4 RISK ASSESSMENT

Requirement 8§201.6(c)(2): [The plan shall include] A risk assessment that provides the
factual basis for activities proposed in the strategy to reduce losses from identified
hazards. Local risk assessments must provide sufficient information to enable the
jurisdiction to identify and prioritize appropriate mitigation actions to reduce losses from
identified hazards.

As defined by FEMA, risk is a combination of hazard, vulnerability, and expoBitins. the

impact that a hazard would have on people, sesyitacilities, and structures in a community

and refers to the likelihood of a hazard event resulting in an adverse condition that causes injury
or damage

The risk assessment process identifies and profiles relevant hazards and assesses the exposure of
lives, property, and infrastructure these hazards. The process allows foetter understaralg

of a jurisdictiorgs potential risk to hazards and provides a framework for developing and
prioritizing mitigation actions to reduce risk from future hazardnts.

This risk assessment followed the methodology described in the FEMA publication
Understanding Your Ris&ddentifying Hazards and Estimating Losq4€€MA 386-2, 2002),
which breaks the assessmand a fourstep process:

1) Identify hazards
2) Profile hazardevents
3) Inventoryassets
4) Estimateosses

Data collected through this process has been incorporated into the following sections of this
chapter:

e Section 4.1Hazard ldentification: Natural Hazards identifies thenatural hazards that
threaten the plamng area and describes why some hazards have been omitted from further
consideration.

e Section 4.2Hazard Profiles discusses the threat to the planning area and describes previous
occurrences of hazard events and the likelihood of future occurrences.

e Sectim 4.3 Vulnerability Assessmentissesses theityés total exposure to natural hazards,
considering assets at risk, critical facilities, and future development trends.

e Section 44 Capability Assessmentinventories existing mitigation activities and policies,
regulations, and plans that pertain to mitigation and can affect net vulnerability.

This risk assessment covers the entire geographical extiet Gity of Fullerton
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4.1 Hazard Identification : Natural Hazards

Requirement 8201.6(c)(2)(i): [The risk assessment shall include a] description of the
typeéof all nat ur alectthejuasdidtoon.t hat can aff

The City of FullertonHMPC conducted a hazard identification study to determine the hazards
that threaten the planning area.

4.1.1 Methodology and Results

Using existing natural hazards data and input gaitedugh planning meetings, the HMPC
agreed upon a list of natural hazards that could affecCity of FullertonHazards data from

Cal EMA, FEMA, the National Oceanic and Atmospheric Administration, andymather

sources were examined to assess the significance of these hazards to the planning area.
Significance was measured in general terms and focused on key criteria such as frequency and
resulting damage, which includes deaths and injuries and prapettgconomic damage. The
natural hazards evaluated as part of this plan include those that odoutiecpasor have the
potential to cause significant human and/or monetary losses in the future. Only the more
significant (or priority) hazards have a raaletailed hazard profile and are analyzed further in
Sectiond.3Vulnerability Assessment.

In alphabetical orderhe natural hazards identified and investigated forGlig of Fullerton
Local HazardMitigation Planinclude:

e Dam Failure

e Drought

e Seismic and Geologidazards
— Earthquake
— Landslide

— Liquefaction
— Lateral Spreading
— Subsidence
— Settlement
e Flood
— 100/500year flood
— Stormwater flood
e Human Health Hazards
— EpidemicPandemic
— West Nile Virus
e Landslide(nonseismic)
e Severe Wedier
— ExtremeTemperatures
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e Extreme Cold/Freeze
e Extreme Heat
- Fog
— Heavy Rain/Thunderstorfidail/Lightning
— Tornado
— Wind
e Soil Hazards
— Erosion
— Subsidencénon-seismic)
e Volcano
e Wildfire

The HMPC eliminatedhe natural hazasdisted below from further consideration this risk
assessmeriitecause¢heyoccur rarely or not at aiih the City of Fullerton

e Agricultural

e Coastal Erosion

e Coastal Storm

e Hurricane

e Severe Weather
- Snow

e Tsunami

4.1.2 Disaster Declaration History

One method the HMPC used to identify hazards wasetbearching of past events that triggered
federal and/or state emergency or disaster declarations in the planning area. Federal and/or state
disaster declarations may be granted when the severity and magnitude of an event surpasses the
ability of the localgovernment to respond and recover. Disaster assistance is supplemental and
sequential. When the local governmirtapacity has been surpassed, a state disaster declaration
may be issued, allowing for the provision of state assistance. Should the disa=iesevere that

both the local and state governmértapacities are exceeded, a federal emergency or disaster
declaration may be issued allowing for the provision of federal assistance.

