval of a fault setback lies with the local reviewing
agency.
Earthquake damage also depends on the characteristics of
human-made structures. The interaction of ground motion with
the built environment is complex. Governing factors include a
structure’s
height,
construction,
and
stiffness,
which
determine the structure’s resonant period; the underlying
soil’s strength and resonant period; and the periods of the
incoming seismic waves.
Other factors include architectural
design, condition, and age of the structure.
1.2.4

Choosing Earthquakes for Planning and Design
It is often useful to create a deterministic or design
earthquake scenario to study the effects of a particular
earthquake on a building or a community.
Often, such
scenarios consider the largest earthquake that is believed
possible to occur on a fault or fault segment, referred to as
Other scenarios
the maximum magnitude earthquake (Mmax).
consider the maximum probable earthquake (MPE) or design basis
earthquake (UBC, 1997), the earthquake with a statistical
return period of 475 years (with ground motion that has a 10
percent probability of being exceeded in 50 years).
For
public schools, hospitals, and other critical facilities, the
California Building Code (1998) defines the Upper Bound
Earthquake, which has a statistical return period of 949 years
and a ground motion with a 10 percent probability of being
exceeded in 100 years.
As the descriptions above suggest,
which earthquake scenario is most appropriate depends on the
application, such as the planned use, lifetime or importance
of a facility.
The more critical the structure, the longer
the time period used between earthquakes and the larger the
design earthquake should be.
Geologists,
seismologists,
engineers,
emergency
response
personnel and urban planners typically use maximum magnitude
and maximum probable earthquakes to evaluate seismic hazard.
The assumption is that if we plan for the worst-case scenario,
we establish safety margins.
Then smaller earthquakes, that
are more likely to occur, can be dealt with effectively.
Seismic design parameters define what kinds of earthquake
effects a structure must be able to withstand. These include
peak ground acceleration, duration of strong shaking, and the
periods of incoming strong motion waves.
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As is true for most earthquake-prone regions, many potential
earthquake sources pose a threat to Pasadena. Thus it is also
important to consider the overall likelihood of damage from a
plausible suite of earthquakes.
This approach is called
probabilistic seismic hazard analysis (PSHA), and typically
considers the likelihood of exceeding a certain level of
damaging ground motion that could be produced by any or all
faults within a 100 km radius of the project site, or in this
case, the City.
PSHA is utilized by the U.S. Geological
Survey to produce national seismic hazard maps that are used
by the Uniform Building Code (UBC).
Regardless of which fault causes a damaging earthquake, there
will always be aftershocks. By definition, these are smaller
earthquakes that happen close to the mainshock (the biggest
earthquake of the sequence) in time and space. These smaller
earthquakes occur as the Earth adjusts to the regional stress
changes created by the mainshock.
The bigger the mainshock,
the greater the number of aftershocks, the larger the
aftershocks will be, and the wider the area in which they
might occur.
On average, the largest aftershock will be 1.2 magnitude units
less than the mainshock. Thus, a MW 6.9 earthquake will tend
to produce aftershocks up to Mw 5.7 in size.
This is an
average, and there are many cases where the biggest aftershock
is larger than the average predicts. The key point is this:
any major earthquake will produce aftershocks large enough to
cause
additional
damage,
especially
to
already-weakened
structures.
Consequently, post-disaster response planning
must take damaging aftershocks into account.

1.3

Laws To Mitigate Earthquake Hazard

1.3.1 Alquist-Priolo Earthquake Fault Zoning Act

The Alquist-Priolo Special Studies Zones Act was signed into
law in 1972 (in 1994 it was renamed the Alquist-Priolo
Earthquake Fault Zoning Act). The primary purpose of the Act
is to mitigate the hazard of fault rupture by prohibiting the
location of structures for human occupancy across the trace of
an active fault (Hart and Bryant, 1999). This state law was a
direct result of the 1971 San Fernando earthquake, which was
associated with extensive surface fault ruptures that damaged
numerous homes, commercial buildings and other structures.
Surface rupture is the most easily avoided seismic hazard.
The Act requires the State Geologist (Chief of the Division of
Mines and Geology) to delineate "Earthquake Fault Zones" along
faults that are "sufficiently active" and "well defined."
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These faults show evidence of Holocene surface displacement
along one or more or their segments (sufficiently active) and
are clearly detectable by a trained geologist as a physical
feature at or just below the ground surface (well defined).
The boundary of an "Earthquake Fault Zone" is generally about
500 feet from major active faults, and 200 to 300 feet from
well-defined minor faults.
The Act dictates that cities and
counties withhold development permits for sites within an
Earthquake Fault Zone within their jurisdiction until geologic
investigations demonstrate that the sites are not threatened
by surface displacements from future faulting (Hart and
Bryant, 1999).
The Alquist-Priolo maps are distributed to all affected cities
and counties for their use in planning and controlling new or
renewed construction.
Local agencies must regulate most
development projects within the zones.
Projects include all
land divisions and most structures for human occupancy. State
law exempts single-family wood-frame and steel-frame dwellings
which are less than three stories and are not part of a
development of four units or more.
However, local agencies
can be more restrictive than State law requires.
AlquistPriolo Earthquake Fault Zone mapping has been completed by the
State Geologist for the eastern Pasadena area (Quadrangles:
Mt. Wilson, 1977; El Monte, 1991; Los Angeles, 1977).
1.3.2 Seismic Hazards Mapping Act

The Alquist-Priolo Earthquake Fault Zoning Act only addresses
the hazard of surface fault rupture and is not directed toward
other earthquake hazards.
Recognizing this, in 1990, the
State passed the Seismic Hazards Mapping Act (SHMA), which
addresses
non-surface
fault
rupture
earthquake
hazards,
including strong ground shaking, liquefaction and seismically
induced landslides.
The California Geological Survey (CGSpreviously know as the California Division of Mines and
Geology -CDMG) is the principal State agency charged with
implementing the Act.
Pursuant to the SHMA, the CGS is
directed to provide local governments with seismic hazard zone
maps that identify areas susceptible to amplified shaking,
liquefaction, earthquake-induced landslides, and other ground
failures. The goal is to minimize loss of life and property
by identifying and mitigating seismic hazards.
The seismic
hazard zones delineated by the CGS are referred to as “zones
of required investigation.”
Site-specific geological hazard
investigations are required by the SHMA when construction
projects fall within these areas.
The CGS, pursuant to the 1990 SHMA, has been releasing seismic
hazards maps since 1997.
In the Pasadena area, the CGS has
mapped the Mt. Wilson, El Monte, Los Angeles, and Pasadena
quadrangles.
These maps indicate that liquefaction and
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area.

landslides

are

hazards

in
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Pasadena

1.3.3 Real Estate Disclosure Requirements

Effective June 1, 1998, the Natural Hazards Disclosure Act
requires that sellers of real property and their agents
provide prospective buyers with a "Natural Hazard Disclosure
Statement" when the property being sold lies within one or
more State-mapped hazard areas. If a property is located in a
Seismic Hazard Zone as shown on a map issued by the State
Geologist, the seller or the seller's agent must disclose this
fact to potential buyers. The law specifies two ways in which
this disclosure can be made.
One is to use the new Natural
Hazards Disclosure Statement as provided in Section 1102.6c of
the California Civil Code. The other way is to use the Local
Option Real Estate Disclosure Statement as provided in Section
1102.6a of the California Civil Code. The Local Option Real
Estate Disclosure Statement can be substituted for the Natural
Hazards Disclosure Statement only if the Local Option
Statement contains substantially the same information and
substantially the same warning as the Natural Hazards
Disclosure Statement.
By the same token, the Alquist-Priolo Earthquake Fault Zoning
Act and the Seismic Hazards Mapping Act also require that real
estate agents, or sellers of real estate acting without an
agent, disclose to prospective buyers that the property is
located in an Earthquake Fault or Seismic Hazard Zone.
1.3.4 California Environmental Quality Act

The California Environmental Quality Act (CEQA) was passed in
1970 to insure that local governmental agencies consider and
review the environmental impacts of development projects
within
their
jurisdictions.
CEQA
requires
that
an
Environmental Impact Report (EIR) be prepared for projects
that may have significant effects on the environment.
EIRs
are required to identify geologic and seismic hazards, and to
recommend potential mitigation measures, thus giving the local
agency the authority to regulate private development projects
in the early stages of planning.
1.3.5 Uniform Building Code and California Building Code

Most jurisdictions adopt the Uniform Building Code (UBC) for
regular residential and commercial construction, and require
the use of the California Building Code (CBC) for critical
structures such as public schools and hospitals. The City of
Pasadena uses the California Building Code for all of its
construction. The California Building Code (CBC), which is
included in Title 24 of the California Administrative Code,
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provides “minimum standards to safeguard life or limb, health,
property and public welfare by regulating and controlling the
design, construction, quality of materials, use and occupancy,
location and maintenance of all buildings and structures”
within the City of Pasadena. The code defines minimum lateral
forces to resist seismic shaking, the use and purpose of the
structure, the seismic zone, the type of structural system,
and the building configuration and height.
In addition, it
defines soil profile types that result in various degrees of
shaking.
These documents are historically updated every three years.
The most current CBC adopted by the City of Pasadena is the
1998 edition, based on the 1997 edition of the Uniform
Building Code.
A new CBC was issued in 2001.
The City of
Pasadena is expected to adopt this version in the Fall of
2002.
In the year 2000, a new International Building Code (IBC) and
International Residential Code (IRC) were published by the
International Code Council, which were meant to supercede the
1997 edition of the UBC. The IBC combines the model building
codes previously issued by three different code organizations:
the Building Officials and Code Administrators International,
Inc., based in Illinois, the International Conference of
Building Officials, based in Whittier, California, and the
Southern Building Code Congress International, Inc., based in
Alabama. The seismic ground motion maps used in the IBC 2000
were prepared by the U.S. Geological Survey.
However, the
2000 IBC was not welcomed by all jurisdictions, and many have
been reluctant to adopt it. In fact, on October 25, 2000, the
California Building Standards Commission (CBSC) voted not to
use the IBC, but rather, to continue using the 1997 version of
the UBC.
Structures such as dams and freeways fall under
developed by various State and Federal agencies.

criteria

1.3.6 Unreinforced Masonry Law

Enacted in 1986, the Unreinforced Masonry Law requires all
cities and counties in Seismic Zone 4 (UBC, 1997) to identify
hazardous unreinforced masonry (URM) buildings in their
jurisdictions.
Owners of such buildings must be notified of
the potential earthquake hazard, and mitigation must be
performed.
The
mitigation
method,
which
may
include
retrofitting or demolition, is left to the local jurisdiction.
The Pasadena area lies entirely within Seismic Zone 4.
Therefore, and in compliance with the Unreinforced Masonry
Law, URMs in Pasadena were identified and catalogued.
The
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original list compiled in 1989 identified approximately 750
buildings of potential URM construction in the City. The list
was pared down to 416 URMs by October 1993, when the City
enacted the Pasadena Uniform Code for Conservation of
Buildings (Chapter 14.06 of the City Code – also referred to
as the City’s URM Ordinance). The revised version of the Code
was adopted in 1994.
The goal of this code is to retrofit
URMs in the City to the standards recommended by the
California State Seismic Commission, while protecting and
preserving historic buildings and encouraging their continued
use.

1.4

Notable Historic Earthquakes in the Pasadena Region

Figure 1-2 shows the approximate epicenters of earthquakes that have
resulted in significant ground shaking in the Los Angeles basin,
including Pasadena. The most significant of these events are
summarized below.
Plate 1-1 shows the historical seismicity in the
immediate vicinity of Pasadena.
The map shows that small
earthquakes (micro-tremors) have occurred historically throughout
the area, but only one moderate-sized earthquake has occurred
directly under the City. The 1988 Pasadena earthquake is discussed
further in Section 1.4.5.
1.4.1 Long Beach Earthquake of 1933

This Mw 6.4 earthquake occurred on March 10, 1933, at 5:54 in
the afternoon. The location of the earthquake’s epicenter has
been
re-evaluated,
and
determined
to
have
occurred
approximately 3 miles south of present-day Huntington Beach.
However, it caused extensive damage in Long Beach, hence its
name. The earthquake occurred on the Newport-Inglewood fault,
a right-lateral strike slip fault that extends across the
western portion of the Los Angeles basin (see Figure 1-1).
The Newport-Inglewood fault did not rupture the surface during
this earthquake, but substantial liquefaction-induced damage
was reported. The earthquake caused 120 deaths, and over $50
million in property damage (Wood, 1933). Most of the damaged
buildings were of unreinforced masonry. Many school buildings
were destroyed. Fortunately, however, the children were not
present in the classrooms. This earthquake led to the passage
of the Field Act, which gave the State Division of
Architecture authority and responsibility for approving design
and supervising construction of public schools. Building codes
were also improved.
1.4.2 San Fernando (Sylmar) Earthquake of 1971

This Mw 6.6 earthquake occurred on the San Fernando fault zone,
the western-most segment of the Sierra Madre fault, on
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February 9, 1971, at 6:00 in the morning. The surface rupture
caused by this earthquake was nearly 12 miles long, and
occurred in the Sylmar-San Fernando area.
The maximum slip
measured at the surface was nearly 6 feet.
The earthquake caused over $500 million in property damage and
65 deaths. Most of the deaths occurred when the Veteran's
Administration Hospital collapsed. Several other hospitals,
including the Olive View Community Hospital in Sylmar suffered
severe damage. Newly constructed freeway overpasses also
collapsed, in damage scenes similar to those which occurred 23
years later in the 1994 Northridge Earthquake. In Pasadena,
ten buildings were damaged, with a resultant dollar loss
estimated at $2.5 million. Loss of life could have been much
greater had the earthquake struck at a busier time of day. As
with the Long Beach earthquake, legislation was passed in
response to the damage caused by this earthquake.
In this
case, the building codes were strengthened and the Alquist
Priolo Special Studies (now Earthquake Fault) Zone Act was
passed in 1972.
1.4.3 Malibu Earthquake of 1979

This earthquake occurred on January 1, 1979 at 3:15 in the
afternoon, while that year’s Rose Bowl college football game
(USC vs. Michigan) was going on in Pasadena. Some of the fans
in the stadium were alarmed by the shaking, but the game
continued (USC won, 17-10).
The epicenter of the ML5.2
earthquake was approximately 8 miles south of Malibu, and 23
miles west of Los Angeles.
Although it caused only minor
damage in the areas closest to its epicenter, the earthquake
was felt as far away as Kings, Kern and San Diego counties.
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Plate 1-1:

Earthquakes in the Pasadena Area
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1.4.4 Whittier Narrows Earthquake of 1987

The Whittier Narrows earthquake occurred on October 1, 1987,
at
7:42
in
the
morning,
with
its
epicenter
located
approximately 7 miles southwest of Pasadena (Hauksson and
Jones, 1989). The ML 5.9 earthquake occurred on a previously
unknown, north-dipping concealed thrust fault (blind thrust)
now called the Puente Hills fault (Shaw, and Shearer, 1999).
The earthquake caused eight fatalities and $358 million in
property damage. Severe damage was confined mainly to
communities east of Los Angeles and near the epicenter. No
severe structural damage to high-rise structures in downtown
Los Angeles was reported.
The most severe damage occurred in the "Uptown" district of
Whittier, the old downtown section of Alhambra, and in the
"Old Town" section of Pasadena, areas with high concentrations
of unreinforced masonry buildings. Residences that sustained
damage usually were constructed of masonry, were not fully
anchored to foundations, or were houses built over garages
with large door openings. Many chimneys collapsed and in some
cases, fell through roofs. Wood frame residences sustained
relatively little damage.
1.4.5 Pasadena Earthquake of 1988

The Pasadena earthquake occurred at 3:38 in the morning on
December 3, 1988, directly underneath the City of Pasadena.
The ML5.0 earthquake occurred on the Raymond fault (Hauksson
and Jones, 1991), and helped determine that the Raymond fault
is a left-lateral strike-slip fault (the geological community
was divided on this issue – the fault forms a well-defined
scarp that many attributed to reverse faulting).
This
earthquake was also notable because it was followed by an
unusually small number of aftershocks, and these were of small
size (the largest was only a magnitude 2.4).
1.4.6 Malibu Earthquake of 1989

This ML5.0 earthquake occurred on January 18, 1989 at 10:53 in
the evening.
The earthquake’s epicenter was about 10 miles
south of Malibu.
As a result of this earthquake, several
people were injured, shelved items fell in local stores, and
some windows were broken. Hardest hit was the coastal region
encompassing Malibu, Santa Monica, and Redondo Beach, though
damage was low even in that area. Slight damage was also
reported in Los Angeles, Hollywood, Monterey Park, and
Lancaster.
1.4.7 Sierra Madre Earthquake of 1991
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The Sierra Madre earthquake occurred on June 28, 1991 at 7:43
in the morning approximately 12 miles northeast of Pasadena.
The Mw 5.8 earthquake probably occurred on the Clamshell-Sawpit
Canyon fault, an offshoot of the Sierra Madre fault zone in
the San Gabriel Mountains (Haukson, 1994). Because of its
depth and moderate size, it caused no surface rupture, but it
did trigger rockslides that blocked some of the local mountain
roads. Roughly $40 million in property damage occurred in the
San Gabriel Valley. Unreinforced masonry buildings were the
hardest hit. Two deaths resulted from this earthquake -- one
person was killed in Arcadia, and one person in Glendale died
from a heart attack. In all, at least 100 others were injured,
though the injuries were mostly minor.
1.4.8 Northridge Earthquake of 1994

The Northridge Earthquake of January 17, 1994 woke up most of
southern California at 4:30 in the morning. The earthquake’s
epicenter was located 20 miles to the west-northwest of
downtown Los Angeles, on a previously unknown blind thrust
fault now called the Northridge (or Pico) Thrust.
Although
moderate in size, this earthquake produced the strongest
ground motions ever instrumentally recorded in North America.
The Mw 6.7 earthquake is one of the most expensive natural
disasters to have impacted the United States. Damage was
widespread, sections of major freeways collapsed, parking
structures and office buildings collapsed, and numerous
apartment buildings suffered irreparable damage. Damage to
wood-frame apartment houses was very widespread in the San
Fernando Valley and Santa Monica areas, especially to
structures with "soft" first floor or lower-level parking
garages. The high accelerations, both vertical and horizontal,
lifted structures off of their foundations and/or shifted
walls laterally. The death toll was 57, and more than 1,500
people were seriously injured.
Despite the losses, gains made through earthquake hazard
mitigation efforts of the last two decades were obvious.
Retrofits of masonry building helped reduce the loss of life,
hospitals suffered less structural damage than in 1971 San
Fernando earthquake, and emergency response was exemplary.
Extensive documentation regarding this earthquake and its
effects on the built environment is available on the world
wide
web.
For
additional
information
refer
to
http://geohazards.cr.usgs.gov/northridge/
and
www.eqe.com/publications/northridge/northridge.html,
among
others.
1.4.9 West Hollywood Earthquake of 2001
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A M4.2 earthquake occurred in West Hollywood at 4:59 in the
afternoon on September 9, 2001. This earthquake was widely
felt throughout the Los Angeles Basin and in parts of San
Fernando Valley. No significant damage was reported. This is
the largest earthquake to occur in the Los Angeles basin since
the 1994 Mw6.7 Northridge earthquake and its aftershocks. The
earthquake’s epicenter was located near the intersection of
the
Newport-Inglewood
and
Hollywood
faults.
The
focal
mechanism showed horizontal strike-slip motion on a northnorthwest striking plane, suggesting that this event may be
associated with the north end of the Newport-Inglewood fault
(Hauksson, Hutton and Jones, 2001; at
http://pasadena.wr.usgs.gov/eqinthenews/ci09703873/index.html)
.

1.5

Potential Sources of Seismic Ground Shaking

Seismic shaking is the geologic hazard that has the greatest
potential to severely impact the City. This is because the City is
located near several seismic sources that have the potential to
cause strong ground shaking. As discussed in Section 1.4 above, some
of these faults caused moderate-sized earthquakes in the last
century, but, given their length, are thought capable of generating
even larger earthquakes that would cause strong ground shaking in
Pasadena and nearby communities. To give the City a better
understanding of the hazard posed by these faults, we performed a
deterministic seismic hazard analysis.
Using software that is an
industry standard, (EQFAULT, Blake, 2000) we estimated the Peak
Horizontal Ground Accelerations (PHGA) that can be expected at ten
locations within the City due to an earthquake occurring on any of
the known active or potentially active faults within a 62-mile (100
km) radius. The smallest and largest peak ground acceleration values
obtained for each location for each fault are shown on Table 1-2 as
a range.
The values resulting from these analyses must be
considered minimum values, as they do not consider site-specific
conditions. Furthermore, unlike the probabilistic analyses required
for building design, the results do not reflect the combined hazard
of many earthquakes of varying likelihood.
To conduct this seismic shaking analysis, we used the same fault
database used by the CGS and USGS for the National Seismic Hazard
Maps (Peterson and others, 1996). For such analyses, one must also
decide an appropriate attenuation relationship (an empirically
derived estimate of the effects of earthquake size and distance on
ground shaking).
We used the Boore et al. (1997) attenuation
relationship for UBC Soil Type D.
According to the Uniform
Building Code (ICBO, 1997) this is the Soil Type that should be
assumed where site-specific information is not available. Those
faults that, based on the EQFAULT results, can cause peak horizontal
ground accelerations of about 0.1g or greater (Modified Mercalli
Intensities greater than VII) in the Pasadena area are listed in
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Table 1-2. For a map showing most of these faults, refer to Figure
1-3. Those faults included in Table 1-2 that have the greatest
impact on the Pasadena area are described in more detail in the
following pages.
Table 1-2 shows:
•

the distance, in kilometers, between each fault and various
points in the City considered for the deterministic analysis;

•

the maximum magnitude earthquake (Mmax) each fault is estimated
capable of generating;

•

the intensity of ground motion, shown as a range to reflect
that different areas in the City will experience different
levels of shaking, expressed as a fraction of the acceleration
of gravity (g), that could be experienced in the Pasadena area
if the Mmax occurs on one of these faults; and

•

the
Modified
Mercalli
calculated for the City.

seismic

Intensity

(MMI)

values

In general, peak ground accelerations (PGA) and seismic intensity
values decrease with increasing distance away from the causative
fault. However, local site conditions, such as the top of ridges,
could amplify the seismic waves generated by an earthquake,
resulting in localized higher accelerations than those listed here.
The deterministic hazard assessment summarized in Table 1-2
addresses individual sources or scenario events. Probabilistic
assessments combine all seismic sources and consider the likelihood
(or probability) of each source to generate an earthquake.
Probabilistic hazard assessment was utilized by the US Geological
Survey (USGS) to produce national seismic hazard maps that
were
adopted into the 1997 Uniform Building Code (UBC) using data from
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Figure 1-3- Regional Active and Potentially Active Faults
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Table 1-2
Estimated Horizontal Peak Ground Accelerations and
Seismic Intensities in the Pasadena Area

Fault Name

Distance
to Sites
(m)

Distance Magnitud
e of
to Sites
Mmax *
(km)

Sierra Madre

0.0-5.3

0.0-8.5

7.0

Verdugo

0.0-2.7

6.7

Elysian Park Thrust

1.7-9.3

Raymond

0.0-6.6

Clamshell-Sawpit

3.7-10.0

Hollywood
Sierra Madre (San
Fernando)

3.3-9.4

San Gabriel
Northridge (E. Oak
Ridge)
San Andreas - 1857
Rupture

6.8-16.4
12.4-20.6

Compton Thrust

13.5-19.5

Cucamonga

16.7-23.2

Whittier

11.2-20.8

San Jose

12.1-21.1

Santa Monica
Newport-Inglewood
(L.A.Basin)
Chino Central Avenue
(Elsinore)

13.9-20.3

Santa Susana

18.0-26.5

San Andreas - Mojave

20.8-27.7

Malibu Coast

20.8-27.2

Anacapa-Dume

31.4-36.9

Palos Verdes

23.1-29.0

0.0-4.4
14.
2.8- 9
10.
0.0- 6
16.
5.9- 1
15.
5.3- 2
24.
9.8- 3
26.
11.0- 4
33.
20.0- 2
44.
33.5- 5
31.
21.8- 4
37.
26.9- 4
33.
18.1- 5
34.
19.4- 0
32.
22.3- 6
31.
23.7- 5
45.
30.4- 3
42.
28.9- 6
44.
33.5- 5
43.
33.5- 8
59.
50.6- 4
46.
37.1- 6
62.
52.3- 7
51.
37.2- 1
63.
50.3- 5

6.1-15.1

20.8-27.7

14.7-19.6
18.9-28.1

San Andreas - Coachella 32.5-39.0
Holser

23.1-31.8

Oak Ridge (Onshore)

31.3-39.5

6.7
6.5
6.5
6.4
6.7
7.0
6.9
7.8
6.8
7.0
6.8
6.5
6.6
6.9
6.7
6.6
7.1
6.7
7.3
7.1
7.4
6.5
6.9
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PGA (g)
from Mmax
0.47
0-0.750
0.53
0-0.640
0.28
3-0.586
0.31
8-0.576
0.24
1-0.430
0.23
8-0.425
0.19
9-0.370
0.18
1-0.332
0.17
5-0.256
0.18
5-0.230
0.17
4-0.228
0.16
9-0.217
0.13
6-0.214
0.14
0-0.212
0.15
2-0.202
0.15
0-0.186
0.12
5-0.169
0.12
4-0.166
0.12
8-0.159
0.12
8-0.157
0.13
9-0.157
0.12
4-0.147
0.11
5-0.133
0.10
2-0.130
0.10
7-0.128

MMI from

Mmax
X - XI
X -

X

IX -

X

IX -

X

IX -

X

IX - X
VII
I - IX
VII
I - IX
VII
I - VIII
VII
I - IX
VII
I - IX
VII
I - VIII
VII
I - VIII
VII
I - VIII
VII
I - VIII
VII
I - VIII
VII
I - VIII
VII - VIII
VII
I - VIII
VII
I - VIII
VII
I - VIII
VII - VIII
VII - VIII
VII - VIII
VII - VIII
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San Andreas - San
Bernardino
San Andreas - Carrizo
Simi-Santa Rosa

62.
32.5-39.0 52.3- 7
73.
35.9-45.6 57.8- 4
64.
36.5-40.0 58.8- 3

7.3
7.2
6.7

0.10
9-0.126 VII - VIII
0.09
2-0.111 VII - VII
0.09
5-0.102 VII - VII

* The Mmax reported herein are based on the fault parameters published by
the CGS (CDMG, 1996).
However, as described further below, recent
paleoseismic studies suggest that some of these faults, like the Sierra
Madre fault, can generate even larger earthquakes than those listed above.
These PGAs were calculated using Blake’s (2000) deterministic analysis
software. Areas closer to a given fault will generally experience higher
accelerations than areas farther away, therefore the range in PGAs given
for each fault.
Abbreviations used in Table 1-2:
mi – miles; km – kilometers; Mmax – maximum magnitude earthquake; PGA –
peak ground acceleration as a percentage of g, the acceleration of gravity;
MMI – Modified Mercalli Intensity.

the California Geological Survey (CGS, previously CDMG, 1996).
The map of southern California produced under the National
Seismic Hazard Mapping Program shows that Pasadena can be
exposed to very high values of ground shaking, with a 10
percent chance that accelerations more than 40 percent the
force of gravity (0.4g) could occur in 50 years.
These
probabilistic ground motion values for the City of Pasadena
are in the moderate to high range for southern California and
are the result of the City’s proximity to major fault systems
with high earthquake recurrence rates.
1.5.1 San Andreas Fault Zone

As discussed previously, the San Andreas fault is the
principal boundary between the Pacific and North American
plates, and as such, it is considered the “Master Fault”
because it has frequent (geologically speaking), large,
earthquakes, and it controls the seismic hazard in southern
California.
The fault extends over 1,000 miles (1,600
kilometers) from near Cape Mendocino in northern California to
the Salton Sea region in southern California. At its closest
approach, the San Andreas fault is approximately 21 miles (33
km) north of Pasadena.
Large faults, such as the San Andreas fault, are generally
divided into segments in order to evaluate their future
earthquake potential.
The segments are generally defined at
discontinuities along the fault that may affect the rupture
length.
In central and southern California, the San Andreas
fault zone is divided into five segments named, from north to
south, the Cholame, Carrizo, Mojave, San Bernardino Mountains,
and Coachella Valley segments (WGCEP, 1995). Each segment is

Earth Consultants InternationalSeismic Hazards

Page 1-28

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
assumed to have a characteristic slip rate (rate of movement
averaged over time), recurrence interval (time between
moderate to large earthquakes), and displacement (amount of
offset during an earthquake). While this methodology has some
value in predicting earthquakes, historical records and
studies of prehistoric earthquakes show that it is possible
for more than one segment to rupture during a large quake or
for ruptures to overlap into adjacent segments.
The last major earthquake on the southern portion of the San
Andreas fault was the 1857 Fort Tejon (M 8) event.
This is
the largest earthquake reported in California.
The 1857
surface rupture broke the Cholame, Carrizo, and Mojave
segments, resulting in displacements of as much as 27 feet (9
meters) along the rupture zone. Peak ground accelerations in
the Pasadena area as a result of the 1857 earthquake are
estimated to have been as high as 0.23g. These fault segments
are thought to have a recurrence interval of between 104 and
296 years.
The Mojave segment of the San Andreas fault is 83 miles (133
km) long, extending from approximately Three Points southward
to just northwest of Cajon Creek, at the southern limit of the
1857 rupture (WGCEP, 1995).
Using a slip rate of 30±8
millimeters per year (mm/yr) and a characteristic displacement
of 4.5±1.5 meters (m), the WGCEP (1995) derived a recurrence
interval of 150 years for this segment. The Mojave segment is
estimated to be capable of producing a magnitude 7.1
earthquake, which could result in peak ground accelerations in
the Pasadena area of between 0.13g and 0.16g.
The WGCEP
(1995) calculated that this segment has a 26 percent
probability of rupturing sometime between 1994 and 2024.
The San Bernardino Mountains segment extends approximately 49
miles (78 km) from Cajon Creek to the San Gorgonio Pass. This
segment is a structurally complex zone that is poorly
understood, and for which there are scant data on fault
behavior.
Using a slip rate of 24±5 mm/yr and a
characteristic displacement of 3.5±1.0 m, the 1995 WGCEP
derived a recurrence interval on this fault of 146 years.
This fault segment is estimated capable of producing a
magnitude 7.3 earthquake, which could result in peak ground
accelerations in Pasadena of between 0.11g and 0.13g. If this
fault segment ruptures together with the Mojave and Coachella
Valley segments, higher ground motions would be expected. In
1994, the WGCEP (1995) calculated that this fault segment had
a 28 percent probability of rupturing sometime in the next 30
years.
The Coachella Valley segment is about 71 miles (114 km) long
and extends from San Gorgonio Pass to the Salton Sea.
This
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segment
has
not
produced
any
large
surface-rupturing
earthquakes in historic times (Sieh and Williams, 1990).
Paleoseismic studies suggest that the last surface-rupturing
earthquake on this segment occurred around 1680.
The data
also suggest that during the 1680 earthquake, and the one
prior to that, in 1450, both the Coachella Valley and San
Bernardino Mountain segments ruptured simultaneously. Using a
slip rate of 25± 5mm/yr and a characteristic displacement of
4.0 (+4,-2) m, the 1995 WGCEP derived a recurrence interval
for this fault of 220 ±13 years.
This segment is thought
capable of producing a magnitude 7.4 earthquake, which could
result in peak ground accelerations in the Pasadena area of
0.12g to 0.13 g.
The WGCEP (1995) also calculated a 22
percent probability that this fault segment will generate an
earthquake sometime between 1994 and 2024.
1.5.2 Sierra Madre Fault

The Sierra Madre fault zone is a north-dipping reverse fault
zone approximately 47 miles (75 km) long that extends along
the southern flank of the San Gabriel Mountains from San
Fernando
to
San
Antonio
Canyon,
where
it
continues
southeastward as the Cucamonga fault. The Sierra Madre fault
has been divided into five segments, and each segment seems to
have a different rate of activity.
The northwestern-most segment of the Sierra Madre fault (the
San Fernando segment) ruptured in 1971, causing the Mw 6.7 San
Fernando (or Sylmar) earthquake.
As a result of this
earthquake, the Sierra Madre fault has been known to be
active.
In the 1980s, Crook and others (1987) studied the
Transverse Ranges using general geologic and geomorphic
mapping, coupled with a few trenching locations, and suggested
that the segments of the Sierra Madre fault east of the San
Fernando segment have not generated major earthquakes in
several thousands of years, and possibly as long as 11,000
years.
By California’s definitions of active faulting, most
of the Sierra Madre fault would therefore be classified as not
active.
Then, in the mid 1990s, Rubin and others (1998)
trenched a section of the Sierra Madre fault in Altadena (at
Loma Alta Park, see Plate 1-2), and determined that this
segment has ruptured at least twice in the last 15,000 years,
causing magnitude 7.2 to 7.6 earthquakes. This suggests that
the Los Angeles area is susceptible to infrequent, but large
near-field earthquakes on the Sierra Madre fault. Rubin et
al.’s (1998) trenching data show that during the last
earthquake, this fault trace shifted as much as 13 feet (4
meters) at the surface, and that total displacement in the
last two events adds to more than 34 feet (10.5 meters)!
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Although the fault seems to slip at a rate of only about 0.6
mm/yr, over time, it can accumulate a significant amount of
strain. The paleoseismic data obtained at the Loma Alta Park
site were insufficient to estimate the recurrence interval and
the age of the last surface-rupturing event on this segment of
the fault. However, Tucker and Dolan (2001) trenched the east
Sierra Madre fault at Horsethief Canyon and obtained data
consistent with Rubin et al.’s (1998) findings. At Horsethief
Canyon, the Sierra Madre fault last ruptured more than 8,000
years ago. Thus, using a slip rate of 0.6 mm/yr and a slip per
event of 5 meters, we can calculate a recurrence interval of
about 8,000 years. If the last event occurred more than 8,000
years ago, it is possible that these segments of the Sierra
Madre fault are near the end of their cycle, and therefore
likely to generate an earthquake in the not too distant
future.
Given the data presented above, and since the Sierra Madre
fault extends across the northern reaches of the Pasadena
area, this fault may pose the worst-case scenario for the
City. Peak ground accelerations in Pasadena of between 0.47g
and 0.75g are estimated as a result of a conservative,
magnitude 7.0 earthquake on the Sierra Madre fault. Specific
losses as a result of this earthquake scenario are discussed
in detail in Section 1.9, below.
1.5.3

Verdugo Fault
The Verdugo fault is a 13-mile (21 km) long, southeaststriking fault that that lies along the southern flank of the
Verdugo
Mountains,
near
Burbank.
The
fault
has
been
interpreted as both a reverse fault (Wesnousky, 1986), and a
left-lateral strike-slip fault (Walls et al., 1998). Weber et
al. (1980) first reported southwest-facing scarps 2 to 3
meters high in the alluvial fan deposits in the Burbank and
West Glendale areas, and other subsurface features indicative
of faulting. Since Weber et al.’s study (1980), no additional
surface data on this fault has been published.
Recently,
however, several investigators began reviewing the subsurface
geology in this area (Tsutsumi and Yeats, 1999; Langenheim et
al., 2000; Pujol et al., 2001). Results of these studies
suggest that the Verdugo fault changes in character from a
reverse fault adjacent to the Pacoima Hills, to a normal fault
at the southwest edge of the Verdugo Mountains.
Vertical
separation on the fault is at least 1000 meters (Tsutsumi and
Yeats, 1999).
Clearly, additional studies will be required to resolve these
inconsistencies in the style of faulting. Given its location
near highly populated portions of the Los Angeles metropolitan
area, several investigations, including trenching of the
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fault, are likely to be conducted in the next few years to
better define this fault’s seismic hazard. Slip rate on the
Verdugo fault is poorly constrained, and currently estimated
at about 0.5 mm/yr (CGS, previously CDMG, 1996). The fault’s
recurrence interval is unknown.
The southern segment of the
fault is thought to have ruptured during the Holocene,
therefore, the fault is considered active (Jennings, 1994).
Based on its length, the Verdugo fault is thought capable of
generating magnitude 6.0 to 6.8 earthquakes. A magnitude 6.7
earthquake
on
this
fault
would
generate
peak
ground
accelerations in the Pasadena area of between 0.53g and 0.64g.
Given the high accelerations that this fault is estimated
capable of generating in Pasadena, an earthquake scenario on
this fault was modeled for loss estimation using Hazus (see
Section 1.9, below).
The results of this analysis are
included in Appendix C.
1.5.4 Elysian Park Fault

The Whittier Narrows earthquake of October 1, 1987 occurred on
a previously unknown blind thrust fault underneath the eastern
part of the Los Angeles basin. Davis et al. (1989) used oil
field data to construct cross-sections showing the subsurface
geology of the basin, and concluded that the Whittier Narrows
earthquake occurred on a thrust ramp they called the Elysian
Park thrust fault.
They modeled the Elysian Park as a
shallow-angle, reverse-motion fault 6 to 10 miles below the
ground surface generally located between the Whittier fault to
the southeast, and the Hollywood fault to the west-northwest.
Although blind thrusts do not extend to the Earth’s surface,
they are typically expressed at the surface by a series of
hills or mountains.
Davis et al. (1989) indicated that the
Elysian Park thrust ramp is expressed at the surface by the
Santa Monica Mountains, and the Elysian, Repetto, Montebello
and Puente Hills.
Davis et al. (1989) estimated a long-term slip rate on the
Elysian Park of between 2.5 and 5.2 mm/yr. Dolan et al. (1995)
used a different approach to estimate a slip rate on the
Elysian Park fault of about 1.7 mm/yr with a recurrence
interval of about 1,475 years. Then, in 1996, Shaw and Suppe
re-interpreted the subsurface geology of the Los Angeles
basin, proposed a new model for what they call the Elysian
Park trend, and estimated a slip rate on the thrust ramp
beneath the Elysian Park trend of 1.7±0.4 mm/yr. More
recently, Shaw and Shearer (1999) relocated the main shock and
aftershocks of the 1987 Whittier Narrows earthquake, and
showed that the earthquake sequence occurred on an east-west
trending buried thrust they called the Puente Hills thrust
(rather than the northwest-trending Elysian Park thrust).
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Given the enormous amount of research currently underway to
better characterize the blind thrust faults that underlie the
Los Angeles basin, the Elysian Park thrust fault will most
likely undergo additional significant re-interpretations. In
fact, Shaw and Shearer (1999) suggest that the Elysian Park
thrust fault is no longer active.
However, since this
statement is under consideration, and the Elysian Park thrust
is still part of the active fault database for southern
California (CGS, previously CDMG, 1996), we have considered
this fault as a potential seismic source in Pasadena. If this
fault caused a magnitude 6.7 earthquake, Pasadena would
experience peak ground accelerations of between 0.28g and
0.59g.
1.5.5 Raymond Fault

The Raymond fault is a left-lateral, strike-slip fault about
13 miles (20 km) long that extends across the San Gabriel
Valley, including southern Pasadena. The fault is arcuate in
shape, trending east-west in its western section, and eastnortheast in its eastern section.
The fault produces a very
obvious south-facing scarp along much of its length, which led
many geologists to favor reverse-slip as the predominant sense
of fault motion. However, left-deflected channels, shutterridges, sag ponds, and pressure ridges indicate that the
Raymond fault is predominantly a left-lateral strike-slip
fault. This sense of motion is confirmed by the seismological
record, especially the mainshock and aftershock sequence to
the 1988 Pasadena earthquake of local magnitude (ML) 5.0 that
probably occurred on this fault (Jones et al., 1990; Hauksson
and Jones, 1991). The Raymond fault appears to transfer slip
southward from the Sierra Madre fault zone to other fault
systems.
The Raymond fault was recently trenched in San Marino, and at
the Los Angeles Arboretum in Arcadia (Weaver and Dolan, 2000),
where significant data on the recent history of this fault
were collected.
These studies indicate that the most recent
surface-rupturing earthquake on this fault occurred 1,000 to
2,000 years ago, and that between three and five earthquakes
occurred on this fault between 41,500 and 31,500 years ago.
This suggests that the fault either breaks in cluster
earthquakes,
or
that
several
more
surface-rupturing
earthquakes have occurred on this fault that have not been
detected in the trenches.
Weaver and Dolan (2000) also
indicate that the Raymond fault may rupture alone, or together
with other nearby faults, such as the Hollywood fault.
A
strike-slip rate of 4 (+1, -0.5) mm/yr on the Raymond fault
was recently estimated from paleoseismic data (Marin et al.,
2000; Dolan et al., in review).
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A conservative magnitude 6.5 earthquake on the Raymond fault
would generate peak ground accelerations in the Pasadena area
of between 0.32g to 0.58g. Given this fault’s location along
the southern portion of the City, an earthquake on this fault
can
also
cause
significant
damage.
Therefore,
loss
estimations for an earthquake on the Raymond fault were
modeled for this study.
The results of the analyses are
included in Appendix C.

