6.0 EARTHQUAKEStc \l1 "REGIONAL ALL HAZARD MITIGATION MASTER PLANFORBENTON, LANE, AND LINN COUNTIESPHASE 2DRAFTBy:Kenneth A. GoettelGoettel & Associates Inc.1880 Cowell Blvd., Suite 250Davis, CA 95616(530) 750-0440December 31, 19991.0 INTRODUCTIONA brief overview of the scope and content of this Phase 2 report.  Reference to Phase 1 report and Technical Appendix.  To be completed in January.Question for Review Committee:Chapter 1 of the Phase 1 report included a review of the principles of Hazard Mitigation.  This material could simply be referenced in the Phase 2 report, or repeated virtually verbatim.  Im more or less neutral on this issue, but lean towards repeating the material, so that the Phase 2 report is more self-contained.  Please advise.  We can discuss at the January 11th meeting.2.0 MITIGATION PLANNING METHODOLOGYA brief overview of the mitigation planning methodology, OR a repeat of Chapter 2 in the Phase 1 Report.  To be completed in January.Question for Review Committee:Chapter 2 of the Phase 1 report included a detailed methodology for Mitigation Planning and implementation.  This material could simply be referenced in the Phase 2 report, or repeated virtually verbatim.  Im more or less neutral on this issue, but lean towards repeating the material, so that the Phase 2 report is more self-contained.  Please Advise.  We can discuss at the January 11th meeting.3.0 EARTHQUAKES
6.1 Overview

Historically, awareness of seismic risk in California has been fairly high, among both the public at large and public officials.  This high level of awareness reflects the high level of seismic activity in California over the past 100+ years, including the 1989 Loma Prieta and 1994 Northridge earthquake.  Nevertheless, despite the general awareness of seismic risk, the level of understanding of the nature and extent of seismic risk among both the public at large and public officials is often less than robust.

Before reviewing the levels of seismic hazard and seismic risk in Burbank, we first present a brief earthquake “primer” to review earthquake concepts and terms.   
6.2 Earthquake Primer
6.2.1 Earthquake Magnitudestc \l2 "3.1  Earthquake Primer
Earthquakes are most often described by their magnitude (M), which is a measure of the total energy released by an earthquake.  The most common magnitude is the “moment magnitude” which is calculated by seismologists from the amount of slip (movement) on the fault causing the earthquake and the area of fault surface. Moment magnitudes are similar to the Richter magnitude, which was used for many decades but has now been replaced by the moment magnitude.

Moment magnitudes use a numerical scale which ranges from 0 to 9+.  The magnitudes for the three largest earthquakes recorded worldwide and selected California earthquakes are shown below in Table 6.1.  The 1857 Fort Tejon and 1906 San Francisco earthquakes, on the southern and northern portions of the San Andreas Fault are the largest earthquakes recorded to date in California.
Table 6.1

Earthquake Magnitudes
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In evaluating earthquakes, it is important to recognize that the earthquake magnitude scale is not linear, but rather logarithmic.  Each one step increase in magnitude, for example from M7 to M8, corresponds to an increase of a about a factor of 30 increase in the amount of energy released by the earthquake, because of the mathematics of the magnitude scale.

Thus, a M7 earthquake releases about 30 times more energy that a M6, while a M8 releases about 30 times more energy than a M7 and so on.  Thus, a great M8 earthquake releases nearly 1,000 times as much energy as a moderate earthquake of M6 and nearly 30,000 times as much energy as a M5 earthquake.
The public often assumes that the larger the magnitude of an earthquake, the “worse” the earthquake.  Thus, the “big one” is the M8 earthquake and smaller earthquakes such as M6 or M7 are not the “big one”.  However, this is true only in very general terms.  Larger magnitude earthquakes affect larger geographic areas, with much more widespread damage than smaller magnitude earthquakes.  However, for a given site, the magnitude of an earthquake is not a good measure of the severity of the earthquake at that site.  
Rather, for any earthquake, the intensity of ground shaking at a given site depends on four main factors:

· Earthquake magnitude,

· Earthquake epicenter, which is the location on the earth’s surface directly above the point of origin of an earthquake,

· Earthquake depth, and

· Soil or rock conditions at the site, which may amplify or deamplify earthquake ground motions.

An earthquake will generally produce the strongest ground motions near the earthquake with the intensity of ground motions diminishing with increasing distance from the epicenter.  
Thus, for Burbank, a smaller earthquake on a nearby fault, such as a M6.7 on the Verdugo Fault, would result in stronger ground motions and more damage than a much larger earthquake further away, such as a M7.5 or M8 earthquake on the San Andreas Fault.  Thus, for Burbank, the “big one” is not a great earthquake on the San Andreas Fault, but rather a smaller earthquake in or very near Burbank.

However, earthquakes at or below M5 are not likely to cause significant damage, even locally very near the epicenter.  Earthquakes between about M5 and M6 are likely to cause relatively minor damage very near the epicenter.  Earthquakes of about M6.5 or greater (e.g., the Northridge earthquake) or greater can cause major damage, with damage usually concentrated fairly near the epicenter.  Larger earthquakes of M7+ cause damage over increasingly wider geographic areas with the potential for very high levels of damage near the epicenter.  Great earthquakes with M8+ can cause major damage over wide geographic areas.  
6.2.2 Intensity of Ground Shaking

There are many different measures of the severity or intensity of earthquake ground motions.  A very old, obsolete, but sometimes used scale is the Modified Mercalli Intensity scale (MMI), which is a purely descriptive, qualitative scale that relates severity of ground motions to the approximate levels of damage experienced.  MMIs range from I to XII.  The MMI scale is not particularly useful, because it is qualitative and because the level of damage occurring for a given severity of ground motions depends strongly on the level of seismic design of buildings and infrastructure.
More useful, modern intensity scales for earthquake ground motions use terms that can be physically measured quantitatively with seismometers, such as the acceleration, velocity, or displacement (movement) of the ground.  The most common physical measure, and the one used in this mitigation plan, is Peak Ground Acceleration or PGA.  
PGA is a measure of the intensity of shaking, relative to the acceleration of gravity (g). For example, a PGA of 1.0 g in an earthquake (an extremely strong ground motion) means that objects accelerate sideways at the same rate as if they had been dropped from the ceiling.  A PGA of 10% g means that the ground acceleration is 10% that of gravity and so on.