The federal government may issue a disaster declaration throhgi,Fee U.S. Department of
Agriculture (USDA), and/or the Small Business Administration (SBA). FEMA also issues
emergency declarations, which are more limited in scope and without théetomgederal
recovery programs of major disaster declarations. quemntity and types of damage are the
determining factors.This section focuses on state and federal disaster and emergency
declarations.
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Fullerton is among the margommunitiesin California that are susceptible to disasizetails
on federal and state sister declarations were obtained by the HMPC, FEMACahd&EMA and
compiled in chronological order ifiable 4.1 Note most disaster declarations are issued on a
countywide basis In some (limited) instances a city or areithin a county is specifically
designatedA review of state and federal declared disasters indi¢htd the City of Fullerton
itself never received a disaster declaration. However, Or&mmty received 36 state
declarationsbetween1950 and November 2008 26 of which alsoreceivedfederal disaster
declarationsOf the 36 statedeclarations 14 were associated witheverewinter storms heavy
raing or flooding; 11 for wildfires, 2for heavy surf and coastal stomisfor earthquake, 2 for
gasolineshortages, 2 for Exotic Newcastle Disease Epidemifgr Mediterranean Fruit Fly
outbreak 1 for energy emergencgnd 1for Hurricane Katrina Evacuations.

This disaster history (combinddderaland statesuggests thaDrange County (andé City of

Fulerton) experiencesa major event worthy of a disaster declaration evefyyears The

County hasa 62.1percentchance ofeceivinga disaster declaratidn any given yearWith the

exception of the declarations for earthquake and wildfiweryedeclaation resulted directly or
indirectly fromsevere weathe6imilarly, most ésastesrelatedinjuries to people and damage
propertyresuledfrom severe weather.

Table 4.1. The City of Fullerton & State and Federal Disaster Declaration s, 1950-2007