1.6 Potential Sources of Fault Rupture
Primary Fault Rupture

1.6.1

Primary fault rupture refers to fissuring and offset of the
ground surface along a rupturing fault during an earthquake.
Primary ground rupture typically results in a relatively small
percentage of the total damage in an earthquake, but being too
close to a rupturing fault can cause severe damage to
structures. As discussed previously, development constraints
within active fault zones were implemented in 1972 with
passage of the California Alquist-Priolo Earthquake Fault
Zoning Act. The Alquist-Priolo Act prohibits the construction
of new habitable structures astride an active fault and
requires special geologic studies to locate, and evaluate
whether a fault has ruptured the ground surface in the last
about 11,000 years.
If an active fault is encountered,
structural setbacks from the fault are defined.
In the Pasadena area, the CGS has identified the Raymond fault
as sufficiently active and well defined to require zoning
under the guidelines of the Alquist-Priolo Earthquake Fault
Zoning Act. The Alquist-Priolo zone designated by the CGS for
the Raymond fault is shown on Plate 1-2. The fault forms a
distinct south-facing scarp as much as 45 meters high, and has
created offsets of as much as 300 meters on some local
streams.
Given their strong geomorphic expression, most of
the splays that have been identified are considered active
under the State criteria, nevertheless as geologic studies are
completed within this zone, some of the splays may be proven
to have not moved within the last 11,000 years.
It is also
possible that other previously unrecognized active faults may
be identified both within and outside the Alquist-Priolo Fault
Zone boundaries. As detailed geological investigations are
conducted, the location and activity status of the faults
shown on Plate 1-2 may be refined or modified. The map should
be amended as new data become available and are validated.
As discussed previously, the segment of the Sierra Madre fault
in the Altadena area, just north of Pasadena has been shown to
have ruptured twice during the last 15,000 years (Rubin et
al., 1998). This fault is considered active, but the CGS has
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not yet delineated an Alquist-Priolo Earthquake Fault Zone
around this fault. The zone of faulting, however, is complex,
consisting of several strands that locally form scarps.
Additional studies suggest that movement on these faults has
migrated away from the flank of the mountains, and into the
alluvial surfaces to the south.
In the Pasadena area, Rubin
(1992)
identified
from
aerial
photographs
and
vintage
topographic maps a scarp that could have been formed by one of
these recently active fault strands.
Within the San Rafael
Hills, Rubin’s mapped scarp coincides with lineaments mapped
earlier by Weber (1980). To date, no investigations have been
conducted to evaluate the origin of this feature (Rubin,
2001), but given its location through a highly populated area
of Pasadena, future studies of this feature are warranted.
This scarp, and the traces of the Sierra Madre fault at the
base of the San Gabriel Mountains have been delineated in a
fault hazard management zone on Plate 1-2. We propose that
geologic studies similar in scope to those required by the CGS
in Alquist-Priolo Earthquake Fault Zones be conducted on these
fault hazard management zones to look for active faults if new
development or redevelopment is proposed in these areas.
The Eagle Rock fault crosses the southwestern part of the
City, where it separates crystalline bedrock on the north from
sedimentary rock on the south. This portion of the Eagle Rock
fault was originally termed the “San Rafael fault” by Weber
(1980), who suggested the fault was active in late Quaternary
time.
This conclusion was based on the presence of linear
topographic features across the Pleistocene alluvial fan
surface east of the San Rafael Hills. To the west, the Eagle
Rock fault lies on trend with the Verdugo fault.
To the
southeast it appears to join the Raymond fault, however the
exact location of the fault is not well defined, and its
geomorphology is much more subdued than that of the Raymond
fault. Consequently, Weaver and Dolan (2000) concluded that a
connection with the Raymond fault could not be established
with certainty.
Very little is known about the Eagle Rock fault, as it has not
been investigated in the Pasadena area. Because it appears to
be related to active faults in the area, it should be
considered potentially active, subject to further study.
Therefore a fault hazard management zone has been delineated,
similar to that for the Sierra Madre fault (Plate 1-2).
The Sycamore Canyon fault zone consists of a series of
discontinuous faults that trend northeasterly in the vicinity
of Sycamore Canyon, in the western part of the San Rafael
Hills. Although the presence of sheared clays along the fault
has contributed to some slope instability
problems, Weber
(1980) reported that no evidence that the fault zone
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Plate 1-2:
Pasadena

Fault zones and fault hazard management zones in
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is active has been found.
Weber (1980) also suggested that
topographic lineaments he observed in the northeastern San
Rafael Hills (within the City) might be an extension of the
Sycamore Canyon fault.
This connection has not been proven
out by field evidence.
As mentioned previously, Weber’s
lineaments coincide with those mapped by Rubin (1992), and are
therefore included in the fault hazard management zone for
that trace of the Sierra Madre fault.
MITIGATION OF PRIMARY FAULT RUPTURE
Since it is impractical to reduce the damage potential to
acceptable levels by engineering design, the most appropriate
mitigation measure is to simply avoid placing structures on or
near active fault traces.
Because of the complexity of most
active fault zones, particularly at the surface where they may
become braided, splayed or segmented, locating and evaluating
the active traces is often not an easy task.
A geologic
investigation, which may include fault trenching, must be
performed if structures designed for human occupancy are
proposed within an Alquist-Priolo Earthquake Fault Zone. The
study must evaluate whether or not an active segment of the
fault extends across the area of proposed development. Based
on the results of these studies, appropriate structural
setbacks can be recommended.
A common misperception regarding setbacks is that they are
always 50 feet from the active fault trace. In actuality, the
geologic investigation is required to characterize the ground
deformation associated with an active fault.
Based on this,
specific setbacks are delineated. If a fault trace is narrow,
with little or no associated ground deformation, a setback
distance less than 50 feet may be recommended. On the other
hand, if the fault zone is wide, with multiple splays, or is
poorly defined, a setback distance greater than 50 feet may be
warranted.
In addition, State and local jurisdictions may
establish their own minimum setback distance from a hazardous
fault. Specific guidelines for evaluating the hazard of fault
rupture are presented in Note 49, published by the CGS, which
is
available
on
the
world
wide
web
at:
www.consrv.ca.gov/DMG/pubs/notes/49/index.htm.
1.6.2 Secondary Fault Rupture and Related Ground Deformation

Primary fault rupture is rarely confined to a simple line
along the fault trace.
As the rupture reaches the brittle
surface of the ground, it commonly spreads out into complex
fault patterns of secondary faulting and ground deformation.
In the 1992 Landers earthquake, the zone of deformation around
the main trace ranged up to hundreds of feet wide (Lazarte et
al., 1994).
Surface displacement and distortion associated
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with secondary faulting and deformation can be relatively
minor or can be large enough to cause significant damage to
structures.
Secondary fault rupture refers to ground surface displacements
along faults other than the main traces of active regional
faults.
Unlike the regional faults, these subsidiary faults
are not deeply rooted in the Earth’s crust and are not capable
of producing damaging earthquakes on their own.
Movement
along these faults generally occurs in response to movement on
a nearby regional fault.
The zone of secondary faulting can
be quite large, even in a moderate-sized earthquake.
For
instance, in the 1971 San Fernando quake, movement along
subsidiary faults occurred as much as 2 km from the main trace
(Ziony and Yerkes, 1985).
Secondary faulting in thrust fault terrain is very complex,
and numerous types of faulting have been reported.
These
include splays, branches, tear faults, shallow thrust faults,
and back-thrusts, as well as faults that form in the shallow
subsurface as a result of folding in sedimentary layers.
Identified by Yeats (1982), fold-related types include
flexural slip faults (slippage along bedding planes), and
bending-moment faults (tensional or compressional tears in the
axis of folding).
A striking example of flexural slip along
bedding planes occurred during the Northridge earthquake, when
numerous bedding plane faults ruptured across the surface of
newly graded roads and pads in a subdivision near Santa
Clarita. The ruptures were accompanied by uplift and warping
of the nearby ground (Treiman, 1995).
Secondary ground deformation includes fracturing, shattering,
warping, tilting, uplift and/or subsidence. Such deformation
may be relatively confined along the rupturing fault, or
spread over a large region (such as the regional uplift of the
Santa Susana Mountains after the Northridge earthquake).
Deformation and secondary faulting can also occur without
primary ground rupture, as in the case of ground deformation
above a blind (buried) thrust fault.
MITIGATION OF SECONDARY FAULT RUPTURE AND GROUND DEFORMATION
Geotechnical
investigations
for
future
developments,
especially in the hillside areas of the City, should consider
this hazard. The methodology for evaluating these features is
similar to that used for evaluating primary fault rupture
(CGS, previously CDMG Note 49).
Lazarte (1994) outlined three approaches to mitigation of
fault rupture hazard, which could be applied to secondary
deformation as well.
The first is avoidance, by the use of
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structural setback zones.
The second is referred to as
“geotechnical engineering.” This method consists of placing a
compacted fill blanket, or a compacted fill blanket reinforced
with horizontal layers of geogrid, over the top of the fault
trace.
This is based on observations that the displacement
across a distinct bedrock fault is spread out and dissipated
in the overlying fill, thus reducing the severity of the
displacement at the surface. The third method is “structural
engineering.”
This refers to strengthening foundation
elements to withstand a limited amount of ground deformation.
This is based on studies of foundation performance in the
Landers earthquake showing that structures overlying major
fault ruptures suffered considerable damage but did not
collapse.
Application of the second and third methods
requires a thorough understanding of the geologic environment
and
thoughtful
engineering
judgment.
This
is
because
quantifying the extent of future displacement is difficult,
and there are no proven engineering standards in place to
quantify the amount of mitigation needed (for instance how
thick a fill blanket is needed).
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1.7

Geologic Hazards Resulting from Seismic Shaking

1.7.1 Liquefaction and Related Ground Failure

Liquefaction is a geologic process that causes various types
of ground failure.
Liquefaction typically occurs in loose,
saturated sediments primarily of sandy composition, in the
presence of ground accelerations over 0.2g (Borchardt and
Kennedy, 1979; Tinsley and Fumal, 1985).
When liquefaction
occurs, the sediments involved have a total or substantial
loss of shear strength, and behave like a liquid or semiviscous substance. Liquefaction can cause structural distress
or failure due to ground settlement, a loss of bearing
capacity in the foundation soils, and the buoyant rise of
buried structures. The excess hydrostatic pressure generated
by ground shaking can result in the formation of sand boils or
mud spouts, and/or seepage of water through ground cracks.
As indicated above, there are three general conditions that
need to be met for liquefaction to occur. The first of these
– strong ground shaking of relatively long duration - can be
expected to occur in the Pasadena area as a result of an
earthquake on any of several active faults in the region. The
second
condition
loose,
or
unconsolidated,
recently
deposited sediments consisting primarily of silty sand and
sand - occurs along the canyon bottoms to both Arroyo Seco and
Eaton Wash. Young alluvial sediments have also been mapped in
the north central portion of the City (see Plate 2-1, in
Chapter 2), and in the southwestern portion of the City, at
the base of the San Rafael Hills, and parallel to Fair Oaks
Boulevard. However, the third condition – water-saturated
sediments within about 50 feet of the surface – has been known
to occur only locally along Arroyo Seco, Eaton Wash, and in
the canyons emanating from the San Rafael Hills.
Shallow
ground water also occurs locally along the Raymond fault, in
the southernmost portion of the City. Therefore, those areas
that meet the last two conditions have the potential to
experience future liquefaction-induced ground displacements.
These areas are shown on Plate 1-3.
Areas near existing stream channels, such as Eaton Wash and
Arroyo Seco, may be especially vulnerable to liquefaction.
Much of the liquefaction-related ground failure in the city of
Simi Valley during the Northridge earthquake was concentrated
near the Arroyo Simi. A study by the CGS found that most of
the property damage occurred in poorly engineered fills placed
over the natural, pre-development channels of the Arroyo Simi,
where ground water is very shallow (Barrows et al., 1994).
The types of ground failure
liquefaction are explained below.

typically
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Lateral Spreading - Lateral displacement of surficial blocks
of soil as the result of liquefaction in a subsurface layer is
called lateral spreading.
Even a very thin liquefied layer
can act as a hazardous slip plane if it is continuous over a
large
enough
area.
Once
liquefaction
transforms
the
subsurface layer into a fluid-like mass, gravity plus inertial
forces caused by the earthquake may move the mass downslope
towards a cut slope or free face (such as a river channel or a
canal).
Lateral spreading most commonly occurs on gentle
slopes that range between 0.3° and 3°, and can displace the
ground surface by several meters to tens of meters. Such
movement damages pipelines, utilities, bridges, roads, and
other structures.
During the 1906 San Francisco earthquake,
lateral spreads with displacements of only a few feet damaged
every major pipeline.
Thus, liquefaction compromised San
Francisco’s ability to fight the fires that caused about 85
percent of the damage (Tinsley et al., 1985).
Flow Failure The most catastrophic mode of ground failure
caused by liquefaction is flow failure. Flow failure usually
occurs on slopes greater than 3°. Flows are principally
liquefied soil or blocks of intact material riding on a
liquefied subsurface. Displacements are often in the tens of
meters, but in favorable circumstances, soils can be displaced
for tens of miles, at velocities of tens of miles per hour.
For example, the extensive damage to Seward and Valdez,
Alaska, during the 1964 Great Alaskan earthquake was caused by
submarine flow failures (Tinsley et al., 1985).
Ground Oscillation When liquefaction occurs at depth but
the slope is too gentle to permit lateral displacement, the
soil blocks that are not liquefied may separate from one
another and oscillate on the liquefied zone. The resulting
ground oscillation may be accompanied by the opening and
closing of fissures (cracks) and sand boils, potentially
damaging structures and underground utilities (Tinsley et al.,
1985).
Loss of Bearing Strength When a soil liquefies, loss of
bearing strength may occur beneath a structure, possibly
causing the building to settle and tip. If the structure is
buoyant, it may float upward. During the 1964 Niigata, Japan
earthquake, buried septic tanks rose as much as 3 feet, and
structures in the Kwangishicho apartment complex tilted as
much as 60° (Tinsley et al., 1985).
Ground Lurching - Soft, saturated soils have been observed to
move in a wave-like manner in response to intense seismic
ground shaking, forming ridges or cracks on the ground
surface.
At present, the potential for ground lurching to
occur at a given site can be predicted only generally. Areas
underlain by thick accumulation of colluvium and alluvium
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appear to be the most susceptible to ground lurching.
Under
strong ground motion conditions, lurching can be expected in
loose, cohesionless soils, or in clay-rich soils with high
moisture content.
In some cases, the deformation remains
after the shaking stops (Barrows et al., 1994).
LIQUEFACTION MITIGATION MEASURES
In accordance with the SHMA, all projects within a Statedelineated Seismic Hazard Zone for liquefaction must be
evaluated
by
a
Certified
Engineering
Geologist
and/or
Registered Civil Engineer (this is typically a civil engineer
with training and experience in soil engineering). Most often
however, it is appropriate for both the engineer and geologist
to be involved in the evaluation, and in the implementation of
the mitigation measures.
In order to assist in the
implementation of the SHMA, the State has published specific
guidelines
for
evaluating
and
mitigating
liquefaction
(California
Division
of
Mines
and
Geology,
1997).
Furthermore, in 1999, a group sponsored by the Southern
California
Earthquake
Center
(SCEC,
1999)
published
recommended procedures for carrying out the CGS guidelines.
In general, a liquefaction study is designed to identify the
depth, thickness, and lateral extent of any liquefiable layers
that would affect the project site.
An analysis is then
performed
to
estimate
the
type

Plate 1-3:

Seismic Hazards in Pasadena
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and amount of ground deformation that might occur, given the
seismic potential of the area.
Mitigation measures generally fall in one of two categories:
ground improvement or foundation design.
Ground improvement
includes such measures as removal and recompaction of low
density soils, removal of excess ground water, in-situ ground
densification, and other types of ground improvement (such as
grouting or surcharging).
Special foundations that may be
recommended range from deep piles to reinforcement of shallow
foundations (such as post-tensioned slabs).
Mitigation for
lateral spreading may also include modification of the site
geometry or inclusion of retaining structures.
The type (or
combinations of types) of mitigation depend on the site
conditions and on the nature of the proposed project (CGS,
previously CDMG, 1997).
It should be remembered that Seismic Hazard Zone Maps may not
show all areas that have the potential for liquefaction, nor
is information shown on the maps sufficient to serve as a
substitute for detailed site investigations.
1.7.2 Seismically Induced Settlement

Under certain conditions, strong ground shaking can cause the
densification of soils, resulting in local or regional
settlement of the ground surface. During strong shaking, soil
grains become more tightly packed due to the collapse of voids
and pore spaces, resulting in a reduction of the thickness of
the soil column. This type of ground failure typically occurs
in loose granular, cohesionless soils, and can occur in either
wet or dry conditions. Unconsolidated young alluvial deposits
are especially susceptible to this hazard.
Artificial fills
may also experience seismically induced settlement. Damage to
structures typically occurs as a result of local differential
settlements.
Regional settlement can damage pipelines by
changing the flow gradient on water and sewer lines, for
example.
Fracturing and offset of the ground can also occur.
During
the
Northridge
earthquake,
extensive
ground
fracturing
developed along the margins of Potrero Canyon at the
alluvium/bedrock contact. Investigations after the earthquake
showed that the fractures, which were both tensional and
compressional in nature, formed as a result of ground lurching
and differential settlement in the alluvium (Rymer et al.,
1995).
Those portions of the Pasadena area that may be susceptible to
seismically induced settlement are the alluvial surfaces and
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larger drainages that are underlain by late Quaternary
alluvial sediments (similar to the liquefaction-susceptible
areas shown on Plate 1-3).
Sites near the base of the San
Rafael Hills and along the margins of the larger drainage
channels may be particularly vulnerable.
MITIGATION OF SEISMICALLY INDUCED SETTLEMENT
Mitigation measures for seismically induced settlement are
similar to those used for liquefaction.
Recommendations are
provided by the project’s geologist and soil engineer,
following a detailed geotechnical investigation of the site.
Overexcavation and recompaction is the most commonly used
method to densify soft soils susceptible to settlement.
Deeper overexcavation below final grades, especially at
cut/fill, fill/natural or alluvium/bedrock contacts may be
recommended
to
provide
a
more
uniform
subgrade.
Overexcavation should also be performed so that large
differences
in
fill
thickness
are
not
present
across
individual lots.
In some cases, strengthened foundations
and/or fill compaction to a minimum standard that is higher
than that required by the UBC may be recommended.
1.7.3 Seismically Induced Slope Failure

Strong ground motions can worsen existing unstable slope
conditions, particularly if coupled with saturated ground
conditions.
Seismically induced landslides can overrun
structures, people or property, sever utility lines, and block
roads,
thereby
hindering
rescue
operations
after
an
earthquake. Over 11,000 landslides were mapped shortly after
the Northridge earthquake, all within a 45-mile radius of the
epicenter (Harp and Jibson, 1996). Although numerous types of
earthquake-induced landslides have been identified, the most
widespread type generally consists of shallow failures
involving surficial soils and the uppermost weathered bedrock
in moderate to steep hillside terrain (these are also called
disrupted soil slides).
Rock falls and rock slides on very
steep slopes are also common.
The 1989 Loma Prieta and
Northridge earthquakes showed that reactivation of existing
deep-seated landslides also occurs (Spittler et al., 1990;
Barrows et al., 1995).
A combination of geologic conditions leads to landslide
vulnerability.
These include high seismic potential; rapid
uplift and erosion resulting in steep slopes and deeply
incised canyons; highly fractured and folded rock; and rock
with inherently weak components, such as silt or clay layers.
The orientation of the slope with respect to the direction of
the seismic waves (which can affect the shaking intensity) can
also control the occurrence of landslides.
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Several areas in Pasadena have been identified as vulnerable
to seismically induced slope failure (see Plate 1-3).
The
mountainous region along the northern reaches of the City is
susceptible to slope failure due to the steep terrain. The
crystalline bedrock that crops out in the northern and central
portions of the San Rafael Hills is locally highly fractured
and weathered. In steep areas, strong ground shaking can cause
slides or rockfalls in this material. Slope failures can also
occur in the southwestern portion of the City, where locally
steep terrain is combined with weak sedimentary rock units.
Numerous small landslides can be expected to occur in these
areas in response to an earthquake on the Sierra Madre or
other nearby fault. For a more detailed assessment of
potential slope instability in the Pasadena area, refer to
Section 2.4.1 of this report.
MITIGATION OF SEISMICALLY INDUCED SLOPE FAILURE
Existing slopes that are to remain adjacent to or within
developments should be evaluated for the geologic conditions
mentioned above.
In general, slopes steeper than about 15
degrees are most susceptible, however failures can occur on
flatter slopes if unsupported weak rock units are exposed in
the slope face. For suspect slopes, appropriate geotechnical
investigation and slope stability analyses should be performed
for both static and dynamic (earthquake) conditions.
For
deeper slides, mitigation typically includes such measures as
buttressing slopes or regrading the slope to a different
configuration. Protection from rockfalls or surficial slides
can often be achieved by protective devices such as barriers,
rock fences, retaining structures, catchment areas, or a
combination of the above. The runout area of the slide at the
base of the slope, and the potential bouncing of rocks must
also be considered.
If it is not feasible to mitigate the
unstable slope conditions, building setbacks should be
imposed.
In accordance with the SHMA, all development projects within a
State-delineated Seismic Hazard Zone for seismically induced
landsliding must be evaluated by a State-licensed engineering
geologist and/or civil engineer (for landslide investigation
and analysis, this typically requires both).
In order to
assist in the implementation of the SHMA, the State has
published specific guidelines for evaluating and mitigating
seismically induced landslides (CGS, previously CDMG, 1997).
1.7.4 Deformation of Sidehill Fills

Sidehill
fills
are
artificial
constructed on natural slopes to
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building pads.
Deformation of sidehill fills was noted in
earlier earthquakes, but this phenomenon was particularly
widespread during the Northridge earthquake.
Older, poorly
engineered road fills were most commonly affected, but in
localized areas, building pads of all ages experienced
deformation. The deformation was usually manifested as ground
cracks at the cut/fill contacts, differential settlement in
the fill wedge, and bulging of the slope face. The amount of
displacement on the pads was generally 8 cm or less, but this
resulted in minor to severe property damage (Stewart et al.,
1995).
This phenomenon was most common in relatively thin
fills (9 m or less) placed near the tops or noses of narrow
ridges (Barrows et al., 1995).
MITIGATION OF SIDEHILL FILL DEFORMATION
Hillside grading designs should be evaluated during sitespecific geotechnical investigations to determine if there is
a potential for this hazard.
There are currently no proven
engineering
standards
for
mitigating
sidehill
fill
deformation, consequently current published research on this
topic should be reviewed by project consultants at the time of
their investigation.
It is thought that the effects of this
hazard on structures may be reduced by the use of posttensioned foundations, deeper overexcavation below finish
grades, deeper overexcavation on cut/fill transitions, and/or
higher fill compaction criteria.
1.7.5 Ridgetop Fissuring and Shattering

Linear, fault-like fissures occurred on ridge crests in a
relatively concentrated area of rugged terrain in the Santa
Cruz Mountains during the Loma Prieta earthquake. Shattering
of the surface soils on the crests of steep, narrow ridgelines
occurred locally in the 1971 San Fernando earthquake, but was
widespread in the 1994 Northridge earthquake.
Ridgetop
shattering (which leaves the surface looking as if it was
plowed) by the Northridge earthquake was observed as far as 22
miles away from the epicenter.
In the Sherman Oaks area,
severe damage occurred locally to structures located at the
tops of relatively high (greater than 100 feet), narrow
(typically less than 300 feet wide) ridges flanked by slopes
steeper than about 2.5:1 (horizontal:vertical).
It is
generally accepted that ridgetop fissuring and shattering is a
result of intense amplification or focusing of seismic energy
due to local topographic effects (Barrows et al., 1995).
Ridgetop shattering can be expected to occur in the
topographically steep portions of the San Gabriel Mountains
north of Pasadena, and locally in the San Rafael Hills. These
areas are for the most part undeveloped, so the hazard
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associated with ridgetop shattering is relatively low.
However, above ground storage tanks and utility towers are
often located on top of ridges, and during strong ground
shaking, these can fail or topple over, with the potential to
cause widespread damage to development downslope (storage
tanks), or disruptions to the lifeline systems (utility
towers).
MITIGATION OF RIDGETOP FISSURING AND SHATTERING
Projects located in steep hillside areas should be evaluated
for this hazard by an Engineering Geologist.
Although it is
difficult to predict exactly where this hazard may occur,
avoidance of development along the tops of steep, narrow
ridgelines is probably the best mitigation measure. For large
developments, recontouring of the topography to reduce the
conditions conducive to ridgetop amplification, along with
overexcavation below finish grades to remove and recompact
weak, fractured bedrock might reduce this hazard to an
acceptable level.
1.7.6 Seiches

Reservoirs, lakes, ponds, swimming pools and other enclosed
bodies
of
water
are
subject
to
potentially
damaging
oscillations (sloshing), or seiches. This hazard is dependent
upon specific earthquake parameters (e.g. frequency of the
seismic waves, distance and direction from the epicenter), as
well as site-specific design of the enclosed bodies of water,
and is thus difficult to predict.
MITIGATION OF SEICHES
The degree of damage to small bodies of water, such as to
swimming pools, would likely be minor.
However, property
owners downslope from pools that could seiche during an
earthquake should be aware of the potential hazard to their
property should a pool lose substantial amounts of water
during an earthquake. Site-specific design elements, such as
baffles, to reduce the potential for seiches is warranted in
tanks and in open reservoirs or ponds where overflow or
failure of the structure may cause damage to nearby
properties. Damage to water tanks in recent earthquakes, such
as the 1992 Landers-Big Bear sequence and the 1994 Northridge,
resulted from seiching. As a result, the American Water Works
Association (AWWA) Standards for Design of Steel Water Tanks
(D-100) provide new criteria for seismic design (Lund, 1994).

1.8

Vulnerability of Structures to Earthquake Hazards

Earth Consultants InternationalSeismic Hazards

Page 1-47

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
This
section
assesses
the
earthquake
vulnerability
of
structures and facilities common in the Pasadena area.
This
analysis is based on past earthquake performance of similar
types of buildings in the U.S.
The effects of design
earthquakes on particular structures within the city are
beyond the scope of this study.
However, utilizing a recent
standardized methodology developed for the Federal Emergency
Management Agency (FEMA), general estimates of losses are
provided in Section 1.9 of this report.
Although it is not possible to prevent earthquakes from
occurring, their destructive effects can be minimized.
Comprehensive hazard mitigation programs that include the
identification and mapping of hazards, prudent planning and
enforcement of building codes, and expedient retrofitting and
rehabilitation of weak structures can significantly reduce the
scope of an earthquake disaster.
With these goals in mind, the State Legislature passed Senate
Bill 547, addressing the identification and seismic upgrade of
Unreinforced Masonry (URM) buildings.
In addition, the law
encourages identification and mitigation of seismic hazards
associated
with
other
types
of
potentially
hazardous
buildings, including pre-1971 concrete tilt-ups, soft-stories,
mobile homes, and pre-1940 homes.
1.8.1 Potentially Hazardous Buildings and Structures

Most of the loss of life and injuries due to an earthquake are
related to the collapse of hazardous buildings and structures.
FEMA (1985) defines a hazardous building as "any inadequately
earthquake resistant building, located in a seismically active
area, that presents a potential for life loss or serious
injury when a damaging earthquake occurs."
Building codes
have generally been made more stringent following damaging
earthquakes.
Building damage is commonly classified as either structural or
non-structural.
Structural damage impairs the building's
support.
This includes any vertical and lateral forceresisting systems, such as frames, walls, and columns.
Nonstructural damage does not affect the integrity of the
structural support system, but includes such things as broken
windows, collapsed or rotated chimneys, unbraced parapets that
fall into the street, and fallen ceilings.
During an earthquake, buildings get thrown from side to side,
and up and down.
Given the same acceleration, heavier
buildings are subjected to higher forces than lightweight
buildings.
Damage occurs when structural members are
overloaded, or when differential movements between different
parts of the structure strain the structural components.
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Larger earthquakes and longer shaking duration tend to damage
structures more. The level of damage can be predicted only in
general terms, since no two buildings undergo the exact same
motions, even in the same earthquake.
Past earthquakes have
shown us, however, that some types of buildings are far more
likely to fail than others.
Unreinforced Masonry Buildings Unreinforced masonry
buildings (URMs) are prone to failure due to inadequate
anchorage of the masonry walls to the roof and floor
diaphragms, lack of steel reinforcing, the limited strength
and ductility of the building materials, and sometimes, poor
construction workmanship. Furthermore, as these buildings age,
the bricks and mortar tend to deteriorate, making the
buildings even weaker. All URMs in the City of Pasadena have
been identified, and a program to retrofit or demolish the
URMs identified was undertaken beginning in 1993-94, in
accordance with the City’s URM Ordinance. By April 2002, only
69 of the 416 original URMs remained on the list. A total of
277 buildings had been retrofitted, 24 had been demolished,
and 47 buildings had been taken off the list because, upon
further
inspection,
were
determined
not
to
be
URMs.
Unreinforced masonry buildings that remained to be retrofitted
(as of April, 2002) are shown on Plate 1-4.
This figure
should be updated on a regular basis, as buildings are
retrofitted or demolished.
Soft-Story Buildings - Of particular concern are soft-story
buildings (buildings with a story, generally the first floor,
lacking adequate strength or toughness due to too few shear
walls). Apartments above glass-fronted stores, and buildings
perched atop parking garages are common examples of soft-story
buildings. Collapse of a soft story and “pancaking” of the
remaining stories killed 16 people at the Northridge Meadows
apartments during the 1994 Northridge earthquake (EERI, 1994).
There are many other cases of soft-story collapses in past
earthquakes.
Wood-Frame Structures - Structural damage to wood-frame
structures often results from an inadequate connection between
the superstructure and the foundation.
These buildings may
slide off their foundations, with consequent damage to
plumbing and electrical connections. Unreinforced masonry
chimneys may also collapse.
These types of damage are
generally not life threatening, although they may be costly to
repair.
Wood frame buildings with stud walls generally
perform well in an earthquake, unless they have no foundation
or have a weak foundation constructed of unreinforced masonry
or poorly reinforced concrete.
In these cases, damage is
generally limited to cracking of the stucco, which dissipates
much of the earthquake's induced energy. The collapse of wood
frame structures, if it happens, generally does not generate
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heavy debris, but rather, the wood and plaster debris can be
cut or broken into smaller pieces by hand-held equipment and
removed by hand in order to reach victims (FEMA, 1985).
Pre-Cast Concrete Structures - Partial or total collapse of
buildings where the floors, walls and roofs fail as large
intact units, such as large pre-cast concrete panels, cause
the greatest loss of life. The parking structure at Cal-State
Northridge that failed during the Northridge earthquake
consisted of pre-cast components (EERI, 1994).
Collapse of this type of structure generates heavy debris.
Removal of this debris requires heavy mechanical equipment.
Consequently, the location and extrication of victims trapped
under the rubble is generally a slow and dangerous process.
Extrication of trapped victims within the first 24 hours after
the earthquake becomes critical for survival.
In most
instances, however, post-earthquake planning fails to quickly
procure equipment needed to move heavy debris.
The
establishment of Heavy Urban Search and Rescue teams, as
recommended by FEMA (1985), has improved victim extrication
and survivability. Buildings that are more likely to fail and
generate heavy debris
need to
be
identified, so that
appropriate mitigation and
planning
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Plate 1-4:

Unreinforced Masonry Buildings in Pasadena
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procedures are defined prior to an earthquake.
Tilt-up Buildings - Tilt-up buildings have concrete wall
panels, often cast on the ground, or fabricated off-site and
trucked in, that are tilted upward into their final position.
Connections and anchors have pulled out of walls during
earthquakes, causing the floors or roofs to collapse. A high
rate of failure was observed for this type of construction in
the 1971 San Fernando earthquake. Tilt-up buildings can also
generate heavy debris.
Reinforced Concrete Frame Buildings - Reinforced concrete
frame buildings, with or without reinforced infill walls,
display low ductility. Earthquakes may cause shear failure (if
there are large tie spacings in columns, or insufficient shear
strength), column failure (due to inadequate rebar splices,
inadequate reinforcing of beam-column joints, or insufficient
tie anchorage), hinge deformation (due to lack of continuous
beam reinforcement), and non-structural damage (due to the
relatively low stiffness of the frame). A common type of
failure observed following the Northridge earthquake was
confined column collapse (EERI, 1994), where infilling between
columns confined the length of the columns that could move
laterally in the earthquake.
Multi-Story Steel Frame Buildings - Multi-story steel frame
buildings generally have concrete floor slabs. However, these
buildings
are
less
likely
to
collapse
than
concrete
structures. Common damage to these types of buildings is
generally non-structural, including collapsed exterior curtain
wall (cladding), and damage to interior partitions and
equipment.
Overall, modern steel frame buildings have been
expected to perform well in earthquakes, but the 1994
Northridge earthquake broke many welds in these buildings, a
previously unanticipated problem.
Older, pre-1945 steel frame structures may have unreinforced
masonry such as bricks, clay tiles and terra cotta tiles as
cladding or infilling. Cladding in newer buildings may be
glass, infill panels or pre-cast panels that may fail and
generate a band of debris around the building exterior (with
considerable threat to pedestrians in the streets below).
Structural damage may occur if the structural members are
subject to plastic deformation which can cause permanent
displacements. If some walls fail while others remain intact,
torsion or soft-story problems may result.
Combination Types - Buildings are often a combination of
steel, concrete, reinforced masonry and wood, with different
structural systems on different floors or different sections
of the building.
Combination types that are potentially
hazardous include: concrete frame buildings without special
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reinforcing, precast concrete and precast-composite buildings,
steel frame or concrete frame buildings with unreinforced
masonry walls, reinforced concrete wall buildings with no
special detailing or reinforcement, large capacity buildings
with
long-span
roof
structures
(such
as
theaters
and
auditoriums),
large
unengineered
wood-frame
buildings,
buildings with inadequately anchored exterior cladding and
glazing, and buildings with poorly anchored parapets and
appendages (FEMA, 1985).
Additional types of potentially
hazardous
buildings
may
be
recognized
after
future
earthquakes.
Building Shape - A building’s vertical and/or horizontal shape
can also be important. Simple, symmetric buildings generally
perform better than non-symmetric buildings. During an
earthquake, non-symmetric buildings tend to twist as well as
shake.
Wings on a building tend to act independently during
an earthquake, resulting in differential movements and
cracking. The geometry of the lateral load-resisting systems
also matters.
For example, buildings with one or two walls
made mostly of glass, while the remaining walls are made of
concrete or brick, are at risk. Asymmetry in the placement of
bracing systems that provide a building with earthquake
resistance, can result in twisting or differential motions.
Pounding - Site-related seismic hazards may include the
potential for neighboring buildings to "pound", or for one
building to collapse onto a neighbor. Pounding occurs when
there is little clearance between adjacent buildings, and the
buildings "pound" against each other as they deflect during an
earthquake.
The effects of pounding can be especially
damaging if the floors of the buildings are at different
elevations, so that, for example, the floor of one building
hits a supporting column of the other. Damage to a supporting
column can result in partial or total building collapse.
Mobile Homes Mobile homes are prefabricated housing units
that are placed on isolated piers, jackstands, or masonry
block foundations (usually without any positive anchorage).
Floors and roofs of mobile homes are usually plywood, and
outside surfaces are covered with sheet metal.
Mobile homes
typically do not perform well in earthquakes.
Severe damage
occurs when they fall off their supports, severing utility
lines and piercing the floor with jackstands.
1.8.2 Essential Facilities

Critical
facilities
are
those
parts
of
a
community's
infrastructure
that
must
remain
operational
after
an
earthquake.
Critical facilities include schools, hospitals,
fire and police stations, emergency operation centers, and
communication centers.
Plate 1-5 shows the locations of the
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City’s fire stations, police stations, schools, and
critical facilities.
A vulnerability assessment for
facilities
involves
comparing
the
locations
of
facilities to the hazardous areas identified in the
including active and potentially active faults (Plate
liquefaction-susceptible areas (Plate 1-3), unstable
areas (Plates 1-3 and 2-4), dam failure inundation
(Plate 3-1), fire hazard zones (Plates 4-1 and 4-2), and
that generate hazardous materials (Plate 5-1).

other
these
these
City,
1-2),
slope
areas
sites

High-risk facilities, if severely damaged, may result in a
disaster far beyond the facilities themselves.
Examples
include power plants, dams and flood control structures,
freeway interchanges, bridges, and industrial plants that use
or store explosives, toxic materials or petroleum products.
High-occupancy facilities have the potential of resulting in a
large number of casualties or crowd-control problems.
This
category
includes
high-rise
buildings,
large
assembly
facilities, and large multifamily residential complexes.
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Plate 1-5:

Critical Facilities In Pasadena
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Dependent-care facilities, such as preschools and schools,
rehabilitation centers, prisons, group care homes, and nursing
homes,
house
populations
with
special
evacuation
considerations.
Economic facilities, such as banks, archiving and vital
record-keeping facilities, airports, and large industrial or
commercial centers, are those facilities that should remain
operational to avoid severe economic impacts.
It is crucial that critical facilities have no structural
weaknesses that can lead to collapse. For example, the Federal
Emergency Management Agency (FEMA, 1985) has suggested the
following
seismic
performance
goals
for
health
care
facilities:

•
•

•
•
•

•

The damage to the facilities should be limited to what
might be reasonably expected after a destructive earthquake
and should be repairable and not be life-threatening.
Patients, visitors, and medical, nursing, technical and
support staff within and immediately outside the facility
should be protected during an earthquake.
Emergency utility systems in the facility should remain
operational after an earthquake.
Occupants should be able to evacuate the facility safely
after an earthquake.
Rescue and emergency workers should be able to enter the
facility
immediately
after
an
earthquake
and
should
encounter only minimum interference and danger.
The facility should be available for its planned disaster
response role after an earthquake.

1.8.3 Lifelines

Lifelines are those services that are critical to the health,
safety
and
functioning
of
the
community.
They
are
particularly essential for emergency response and recovery
after an earthquake. Furthermore, certain critical facilities
designed to remain functional during and immediately after an
earthquake may be able to provide only limited services if the
lifelines they depend on are disrupted.
Lifeline systems
include
water,
sewage,
electrical
power,
communication,
transportation (highways, bridges, railroads, and airports),
natural gas, and liquid fuel systems.
The improved
performance of lifelines in the 1994 Northridge earthquake,
relative to the 1971 San Fernando earthquake, shows that the
seismic codes upgraded and implemented after 1971 have been
effective.
Nevertheless, the impact of the Northridge quake
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on lifeline systems was widespread and illustrates the
continued need to study earthquake impacts, to upgrade
substandard elements in the systems, to provide redundancy in
systems, to improve emergency response plans, and to provide
adequate planning, budgeting and financing for seismic safety.
Some of the observations and lessons learned from the
Northridge earthquake are summarized below (from Savage, 1995;
Lund, 1996).
•

•

•

•
•

•

•
•

Several electrical transmission towers were damaged or
totally
collapsed.
Collapse
was
generally
due
to
foundation distress in towers that were located near ridge
tops where amplification of ground motion may have
occurred.
One collapse was the result of a seismically
induced slope failure at the base of the tower.
Damage to above ground water tanks typically occurred where
piping and joints were rigidly connected to the tank, due
to differential movement between the tank and the piping.
Older steel tanks not seismically designed under current
standards buckled at the bottom (called “elephant’s foot”),
in the shell, and on the roof.
Modern steel and concrete
tanks generally performed well.
The most vulnerable components of pipeline distribution
systems were older threaded joints, cast iron valves, cast
iron pipes with rigid joints, and older steel pipes
weakened by corrosion. In the case of broken water lines,
the loss of fire suppression water forced fire departments
to utilize water from swimming pools and tanker trucks.
Significant damage occurred in water treatment plants due
to sloshing in large water basins.
A number of facilities did not have an emergency power
supply or did not have enough power supply capacity to
provide their essential services.
Lifelines within critical structures, such as hospitals and
fire stations, may be vulnerable.
For instance, rooftop
mechanical and electrical equipment is not generally
designed for seismic forces. During the Northridge quake,
rooftop equipment failed causing malfunction in other
systems.
A 70-year old crude oil pipeline leaked from a cracked
weld, spreading oil for 12 miles down the Santa Clara
River.
A freight train carrying sulfuric acid was derailed causing
an 8,000-gallon acid spill and a 2,000-gallon diesel spill
from the locomotive.