Damage levels experienced in an earthquake vary with the intensity of ground shaking and with the seismic capacity of structures.  Typical relationships between the level of ground motions and the approximate extent of damage are:

· Ground motions of only 1 or 2% g are widely felt by people; hanging plants and lamps swing strongly, but damage levels, if any, are minimal.  

· Ground motions below about 10% g usually cause only slight damage. 
· Ground motions between about 10% g and 30% g may cause minor to moderate damage in well-designed buildings, with higher levels of damage in poorly designed buildings.  At this level of ground shaking, only unusually poor buildings are subject to potential collapse.  
· Ground motions above about 30% g may cause significant damage in well-designed buildings and very high levels of damage (including collapse) in poorly designed buildings.  
· Ground motions above about 50% g may cause high levels of damage in many buildings, even those designed to resist seismic forces.
6.2.3 Seismic Hazard and Seismic Risk

The level of earthquake hazard in Burbank is characterized by the frequency and severity of earthquakes likely to affect Burbank and also by the geographic area affected.  The entire city of Burbank is subject to earthquake hazards, but the level of hazard varies somewhat because of differences in soil types in different areas of the city.  These soil type differences result in varying extents of amplification or deamplification from site to site, for any given earthquake.

The level of earthquake risk – the threat to buildings, infrastructure and people – varies substantially within Burbank not only because the level of earthquake hazard varies somewhat within the city, but more importantly because the vulnerability of buildings and infrastructure varies markedly from building to building and infrastructure component to component.  The level of risk to people also varies markedly because of the substantial variation in the seismic vulnerability of buildings and infrastructure.  

Risk arises from the combination of hazard and vulnerability, as illustrated in Figure 6.1 below.

Figure 6.1

Earthquake Risk in Burbank
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Thus, rather than being uniformly distributed throughout the city, the earthquake risk for Burbank is concentrated in the most vulnerable buildings and infrastructure components.  The most vulnerable types of buildings and infrastructure in Burbank include the following:

· Unreinforced masonry buildings,

· Pre-1940s residential buildings with cripple wall foundations or with sill plates not bolted to the foundation,

· Buildings with soft first stories,

· Nonductile concrete frame buildings with inadequate or no steel reinforcing,

· Mobile homes, and 
· Older infrastructure built to seismic design standards significantly lower than recent or current-code infrastructure.
6.3 California Earthquakestc \l2 "3.2 Seismic Hazards for Benton, Lane, and Linn Counties
In simple terms, California is earthquake country.  That is, earthquakes are a relatively common occurrence throughout California, especially in areas fairly near the San Andreas Fault system.  Figure 6.2 shows the epicenters of damaging earthquakes in California over the past 100 years.  Higher intensities indicate larger, more damaging earthquakes. Smaller earthquakes are far too numerous to show on a map of this scale.

Figure 6.2

California Earthquakes1
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1United States Geological Survey:  http://earthquake.usgs.gov/earthquakes/ 
Epicenters of large earthquakes in southern California are shown below in Figure 6.3.  In this figure, Burbank is located northwest of Los Angeles, just left of the center of the map.

Figure 6.3

Southern California Earthquakes1
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1 Southern California Earthquake Center: http://www.data.scec.org/clickmap.html
Following the above link leads to an interactive version of this map.  Clicking on an earthquake symbol brings up a description of the earthquake. The location of Burbank is shown by the red arrow.
The seismicity of southern California is also illustrated by the Figure 6.4 below which shows some of the active earthquake faults in southern California.

Figure 6.4

Active Faults in Southern California1


1Southern California Earthquake Center: http://www.data.scec.org/faults/lafault.html
Following the above link leads to an interactive version of this map.  Clicking on a fault brings up a description of the fault.  The location of Burbank is shown by the red arrow.

The red fault running diagonally across the map in the upper right corner, northwest from San Bernardino, is the San Andreas Fault.  Numerous other faults are shown much closer to Burbank.
6.4 Seismic Hazards for Burbank
Earthquake faults in the vicinity of Burbank are shown on the following figure.

Figure 6.5
Earthquake Faults Near Burbank1
[image: image4.jpg]?@ Hybrid E Quaternary Faults (Age)

Lancaster

__—— <isDysars
3 < 15,000 years
Lake Lc

Vingee < 130,000 years

— < 750,000 years

< 1,600,000 years

< Class B

Quaternary Fault Areas
(Colored for boundary
differentiation)

Paleosites

ooy 0 Sk

COORRT——_Sneman o




1 United States Geological Survey: http://geohazards.usgs.gov/qfaults/ca/California.php
The faults shown above include the following:
· San Andreas Fault: red line near Palmdale,

· Verdugo Fault: green/yellow line southeast of the Interstate 5 symbol,

· Sierra Madre – San Fernando Fault: red lines near Interstate 210 symbol,

· San Gabriel Fault: green lines near Santa Clarita.

Information about these faults can also be obtained from the web link below Figure 6.4.

The current scientific understanding of earthquakes is insufficient to predict exactly where and when the next earthquake will occur, even on the best-understood faults, such as the San Andreas Fault.  However, it is possible for seismologists to estimate the probabilities of earthquakes of various magnitudes occurring on faults, or equivalently, the average return periods between earthquakes on a fault.  
The current consensus estimates for earthquake hazards in the United States are incorporated into the 2008 USGS National Seismic Hazard Maps.  These maps are the basis of the levels of ground motions incorporated into building code seismic design requirements for new construction.