State Federal
Hazard Type Disaster # Year Declaration  Declaration Location Damage*
Floods CDO 50-01 1950 11/21/50 -- Statewide 9 deaths;
$32,183,000
Floods DR-47 1955 12/22/55 12/23/55 Statewide 74 deaths;
$200,000,000
Storm & Flood - 1958 4/2/58 4/4/58 Statewide 13 deaths;
Damage several injuries
$24,000,000
High Tides and - 1963 2/63 - Orange County 5 deaths;
Heavy Surf (and City of $500,000
Redondo Beach)
Major and - 1967 1/7/67 - Orange County 17,500 acres and
Widespread (and 3 other 30 buildings
Fires (Woodsen counties) destroyed
Fire) $11,345,000
1969 Storms DR-253 1969 1/25/69 1/26/69 Orange County 47 deaths
(and 39 other 161 injuries
counties) $300,000,000
Exotic - 1972 4/10/72 - Orange County $10,000,000
Newcastle (and 6 other
Disease counties)
Epidemic
Gasoline - 1974 2/28/74 - Orange County N/A
Purchasing (and 8 other
Problems counties)
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State Federal
Hazard Type Disaster # Year Declaration  Declaration Location Damage*
Storms DR-547 1978 2/13/78 2/15/78 Orange County 14 deaths;
(and 13 other at least 14
counties) injured;
2538 homes
destroyed,;
$117,802,785
Gasoline - 1979 11/13/79 - N/A
Shortage
Emergency
1980 Winter DR-615 1980 2/19/80 2/21/80 Orange County Not available
Storms (and 6 other
counties)
Southern DR-635 1980 11/18/80 11/18/80 Orange County 420 buildings,
California Fires (and 3 other 46,945 acres
counties) destroyed,;
$64,795,200
Orange Fire DR-657 1982 4/21/82 4/21/82 Orange County $50,877,040
Dayton Hills 1982 10/10/82 - Orange County 57,000 acres and
Fire (and 2 other 65 buildings
counties) destroyed,;
$19,277,102
Winter Storms DR-682 1982/ 1/31/83 2/9/83 Orange County $523,617,032
1983 (and 43 other
counties)
Whittier DR-799 1987 10/5/87 10/7/87 Orange County 9,164 homes and
Earthquake (and 1 other 1,455 businesses
county and 2 damaged or
cities) destroyed,;
$358,052,144
Coastal Storms DR-812 1988 1/21/88 2/5/88 Orange County Not available
(and 2 other
counties and 2
cities)
Mediterranean - 1989 11/20/89 - Orange County Damage was
Fruit Fly avoided
1992 Winter DR-935 1992 2/19/92 2/25/92 Orange County 5 deaths
Storms (and 4 other $123,240,531
counties and 1
city)
1992 Late DR-979 1992 1/19/93 1/15/93 Orange County 20 deaths;
Winter Storms (and 23 other 10 injuries;
counties and 2 $600,000,000
cities)
Southern DR-1005 1993 10/27/93 10/28/93 Orange County 4 deaths;
California (and 5 other 162 injuries;
Firestorms counties) 1078 structures
and 193,814
acres destroyed;
$1 billion
Northridge DR-1008 1994 1/24/94 1/17/94 Orange County 57 deaths; 11,846
Earthquake (and 4 other injuries;
counties) $40 billion+
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State Federal
Hazard Type Disaster # Year Declaration  Declaration Location Damage*
Severe Winter DR-1044 1995 1/6/95 1/13/95 Orange County 11 deaths
Storms (and 44 other $741,400,000
counties)
Late Winter DR-1046 1995 -- 1/10/95 Orange County 17 deaths
Storms (and all other $1,100,000,000
counties except
Del Norte)
Southern EM-3120 1996 10/96 10/96 Orange County 5 injuries;
California (and 1 other 344 homes
Firestorms county) damaged or
destroyed,;
$40,000,000
El Nino DR-1203 1998 - 2/2/98 Orange County 17 deathsd
(and 39 other $550,000,000
counties)
Energy GP 2001 2001 1/1/01 - Orange County Not available
Emergency (and all 57 other
counties)
Antonio Fire FM-2405 2002 - 5/13/02 Orange County $467,678
Exotic GP 2003 1/3/07 - Orange County Not available
Newcastle (and all 5 other
Disease counties)
Epidemic
2005 January DR-1577 2005 1/12/05 2/4/05 Orange County $291,368,772
Winter Storms (and all 7 other
counties)
2005 February DR-1585 2005 3/16/05 4/14/05 Orange County $76,128,144
Storms (and all 6 other
counties)
Hurricane EM-3248 2005 - 9/13/05 Orange County $763,576
Katrina (and all 57 other
Evacuations counties)
Sierra Fire FM-2630 2006 - 2/6/06 Orange County $161,790
(and 1 other
county)
241 Fire FM-2683 2007 - 3/11/07 Orange County Not available
Wildfires DR-1731 2007-8 10/24/07 Orange County Not available
(and all 6 other
counties)
2008 Wildfires DR-1810 2008 - 11/18/08 Orange County Not available
(and all 3 other
counties)
Source: California Emergency Management Agency, www.oes.ca.gov/
*Damage amount and deaths and injuries reflect totals for all impacted counties
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4.2 Hazard Profiles

Requirement 8201.6(c)(2)(i): [The risk assessment shall include a] description of
theél ocation and extent o f al | natur al hazards
shall include information on previous occurrences of hazard events and on the
probability of future hazard events.

The hazardsidentified in Section4.1 Hazard Identification: Natural Hazards are profiled
individually in this section.In general, information provided by planning team members is
integrated into this section with information from othatadsources, such as those mentioned in
Section4.1 These profiles set the stage for SectibB Vulnerability Assessment, where the
vulnerability is quantifiedwhere possibldpr each of the parity hazards.