The above list is by no means a complete summary of the
earthquake damage, but it does highlight some of the issues
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pertinent to the Pasadena area. All lifeline providers should
make an evaluation of the seismic vulnerability within their
systems a priority.
The evaluation should include a plan to
fund and schedule the needed seismic mitigation.

1.9 HAZUS Earthquake Scenario Loss Estimations for the City of
Pasadena
HAZUS-99TM is a standardized methodology for earthquake loss
estimation based on a geographic information system (GIS).
A
project of the National Institute of Building Sciences, funded by
the Federal Emergency Management Agency (FEMA), it is a powerful
advance in mitigation strategies. The HAZUS project developed
guidelines and procedures to make standardized earthquake loss
estimates at a regional scale. With standardization, estimates can
be compared from region to region.
HAZUS is designed for use by
state, regional and local governments in planning for earthquake
loss mitigation, emergency preparedness, response and recovery.
HAZUS addresses nearly all aspects of the built environment, and
many different types of losses.
The methodology has been tested
against the experience of several past earthquakes, and against the
judgment of experts.
Subject to several limitations noted below,
HAZUS can produce results that are valid for the intended purposes.
Loss estimation is an invaluable tool, but must be used with
discretion.
Loss estimation analyzes casualties, damage and
economic loss in great detail.
It produces seemingly precise
numbers that can be easily misinterpreted.
Loss estimation's
results, for example, may cite 4,054 left homeless by a scenario
earthquake.
This is best interpreted by its magnitude.
That is,
4,000 homeless is clearly more manageable than 40,000 homeless; and
an event that leaves 400,000 homeless would overwhelm a community's
resources.
However, another loss estimation that predicts 7,000
homeless should probably be considered equivalent to the 4,054
result.
Because HAZUS results make use of a great number of
parameters and data of varying accuracy and completeness, it is not
possible to assign quantitative error bars.
Although the numbers
should not be taken at face value, they are not rounded or edited
because detailed evaluation of individual components of the disaster
can help mitigation agencies ensure that they have considered all
the important options.
The more community-specific the data that are input to HAZUS, the
more reliable the loss estimation. HAZUS provides defaults for all
required information. These are based on best-available scientific,
engineering, census and economic knowledge. The loss estimations in
this report have been tailored to Pasadena by using a map of soil
types for the City (see Plate 1-6). The loss estimations could be
refined further if, for example, the liquefaction and landslide
susceptibility data presented in Plate 1-3 were used to modify the
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analyses. To do so with HAZUS-99 is awkward at best, but future
versions of HAZUS will allow the user more flexibility in modifying
or adding input parameters, such as local geological conditions,
prior to running the loss estimation analyses. Loss estimations can
also be refined when the year 2000 census data become available, and
as the City develops a detailed inventory of their buildings,
lifelines and infrastructure. Do note that for the purposes of this
study, we reviewed the preliminary data from the 2000 census
provided to us by the City, and found that the City’s population did
not change significantly between 1990 and 2000.
Therefore, the
population figures in the HAZUS outputs appear to reflect current
conditions.
As useful as HAZUS seems to be, the loss estimation methodology has
some inherent uncertainties. These arise in part from incomplete
scientific knowledge concerning earthquakes and their effect upon
buildings and facilities, and in part from the approximations and
simplifications necessary for comprehensive analyses.
Users should be aware of the following specific limitations:
•

•
•
•
•
•

HAZUS is driven by statistics, and thus is most accurate when
applied to a region, or a class of buildings or facilities.
It is least accurate when considering a particular site,
building or facility.
Losses estimated for lifelines may be less than losses
estimated for the general building stock.
Losses from smaller (less than M 6.0) damaging earthquakes may
be overestimated.
Pilot and calibration studies have not yet provided an
adequate test concerning the possible extent and effects of
landsliding.
The indirect economic loss module is new and experimental.
While output from pilot studies has generally been credible,
this module requires further testing.
The databases that HAZUS draws from to make its estimates are
often incomplete or outdated (1990 census tracts; 1994 DNB
economic reports). This is another reason the loss estimates
should not be taken at face value.

1.9.1 Methodology and Terminology Used in Earthquake Loss Estimation

The flow chart in Figure 1-4 illustrates the modules (or
components) of a HAZUS analysis. As discussed briefly above,
HAZUS input and output are based on 1990 census tract
boundaries.
Essential Facilities provide services to the community and
should be functional after an earthquake. The essential
facility
module in
HAZUS determines
the expected loss of
functionality for these critical facilities. The damage state
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probabilities for essential facilities are determined on a
site-specific basis (i.e., at each facility). Economic losses
associated with these facilities are computed as part of the
analysis of the general building stock. Data required for the
analysis include occupancy classes (current building use) and
building structural type, or a combination of essential
facilities building type, design level and construction
quality factor.
In addition, the number of beds for each
hospital and the number of fire trucks at each fire station
are required. The fire truck information is used as input for
the fire following earthquake analysis.
Given the recent
developments regarding medical care in Pasadena, we modified
the hospital database to consider only Huntington Hospital.
The number of hospital beds available in the City of Pasadena
was
also
modified
to
606,
as
indicated
to
us
by
representatives from the City’s Planning Department (L. Woo,
personal communication, 2002).
General Building Stock Type and Classification: HAZUS provides
damage data for buildings based on these structural types:
•
•
•
•
•
•
•

Concrete
Mobile Home
Precast Concrete
Reinforced Masonry Bearing Walls
Steel
Unreinforced Masonry Bearing Walls
Wood Frame

and based on these occupancy (usage) classifications:
•
Residential
•
Commercial
•
Industrial
•
Agriculture
•
Religion
•
Government and
•
Education
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Insert Figure 1-4:

Hazus flow chart
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Building Damage Classification - Loss estimation for the
general building stock is averaged for each census tract.
Building damage classifications range from slight to complete.
As an example, the building damage classification for wood
frame buildings is provided below.
Wood frame structures
comprise the City’s most numerous building type.
Wood, Light Frame:
•

•

•

•

Slight Structural Damage: Small plaster or gypsum-board
cracks at corners of door and window openings and wallceiling intersections; small cracks in masonry chimneys
and masonry veneer.
Moderate Structural Damage: Large plaster or gypsum-board
cracks at corners of door and window openings; small
diagonal cracks across shear wall panels exhibited by
small cracks in stucco and gypsum wall panels; large
cracks in brick chimneys; toppling of tall masonry
chimneys.
Extensive Structural Damage: Large diagonal cracks across
shear wall panels or large cracks at plywood joints;
permanent lateral movement of floors and roof; toppling
of most brick chimneys; cracks in foundations; splitting
of wood sill plates and/or slippage of structure over
foundations; partial collapse of "room-over-garage" or
other "soft-story" configurations; small foundations
cracks.
Complete Structural Damage: Structure may have large
permanent lateral displacement, may collapse, or be in
imminent danger of collapse due to cripple wall failure
or the failure of the lateral load resisting system; some
structures may slip and fall off the foundations; large
foundation cracks. Approximately 5 percent of the total
area with complete structural damage is expected to be
collapsed.

Incorporation of Historic Building Code Design Functions Estimates of building damage are provided for "High",
"Moderate" and "Low" seismic design criteria.
Buildings of
newer construction (e.g., post-1973) are best designated by
"High". Buildings built after 1940, but before 1973, are best
represented by "Moderate". If built before about 1940 (i.e.,
before significant seismic codes were implemented), "Low" is
most appropriate. A large percentage of buildings in the City
of Pasadena fall in the “Low” and “Moderate” seismic design
criteria.
Fires Following Earthquakes - Fires following earthquakes can
cause severe losses.
These losses can outweigh the losses
from direct damage, such as collapse of buildings and
disruption of lifelines. Many factors affect the severity of
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the fires following an earthquake, including but not limited
to: ignition sources, types and density of fuel, weather
conditions, functionality of water systems, and the ability of
fire fighters to suppress the fires.
A complete fire-following-earthquake model requires extensive
input about the readiness of local fire departments and the
types and availability (functionality) of water systems. The
fire following earthquake model presented here is simplified.
With better understanding of fires that will be garnered after
future earthquakes, forecasting capability will undoubtedly
improve.
For additional information regarding this topic,
refer to Section 4.6.
Debris Generation - HAZUS estimates two types of debris. The
first is debris that falls in large pieces, such as steel
members or reinforced concrete elements.
These require
special treatment to break into smaller pieces before they are
hauled away.
The second type of debris is smaller and more
easily moved with bulldozers and other machinery and tools.
This type includes brick, wood, glass, building contents and
other materials.
Estimating Casualties - Casualties are estimated based on the
assumption that there is a strong correlation between building
damage (both structural and non-structural) and the number and
severity of casualties.
In smaller earthquakes, nonstructural damage will most likely control the casualty
estimates. In severe earthquakes where there will be a large
number of collapses and partial collapses, there will be a
proportionately larger number of fatalities.
Data regarding
earthquake-related injuries are not of the best quality, nor
are they available for all building types.
Available data
often have insufficient information about the type of
structure in which the casualties occurred and the casualtygenerating mechanism.
HAZUS
casualty
estimates
are
based
on
classification scale described in Table 1-4.

the

injury

In addition, HAZUS produces casualty estimates for three times
of day:
•
•

•

Earthquake striking at 2:00 a.m. (population at home)
Earthquake
striking
at
2:00
p.m.
(population
work/school)
Earthquake striking at 5:00 p.m. (commute time).
Table 1-3
Injury Classification Scale
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Injury Severity
Level
Severity 1
Severity 2

Severity 3

Severity 4

Injury Description
Injuries requiring basic medical aid without requiring
hospitalization.
Injuries requiring a greater degree of medical care and
hospitalization, but not expected to progress to a life
threatening status.
Injuries
which
pose
an
immediate
life-threatening
condition if not treated adequately and expeditiously.
The majority of these injuries are the result of
structural
collapse
and
subsequent
entrapment
or
impairment of the occupants.
Instantaneously killed or mortally injured.

Displaced Households/Shelter Requirements Earthquakes can
cause loss of function or habitability of buildings that
contain housing.
Displaced households may need alternative
short-term shelter, provided by family, friends, temporary
rentals,
or
public
shelters
established
by
relief
organizations such as the Red Cross or Salvation Army. Longterm alternative housing may require import of mobile homes,
occupancy of vacant units, net emigration from the impacted
area, or, eventually, the repair or reconstruction of new
public and private housing.
The number of people seeking
short-term public shelter is of most concern to emergency
response organizations.
The longer-term impacts on the
housing stock are of great concern to local governments, such
as cities and counties.
Economic
Losses
HAZUS
estimates
structural
and
nonstructural repair costs caused by building damage and the
associated loss of building contents and business inventory.
Building damage can cause additional losses by restricting the
building's ability to function properly.
Thus, business
interruption and rental income losses are estimated.
HAZUS
divides building losses into two categories: (1) direct
building losses and (2) business interruption losses. Direct
building losses are the estimated costs to repair or replace
the damage caused to the building and its contents. Business
interruption losses are associated with inability to operate a
business
because
of
the
damage
sustained
during
the
earthquake.
Business interruption losses also include the
temporary living expenses for those people displaced from
their homes because of the earthquake.
Earthquakes may produce indirect economic losses in sectors
that do not sustain direct damage.
All businesses are
forward-linked (if they rely on regional customers to purchase
their output) or backward-linked (if they rely on regional
suppliers to provide their inputs) and are thus potentially
vulnerable to interruptions in their operation.
Note that
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indirect losses are not confined to immediate customers or
suppliers of damaged enterprises.
All of the successive
rounds of customers of customers and suppliers of suppliers
are affected.
In this way, even limited physical earthquake
damage causes a chain reaction, or ripple effect, that is
transmitted throughout the regional economy.
1.9.2 HAZUS Scenario Earthquakes for the Pasadena Area

Four specific scenario earthquakes were modeled using the
HAZUS
loss
estimation
software
available
from
FEMA:
earthquakes on the San Andreas, Sierra Madre, Raymond and
Verdugo faults (see Table 1-4). The complete reports for all
four of these earthquake loss estimation analyses are included
in Appendix C.
Two of the scenario earthquakes are discussed in the following
sections as they pertain to estimated losses in the Pasadena
area.
An earthquake on the San Andreas fault is discussed
because it has the highest probability of occurring in the not
too distant future. The 7.1 magnitude San Andreas earthquake
used in this study would be result of a rupture on the Mojave
segment of the fault.
This segment has over a 40 percent
probability of rupturing in the next 30 years. The data
presented below show that the long-anticipated earthquake on
the San Andreas fault, the “Big One,” is not the earthquake
that Pasadena needs to prepare for, as it would not be as
devastating to the City as earthquakes on other, closer
faults.
If the three segments of the southern San Andreas
fault rupture during the same earthquake, the resultant
earthquake of magnitude 7.8 would be considerably more
damaging to Pasadena than the 7.1 earthquake modeled for this
study, but still not as damaging as an earthquake on the
Sierra Madre or Raymond fault.
An earthquake on the Sierra Madre fault has the potential to
be the worst-case scenario for the City of Pasadena. This
fault, as discussed in Section 1.5.2, appears to have last
ruptured more than 8,000 years ago, and may be near the end of
its strain accumulation cycle. Given that recent studies
suggest that the Sierra Madre fault can generate earthquakes
of magnitude 7.2 to 7.5 (instead of the 7.0 used by the
California Geological Survey), a lower-bound 7.2 magnitude
earthquake was chosen for the scenario and loss estimation
analysis presented herein.
A maximum credible earthquake on
the Raymond fault also would be devastating to Pasadena, with
loss estimates very similar to those estimated for the Sierra
Madre fault. For additional information on these scenarios,
refer to Appendix C.
Table 1-4

Earth Consultants InternationalSeismic Hazards

Page 1-65

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
HAZUS Scenario Earthquakes for the City of Pasadena
Fault Source

Magnitude

San Andreas Mojave Segment

7.1

Sierra Madre

7.2

Raymond

6.5

Verdugo

6.7

Description
A large earthquake that ruptures
the Mojave segment of the San
Andreas fault is modeled because
of its high probability of
occurrence, even though such an
earthquake would not be too close
to the City.
Likely worst-case scenario for
the Pasadena area. HAZUS models
this event to be more severe than
an earthquake on the San Andreas
fault. The 7.2 magnitude
earthquake modeled is at the
lower range of the size of
earthquakes that researchers now
believe this fault is capable of
generating.
Close second worst-case scenario
for Pasadena. Largest possible
earthquake on the Raymond fault.
Fault extends through eastern and
southern portions of City and has
the potential to cause
significant damage to buildings
and infrastructure.
Largest possible earthquake on
the Verdugo fault. Anticipated
to cause significant damage in
the northwestern portion of
Pasadena, in the San Rafael Hills
area.

1.9.3 Inventory Data Used in HAZUS Loss Estimations

The HAZUS inventory includes census tract data provided in the
1990 national census, as well as Dunn and Bradstreet (DNB)
valuations for real estate compiled in 1994.
The general
building stock and population inventory data conform to census
tract boundaries. Essential facilities and lifeline inventory
are located by latitude and longitude.
The HAZUS inventory
data were developed at a national level and where specific
data are lacking, statistical estimations were utilized.
While the inventory is the best available for the City of
Pasadena, collecting inventory data at the local level has the
potential to improve the loss estimations. The region studied
is 28 square miles in area and contains 30 census tracts.
There are over 55,000 households in the region, with a total
population of 143,300 (1990 Census Bureau data – the 2000
census numbers are almost the same, so no changes were made to
the database).
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There are an estimated 36,000 buildings in the region with a
total building replacement value (excluding contents) of $9.65
billion (1994 dollars).
Approximately 95 percent of the
buildings (and 65 percent of the building value) are
associated with residential housing (Figure 1-5). In terms of
building construction types found in the region, wood frame
construction makes up 79 percent of the building inventory.
The remaining percentage is distributed between the other
general building types.

Figure 1-5
Building Inventory, by Occupancy Type, in the Pasadena Area
(values shown are in millions of dollars)

Residential
65.5%
Commercial
23.4%
Industrial3.6%
Others 7.5%
Total: 100.0%

Residential $6,317,911

Commercial $2,262,667

Industrial $350,775

Critical
Facility
Inventory
–
HAZUS
breaks
critical
facilities into two groups: essential facilities and high
potential loss (HPL) facilities. Essential facilities include
hospitals, medical clinics, schools, fire stations, police
stations and emergency operations facilities. High potential
loss facilities include dams, levees, military installations,
nuclear power plants and hazardous material sites.
Modifications to the hospital database were made to account
for the closure of St. Luke Hospital in February of 2002. St.
Luke was removed from the list, and the number of beds
available at Huntington Hospital was increased in accordance
with recent data published by the hospital. Huntington
Hospital is anticipated to take on, as much as possible, the
cases that otherwise would have been referred to St. Luke
Hospital.
Transportation and Utility Lifeline Inventory – HAZUS divides
the lifeline inventory into two systems: transportation and
utility lifelines.
The transportation system includes seven
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components: highways, railways, light rail, bus, ports, ferry
and airports.
The utility lifelines include potable water,
wastewater, natural gas, crude and refined oil, electric power
and communications.
The transportation system and lifeline
inventory data estimated by HAZUS for Pasadena are provided in
Table 1-10.
No site-specific lifeline utility data are
available, so HAZUS performs a statistical calculation based
on the population served. The replacement value of the
transportation system is estimated to be nearly $1.13 billion
(1994 dollars).
1.9.4 Estimated Losses Associated with Scenario Earthquakes

HAZUS loss estimations for the City of Pasadena based on a San
Andreas fault earthquake scenario and a Sierra Madre fault
earthquake scenario are described concurrently below.
The
losses from the Sierra Madre scenario are substantially
higher.
Therefore, the projected losses and summaries of
building
damage,
casualties,
shelter
requirements,
and
economic losses in City of Pasadena associated with the two
scenario earthquakes summarized below are provided as ranges,
with the low number the result of an earthquake on the San
Andreas fault, and the higher number associated with an
earthquake on the Sierra Madre fault.
As mentioned previously, the Raymond fault earthquake scenario
has the potential to be as severe, if not more severe, locally
than the Sierra Madre fault. However, the damaged area will be
different, as the Raymond fault extends across or near the
eastern and southern boundaries of the City, while the Sierra
Madre fault extends across the northern, and possibly, central
portion of Pasadena.
Since the Sierra Madre fault is a
reverse fault, it has the potential to generate stronger
ground accelerations than the Raymond fault (reverse faults
typically generate stronger ground accelerations, distributed
over a broader geographic area than strike-slip faults).
Directivity of the seismic waves, as discussed earlier in this
chapter, will also determine, at least to some extent, where
and how much damage will be experienced in an area. However,
seismologists still do not have the tools to predict where,
when, and how a fault will break, and HAZUS does not consider
these
issues
in
the
loss
estimation
analysis.
Where
appropriate, loss estimates as a result of the Raymond fault
earthquake scenario are also provided in the text below.
Building Damage - HAZUS estimates that approximately 1,350 to
16,500 buildings will be at least moderately damaged in
response to the San Andreas and Sierra Madre earthquake
scenarios, respectively. This is about 4 to 46 percent of the
total number of buildings in the study area (given its
location near the high-density, southern portion of the City,
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the Raymond fault has the potential to at least moderately
damage about 18,000 buildings in the City, or 50 percent of
the total building inventory). An estimated 0 to 2,050
buildings will be completely destroyed (a magnitude 6.7
earthquake on the Raymond fault could completely damage 1,700
buildings). Table 1-5 summarizes the expected damage by
general occupancy for buildings in the City of Pasadena, while
Table 1-6 summarizes the expected damage to buildings by
construction type.

Earth Consultants InternationalSeismic Hazards

Page 1-69

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA

Table 1-5
Number of Buildings Damaged, by Occupancy Type

Sierra Madre

San Andreas

Scenari
o

Structure Type
Residential
Commercial
Industrial
Agriculture
Religion
Government
Education
Total

Slight
6,533
222
41
0
24
0
21
6,841

Moderat Extensi Complet
e
ve
e
1,145
20
0
117
7
0
27
3
0
0
0
0
10
0
0
0
0
0
10
1
0
1,309
31
0

Residential
Commercial
Industrial
Agriculture
Religion
Government
Education
Total

12,480
209
33
0
28
0
26
12,776

10,660
371
71
1
39
0
47
11,189

2,863
241
50
0
23
0
30
3,207

1,759
195
45
0
19
0
29
2,047

Total
7,698
346
71
0
34
0
32
8,181
27,762
1,016
199
1
109
0
132
29,219

Table 1-6
Number of Buildings Damaged, by Construction Type

Sierra Madre

San Andreas

Scenari
o

Structure Type
Concrete
Mobile Homes
Precast
Concrete
Reinforced
Masonry
Steel
URM
Wood
Total
Concrete
Mobile Homes
Precast
Concrete
Reinforced
Masonry
Steel
URM
Wood

Slight
72
10

Moderat Extensi Complet
e
ve
e
25
3
0
14
2
0

Total
100
26

39

24

0

0

63

91
53
28
6,548
6,841

66
33
16
1,131
1,309

3
2
1
20
31

0
0
0
0
0

160
88
45
7,699
8,181

77
1

129
23

94
47

70
36

370
107

39

85

67

57

248

527
303
15
11,814

889
907
57
9,099

657
927
108
1,307

506
662
288
428

2,579
2,799
468
22,648
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Total

12,776

11,189

3,207

2,047

29,219

The data presented in Tables 1-5 and 1-6 show that most of the
buildings damaged will be residential, with wood-frame
structures experiencing mostly slight to moderate damage, and
mobile homes suffering, percentage-wise, mostly moderate to
complete damage. The database includes many more unreinforced
masonry (URM) buildings than those currently in existence in
the City of Pasadena, so the URM numbers in the HAZUS output
need to be dismissed.
Nevertheless, URMs are known not to
perform well during earthquakes, so it is imperative that
those URMs still in the City be retrofitted or demolished as
soon as possible. Even more significantly, reinforced masonry
and steel structures are not expected to perform well, with
thousands of these buildings in Pasadena experiencing at least
moderate damage during an earthquake on the Sierra Madre or
Raymond faults.
These types of structures are commonly used
for commercial and industrial purposes, and failure of some of
these structures explains the casualties anticipated during
the middle of the day in the non-residential sector.
These
types of buildings also generate heavy debris that is
difficult to cut through to extricate victims.
Essential Facility Damage - The HAZUS-input data were modified
to show that there are 606 hospital beds available for use
(with Huntington Hospital being the sole medical provider in
the City). The loss estimation model calculates the number of
hospital beds that will be available after an earthquake
scenario.
On the day of the Sierra Madre earthquake, the model estimates
that only 67 hospital beds (11 percent) will be available for
use by patients already in the hospital and those injured by
the earthquake.
After one week, 26 percent of the beds will
be back in service. After thirty days, 55 percent of the beds
will be available for use. Given that Huntington Hospital is
relatively close to the Raymond fault, the model estimates
that on the day of the scenario earthquake on the Raymond,
only 55 beds (9 percent of the total 606) would be available
for use. After one week, 24 percent of the beds would be back
in service, and one month after the earthquake, only 54
percent of the beds would be operational. These numbers
suggest that the Huntington Hospital buildings will be damaged
significantly as a result of an earthquake on either the
Sierra Madre or Raymond fault. Given that between 284 and 872
people are anticipated to require hospitalization after a 7.2
magnitude on the Sierra Madre fault (see Table 1-8), the
existing hospital is not expected to be able to handle the
demand.
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On the day of the San Andreas earthquake, the model estimates
that 441 hospital beds (73 percent) will be available for use
by patients already in the hospital and those injured by the
earthquake.
After one week, the number of beds in service
increases to 83 percent, and after thirty days, it increases
to 94 percent.
Since as a result of a magnitude 7.1
earthquake on the Mojave segment of the San Andreas fault,
only between 3 and 13 people are anticipated to require
hospitalization, the existing hospital is anticipated to
handle the demand resulting from this earthquake without
significant problems.
The HAZUS database for critical facilities in Pasadena is
incomplete and therefore of limited value, but nevertheless
the results of the earthquake scenarios provide some insight
into the expected damage to essential facilities.
The HAZUS
database for Pasadena includes 70 schools (there are 114
educational facilities in the City, including school district
offices, private schools, community colleges and pre-school
facilities), four police stations (there are two – see Plate
1-5), two fire stations (there are eight – see Plate 1-5 and
Chapter 4) and one emergency operations center. The model
estimates that 98 percent of the schools and all the other
facilities will be at least moderately damaged as a result of
an earthquake on either the Sierra Madre or Raymond fault.
One of the schools (La Salle High School) is expected to be
completely damaged, and all essential facilities are expected
to be less than 50 percent functional 24 hours after the
earthquake.
Functionality of the fire and police stations and the
emergency operations center one day after an earthquake on the
Mojave segment of the San Andreas fault is estimated at about
65 percent.
Similarly, about 63 percent of the school
buildings are expected to be functional one day after the San
Andreas earthquake.
Building-Related Economic Losses - The building losses are
broken into two categories: direct building losses and
business interruption losses. The direct building losses are
the estimated costs to repair or replace the damage caused to
the buildings and their contents.
The business interruption
losses are the losses associated with inability to operate a
business
because
of
the
damage
sustained
during
the
earthquake.
Business interruption losses also include the
temporary living expenses for those people displaced from
their homes because of the earthquake.
The model estimates that total building-related losses will
range from $200 to $500 million for an earthquake on the San
Andreas fault, to
$2.6 billion for an earthquake on the
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Sierra Madre fault. The Raymond fault earthquake scenario has
the potential to generate even higher economic losses,
estimated at $2.9 billion, because the building losses
associated with this earthquake are anticipated to be higher
than those as a result of a Sierra Madre event. Approximately
25 to 35 percent of the estimated losses would be related to
business interruption in the City of Pasadena.
By far, the
largest loss would be sustained by the residential occupancies
that make up over 42 percent of the total loss.
Table 1-7
below provides a summary of the estimated economic losses.

Scenario

Table 1-7
Estimated Economic Losses
Business
Property Damage Interruption
$100 to $400
Million

< $100
Million

Sierra Madre

$1.95 Billion

$686 Million

Raymond

$2.27 Billion

$659 Million

San Andreas

Total
$200 to
$500
Million
$2.63
Billion
$2.93
Billion

Casualties - Table 1-8 provides a summary of the casualties
estimated for these scenarios.
The analysis indicates that
the worst time for an earthquake to occur in the City of
Pasadena is during maximum non-residential occupancy (at 2
o’clock in the afternoon, when most people are in their place
of business and schools are in session).

San Andreas

Type and Time

2AM
(maximum
residential
occupancy)
2PM
(max
educational,
industrial,
and
commercial)

Table 1-8: Estimated Casualties
Level 1:
Level 2:
Level 3:
Level 4:
Medical
treatment Hospitaliza Hospitaliza Fatalities
of Scenario
without
tion but
tion and
due to
hospitaliza not life
life
scenario
tion
threatening threatening
event
Residential
30
3
0
0
NonResidential
3
0
0
0
Commute
2
0
0
0
Total
35
3
0
0
Residential
6
0
0
0
NonResidential
86
12
1
2
Commute
0
0
0
0
Total

92
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Residential
5PM (peak Noncommute time) Residential
Commute
Total

11

2

0

0

48
0
59

7
0
9

1
1
2

1
0
1

Residential
NonResidential
Commute
Total
2PM
Residential
(max
Noneducational, Residential
industrial, Commute
and
Total
commercial)
Residential
Non5PM (peak Residential
commute time)
Commute
Total

1,286

234

24

24

89
2
1,377
318

17
2
254
58

2
4
30
6

2
1
27
6

3,640
8

689
11

90
18

90
4

3,966
378

758
69

114
7

99
7

1,465
24
1,867

277
33
379

36
55
98

36
11
54

2AM
(maximum
residential
occupancy)

The analyses results indicate that although most building
damage in the Pasadena area will be to residential structures,
this damage, for the most part, will not be life-threatening.
Collapse of concrete tilt-ups, reinforced masonry and other
larger structures common in the commercial and industrial
sections of the City has the potential to cause the most
fatalities in the region.
Shelter Requirement - HAZUS uses past earthquake experiences
and demographics (income, home ownership, age, and ethnicity)
to estimate the number of persons requiring short-term
shelter. For the Pasadena area, HAZUS estimates that between
65 and 5,600 households may be displaced due to the
earthquakes modeled for this study (a household contains four
people, on average). Furthermore, between 60 and 3,800 people
will seek temporary shelter in public facilities, or in parks
or other open space areas. Latino populations especially are
known to seek shelter in open space areas rather than in
buildings, so City officials should make provisions for this.

Table 1-9
Estimated Shelter Requirements

Scenario

Displaced
Households
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San Andreas Mojave Segment
Sierra Madre

65

56

5,562

3,827

Transportation Damage – Damage to transportation systems in
the City of Pasadena is based on a generalized inventory of
the region as described in Table 1-10.
Road segments are
assumed to be damaged by ground failure only.
The models
estimate that 6 to 101 of the 189 roadway bridges in the area
will be at least moderately damaged as a result of the
earthquake scenarios. The corresponding economic loss due to
bridge damage is $6.5 to $111 million.

Sierra
Madre

San Andreas

Table 1-10
Expected Damage to Transportation Systems
Replacement
Value for
Segments
All
in
Segments in At Least
Scenar
Inventor Inventory Moderate Economic
io
System
Damage Loss ($M)
y
($M)
Major
Highway Roads
20
355
na
na
Bridges
189
739
6
6.5
Railways Tracks
10
24
0
0
Faciliti
Airport es
4
8
1
1.1
Major
Roads
Bridges
Railways Tracks
Faciliti
Airport es
Highway

20
189
10

355
739
24

na
101
0

na
111
0

4

8

2

2.9

Utility Systems Damage - The expected performance of the
potable water and electric power systems best illustrate the
regional extent of the scenario earthquakes (see Table 1-11).
According to the model, a significant proportion of the
residents of the Pasadena area will be without electricity and
potable water for several days after an earthquake on the
Sierra Madre fault.
In fact, the model estimates that even
after 30 days, about 33 percent of the households will still
not have potable water. Part of this projected system failure
is the result of breaks in the local distribution lines, but a
significant portion of the system failure will most likely be
the result of breaks in the main water pipelines that bring

Earth Consultants InternationalSeismic Hazards

Page 1-75

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
water into the southern California area.
A larger number of
households is expected to be without electrical service the
day after the earthquake, but this system will be repaired
faster than the potable water system, so that 30 days after
the earthquake, only about 4 to 5 percent of the households
will still be without electric power.
An earthquake on the Mojave segment of the San Andreas fault
is not anticipated to damage the potable water system in the
City of Pasadena (Table 1-11). The model estimates that about
1,300 households will be without water the day after the
earthquake, but 3 days after the earthquake only about 31
households will be without water, and by day 7 every household
will have water.
Regarding electric power, on the day after
the earthquake, the model estimates that nearly 19,500
households will not have electric power, but the numbers drop
considerably after that.

Table 1-11
Expected Performance for Potable Water and Electricity
Number of Households without Service*
Utility
Day 1
Day 3 Day 7 Day 30 Day 90
Potable
1,305
31
0
0
0
San
Water
Andreas Electricit
19,406
6,024
959
67
55
y
Potable
45,400 44,582 42,664 18,055
0
Sierra Water
Madre
Electricit
46,221 36,065 19,470 2,355
57
y
*Based on Total Number of Households
= 54,662.
Scenario

Fire Following Earthquake - HAZUS uses a Monte Carlo
simulation model to estimate the number of ignitions and the
amount of burnt area. For these scenarios, HAZUS estimates 5
to 11 ignitions that will displace about 30 - 400 people and
cause an estimated building loss of $2.5 to $30 million.
Debris Generation - The model estimates that between 108 and
1,710 thousand tons of debris will be generated. Of the total
amount, brick and wood comprises about 30 percent of the
total, with the remainder being Reinforced Concrete and Steel.
If the debris tonnage is converted to an estimated number of
truckloads, it will require approximately 4,300 to 69,000
truckloads (@25 tons/truck) to remove the debris generated by
the earthquake.
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1.10

Reducing Earthquake Hazards in the City of Pasadena

This section identifies and discusses the opportunities available
for
seismic
upgrading
of
existing
development
and
capital
facilities, including potentially hazardous buildings and other
critical facilities. Many of the issues and opportunities available
to the City apply to new development, redevelopment and infilling.
Issues involving rehabilitation and strengthening of existing
development are decidedly more complex given the economic and
societal impacts inherent to these issues.
Prioritizing rehabilitation and strengthening projects requires that
the City consider where its resources would be better spent to
reduce earthquake hazards in the existing development, and how the
proposed mitigation programs can be implemented so as not to cause
undue hardship on the community.
Rehabilitation programs should target, on a priority basis,
potentially hazardous buildings, critical facilities, and high-risk
lifeline utilities.
The City can best address rehabilitation
issues.
However, the hazard evaluation is intended to define the
scope of the problem.
Recent earthquakes, with their relatively low loss of life, have
demonstrated that the best mitigation technique in earthquake hazard
reduction is the constant improvement of building codes with the
incorporation of the lessons learned from past earthquakes.
The
most recent building codes (1997, 2000) are a prime example in
incorporation of lessons and further reduction of the earthquake
hazard.
However, while new building codes reduce the hazard,
increases in population leading to building in vulnerable areas and
the aging of the existing building stock work toward increasing the
earthquake hazard of a given region.
1.10.11998 California Building Code Impacts on the City of Pasadena

Two significant changes were incorporated into the 1998
California Building Code (CBC) that impact the City of
Pasadena. The first change is a revision to soil types and
amplification
factors,
and
the
second
change
is
the
incorporation of the proximity of earthquake sources in
seismic zone 4, which includes the City of Pasadena.
These
changes represent the most significant increases in ground
shaking criteria in the last 30 years.
In addition, in the
new code, soil effects now impact buildings of short
predominant period of ground shaking (low-rises), whereas in
the past, only long-period structures (high-rises) were
influenced by these building code requirements.
The new
ground-shaking basis for code design is now more complicated,
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however, because of the wide range of soil types and the close
proximity of seismic sources. For the City of Pasadena, these
code changes are warranted and should be adopted.
The new
soil effects are based on observations made as a result of the
Mexico City, Loma Prieta and other earthquakes, and impact all
buildings in the City Pasadena. Due to the proximity of the
Sierra Madre and Raymond fault systems, the entire area is
impacted by the new near-source design factors. The 1998 CBC
contains detailed descriptions of the incorporation of these
new parameters; only a summary is provided below.
Soil Types and Soil Amplification Factors: The seismic design
response spectra are defined in terms of two site seismic
These coefficients are determined as
coefficients Ca and Cv.
a function of the following parameters:
•
•
•

Seismic Zone
Soil Type, and
Near Source Factors (UBC Zone 4 only)

The building code outlines six soil types based on the average
soil properties for the top 100 feet of the soil profile.
Site-specific
evaluation
by
the
project’s
geotechnical
engineer is required to classify the soil profile underlying
proposed projects. A general description of the 1998 CBC soil
types are outlined in Table 1-12, and the soil types in the
City of Pasadena are illustrated in Plate 1-6.
Table 1-12
1998 CBC Soil Profile Types
Soil
Profile Type

Soil Profile
Name/
Generic
Description

Average Soil Properties for the Upper 100
Feet
Shear Wave
Standard
Undrained
Velocity
Penetration
Shear
(feet/second)
Test
Strength
(blows/foot)
(psf)
>5,000

SA

Hard Rock

SB

Rock

SC

Very dense
>50
soil and soft
rock
Stiff soil
600 to 1,200
15 to 50
profile
Soft soil
<600
<15
profile
Soil requiring site-specific evaluation.

SD
SE
SF

2,500 to
5,000
1,200 to
2,500
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Near- Source Factors: Most of the Pasadena area is subject to
near-source design factors based on the proximity of the
Sierra Madre and Raymond fault systems. These parameters, new
to the 1997 UBC and 1998 CBC, address the proximity of
potential earthquake sources (faults) to the site.
These
factors were present in earlier versions of the building code
for implementation into the design of seismically isolated
structures, but are now included for all structures.
The
adoption into the newer code of all buildings in UBC seismic
zone 4 was a result of the observation of more intense ground
shaking than expected near the fault ruptures at Northridge in
1994, and again one year later at Kobe, Japan. The 1997 UBC
and 1998 CBC also include a near-source factor that accounts
for directivity of fault rupture.
The direction of fault
rupture
was
observed
to
play
a
significant
role
in
distribution of ground shaking at Northridge and Kobe.
For
Northridge, much of the earthquake energy was released into
the sparsely populated mountains north of the San Fernando
Valley, while at Kobe, the rupture direction was aimed at the
City and was a contributing factor in the extensive damage.
However, the rupture direction of a given source cannot be
predicted, and as a result, the newer building codes require a
general increase in estimating ground shaking of about 20
percent to account for directivity.
Seismic Source Type:
Near source factors also include a
classification of seismic sources based on slip rate and
maximum magnitude potential. These parameters are used in the
classification of three seismic source types (A, B and C)
summarized on Table 1-13.
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Plate 1-6:

Engineering Soil Types in Pasadena
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Table 1-13
Seismic Source Type
Seismic Source Definition
Seismic
Source
Type
A

B
C

Seismic Source Description

Faults that are capable of
producing large magnitude
events and which have a
high rate of seismicity.
All faults other than Types
A and C.
Faults which are not
capable of producing large
magnitude earthquakes and
which have a relatively low
rate of seismic activity.