For example, in southern California, the probabilities of an earthquake of M6.7 or greater within the next 30 years are shown below for selected faults:

· Southern San Andreas Fault: 59%

· San Jacinto Fault: 31%

· Elsinore Fault: 11% 
For faults nearer to Burbank, the probabilities of earthquakes with the specified magnitudes within the next 30 years are show below:

· Verdugo Fault, M6.7 to M6.9: 1.40%

· San Gabriel Fault, M7.0 to M7.2: 1.77%

· Northridge Fault, M6.9 to M7.0: 3.08%

· Sierra Madre – San Fernando Fault, M6.7: 4.65%

The above estimates are from the fault database used for the 2002 USGS National Seismic Hazard Maps; corresponding data for the 2008 Maps is not available on the USGS website.

For a given location, such as a specific location within Burbank, the total level of earthquake hazard is estimated from:

· Estimated return periods and earthquake magnitudes for earthquakes on all know faults close enough to affect the specific location,

· An allowance for the possibility of earthquakes on not-yet-discovered unknown faults, 

· Attenuation relationships which model the decrease in ground shaking intensity with distance from the epicenters of earthquakes, and

· Soil/rock data for the specific locations.

Seismic hazard levels are expressed in probabilistic terms, such as the probability of various levels of earthquake ground motions at a given site over a given time period, such as 30- or 50-years.  
For Burbank, representative 2008 USGS seismic hazard estimates are summarized in the following table.
Table 6.2
USGS Seismic Hazard Data for Burbank
From FEMA Version 4.5.5 Benefit-Cost Analysis Software
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These data are for a representative site in Burbank located at approximately the intersection of East Olive Avenue and San Fernando Boulevard.  The level of seismic hazard varies somewhat with location in Burbank, but the differences aren’t large.  More importantly, the level of seismic hazard varies with soil type.
Any of these levels of ground shaking are high enough to cause significant to substantial damage in vulnerable buildings.  The 2/3rds of the 2% in 50 year ground motion is the level of ground motion required for the design of new buildings in the International Building Code.
The above data represent the levels of earthquake ground motions with varying probabilities of being exceeded over the next 50 years.  For example, there is a 10% chance that earthquake ground motions in Burbank will be 0.518 g or higher and a 2% chance that ground motions will be 0.948 g or higher.  These values are for rock, very firm or firm soil sites (International Building Code soil types B, C, or D).  For soft soil sites, values are 80% of these values, per the soil amplification factors shown below in Table 6.3.
Table 6.3

Soil Amplification Factors
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Sites with soil types C, D, and E experience amplification of earthquake ground motions at lower PGA values as shown in Table 6.3.  However, for PGAs above 0.5 g, there is no amplification for soil types C and D, and deamplification for soil type E.  Furthermore, some soft soil (E) locations may be subject to liquefaction, lateral spreading or settlement, as discussed in the following section.
6.5 Other Aspects of Seismic Hazards in Burbank
Most of the damage in earthquakes occurs directly because of ground shaking which affects buildings and infrastructure.  However, there are several other aspects of earthquakes that can result in very high levels of damage in localized sites, including surface rupture, liquefaction, lateral spreading, settlement, landslides, dam failures and tsunamis/seiches.

6.5.1 Surface Rupture

Surface rupture occurs during an earthquake when the fault plane on which movement occurs extends to the surface.  For example, if an earthquake with 6 feet of offset between the two sides of the fault and surface rupture occurs the ground is displaced by 6 feet along the fault trace.  A building sitting across the fault would have parts of the building offset by 6 feet, which would result in destruction of the building and a high potential for casualties.

Facilities located within fault zones subject to surface rupture are vulnerable to extensive damage from vertical or horizontal offsets.  The Alquist Priolo Special Study Zone Act of 1972 requires identification of areas subject surface ruptures, with restrictions on development in such areas.  Several faults in Los Angeles County are designated as Special Study Zones, but none of these faults are located within Burbank.  However, surface rupture may be possible on the Verdugo Fault which runs through Burbank.

The 1991 seismic hazard map included in Burbank’s 1997 Safety Element component of the general plan shows potential surface rupture along the Verdugo Fault, as shown by the shaded Zone 1F in the following excerpt from this map.

Figure 6.6
Possible Surface Rupture Zones Along the Verdugo Fault.
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6.5.2 Liquefaction, Lateral Spreading and Settlement
Liquefaction is a process where loose, wet sediments lose strength during an earthquake and behave similarly to a liquid.  Once a soil liquefies, it will tend to settle and/or spread laterally.  With even slight slopes, liquefied soils tend to move sideways downhill (lateral spreading).  Settling or lateral spreading can cause major damage to buildings and to buried infrastructure such as pipes and cables.
Figure 6.7 shows areas with liquefaction potential: green-shaded areas.  
Figure 6.7
Liquefaction Potential Areas1
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· [image: image9.emf]
1California Department of Conservation, Division of Mines and Geology, Seismic Hazard Zones, Burbank Quadrangle (Excerpt), March 25, 1999.
Even in areas mapped as having liquefaction potential, liquefaction does not occur in all such areas or in all earthquakes.  However, in larger earthquakes with strong ground shaking and long duration shaking, liquefaction is likely in some of the liquefaction potential areas.  Settlements of a few inches or more and lateral spreads of a few inches to several feet are possible.  Even a few inches of settlement or lateral spreading are likely to cause significant to major damage to affected buildings or infrastructure.  
The mapping of large parts of Burbank as potentially subject to liquefaction, as shown above is Figure 6.7 is probably very conservative.  That is, not all of these areas may actually be subject to liquefaction.  Recent ground water maps for April when ground water is typically near its annual high show that for most of the potential liquefaction area shown above in Figure 6.6 the water table is more than 100 feet deep (Upper Los Angeles River Area Watermaster Report, 2008-2009 Water Year, 2009).  Thus, the potential for liquefaction is low.
However, there are two areas where water tables maybe less than 50 feet deep for at least part of the years.  These areas may have higher potential for liquefaction:

· An area of about 200 acres along the Los Angeles River in the southern part of Burbank in the general location of the Providence Saint Joseph Medical Center, Warner Brothers Studio, Disney Studio and several mid-rise commercial buildings, and

· An area of about 140 acres parallel to Interstate 5 which is used predominantly for general manufacturing, industrial and commercial purposes.