Each hazard is profiled in the following format:

e Hazard/Problem Descriptiond This section gives a description of the hazard and associated
issues followed by details on the hazard specific toGhg of Fullerton planning area.
Where known this includes information on the hazard extent, seasonal patterns, speed of
onset/duration, and magnitude and/or secondary effects.

e Past Occurrenced This section contains information on historical incidents, including
impacts where known. The extent orcdtion of the hazard within or near ti@ty of
Fullerton planning area is also included here. Historical incident workslaeetother data
sourcesvere used to capture information on past occurrences.

e Frequency/Likelihood of Future Occurrenced The frequeny of past events is used in this
section to gauge the likelihood of future occurrences. Where possible, frequency was
calculated based on existing data. It was determined by dividing the number of events
observed by the number of years on record and phyitig by 100. This gives the percent
chance ofan event happening in any given year (e.g., three droughts oveiy@aB@eriod
equates to a 10 percent chance of a drought in any given Yéar)ikelihood of future
occurrencess categorized into one tfie following classifications:

— Highly Likely 8 Near 100 percent chance of occurrence in next year or happens every
year.

— Likelyd Between 10 and 100 percent chance of occurrence in next year or has a
recurrence interval of 10 years or less.

— Occasionab Betwea 1 and 10 percent chance of occurrence in the next year or has a
recurrence interval of 11 to 100 years.

— Unlikelyd Less than 1 percent chance of occurrence in next 100 years or has a
recurrence interval of greater than every 100 years.

Section4.2.18 Natural Hazards Summangrovides an initial assessment of the profiles and
assigns a levebf significance to each hazardhose hazards determined to be of high
significance were characterized as priority haz#ndsrequird further evaluation in Sectiof.3
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Vulnerability Assessment. Those hazards that occur infrequently or have little or no impact on
the planning area were determined to be of low significaBiggificance wasletermined based

on thehazard profile, focusing on key criteria such as frequency and resulting damage, including
deaths/injuries and prepty, and economic damagghis assessmemtasused by the HMPC to
prioritize those hazards gfreatestsignificance to thelanningarea; thus enabling theCity to
focusresourcesvhere they are most needed

The following sections provide profiles of the natural hazards that the HMPC identified in
Section4.1 Identifying HazardsThe severe weather hazards areused firsbecause it is the
secondary hazards generated by severe weather (e.g., flood and witdfirean result in the
most significant losse3 he other hazards follow alphabetically.

4.2.1 Severe Weather : General

Severe weather is generally any destuectveather event, but usually ocsun the City of
Fullertonplanning areas localizedhundestormsthat bringheavyrain, hail, andlightning.

The National Oceanic and Atmospheric Administrat®nNational Climatic Data Center
(NCDC) has been trackg svere weather since 195Their Storm Events Databadeacks
severe weather events on a county basiscanthins data on the followingll weather events
from 1993 to current (except from 1893-7/1993), and additional data from the Storm
Prediction @nter which includes tornadoes (198@92), thunderstorm winds (194992), and
hail (19551992). This databas&ontains292 severe weather eventlsat occurredn Orange
Countybetween January 1, 195hdMarch 31, 2009Table 4.2summarizesheseevents.
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Table 4.2. NCDC Hazard Event Reports for the Orange County* 1950-2009

Type # of Events  Property Loss ($) Crop Loss ($) Deaths Injuries
Dense Fog 13 15,000 0 0 4
Flash Floods 30 1,995,000 0 0 0
Floods 62 56,320,000 0 4 7
Funnel Clouds 32 0 0 0 0
Hail 9 75,000 0 1 0
Heavy Rain 13 36,113,000 0 1 5
High Winds 35 10,139,000 35,825,000 6 74
Lightning 3 60,000 0 0 0
Thunderstorm/Wind 21 785,000 20,000 0 0
Tornado: FO 16 5,719,000 0 0 3
Tornado: F1 9 5,270,000 0 0 4
Tornado: F2 1 3,000 0 0 0
Tornado: F3 1 2,500,000 0 0 6
Urban/Small Stream Flood 23 4,710,00 242,000 0 3
Wildfires 24 164,575,000 0 0 29
Totals** 292 283,573,710 36,087,000 12 135