Maximum Moment
Magnitude, M
M > 7.0 and

Slip Rate, SR
(mm/yr.)
SR > 5

M < 6.5

SR < 2

Type A faults are highly active and capable of producing large
magnitude events. Most segments of the San Andreas fault are
classified as Type A.
The Type A slip rate (>5 mm/yr) is
common only to tectonic plate boundary faults. Type C seismic
sources are considered to be sufficiently inactive and not
capable of producing large magnitude events such that
potential ground shaking effects can be ignored.
Type B
sources include most of the active faults in California and
include all faults that are neither Type A nor C. The 1998 CBC
requires that the locations and characteristics of these
faults be established based on reputable sources such as the
California Geological Survey (CGS – previously known as the
California Division of Mines and Geology - CDMG) and the U.S.
Geological Survey (USGS).
The CGS classifies the Sierra
Madre, Raymond, Verdugo, and Elysian Park thrust faults as
Type B faults.
To establish near-source factors for any proposed project in
the City of Pasadena, the first step is to identify and locate
known active faults in the region.
The International
Conference of Building Officials (ICBO) has provided an Atlas
of the location of known faults for California to accompany
the 1997 UBC and 1998 CBC. The rules for measuring distance
from a fault are provided by the 1997 UBC. The criteria for
determining distance to vertical faults, such as the San
Andreas, are relatively straightforward.
However, the
distance to thrust faults and blind thrust faults is assumed
as 0 for anywhere above the dipping fault plane to a depth of
10 kilometers.
This greatly increases the areal extent of
high ground shaking parameters, but is warranted based on
observations of ground shaking at Northridge.
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Summary:
Seismic codes are now undergoing their most
significant changes in history.
These improvements are a
result of experience in recent earthquakes, as well as
extensive research under the National Earthquake Hazard
Reduction Program (NEHRP).
Inclusion of soil and near-field
effects in the 1997 UBC and 1998 CBC represents a meaningful
and effective change put forth by the geoscience community.
Seismic codes are expected to continue to improve in the
future, as researchers learn more about the interactions
between earthquakes and the built environment.
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10.1.2

Retrofit and Strengthening of Existing Structures

While the earthquake hazard mitigation improvements associated
with the new building codes address new construction, the
retrofit and strengthening of existing structures requires the
adoption of ordinances.
The City of Pasadena has adopted an
ordinance aimed at retrofitting unreinforced masonry buildings
(URMs). The next logical step is to conduct an inventory of
other potentially hazardous buildings, such as pre-1971
concrete tilt-up buildings.
Although retrofit buildings may
still incur severe damage during an earthquake, the mitigation
results in a substantial reduction of casualties by preventing
collapse.
Building codes are not retroactive, and past earthquakes have
shown that many other types of structures besides URMs are
potentially hazardous.
Structures built before the lessons
learned from the 1971 Sylmar earthquake are particularly
susceptible to damage during an earthquake, including pre-cast
tilt-up
concrete
buildings,
soft-story
structures,
unreinforced concrete buildings, as well as pre-1952 singlefamily structures.
Other potentially hazardous buildings
include irregular-shaped structures and mobile homes.
The City should consider developing a program by which
non-URM, potentially hazardous buildings are identified.
Potentially
hazardous
buildings
can
be
identified
and
inventoried following the recommendations set forth in
publications such as "Rapid Visual Screening of Buildings for
Potential
Seismic
Hazards:
Handbook
and
Supporting
Documentation" and "A Handbook for Seismic Evaluation of
Existing
Buildings
and
Supporting
Documentation",
both
prepared by the Applied Technology Council in Redwood City,
California, and supplied by the Federal Emergency Management
Agency (FEMA publications 154 and 155, and 175 and 178,
respectively).
The societal and economic implications of rehabilitating
existing buildings are discussed in many publications,
including "Establishing Programs and Priorities for the
Seismic
Rehabilitation
of
Buildings
A
Handbook
and
Supporting Report", "Typical Costs for Seismic Rehabilitation
of Existing Buildings: Summary and Supporting Documentation,"
(FEMA
Publications
174
and
173,
and
156
and
157,
respectively). Another appropriate source is the publication
prepared by Building Technology, Inc. entitled "Financial
Incentives for Seismic Rehabilitation of Hazardous Buildings An Agenda for Action (Report and Appendices).
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The building inventory phase of a seismic hazard mitigation
program should accurately record the potentially hazardous
buildings in an area. To do so, a GIS system is invaluable.
The data base should include information such as the location
of the buildings, the date and type of construction,
construction materials and type of structural framing system,
structural conditions, number of floors, floor area, occupancy
and relevant characteristics of the occupants (such as whether
the building houses predominantly senior citizens, dependent
care or handicapped residents, etc.), and information on
structural elements or other characteristics of the building
that may pose a threat to life.
Once buildings are identified as potentially hazardous, a
second, more thorough analysis may be conducted.
This step
may be carried out by local officials, such as the City's
building department, or building owners may be required to
submit a review by a certified structural engineer that has
conducted an assessment of the structural and non-structural
elements and general condition of the building, and has
reviewed the building's construction documents (if available).
The nonstructural elements should include the architectural,
electrical and mechanical systems of the structure. Cornices,
parapets, chimneys and other overhanging projections should be
addressed too, as these may pose a significant threat to
passersby, and to individuals who, in fear, may step out of
the building during an earthquake.
State of repair of
buildings should also be noted, including cracks, rot,
corrosion, and lack of maintenance, as these conditions may
decrease the seismic strength of a structure.
Occupancy
should be noted as this factor is very useful in prioritizing
the buildings to be abated for seismic hazards.
For multi-story buildings, large occupancy structures, and
critical facilities, the seismic analysis of the structure
should include an evaluation of the site-specific seismic
environment (e.g., response spectra, estimates of strong
ground motion duration, etc.), and an assessment of the
building's loads and anticipated deformation levels.
The
resulting data should be weighted against acceptable levels of
damage and risk chosen by the City for that particular
structure. Once these guidelines are established, mitigation
techniques available (including demolition, strengthening and
retrofitting, etc.) should be evaluated, weighted, and
implemented.
The City of Pasadena should set a list of priorities by which
strengthening of the buildings identified as hazardous will be
established and conducted. Currently, there are no federal or
state mandated criteria established to determine the required
structural
seismic
resistance
capacity
of
structures.
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Retrofitting to meet the most current building code standards
may be cost-prohibitive, and therefore, not feasible.
The
City may develop its own set of criteria, however, this task
should be carried out following a comprehensive development
and review process that involves experienced structural
engineers, building officials, insurance representatives, and
legal authorities.
Selection of the criteria by which the
structural seismic resistance capacity of structures will be
measured may follow a review of the performance during an
earthquake of similar types of buildings that had been
retrofit prior to the seismic event.
Upgrading potentially
hazardous buildings to, for example, 1973 standards may prove
inefficient if past examples show that similar buildings
retrofit to 1973 construction codes performed poorly during a
particular earthquake, and had to be demolished anyway.
Issues to be addressed include justification for strengthening
a building to a performance level less than the current code
requirements, the potential liabilities and limitations on
liability, and the acceptable damage to the structure after
strengthening (FEMA, 1985).
The mitigation program established by the City could be
voluntary or mandatory.
Voluntary programs to encourage
mitigation of potentially hazardous buildings have been
implemented with various degrees of success in California.
Incentives that have been used to engender support among
building owners include tax waivers, tax credits, and waivers
from certain zoning restrictions. Other cities have required
a review by a structural engineer when the building is
undergoing substantial improvements.

1.11

Summary

Since it is not possible to prevent an earthquake from occurring,
local governments, emergency relief organizations, and residents are
advised to take action and develop and implement policies and
programs aimed at reducing the effects of earthquakes. Individuals
should also exercise prudent planning to provide for themselves and
their families in the aftermath of an earthquake.
Earthquake Sources:
o

The City of Pasadena is located between two active fault
systems:
the Sierra Madre fault along its northern limits,
and the Raymond fault along its southern boundaries. The 1998
California Building Code requires that the City incorporate
near-source factors into design of new buildings. In addition
to the faults above, the Elysian Park, Verdugo and Hollywood
fault zones are likely sources of earthquakes that may impact
the City.
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o

Geologists,
seismologists,
engineers
and
urban
planners
typically
use
maximum
magnitude
and
maximum
probable
earthquakes to evaluate the seismic hazard of a region, the
assumption being that if we plan for the worst-case scenario,
smaller earthquakes that are more likely to occur can be dealt
with more effectively.

o

A number of historic earthquakes have caused significant
ground shaking in Pasadena.
The 1971 San Fernando, the 1987
Whittier Narrows and the 1988 Pasadena earthquakes caused
substantial damage within the “Old Towne” district of the
City.

Design Earthquake Scenarios:
o

A worst-case scenario earthquake (maximum magnitude) for
Pasadena of approximately magnitude 7.2 would involve rupture
of the segment of the Sierra Madre fault that extends through
the northern reaches of the City. A maximum magnitude
earthquake on the Raymond fault is a close second in terms of
damage potential to the City.

o

A maximum magnitude earthquake on the Mojave segment of the
San Andreas was considered as a likely earthquake scenario
given that this fault is thought to have a relatively high
probability of rupturing in the not too distant future.
An
earthquake on the San Andreas fault is not the worst-case
scenario for the City.

Fault Rupture and Secondary Earthquake Effects:
o

Several active or potentially active faults are known to
transect the City, including traces of the Sierra Madre fault,
the Raymond fault, the Eagle Rock fault, and western
extensions to these fault systems. A fault hazard management
zone has been defined around each of these faults – it is
proposed that geological studies to evaluate the potential for
surface fault rupture should be required in these zones prior
to development. The Raymond fault is zoned under the AlquistPriolo Earthquake Fault Zoning, so geological evaluations to
locate the fault are mandated by State law if developments or
re-developments amounting to more than 50 percent of the
original value of the structure are proposed within this zone.
The Raymond fault has strong geomorphic expression along most
of its trace, and therefore, appears to be well mapped.
However, near its western end, the fault location becomes
vague. There may be active fault splays both inside and
outside the Alquist-Priolo zone boundaries that have not yet
been mapped. Geologists doing investigations in support of
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proposed developments should consider this possibility when
designing their field studies.
o

Currently, shallow ground water levels (< 50 feet from the
ground surface) are known to have occurred historically only
in some portions of the City, generally along the major
drainages and canyons.
Shallow ground water has also been
reported in the southwestern portion of the City, at the base
of the San Rafael Hills, and along the Raymond fault, where
water ponds against the fault, rising to within 50 feet of the
surface. Seasonal fluctuations in groundwater levels, and the
introduction of residential irrigation requires that sitespecific
investigations
be
completed
to
support
these
generalizations in areas mapped as potentially susceptible to
liquefaction.

o

Those portions of Pasadena that may be susceptible to
seismically induced settlement are generally the floodplains
and larger drainages that are underlain by late Quaternary
alluvial sediments (similar to the liquefaction-susceptible
areas). Sites near the base of the San Rafael Hills, at the
valley margins, may be particularly vulnerable as a result of
differential settlement at the bedrock-alluvial contact.

o

The northern and western portions of the Pasadena area are
most vulnerable to seismically induced slope failure, due to
the steep terrain.

o

The California Geological Survey (CGS) has completed mapping
in the Pasadena area under the Seismic Hazards Mapping Act.
Geological studies in accordance with the guidelines prepared
by the CGS should be followed in those areas identified as
having a liquefaction or slope-instability hazard.

Earthquake Vulnerability:
o

Most of the loss of life and injuries that occur during an
earthquake are related to the collapse of hazardous buildings
and structures, or from non-structural components (contents)
of those buildings.

o

Inventory of potentially hazardous
concrete tilt-up is recommended.

o

Mobile homes are considered potentially hazardous structures
during earthquakes. Severe damage to mobile homes occurs when
the homes fall off their supports, usually severing utility
lines, and with steep jackstands penetrating through the
floor. The relatively high density of these units also makes
them
especially
vulnerable
to
earthquake-induced
fires.
Although mobile homes are not common in Pasadena, the few
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within City boundaries may suffer significant damage during an
earthquake if they have not been provided with seismically
retrofit foundations.
o

The models run for this study suggest that many schools and
the one hospital in the City (Huntington Hospital) may suffer
moderate to extensive damage as a result of an earthquake on
either the Sierra Madre or Raymond faults.
Structural
assessment studies for these buildings should be conducted in
the near future.
The most vulnerable structures should be
retrofitted as soon as possible.

o

Most casualties in the City as a result of an earthquake on
the Sierra Madre or Raymond fault appear to be the result of
extensive damage to commercial and industrial buildings in the
City.
Steel and reinforced masonry structures in the City
should also be evaluated and retrofitted, as appropriate.

Earthquake Hazard Reduction:
o

The best mitigation technique in earthquake hazard reduction
is the constant improvement of building codes with the
incorporation
of
the
lessons
learned
from
each
past
earthquake.
This is especially true in areas not yet
completely developed, but it is not the most practical option
for cities like Pasadena, where most of the land is already
developed.
Nevertheless, for new development, or redevelopment, where this involves more than 50 percent of the
original
cost
of
the
structure,
the
adoption
and
implementation of the most current building code adopted by
the City is warranted. The recent building codes incorporate
two significant changes that impact the City of Pasadena. The
first change is a revision to soil types and amplification
factors, and the second change is the incorporation of the
proximity of earthquake sources in UBC seismic zone 4.
However, since the City of Pasadena is mostly developed, and
building codes are generally not retroactive, the adoption of
the most recent building code is not going to improve the
existing building stock, unless actions are taken to retrofit
the existing structures. Retrofitting existing structures to
the most current building code is in most cases not
practicable
and
cost-prohibitive.
However,
specific
retrofitting actions that are known to improve the seismic
performance of structures should be attempted.

o

Most of the Pasadena area is subject to near-source design
factors based on the proximity of the Sierra Madre and Raymond
fault systems.
These parameters, new to the 1998 California
Building Code (CBC), address the proximity and the potential
of earthquake sources (faults) to the site.
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o

While the earthquake hazard mitigation improvements associated
with the current building code address new construction, the
retrofit and strengthening of existing structures requires the
adoption of ordinances.
The City of Pasadena has adopted an
ordinance aimed at retrofitting unreinforced masonry buildings
(URMs).
Although retrofit buildings may still incur severe
damage during an earthquake, their mitigation results in a
substantial reduction of casualties by preventing collapse.

o

Adoption of new building codes does not mitigate local
secondary earthquake hazards such as liquefaction and ground
failure.
Therefore, these issues are best mitigated at the
local level. Avoiding areas susceptible to earthquake-induced
liquefaction, settlement or slope instability is generally not
feasible.
The best alternative for the City is to require
“special studies” within these zones for new construction, as
well
as
for
significant
redevelopment,
and
require
implementation of engineering recommendations for mitigation.
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CHAPTER 2:
2.1

GEOLOGIC HAZARDS

Physiographic Setting

The City of Pasadena is located in the northwestern portion of the
San Gabriel Valley, an area that is characterized by sharp contrasts
in terrain.
This part of the valley is defined by the steeply
rising range front of the San Gabriel Mountains on the north, by
highlands known as the San Rafael Hills on the west, and by a string
of east-trending knolls along the south. The most heavily populated
area of the City is situated on the gently sloping valley floor,
while the community of Altadena separates most of Pasadena from the
mountain front. The western edge of the city includes a portion of
the less densely populated San Rafael Hills, and the northern
boundary includes a narrow strip of land that extends northward into
the relatively unpopulated San Gabriel Mountains. The latter area,
which has been dedicated to park and recreational use (Hahamongna
Watershed Park), includes segments of the Arroyo Seco drainage and
rugged mountains of high relief.
The northeastern corner of the
city also reaches the base of the mountains, encompassing the lower
part of Eaton Canyon and extending up to the mouth of Hastings
Canyon.
Elevations in the valley range from about 560 feet above
mean sea level at the southernmost point, to about 1,280 feet near
the point where the Arroyo Seco emerges from the mountain front. In
the San Rafael Hills, the highest point within the city limits is
approximately 1,600 feet, and within the San Gabriel Mountains, the
high point is about 3,400 feet.
Two major stream channels transect the city.
On the west, the
Arroyo Seco’s deeply entrenched channel originates in the San
Gabriel Mountains and flows southward along the eastern side of the
San Rafael Hills, eventually reaching the Los Angeles River. To the
east, the Eaton Wash exits the mountains and flows south, where it
is joined by the combined drainages from Pasadena Glen and Hastings
Canyons. The Eaton Wash channel then continues southward across the
valley eventually reaching the Rio Hondo River.
Both major stream
channels, as well as the combined channels from Pasadena Glen and
Hastings Canyons, have been modified by flood control dams near the
base of the mountains, and both have been confined to manmade
channels or storm drains in their lower reaches, across the valley.
Older, prehistoric stream channels, now abandoned due to geologic
changes that effected the natural drainage patterns, have left a
subtle imprint of their former presence on the valley surface.

2.2

Geologic Setting

The physical features described above reflect geologic and climatic
processes that have effected this region in the last few million
years.
The most striking geologic feature of the Pasadena area is
the San Gabriel Mountains, which form a dramatic backdrop to the
Earth Consultants InternationalGeologic Hazards
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City.
These rugged, geologically young mountains are part of the
Transverse
Ranges
Province
of
southern
California.
The
characteristic features that define this province are a series of
predominantly
east-west
trending
mountain
ranges
and
their
intervening valleys. The ranges encompass the northern part of Los
Angeles County as well as parts of Riverside, San Bernardino,
Ventura, and Santa Barbara counties, then extend offshore, forming
submarine canyons and ridges, in addition to the Channel Islands.
The San Gabriel Mountains are located in the central part of the
Transverse Ranges, where they rise abruptly to heights of more than
7,000 feet above the valley floor (several peaks are more than 9,000
feet high, with Mount Baldy being the highest at 10,064 feet).
Bounded by the San Andreas fault system on the north and the Sierra
Madre fault zone on the south, the mountains are essentially a large
block of the Earth’s crust that has been squeezed up and thrust over
the valley floor by north-south compression along the San Andreas
tectonic plate boundary. Tectonic forces that initiated the rise of
the mountains are thought to have started about 3.5 million years
ago, at a time when scientists now believe there was a change in the
relative motion of the Pacific and North American tectonic plates
from strike-slip (slipping horizontally past one another) to
transpressive (oblique movement that is a combination of strike-slip
and compression).
Uplift of the mountains accelerated in midPleistocene time, about 500,000 years ago, and continues today
(Wright, 1991).
The current rate of uplift, in the context of
geologic time, is one of the fastest in the world.
Displacements on faults at the northern edge of the Los Angeles
Basin and the San Gabriel Valley are mainly of the thrust or thrustoblique type, causing older geologic units to be pushed up along a
series of faults that dip northward beneath the mountains they form.
The most dramatic example of this in the Pasadena area is the Sierra
Madre fault zone, which has thrust ancient crystalline rocks onto
and over younger sediments filling the valley.
In recent years,
researchers have discovered that the valleys are also underlain by a
series of deep-seated, low-angle thrust faults.
When these faults
do not reach the surface, they are called “blind thrusts”.
Faults
of this type are thought to be responsible for the uplift of many of
the low hills in the Los Angeles basin, such as the Elysian Park,
Repetto, and Montebello Hills (Dolan et al., 2001).
Previously
undetected blind thrust faults were responsible for the M5.9
Whittier Narrows Earthquake in 1987, and the destructive M6.7
Northridge Earthquake in 1994.
Strike-slip faults are also present in the northern Los Angeles
basin, and where they have been most recently active, they have
deformed the landscape and altered drainage patterns. An example of
such faulting in the Pasadena area is the Raymond fault, a
predominantly left-lateral fault that is responsible for the string
of low hills and knolls that disrupt the gently sloping valley floor
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at the southern edge of the City (Weaver and Dolan, 2000).
The
Raymond fault is an active structure that is thought to have been
the source of the 1988 Pasadena earthquake (Jones et al., 1990).
The relationship between the two styles of fault movement (thrust
and strike-slip) is complex and not well understood. Consequently,
it is currently one of the focus points in the ongoing research for
a greater understanding of earthquake hazards in the Los Angeles
basin (Dolan et al., 2001).
The San Rafael Hills are separated from the mountain front by the La
Cañada Valley, however in the central and northern parts they are
composed of crystalline rocks similar to those exposed in the San
Gabriel Mountains.
The Eagle Rock fault, which traverses the
southern part of the hills, is the geologic boundary between the
crystalline rocks to the north and the Miocene-age sedimentary rock
forming the low hills to the south.
The San Gabriel Valley is composed of alluvial fan sediments that
have a range of ages coincident with the rise of the San Gabriel
Mountains.
Because the fans were constructed with sediments shed
from the mountains, their composition reflects that of the rocks
eroded by the various streams. Multiple generations of overlapping
alluvial fans are present and their distribution has been presented
in numerous publications (Lamar, 1970; Morton, 1973; Smith, 1986;
Crook et al., 1987; Dibblee, 1989a, 1989b, and 1998).
Most
recently, for the purpose of seismic hazard evaluation, the
California Geological Survey (CGS - previously knows as the
California Division of Mines and Geology - CDMG) refined the
alluvial
mapping
using
data
from
geotechnical
reports
and
unpublished mapping, as well as the previously published references
(CDMG, 1998a, 1998b).
Since the entrenchment of the Arroyo Seco
drainage in late Pleistocene time, the older, elevated fan surface
that underlies most of the City of Pasadena is no longer a site of
active deposition.

2.3

Geologic Units

The general distribution of geologic units that are exposed at the
surface is shown on the Geologic Map (Plate 2-1). In the numerous
geologic maps that have been published over the years for the
Pasadena area, there are inconsistencies in the nomenclature used
for faults and geologic formations.
In the section that follows,
the characteristics of each unit are discussed using the names
published by Dibblee (1989a, 1989b, 1998).
Fault names are those
published by Weber (1980), Crook et al. (1987) and Dibblee (1989,
1998). Also shown is an unpublished fault, possibly a strand of the
Sierra Madre fault zone, mapped by Rubin (1992) based on geomorphic
evidence and topographic breaks observed in early 20th century
topographic maps of the area. Descriptions of the units, as well as
some of their engineering characteristics, are compiled from Lamar
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(1970), Morton (1973), Crook et al. (1987), Dibblee (1989, 1998),
and the California Geological Survey (CDMG, 1998a, 1998b).
The
units are described below from the youngest to the oldest.
2.3.1 Surficial Sediments

Researchers have identified the various alluvial units and
their ages primarily by using the degree of soil development on
the fan surface, stratigraphic position, degree of stream
incision, relative uplift, and mineral composition.
In order
to characterize the liquefaction potential in valley areas, the
California Geological Survey also incorporated mapping which
utilized soil surveys, as well as subsurface data from
geotechnical reports.
In general, the oldest Pleistocene-age fans are present as
remnants of elevated, highly dissected surfaces located within
and near the Sierra Madre fault zone, along the base of the
mountains.
Limited exposures are also present as isolated
terraces above active stream channels within the mountains, and
within deeply incised drainage channels where they are visible
in the sidewalls below younger units.
The estimated age for
these sediments is about 200,000+ years (Crook et al., 1987).
The most widely exposed alluvial unit in the Pasadena area
consists of late Pleistocene fan deposits with an estimated age
range of about 11,000 to 200,000 years (Crook et al., 1987). A
large portion of the City is situated on this older fan
surface.
As mentioned above, this surface has been deeply
incised by the Arroyo Seco, and has been locally deformed by
displacement along the Raymond fault.
Holocene-age (11,000
years old or less) alluvial fan and fluvial deposits have
overlapped the older units in the eastern, north-central, and
southwestern parts of the City.
The youngest alluvial
sediments consist of stream channel and flood plain deposits
from the Arroyo Seco, and collectively from Eaton, Pasadena
Glen and Hastings canyons. Active fan building by these modern
streams has
Plate 2-1:

Geologic Map of Pasadena
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Plate 2-1a:

Descriptions of Geologic Units
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been largely controlled by the construction of flood control
dams, debris basins, man-made channels, and storm drain
systems.
Holocene Alluvium (map symbols Qg and Qa) – This group includes
modern stream channel and fan deposits (Qg) as well as slightly
older floodplain deposits (Qa).
Within the City of Pasadena,
the youngest alluvial unit (Qg) lines the modern channels and
floodplains of the Arroyo Seco, and the combined drainages of
Pasadena Glen, Hastings Canyon and Eaton Wash. These sediments
consist of unconsolidated, poorly sorted, white to gray, coarse
sand and pebble, cobble, and boulder gravel that lacks
development of a soil profile on the surface.
These streams
were actively filling their channels and floodplains prior to
development of the Pasadena area.
Deposition is now largely
contained by flood control dams and man-made channels.
The
density of these deposits has been described as very loose to
loose.
The older unit (Qa) consists of fluvial and alluvial fan
deposits of unconsolidated, gray to olive brown, silt, fine to
coarse sand, and pebble, cobble and boulder gravel.
Mid to
late Holocene in age, these deposits have been slightly
elevated above the modern drainage courses.
The gravels are
typically subangular to rounded, range up to about 6 feet in
diameter, and are generally unweathered.
Soil development in
this unit is limited to a poorly developed A horizon. Within
the City, this unit is found lining an older, abandoned channel
in the southwest; as the mid to distal part of a small fan in
the north-central part; and as stream terraces along the Arroyo
Seco. Alluvium in the small, uplifted valley that dissects the
southern part of the San Rafael Hills, is composed primarily of
silty and clayey sand with interbedded clay.
The density of
these deposits has been described as loose to medium dense.
Pleistocene Dissected Alluvium (map symbols: Qoa, Qof and Qog)
– The youngest Pleistocene units (Qoa and Qof) consist of
uplifted alluvial fan deposits; combined, they are the most
widespread geologic unit in the Pasadena area. The Pleistocene
alluvium is an assemblage of several coalescing alluvial fans
that have been dissected by the Arroyo Seco and Eaton Wash
drainages. Consisting primarily of yellow brown to pale brown
silt, sand, and silty sand with little to no clay, the alluvium
has been described as dense and weakly to moderately well
consolidated. Near the mountain front, it consists of crudely
bedded sand and gravel with large boulders. Where undisturbed,
this unit has a poorly to moderately developed soil profile
which includes an A horizon and textural B horizon.
Most of the oldest alluvial unit (Qog) has been removed by
erosion, or concealed by deposition of younger sediments.
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Exposures are limited to a few uplifted remnants that are
scattered along the mountain front, perched above the edge of
the valley, or along stream channels within the San Gabriel
Mountains.
This unit consists of red to yellow, poorly
consolidated to well-consolidated fine to coarse sand, silty
sand, and gravel. Clay content varies from low to high. This
unit has been extensively dissected by both large and small
drainages, and typically has a well developed soil profile.
Gravels within the unit are highly weathered.
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2.3.2 Bedrock Units

Within the City, areas of high relief are underlain primarily
by a complex assemblage of crystalline rocks created from
multiple episodes of igneous intrusion and metamorphism deep
within the Earth’s crust.
This association represents a long
history of such events, and includes some of the oldest rocks
(dating back to the Precambrian age) in southern California.
The contacts between rock types are approximate and somewhat
variable in geologic maps published over the years, reflecting
the difficulty of mapping in rugged, brush-covered terrain, as
well as identifying rock types that are highly shattered,
sheared, and crushed.
Many map units include more than one
rock type, and the predominant rock type has typically been
used to characterize the unit.
One unit, the leucocratic
granodiorite, occurs as dikes and irregular-shaped lenses
intruding into the various different units southwest of the
South Branch of the San Gabriel fault.
The youngest bedrock
unit consists of sedimentary rock, formed from deep marine
deposits that encroached onto the Pasadena area prior to uplift
of the present San Gabriel Mountains.
Topanga Formation (map symbol: Ttqdc and Ttsc) - The Mioceneage Topanga Formation underlies the low hills in the
southwestern corner of the City. This sedimentary rock unit is
separated from the crystalline rocks of the San Rafael Hills by
the Eagle Rock fault.
In the Pasadena area, the Topanga
Formation
consists
primarily
of
light
gray
to
brown,
interbedded
sandstone,
conglomeratic
sandstone,
and
conglomerate, with a lesser amount of siltstone and shale.
Bedding character is typically crudely developed to massive in
thick conglomerate beds, whereas it is well developed in the
finer grained sequences.
Sedimentary structures within the
deposits have led scientists to believe these sediments were
deposited in a deep marine environment with a not too distant
source (Lamar, 1970).
Bedding within this unit is dipping
generally in the range of 20 to 30 degrees to the northeast,
with local flatter or steeper dips (Dibblee, 1989).
Dike Rocks (map symbol: Tb and Tl) – This unit occurs as widely
scattered, tabular bodies of igneous rock within older rocks of
the San Gabriel Mountains and the San Rafael Hills. The dikes
typically form by intrusion of magma into fractures and joints
of the existing rocks.
In the Pasadena area, the dikes are
fine-grained and consist of brown to black rocks of basaltic
and andesitic composition, as well as pale gray rocks composed
of light-colored minerals.
The dikes are thought to be late
Miocene in age, or older.
Leucocratic Granitic Rocks (map symbol: gr) – This unit
includes light colored, fine- to medium-grained rocks composed
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primarily of quartz, plagioclase and potassium feldspars, with
minor biotite. It occurs as bands and patches across the base
of the San Gabriel Mountains, and as intrusive dikes into the
older quartz diorite rock within the San Rafael Hills. Within
the City limits, it is most commonly exposed in the mountains
of Hahamongna Watershed Park, both in the north, and in the
south along the Arroyo Seco. The age of this unit is thought to
be Cretaceous or Jurassic, but may be older.
Quartz Diorite (map symbol: qd and gqd) - Sometimes referred to
as the Wilson Diorite, this unit is the most widespread bedrock
type in the Pasadena area.
Within the City limits, rocks of
this unit are exposed in the Hahamongna Watershed Park area of
the San Gabriel Mountains, and in the San Rafael Hills.
The
color of the rock is typically a light gray to light brown, and
the minerology consists of plagioclase feldspar, hornblende,
biotite and quartz.
The texture is generally medium grained
and the structure is massive. In the central part of the San
Rafael Hills, just north of Colorado Boulevard, the mineral
grains are aligned, giving the rock a distinct banding or
“foliation”. This is called a “gneissoid” texture, due to its
similarity to gneiss, a relatively common metamorphic rock.
The foliation gives the rock a somewhat layered structure, and
in this area, that structure is dipping 60 to 70 degrees to the
east and northeast.
The contact between the massive and
foliated units is gradational.
This rock is highly fractured
and generally deeply weathered, making it friable (grains
disaggregate easily) near the surface.
This unit has been
dated as being early Cretaceous age, approximately 122 million
years old (Larson, 1958).
Hornblende Diorte-Gabbro (map symbol: hd) – Within City limits,
this rock type is very minor in occurrence, with only a few
small outcrops in the northern part of Hahamongna Watershed
Park, and east of Hastings Canyon. The rock is medium grained
and massive, but locally has a gneissoid structure.
Rich in
dark minerals such as hornblende and biotite, the rock has a
dark gray color.
Siliceous Metamorphic Rocks (map symbol: mq) – These rocks are
rare within the City, with only a few small outcrops in the San
Rafael Hills. As described by Smith (1986), this unit consists
of medium gray, fine-grained to microcrystalline, banded,
siliceous rock, probably metachert. It is estimated to be of
Paleozoic age or possibly as old as Precambrian.
Gneissic Rocks (map symbol: gn, gng, and mgn) – These rocks,
the oldest and most lithologically complex in the Pasadena
area, are exposed as patches and bands extending northwesterly
across the base of the San Gabriel Mountains.
Irregular
patches are also exposed in the central to western part of the
Earth Consultants InternationalGeologic Hazards
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San Rafael Hills.
Within the City boundary, this rock type
underlies the steep terrain at the lower end of Eaton Canyon
and at the mouth of Hastings Canyon.
The rock consists of
primarily of quartzofeldspathic gneiss containing local patches
of other metamorphic rock types, and is complexly intruded by
younger granitic rocks. This unit is generally well banded and
moderately to well foliated.
Within the City, the foliation
dips primarily to the northeast at about 45 to 50 degrees
Dibblee, 1998).

2.4

Geologic Hazards in the Pasadena Area

2.4.1 Landslides and Slope Instability

A relatively small portion of the City encompasses hillside
terrain, and a large part of that has been dedicated to open
space and recreation (for instance, Hahamongna Watershed Park,
the Arroyo Seco, and Eaton Wash).
Nevertheless, development
(primarily older residential) is present in and adjacent to
steep hillsides. These areas include the San Rafael Hills and
the Hastings Canyon area, as well as oversteepened bluffs
along
the
larger drainage
channels
(see
Plate
2-2).
Such areas are locally
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Plate 2-2:

Slope Distribution Map
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vulnerable to slope instability, particularly in winters of
heavy rainfall and in winters following wildfires.
The risk of economic and social losses from slope failures can
be reduced by careful land management in hillside areas. This
generally includes land use zoning to restrict development in
unstable areas, grading codes for earthwork construction,
geologic and soil engineering investigation and review,
construction of drainage structures, and where warranted,
placement of warning systems. Other important factors are risk
assessments (including susceptibility maps), a concerned local
government, and an educated public.
TYPES OF SLOPE FAILURES
Slope failures occur in a variety of forms and there is usually
a distinction made between gross failures (sometimes also
referred to as “global” failures) and surficial failures.
Gross failures include deep-seated or relatively thick slide
masses, such as landslides, whereas surficial failures can
range from minor soil slips to destructive debris flows. Slope
failures can occur on natural or man-made slopes. For man-made
slopes, most failures occur on older slopes, many of which were
built at slope gradients steeper than those allowed by today’s
grading codes. Although infrequent, failures can also occur on
newer graded slopes, generally due to poor engineering or poor
construction.
Slope failures often occur as elements of
interrelated natural hazards in which one event triggers a
secondary event, such earthquake-induced landsliding, fireflood sequences, or storm-induced mudflows.

Gross Instability
Landslides - Landslides are movements of relatively large land
masses, either as nearly intact bedrock blocks, or as jumbled
mixes of bedrock blocks, fragments, debris, and soil. The type
of movement is generally described as translational (slippage
on a relatively planar, dipping layer), rotational (circularshaped failure plane) or wedge (movement of a wedge-shaped
block from between intersecting planes of weakness, such as
fractures, faults and bedding).
The potential for slope failure is dependent on many factors
and their interrelationships.
Some of the most important
factors include slope height, slope steepness (Plate 2-2),
shear strength and orientation of weak layers in the underlying
geologic unit (see Plate 2-3), as well as pore water pressures.
Joints and shears, which weaken the rock fabric, allow
penetration of water leading to deeper weathering of the rock
along with increasing the pore pressures, increasing the
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plasticity of weak clays, and increasing the weight of the
landmass. For engineering of earth materials, these factors are
combined in calculations to determine if a slope meets a
minimum safety standard. The generally accepted standard is a
factor of safety of 1.5 or greater (where 1.0 is equilibrium,
and less than 1.0 is failure).
Although existing landslides
are not widespread in the area, it is probable that many of the
steeper hillsides do not meet the minimum factor of safety, and
slope stabilization may be needed if development reaches these
areas. Natural slopes, graded slopes, or graded/natural slope
combinations must meet these minimum engineering standards
where they impact planned homes, subdivisions, or other types
of developments.
Slopes adjacent to areas where the risk of
economic losses from landsliding is small, such as parks and
mountain roadways, are often allowed a lesser factor of safety.
From an engineering perspective, landslides are generally
unstable (may be subject to reactivation), and may be
compressible,
especially
around
the
margins,
which
are
typically highly disturbed and broken.
The headscarp area
above the landslide mass is also unstable, since it is
typically oversteepened, cracked, and subject to additional
failures.

Surficial Instability
Slope Creep - Slope creep in general involves deformation and
movement of the outer soil or rock materials in the face of the
slope, due to the forces of gravity overcoming the shear
strength of the material. Soil creep is the imperceptibly slow
and relatively continuous downslope movement of the soil layer
on moderate to steep slopes.
Creep is most common in soils
that develop on fine-grained bedrock units.
Rock creep is a
similar process, and involves permanent deformation of the
outer few feet of the rock resulting in folding and fracturing.
Rock creep is most common in highly fractured, fine-grained
rock units, such as siltstone and claystone, but also occurs in
highly fractured crystalline rock.
In fact, studies of
prehistoric landslides in the San Gabriel Mountains suggest
that creep can weaken steep rock slopes to the point where
toppling failure (essentially a large slide consisting of
angular blocks of rock) can occur (Rodgers et al., 1992).
Creep also occurs in graded fill slopes. This is thought to be
related to the alternate wetting and drying of slopes
constructed with fine-grained, expansive soils.
The repeated
expansion and contraction of the soils at the slope face leads
to loosening and fracturing of the soils, thereby leaving the
soils susceptible to creep.
While soil creep is not
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catastrophic,
it
can
cause
damage
to
improvements located at the top of the slope.

structures

and

Soil Slip - This type of failure is generated by strong winter
storms, and is widespread in the steeper slope areas,
particularly
after
winters
with
prolonged
and/or
heavy
rainfall.
Failure occurs on canyon sideslopes, and in soils
that have accumulated in swales, gullies and ravines.
Slope
steepness has a strong influence on the development of soil
slips, with most generated on slopes between the range of about
27 to 56 degrees (Campbell, 1975).
Earth flow - This type of slope failure is a persistent, slowmoving, lobe-shaped slump that typically comes to rest on the
slope not far below the failure point.
Earth flows commonly
form in fine-grained soils (clay, silt and fine sand), and are
mobilized by an increase in pore water pressure caused by
infiltration of water during and after winter rains.
Earth
flows occur on moderate to steep slopes, typically in the range
of about 15 to 35 degrees (Keefer and Johnson, 1983).
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Plate 2-3:

Engineering materials Map
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Plate 2-4:

Slope Instability map
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Debris Flow - This type of failure is the most dangerous and
destructive of all types of slope failure. A debris flow (also
called mudflow, mudslide, and debris avalanche) is a rapidly
moving slurry of water, mud, rock, vegetation and debris.
Larger debris flows are capable of moving trees, large
boulders, and even cars.
This type of failure is especially
dangerous as it can move at speeds as fast as 40 feet per
second, is capable of crushing buildings, and can strike with
very little warning.
As with soil slips, the development of
debris flows is strongly tied to exceptional storm periods of
prolonged rainfall. Failure occurs during an intense rainfall
event, following saturation of the soil by previous rains.
A debris flow most commonly originates as soil slip in the
rounded, soil-filled “hollow” at the head of a drainage swale
or ravine.
The rigid soil mass is deformed into a viscous
fluid that moves down the drainage, incorporating into the flow
additional soil and vegetation scoured from the channel.
Debris flows also occur on canyon walls, often in soil-filled
swales that do not have topographic expression.
The velocity
of the flow depends on the viscosity, slope gradient, height of
the slope, roughness and gradient of the channel, and the
baffling effects of vegetation. Even relatively small amounts
of debris can cause damage from inundation and/or impact (Ellen
and Fleming, 1987; Reneau and Dietrich, 1987). Recognition of
this hazard led FEMA to modify its National Flood Insurance
Program to include inundation by “mudslides” (FEMA, 2001).
Watersheds that have been recently burned typically yield
greater amounts of soil and debris than those that have not
burned. Erosion rates during the first year after a fire are
estimated to be 15 to 35 times greater than normal, and peak
discharge rates range from 2 to 35 times higher. These rates
drop abruptly in the second year, and return to normal after
about 5 years (Tan, 1998). In addition, debris flows in burned
areas are unusual in that they can occur in response to small
storms and do not require a long period of antecedent rainfall.
These kinds of flows are common in small gullies and ravines
during the first rains after a burn, and can become
catastrophic when a severe burn is followed by an intense storm
season (Wells, 1987).
The United States Geological Survey
(USGS), as part of their National Landslide Hazards Program, is
currently developing tools and methodologies to identify and
quantify slope stability hazards posed by burned watersheds.
Such tools will help communities with emergency planning and in
dealing with post-fire rehabilitation (USGS, 2001).
Rockfalls – Rockfalls are free-falling to tumbling masses of
bedrock that have broken off steep canyon walls or cliffs. The
debris from repeated rockfalls typically collects at the base
of extremely steep slopes in cone-shaped accumulations of
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angular rock fragments called talus.
Rockfalls can
wherever fractured rock slopes are oversteepened by
erosion or man’s activities.

happen
stream

OCCURRENCE OF SLOPE FAILURES IN THE PASADENA AREA
Landslides are common throughout the San Gabriel Mountains,
particularly near the range front, where rock weakened by
fracturing, shearing, and crushing along the numerous fault
zones is present. This weakness in the rock fabric, combined
with the moderate to extremely steep slopes that have resulted
from rapid uplift of the mountains, are important elements that
create the setting for the development of slope failures.
Similar conditions are present in the San Rafael Hills, where
rocks are highly weathered and slope gradients of 30 degrees or
steeper are common.
Plate 2-4 shows the distribution of
existing landslides compiled from various publications (Morton
and Streitz, 1969; Crook et al., 1987; Dibblee, 1989, 1998;
CDMG, 1998a, 1998b).
Most of the existing landslides are
relatively small, such as those mapped in the Hahamongna
Watershed Park, and the cluster of slides mapped in the San
Rafael Hills, at the western edge of the City. An exception to
this is the Henninger Flats Landslide, located adjacent to
Eaton Wash, just outside of the City’s northeastern boundary.
This landslide is a highly complex feature that is an
assemblage of many large and small slides. It is deeply eroded
and has been cut by at least one trace of the Sierra Madre
fault zone near the base.
Researchers believe most of the
larger existing landslides, such as Henninger Flats, are
prehistoric features that occurred when the climate was much
wetter than it is today, and that they are now largely in a
state of equilibrium. However, many smaller, modern landslides
have occurred within older slide complexes, frequently due to
man-made modifications to the slide mass, local climatic
conditions, or seismic shaking.
Talus slopes are common in the canyons of the San Gabriel
Mountains, giving testimony to the vulnerability of these
slopes to rockfall.
Numerous rockfalls were triggered by the
1991 Sierra Madre Earthquake (magnitude 5.8) in the mountains
above Pasadena. These were common along Angeles Crest Highway,
largely from very steep roadcuts, but were not large enough to
cause closure of the road (CDMG, 1998).
Detailed maps showing previous sites of smaller slope failures,
such as small landslides, slumps, soil slips, rockfalls, and
debris flows have not been compiled or published for the
Pasadena area.
The Southern California Area Mapping Project
(SCAMP), a cooperative effort between the US Geological Survey
(USGS) and the California Geological Survey (CGS), has produced
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a series of Debris-flow Occurrence Maps at a scale of 1:100000,
that predict, in a general way, areas that will be prone to
debris flows in normally vegetated hillsides (SCAMP, 2001).
The maps are based on their studies of recent El Nino events,
specifically relating the relationships between rainfall
thresholds, terrain, and past debris flow events.
Their
studies indicate that for upland areas underlain by sedimentary
rock and fractured crystalline rock (such as that found in
Pasadena) essentially all past debris flows were generated on
slopes with gradients of 26 degrees or steeper.
The mapped
debris flow susceptibility areas include most slopes steeper
than 26 degrees, but do not include the heads of the large
alluvial fans at the base of the San Gabriel Mountains. This
is because most of the larger drainages have flood control dams
and debris basins that should be adequate for containing flows
from unburned areas.
However, as discussed below, flows can
overwhelm flood control structures during periods of extreme
rainfall on a recently burned hillside.
More emphasis is placed on slope failures such as these as they
are far more common than moderate to large size landslides, can
be highly destructive, and can be life-threatening.
For
instance, during winters of exceptional rainfall (1969, 1978,
and 1980), debris flows caused widespread property damage and
loss of life in communities in and near the base of the San
Gabriel Mountains, with areas below burned watersheds receiving
the bulk of the damage. While debris and flood control basins
have considerably reduced the potential for storm-related
damage, several canyons near the Pasadena area (Zachau, Rubio,
and Shields), all within burned watersheds, overtopped their
debris basins in 1978.
In 1980, the Rubio basin again
overflowed, partially inundating one home and threatening
several others.
In the same year, debris flooding threatened
homes in the Pasadena Glen area; however the rain diminished
before damage occurred (Weber, 1980). A recent detailed study
of burned watersheds (including the San Gabriel Mountains
during and after the 1997-1998 winter rains) indicate that less
than half of the drainage basins produced debris flows,
although the debris flows that did occur were most frequently
the initial response to heavy rainfall.
In addition to
rainfall and slope steepness, the study highlights the many
other factors that contribute to the formation of post-fire
debris flows, including the underlying rock type, the shape of
the drainage basin, and the presence or absence of waterrepellent soils.
The goal of these studies is a better
understanding of the processes and conditions that generate
this hazard, an understanding that is needed in order for
communities to make appropriate decisions on public safety and
slope mitigation (Cannon, 2001).
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SUSCEPTIBILITY TO SLOPE FAILURE
The City’s mountain and foothill areas are vulnerable to the
types of slope instability mentioned above. Steep-sided slopes
along the Arroyo Seco and other incised drainages may also be
locally susceptible to slope instability. Further, most of the
residential construction in the foothills of Pasadena occurred
prior to the development and enforcement of stronger grading
codes in the 1970’s, and before the heightened awareness of
slope stability issues that has resulted from the periodic
intense rainstorms of the last 30 years.
Consequently, there
are older residences built in or near natural drainage courses
and steep slopes that may be at risk from slope failures.
Older developments along the top of the Arroyo Seco bluffs may
also be locally susceptible.
Table 1 below is a general
summary of the geologic conditions in various parts of the City
that provide the environment for slope instability to occur.
These conditions usually include such factors as terrain
steepness, rock or soil type, condition of the rock (such as
degree of fracturing and weathering), internal structures
within the rock (such as bedding, foliation, faults) and the
prior occurrence of slope failures. Catalysts that ultimately
allow slope failures to occur in vulnerable terrain are most
often water (heavy and prolonged rainfall), erosion and
undercutting by streams, man-made alterations to the slope, or
seismic shaking. The summary in Table 2-1 was derived from the
Geologic Map (Plate 2-1), the Slope Distribution Map (Plate 22), and the Engineering Materials Map (Plate 2-3).
The
information in Table 2-1 has been compiled to make the Slope
Instability Map (Plate 2-4).
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Table 2-1
General Slope Instability Potential within the City of Pasadena
Area

Geologic Conditions

San Gabriel
Mountains

Steep to extremely steep
rock
slopes,
most
in
excess of 40 degrees;
Highly fractured,
sheared, faulted, and
crushed crystalline
bedrock;
Soils and loose debris in
tributary drainages;
Stream terrace deposits
along
major
drainage
channels;
Small to large existing
landslides.
Moderate to very steep
rock
slopes,
most
in
excess
of
26
degrees,
many in excess of 40
degrees;
Highly
fractured
and
weathered
crystalline
rock;
Soils and loose debris in
tributary drainages and
swales;
Several small existing
landslides.
Gentle to locally steep
slopes, most less than 26
degrees, but ranging up
to
40
degrees
and
steeper;
Poorly bedded to massive
conglomerate and breccia
in the western part,
bedded sandstone,
conglomerate and shale in
the central and eastern
part;
Bedding
dipping
20-30
degrees to the northeast;
No mapped landslides.