Given this ground water data, the areas in Burbank with high potential for liquefaction appear largely limited to the two areas noted above

· 6.5.3 Earthquake-Induced Landslides

Earthquakes can also induce landslides, especially if an earthquake occurs during the rainy season and soils are saturated with water.  The areas prone to earthquake-induced landslides are largely the same as those areas prone to landslides in general. As with all landslides, areas of steep slopes with loose rock or soils are most prone to earthquake-induced landslides.
Figure 6.8 shows areas with potential for earthquake-induced landslides: blue-shaded areas in the upper right hand corner of the map.
Figure 6.8
Earthquake-Induced Landslides1
[image: image10.emf]
1California Department of Conservation, Division of Mines and Geology, Seismic Hazard Zones, Burbank Quadrangle (Excerpt), March 25, 1999.

6.5.4 Earthquake-Induced Dam Failures

Earthquakes can cause dam failures in several ways.  The most common mode of earthquake-induced dam failure is slumping or settlement of earthfill dams where the fill has not been properly compacted.  If the slumping occurs when the dam is full, then overtopping of the dam, with rapid erosion leading to dam failure is possible.  Dam failure is also possible if strong ground motions heavily damage concrete dams.  Earthquake induced landslides into reservoirs have also caused dam failures.

However, for Burbank, the risk posed by earthquake-induced dam failures is low.  Chapter 9, Floods, includes a brief section on dam failures that could affect Burbank.  Burbank is not subject to inundation from dam failures.  However, failure of the Devil’s Gate Dam could result in disruption of major transportation routes to/from Burbank, including the 210 Freeway, Oak Grove Drive and Highland Drive.  Devil’s Gate Dam is a flood control dam and thus is not filled with water except during times of high inflows.  The probability of failure of this dam from earthquake or flood events is low, but not zero.  

In addition, Burbank Reservoirs 1, 4, and 5 are deemed dams under the California Department of Water Resources, Division of Safety of Dams regulations because they impound more than 50 acre-feet of water. Reservoir 1 is an earth-filled dam constructed in 1928 which is currently going through replacement with construction of a new reservoir scheduled to start in 2012.  The new reservoir with a storage capacity will not fall under the dam safety regulations.  Reservoirs 4 and 5 are reinforced concrete structures built in 1956 and 1946 with storage capacities of 11 million and 25 million gallons, respectively.

6.5.5 Tsunamis and Seiches

Tsunamis, which are often incorrectly referred to as “tidal waves,” result from earthquakes which cause a sudden rise or fall of part of the ocean floor.  Such movements may produce tsunami waves, which have nothing to do with the ordinary ocean tides.

In the open ocean, far from land, in deep water, tsunami waves may be only a few inches high and thus be virtually undetectable, except by special monitoring instruments.  These waves travel across the ocean at speeds of several hundred miles per hour.  When such waves reach shallow water near the coastline, they slow down and can gain great heights.  Tsunamis affecting the California coast can be produced from very distant earthquakes off the coast of Alaska or elsewhere in the Pacific Ocean.
The City of Burbank, which is not located on the coast, has no risk from tsunamis.
However, Burbank does have some risk from another earthquake related phenomenon: “seiches” which are waves from sloshing of inland bodies of waters such as lakes, reservoirs, or rivers.  In some cases, seiches have caused damages to shorefront structures and to dams.  For Burbank, seiches could cause localized damages to water reservoirs/tanks, with roof damage especially likely.  
6.6 Historical Earthquake Events Affecting Burbank

In a typical year, residents of Burbank feel several or more earthquakes, typically with little or no damage.  Most of these earthquakes are low magnitude earthquakes (M4 or lower) which cause negligible damage even very near epicenter.  Larger earthquake up to about M5.5 to M6 typically result in low levels of damage near the epicenter, with little or no damage further away.
Larger earthquakes from about M6.5 and higher result in significant damages near the epicenter with some damage over wider areas.

Over the approximately 200 years of recorded history in Burbank, the city has, in effect, dodged the earthquake bullet.  During this time period there have been dozens of earthquakes large enough to cause localized or widespread damage in Southern California.  However, very fortunately, none of these earthquakes have resulted in major damage to Burbank because of the combined effects of earthquake magnitudes, distance from Burbank and soil conditions in Burbank.  Furthermore, because of gradual enhancements to building codes over the decades, the seismic vulnerability of Burbank’s inventory of buildings and infrastructure has significantly decreased over the decades.  Seismic vulnerability decreases as older, more vulnerable buildings and infrastructure are gradually replaced with newer less vulnerable replacements or seismically retrofitted.

Historical records of earthquake damage in Burbank are sparse for historical earthquakes Southern California, especially for all but the most recent events. 

Earthquake damages were negligible, low or moderate in Burbank for all of the following significant earthquake events in Southern California, even though all resulted in locally heavy damages near the epicenters and most also resulted in deaths.  These earthquakes are listed by decreasing magnitudes:

· 1857 Fort Tejon M7.8

· 1992 Landers M7.3

· 1994 Northridge M6.7

· 1987 Superstition Hills M6.7

· 1971 San Fernando, M6.6

· 1992 Big Bear, M6.5

· 1933 Long Beach, M6.4 and

· 1987 Whittier Narrows, M5.8.