Source: National Climatic Data Center Storm Events Database, www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwEvent~Storms
*Note any reference to a coastal type weather event for Orange County has been excluded from this table.
**| osses reflect totals for all impacted areas, inclusive or Orange County

The HMPC supplementetlCDC data with data fronsSHELDUS (Spatial Hazard Events and
Losses Database for the United States). SHELDUS is a ctevdlydata set for the United
States that tracks 18 types of natural hazard svaloing with associated property and crop
losses, injuries, and fatalities for the period 22605. Produced by the HazasdResearch Lab

at the University of South Carolinthis databaseombinesinformation from several sources
(including the NCDC)From 1960 to 1995, only those events that generated more than $50,000
in damagewere included inSHELDUS For events that covered multiple counties, the dollar
losses,deaths and injuries were equally divided among tagected counties (e.g., iffour
counties were affected, them quarterof the dollar losss injuries,and deathsvere attributed to
each county From 1995 to 2005all events that were reported by the NCDC with a specific
dollar amount are included BHELDUS

SHELDUS contains information w263 severe weather eventsat occurredn Orange County
betweenl960and2007. Table 4.3summarizes thesvents.
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Table 4.3. SHELDUS Hazard Event Reports for the Orange County* , 1960-2007

Type # of Events Property Loss ($) Crop Loss ($) Deaths Injuries
Earthquake 1 360,000 0 0 0
Flooding 35 112,466,193 722,000 8.67
Flooding, Severe 5 227,873 12,685,379 0 6
Storm, Thunderstorm

Fog 2 5,000 0 0 1.66
Fog - Severe 1 500 0 2 0
Storm/Thunder Storm

- Wind - Winter

Weather

Hail 1 75,000

Hail, Lightning 1 5,000

Hail, Severe Storm/ 2 86 .02 .73
Thunderstorm

Heat 0 5.51 7.78
Landslide 51,858,500 1 0
Landslide i Severe 1 5,000 0 0
Storm

Lightning 169,404 28,676 1.06 1.33
Lightning i Severe 805 50,407 0.8 0
Storm

Lightning - Wind, 1 294 0 0 .06
Severe Storm, 34 37,724,119 21,536 7 20.65
Thunderstorm

Severe Storm, 21 1,313,606 520,086 1.39 .93
Thunderstorm, Wind

Severe Storm, 3 1,676,149 175,287 0.6 .07
Thunderstorm, Winter

Weather

Tornado 12 1,701,050 0 5 0
Wildfire 17 454,289,286 0 .75 76
Wind 82 5,774,609 9,717,586 6 34.6
Wind 7 Winter 1 500 0 0 0
Weather

Winter Weather 20 5,264,709 9,147,317 4.95 33.73
Totals** 263 672,917,683 33,068,274 39.08 192.21

Source: SHELDUS, Hazards Research Lab, University of South Carolina, www.sheldus.org/
*Note any reference to a coastal type weather event for Orange County has been excluded from this table.
**Events may have occurred over multiple cities, so damage may represent only a fraction of the total event damage and may not
be specific to Orange County and City of Fullerton

The NCDC and SHELDUS tableabove summarize severe weather evéh# occurredn

Orange CountyOnly a fev of the events actually resulted in state and federal disaster
declarationsilt is interesting to note that different data sources capture different events during the

same time period, and often different information specifih&samesvents.While theHMPC
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recognizes these inconsistenciéss the value this datgrovides in depicting the Couris/fibig
pictured hazard environment

As previously mentioned all of the City of Fullertods state and federal disaster declarations
have been eesult ofsevere weatheror this plan, severe weathebi®ken down as follows:

e Extreme Temperatures
— Extreme Cold/Freeze
— Extreme Heat
e Fog
¢ Heavy Rain/Thunderstorm/Hail/Lightning
e Tornado
e Wind

4.2.2 Severe Weather: Extreme Temperatures

Hazard/Problem Description

Extreme temeprature events, bottold and hot, can have severe impaocbn human health and
mortality, natural ecosystemandagriculture and other economic sectors.