San Rafael
Hills
(north
of
Colorado
Blvd).

San Rafael
Hills
(south
of
Colorado
Blvd).
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Types of Potential
Slope Instability
Most Probable:
Rockfalls, soil slips
on steep slopes, soil
slumps on the edges of
active stream channels,
small to large debris
flows.
Less Probable:
Large,
deep-seated
landslides.

Most Probable:
Soil slips and slumps
on moderate to steep
slopes and in drainage
swales, small debris
flows, small slides or
rockfalls, surficial
soil failures on steep
man-made slopes.
Less Probable:
Large,
deep-seated
landslides.
Most Probable:
Soils slips and slumps
on moderate to steep
natural slopes or manmade slopes,
translational landslide
failure if northeast
dipping weak bedding
planes (typically
shale) are left
unsupported by erosion
or man-made cuts.
Less Probable:
Large
rotational
landslides,
small
debris
flows,
small
rockfalls.
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Oak Knoll

Major
Drainage
Channels –
Arroyo
Seco, Eaton
Wash,
Pasadena
Glen, and
Hastings
canyons

Valley
Plain

Moderate to locally steep
slopes along incised
drainage channels, some
slopes locally steeper
than 40 degrees;
Poorly bedded older
alluvium consisting of
silt, sand and gravel;
No mapped landslides.

Most Probable:
Soil slips and slumps
on moderate to steep
slopes, small
rotational landslides,
small debris flows.

Moderate to steep channel
walls, steeper than 40
degrees in many areas;
Poorly bedded older
alluvium consisting of
silt, sand and gravel,
with coarse sand, gravel
and boulders near the
mountain front;
No mapped landslides.

Most Probable:
Soil slips and slumps
on moderate to steep
slopes, small
rotational landslides,
small debris flows from
channel walls, small
and large debris flows
above flood control
structures.

Very gentle slopes,
typically about 10
degrees or less;
Poorly bedded older
alluvium consisting of
silt, sand and gravel;
No mapped landslides.

Less Probable:
Large landslides.

Less Probable:
Large landslides,
rockfalls.
Slope instability
generally not an issue.

MITIGATION OF SLOPE INSTABILITY IN FUTURE DEVELOPMENT
All proposed projects require a site-specific geotechnical
evaluation of any slopes that may impact the future use of the
property.
This includes existing slopes that are to remain,
and any proposed graded slopes.
The investigation typically
includes borings to collect geologic data and soil samples,
laboratory testing to determine soil strength parameters, and
engineering calculations.
Numerous soil engineering methods
are available for stabilizing slopes that pose a threat to
development.
These methods include designed buttresses
(replacing the weak portion of the slope with engineered fill);
reducing the height of the slope; designing the slope at a
flatter gradient; and adding reinforcements such as soil cement
or layers of geogrid (a tough polymeric net-like material that
is placed between the horizontal layers of fill). Most slope
stabilization methods include a subdrain system to remove
excessive ground water from the slope area.
If it is not
feasible to mitigate the slope stability hazard, building
setbacks are typically imposed.
Earth Consultants InternationalGeologic Hazards
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For debris flows, assessment of this hazard for individual
sites should focus on structures located or planned in
vulnerable positions. This generally includes canyon areas; at
the toes of steep, natural slopes; and at the mouth of small to
large drainage channels. Mitigation of soil slips, earthflows,
and debris flows is usually directed at containment (debris
basins),
or
diversion
(impact
walls,
deflection
walls,
diversion channels, and debris fences).
A system of baffles
may be added upstream to slow the velocity of a potential
debris flow.
Other methods include removal of the source
material, placing subdrains in the source area to prevent pore
water pressure buildup, or avoidance by restricting building to
areas outside of the potential debris flow path.
There are numerous methods for mitigating rock falls. Choosing
the best method depends on the geological conditions (i.e.,
slope
height,
steepness,
fracture
spacing,
bedding
orientation), safety, type and cost of construction repair, and
aesthetics.
A commonly used method is to regrade the slope.
This ranges from locally trimming hazardous overhangs, to
completely reconfiguring the slope to a more stable condition,
possibly with the addition of benches to catch small rocks.
Another group of methods focuses on holding the fractured rock
in place by draping the slope with wire mesh, or by installing
tensioned rock bolts, tie-back walls, or even retaining walls.
Shotcrete is often used on the slope face to prevent raveling
in highly fractured rock, but its primary purpose is to offer
surface protection only.
A third type of mitigation includes
catchment devices at the toe of the slope, such as ditches,
walls, or combinations of both.
Designing the width of the
catchment structure requires analysis of how the rock will
fall.
For instance, the slope gradient and roughness of the
slope determines if rocks will fall, bounce, or roll to the
bottom. Rock slope stabilization may also include the addition
of drains in order to reduce water pressure within the slope
(Wyllie and Norrish, 1996).
MITIGATION OF SLOPE INSTABILITY IN EXISTING DEVELOPMENT
There are a number of options for management of potential slope
instability in developed hillsides.
•

Complete a detailed survey and assessment of existing
developments in areas recognized to be vulnerable to
potential slope failures (for instance, the San Rafael
Hills, along the Arroyo Seco bluffs, and at the base of the
San Gabriel Mountains).

•

Protect
existing
development
and
population
where
appropriate by physical controls such as drainage, slope-
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geometry modification,
structures.

protective

barriers,

and

retaining

•

Implement monitoring or warning systems.
For instance in
the San Francisco Bay area, the USGS, in cooperation with
the National Weather Service, operated a system for realtime warnings for storm-related slope failures (Keefer et
al., 1987). Using a combination of tracking storm systems,
measuring actual rainfall with a network of rain gauges, and
comparing thresholds for the initiation of debris flows,
they were able to issue Flash Flood/Debris Watches during
the most intense storms (Wilson, 1997).
This would be
especially valuable for developments adjacent to burned
watersheds.

•

Post warning signs in areas of potential slope instability

•

Encourage homeowners to use landscaping methods that help
stabilize the hillsides.

•

Incorporate recommendations for potential slope instability
into geologic and soil engineering reports for additions and
new grading.

•

Provide public education on slope
importance of maintaining drainage
FS-071-00 (May, 2000) and the CGS
provide public information on
hazards.
These are available
Appendices A and B).

stability, including the
devices. USGS Fact Sheet
Note 33 (November, 2001)
landslide and mudslide
on the internet (see

2.4.2 Collapsible Soils

In soil engineering terminology, collapse occurs when saturated
soils undergo a rearrangement of their grains and a loss of
cementation, resulting in substantial and rapid settlement
under relatively low loads.
An increase in surface water
infiltration, such as from irrigation, or a rise in the
groundwater table, combined with the weight of a building or
structure, can initiate rapid settlement and cause foundations
and walls to crack.
In the Pasadena area, the most likely
occurrence of collapsible soils would be in the bottoms of the
modern drainage channels, such as the Arroyo Seco.
MITIGATION OF COLLAPSIBLE SOILS
The potential for soils to collapse should be evaluated on a
site-specific basis as part of the geotechnical studies for
development.
If the soils are determined to be collapsible,
the hazard can be mitigated by several different measures or
combination of measures, including excavation and recompaction,
Earth Consultants InternationalGeologic Hazards
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or pre-saturation and pre-loading of the susceptible soils inplace to induce collapse prior to construction.
After
construction, infiltration of water into the subsurface soils
should be minimized by proper surface drainage design, which
directs excess runoff to catch basins and storm drains, and
away from the building foundations.
2.4.3 Expansive Soils

Fine-grained soils, such as silts and clays, may contain
variable amounts of expansive clay minerals. These minerals can
undergo significant volumetric changes as a result of changes
in moisture content.
The upward pressures induced by the
swelling of expansive soils can have significant harmful
effects upon structures and other surface improvements.
Most of the Pasadena area is underlain by alluvial units that
are composed primarily of granular soils (silty sand, sand, and
gravel). Such units are typically in the low to moderately low
range for expansion potential. However, every sedimentary unit
in the area contains lenses or layers of fine-grained soils
(clays and silty clays) that are typically in the moderate to
highly expansive range. Such sediments are most likely to be
found in the more distal parts of the alluvial fans, in the
southern part of the City.
In addition, alluvial soils shed
from the San Rafael Hills south of Colorado Boulevard, where
sedimentary rock containing siltstone and shale is present, are
more likely to contain clayey expansive soils.
Potentially expansive layers may be exposed at the surface by
erosion, or may be uncovered by grading cuts made for
development. In some cases, engineered fills may be expansive
and cause damage to improvements if such soils are incorporated
into the fill near the finished surface.
MITIGATION OF EXPANSIVE SOILS
The best defense against this hazard in new developments is to
avoid placing expansive soils near the surface.
If this is
unavoidable, building areas with expansive soils are typically
“presaturated” to a moisture content and depth specified by the
soil engineer, thereby “pre-swelling” the soil prior to
constructing the structural foundation or hardscape.
This
method is often used in conjunction with strong foundations
that can resist small ground movements without cracking. Good
surface drainage control is essential for all types of
improvements, both new and old.
Property owners should be
educated about the importance of maintaining relatively
constant moisture levels in their landscaping.
Excessive
watering, or alternating wetting and drying, can result in
distress to improvements and structures.
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2.4.4 Ground Subsidence

Ground subsidence is the gradual settling or sinking of the
ground surface with little or no horizontal movement.
Most
ground subsidence is man-induced. In the areas of southern
California where significant ground subsidence has been
reported (such as Antelope Valley, Murrieta, and Wilmington,
for example) this phenomenon is usually associated with the
extraction of oil, gas or ground water from below the ground
surface.
Ground-surface effects related to regional subsidence can
include
earth
fissures,
sinkholes
or
depressions,
and
disruption of surface drainage. Damage is generally restricted
to structures sensitive to slight changes in elevations, such
as canals, levees, underground pipelines, and drainage courses;
however, significant subsidence can result in damage to wells,
buildings,
roads,
railroads,
and
other
improvements.
Subsidence has largely been brought under control in affected
areas by good management of local water supplies, including
reducing pumping of local wells, importing water, and use of
artificial recharge (Johnson, 1998; Stewart et al., 1998).
No significant regional subsidence as a result of either
groundwater pumping or oil extraction has been reported in the
literature for the Pasadena area. However, the thick alluvial
deposits underlying the City may be susceptible to subsidence
should rapid groundwater withdrawal occur beneath this portion
of the Raymond Groundwater Basin in response to an increasing
population.
MITIGATION OF GROUND SUBSIDENCE
Subsidence
prevention
requires
a
regional
approach
to
groundwater conservation and recharge.
In Antelope Valley,
some the measures that have been proposed or implemented to
manage subsidence (Galloway et al., 1998) include:
•
•
•
•
•
•

Increase use of reclaimed water, storm water, and
imported water;
Implement artificial recharge programs;
Determine the safe yields of the groundwater basins, so
that the available supplies can be balanced with
groundwater extraction;
Monitor the groundwater and publish annual reports on
basin conditions;
Protect groundwater quality;
Reduce long-term water demand with specific programs of
water conservation;
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•
•

2.5

Acquire additional imported water supplies; and
Encourage water conservation through public education.

Summary of Issues and Planning Opportunities
The City of Pasadena is largely situated on the surface of
uplifted older alluvial fans below the San Gabriel Mountains.
The edges of the City encroach onto or near mountainous areas
on the west, the northwest and northeast.
Geologic units
within the City consist of poorly or crudely stratified sand,
silt, and gravel in the valley, with dense crystalline rock
forming most of the hillsides. Hills in the southeast corner
of the City, generally south of Colorado Boulevard, are
composed of stratified sedimentary rocks, typically sandstone,
conglomerate and shale.
The City’s hillsides are vulnerable to slope instability due
primarily to the fractured, crushed and weathered condition of
the bedrock, and the steep terrain. Oversteepened slopes along
the large drainage channels are also locally susceptible. The
probability of large bedrock landslides occurring is relatively
low, therefore the source of potential losses due to slope
instability arises primarily from the occurrence of smaller
slope failures in the form of small slides, slumps, soil slips,
debris flows and rockfalls. The initiation of such failures is
generally tied to a preceding event, such as wildfire, heavy
winter storms, seismic activity, or man’s activities.
A large portion of the City’s mountainous terrain, generally
that within the San Gabriel Mountains, has been dedicated to
parks and recreation. Nevertheless, residential development is
present within steep slopes of the San Rafael Hills, and at the
base of the San Gabriel Mountains. The Uniform Building Code
and the City’s hillside grading ordinance provide a means by
which slope stability in new developments (including the
required geologic and soils investigations) can be effectively
managed, provided these requirements are strictly enforced.
This process should include geotechnical third-party review by
a California registered geologist and soil engineer.
The
majority of the City’s buildable hillsides are already
developed, however, and most of the existing development
occurred prior to development of modern grading codes,
regulations and practices. Consequently, some older structures
may be at risk, especially those located at the top or toe of
steep slopes (generally those steeper than 26 degrees), at the
mouth of gullies, swales or ravines, and those located near
potential wildfire areas.
Both the USGS and the CGS are currently conducting significant
research that focuses on the conditions and processes that lead
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to destructive slope failures.
This includes methodology for
analysis of slopes and drainage basins, and the development of
susceptibility maps. Detailed maps prepared by either of these
agencies showing the prior occurrence of slope failures in the
Pasadena area, as well as local susceptibility, are not yet
available.
Plate 2-2 shows the slope instability areas
identified for the Safety Element update, based on slope angle
and soil and rock conditions.
The alluvial deposits in floors of major drainage channels are
susceptible to liquefaction and possibly collapse.
For
mitigation measures that can be implemented to reduce the
liquefaction hazard, refer to Chapter 1. In areas proposed for
development, site-specific studies need to be conducted to
evaluate the settlement potential of the underlying soils.
These geotechnical studies should evaluate the collapse
potential of the entire soil column within the effective depth
of infiltration of irrigation water, instead of only the nearsurface soils.
Some of the geologic units in the Pasadena area have finegrained components that are moderately to highly expansive.
These units are generally present in the southern San Rafael
Hills (south of Colorado Boulevard) and in the southern part of
the City, where fine-grained sequences within the alluvial fans
are more likely to be present.
These fine-grained units may
not be present at the surface but may be exposed during
grading. The presence of potentially expansive soils should be
assessed for every project, on a lot by lot basis, with
engineering solutions implemented as needed.
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CHAPTER 3: FLOOD HAZARDS
The unpredictable seasonal range in rainfall that is typical of
coastal southern California, coupled with geographic and geologic
conditions, makes Los Angeles County extremely vulnerable to
flooding, erosion, and mudflows during the winter storm season.
Flood disasters in recent years, such as 1969, 1978, 1980, 1983,
1992, 1995, and 1998 have caused an increased awareness of the
potential for public and private losses, particularly in the highly
urbanized parts of floodplains and alluvial fans.
In population
growth, Los Angeles is also one of the top 10 counties in
California, with an expected increase of about 16 percent in the
next 10 years. This will result in an increase in new development
and thus impervious surfaces such as asphalt. Water that used to be
absorbed into the ground will become runoff to downstream areas. To
date, this has not been of issue in the City of Pasadena, but unless
strict guidelines are in place, it could become one in the future,
as a result of pressure to site new development in flood-prone
areas.
Safety Elements of General Plans must assess the impact of flooding
from storm activity such as the 100-year and 500-year flood events.
Smaller-scale flooding generally associated with overburdened storm
drain and canal systems can also damage property and hinder
emergency activities such as fire department access or evacuation.
In addition, the State of California Government Code Section 65302
(g) requires local governments to assess the potential impact that
failure of dams or other water retention structures might have on
their community. This is discussed in Section 3.2.
3.1

Storm Flooding

3.1.1 National Flood Insurance Program

The Federal Emergency Management Agency (FEMA) is mandated by
the National Flood Insurance Act of 1968 and the Flood
Disaster Protection Act of 1973 to evaluate flood hazards. To
promote sound land use and floodplain development, FEMA
provides Flood Insurance Rate Maps (FIRMs) for local and
regional planners. Flood risk information presented on FIRMs
is
based
on
historic,
meteorological,
hydrologic,
and
hydraulic data, as well as topographic surveys, open-space
conditions, flood control works, and existing development.
Rainfall-runoff and hydraulic models are utilized by the FIRM
program to analyze flood potential, adequacy of flood
protective measures, surface-water and groundwater interchange
characteristics, and the variable efficiency of mobile (sand
bed) flood channels.
It is important to realize that FIRMs
only identify potential flood areas based on the conditions at
the time of the study, and do not consider the impacts of
future development.
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To prepare FIRMs that illustrate the extent of flood hazards
in a flood-prone community, FEMA conducts engineering studies
referred to as Flood Insurance Studies (FISs).
Using
information gathered in these studies, FEMA engineers and
cartographers delineate Special Flood Hazard Areas (SFHAs) on
FIRMs. SFHAs are those areas subject to inundation by a “base
flood” which is set as a 100-year flood. A 100-year flood is
defined by looking at the long-term average period between
floods of a certain size, and identifying the size of flood
that has a 1% chance of occurring during any given year. This
base flood has a 26-percent chance of occurring during a 30year period, the length of most home mortgages.
However, a
recurrence interval such as “100 years” represents only the
long-term average period between floods of a specific
magnitude; rare floods can in fact occur at much shorter
intervals or even within the same year.
The base flood is a regulatory standard used by the National
Flood Insurance Program (NFIP) as the basis for insurance
requirements nationwide. The Flood Disaster Protection Act
requires owners of all structures in identified SFHAs to
purchase and maintain flood insurance as a condition of
receiving Federal or federally related financial assistance,
such as mortgage loans from federally insured lending
institutions.
The base flood is also used by Federal agencies, as well as
most county and state agencies to administer floodplain
management programs.
The goals of floodplain management are
to reduce losses caused by floods while protecting the natural
resources and functions of the floodplain.
The basis of
floodplain management is the concept of the “floodway”. FEMA
defines this as the channel of a river or other watercourse,
and the adjacent land areas, that must be kept free of
encroachment in order to discharge the base flood without
cumulatively increasing the water surface elevation more than
a certain height.
The intention is not to preclude
development, but to assist communities in managing sound
development in areas of potential flooding. The community is
responsible for prohibiting encroachments into the floodway
unless it is demonstrated by detailed hydrologic and hydraulic
analyses that the proposed development will not increase the
flood levels downstream.
The NFIP is required to offer federally subsidized flood
insurance to property owners in those communities that adopt
and enforce floodplain management ordinances that meet minimum
criteria established by FEMA.
The National Flood Insurance
Reform Act of 1994 further strengthened the NFIP by providing
a grant program for State and community flood mitigation
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projects.
The act also established the Community Rating
System (CRS), a system for crediting communities that
implement measures to protect the natural and beneficial
functions of their floodplains, as well as managing the
erosion hazard. The City of Pasadena has participated in the
NFIP since 1984 (City ID No. – 065050); however, there are no
FIRM maps for the City, and Pasadena is not currently listed
in FEMA’s CRS of cities.
3.1.2 Historic Flood Flows

Two main north-to-south flowing stream systems drain the
Pasadena area.
The Arroyo Seco Wash runs along the western
edge of the City of Pasadena, while Eaton Canyon Creek and
Eaton Wash drain the eastern side of the City.
Average yearly precipitation in the Pasadena area is 20.40
inches (see Table 3-1).
However, rainfall is extremely
variable from year to year, ranging from one-third the normal
amount to more than double the normal amount (FEMA, 1997).
There are three types of storms that produce precipitation in
the southern California area, including Pasadena: winter
storms, locally generated thunderstorms, and summer tropical
storms.
Winter storms are characterized by heavy, and sometimes
prolonged, precipitation over a large area. These storms
usually occur between November and April, and they originate
over the Pacific Ocean and move eastward and inland.
If a
large storm coincides with a warm period that causes snowmelt
in the local mountains, large peak discharges can be expected
in the main watersheds. Some of Los Angeles County’s most
severe winter storm seasons have been related to El Niño
weather events.
Table 3-1
Rainfall Averages for the City of Pasadena by Month
Jan
Feb
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
110.4 111.1 88.4 37.9 7.5 3.4 0.7 3.0 9.6 15.7 49.1 80.4 518.1
inches 4.3
4.4
3.5 1.5 0.3 0.1 0.0 0.1 0.4 0.6 1.9 3.2 20.4
Source: http://cdec.water.ca.gov/
mm

Locally generated thunderstorms can occur at any time, but
usually affect relatively small areas.
These storms are
usually prevalent in the higher mountains during the summer
(FEMA, 1986). By contrast, tropical rains are infrequent, but
typically occur in the summer or early fall.
These storms
originate in the warm, southern waters of the Pacific Ocean
near the Baja Peninsula and move northward into southern
California.
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Since the early 1910s, the U.S. Geological Survey has
maintained several stream gages on Arroyo Seco and Eaton
Creek.
Specific information about these gage stations is
summarized in Table 3-2, below.
Table 3-2
Stream Gage Stations in the Pasadena Area
Stream Gage

US Geological
Survey Gage No.

Arroyo Seco

USGS 11098000

Eaton Creek

USGS 11101000

Coordinates
(latitude,
longitude)
34°13’20”,
118°10’36”
34°11’37”,
118°06’13”

Date of First
Measurement
2/20/1914
1/01/1916

Source: http://water.usgs.gov/

The two graphs below, obtained from the U.S. Geological Survey
database, show stream gage measurements made over several
decades at the two stations.
The first graph (Figure 3-1)
shows stream gage measurements for Arroyo Seco for the years
between 1914 and 2000. In Figure 3-1, it is apparent that the
two highest historical discharges in this watershed were
measured in 1938 and 1969, coincident with the two most severe
Peak
storms in the 20th Century in southern California.
discharges for these two years are very similar, approximately
8,800 cubic feet per second (cfs). Most years, however, peak
discharges in the Arroyo Seco watershed at the location of the
Arroyo Seco stream gate do not exceed 1,000 cfs.
The second graph (Figure 3-2) shows the stream gage
measurements made between 1916 and 1965 at the Eaton Canyon
Wash gage location.
This graph also indicates that the peak
discharge in 1938 (nearly 2,500 cfs) was substantially higher
than the typical streamflow discharge in this drainage (500
cfs or less for most years).
Although the record is not complete, from other data available
from the U.S. Geological Survey, it is clear that historical
peak discharges in these watersheds have occurred most often
between November and March. Therefore, future flooding in the
Pasadena area is more likely to occur in the winter months,
due to winter storms, rather than due to the other sources of
precipitation.

Figure 3-1
Cumulative Stream Gage Measurements by Year
for the Arroyo Seco Station in Pasadena
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Source: http://water.usgs.gov/nwis/peak/?site_no=11098000
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Figure 3-2
Cumulative Stream Gage Measurements by Year
for the Eaton Canyon Station in Pasadena

Source: http://water.usgs.gov/nwis/peak/?site_no=11101000

3.1.3

Flood Zone Mapping
As mentioned before, the City of Pasadena has participated in
the National Flood Insurance Program since 1984.
However,
Flood Insurance Rate Maps (FIRMs) showing potential flood
zones are not available for the City, and there are no flood
prone areas recognized within the City.
Furthermore, there
are no published Flood Insurance Study (FIS) reports or
floodplain maps available for the Arroyo Seco and Eaton Creek
areas, which suggests that hydraulic studies for these
drainages have not been performed. Neither the cities of
Pasadena and South Pasadena, nor the County of Los Angeles,
nor FEMA have flood flow data for these streams.

3.1.4

Principal Flood Problems
FEMA began their nationwide studies on flooding in the 1970’s,
and at that time they may have determined that the improved
channel in the Arroyo Seco had adequate 100-year discharge
capacity.
However, since then some modifications have been
made to the storm drains and culverts in the City, with the
potential to impact the storm runoff into the main floodways.
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Storm runoff needs to be monitored to determine
modifications have maintained discharge capacity.

whether

In the Pasadena area, flooding is difficult to predict, and
thus plan for, because rainfall in the area is extremely
variable. It can be said that floods of consequence to the
City of Pasadena are typically of the flash flood type, of
short duration, but with high peak volumes and high
velocities.
This type of flooding occurs in response to the
local geology and geography, and the built environment (humanmade structures). The mountains north of the City consist of
rock that is predominantly impervious to water, so little
precipitation infiltrates the ground, and instead flows along
the surface as runoff. When a major storm moves in, water
collects rapidly and runs off quickly, making a steep, rapid
descent from the mountains into Arroyo Seco and Eaton Creek
channels.
According to FEMA (1986) flooding damage in the Pasadena area
has generally been lower than in other areas of Los Angeles
County because of its (up to now) relatively undeveloped state
in the upper watershed areas. Nevertheless, several canyons
near the Pasadena area, including Zachau, Rubio, and Shields
canyons, have flooded in the past, impacting areas downstream.
For example, during the storms of 1978, all three canyons
mentioned above overtopped their debris basins. Then, in 1980,
the Rubio basin again overflowed, partially inundating one
house, and threatening several others. In the same year,
debris flooding threatened homes in the Pasadena Glen area;
however, the rain diminished before damage occurred (Weber,
1980).
Storm events are likely to generate debris flows in the upper
reaches of the watershed. Debris-ladden water may move at
relatively slow speeds of 3 to 5 miles per hour, but it can
cause much damage along its way. Debris flows often occur in
areas recently burned by wildfires, where vegetation has not
yet formed a protective ground cover that helps keep the soil
in place.
Furthermore, the oils in the plants native to
southern California, when burned, react with the soils, making
them water-repellant. As a result, less rainwater than usual
infiltrates the ground, and instead makes its way downslope as
runoff, carrying ashes and other burned debris with it.
Where people build, flood problems tend to increase.
Within
the developed areas of the City, extensive impervious
surfaces, such as pavement, buildings, and concrete walkways,
cause most precipitation to be collected as runoff.
The
City’s storm drain system and streets are designed to move
flows through the area without ponding and flooding. However,
plugged or partially obstructed storm drain inlets can
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significantly reduce the ability of the storm drain system to
collect and convey the high peak volumes characteristic of the
area. In addition, suddenly high water levels can occur if a
channel way is obstructed.
Typical types of obstructions
often seen in channel ways include overgrown vegetation and
debris (including trash, abandoned vehicles and appliances).
In the western and northern reaches of the City, the potential
for increased flood damage will need to be addressed if future
development of the upper watershed areas is proposed.
3.1.5 Bridge Scour

Scour at highway bridges involves sediment-transport and
erosion processes that cause streambed material to be removed
from the bridge vicinity.
Nationwide, several catastrophic
collapses of highway and railroad bridges have occurred due to
scouring and a subsequent loss of support of foundations. This
has led to a nationwide inventory and evaluation of bridges
(Richardson and others, 1993).
Scour processes are generally classified into separate
components,
including
pier
scour,
abutment
scour,
and
contraction scour. Pier scour occurs when flow impinges
against the upstream side of the pier, forcing the flow in a
downward direction and causing scour of the streambed adjacent
to the pier. Abutment scour happens when flow impinges against
the abutment, causing the flow to change direction and mix
with adjacent main-channel flow, resulting in scouring forces
near the abutment toe. Contraction scour occurs when floodplain flow is forced back through a narrower opening at the
bridge, where an increase in velocity can produce scour. Total
scour for a particular site is the combined effects from all
three components. Scour can occur within the main channel, on
the flood plain, or both. While different materials scour at
different rates, the ultimate scour attained for different
materials is similar and depends mainly on the duration of
peak streamflow acting on the material (Lagasse and others,
1991).
The State of California participates in the bridge scour
inventory and evaluation program; however, to date, we have
not found any records to indicate that the bridges in the
Pasadena area have been evaluated.
This is most important
along the Arroyo Seco Wash where it is crossed by the I-210
(Foothill Freeway), the State Highway 134 (Ventura Freeway),
and several other bridges, some of them of historical
significance, like the Colorado Boulevard Bridge.
The
foundations to some of these bridges extend into the Arroyo
Seco riverbed. California's seismic retrofit program of
bridges includes underpinning of foundations.
This is
expected to help reduce the vulnerability of foundations to be
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undermined by scour.
Consideration should be given to
assessing and retrofitting, if necessary, those bridges that
have some of their footings in the stream channels.
3.1.6 Existing Flood Protection Measures and Deficiencies

During the past 80 years, the Los Angeles County Department of
Public Works (LACDPW) and the US Army Corps of Engineers have
constructed several detention/debris basins in the hills above
Pasadena.
The LACDPW also has made channel alterations,
including concrete linings, earthen bottoms with concrete
stabilizers, and rock-riveted side slopes.
These flood
control structures are presently owned and operated by the
LACDPW, which has jurisdiction over the watercourses in the
Pasadena area, as well as the regional flood control system in
the county. Some of the larger of these debris basins, located
in the northern reaches of Altadena, are shown on Plate 3-1.
In addition to these, property owners in the hillside areas
have constructed numerous small dikes to impound water. These
structures were most likely originally built for irrigation or
watering livestock.
Although, individually, each of these
small structures retains only a small amount of water and
debris, in combination they may have enough of an impact on
the local hydrology that they should be considered in future
drainage studies of the area.
3.1.7 Future Flood Protection

Outside of the City proper, much of the Pasadena area is
undeveloped.
Today, the hillsides contain only scattered
improvements and housing. It is essential that if new housing
projects do go forward in these upland areas that the
hydrologic impact, including increased runoff and alterations
to natural stream courses, be mitigated in the design phase.
Such constraints should be identified and analyzed in the
earliest stages of planning.
Mitigation measures typically
include flood control devices such as catch basins, storm
drain pipelines, culverts, detention basins, desilting basins,
velocity reducers, as well as debris basins for protection
from mud and debris flows.
The methodology for analysis and design is set forth in
several manuals published by the Los Angeles County Department
of Public Works (LACDPW).
Future responsibilities for
operation of regional flood control facilities will be with
the LACDPW, while the local storm drain network outside of the
regional system will be with the City of Pasadena. Therefore,
both agencies must be involved in the planning and approval of
mitigation measures, to assure compatibility.
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Across
the
United
States,
substantial
changes
in
the
philosophy, methodology and mitigation of flood hazards are
currently in the works. For example:
•

Some researchers have questioned whether or not the
current
methodology
for
evaluating
average
flood
recurrence intervals is still valid, since we are
presently experiencing a different, warmer and wetter
climate.
Even small changes in climate can cause large
changes in flood magnitude (Gosnold et al., 2000).

•

Flood control in undeveloped areas should not occur at
the expense of environmental degradation.
Certain
aspects of flooding are beneficial and are an important
component of the natural processes that affect regions
far from the particular area of interest. For instance,
lining major channels with concrete reduces the area of
recharge to the ground water, and depletes the supply of
sand that ultimately would be carried to the sea to
replenish our beaches.
Thus there is a move to leave
nature in charge of flood control.
The advantages
include lower cost, preservation of wildlife habitats and
improved recreation potential.

•

Floodway management design in land development projects
can also include areas where stream courses are left
natural or as developed open space, such as parks or golf
courses. Where flood control structures are unavoidable,
they are often designed with a softer appearance that
blends in with the surrounding environment.

•

Environmental legislation is increasingly coming in
conflict with flood control programs. Under the authority
of the Federal Clean Water Act and the Federal Endangered
Species Act, development and maintenance of flood control
facilities has been complicated by the regulatory
activities of several Federal agencies including the U.S.
Army Corps of Engineers, the Environmental Protection
Agency, and the U.S. Fish and Wildlife Service, For
instance, FEMA requires that Los Angeles County and its
incorporated cities maintain the carrying capacity of all
flood control facilities and floodways.
However, this
requirement can conflict with mandates from the U.S. Fish
and Wildlife Service regarding maintaining the habitat of
endangered or threatened species.
Then, too, the
permitting process required by the Federal agencies is
lengthy, and can last several months to years.
Yet, if
the floodways are not permitted to be cleared of
vegetation and other obstructing debris in a timely
manner, future flooding of adjacent areas could develop.
Zappe (1997) argues that reform of environmental laws is
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necessary to ease the burden on local governments, and
ensure the health and safety of the public.
In
particular, Zappe calls for a categorical exemption from
the Federal laws for routine maintenance and emergency
repair of all existing flood control facilities.
3.1.8 Flood Protection Measures for Property Owners

Given that most of the developed areas in Pasadena are not
located within or adjacent to a drainage, or on a floodplain,
the flooding hazard in the City is low to very low.
Nevertheless, isolated areas at the base of the San Rafael
Hills and near the mountain front could be impacted by debris
flows or mudflows triggered by an unusually strong storm.
Property owners in these areas can make modifications to their
houses to reduce the impact of flooding. FEMA has identified
several flood protection measures that can be implemented by
property owners to reduce flood damage.
These include:
installing waterproof veneers on the exterior walls of
buildings; putting seals on all openings, including doors, to
prevent the entry of water; raising electrical components
above the anticipated water level improvements; and installing
backflow valves that prevent sewage from backing up into the
house through the drainpipes. Obviously, these changes vary in
complexity and cost, and some need to be carried out only by a
professional licensed contractor.
For additional information
and ideas, refer to the FEMA webpage at www.fema.gov.
Structural modifications require a permit from the City’s
Building Department.
Refer to them for advice regarding
whether or not flood protection measures would be appropriate
for your property.

3.2

Seismically Induced Inundation

3.2.1 Dam Inundation

Seismically induced inundation refers to flooding that results
when water retention structures (such as dams) fail due to an
earthquake.
Statutes governing dam safety are defined in
Division 3 of the California State Water Code (California
Department of Water Resources, 1986). These statutes empower
the California Division of Dam Safety to monitor the
structural safety of dams that are greater than 25 feet in dam
height or have more than 50 acre-feet in storage capacity.
Dams under this State jurisdiction are required to have
inundation maps that show the potential flood limits in the
remote yet disastrous possibility a dam is catastrophically
breached.
Inundation maps are prepared by dam owners
primarily for contingency planning; inundation maps in no way
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reflect the structural integrity or safety of the dam in
question. Dam owners are also required to prepare and submit
emergency response plans to the State Office of Emergency
Services, the lead State agency for the State dam inundationmapping program.
The City of Pasadena is required by State law to have in place
emergency procedures for the evacuation and control of
populated areas within the limits of dam inundation.
In
addition, real estate disclosure upon sale or transfer of
properties in the inundation area is required under recent
legislation (AB 1195 Chapter 65, June 9, 1998; Natural Hazard
Disclosure Statement).
There are two major dams located in or upstream from the
Pasadena area, the Devils Gate Reservoir and the Eaton Canyon
Reservoir.
These dams are owned by the LACDPW, and are
located along the Arroyo Seco and Eaton Canyon Creek tributary
stream systems, respectively.
The Devils Gate dam is a concrete gravity dam, arched in plan,
with a permanent concrete face that was placed in 1948. More
recently, between February 1996 and December 1997, the dam
underwent an extensive rehabilitation project.
Based on
information provided by a spoke-person for the Water Resources
Division of the Los Angeles County Department of Public Works
(written communication, 2002), the modifications made to the
dam include:
•

Placement of a mass concrete gravity buttress on the
downstream face of the dam to stabilize the dam to meet
the current earthquake standards.

•

Raising, by 5 feet, and strengthening of the upstream
parapet wall to safely pass the maximum flood of 33,690
cfs at the reservoir level elevation of 1074.7 feet.

•

Construction of a grout curtain at the upstream heel of
the dam to reduce uplift pressures acting on the base of
the dam and increase the sliding stability of the dam.

•

Construction of a 210-foot side channel ported ogee
spillway headworks structure and 270-foot long chute.
The
existing
spillway
was
lowered
14
feet
and
straightened
to
reduce
cross-waves
and
associated
effects. A flip bucket was constructed at the end of the
chute to direct discharges beyond the canyon face to the
center of the canyon floor. The alluvium under the
spillway headworks was removed, mixed with cement, and
replaced.
Rock
tendons
were
installed
to
provide
additional stability for the headworks structure.

•

Construction a new single span bridge over the spillway.
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•

Construction an earthfill closure berm westerly of the
dam and a mechanically stabilized earth spillway approach
wall.