The most recent earthquakes with significant impacts in Burbank were the 1971 San Fernando (Sylmar) M 6.6 and the 1994 Northridge M6.7 events, although damage levels in Burbank were relatively low for both earthquakes.  
Damage noted in Burbank from the 1971 San Fernando M6.6 earthquake included:
· Fairly widespread, but generally minor damage to buildings and contents, especially damage to masonry chimneys,

· Major damage to the Pacific Manor care facility, which resulted in evacuation of residents,

· Minor fires, especially at electrical distribution substations,
· Hazardous material spills at Lockheed and other industrial facilities, and

· Building flooding from broken fire sprinkler pipes and risers.

Damage noted in Burbank from the 1994 Northridge M6.7 earthquake was more extensive than for the San Fernando earthquake, but still relatively moderate, including:
· 13 buildings were uninhabitable (red-tagged by post-earthquake inspectors) including four commercial, six single family and three multi-family.
· 31 buildings had limited access (yellow-tagged by post-earthquake inspectors) including one school and one airport building.

· The Burbank Fire Department responded to 292 calls on the day of the earthquake for damage inspections and reports of natural gas leaks.

· There was one significant fire at an apartment complex, following an aftershock on the day after the earthquake, with damages estimated at about $190,000.

· Total damages to Burbank’s public facilities was estimated at about $3.8 million with approximately $58,000,000 in damages to private facilities.

· The Burbank electric system had some damage, mostly limited to substations, with damage to power transformer bushings, reactors and rigid connection busses, with scattered damage to distribution lines and service drop wires.
· However, power was lost for about 50,000 customers because the Burbank electric power system lost connection with the regional grid (Western Electric Council) and two local generating plants, Olive 1 and Olive 2, tripped offline due to overload and ground shaking.  After a preliminary assessment of damage, the Olive 3, Olive 4 and Magnolia 5 generating plants were restarted about two hours after the earthquake. However, power to all customers was not restored until about 18 hours after the earthquake.

· The Burbank water system experienced a small number of pipe breaks in the water distribution system with localized disruptions of potable water service.
· The Burbank wastewater system experienced a small number of pipe breaks in sewer lines along with minor damage to the chlorine contact tank at the water reclamation plant.  Although the plant had damage it remained in service after the earthquake.
6.7 Scenario Earthquake Loss Estimates for Burbank

6.7.1  HAZUS Scenario Earthquake Loss Calculations
There are a wide range of possible earthquakes that may affect Burbank, including:

· Large earthquakes on the Southern San Andreas Fault,

· Smaller earthquakes on the numerous faults closer to Burbank, and

· Smaller earthquakes on unknown faults very close to or within Burbank.

As discussed previously, the “big one” for Burbank is not a very large earthquake on the San Andreas Fault, which is located about 30 miles from the center of Burbank.  Rather, the earthquakes which pose the greatest risk for Burbank are fairly large earthquakes, approximately M6.5 to M7.0+ on faults much closer to Burbank.  The worst case scenario would be an earthquake in this magnitude range on the Verdugo Fault or on an unknown fault within Burbank.  

However, earthquakes on the several other faults near Burbank could also result in substantial damage in Burbank, including the following: Newport-Inglewood Fault, Sierre Madre – San Fernando Fault System, Sierra Madre Fault, San Gabriel Fault, Hollywood Fault and the Raymond Fault.
To explore the range of possible earthquakes affecting Burbank, we use the latest version of FEMA’s HAZUS loss estimation software:  HAZUS-MH MR4 (2009).  HAZUS loss estimates for specified scenario earthquakes are intended for regional planning purposes and provide general indications of the extent of damages, economic losses and casualties.  
The HAZUS loss estimates presented in the following sections use the “Level One” national inventory data built into HAZUS.  More accurate loss estimates can be made by developing more detailed Burbank inventory data for buildings and infrastructure. However, the effort required to do this is large and, for mitigation planning purposes, the results would probably not be substantially different.  

HAZUS loss estimates have two primary purposes:

· Enhance awareness of the level of earthquake risk to Burbank among public officials and the public at large,
· Provide realistic earthquake scenarios to enhance emergency planning and response planning.

For Burbank, we evaluate two scenario earthquakes:

· M7.8 earthquake on the San Andreas Fault and

· M6.7 earthquake on the Verdugo Fault.
The damages and losses from the M6.7 earthquake on the Verdugo Fault are similar to those expected for a similar size earthquake on unknown faults within Burbank.  Thus, these results approximate the worst-case scenario for earthquakes affecting Burbank.
The HAZUS results presented below use United States Geological Survey shakemaps which are the best available estimates of the level of ground shaking expected from these scenario earthquakes.

6.7.2 M7.8 Earthquake on the San Andreas Fault
Although a large magnitude earthquake on the San Andreas Fault is often assumed to be the “big one” for Southern California, the HAZUS estimates of damages and casualties for Burbank are rather low because the San Andreas Fault is located a considerable distance from Burbank.

The HAZUS results summarized below should not be interpreted verbatim as the exact consequences of this earthquake.  Rather, they should be interpreted as reasonable estimates of the approximate levels of damages, economic losses, and casualties expected if this earthquake occurs.

Table 6.4

Summary Impacts:  M7.8 San Andreas Fault Scenario Earthquake
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The results above show relatively low levels of damage to buildings and infrastructure, with only a few injuries and no deaths.  The casualty rates are lower at night because most people are in wood-frame residential buildings which generally result in fewer casualties.  The zero damage estimate for utility infrastructure, with no disruption of service, is probably somewhat optimistic – at least minor damage and localized short duration outages may occur.