The reservoir covers an area of 153 acres, and has a capacity
of at least 3,540 acre-feet (taking into account the 5-foot
increase in height of the parapet wall). Summary information
on this dam and its reservoir is provided in Table 3-3.
The flood inundation path available from the California
Division of Dam Safety is shown on Plate 3-1. The map shows
that, should this dam fail catastrophically, the floodway of
Arroyo Seco would contain most of the water. Since this area
is largely undeveloped, and used primarily for recreational
purposes, the risk posed by this hazard could be considered
low. Nevertheless, the catastrophic release of water could
have a significant human impact if the area along the
inundation pathway, such as the Rose Bowl, is being used for a
special event, and hundreds to thousands of people are in the
area at the time. Significantly, the inundation pathway shown
on Plate 3-1 dates to 1973 and may therefore not be
representative of the more recent changes made to the dam.
It is unclear whether a new inundation pathway map is going to
be developed by or for the LACDPW.
Raising of the parapet
wall by 5 feet suggest that more water can be stored in the
reservoir, if there was a need to do so.
Therefore, if the
dam failed while the reservoir was full, it would certainly
have the potential to impact a larger area than that shown on
Plate 3-1.
Nevertheless, the reservoir is most often only
partly full, so the risk is smaller than suggested. If the
reservoir is used to store more water in the future, and the
high water level is maintained for days or weeks at a time, a
revised inundation pathway should be developed.
Figure 3-3
Aerial View of Devils Gate Dam

Earth Consultants International

Flooding Hazards

Page 3-13

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY of PASADENA

Source: http://ladpw.org/wrd/reservoir/index.cfm
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Table 3-3
Dam Characteristics of the Devils Gate Dam and Reservoir
Name:
Department
of
Resources No.
National ID No.
Owner:

Water

Year Completed:
Location:

Latitude; Longitude:
Crest Elevation:
Stream:
Dam Type:
Parapet Type:
Crest Length:
Crest Width:
Total Freeboard:
Height:
Material Volume:
Storage Capacity:
Drainage Area:
Reservoir Area:

Devils Gate
32-003
CA00189
Los Angeles County Department of
Public Works
1920; Refurbished in 1996-1997
Los Angeles County, Sect. 7, Township
1N, Range 12W San Bernardino Base and
Meridian
34°11.1’; 118°10.5’
1074.7 feet (327.6 m) (new height of
upstream parapet wall)
Arroyo Seco
Concrete gravity, arched in plan
Non-structural
252 feet (77 m)
30 feet (9 m)
16.0 feet (4.9 m)
108 feet (32.9 m)
34,000 cubic yards (25,994 cu m)
3,540 acre-feet (4,365 sq dm)
29.7 sq mi (76.92 sq km)
153 acres (62 hect)

The Eaton Wash dam is an earthfill – clay core dam that was
completed in 1936. The reservoir covers an area of 54 acres,
and has a capacity of 721 acre-feet.
Summary information on
this dam and its reservoir is provided in Table 3-4.
The
flood inundation path, should the dam fail, is shown on Plate
3-1.
Figure 3-4
Aerial View of Eaton Wash Reservoir and Dam

Source: http://ladpw.org/wrd/reservoir/index.cfm
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Plate 3-1 Dam Failure Inundation Map for the Pasadena area
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Table 3-4
Dam Characteristics of Eaton Wash and Reservoir
Name:
Department
of
Resources No.
National ID No.
Owner:

Water

Year Completed:
Location:

Latitude; Longitude:
Crest Elevation:
Stream:
Dam Type:
Parapet Type:
Crest Length:
Crest Width:
Total Freeboard:
Height:
Material Volume:
Storage Capacity:
Drainage Area:
Reservoir Area:

Eaton Wash
32-202
CA00201
Los Angeles County Department of
Public Works
1936
Los
Angeles
County,
Sect.
13,
Township 1N, Range 12W San Bernardino
Base and Meridian
34°10.1 m; 118°5.4 m
902.0 feet (274.9 m)
Eaton Wash
Earthfilled – clay core
None
1,545 feet (471 m)
15 feet (5 m)
14.5 feet (4.4 m)
63 feet (19 m)
470,274 cubic yards (359,547 cu m)
721 acre-feet (889 sq dm)
9.47 sq mi (24.53 sq km)
54 acres (22 hect)

In its southern reaches, the inundation pathway for Eaton Wash
dam covers developed areas, including grounds of the Pasadena
Unified School District, and numerous sites using or storing
hazardous materials (refer to Chapter 5).
Other, smaller flood control improvements, such as canals,
culverts, levees, and retention basins, may crack and suffer
structural damage during an earthquake, especially in areas
prone to ground failure. These facilities could pose an
inundation hazard if they contain water at the time of the
seismic event, or if they are not repaired prior to the next
winter storm season.
3.2.2 Inundation From Above-Ground Storage Tanks

Seismically induced inundation can also occur if strong ground
shaking causes structural damage to aboveground water tanks.
If a tank is not adequately braced and baffled, sloshing water
can lift a water tank off its foundation, splitting the shell,
damaging the roof, and bulging the bottom of the tank
(elephants foot) (EERI, 1992).
Movement can also shear off
the pipes leading to the tank, releasing water through the
broken pipes. These types of damage occurred during southern
California’s 1992 Landers, 1992 Big Bear, and 1994 Northridge
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earthquakes.
The Northridge earthquake alone rendered about
40 steel tanks non-functional (EERI, 1995), including a tank
in the Santa Clarita area that failed and inundated several
houses below.
As a result of lessons learned from recent
earthquakes, new standards for design of steel water tanks
were adopted in 1994 (Lund, 1994).
The new tank design
includes flexible joints at the inlet/outlet connections to
accommodate movement in any direction.
Numbers and locations of storage tanks in the City of Pasadena
are not disclosed in this document for security reasons.
Nevertheless, the appropriate agencies are called to action to
evaluate the water tanks under their jurisdiction, and
retrofit them as necessary, so that they are in compliance
with the most current water tank design criteria. This should
apply first and foremost to the reservoirs located near or
within the fault hazard management zones identified in Chapter
1 – Seismic Hazards, since ground deformation, strong ground
shaking and even surface fault rupture may occur in these
areas.
If there is the potential for a water tank to fail
catastrophically during an earthquake, its inundation path
should be identified to evaluate whether or not habitable
structures are located within the floodway. The evaluation
should also address whether a water reservoir is selfcontained. In the event of a catastrophic breakage, will the
water be contained within the site, or will it be discharged
to the storm drain or floodplain and pose a hazard to
properties downstream?
Water lost from tanks during an earthquake can significantly
reduce the water resources available to suppress earthquakeinduced fires.
Damaged tanks and water mains can also limit
the amount of water available to residents. Furthermore,
groundwater wells can be damaged during an earthquake, also
limiting the water available to the community after an
earthquake. Therefore, it is of paramount importance that the
water storage tanks in the area retain their structural
integrity during an earthquake, so water demands after an
earthquake can be met.
In addition to evaluating and
retrofitting to meet current standards, this also requires
that the tanks be kept at or near full capacity at all times.

3.3

Summary of Issues and Planning Opportunities

Currently, the City of Pasadena is not vulnerable to flooding
associated with the Arroyo Seco and Eaton Canyon Creek and its
tributaries.
However, future development in the upstream areas
could change this. Future planning for new developments must
consider the impact on flooding potential as well as the impact of
flood control structures on the environment, both locally and
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regionally. Flood control should not be introduced in undeveloped
areas at the expense of environmental degradation. Land development
planning should consider leaving watercourses natural wherever
possible, or developing them as parks, nature trails, golf courses
or other types of recreation areas that could withstand inundation.
In general, the City has done a good job of maintaining its
floodways free of development, using them primarily for recreational
purposes.
Nevertheless, several critical facilities and hazardous
materials sites are located within the flood boundaries, and the
future potential of flooding at these sites needs to be evaluated on
a site by site basis. Critical facilities should not be permitted in
floodplains unless they are elevated above the projected inundation
depths and/or otherwise protected. Facilities using, storing, or
otherwise involved with substantial quantities of onsite hazardous
materials should not be permitted in floodplains, unless all
standards of elevation, anchoring, and flood proofing have been
satisfied, and the hazardous materials are stored in watertight
containers that will not float.
Although there are no FIRM maps for the Pasadena area, FEMA does
provide National Flood Insurance for property owners in the City of
Pasadena. This is of significance because many of the claims that
FEMA processes are for structures located outside the 100-year flood
zone.
FEMA’s National Flood Insurance Program (FEMA, 2001) also
includes inundation by “mudslides,” coverage that may be of interest
to property owners at the base of the San Gabriel Mountains or the
San Rafael Hills, especially if near the mouth of a small canyon or
drainage.
Above-ground water storage tanks in the City of Pasadena need to be
reviewed, and retrofitted as necessary, to prevent them from
rupturing catastrophically during an earthquake, which could have
severe
consequences
on
downslope
structures
and
properties.
Retrofitting measures should be in accordance with the latest water
tank design guidelines, which were amended based on experience in
recent southern California earthquakes. The evaluation should also
address whether or not a water reservoir is self-contained, so that
in the event of catastrophic breakage, the water is contained within
the site.
The City of Pasadena is currently lacking products needed to fully
mitigate flooding hazards, and should make effort to get those
products from the state and federal agencies that provide them.
First, bridges in the Pasadena area have apparently not been
evaluated for bridge scour effects.
The State of California
participates in the bridge scour inventory and evaluation program.
Second, FEMA has created no Flood Insurance Rate Maps (FIRMs) for
the City, which can be used to promote sound land use and floodplain
development.
Moreover, although the City has participated in the
National Flood Insurance Program since 1984, Pasadena is not
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currently listed among FEMA’s Community Rating System cities, and
thus is not credited for implementing floodplain protection or
managing erosion hazard.
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CHAPTER 4: FIRE HAZARDS
4.1

Introduction

Due to its weather, topography and native vegetation, the entire
southern California area is at risk from wildland fires.
The
extended droughts characteristic of California’s Mediterranean
climate result in large areas of dry vegetation that provide fuel
for wildland fires. Furthermore, the native vegetation typically
has a high oil content that makes it highly flammable. The area
is also intermittently impacted by Santa Ana winds, the hot, dry
winds that blow across southern California in the spring and late
fall, often igniting and/or spreading fires. Combine these
conditions with the fact that more people than ever are living
and playing in wildland areas, and the potential for major
wildland fires to occur increases even further.
The California Department of Forestry and Fire Prevention rates
the northwestern and northeastern portions of Pasadena that
remain largely undeveloped as highly susceptible to wildland
fires (see Section 4.2).
Large-scale fires have impacted
portions of the City in the past, and are likely to impact these
areas in the future.
For example, in 1993, the Kinneloa Fire
destroyed 121 homes along the foothills of the San Gabriel
Mountains in Altadena and Pasadena. This area had burned before,
as has nearly every square mile of the brush-covered areas of Los
Angeles County since 1919.
During the last 25 years, the area
between Knollwood and the Art Center College of Design has burned
three times, while the Glenn Oaks area has not burned. The large
amount of vegetation that has accumulated over the years makes
the Glenn Oaks area highly susceptible to future wildland fires,
unless properly mitigated. In those areas identified by the
Department of Forestry as susceptible to wildland fire, land
development is governed by special State statutes, and property
owners are required to follow maintenance guidelines aimed at
reducing the fire hazard in their area (see Section 4.3).
A wildfire that consumes hundreds to thousands of acres of
vegetated property can overwhelm local emergency response
resources. Often, when a wildland fire encroaches onto the built
environment,
multiple
ignitions
develop
as
a
result
of
“branding”, the term for wind transport of burning cinders over
distances of a mile or more. If ignited structures sustain and
transmit the fire from one building to the next, a catastrophic
fire can ensue. Insurance carriers consider a fire a catastrophe
if it triggers at least $25 million in claims or more than 1,000
individual claims.
The Oakland Hills firestorm of October 1991
was such an event. Firestorms, especially in areas of wildlandurban interfaces can be particularly dangerous and complex,
posing a severe threat to public and firefighter safety, and
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causing devastating losses of both life and property. Continuous
planning, preparedness, and education are required to reduce the
fire hazard potential, and to limit the destruction caused by
fires (Section 4.4).
Regardless of the comments above, we should not forget that
wildland fire is a natural process. In the past, the presumption
has been that all fire is bad, and that it should therefore be
extinguished promptly.
This has caused fire-starved vegetation
to grow more densely, which ultimately weakens plants in a
struggle for living space and increases destruction by pests and
disease. Dead and dying plants add fuel for fire. In addition,
the absence of fire has altered or disrupted the cycle of natural
plant
succession
and
wildlife
habitat
in
many
areas.
Consequently, land management agencies are now committed to
finding ways, such as prescribed burning, to reintroduce fire
into natural ecosystems (Section 4.5). Future efforts to reduce
this hazard need to consider ways of managing wildland fire to
benefit the natural environment, while reducing the potential for
structural fires in the built environment. Policies developed to
manage the fire hazard will be successful if a balance between
both goals is obtained.
Although wildland fires can be devastating, earthquake-induced
fires have the potential to be the worst-case fire-suppression
scenarios for a community because an earthquake typically causes
multiple ignitions distributed over a broad geographic area. In
addition, if fire fighters are involved with search and rescue
operations, they are less available to fight fires, and the water
distribution system could be impaired, limiting even further the
fire suppression efforts. If earthquake-induced fires occur
during Santa Ana wind conditions, the results can be far worse,
as indicated by the fire-after-earthquake scenarios prepared for
the Pasadena area as part of this study (see Section 4.6).

4.2

Wildland Fire Susceptibility in the Pasadena Area

The State of California has developed two techniques for wildland
fire susceptibility mapping: the HUD Study System (1973) and the
Bates Bill Process (AB337, 1992). Although both techniques rely
on similar factors, the scoring methodology is different.
Furthermore, and more importantly, the HUD system is applied to
land managed by the State, while the Bates method is applied to
properties not managed by the State.
Therefore, the products
developed from these two methods are complementary and the
wildland susceptibility of an area is best expressed by a map
prepared using both methods. Each technique is described in
further detail below.
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4.2.1 HUD Study System

In April 1973, the California Department of Forestry and
Fire Prevention (CDF) published a study funded by the
Department of Housing and Urban Development (HUD) under
agreement with the Governor’s Office of Planning and
Research. As is often the case, the study was conducted in
response to a disaster: during September and October 1970,
wildfires burned more than 580,000 acres in 773 fires. The
HUD study uses fuel loading, fire weather, and slope as
rating factors, and combines these factors to determine the
Fire Hazard Severity of an area. Each of these factors is
described in more detail below.
Fuel Loading. Fuel loading includes three general types of
vegetation
based
on
US
Geological
Survey
(USGS)
classifications.
These
three
types
can
easily
be
determined from USGS quadrangle maps, and thus a fairly
accurate determination of fuels can be made without
undertaking a major vegetation mapping project.
The
vegetative types are considered accurate to the nearest
acre.
Light fuels occupy the uncolored areas on USGS maps and
include flammable grasses and annual herbs. These plants
have a low fuel severity factor.
Medium fuels (with a
medium fuel severity factor) are shown as “scrub” on the
USGS maps and include brush and other perennial shrubs that
are less than six feet high, and covering 20 percent or
more of the area.
Heavy fuels are shown as “woodsbrushwood” on USGS maps and include the heavier brush
species, woodland types, and timber types over six feet
tall with areal coverage of 20 percent or more.
These
plants have the most severe, or higher, fuel severity
factor.
Fire Weather.
Fire weather severity is based on the
California Wildland Fire Danger Rating System (CWFDRS).
There are three classes of severity distinguished by the
average frequency of critical fire weather days.
To
determine this, fire weather ratings from June through
December were analyzed in three of the State’s Fire Danger
Rating areas over a 10-year period.
In the Low class
(Class I) are Fire Danger Rating areas which have
experienced fire weather in the “very high” or “extreme”
ranges an average of less than one day per year. The High
class (Class II) is a fire weather average of 1 to 9.5 days
per year, and the Extreme class (Class III) has an average
of more than 9.5 days per year.
To test the predictive powers of these ratings, analyses
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were made at 354 stations throughout California, in all 151
Fire Danger Rating areas for the time period between 1959
and 1969.
During this time, there were 678 fires of 300
acres or more, and 75 percent of these occurred in Class
III areas.
In addition, of the 109 fires that burned at
least 5,000 acres, 79 percent occurred in the same areas.
HUD has listed Fire Weather Severity classes for each of
the USGS quadrangle maps for California.
Slope. Slope classification is also taken from the CWFDRS.
Each class covers a range of slope gradients: 0-40 percent,
41-60 percent, and over 60 percent. Because an increase in
slope gradient produces an increase in the rate of fire
spread, slope often determines how a wildland fire is
fought.
Although the methodology described above suggests that
different ratings are applied to different areas, a
wildland fire map developed using the HUD system basically
identifies whether or not an area has a fire hazard. Areas
identified as having a fire hazard are referred to as State
Responsibility Areas (SRAs).
These are non-federal lands
covered wholly or in part by timber, brush, undergrowth or
grass, for which the State has the primary financial
responsibility of preventing and suppressing fires.
State
Responsibility Areas in and adjacent to Pasadena are shown
in red on Plate 4-1.
4.2.2 Bates Bill Process

Assembly Bill 337 (the Bates Bill) was a direct result of
the great loss of lives and homes in the Oakland Hills
“Tunnel Fire” of 1991.
The Bates Bill Process is used to
identify Very High Fire Hazard Severity Zones (VHFHSZs) in
Local Responsibility Areas (LRAs).
Briefly, the CDF is
tasked, in cooperation with local authorities, to identify
VHFHSZs. Once these areas are identified, the CDF notifies
the local fire authorities that are responsible for fire
prevention and suppression. Final say on whether or not a
property should be classified as a VHFHSZ rests with the
local authorities, who rely on site-specific information to
make these final decisions. The local authorities are then
required to implement, at a minimum, the model ordinance
developed by the State Fire Marshall.
The CDF formed a working group comprised of state and local
representatives that devised a point system that considers
fuel, slope, weather, and dwelling density. The score for
an area can be reduced by one point if certain mitigation
measures apply to the region, or it can be increased by one
point if certain factors known to contribute to fire spread
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are present.
Scores can range from
qualify as a VHFHSZ, an area has to
points. The Bates points for each area
basically an area is either in a VHFHSZ,

1-16 points.
To
score 10 or more
are not disclosed;
or it is not.

The ratings are determined as follows:
Fuel: A Fuel Hazard Rating
predominant fuel type.
•
•
•

is

assigned

based

on

the

Small, light fuels (Grass, Weeds, Shrubs): +1
Medium fuels (Brush, Large Shrubs, Small Trees): +2
Heavy fuels (Timber, Woodland, Large, Heavy Planting of
Ornamentals): +3

Topography — Slope: A Slope Hazard Rating is chosen to best
represent the predominant slope range.
•
•
•
•

Flat to Mild Slope (0-9.9%): +1
Mild to Medium Slope (10-19.9%): +2
Medium to Moderate Slope (20-39.9%): +3
Moderate to Extreme Slope (40% +): +4

Dwelling Density: Local ordinances regarding dwelling
density must be checked before setting this factor.
•
•
•

Low (less than one structure per 10 acres): +1
Medium (one structure per 5 to 10 acres): +2
High (one structure per 0 to 5 acres): +3

Weather: This information is obtained for each county by
using the Burning Index (BI). Weather is a major part of
the BI system, and data are obtained from weather stations
throughout the state.
•
•
•

Moderate:
High:
+2
Very High:

+1
+3

Downgrading Hazard: A local agency may use the mitigation
measures outlined below to reduce a zone’s rating.
(For
additional information regarding these regulations, refer
to Section 4.3)
•
•

The infrastructure meets or exceeds minimums of ISO 8,
NFPA 1231, PUC 103, or PRC 4290: -1
There are ordinances in place regarding housing, roofing
(Class A, B, or better roof), sprinklers, fire-safe
construction, or fuel modification: -1
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•

PRC
4291
ordinance
Protection): -1

or

better

(Natural

Resource

Upgrading Hazard:
Local conditions that can be referred
upon to increase the fire hazard score of a given area.
•
•
•

•

Rough topography with steep canyons or draws that would
impede or hinder responding personnel and equipment: +1
Area with a history of relatively high fire occurrence,
because of heavy lightning, railroad fires, debris
burning, arson, etc.: +1
Area subject to severe fire weather (such as strong winds
and lightning) or recurring seasonal weather patterns
that can increase fire activity (such as Santa Ana
winds): +1
Heavy
concentration
of
flammable
ornamentals
or
vegetation introduced by humans: +1

The Bates rating system can be adopted as is, or with minor
modifications, in most of California.
The fuel types are
easily determined using the descriptions provided.
The
slope can be obtained by field measurements or with maps
from planning departments, the USGS, or the CDF.
The
minimum size of the rated area can be reduced from 640
acres to smaller areas, such as the size of a subdivision.
The weather component can be adjusted to reflect local
conditions
rather
than
county-wide
conditions.
For
example, some coastal areas currently get rated too high.
Of greater concern is subjectivity in the rating process.
However, topography and weather can be mapped using remote
sensing to increase objectivity and uniformity.
The Very High Fire Hazard Severity Zones (VHFHSZ) in the
Pasadena area are shown with the color orange on Plate 4-1.
These boundaries, which were last updated on January 6,
2000,
were
obtained
from
Combined,
the
http://www.fire.ca.gov/ab6/ab6lst.html.
wildland areas (or State Responsibility Areas, see Section
4.3) and VHFHSZs shown on Plate 4-1 extend across most of
the northern and western portions of the City of Pasadena.
The Huntington Gardens in San Marino, immediately south of
Pasadena, are also identified as having a fire hazard using
the Bates method.
As Plate 4-1 shows, the regions mapped
by the CDF are broad in area, and therefore of limited use
to property owners. The fire hazard areas in Pasadena can
be mapped in more detail using Geographic Information
System (GIS) techniques to overlay detailed vegetation
types on areas with topographic relief.
The results of
this analysis are summarized on Plate 4-2. On this plate,
three fire hazard zones are defined in Pasadena:
low,
moderate and very high.
Low fire hazard zones cover most
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of the developed portion of the City, where relief is
minimal, and landscaping vegetation predominates.
The
moderate fire hazard zones are areas of moderate relief at
the interface with the more developed areas of the City.
The very high fire hazard zone includes areas of high
topographic relief where native vegetation, including
chaparral and tree assemblages predominate.
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Insert Plate 4-1: Natural Fire Hazard Areas in the Pasadena,
California area
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Insert Plate 4-2:

Wildfire Hazard Map
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4.3

Fire Safety Regulations

As discussed previously, different agencies are tasked with fire
prevention and suppression, with the area under each agency’s
jurisdiction
defined
by
the
California
Department
of
Forestry and Fire Protection (CDF).
Furthermore, different
regulations apply to different areas, again depending on whether
or not the State is responsible for fire prevention and
suppression in that area.
4.3.1 In Wildland or State Responsibility Areas

The CDF identifies those wildland areas under State
jurisdiction that contain substantial fire risks and
hazards as “State Responsibility Areas” (SRAs – shown in
red on Plate 4-1).
The State has primary financial
responsibility for preventing and suppressing fires in
SRAs.
SRAs include all lands regardless of ownership,
except for cities and federal lands.
Although the State
has financial responsibility for SRAs, it is not the
State’s responsibility to provide fire protection services
to any building or structure located within a wildland
area, unless the CDF has entered into a cooperative
agreement with a local agency for those purposes pursuant
to Public Resources Code Section 4142.
Wildland areas
require disclosure for real-estate transactions, and owners
of properties in wildland areas are subject to the
maintenance requirements of Public Resources Code Section
4291.
Every fifth year since July 1, 1991, the CDF must provide
maps identifying the boundaries of lands classified as SRAs
to county assessors. In the Pasadena area, these maps are
issued to the Los Angeles County assessor. The CDF is also
required to notify the Los Angeles County of any changes to
SRAs within the County resulting from periodic boundary
modifications approved by the CDF. Also, since July 1,
1991, with certain exceptions, all new construction in
potential wildland fire areas has to meet statewide fire
safety standards, or, if available, more restrictive local
regulations.
Public
Resources
Code
Section
4290
requires
statewide fire safety standards pertaining to:
•
•
•
•

minimum

Road standards for fire equipment access;
Standards for signs identifying streets, roads, and
buildings;
Minimum private water supply reserves for emergency fire
use; and
Fuel breaks and greenbelts.
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The wildland fire areas (shown in red on Plate 4-1) are
also subject to Public Resources Code Section 4291-4299,
which requires property owners in such areas to conduct
maintenance in order to reduce the fire danger.
This
affects any person who owns, leases, controls, operates, or
maintains a building or structure in, upon, or adjoining
any mountainous area, or any land which is covered with
flammable material (such as forests, brush or grass).
Pursuant to the Public Resources Code, property
shall at all times do all of the following:

owners

•

Maintain around and adjacent to the building or structure
a firebreak made by removing all flammable vegetation for
a distance of 30 feet on each side of the structure, or
to the property line, whichever is nearer. This does not
apply to single specimens of trees, ornamental shrubbery,
or similar plants used as ground cover, if they do not
form a means of rapidly transmitting fire from the native
growth to the building or structure.

•

Maintain around and adjacent to any building or structure
additional fire protection by removing all flammable
vegetation which is located from 30 feet to 100 feet from
the building or structure, or to the property line,
whichever is nearer. Grass and other vegetation that is
less than 18 inches high and is located more than 30 feet
from such building or structure may be maintained where
necessary to stabilize the soil and prevent erosion.

•

Remove that portion of any tree that extends within 10
feet of the outlet of any chimney or stovepipe.

•

Remove dead or dying wood from any tree adjacent to or
overhanging any structure.

•

Remove leaves, needles, or other dead vegetation from the
roof of any structure.

•

Provide and maintain at all times
outlet of every chimney or stovepipe
a fireplace, stove, or other device
liquid fuel.
The screen shall
nonflammable material with openings
half inch in size.

a screen over the
that is attached to
that burns solid or
be constructed of
not more than one-

Under this section a person is not required to maintain
land that he or she does not have the legal right to
maintain, nor is any person required to enter upon or alter
property that is owned by another person without the
consent of the owner.
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4.3.2 In Very High Fire Hazard Severity Zones

Government Code Section 51178 specifies that the Director
of the CDF, in cooperation with local fire authorities,
shall identify areas that are Very High Fire Hazard
Severity Zones (VHFHSZs) in Local Responsibility areas
(LRAs), based on consistent statewide criteria and the
expected severity of fire hazard.
This requirement is
based on the Bates Bill (Assembly Bill 337, adopted
September 29, 1992). Refer to Section 4.2 for a discussion
of the factors used to identify VHFHSZs.
Under Assembly Bill 3819, passed in 1994 (AB 3819 – Willie
Brown), “Class A” roofing, minimum clearances of 30 feet
around structures, and other fire defense improvements are
required in VHFHSZs.
Local agencies can change the State’s VHFHSZ designations
within their jurisdiction.
Government Code Section 51178
states that a local agency may, at its discretion, exclude
from the requirements of Section 51182 an area identified
as a VHFHSZ by the CDF. This requires a finding, supported
by substantial evidence, that the requirements of Section
51182 are not necessary for effective fire protection
within the area.
Conversely, local agencies may include
areas not identified as a VHFHSZ by the CDF, following a
finding that the requirements of Section 51182 are
necessary for effective fire protection.
According to
Section 51182, such changes made by a local agency shall be
final and cannot be rebutted by the CDF.
During adoption of local Building and Fire Codes, the
County of Los Angeles or the City of Pasadena may include
more restrictive requirements. Proposed policies for the
Pasadena area may be based on:
•

Climate Conditions: The Pasadena area typically has mild,
wet winters that lead to an annual growth of grasses and
plants. This vegetation dries out during the hot summer
months and is exposed to Santa Ana wind conditions in the
fall. Winds in excess of 40 miles per hour (mph) are
typical; gusts in excess of 100 mph may occur locally. In
the Pasadena area, these winds tend to travel from north
to south. However, when combined with winds generated
from burning vegetation, wind direction is likely to be
extremely erratic, which stresses fire-fighting resources
and reduces fire-fighting success.

•

Geography and Topography: The Pasadena area encompasses
grass- and brush-covered hillsides that facilitate the
rapid spread of fire.
In some portions of the City,
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there is significant topographic relief. The highest
point in the northwestern portion of the study area, in
the Los Angeles National Forest, is nearly 1400 feet
higher in elevation than the areas immediately at the
base of the mountains.
Similarly, in the San Rafael
Hills area, elevation gains of about 600 feet occur
within relatively short distances. Traffic in urban
areas, and long travel distances in rural hillside areas
often hinder fire department response time.
Thus,
enhanced onsite protection for structures and people is
necessary.
•

Geology:
Several
major
earthquake-generating
faults
affect the region, including the Raymond and Sierra Madre
fault systems.
A moderate earthquake on either fault
system in or near the Pasadena area could trigger
multiple fires, disrupt lifelines services (such as the
water supply), and trigger other geologic hazards, such
as landslides or rockfalls, that could block roads and
hinder disaster response.

The City of Pasadena’s Hazardous Vegetation Ordinance
(Pasadena Municipal Code sections 14.29.030 and 14.29.040)
is a fire prevention partnership between property owners
and the City in order to prevent disastrous fires.
The
ordinance
is
designed
to
minimize
fire
danger
by
controlling density and placement of flammable vegetation.
It does not recommend indiscriminate clearing of native
chaparral and other types of plants that perform important
roles in erosion control.
Some of the provisions of the
City’s hazardous vegetation ordinance are exactly like
those in the Public Resources Code, while others are more
stringent.
Specifically,
the
ordinance
requires
conformance with the following:
•

Remove all dead trees and keep grasses and weeds mowed
within 100 feet of any building and within 10 feet of any
roadway.
This does not apply to ornamental shrubbery,
trees, or cultivated ground cover.
In extreme cases,
clearance up to 200 feet from a structure and 50 feet
from a roadway may be required by the Fire Department.

•

Grasses and other vegetation located more than 30 feet
from any building and less than 18 inches in height may
be maintained where necessary to prevent erosion. Large
trees and shrubs in that area should be 18 feet apart.

•

Remove leafy foliage, dead wood, combustible ground
cover, twigs, or branches within 3 feet of the ground
from mature trees located within 100 feet of any building
or within 10 feet of any roadway.

•

Remove dead limbs, branches, and other combustible matter
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from trees or other growing vegetation adjacent to or
overhanging any structure.
•

Remove any portion of a tree that extends within 10 feet
of a chimney or stovepipe.

•

Trim and maintain all vegetation away from the curb line
up to a height of 13.5 feet to accommodate emergency
vehicles.

•

Maintain 5 feet vertical clearance between roof surfaces
and any overhanging portions of trees.

4.3.3 In Both Fire Hazard Areas

Assembly Bill 6 (AB6) requires that both types of fire
hazard areas (SRAs and VHFHSZs) be disclosed in real estate
transactions.
AB6 fire maps prepared by the CDF, such as
Plate 4-1 herein, are used for this purpose.
Civil Code Section 1103(c)(6) requires real estate sellers
to inform prospective buyers whether or not a property is
located
within
a
wildland
area
that
could
contain
substantial fire risks and hazards.
The State Board of
Forestry identifies those lands where the CDF has the
primary duty for wildland fire prevention and suppression.
The CDF sends maps to the affected counties, and county
officials must post notices at the offices of the county
recorder, the county assessor, and the county planning
agency that explain where the CDF maps are available.
Current Real Estate disclosure requirements ask two “yes or
no” questions concerning fire hazards.
The questions are
formatted as follows:
THIS REAL
AREA(S):

PROPERTY

LIES

WITHIN

THE

FOLLOWING

HAZARDOUS

•

A VERY HIGH FIRE HAZARD SEVERITY ZONE pursuant to Section
51178 or 51179 of the Government Code.
(The owner of
this property is subject to the maintenance requirements
of Section 51182 of the Government Code.)

•

A WILDLAND AREA THAT MAY CONTAIN SUBSTANTIAL FOREST FIRE
RISKS AND HAZARDS pursuant to Section 4125 of the Public
Resources Code. (The owner of this property is subject to
the maintenance requirements of Section 4291 of the
Public Resources Code. Additionally, it is not the
State's
responsibility
to
provide
fire
protection
services to any building or structure located within the
wildlands unless the Department of Forestry and Fire
Protection has entered into a cooperative agreement with
a local agency for those purposes pursuant to Public
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Resources Code Section 4142.)

4.4

Fire Suppression Responsibilities

The California Department of Forestry (CDF) is the State agency
with the greatest number of resources available to fight fires.
The CDF is primarily a wildland fire protection agency legally
tasked with protecting approximately 33 million acres of private
and state lands in California.
The CDF has extensive ground forces, including a volunteer
prisoner population, and an extensive air force. Their airforce
equipment includes: 15 Grumman S-2A 800-gallon air tankers, four
S-2T 1200-gallon air tankers, two 2,000-gallon contract air
tankers, eleven Super Huey Bell UH-1H helicopters, six O-2A air
attack aircraft, eleven OV-10A air attack aircraft, and one C-26B
fire mapping airplane.
From 13 air-attack and nine heli-attack
bases located statewide, aircraft can reach any California fire
in 20 minutes or less.
The air-attack planes fly overhead
directing the air tankers and helicopters to critical areas of
the fire for retardant and water drops.
The retardant used to
suppress fires is Di-Ammonium Phosphate + Iron Oxide, which acts
as a fertilizer as well as suppressant.
The Pasadena Fire Department is responsible for fire suppression
on all private lands within the City of Pasadena. The Pasadena
Fire Department constantly monitors the fire hazard in the City,
and has ongoing programs for investigation and alleviation of
hazardous situations. Fire fighting resources in the immediate
Pasadena area include Pasadena Fire Department Station Nos. 31 to
39 (with the exception of Station No. 35, which does not exist —
see Table 4-1). Staffing at these stations is as follows: 4 crew
per each ladder truck and engine company, 2 crew per rescue
ambulance.
Table 4-1:
Fire
Stati
on
No.
31
32
33
34

Fire Stations in the City of Pasadena

Street Address, Zip
Code

135 South Fair Oaks
Avenue, 91105
2424
East
Villa
Street, 91107
515 North Lake Avenue,
91101
1360
East
Del
Mar
Boulevard, 91106

Telephone
No.

626-7444661
626-7935117
626-7931120
626-5648367
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Vehicles Available
Ladd
Engine
Rescue
er
Companie Ambulance
Truc
s
s
ks
1
1
1
1

1

1

0

1

1

0

1

0
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36
37
38
39

1140 North Fair Oaks
Avenue, 91103
3430
East
Foothill
Boulevard, 91107
1150
Linda
Vista,
91103
50 Avenue 64, 91105

626-7975092
626-7930074
626-7931449
626-7932466

0

1

1

0

1

0

0

1

0

0

1

0

4.4.1 Automatic and Mutual Aid Agreements

Although
specific
agencies
are
tasked
with
the
responsibility of fire prevention and fire suppression in a
given area; in reality, agencies team up and work together
during emergencies. These teaming arrangements are handled
through automatic and mutual aid agreements.
Pasadena has mutual aid and automatic aid agreements with
adjacent cities, the County of Los Angeles and the US
Forestry
Service.
These
agreements
obligate
the
departments
to
help
each
other
under
pre-defined
circumstances.
Automatic aid agreements obligate the
nearest fire company to respond to a fire regardless of the
jurisdiction.
Mutual
aid
agreements
obligate
fire
department resources to respond outside of their district
upon request for assistance. The Pasadena Fire Department
is party to an agreement that authorizes calls for
emergency response to be dispatched through the Verdugo
Joint Fire Communications Center. Jurisdictions that are
responsible for fire suppression in areas adjacent to
Pasadena include: the US Forest Service, Los Angeles
County, and the cities of Los Angeles, Glendale, Sierra
Madre, Arcadia, San Marino and South Pasadena.
Numerous other agencies are available to assist the City if
needed. Several Federal agencies have roles in fire hazard
mitigation, response, and recovery, including: the Fish and
Wildlife Service, National Park Service, US Forest Service,
Bureau of Land Management, Bureau of Indian Affairs, Office
of
Aviation
Services,
National
Weather
Service,
and
National Association of State Foresters. The State Office
of Emergency Services can be called upon for further aid,
if necessary, as can Federal agencies, including the
Department of Agriculture, the Department of the Interior,
and, in extreme cases, the Department of Defense. Private
companies and individuals may also assist.
The California Disaster and Civil Defense Master Mutual Aid
Agreement states: “Each party that is signatory to the
agreement shall prepare operational plans to use within
their jurisdiction, and outside their area.”
These plans
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included fire and non-fire emergencies related to natural,
technological, and war contingencies.
The State of
California, all state agencies, all political subdivisions,
and all fire districts signed this agreement in 1950.
The California Emergency Services Act, section 8568, states
that “the State Emergency Plan shall be in effect in each
political subdivision of the State, and the governing body
of each political subdivision shall take such action as may
be necessary to carry out the provision thereof.” The act
provides the basic authorities for conducting emergency
operations following the proclamations of emergencies by
the Governor or appropriate local authority, such as a City
Manager.
The provisions of the act are further reflected
and expanded on by appropriate local emergency ordinances.
The act further describes the function and operations of
government at all levels during extraordinary emergencies,
including war (www.scesa.org/cal_govcode.htm). Therefore,
local emergency plans are considered extensions of the
California Emergency Plan.
Standardized Emergency Management System (SEMS)

4.4.2

The
SEMS
law
refers
to
the
Standardized
Emergency
Management System described by the Petris Bill (SB 1841).
It
requires
all
jurisdictions
within
the
State
of
California to participate in the establishment of a
standardized statewide emergency management system.
The
framework of this system is the following:
•

Incident Command System

•

Multi-Agency Coordination System

•

Mutual Aid Agreement and related systems

•

Operational Area Concept

The SEMS law requires the following:

4.5

•

Jurisdictions must attend training
emergency management system.

•

All agencies must use the system or be ineligible for
funding for response costs under disaster assistance
programs.

•

All agencies must complete after-action reports within
120 days of each declared disaster.

sessions

for

the

Managing the Fire Hazard

Complex patterns of land use and ownership require complex
techniques to effectively manage the fire environment.
Some
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options fall under the jurisdiction of state, federal and local
governments; others fall to private citizens or businesses; most
are joint responsibilities.
Custom strategies can be created
through combinations of pre-fire management, fire suppression,
and post-fire management. This should reduce the costly impacts
of future wildfires.
As a starting point, the California
Department of Forestry and Fire Prevention (2000) pre-fire
management initiative includes a systematic application of risk
assessment, fire safety, fire prevention and fire hazard
reduction techniques.
4.5.1 Risk Assessment

As discussed in Section 4.2, there are two main methods
that have been used and are still in use to identify areas
that have a high fire hazard.
However, these assessments
are limited in their potential to identify which areas are
more likely to burn. Recent technological advances are now
being used to that end.
Two of these recent tools are
described below.
Greenness Mapping Project:
Since the early 1990's, the
EROS Data Center (EDC) in Sioux Falls, South Dakota, has
produced weekly and biweekly maps for the 48 contiguous
states and Alaska.
These maps display plant growth and
vigor, vegetation cover, and biomass production, using
multispectral data from satellites of the National Oceanic
and Atmospheric Administration (NOAA).
The EDC also
produces maps that relate vegetation conditions for the
current two weeks to the average (normal) two-week
conditions during the past seven years.
EDC maps provide
comprehensive
growing
season
profiles
for
woodlands,
rangelands, grasslands, and agricultural areas. With these
maps, fire and land managers can assess the condition of
all
vegetation
throughout
the
growing
season,
which
improves planning for fire suppression, scheduling of
prescribed burns, and study of long-term vegetation changes
resulting from human or natural factors.
Fire Potential Index: The Fire Potential Index (FPI) is a
valuable fire management tool that has been jointly
developed by the US Geological Survey and the US Forest
Service. The FPI characterizes relative fire potential for
woodlands, rangelands, and grasslands, regionally and
locally.
It combines multi-spectral satellite data from
NOAA with geographic information system (GIS) technology to
generate 1-km resolution fire potential maps.
Input data
include the total amount of burnable plant material (fuel
load) derived from vegetation maps, the water content of
the dead vegetation, and the fraction of the total fuel
load that is live vegetation.
The proportion of living
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plants is derived from the greenness maps described above.
Water content of dead vegetation is calculated from
temperature,
relative
humidity,
cloud
cover,
and
precipitation.
The FPI is updated daily to reflect
changing weather conditions.
Fire management staffs in California use the FPI daily to
supplement traditional information sources. They use these
data to establish regional prevention priorities that will
reduce the risk of wildland fire ignition and spread, and
to improve the allocation of suppression forces, which can
lead to faster control of fires in areas of high concern.
4.5.2 Fire Safety

Individuals can make an enormous contribution to fire
hazard reduction and need to be educated about their
important role. Specific tasks that homeowners can take to
reduce the risk of fire in their property are listed below.
This list is not all-inclusive, but provides a starting
point and framework to work from.
Homeowners Checklist to Reduce Fire Risk
DESIGN AND INSTALL A FIRE-RESISTANT LANDSCAPE.
CONSIDER:
•
•
•
•
•
•
•

BE SURE TO

Fire history of the local area.
Site location and overall terrain.
Prevailing winds and seasonal weather.
Property contours and boundaries.
Native vegetation.
Plant characteristics and placement (water and salt
retention ability, aromatic oils, fuel load per area, and
size).
Irrigation requirements.