Table 6.5

Building Damage by Occupancy

M7.8 San Andreas Fault Scenario Earthquake
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Table 6.6

Building Damage by Building Type

M7.8 San Andreas Fault Scenario Earthquake
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Note: RM is reinforced masonry; URM is unreinforced masonry and MH is manufactured home.
Table 6.7

Building-Related Economic Losses (Millions of Dollars)
M7.8 San Andreas Scenario Fault Earthquake
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Category Area SFIZg:ﬁy Resi dgrt:i: Commercial Industrial Others Total

Income Losses
Wage 0.00 0.02 260 0.18 0.06 2.86
Capital-Related 0.00 0.01 246 0.11 0.02 2.60
Rental 0.04 0.24 1.36 0.09 0.03 1.76
Relocation 0.03 0.12 1.53 0.39 0.19 2.26
Subtotal 0.07 0.39 7.95 0.78 0.29 9.48

Capital Stock Losses
Structural 0.88 0.51 216 0.90 0.23 4.68
Non_Structural 10.50 8.88 15.07 4.44 1.22 40.11
Content 5.30 3.19 9.48 3.04 0.73 21.75
Inventory 0.00 0.00 0.22 0.55 0.01 0.78
Subtotal 16.68 12.59 26.93 8.94 2.19 67.32
Total 16.75 12.98 34.88 9.72 2.47 76.80





Table 6.8

Transportation System Economic Losses (Millions of Dollars)
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As with the building damage and casualty estimates shown previously, the estimated damages for transportation infrastructure should not be interpreted verbatim as the exact consequences of this earthquake, but rather as reasonable estimates of the approximate level of damage expected.
6.7.3 M6.7 Earthquake on the Verdugo Fault
This scenario earthquake on the Verdugo Fault is a lower magnitude (M6.7) earthquake than the San Andreas scenario discussed above.  However, the HAZUS estimates of damages and casualties are higher for the Verdugo scenario than for the San Andreas scenario because the Verdugo Fault is located within Burbank and thus the severity of ground shaking is considerably higher.

The HAZUS results summarized below should not be interpreted verbatim as the exact consequences of this earthquake.  Rather, they should be interpreted as reasonable estimates of the approximate levels of damages, economic losses, and casualties expected if this earthquake occurs.

Table 6.9
Summary Impacts: M6.7 Verdugo Fault Scenario Earthquake
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The above estimate shows over $1 billion in building damage and economic losses, along with significant numbers of expected injuries and deaths.  The casualty rates are lower at night because most people are in wood-frame residential buildings which generally result in fewer casualties.

The zero damage estimate for utility infrastructure, with no disruption of service, appears unrealistically optimistic – significant damages and outages are likely for this earthquake scenario.

Table 6.10
Building Damage by Occupancy

M6.7 Verdugo Fault Scenario Earthquake
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Table 6.11
Building Damage by Building Type

M6.7 Verdugo Fault Scenario Earthquake
[image: image18.jpg]Wood
Steel
Concrete
Precast
RM

URM

MH

Total

None
Count
6,923

63
119
51
259
13

7,429

(%)
93.19
0.84
1.60
0.69
3.49
0.18
0.00

Slight
Count (%)
15145 | 9353

176 1.09

279 1.72

166 1.03

367 2.27

55 0.34

4 0.02
16,192

Moderate

Count
3,277
419
297
338
441
118
47

4,938

(%)
66.36
8.49
6.02
6.85
8.93
239
0.95

Extensive
Count
70
222
136
135
148
74
58
844

(%)
8.32
26.33
16.16
16.05
17.55
8.74
6.85

Complete

Count

4

37

29

18

15

22

10
135

w
(%)
3.09
27.31
21.63
13.11
11.33
16.36
718

J





Table 6.12
Building-Related Economic Losses (Millions of Dollars)

M6.7 Verdugo Fault Scenario Earthquake
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Category Area SFIZg:ﬁy Resi dgrt:i: Commercial Industrial Others Total

Income Losses
Wage 0.00 1.79 51.71 2.54 1.03 57.07
Capital-Related 0.00 0.77 49.56 1.57 0.31 52.20
Rental 3.54 12.78 31.58 1.18 0.61 49.69
Relocation 12.91 8.75 47.29 5.70 4.85 79.50
Subtotal 16.46 24.08 180.14 10.98 6.80 238.46

Capital Stock Losses
Structural 27.63 18.72 61.85 14.39 5.09 127.68
Non_Structural 161.16 123.34 168.82 41.61 14.23 509.16
Content 60.27 32.39 7296 26.92 6.32 198.87
Inventory 0.00 0.00 1.82 4.90 0.07 6.79
Subtotal 249.07 174.45 305.44 87.83 25.71 842.49
Total 265.52 198.53 485.58 98.80 32.51 1,080.95






Table 6.13

Transportation System Economic Loss (Millions of Dollars)
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As with the building damage and casualty estimates shown previously, the estimated damages for transportation infrastructure should not be interpreted verbatim as the exact consequences of this earthquake, but rather as reasonable estimates of the approximate level of damage expected.
6.8 Earthquake Regulatory Issues


6.8.1 Buildings

The seismic design requirements for new buildings are contained in the California Building Code, which is the International Building Code with California-specific amendments.  Seismic design requirements for specialized facilities are included by references to numerous other codes, standards, and guidelines developed by specialty organizations.

For retrofits of existing buildings, there are regulatory requirements only for specific classes of buildings and/or types of occupancies, as summarized below.  For ordinary buildings, the level of retrofit and the desired level of performance are largely up to the owner’s discretion.  However, there are guidelines in the International Existing Building Code and the California Historical Building Code.  For evaluation and retrofit of existing buildings, the two most commonly used references are American Society of Civil Engineers monograph: ASCE31-03 Seismic Evaluation of Existing Buildings and ASCE 41-06 Seismic Rehabilitation of Existing Buildings.