THE PRIMARY GOAL OF A FIRE-RESISTANT
REDUCTION. IT HELPS TO ASSIGN ZONES:

LANDSCAPE

IS

FUEL

Zone 1: This well-irrigated area encircles the structure
for at least 30 feet on all sides, providing space for fire
suppression equipment in the event of an emergency.
Plantings should be limited to carefully spaced fireresistant species.
Zone 2: Fire-resistant plant materials should be used here.
Plants should be low-growing, and the irrigation system
should extend into this section.
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Zone 3: Place low-growing plants and well-spaced trees in
this area, remembering to keep the volume of vegetation
(fuel) low.
Zone 4: Native vegetation in a “natural” condition should
occur
farthest
from
the
structure.
Thin
vegetation
selectively here, and remove highly flammable vegetation.
DO
THE
FOLLOWING
LANDSCAPE:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

WHEN

DESIGNING

AND

MAINTAINING

A

Leave a minimum of 30 feet around the house to
accommodate fire equipment, if necessary.
Carefully space the trees you plant.
Take out the “ladder fuels” — vegetation that serves as a
link between grass and tree tops. It can carry fire to a
structure or from a structure to vegetation.
Design
added
protection
with
“fuel
breaks”
like
driveways, gravel walkways, and lawns.
Keep trees and shrubs pruned, especially dead and
overhanging branches.
Remove leaf clutter.
Mow and irrigate your lawn regularly.
Dispose of cuttings and debris promptly, according to
local regulations.
Store firewood away from the house.
Be sure the irrigation system is well maintained.
Use care when refueling garden equipment and maintain it
regularly.
Store and use flammable liquids properly.
Dispose of smoking materials carefully.
Become
familiar
with
local
regulations
regarding
vegetation clearings, disposal of debris, and fire safety
requirements for equipment.
Follow manufacturers’ instructions when using fertilizers
and pesticides.

WHEN BUILDING, SELECTING, OR MAINTAINING A HOME, REMEMBER:
•
•
•
•

Slope of terrain.
Be sure to build on the most level
portion of the land, since fire spreads rapidly on
slopes, even on minor ones.
Ridges and cliffs.
Keep a single-story structure at
least 30 feet away from edges; increase distance if
structure exceeds one story.
Use construction materials that are fire-resistant or
non-combustible whenever possible.
For roof construction, recommended materials are Class-A
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•
•
•

•
•
•

•
•
•
•
•
•

•
•

asphalt shingles, slate or clay tile, metal, cement and
concrete products, or terra-cotta tiles.
Constructing
a
fire-resistant
sub-roof
can
add
protection.
On exterior wall cladding, fire-resistive materials such
as stucco or masonry are much better than vinyl which can
soften and melt.
Consider size and materials for windows; smaller panes
hold up better in their frames than larger ones; doublepane glass and tempered glass are more effective than
single pane glass; plastic skylights can melt.
Cover windows and skylights with non-flammable screening
shutters.
To prevent sparks from entering your home through vents,
cover exterior attic and sub-floor vents with wire mesh
no larger than 1/8 of an inch.
A driveway should provide easy access for fire engines,
be at least 12 feet wide with a vertical clearance of 15
feet, and a slope that is less than 12 percent.
The
driveway and access roads should be well maintained,
clearly marked, and include ample turnaround space near
the house.
So that everyone has a way out, provide at least two
ground level doors for safety exits and at least two
means of escape (doors or windows) – in each room.
Keep gutters, eaves, and roof clear of leaves and other
debris.
Occasionally inspect your home, looking for deterioration
such as breaks and spaces between roof tiles, warping
wood, or cracks and crevices in the structure.
If an all-wood fence is attached to your home, a masonry
or metal protective barrier between the fence and house
is recommended.
Use non-flammable metal when constructing a trellis and
cover it with high-moisture, non-flammable vegetation.
Prevent
combustible
materials
and
debris
from
accumulating beneath patio decks or elevated porches.
Screen, or box in, areas that lie below ground level with
wire mesh no larger than 1/8 of an inch.
Make sure an elevated wooden deck is not located at the
top of a hill where it will be in the direct line of a
fire moving up slope.
Install automatic seismic shut-off valves.
Information
for approved devices, as well as installation procedures,
is available from the Southern California Gas Company.

4.5.3 Fire Prevention

Comprehensive

programs

to

reduce
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engineering,
public
education,
and
law
enforcement
contributions.
Of key importance is a planning process
that focuses on ignition management and loss reduction.
Tactics
include
biomass
harvesting,
fire
resistant
landscaping, mechanical and chemical fuels treatments,
building construction standards, infrastructure, and land
use planning.
The single most important mitigation strategy for most
structures is a fire-safe landscape, which creates a
defensible space around the structure.
Fire Safe Construction and Land Use Planning: The ultimate
objectives of fire-safe planning and construction are (1)
to improve the ability of communities to survive a large,
high-intensity wildfire with minimal fire suppression
effort and (2) to provide for improved citizen and
firefighter safety.
State and local authorities must implement clearing laws,
zoning, and related fire safety requirements that address
these factors:
Fire-resistant construction standards.
The increase in
people and structures provides extra ignition sources for
fire that can spread into nearby wildland areas. Building
construction standards for such items as roof coverings,
fire doors, and fire resistant materials help protect the
structure from external fires and contain internal fires
for longer periods.
Hazard reduction near structures.
Emphasis should be
placed on the space near structures that provides natural
landscape compatibility with wildlife, water conservation
and ecosystem health. Immediate benefits of this approach
include improved aesthetics, increased health of large
remaining trees and other valued plants, and enhanced
wildlife habitat.
Infrastructure.
Effective fire protection cannot be
accomplished solely through the acquisition of equipment,
personnel and training.
The area’s infrastructure also
must be considered, including adequacy of nearby water
supplies, transport routes and access for fire equipment,
addresses, and street signs, as well as maintenance.
An important fire management tool is the Uniform Fire Code
(the City is currently using the 1997 edition), which
includes requirements for minimum fire flow rates for water
mains.
Section 10.301 of the Uniform Fire Code regulates
commercial and industrial projects. The requirements are a
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function
of
building
size,
type,
material,
purpose,
location, proximity to other structures, and the type of
fire suppression systems installed.
The various water
districts in the County are required to test fire
protection capability for the various land uses per the
flow requirements of the Uniform Fire Code (Table 4-2).

Table 4-2
Minimum Fire Protection Flow Rates (from the Uniform Fire Code)

Land Use

Residential SingleFamily
Residential-Estate,
Single Family Adjacent
to Wildland
Residential MultiFamily
Commercial/Industrial
Schools

Flow
(gallons
per
minute)

Duration
(hours)

Residual
Pressure
(psi)

4

Fire
Suppression
Storage
(million
gallons)
0.48

2,000
2,500

4

0.60

30

3,000

4

0.72

20

4,000
3,500

4
4

0.96
0.84

20
20

20

Emergency
Storage
is
required
in
the
event
of
an
interruption of the Metropolitan Water District (MWD)
primary supply.
The MWD recommends a seven-day emergency
storage supply.
Model Fire Hazard Reduction Ordinances:
To assist local
jurisdictions in adopting ordinances to reduce fire hazard
in Very High Fire Hazard Severity Zones, the State Fire
Marshal, Fire Engineering Division, has developed a model
ordinance checklist.
This development was required by
Assembly Bill 3819, which was approved on September 27,
1994.
The model ordinance checklist addresses the
following standards:
•

Road Standards for Fire Equipment Access (see Table 4-3)

•

Structural Standards (see Table 4-4), and

•

Fuel Modification Standards (see Table 4-5).

Table 4-3
Model Ordinance Checklist, Road Standards for Fire Equipment
Access
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Width
Surface
Grades
Horizontal Inside Radius
Vertical Curves
Turnarounds
Hammerhead/"T"
Turnouts

Two 9' lanes
40,000 lb. Load
Not to exceed 16 percent
No less than 50'
100'
Required, 40' from center
Top of "T" 60' long
10' x 30'
25' taper each end
Roadway Structures
Load and clearance per Vehicle Code
(Bridges)
Sections 35550, 35750, 35250
Bridge Signage
Load, clearance, one-way, single lane
One-way Roads
One 10' lane
Must connect to 2 lanes at each end
Serve no more than 10 dwellings
Not to exceed 2,640'
Turnout at midpoint
Dead-end Roads
Not to exceed:
< 1 acre parcels
800'
1 - 4.99 acre parcels
1,320'
5 - 19.99 acre parcels 2,640' with turnaround at 1,320'
interval
20+ acre parcels
5,280' with turnaround at 1,320'
intervals
Driveways
10' wide, 15' vertical clearance
If >150' but <800'
Turnout at midpoint
If >800'
Turnout every 400'
If >300'
Turnaround w/in 50' of all building
sites
Gate Entrances
2' wider than lane
30' from roadway
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Table 4-4
Model Ordinance Checklist, Structural Standards
Eaves

Roofs

1-hour fire rated
Fascias required, must be backed by 1-hour
or 2" lumber
Class B or better

Subfloor areas

Enclosed to ground

Exception
Unenclosed Accessory
Structures

If exposed materials are 1-hour rated
Non-combustible or 1-hour rated

Exception

If 100' defensible space, patio roofs >
2"x4" or open lattice > 2"x2" is OK
If over a descending slope, enclose within
6" of ground
Tempered or multi-layered glass
Non-combustible or solid core > 1-3/4"
Not to exceed 144 square inches
Noncombustible corrosion-resistant mesh <
1/4" holes
Not to be in soffits, eave overhangs, etc.
Gable/dormer vents 10' from property line
Any habitable space must be 1-hour rated
If over a descending slope, enclose within
6" of ground

Subfloor areas
(Attached Structure)
Windows
Doors
Attic Openings

Walls
Subfloor areas
(Detached Structure)

Table 4-5
Model Ordinance Checklist, Fuel Modification Standards
Clearance (from structure)

30' on each side or to property
line
30'-100' when needed
10' from chimney
Remove if overhangs structure
Clear roof and yard
Screen <1/2" holes

Additional clearance
Trees
Dead or dying branches
Accumulated organic debris
Chimney and Stovepipe
Appropriate
debris
Greenbelts

disposal

of

Prior to acceptance of clearing
work
Locate
strategically;
must
be
approved

4.5.4 Fire Hazard Reduction Techniques

Before
European
settlement
began,
vegetation
in
California’s
Mediterranean
climate
was
dominated
by
smaller, more frequent, and less damaging wildfires that
usually impacted primarily the grasses and low-lying
bushes, without severely impacting the tree stands. As manmade structures were built in these fire susceptible areas,
there was a strong effort to suppress fires, since these
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would threaten the structures and people living in the
area.
As a result, dense stands of vegetation have
accumulated
locally
in
the
outlying
areas,
while
increasingly larger numbers of people have moved into the
wildland
interface.
Over
time,
fire
suppression
and
increasing populations have produced these results:
•
•
•
•
•
•

Increased losses to life, property, and resources.
Difficulty of fire suppression, increased safety problems
for firefighters, and reduced productivity by fire crews
on perimeter lines.
Longer
periods
between
recurring
fires
for
many
vegetation types by a factor of 5 or more.
Increased volume of fuel per acre.
Increased fire intensities.
Increased taxpayer costs and property losses.

Recognition of these problems has led to vegetation
management programs.
Fire ecologists now recognize that
fire is as vital to the health of a forest as water. They
have suggested that crown fires - the spectacular treeconsuming infernos - should be set on purpose in wilderness
areas to help restore a healthier patchwork of trees of
different ages.
However, many find the notion of
“prescribed fire” difficult to accept.
For the last 100
years, humans have attempted to suppress and fight fires.
As a consequence, more acres will burn in uncontrollable
blazes or die of disease unless fire is reintroduced to the
landscape in measured doses with carefully designed goals.
A prescribed fire is deliberately set under carefully
controlled and monitored conditions.
The purpose is to
remove
brush
and
other
undergrowth
that
can
fuel
uncontrolled fires. Prescribed fire is used to alter,
maintain or restore vegetative communities, achieve desired
resource conditions, and to protect life and property that
would be degraded by wildland fire.
Prescribed fire is
only accomplished through managed ignition and should be
supported
by
planning
documents
and
appropriate
environmental analyses.
Prescribed fire carries its own
risk, as recent experiences in New Mexico and Arizona have
shown. The Cerro Grande fire began when a prescribed burn
escaped, destroying several hundred homes in Los Alamos,
New Mexico and burned more than 50,000 acres. It is likely
that this fire will lead to revisions in the guidelines for
performing prescribed burns.
The Bureau of Land Management (2000) presently recommends
the following guidelines for prescribed burn projects:
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•

The safety of firefighters and the public is the number
one priority when planning and implementing a prescribed
fire project.

•

All prescribed fire projects should have
prescribed fire plan prior to ignition.

•

All prescribed fire plans should contain measurable
objectives, a predetermined prescription, and an escaped
fire contingency plan to be implemented in the event of
an escape.

•

All prescribed fire projects should be conducted
compliance with Federal and State regulations.

an

approved

in

Based on Bureau of Land Management (2000) standards, three
prescribed fire complexities are possible.
Each may
require different procedures, precautions, and numbers of
assigned personnel:
High:
Prescribed fires (other than pile burning) in the
wildland/urban interface. The wildland/urban interface is
more than an area or zone where structures meet or
intermingle with wildland fuels. It is a set of conditions
where structures and/or other improvements are reasonably
within the reach of an escaped prescribed fire. This
determination must take into account fuel type, fire
behavior
prescription,
topography
and
containment
opportunities.
Moderate: All aerial ignitions must be classified as at
least of moderate complexity.
Low: These types of operations typically would require few
personnel, have a very low threat, and present a minimal
risk to the people involved in the operation.
Since 1981, prescribed fire has been the primary means of
fuel management. Approximately 500,000 acres — an average
of 30,000 acres a year — have been treated with prescribed
fire under the vegetation management program throughout the
State.
However, a recent program review by the CDF has
identified needed changes, with focus on citizen and
firefighter safety, and the creation of wildfire safety and
protection zones.
In the past, the typical vegetation management project
targeted large wildland areas.
Now, increasing population
and development often preclude the use of large prescribed
fires. The CDF proposes:
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•

A shift in emphasis to smaller projects in areas close to
new developments, and increased consideration to fire
alternatives, such as mechanical fuel removal (termed
“fuel modification zones”). In some instances, programs
may be limited to providing wildland safety and
protection zones around high-value assets.

•

Emphasis on quality over quantity of acres treated.
Projects will be chosen to provide the most costeffective means of protecting assets at risk from
disastrous wildfires.

•

The Board of Forestry and the State Air Resources Control
Board will develop a joint policy on the use of
prescribed fire. The policy will recognize the value of
prescribed fire in reducing air emissions of wildfire
during the high-impact summer period.

Hazard Abatement Notices:
Each spring, the Pasadena Fire
Department mails information and hazard brush surveys to
approximately 2,800 residences that are located within city
designated Urban-Interface zones.
The intent of this
mailing is to remind and inform property owners of their
specific responsibility to mitigate hazardous vegetation
conditions. The mailing is followed-up by Fire Department
engine company inspections of residences within the UrbanInterface zones. “Hazardous Vegetation Inspection Notices”
indicate the level of fire safety and whether any
mitigation action is required of the property owner.
Failure of the property owner to comply with the notice
within 30 days may result in administrative fees, possible
legal action, and the hiring of a contractor by the city to
complete the necessary work.
The City has designated Urban-Interface zones based on fire
hazard from vegetation. Within these zones, the City uses
the Urban-Wildland Interface Code from the International
Fire Institute (ICBO) adopted in 1997.
Furthermore, the
City’s Fire Department has developed detailed plans for
fire scenarios that, based on prior experience, present a
fire risk in regions where urban development interfaces
with wildlands.
These pre-plans consider
the
following
conditions:
fire behavior
safety hazard
areas
resources
estimates
evacuation
areas

staging areas
small bases
large bases

evacuation routes
engine safety
zones
traffic control

sensitive areas

medical plan
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access
helispots
water supply
private water
sources

4.6

structures
vulnerable areas
residential
assembly points
public safe
refuge areas

rehab area plan
communication plan
wood roofs

Earthquake-Induced Fires

A large portion of the structural damage caused by the great San
Francisco earthquake of 1906 was the result of fires rather than
ground shaking. More recently, and closer to home, the moderately
sized, M 6.7 Northridge earthquake caused 15,021 natural gas
leaks that resulted in three street fires, 51 structure fires (23
of these caused total ruin) and the destruction by fire of 172
mobile homes. In one incident, the earthquake severed a 22-inch
gas transmission line and a motorist ignited the gas while
attempting to restart his stalled vehicle. Response to this fire
was impeded by the earthquake’s rupture of a water main; five
nearby homes were destroyed.
Elsewhere, one mobile home fire
started when a ruptured transmission line was ignited by a downed
power line. In many of the destroyed mobile homes, fires erupted
when inadequate bracing allowed them to slip off their
foundations, severing gas lines and igniting fires. There was a
much greater incidence of mobile home fires (49.1 per thousand)
than other structure fires (1.1 per thousand).
The California Division of Mines and Geology (Toppozada and
others, 1988) published in 1988 a study that identified projected
damages in the Los Angeles area as a result of an earthquake on
the Newport-Inglewood fault.
The earthquake scenario estimated
that thousands of gas leaks would result from damage to
pipelines, valves and service connections.
This study prompted
the Southern California Gas Company to start replacing their
distribution pipelines with flexible plastic polyethylene pipe,
and to develop ways to isolate and shut off sections of supply
lines when breaks are severe. Nevertheless, as a result of the
1994 Northridge earthquake, the Southern California Gas Company
reported 35 breaks in its natural gas transmission lines and 717
breaks in distribution lines. About 74 percent of its 752 leaks
were corrosion related. Furthermore, in the aftermath of the
earthquake, 122,886 gas meters were closed by customers or
emergency personnel. Most of these leaks were small and could be
repaired at the time of service restoration.
History indicates that fires following an earthquake have the
potential to severely tax the local fire suppression agencies,
and develop into a worst-case scenario. Earthquake-induced fires
can place extraordinary demands on fire suppression resources
because
of
multiple
ignitions.
The
principal
causes
of
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earthquake-related
fires
are
open
flames,
electrical
malfunctions, gas leaks, and chemical spills. Downed power lines
may ignite fires if the lines do not automatically de-energize.
Unanchored gas heaters and water heaters are common problems, as
these readily tip over during strong ground shaking (State law
now requires new and replaced gas-fired water heaters to be
attached to a wall or other support).
Many factors affect the severity of fires following an
earthquake, including ignition sources, types and density of
fuel, weather conditions, functionality of the water systems, and
the ability of fire fighters to suppress the fires. Casualties,
debris and poor access can all limit fire-fighting effectiveness.
Water availability in Los Angeles County following a major
earthquake will most likely be curtailed due to damage to the
water distribution system — broken water mains, damage to the
aqueduct system, damage to above-ground reservoirs, etc. (see
Chapter 1 – Seismic Hazards, and Chapter 3- Flooding Hazards).
4.6.1 Earthquake-Induced

Fire

Scenarios

for

the

Pasadena

Area

using HAZUS
HAZUSTM is a standardized methodology for earthquake loss
estimation based on a geographic information system (GIS).
The user can run the program to estimate the damage and
losses that an earthquake on a specific fault would
generate in a specific geographic area, such as a city.
Detailed information on this methodology is covered in
Chapter 1 of this report.
One of HAZUS components is
earthquake-induced fire loss estimation.
Loss estimation is a new methodology, and our understanding
of fires following earthquakes is limited.
An accurate,
fire-following-earthquake
evaluation
possibly
requires
extensive knowledge of the level of readiness of local fire
departments, as well as the types and availability
(functionality)
of
water
systems,
among
other
data.
Although these parameters are not yet considered in the
fire-after-earthquake module, preliminary results obtained
from this HAZUS component are encouraging.
Current data suggest that about 70 percent of all
earthquake-induced fire ignitions occur immediately after
an earthquake since many fires are discovered within a few
minutes after an earthquake. The remaining ignitions occur
about an hour to a day after the earthquake.
A typical
cause of the delayed ignitions is the restoration of
electric power.
When power is restored, short circuits
caused by the earthquake become energized and can start
fires.
Also, items that have overturned or fallen onto
stove tops, etc., can ignite. If no one is present at the
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time electric power is restored, ignitions can develop into
fires requiring fire department response.
HAZUS loss estimations were made for earthquake scenarios
on the Raymond, San Andreas, Sierra Madre and Verdugo
faults (refer to Chapter 1 for additional information on
each of these earthquake scenarios). Two wind speeds were
used for each earthquake scenario. A value of 10 mph was
used to model normal wind conditions. A speed of 30 miles
per hour (mph) was assigned to evaluate fire spread as a
result of Santa Ana winds. HAZUS uses a Monte Carlo
simulation model to estimate the number of ignitions and
the amount of burnt area that each earthquake scenario is
likely to generate.
Note that the HAZUS loss estimation does not consider
effects of reduced water pressure due to breaks in the
water distribution system.
These are expected to be
widespread where ground failure occurs, and could further
reduce functionality at some stations.
Table 4-6
Earthquake-Induced Fire Losses in the Pasadena area:
HAZUS Scenario Earthquakes

Event

Raymond Fault
Earthquake
San Andreas
Fault Earthquake
Sierra Madre
Fault Earthquake
Verdugo Fault
Earthquake

No. of
Ignitions
10
mph
9

Population Displaced Building Value Burnt
At a Wind Speed of
At a Wind Speed of
(US$ millions)

30 mph 10 mph

30 mph

10 mph

30 mph

18

300

4,400

30

330

8

8

100

500

10

50

11

14

400

2,900

30

190

8

16

200

4,400

20

310

Table 4-6 shows that an earthquake on the Raymond fault has
the potential to cause the most fire-after-earthquake
losses in the City of Pasadena, with the Sierra Madre and
Verdugo fault earthquakes coming in second. Rupture of the
Raymond fault, given its location across the developed
portions of the City and surrounding communities, is
anticipated to cause more breaks in the gas and water
distribution systems than an earthquake on the Sierra Madre
fault.
Therefore, retrofitting those pipe sections across
and near the mapped trace of the Raymond fault with
flexible plastic polyethylene pipe and flexible joints
should be a priority.
Wind speeds definitely have an
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impact on the damage extent.

4.7

Post-fire Effects

Fires usually last only a few hours or days, but their effects
can last much longer.
An intense wildfire may destroy all the
vegetation. The fire also destroys most of the roots that hold
the soil in place, allowing running water to wash the soil away.
In addition, the organic material in the soil may be burned away
or decompose into water-repellent substances that prevent water
from percolating into the soil.
As a result, even normal
rainfall can cause exceptional erosion, flooding and debris flows
from a burned area.
In 1997, wildfires charred many areas of
southern California, leaving them barren before the next winter's
heavy El Niño rainfall.
Of the 25 large southern California
wildfires that occurred that year, ten produced debris flows
after the first major winter storm, and flooding plagued eight
other areas.
Only four burn areas showed little erosion or
runoff.
Flood control facilities may be severely taxed by the increased
flow from the denuded hillsides and the resulting debris that
washes down. Recreation areas that have been affected may also be
forced to close or operate at a reduced scale. In addition, the
buildings that are destroyed by fire are usually eligible for reassessment, which reduces income to local governments from
property taxes.
If a grassland area has been burned it will re-sprout the
following spring. A chaparral community, however, takes three to
five years. An oak woodland which has had most of the seedlings
and saplings destroyed by fire will require at least five to ten
years for a new crop to start.
Most susceptible to long-term
damage are coniferous timber stands; it may take fifty to a
hundred years for such a forest to re-establish itself.

4.8

Recommended Programs

The City of Pasadena:
•

Should continue to require property owners to conduct
maintenance on their properties to reduce the fire danger
in accordance with the property owner’s checklist presented
above. The single most important mitigation measure for a
single-family
residence
is
to
maintain
a
fire-safe
landscape, thereby creating a defensible space around the
structure(s).
The width of these defense zones should be
based on the relative wildland fire susceptibility for the
area, as digitally mapped for this study.
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•

Should support the new State-level shift in its vegetation
management program.
Emphases are on smaller projects
closer to new developments, and alternatives to fire
treatment,
such
as
weed
abatement
using
mechanical
treatments.

•

Should develop education and mitigation strategies that
focus on the enhanced or higher hazard present in the
months
of
August,
September
and
October,
when
dry
vegetation and Santa Ana winds coexist.

•

Should regularly reevaluate specific fire hazard areas and
adopt reasonable safety standards, covering such elements
as adequacy of nearby water supplies, routes or throughways
for fire equipment, clarity of addresses and street signs,
and maintenance.

•

Should evaluate ordinances to reduce the fire hazard using
the model ordinance checklist presented herein.

•

Staff, as well as elected officials, should conduct
earthquake-induced fire-scenario exercises based on this
study’s HAZUS loss estimates.

•

Should require review of
safety in an earthquake.

•

Should conduct an inventory of its mobile homes and require
mitigation consisting of seismic bracing of foundation
supports, automatic gas shut-off valves and flexible
utility connections, as well as an earthquake-induced fire
hazard education program for tenants of mobile homes.

•

Should encourage the local gas and water purveyors to
review and retrofit their main distribution pipes, with
priority given first to those lines that cross or are
located near the mapped traces of the Raymond and Sierra
Madre faults.

its

reservoirs

Earth Consultants InternationalFire Hazards

for

structural

Page 4-33

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
CHAPTER 5: HAZARDOUS MATERIALS MANAGEMENT
5.1

Introduction

A high standard of living has driven society’s increasing dependence
on chemicals. Hydrocarbon fuels that power the transportation
industry, chlorine used to clean our drinking water, and pesticides
used in the agricultural sector to grow our foods are all chemicals
used on a daily basis and in large quantities. This demand requires
the manufacturing, transportation and storage of chemicals. As we
will discuss throughout this chapter, these activities provide
opportunities for the release of chemicals into the environment,
often with negative consequences. As our dependence on chemicals has
increased, scientists have discovered that exposure to many of these
chemicals is hazardous to human health and to the environment. As a
result, beginning in the late 1960’s, Federal, State, and local
regulations have been implemented to dictate the safe use, storage,
transportation, and handling of hazardous materials and wastes.
These regulations help to minimize the public’s risk of exposure to
hazardous materials.
The United States Environmental Protection Agency (EPA) defines a
hazardous waste as a substance that 1) may cause or significantly
contribute to an increase in mortality or an increase in serious,
irreversible, or incapacitating reversible illness; and 2) that
poses a substantial present or potential future hazard to human
health or the environment when it is improperly treated, stored,
transported, disposed of or otherwise managed. Hazardous waste is
also ignitable, corrosive, explosive, or reactive (U.S. EPA 40 CFR
260.10). A material may also be classified as a hazardous material
if it contains defined amounts of toxic chemicals.
The EPA has
developed a list of specific hazardous wastes that are in the forms
of solids, semi-solids, liquids, and gases. Producers of such wastes
include private businesses, federal, state, and local government
agencies. The EPA regulates the production and distribution of
commercial and industrial chemicals to protect human health and the
environment. The EPA also prepares and distributes information to
further the public’s knowledge about these chemicals and their
effects, and provides guidance to manufacturers in pollution
prevention measures, such as more efficient manufacturing processes
and recycling used materials.
The State of California defines hazardous materials as substances
that are toxic, ignitable or flammable, reactive, and/or corrosive.
The state also defines an extremely hazardous material as a
substance that shows high acute or chronic toxicity, carcinogenity
(causes cancer), bioaccumulative properties (accumulates in the
body’s tissues), persistence in the environment, or is water
reactive (California Code of Regulations, Title 22).
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5.1.1 Hazardous

Materials Releases as a Result of the Northridge

Earthquake
Isolated unauthorized releases of hazardous materials can
occur at any time, but earthquakes have the potential to cause
several incidents at the same time. For example, as a result
of the Northridge earthquake, 134 locations reported hazardous
materials problems and 60 emergency hazardous materials
responses were required. The majority of these events occurred
where structural damage was minimal or absent (Perry and
Lindell, 1995).
A key point to remember regarding the management of hazardous
materials spills in the aftermath of an earthquake is that it
is substantially more difficult to do so than under nonearthquake conditions.
Hazardous materials response teams
responding to a release as a result of an earthquake have to
deal with potential structural and non-structural problems of
the buildings housing the hazardous materials, potential leaks
of natural gas from ruptured pipes, and/or downed electrical
lines or equipment that could create sparks and cause a fire.
When two hazards with potentially high negative consequences
intersect, the challenges of managing each are greatly
increased. During an earthquake response, hazardous materials
emergencies
become
an
additional
threat
that
must
be
integrated into the response management system.

5.2

Regulations Governing
Environmental Profile

Hazardous

Materials

and

Pasadena’s

Various Federal and State programs regulate the use, storage, and
transportation of hazardous materials. These will be discussed in
this chapter as they pertain to the City of Pasadena and its
management of hazardous materials.
The goal of the discussions
presented herein is to provide information that can be used to
reduce or mitigate the danger that hazardous substances may pose to
City of Pasadena residents and visitors. The distribution of sites
that use, generate, store or transport hazardous materials in the
City is shown on Plate 5-1.
Several of the existing Federal and State programs are summarized
below.
5.2.1 National Pollutant Discharge Elimination System (NPDES)

The Clean Water Act of 1995 and its subsequent amendments give
the EPA the authority to regulate industrial and municipal
discharges into public storm drains, sewer systems and surface
water bodies.
The National Pollutant Discharge Elimination
System (NPDES) permit program controls water pollution by
regulating point sources that discharge pollutants into waters
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of the United States. Point sources are defined by the EPA as
discrete conveyances such as pipes or man-made ditches. Toxic
chemicals, oil, grease, metals, and pesticides are some of the
pollutants that can impact storm water and urban runoff.
Though individual households do not need NPDES permits, some
pollutant generated in households may threaten public health
and water resources if the sewer lines break, or if untreated
sewage is released into rivers or the ocean. These pollutants
include human wastes, discarded food from sink disposals, and
laundry and bath waters.
The City of Pasadena is a member of the Los Angeles County
Stormwater Program. This program regulates and controls storm
water and urban runoff into the Los Angeles River, San Gabriel
River, Santa Clara River, tributaries to these rivers, and
ultimately, the Pacific Ocean.
The Los Angeles County
Stormwater Program is the local enforcer of the NPDES program.
In the Pasadena Area, NPDES permits are filed with the
California Regional Water Quality Control Board, Los Angeles
Region. This permit is required by all counties with a storm
drain system that serves a population of 100,000 or more.
Under NPDES, the local regulator is responsible for the
following control measures:







Public education and outreach on storm water impacts,
Public involvement/participation,
Illicit discharge detection and elimination,
Construction of site storm water runoff control,
Post-construction
storm
water
management
in
new
development and redevelopment, and
Pollution
prevention/good
housekeeping
for
municipal
operations.

5.2.2 Emergency Planning and Community Right-To-Know (EPCRA)
The primary purpose of the Federal Emergency Planning and
Community Right-To-Know Act (EPCRA) is to inform communities
and citizens of chemical hazards in their areas. Sections 311
and 312 of EPCRA require businesses to report to State and
local agencies the locations and quantities of chemicals
stored on-site.
These reports help communities prepare to
respond to chemical spills and similar emergencies.
This
reduces the risk to the community as a whole.
EPCRA mandates that Toxic Release Inventory (TRI) reports be
made public. The TRI is an EPA database that contains
information on toxic chemical releases and other waste
management activities reported annually by certain industry
groups as well as federal facilities. This inventory was
established in 1986 under the EPCRA and expanded by the
Pollution Prevention Act of 1990. Sites on the TRI database
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are known to release toxic chemicals into the air.
The EPA
closely monitors the emissions from these facilities to ensure
that their annual limits are not exceeded.
TRI reports
provide accurate information about potentially hazardous
chemicals and their uses to the public in an attempt to give
the community more power to hold companies accountable and to
make informed decisions about how such chemicals should be
managed.
Section 313 of EPCRA requires manufacturers to report the
release to the environment of any of more than 600 designated
toxic chemicals.
These reports are submitted to the EPA and
State agencies. The EPA compiles these data into an on-line,
publicly available national digital TRI.
These data are
readily
available
on
the
EPA
website
at
www.epa.gov.
Facilities are required to report releases of toxic chemicals
to the air, soil, and water. They are also required to report
off-site transfers of waste for treatment or disposal at
separate facilities.
Pollution prevention measures and
activities, and chemical recycling must also be reported. All
reports must be submitted on or before July 1 of every year
and must cover all activities that occurred at the facility
during the previous year.
The following types of facilities are required to report their
activities to the EPA and the regulatory State agencies:
Facilities with ten or more full-time employees that:


manufacture or process over 25,000 pounds of any of
approximately 600 designated chemicals or twenty-eight
chemical categories specified in regulations,



or use more than 10,000 pounds of any designated chemical
or category,



or are engaged in certain manufacturing operations in the
industry groups specified in the U.S. Government Standard
Industrial Classification Codes (SIC) 20 through 39,



or are a Federal facility.

The facilities in the City of Pasadena listed in the Toxic
Release Inventory are summarized in Table 5-1, below.
Table 5-1
Toxic Release Inventory of Facilities in the Pasadena Area
Facility Name
Air Logistics
Corporation
K.C. Photoengraving
L.A. Steelcraft Prods.
Inc.

EPA ID
CAD008253809
CAD983644154
CA0001983360
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Source:

www.epa.gov/enviro/html/tris/tris_query.html

5.2.3 Comprehensive

Environmental

Response,

Compensation

and

Liability Act
The Comprehensive Environmental Response, Compensation and
Liability Act of 1980 (CERCLA), is a regulatory or statute law
developed to protect the water, air, and land resources from
the risks created by past chemical disposal practices.
This
act is also referred to as the Superfund Act, and the sites
listed under it are referred to as Superfund sites. The
CERCLIS Hazardous Wastes sites in the Pasadena area are listed
in Table 5-2.
According to the EPA, there are three “archive” Superfund
sites in the Pasadena area.
The “archive” or “No Further
Remedial Action Planned (NFRAP)” database contains information
on sites that have been removed and archived from the
inventory of Superfund sites.
Archive status indicates that
to the best of the EPA's knowledge, the EPA has completed its
assessment of the site and has determined that no immediate or
long-term risks to human health or to the environment are
associated with the site, or that no further steps will be
taken to list that site on the National Priority List (NPL).
One site (Monitor Polishing and Plating) is listed in the
CERCLIS database although it is not in the National Priority
List (NPL).
This site was investigated in 1998.
Relatively
low to no concentrations of contaminants were found in the
soils or ground water underlying the site at that time, and it
was recommended to be considered for “No Further Remedial
Action Planned” status. In 2002 the site burned down. It is
possible that as a result of the fire, contaminants were
released onto the environment and that remedial cleanup
activities may be required.
NASA’s Jet Propulsion Laboratory (JPL), located directly west
of the Pasadena City boundary, is the closest NPL site to the
Pasadena area. Because of JPL’s proximity to the City, it is
included in this portion of the report as a site that poses a
potential threat to the Pasadena environment. JPL is known to
have impacted the ground water in the immediate area,
requiring closure of at least one water well serving the City
of Pasadena (www.arroyoseco.org/Prelim/PrelimWater.pdf).
Table 5-2
CERCLIS Sites in and Near Pasadena
Facility Name
California
Institute of
Technology Hot Lab

EPA ID
CAD009584210

Status
NFRAP
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Huntington Desk
Jet Propulsion
Laboratory (JPL –
NASA)
Monitor Polishing
& Plating

CAD094445129
CA9800013030

NFRAP
NPL

CAD066233834

Not on NPL,
deferred to
RCRA
NFRAP

Pasadena Water and CAD981648181
Power Department
Source: www.epa.gov/superfund/sites/arcsites/index/htm
5.2.4 Resources Conservation and Recovery Act

The Resources Conservation and Recovery Act (RCRA) is the
principal
Federal
law
that
regulates
the
generation,
management, and transportation of hazardous materials and
other
wastes.
Hazardous
waste
management
includes
the
treatment, storage, or disposal of hazardous waste. Treatment
is defined as any process that changes the physical, chemical,
or biological character of the waste to make it less of an
environmental threat. Treatment can include neutralizing the
waste, recovering energy or material resources from the waste,
rendering the waste less hazardous, or making the waste safer
to transport, dispose of, or store. Storage is defined as the
holding of waste for a temporary period of time. The waste is
treated, disposed of, or stored at a different facility at the
end of each storage period.
Disposal is the permanent
placement of the waste into or on the land.
Disposal
facilities
are
usually
designed
to
contain
the
waste
permanently and to prevent the release of harmful pollutants
to the environment.
Many types of businesses can be producers of hazardous waste.
Small businesses like dry cleaners, auto repair shops, medical
facilities or hospitals, photo processing centers, and metal
plating shops are usually generators of small quantities of
hazardous waste. Small-quantity generators are facilities that
produce between 100 and 1,000 kilogram (Kg) of hazardous waste
per month. Larger businesses are sometimes generators of large
quantities of hazardous waste.
These include chemical
manufacturers, large electroplating facilities, and petroleum
refineries.
The EPA defines a large-quantity generator as a
facility that produces over 1,000 Kg of hazardous waste per
month. According to the most recent available data, 1999 List
of Large Quantity generators in the United States. The
National Biennial RCRA Hazardous Waste Report, only one EPAregistered Large-Quantity Generator of hazardous waste is
located within the Pasadena Area.
Approximately 210 SmallQuantity Generators of hazardous waste are located in the
Pasadena Area (based on 1990 Census data).
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Plate 5-1:

Hazardous Materials Sites in Pasadena

Earth Consultants InternationalHazardous Materials Management

Page 5-7

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
5.2.5 Hazardous Materials Disclosure Program

Both the Federal Government and the State of California
require all businesses that handle more than a specified
amount
of
hazardous
materials
or
extremely
hazardous
materials, termed a reporting quantity, to submit a business
plan to its local Certified Unified Program Agency (CUPA). The
Pasadena Fire Department is the local CUPA. The preparation,
submittal and implementation of a business plan, on a yearly
basis, is required by the City of Pasadena if a business uses,
stores, or manufactures a hazardous material in any amount.
The business plan must include an inventory of the hazardous
materials, and emergency response plans and procedures to be
used in the event of a significant or threatened significant
release of a hazardous material. The plan also requires
immediate notification to all appropriate agencies and
personnel of a release, identification of local emergency
medical
assistance
appropriate
for
potential
accident
scenarios, contact information for all company emergency
coordinators of the business, a listing and location of
emergency equipment at the business, an evacuation plan, and a
training program for business personnel.
Business plans are designed to be used by responding agencies,
such as the Pasadena Fire Department and other supporting
agencies such as the Los Angeles County Fire Department,
during a release to allow for a quick and accurate evaluation
of each situation for an appropriate response. Business plans
are also used during a fire to quickly assess the types of
chemical hazards that fire-fighting personnel may have to deal
with, and to make decisions as to whether or not the
surrounding areas need to be evacuated. The Pasadena Fire
Department currently reviews annually submitted business
plans.
5.2.6 Hazardous Materials Incident Response

There are thousands of different chemicals available today,
each with its own unique physical characteristics; what might
be an acceptable mitigation practice for one chemical could be
totally inadequate for another. Therefore it is essential that
agencies responding to a hazardous material release have as
much available information as possible regarding the type of
chemical released, the amount released, and its physical
properties to effectively and quickly evaluate and contain the
release. The EPA-required business plans are an excellent
resource for this type of information. Other sources of
information are knowledgeable facility employees present
onsite.

Earth Consultants InternationalHazardous Materials Management

Page 5-8

TECHNICAL BACKGROUND REPORT to the 2002 SAFETY ELEMENT
CITY OF PASADENA
In 1986, Congress passed the Superfund Amendments and
Reauthorization Act (SARA). Title III of this legislation
requires that each community establish a Local Emergency
Planning Committee (LEPC). This committee is responsible for
developing an emergency plan that outlines steps to prepare
for and respond to chemical emergencies in that community.
This emergency plan must include the following:
•
•
•
•
•

an identification of local facilities and transportation
routes where hazardous materials are present;
the procedures for immediate response in case of an
accident (this must include a community-wide evacuation
plan);
a plan for notifying the community that an incident has
occurred;
the names of response coordinators at local facilities; and
a plan for conducting exercises to test the plan.