6.8.2 Unreinforced Masonry Buildings

Unreinforced masonry (URM) buildings in California subject to special requirements. A 1986 unreinforced masonry building law required all 365 local governments in Seismic Zone 4, which includes all of Los Angeles County, to do three things:

· Inventory URM buildings within each jurisdiction,

· Establish loss reduction programs for URM buildings by 1990, and

· Report progress to the California Seismic Safety Commission.

The law also including requirements for owners of URMs to post warning placards on their buildings.

In addition, the law recommends that local governments:

· Establish seismic retrofit standards,

· Adopt mandatory strengthening programs, and

· Enact measures to reduce the number of occupants in URM buildings.

The Seismic Safety Commission’s 2006 progress report to the legislature included in following Burbank information:

· Number of historic URMs in Burbank:  0,

· Number of non-historic URMs in Burbank: 53,

· Mitigation program established: YES,

· Mitigation program type:  Mandatory strengthening,

· Technical Mitigation standard: 1982 Edition of Division 88 Los Angeles City Code,

· Buildings in compliance with the mitigation program: 31, and

· Buildings demolished: 22.

Based on the above report, it appears that all of the URMs in Burbank have been either retrofitted or demolished.


6.8.3 Municipal Buildings
In 1998, Burbank adopted an ordinance that required seismic evaluation and, when necessary, retrofit of all general municipal buildings.  In 2001, these municipal buildings were evaluated by the structural engineering firm of Brandow and Johnston. Of a total of 66 buildings, 20 were excluded from further consideration because they were built after 1980 with seismic design criteria close enough to current requirements to pose a minimal level of seismic risk or were scheduled to be demolished.  

Of the remaining 46 buildings, 9 were small masonry restrooms which were determined to pose minimal risk and 7 other buildings were determined to pose minimal seismic risk because none of the ordinances apply, they were wood frame buildings constructed after 1939 (without cripple walls) or they were buildings with masonry walls that had been recently retrofitted with wall anchors.  With these revisions, a total of 30 municipal buildings were deemed to require evaluation and possible seismic retrofit.

Tables 6.14 and 6.15 on the following page list the buildings that have already been seismically retrofitted and the schedule for retrofits of the remaining buildings.
The 10 buildings where retrofits are noted as “voluntary” don’t meet the ordinance’s criteria for mandatory retrofit.  However, retrofits are still desired for these buildings to increase the level of life safety and minimize damages in future earthquakes.  Seismic retrofits for all of the buildings on the scheduled list are contingent on the availability of funding.
Table 6.14

Municipal Buildings Already Seismically Retrofitted

[image: image21.wmf]Buildings Seismically Retroffited

Year Completed

Public Works Field Services Administration

2009

Refuse Locker Room

2009

Park Maintenance Supervisor’s Office

2009

Water Reclamation Admin Building

2009

Water Reclamation Operations Building

2009

Water Reclamation Aeration Building

2009

Valley Park Restroom

2009

Johnny Carson Park Restroom

2009

Police Pistol Range

2008

Fire Station 16

2008

Starlight Bowl

2008


Table 6.15
Municipal Buildings Scheduled to be Seismically Retrofitted
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Building Name

10-11

Administrative Services  Building

10-11

Wells Fargo Building (unoccupied)

10-11

NW Library

10-11

Street Supervisors Office

10-11

Building Maintenance & Parks Storage

10-11

Police Evidence

12-13

DeBell Cart Storage Building

12-13

DeBell Golf Maintenance Shed 

12-13

DeBell Driving Range

11-12

Verdugo Recreation Center (Voluntary)

11-12

Olive Rec (Voluntary)

11-12

Fire Station 16 (Voluntary)

12-13

Police Evidence (Voluntary)

12-13

Izay Park Theater (Voluntary)

12-13

McCambridge Lower Assembly Building (Voluntary) 

12-13

Starlight Room Trellis (Voluntary)

12-13

Amphitheater Snack Bar (Voluntary)

13-14

City Hall (Voluntary)

13-14

Central Library (Voluntary)


Table 6.16 contains a summary of the nearly $5 million dollars in  FEMA mitigation grants pending or received for the seismic retrofit of municipal buildings in Burbank.

Table 6.16
FEMA Grants for Seismic Retrofit of Burbank Buildings
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FEMA

PENDING

2008

NW Library & Street Supervisor's 

Office

$463,217

FEMA
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2008
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FEMA
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2010

Building Maintenance & Parks Storage
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FEMA

2005-0011, PJ46

2005

Starlight Bowl, Police Pistol Range, 

Field Services Admin. Bldg., Water 

Rec Plant Admin. Bldg., Refuse 

Locker Room 

$1,439,791

FEMA

2007-1004, PJ21

2007

Fire 16

$362,950

FEMA

2007-1004, PJ17

2007

McCambridge Rec Center

1

$671,605

Total:

$2,474,346

1

Pending final payment of $67,160 after audit of McCambridge Rec Ctr grant project

Pending Grant Funds for Seismic Retrofit Projects

Grant Funding Received for Seismic Retrofit Projects


6.8.4 Other Buildings
Burbank also adopted retrofit ordinances in 1999 and 2001 for pre-1994 welded steel moment frame and pre-1976 reinforced concrete wall, reinforced masonry and concrete tilt-up buildings, respectively.   These ordinances required structural evaluations and seismic retrofits if necessary. As of 2009, all 10 welded steel moment frame buildings were in compliance with the seismic standards in the ordinance.  As of 2009, about half of the 850 reinforced concrete wall, reinforced masonry or concrete tilt-up buildings in Burbank were in compliance with seismic safety standards.  Per the ordinance, owners of non-complying buildings are required to post a conspicuous notice that the City of Burbank has ordered the owner to bring the building into compliance with the retrofit ordinance.

6.8.5 Schools

The Field Act requiring earthquake-resistant design for K-12 schools was enacted in 1933, shortly after the March 10, 1933 Long Beach earthquake (M6.4).  More than 230 school buildings were destroyed, suffered major damage or were judged unsafe to occupy after the earthquake.  Fortunately, schools were closed at the time of the earthquake and a major disaster with large numbers of deaths and injuries to school children was narrowly averted.
For construction of new schools, the Field Act requires the State Architect to write design standards for public schools and also has specific requirements for preparation of construction plans, plan checking, inspections and reporting to ensure construction in accord with codes and standards.  

School buildings constructed under the Field Act have performed well in earthquakes. No Field Act building has either partially or completely collapsed and no school children have been killed or injured in Field Act-compliant buildings.  

In 2006, Assembly Bill 127 was passed which gave community colleges the option of choosing to design and construct new buildings either under local building departments or under the Field Act.


6.8.6 Hospitals
The Alquist Hospital Seismic Safety Act  (Hospital Act) was enacted in 1973 in response to the M6.6 San Fernando (Slymar) earthquake in 1971 in which four major hospital campus were severely damaged and evacuated.  Two hospital buildings collapsed killing 47 people. Three others were killed in another hospital which nearly collapsed.
The Hospital Act required than hospital buildings housing patients be designed and constructed to resist, insofar as practical, the forces generated by earthquakes, gravity and wind.  When the Hospital Act was passed, the State anticipated that the majority of hospital buildings would be replaced with newer buildings in compliance with the Act.  However, a 2001 report by the Seismic Safety Commission found that buildings had not been and were not being replaced at the anticipated rate.  Rather, the great majority of the State’s urgent care facilities were more than 40 years old.  

The 1994 M6 Northridge earthquake caused about $3 billion in hospital damages and losses.  12 hospital buildings built before the Hospital Act were red-tagged as unsafe for occupancy.  Post-Act hospital buildings were very successful in resisting structural damage, but had widespread non-structural damage, which in some cases resulted in hospital closures for extended time periods.

In 1994, Senate Bill 1953 expanded the scope of the Hospital Act to require all hospitals to survive earthquakes without collapsing or posing the threat of significant loss of life by January 1, 2008.  The 1994 Act further mandated that all existing hospitals must be seismically evaluated and retrofitted, if needed, by 2030 to be reasonably capable of providing services to the public after disasters.
However, in 2001, a report to the Office of Statewide Health Planning and Development found that 40% of the state’s hospitals were in the highest risk category for collapse.

The Providence Medical Center, the only hospital in Burbank, meets the Senate Bill 1953 requirement that hospitals will survive earthquake without collapsing or posing the threat of significant loss of life.  The hospital buildings also meeting the 2030 requirement to be reasonably capable of providing services to the public after disasters with the exception of the East Building.

6.8.7 Alquist-Priolo Surface Rupture Zones
Facilities located within fault zones subject to surface rupture are vulnerable to extensive damage from vertical or horizontal offsets.  The Alquist Priolo Special Study Zone Act of 1972 requires identification of areas subject surface ruptures, with restrictions on development in such areas.  Several faults in Los Angeles County are designated as Special Study Zones, but none of these faults are located within Burbank.  However, as noted previously, surface rupture may be possible on the Verdugo Fault which runs through Burbank.
6.9  Mitigation Strategies and Action Items for Earthquakes tc \l2 "3.6  Earthquake Hazard Mitigation Projects: General Examples
The primary objectives of earthquake mitigation measures are:

· Protect life safety,

· Reduce damages, and

· Reduce losses from loss of function.

For buildings, life safety is often the predominant driving force for mitigation measures.  However, for specialized, high-value facilities such as data centers or high-technology manufacturing facilities, damage reduction may be the primary motivation.  For critical facilities, including emergency response facilities and medical facilities, preserving the function of the facility after earthquakes is typically a major factor in mitigation decisions.

For utility and transportation infrastructure, life safety may also be the predominant driving force for mitigation.  However, in many cases the primary motivation is avoiding the large economic impacts that may result from loss of critical utility services or loss of key transportation components such as bridges. In many cases, the benefits of avoiding loss of function economic impacts are much larger than the benefits of avoiding direct damage.
For buildings as well as utility and transportation infrastructure, the best seismic mitigation projects don’t address typical facilities but rather focus on facilities which have high seismic vulnerability and high importance.  Common seismic mitigation projects include the following:
· Structural retrofits of buildings,

· Non-structural retrofits of building equipment and contents,

· Structural retrofits of major utility and transportation infrastructure, including reservoirs, water and wastewater treatment plants, and bridges, and

· Non-structural retrofits for utility control equipment, pumps, generators, battery racks, substation components and so on.
The following table contains earthquake mitigation action items from the master Action Items table in Chapter 4.

Table 6.17
Earthquake Action Items
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Earthquake Mitigation Action Items

Short-Term #1

Complete the remaining seismic retrofits on the 

important City-owned buildings as tabulated in 

Chapter 6.

Public Works

5 Years

X

X

X

Short-Term #2

Encourage owners of public and private buildings in 

Burbank to evaluate and implement structural and 

nonstructural mitigation measures when necessary to 

ensure adequate earthquake performance.

Building Division

Ongoing

X

X

X

X

Short-Term #3

Develop programs to help homeowners implement 

nonstructural mitigation measures and structural 

retrofits for seismically vulnerable residential 

buildings.

Building Division

5 Years

X

X

X

Short-Term #4

Disseminate FEMA pamphlets to educate 

homeowners and business owners about structural 

and non-structural retrofitting of vulnerable buildings 

and encourage retrofit.

Building Division

1-2 Years

X

X

X

X

Long-Term #1

Develop and implement a long term plan for 

nonstructural mitigation for City buildings and facilities

Building Division, Public Works

Ongoing

X

X

X

Hazard

Action Item

Coordinating Organizations

Timeline

Plan Goals Addressed
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