The plan is reviewed by the State Emergency Response
Commission (SERC) and publicized throughout the community. The
LEPC is required to review, test, and update the plan each
year.
5.2.7 Hazardous Material Spill/Release Notification Guidance

To report all significant releases or threatened releases of
hazardous materials, first call 911 (or the local emergency
response agency), then call the Governor's Office of Emergency
Services (OES) Warning Center at 1-800-852-7550.
The Hazardous Material Spill/Release Notification Guidance
summarizes pertinent emergency notification requirements and
applies to all significant releases of hazardous materials.
Refer to the Safe Drinking Water and Toxic Enforcement Act of
1986, better known as Proposition 65, and §9030 of the
California Labor Code for additional reporting requirements.
Requirements for immediate notification of all significant
spills or threatened releases cover: Owners, Operators,
Persons in Charge, and Employers. Notification is required
regarding significant releases from: facilities, vehicles,
vessels, pipelines and railroads.
State notification requirements
release include (at a minimum):
•
•
•

for

a

spill

or

threatened

Identity of caller
Location, date and time of spill, release, or threatened
release
Substance and quantity involved
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•
•

Chemical name (if known, it should be reported; also if the
chemical is extremely hazardous)
Description of what happened.

Federal notification requires additional information for
spills (CERCLA chemicals) that exceed federal reporting
requirements. This information includes:
•
•
•
•
•

Medium or media impacted by the release
Time and duration of the release
Proper precautions to take
Known or anticipated health risks
Name and phone number for more information

Many State statutes require emergency
hazardous chemical release, including:
•
•
•
•
•
•

notification

Health and Safety Code §25270.7, 25270.8, 25507
Vehicle Code §23112.5
Public Utilities Code §7673, (PUC General Orders
161)
Government Code §51018, 8670.25.5 (a)
Water Code §13271, 13272
California Labor Code §6409.1 (b)10

of

a

#22-B,

All significant spills, releases, or threatened releases of
hazardous materials must be immediately reported. In addition,
all releases that result in injuries, or workers harmfully
exposed, must be immediately reported to Cal/OSHA (California
Labor Code §6409.1 (b)).
The new California Accidental Release Prevention Program
(CalARP) became effective on January 1, 1997, in response to
Senate Bill 1889.
The CalARP replaced the California Risk
Management and Prevention Program (RMPP). Under the CalARP,
the Governor's Office of Emergency Services (OES) must adopt
implementing regulations and seek delegation of the program
from the EPA.
The CalARP program aims to be proactive: it requires
businesses to prepare Risk Management Plans (RMPs), which are
detailed engineering analyses of:
•
•

the potential accident factors present at a business; and
the mitigation measures that can be implemented to reduce
this accident potential.

In most cases, local governments have the lead role for
working directly with businesses in this program. The Pasadena
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Fire Department is designated as the Administering Agency for
hazardous materials for the City of Pasadena.

5.3

Leaking Underground Storage Tanks (LUSTs)

Leaking underground storage tanks (UST’s) have been recognized since
the early 1980s as the primary cause of groundwater contamination by
gasoline compounds and solvents. In California, regulations aimed at
protecting against UST leaks have been in place since 1983, one year
before the Federal Resource Conservation and Recovery Act (RCRA) was
amended to add Subtitle I requiring UST systems to be installed in
accordance with standards that address the prevention of future
leaks. The Federal regulations are found in the Code of Federal
Regulations (CFR), parts 280-281. The State law and regulations are
found in the California Health and Safety Code, Chapter 6.7, and the
California Code of Regulations (CCR) Title 23, commonly referred to
as the "California Underground Storage Tank Regulations." Federal
and state programs include leak reporting and investigation
regulations, and standards for clean up and remediation.
UST
cleanup programs exist to fund the remediation of contaminated soil
and groundwater caused by leaking tanks. California’s program is
more stringent than the Federal program, requiring that all tanks be
double walled, and prohibiting gasoline delivery to non-compliant
tanks.
The State Water Resources Control Board (SWRCB) has been
designated the lead regulatory agency in the development of UST
regulations and policy.
Older tanks are typically single-walled steel tanks. Many of these
have leaked as a result of corrosion and detached fittings.
As a
result, the State of California required the replacement of older
tanks with new double-walled, fiberglass tanks with flexible
connections and monitoring systems. UST owners were given a ten-year
period to comply with the new requirements, and the deadline came
due on December 22, 1998. However, many UST owners did not act by
the deadline, so the State granted an extension for the Replacement
of Underground Storage Tanks (RUST) program to January 1, 2002.
According to the State Water Resources Control Board's (SWRCB)
Leaking Underground Storage Tank (LUST) database (LUSTIS, 2000), 27
LUST cases have been reported in the Pasadena Area. These sites are
listed in Table 5-3, below. Note that it is likely that clean up at
many of these facilities has been completed or deemed unnecessary by
the regional office of the SWRCB. For a more up-to-date listing and
status report of LUST sites, contact the Pasadena Fire Department or
the SWRCB, Los Angeles Region.
Table 5-3 shows that most underground storage tank leaks in the
Pasadena area impacted only the surrounding soil, most likely
because in most areas of the City, ground water is not present in
the shallow subsurface. Only one leak from an underground storage
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tank in Pasadena reportedly impacted the ground water, but the body
of ground water impacted is not considered a source of potable
water. In fact, this case has been closed, which indicates that the
regulatory agency overseeing this incident deemed that the
environmental concerns associated with that particular leak were low
or non-existent.
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Table 5-3
Sites in the Pasadena Area with Leaking Underground Storage Tanks
Facility

76 Products
Station #1099
76 Products
Station #5917
Abandoned Property
Arco #1073
Arco #510
Arco #5125
Arco #614
Broadway & Glenarm
Steam Plant
Chevron #9-7762
Desert
Petroleum
Inc
Gas S/S ##2158
Goodwill
Auto
Repair
Grizzle & Baron
Residential
Jet Propulsion Lab
Bldg 512
Jiffy Lube Store
#1027
Kaiser Permanente
Mobil #11-Ehq
Pacific Bell
Pasadena Corporate
Center
Shell
Thrifty #024
Tosco S.S. #0441
Tosco S.S. #2248
Tosco S.S. #5720
Unocal #5929
Unocal #6088

Address

Case No.

Case
Type

Statu
s

Date
Reporte
d

200 N. Hill Ave.
3678 E. Foothill
Blvd.
2159 E. Foothill
Blvd.
208
E.
Orange
Grove
125 E. California
Blvd.
3706 E. Foothill
Blvd.
445 E. Walnut St.
72
E.
Glenarm
Ave.
233 N. Altadena
Dr.

911060025

S

5C

2/8/91

R-11053

S

5C

12/1/82

911070016

S

1

5/6/87

911030016

S

5R

911050025

S

5C

8/13/91
10/12/8
8

I-02552
911010034

S
S

9
7

R-13897

0

9

911060043

S

3B

4/18/88
1/4/89
12/12/8
9
11/30/9
9

720 E. Walnut St.
155
E.
Glenarm
St.
450 S. Rosemead
Blvd.
2258
Villa
Heights Rd.
133 N. Altadena
Dr.
1420
E.
Walnut
St.

R-13687

S

3B

5/1/95

911050016

S

3A

2/22/90

R-26724

S

1

4/17/99

R-24163

S

9

3/6/97

911070034

S

5C

3/30/89

911060034

S

1

393 Walnut St.
474 S. Lake Ave.
177 E. Colorado
Blvd.

911010025
911010016

S
S

5R
5C

6/15/95
11/10/8
6
9/24/87

I-10243

S

1

2/19/91

225 S. Lake Ave.
200 N. Fair Oaks
Ave.
2800 E. Foothill
Blvd
675 N. Lake Ave.
3275 E. Foothill
Blvd.
911
Washington
Blvd.
3880 E. Colorado
Blvd.
1320 N. Altadena
Dr.

911060016

S

3B

4/13/95

4063

S

1

911000234
911040025

S
S

5C
5C

6/6/87
12/30/8
6
9/7/97

911070025

S

5C

9/7/97

911040016

S

1

9/7/97

I-06395

S

9

2/1/94

I-06580

S

9

7/20/94
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Source: www.swrcb.ca.gov/cwphome/lustis/index.html
Abbreviations Used for Case Type: S = Soil Only; O = groundwater.
Abbreviations Used for Status:
1 = Leak being confirmed;
Preliminary Site Assessment Workplan Submitted;
3B = Preliminary
Assessment Underway;
5C = Pollution Characterization Underway;
Remediation Plan Submitted; 7=
Remedial Action Under Way; 9 =
Closed.
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5.4

Air Quality

Each one of us breathes about 3,400 gallons of air every day. Our
wellbeing and, quite literally, our lives, depend on a supply of air
that meets a specific chemical composition, and that does not
contain harmful pollutants.
Unfortunately, many of our activities
contaminate the same air we require for survival. Examples of these
activities include the burning of fossil fuels for energy, and
emissions
from
vehicles
and
other
mechanical
modes
of
transportation. Factories, refineries, dry cleaners, and even
restaurants also release chemicals and compounds into the air.
Natural events such as wildland fires, windstorms and volcanic
eruptions (even from far away) can also degrade air quality. During
the last three decades, the United States has made impressive
strides in improving and protecting air quality despite substantial
economic expansion and population growth. However, as any resident
of the Los Angeles metropolitan area can attest, additional
improvements in air quality can and should be made.
5.4.1 National Ambient Air Quality Standards

The Clean Air Act requires the EPA to set National Ambient Air
Quality Standards for pollutants considered harmful to public
health and the environment. The EPA uses two types of national
air quality standards: Primary standards set limits to protect
public health, including the health of "sensitive" populations
such as asthmatics, children, and the elderly, and secondary
standards set limits to protect public welfare, including
protection against decreased visibility, damage to animals,
crops, vegetation, and buildings.
National Ambient Air Quality Standards have been set for six
principal pollutants called “criteria” pollutants.
These
pollutants include:
•
•

Carbon monoxide (CO)
•
Particulate matter (PM10)

Nitrogen dioxide (NO2)
•
Ground-level ozone

(O3)
•

Lead (Pb)

•

Sulfur dioxide (SO2)

For each of these pollutants, the EPA tracks two kinds of air
pollution
trends:
air
concentrations
based
on
actual
measurements of pollutant concentrations in the ambient
(outside) air at selected monitoring sites throughout the
country, and emissions based on engineering estimates of the
total tons of pollutants released into the air each year. The
standards or allowable concentrations for these six pollutants
are known as National Ambient Air Quality Standards (NAAQS).
These are listed in Table 5-4.
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Ozone is an odorless, colorless gas that occurs naturally in
the Earth’s upper atmosphere – 10 to 30 miles above the Earth’s
surface – where it forms a protective layer that shields us
from the sun’s harmful ultraviolet rays. Man-made chemicals
are gradually destroying this beneficial ozone. In the Earth’s
lower atmosphere, near ground level, ozone is formed when
pollutants emitted by cars, power plants, industrial boilers,
refineries,
chemical
plants,
and
other
sources
react
chemically in the presence of sunlight. Ozone at ground level
is a harmful pollutant. Ozone pollution is a concern during
the summer months, when the weather conditions needed to form
it – lots of sun and hot temperatures – normally occur.
Roughly one out of every three people in the United States is
at a higher risk of experiencing ozone-related health effects.
Sensitive people include children and adults who are active
outdoors, people with respiratory disease, such as asthma, and
people with unusual sensitivity to ozone. People of all ages
who are active outdoors are at increased risk because, during
physical activity, ozone penetrates deeper into the parts of
the lungs that are more vulnerable to injury. Ozone can
irritate the respiratory system, causing coughing, throat
irritation, and/or an uncomfortable sensation in the chest,
and aggravating asthma. Ozone can also reduce lung function,
making it more difficult to breathe deeply and vigorously, and
can increase susceptibility to respiratory infections.
Table 5-4
National Ambient Air Quality Standards
Pollutant

Carbon Monoxide
8-hour average
1-hour average

Allowable Concentration
In parts
Approximately
per
equivalent
million
to:

Type

9
35

10 mg/m3
40 mg/m3

Primary
Primary

0.053

100 µg/m3

Primary and
Secondary

Ozone
1-hour average

0.12

235 µg/m3

8-hour average

0.08

157 µg/m3

Primary and
Secondary
Primary and
Secondary

Nitrogen Dioxide
Annual Arithmetic
Mean

Lead
Quarterly average

1.5 µg/m3

Primary and
Secondary

Particulate (PM 10)
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50 µg/m3

Annual arithmetic
mean
24-hour average

150 µg/m3

Primary and
Secondary
Primary and
Secondary

Particulate (PM 2.5)

Annual
mean

15 µg/m3

arithmetic

65 µg/m3

24-hour average

Sulfur Dioxide
Annual arithmetic
mean
24-hour average
3-hour average

0.03

80 µg/m3

0.14
0.50

365 µg/m3
1,300 µg/m3

Primary and
Secondary
Primary and
Secondary

Primary
Primary
Secondary

PM 10 refers to particles with diameters of 10 micrometers or less.
PM 2.5 refers to particles with diameters of 2.5 micrometers or less.
The ozone 8-hour standard and the PM 2.5 standards are included for
information only, since a 1999 Federal court ruling blocked implementation
of these standards, and the issue has not yet been resolved.
mg/m3 = milligrams per cubic meter; µg/m3 = micrograms per cubic meter

The term “particulate matter” (PM) includes both solid
particles and liquid droplets found in air. Many man-made and
natural sources emit PM directly or emit other pollutants that
react in the atmosphere to form PM. These solid and liquid
particles come in a wide range of sizes. Particles less than
10 micrometers in diameter tend to pose the greatest health
concern because they can be inhaled into and accumulate in the
respiratory system. Particles less than 2.5 micrometers in
diameter are referred to as “fine” particles. Sources of fine
particles include all types of combustion (motor vehicles,
power plants, wood burning, etc.) and some industrial
processes. Particles with diameters between 2.5 and 10
micrometers are referred to as “coarse.” Sources of coarse
particles include crushing or grinding operations, and dust
from paved or unpaved roads.
Both fine and coarse particles can accumulate in the
respiratory system and are associated with numerous health
effects. Coarse particles can aggravate respiratory conditions
such as asthma. Exposure to fine particles is associated with
several serious health effects, including premature death.
Adverse health effects have been associated with exposures to
PM over both short periods (such as a day) and longer periods
(a year or more).
5.4.2 Air Quality Index

The EPA uses the Air Quality Index (AQI) to assess and report
daily air quality in a given area. The AQI expresses how clean
or polluted the air is in a given area, and what associated
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health concerns the residents should be aware of. The AQI
focuses on health effects that can happen within a few hours
or days after breathing polluted air. EPA uses the AQI for
five of the six major air pollutants regulated by the Clean
Air Act: ground-level ozone, particulate matter, carbon
monoxide, sulfur dioxide, and nitrogen dioxide. The EPA
determines the index value on a daily basis for each of the
measured pollutants, and then reports the highest figure as
the AQI value for the day. The pollutant with the highest
daily value is identified as the Main Pollutant.
The AQI is reported as a numerical value between 0 and 500,
which corresponds to a health descriptor like "good," or
"unhealthful" (see Table 5-5). AQI values are reported daily
in the local news media (TV, radio, and newspapers) serving
metropolitan
areas
with
populations
exceeding
200,000.
Information
can
also
be
obtained
from
http://www.epa.gov/airnow/ or http://www.aqmd.gov/smog/. An
AQI value of 100 generally corresponds to the national air
quality standard for the pollutant, which is the level EPA has
set to protect public health. So, AQI values below 100 are
generally thought of as satisfactory. When AQI values are
above 100, air quality is considered to be unhealthy— at first
for certain sensitive groups of people, then for everyone as
AQI values get higher.
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Air Quality Index
Index
Value

Table 5-5
(a measure of community-wide air quality)

PSI Descriptor;
General Health Effects
0 to 50 Good; None for the general
population.
51 to Moderate; Few or none for
100
the general population.
101 to Unhealthful for sensitive
groups; Mild aggravation
150
of symptoms among
susceptible people, with
slight irritation of
symptoms in the healthy
population.
151 to Unhealthful; Everyone may
200
begin to experience health
effects. Members of
sensitive groups may
experience more serious
health effects.

Cautionary Statements
None Required.
None Required.
General population should reduce
vigorous outdoor activity. Active
children and adults, and people
with respiratory disease, such as
asthma, should limit prolonged
outdoor exertion.

Active children and adults, and
people with respiratory disease,
such as asthma, should avoid
prolonged outdoor exertion;
everyone else, especially
children, should limit prolonged
outdoor exertion.
201 to Very Unhealthful;
General population should reduce
300
Significant aggravation of vigorous outdoor activity; active
children and adults, and people
symptoms and decreased
with respiratory disease, such as
exercise tolerance in
persons with heart or lung asthma, should avoid all outdoor
exertion; everyone else,
disease; widespread
especially children, should limit
symptoms in the healthy
outdoor exertion. Elderly and
population.
persons with heart or lung
disease should stay indoors.
301 to Hazardous; Adverse
Everybody should avoid outdoor
500
symptoms in healthy
exertion. Keep windows and doors
people; early onset of
closed.
certain significant
aggravation of symptoms
and decreased exercise
tolerance in healthy
persons. Premature death
of ill and elderly
persons.
Source: www.epa.gov:6703/airdcd/owa/aqs.psi

The South Coast Air Quality Management District (SCAQMD)
provides NAAQS air quality data for Los Angeles, Orange,
Riverside, and San Bernardino counties. Data for the San
Gabriel Valley are available for 1999.
These data are
presented in Table 5-6. The last column in Table 5-6 provides
the number of days that Criteria Air Pollutant concentrations
for the area around Pasadena were in excess of federal and
state standards for the year 1999.
Data for the Los Angeles
Metropolitan area are available for the year 2000. These data
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are shown on Table 5-7. The data show that the concentration
levels of ozone, carbon monoxide and fine particulate matter
in the Los Angeles area exceed the national ambient air
quality standards for those pollutants (values shown in bold),
while all other pollutants are below the national standards.
Historical data for the years 1991-2000 show that the Los
Angeles metropolitan area has one of the highest numbers of
days with AQI values for ozone over 100, based on a comparison
with all other monitored metropolitan areas in the United
States (the Riverside – San Bernardino area has the worst
record).
However, the values do show that there have been
substantial improvements – in 1991, AQI values for ozone
greater than 100 were measured 126 days out of that year,
while in 2000, the number of days had decreased to 45.
Table 5-6
Air Quality in the Pasadena Area in 1999
Pollutant
Ozone

Measurement Location
# of days in excess
Western San Gabriel
4*
Valley
Carbon Monoxide
Western San Gabriel
0**
Valley
Nitrogen Dioxide
Western San Gabriel
0***
Valley
PM10
Eastern San Gabriel
35‡
Valley
* 8-hour average federal standard
** 8-hour average state standard
‡
24-hour
average
federal
*** 1-hour average state standard
standard
Source: www.aqmd.gov

Table 5-7
Year 2000 Peak Air Quality Statistics for Criteria Pollutants
in the Los Angeles Metropolitan Area
Pollutant

National Air
Quality
Standard

Peak Concentration in
Los Angeles Area

9 ppm

10 ppm

0.053 ppm

0.044 pp

Ozone
1-hour average
8-hour average

0.12 ppm
0.08 ppm

0.17 ppm
0.11 ppm

Lead
Quarterly average

1.5 µg/m3

0.06 µg/m3

Carbon Monoxide
8-hour average
Nitrogen Dioxide
Annual Arithmetic
Mean
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Particulate (PM 10)
Annual arithmetic
mean
24-hour average

50 µg/m3

46 µg/m3

150 µg/m3

93 µg/m3

15 µg/m3

23.9 µg/m3

65 µg/m3

83 µg/m3

0.03 ppm

0.003 ppm

0.14 ppm

0.010 ppm

Particulate (PM 2.5)

Annual
mean

arithmetic

24-hour average
Sulfur Dioxide
Annual arithmetic
mean
24-hour average

ppm = parts per million
µg/m3 = micrograms per cubic meter
Source: http://www.epa.gov/airtrends/

5.5

Water Quality

Most people in the United States take for granted that the water
that comes out of their kitchen taps is safe to drink.
In most
areas, this is true, thanks to the efforts of hundreds of behindthe-scene individuals that continually monitor the water supplies
for contaminants, in accordance with the drinking water standards
set by the EPA. Primary authority for EPA water programs was
established by the 1986 amendments to the Safe Drinking Water Act
(SDWA) and the 1987 amendments to the Clean Water Act (CWA).
The National Primary Drinking Water Standard protects drinking water
quality by limiting the levels of specific contaminants that are
known to occur or have the potential to occur in water and can
adversely affect public health.
All public water systems that
provide service to 25 or more individuals are required to satisfy
these legally enforceable standards. Water purveyors must monitor
for these contaminants on fixed schedules and report to the EPA when
a Maximum Contaminant Level (MCL) has been exceeded. MCL is the
maximum permissible level of a contaminant in water that is
delivered to any user of a public water system.
Drinking water
supplies are tested for a variety of contaminants, including organic
and inorganic chemicals (minerals), substances that are known to
cause cancer (carcinogens), radionuclides (such as uranium and
radon), and microbial contaminants. The contaminants for which the
EPA
has
established
MCLs
are
listed
at
http://www.epa.gov/safewater/mcl.html. Changes to the MCL list are
typically made every three years, as the EPA adds new contaminants
or, based on new research or new case studies, revised MCLs for some
contaminants are issued.
One of the contaminants checked for on a regular basis is the
coliform count. Coliform is a group of bacteria primarily found in
human and animal intestines and wastes. These bacteria are widely
used as indicator organisms to show the presence of such wastes in
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water and the possible presence of pathogenic (disease-producing)
bacteria. Escherichia coli (E. coli) is one of the fecal coliform
bacteria widely used for this purpose. To fail the monthly Total
Coliform Report (TCR), the following must occur:



For systems testing more than 40 samples, more than five percent
test positive for Total Coliform, or
For those systems testing less than 40 samples, more than one
sample tests positive for Total Coliform.

Two water agencies provide drinking water to the City of Pasadena.
The two agencies are:



Pasadena Water and Power
Metropolitan Water District

Neither of these two agencies is listed in the EPA Safe Drinking
Water
Violation
Report
for
Los
Angeles
County,
found
at
www.epa.gov/enviro/html/sdwis/sdwis_ov.html. This means that the
water provided by these agencies has not failed the total coliform
report, nor has it exceeded the maximum contaminant levels for the
contaminants routinely tested.
Two facilities in the Pasadena Area have EPA permits to discharge to
local water sources. These facilities are listed in Table 5-8.

Table 5-8
Facilities with EPA Permits to Discharge to Water in the Pasadena
Area
NPDES ID

EPA Facility
Facility Name
ID
CAP000019 CAD980673321
Digitran Co., Div Xcel Corp
CA0063355 CAD981648249
DWP City of Pasadena
Source: www.epa.gov/enviro/html/pcs/pcs_querry_java.html

5.6

Pasadena Fire Department

A project of the Pasadena Fire Department is to coordinate hazardous
material and disaster preparedness planning and appropriate response
efforts with City departments, as well as local, and state agencies.
The goal is to improve public and private sector readiness, and to
mitigate local impacts resulting from natural or technological
emergencies. The Pasadena Fire Department also deals with the
hazardous materials coordination and inspection in the City. Fire
Department personnel conduct compliance inspections of facilities
that handle hazardous material, generate or treat a hazardous waste
and/or operate an underground storage tank. All new installations
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of underground storage tanks require an inspection, along with the
removal of the old tanks.

5.7

Household Hazardous Waste and Recycling

According to FEMA (1999), most victims of chemical accidents are
injured at home. These accidents usually result from ignorance or
carelessness in using flammable or combustible materials. In an
average city of 100,000 residents, 23.5 tons of toilet bowl cleaner,
13.5 tons of liquid household cleaners, and 3.5 tons of motor oil
are discharged into city drains each month (FEMA, 1999)
The City of Pasadena participates in a Household Hazardous Waste
(HHW) collection program set up by the County of Los Angeles in
accordance with the California Integrated Solid Waste Management Act
of 1989 (AB 939).
HHW drop-off facilities are located throughout
the county.
Contractors who have been trained in hazardous waste
handling and emergency response procedures man some of the
facilities.
HHW collection events are free to all Los Angeles County area
residents. A variety of household toxics are accepted. Acceptable
wastes include used oil filters, automobile batteries, antifreeze,
water and oil based paints, and more.
These events are held at
different locations throughout the county on a weekly basis, usually
on a Saturday from 9AM to 3PM.
Proof of residency is necessary.
The City of Pasadena, like other California cities, has also
implemented a recycling program.
This program helps reduce the
amount of waste that is being taken to the landfill sites.
Waste
Reduction and Recycling Programs include: buy back centers,
Christmas tree recycling, compost and worm bins, and appliance and
bulky item collection, and donation of unwanted or unneeded goods.
Information on Pasadena's reduction and recycling programs can be
obtained
at
the
following
web
address:
http://www.ci.pasadena.ca.us/.

5.8

Oil Fields

A review of the map “Oil, Gas, and Geothermal Fields in California,
2001” published by the California Department of Conservation,
Division of Oil and Gas indicates that there are no current or
abandoned oil fields in the Pasadena area. The map is available in
pdf format from the Division of Oil and Gas website at:
Thus, some of the concerns typically
www.consrv.ca.gov/dog/.
associated with oil fields, especially when they are abandoned and
redeveloped (such as oil-impacted soils that need to be treated or
disposed of offsite), are not a concern in Pasadena.
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5.9

Hazard Analysis

The primary concern associated with a hazardous materials release is
the short and/or long term effect to the public from exposure to the
hazardous material, especially when a toxic gas is involved. The
best way to reduce the liability for a hazardous material release is
through
stringent
regulations
governing
their
storage,
use,
manufacturing, and handling.
The Pasadena Fire Department and the County of Los Angeles Fire
Department observe the 1997 version of the Uniform Fire Code (UFC),
which identifies proper usage, storage, handling and transportation
requirements for hazardous materials. Risk minimization criteria
include secondary containment, segregation of chemicals to reduce
reactivity
during
a
release,
sprinkler
and
alarm
systems,
monitoring, venting and auto shutoff equipment, and treatment
requirements for toxic gas releases.
The "Significant Hazardous Materials Sites" in the City of Pasadena
included in Table 5-9 were compiled from the data reported in the
sections above. The list includes facilities that are identified in
the following State and/or Federal databases:
•
•
•

Superfund-Active or Archived Sites (CERCLIS)
RCRA/RCRIS-EPA Registered Large Quantity Generators
Toxic Release Inventories (TRIs)

Notice that most of the Superfund sites have been archived and
deemed to no longer pose a threat to the environment; they are
included herein because the sites are still on the Federal Superfund
Sites list. Other sites may be undergoing clean-up or remediation.
There are a variety of techniques currently being used by the
environmental remediation business to clean up the soils and water.
Therefore, some of the sites identified below may be taken off
future lists issued by the appropriate Federal or State agency.
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Table 5-9
Significant Hazardous Materials Sites in or Near Pasadena
Facility Name

Facility ID

Source

CAD008253809

TRI

CAD009584210
CAD009584210
CAD094445129
CA9800013030

CERCLIS,
LQG
CERCLIS
CERCLIS, LQG

CAD983644154
CA0001983360

TRI
TRI

Monitor Polishing &
Plating

CAD066233834

CERCLIS

Pasadena Water and
Power Department

CAD981648181

CERCLIS

Air Logistics
Corporation
California Institute
of Technology Hot Lab
Huntington Desk

Jet Propulsion
Laboratory (JPL –
NASA)
K.C. Photoengraving
L.A. Steelcraft
Prods. Inc

The locations of the significant hazardous materials sites
identified in the Pasadena area were used as an overlay to the other
plates prepared for this Technical Background Report to assess the
natural hazards vulnerability of the hazardous materials sites. The
intent was to identify whether some of these sites are located in
areas at risk of being impacted by the natural hazards discussed in
previous chapter. This analysis indicates that the Jet Propulsion
Laboratory (JPL) site is located within the Fault Hazard Management
Zone recommended for a possibly active splay of the Sierra Madre
fault (Plate 1-2). If this fault splay breaks, the JPL site will be
subject to very strong ground motions and there is also the
potential for surface rupture.
Given the large quantities of
hazardous materials used at this facility, this poses a special
concern that needs to be addressed. Proactive management of these
hazardous substances, to levels far beyond the required standards
should be considered.
Furthermore, given the City’s location between the Sierra Madre
fault to the north, and the Raymond fault to the south, the entire
City is susceptible to strong to very strong ground motions.
Therefore, although only the JPL site is located within a fault
hazard management zone, the comments above regarding strict measures
to prevent accidental releases of hazardous materials during an
earthquake is applicable to all hazardous materials sites in the
City.
None of the significant hazardous materials sites are located within
a liquefaction susceptible area or in an area susceptible to slope
movement. None of the sites are located within the dam inundation
pathway zones identified in Chapter 3. The only site near or within
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a high fire hazard area is JPL.
Since several chemicals are
unstable at high temperatures, the hazard posed to this site by
wildfire is also a significant concern. Many of the containment and
segregation measures that would help reduce the hazard that strong
ground shaking and fault rupture could have on this facility would
also help reduce the effects of fire.
The City of Pasadena has dozens of schools, as shown on Plate 1-5.
These schools are distributed over most of the City, often within
1/2-mile of the significant hazardous materials sites identified
herein.
The Toxic Release Inventory sites are of most concern in
this regard, since emissions into the air have the potential to
impact a large geographical area. In the event that toxic chemicals
are released by these facilities, evacuation of the surrounding area
may be required. Since schools have special evacuation needs, these
TRI facilities should be required to prepare Risk Management Plans
(RMPs) that identify the procedures by which the surrounding
critical facilities will be evacuated, should it become necessary
during an accidental release of hazardous materials. Alternatively,
the schools in the immediate vicinity of the significant hazardous
materials sites should consider implementing, as part of their
School Safety Plans mandated by Senate Bill 187 (the Safe School Act
of 1997), procedures for evacuation should a chemical spill occur in
the area.
Some of the significant hazardous materials sites are located at or
near the City’s boundaries.
Critical facilities not identified
herein because they are outside the City, in surrounding communities
may be located within a short distance of these hazardous materials
sites.
The Risk Management Plans prepared by these facilities
should address all critical facilities within a given radius, such
as 1/2-mile or 1-mile from the hazardous materials site, so as to
identify potential impact areas not within City limits.

5.10 Summary of Findings and Natural Hazards Overlays
The primary concern associated with a hazardous materials release is
the short and/or long term effect to the public from exposure to the
hazardous material. The best way to reduce the liability for a
hazardous material release is through stringent regulation governing
the storage, use, manufacturing and handling of hazardous materials.
These regulations are typically issued by the EPA, but various local
agencies are tasked with the responsibility of monitoring those
facilities that use, store, transport, and dispose hazardous
materials for compliance with the Federal guidelines, or if
applicable, with more stringent State or local guidelines. Some of
these programs and regulations, and the local enforcement agency,
are summarized below, as they pertain to the City of Pasadena.
National Pollutant Discharge Elimination System (NPDES):
The City
of Pasadena participates in the Los Angeles County Stormwater
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Program, the local enforcing agency of the National Pollutant
Discharge Elimination System.
NPDES permits are filed with the
California Regional Water Quality Control Board, Los Angeles Region.
On October 29, 1999, Phase II of NPDES was signed into law. Under
this phase of NPDES, areas with 50,000 or more residents, and
construction sites one acre or more in size, must file for and
obtain an NPDES permit.
Superfund Sites: According to the EPA, there are four Superfund
sites in the City of Pasadena; three are “archive” or No Further
Remedial Action Planned (NFRAP) sites, and one has been referred to
the criteria of the Resources Conservation and Recovery Act (RCRA).
The NFRAP sites have been remediated to levels below National
Priority List levels, but this does not guarantee that these sites
have been completely remediated. The RCRA site has been remediated
to levels below the NPL criteria, but still requires additional
cleanup. One NPL site (JPL) is located immediately adjacent to the
City, and was therefore discussed in this report.
Hazardous Waste
large quantity
Pasadena area.
the City if
anticipated.

Sites: According to the data available, there is one
generator and 211 small quantity generators in the
These numbers are not expected to change much, since
fully developed, and additional growth is not

Toxic Release Inventory: According to EPA records, there are three
facilities in the Pasadena area that are listed in the Toxics
Release Inventory (TRI). These are sites that are known to release
toxic chemicals into the air.
The EPA closely monitors the
emissions from these facilities to ensure that their annual limits
are not exceeded.
The EPA also issues permits to facilities that
emit chemicals, both toxic and non-toxic, into the atmosphere. The
EPA records list more than 150 facilities in the Pasadena area that
are permitted to release chemicals into the atmosphere.
Leaking Underground Storage Tanks: According to data from the State
Water Resources Control Board, 27 underground storage tank leaks
have been reported in the Pasadena area.
The data indicate that
with one exception, all leaks impacted the surrounding soil only.
The one exception affected the ground water, but the groundwater
body impacted is not a source of potable, drinking water. The
Pasadena Fire Department provides oversight and conducts inspections
of all underground tank removals and new installations.
Air Quality: Data from the South Coast Air Quality District for the
year 1999 show that the ozone levels were above the Federal
standards for only 4 days and only above the PM-10 levels for 35
days in the San Gabriel Valley area, which includes the City of
Pasadena. Data for 2000 that is less specific, covering the entire
Los Angeles Metropolitan region, indicate that that year, the
concentrations of ozone, carbon monoxide and fine particulate matter
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exceeded the national ambient air quality indices for those
pollutants. Historical data indicate that the ozone levels in the
Los Angeles Metropolitan Area have decreased significantly in the
last 10 years.
Water Quality: Two water agencies provide drinking water to the
Pasadena Area. The two agencies are: Pasadena Water and Power and
the Metropolitan Water District.
Neither of these agencies is
listed on the EPA Safe Drinking Water Violation Report.
Hazardous Materials Disclosure Program: Both the Federal government
and the State of California require all businesses that handle more
than a specified amount of hazardous materials or extremely
hazardous materials to submit a business plan to a regulating
agency.
The City of Pasadena requires that all businesses that
handle any amount of hazardous material to submit business plans on
an annual basis to the Pasadena Fire Department.
Household Hazardous Waste: The City of Pasadena participates in a
Household Hazardous Waste (HHW) collection program set up by the
County of Los Angeles in accordance with the California Integrated
Solid Waste Management Act of 1989.
HHW drop-off facilities are
located throughout the county. The City also provides a recycling
program in which gardening waste and recyclable materials are
collected by the refuse collection agency.
It is clear that
outreach and education programs that encourage recycling and
conservation are in place.
Hazards Overlays:
The City of Pasadena is a vital economic and
residential region, where businesses and residential areas are often
within short distances of each other, or they co-exist. This gives
the City a strong sense of community, a quality unique to only a few
areas of Southern California. Most “planned” communities that have
sprung elsewhere in the last decades do not provide for this
desirable mix of uses within short, walking distances of each other.
Unfortunately, there are also some disadvantages to this zoning plan
- facilities that generate, use, or store hazardous materials are
often located near residential areas or near critical facilities,
with the potential to impact these areas if hazardous materials are
released into the environment at concentrations of concern.
There is one large-quantity and more than two hundred small-quantity
generators of hazardous waste in the City. Given these numbers, it
is impressive that the actual number of unauthorized releases of
hazardous waste into the environment is fairly small, as documented
in the Federal and State databases reviewed. There are three sites
that have released hazardous materials of concern into the air – the
EPA monitors these facilities closely to reduce the potential of
future emissions at concentrations above the acceptable limits. A
review of the significant hazardous sites in or near the City was
conducted to evaluate the location of these sites relative to those
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areas in the City at risk of being impacted by a natural hazard.
The Jet Propulsion Laboratory (JPL) site is located within the
recommended fault hazard management zone for the Sierra Madre, and
within a fire hazard area. Since JPL is also the largest producer
of hazardous materials near the City, there is a real potential for
this site to negatively impact the surrounding area should an
earthquake on the Sierra Madre fault or a wildfire cause hazardous
materials to be released.
None of the significant hazardous sites are located within or
adjacent to a liquefaction susceptible area, or an unstable slope
area. Furthermore, none of the sites are located within or adjacent
to a dam inundation area.
Therefore, with the exception of JPL,
most significant hazardous sites are well situated. The one concern
that applies to all sites is that the City of Pasadena is
susceptible to high to very high ground motions as a result of an
earthquake on either the Sierra Madre or Raymond fault. Therefore,
all sites should provide for, at a minimum, secondary containment of
hazardous substances, including segregation of reactive chemicals,
in accordance with the most recent Uniform Fire Code.
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Introduction to the Technical Background Report
of the Safety Element for the City of Pasadena
Welcome!
You are going to read about some of the most significant
natural hazards in your area.
Natural geologic processes are
responsible for much of the natural beauty that makes Pasadena such a
special place to live and work. Unfortunately, many of these processes
are not gradual, but are sudden and often violent.
Periodic large
earthquakes are responsible for the uplift and continued growth of the
San Gabriel Mountains that form the spectacular backdrop to Pasadena.
Flooding, erosion, and sediment transport are responsible for forming
the Arroyo Seco and for the broad sloping surface that forms most of
Pasadena.
When these geologic processes can occur within an urban
environment, they become hazards, and when they do occur, they can
create a disaster for those impacted by them.
The primary point of
this document is to educate and inform the citizens, workers, and
officials of Pasadena of the potential geologic hazards in the
community. By doing so, you can take action to reduce the hazards
specific to your area to a level that you, your family and your
community are comfortable with. Through appropriate action, the hazard
does not need to become a disaster.
Most of the hazards covered are “natural” hazards, such as earthquakes,
landslides, floods, and fire.
However, in reality, these natural
conditions do not pose a hazard in the wild, and it is only when they
interact with the built environment that they become an issue.
For
example, a landslide in an undeveloped area is just a landslide, no
buildings or structures are damaged, and no one is hurt or killed. But
when a landslide occurs in a developed residential area, it has the
potential to cause extensive damage and monetary losses, frequently
never recovered by the victims. This does not need to happen though.
From past experience, we have learned how to correct slope instability,
how to measure and contain flood waters, how to design earthquake
resistant structures. These are some of the topics that are covered in
more detail in the following pages.
Obviously though, we also need to become more sensitive to the new and
alarming social hazards such as terrorism and bioterrorism. These new
threats are not covered in this document, but Pasadena has already
taken action in this area.
For additional information, request
documentation regarding this subject from the City’s Fire Department.
So, what is the best way to use this report?
As the saying goes, “a
picture is worth a thousand words.” Thus, we recommend that you first
refer to the maps that accompany this report. If you are like almost
everybody else, you will want to look for the area where you live or
work, or where you are thinking of moving. These maps will show you at
a glance whether the area you are interested in is located, for
example, on or near an earthquake fault, an area susceptible to ground
failure, or a highly hazardous fire area. Keep in mind, however, maps
are by necessity generalized, and therefore, that the boundaries shown
on the map are only approximate – you do not want to be lulled into a
false sense of security because your lot is across the street from
where we have placed a contact between a hazardous and a non-hazardous
zone.
Or, alternatively, decide to move because you are currently

living in an area zoned as hazardous. This is where reading the text
comes in. Read about the specific hazards that you are concerned with,
then apply that knowledge to your lot and house.
How old is your
house?
Is it tied down to its foundation?
Does it have a fireresistant roof? There are specific actions that you can take to make
your house specifically, or Pasadena in general, a safer place.
Key paragraphs or sections in the text of special interest
identified with symbols along the right-hand margin of the pages.
three symbols used, and their significance, are as follows:
Datum of general interest

are
The

-

Datum of interest to the City of Pasadena

-

Mitigation measures that could be implemented
to reduce or eliminate a given hazard

-

The report is divided into the following five chapters:
1) Seismic
Hazards, 2) Geologic Hazards, 3) Flooding Hazards, 4) Fire Hazards, and
5) Hazardous Materials Management.
Pasadena is a mature city, and nearly all mitigation will be through
the redevelopment process. Disaster mitigation will require decades to
complete. It will be a moving target as new technological solutions or
scientific knowledge is gained.
But it must be accomplished, because
Pasadena, and the Pasadena citizens, are at risk. Government is tasked
with the responsibility for citizen health, safety, and welfare.
The
Safety Element is the disaster mitigation general plan for Pasadena.
This technical report is the foundation upon which the plans and
programs in the Safety Element are based.
In the end though, all
mitigation is local. Without the support of the citizens of Pasadena,
no governmental programs will be successful.
It is hoped that this
document will assist you in understanding the issues and the risks you
and Pasadena face. Through such an understanding you will be ready to
support and implement the programs necessary to reduce your risk to
community-accepted levels.
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