Extreme Cold/Freeze

Extreme cold often accompanies a winter storm or is left in its wake. Proloxgesuee to cold

can cause frostbite or hypothermia and can behifeatening. Infants and the elderly are most
susceptiblePipes may freeze and burst in homes or buildings that are poorly insulated or without
heat.Freezing temperatures cafsocause gnificant damage to the agricultural industwhich

is very limited within the City

In 2001, the National Weather Service implemented an updated Wind Chill Temperature index
(seeFigure 4.). This index was developed to dabe the relative discomfort/danger resulting
from the combination of wind and temperature. Wind chill is based on the rate of heat loss from
exposed skin caused by wind and cold. As the wind increases, it draws heat from the body,
driving down skin tempmture and eventually the internal body temperature.
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Figure 4.1. National Weather Service Wind Chill Chart
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Source: National Weather Service Forecast Office, San Joaquin Valley/Hanford, California, www.wrh.noaa.gov/hnx/

Extreme Heat

According to information providedy FEMA, extreme heat is defined as temperatures that hover

10 degrees or more above the average high temperature for the region and last for several weeks.
Heat kills by taxing the human body beyond its abilities. In a normal year, about 175 Americans
sucumb to the demands of summer heat. According to the NWS, among natural hazards, only
the cold of winted not lightning, hurricanes, tornadoes, floods, or earthquakases a greater

toll. In the 40year period from 1936 through 1975, nearly 20,000 peoje Willed in the

United States by the effects of heat and solar radiation. In the heat wave of 1980, more than
1,250 people die&Extreme heat can also affect the agricultural industry.

Heat disorders generally have to do with a reduction or collapbe todys ability to shed heat

by circulatory changes and sweating or a chemical (salt) imbalance caused by too much
sweating. When heat gain exceeds the level the body can remove, or when the body cannot
compensate for fluids and salt lost through peasioin, the temperature of the bd@slynner core

begins to riseand heatelated illness may develofphe dderly, small childrenpatients with

chronic medical conditionghose omprescription medication therapgnd peoplewith weight

and alcohol prol@ms are particularly susceptible to heat reactions.

According to thewestern Regional Climate Centéne average high and losmperatures for
the City of Fullerton in August ar88.£F and58.5°F, respectively Temperatures that are 10
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degrees above noahare considered excessive. The NWS has in place a system to initiate alert
procedures (advisories, watches, and warnings) when high temperatures are expected to have a
significant impact on public safety. The expected severity of the heat determinéstygaoof

alert is issued

The City of Fullertorbegins to experience hot weather in May or June of eachayehthe heat
continues throughout the summer montfigie City of Fullerton is a participating jurisdiction in

the Orange CountyOperational Ara Emergency Operations PlaExtreme HeatWeather
Annex As indicated in the plan,sing historical weather and mortality data, /S and the
California Department of Public Health have identified five major types of climate regions
within Californiato account for climate differences among regions in order to recognize what
constitutes an excessive heat event in each of the regions. When temperatures spike for two or
more consecutive days without an adequate drop in nighttime temperature to coobtee out
and indoor environments, there is a significant increase in the risk to vulnerable populations.
The San Diego office of thBWS, usingtheseclimateregionspecific criteria, will predict an
excessive heat event, thssue alerts in the form of a &pal Weather Statemetitat is based

on how far in advance of the event they are making the prediclibe Extreme Heat Weather
Annex (profiled in the Sectiod.4 Capabilities)ncludes the following alerts

e An Excessive Hat Outlook s issued 37 days in advance of an event to give advance notice
of the possibility of excessively hot conditions. Criteria match those of an Excessive Heat
Warning. If predicted weather conditions are maintaim@dExcessive Heat Outlook sna
become arExcessive Heat Watch.

¢ An Excessive Heat Watchs issued 36 to 48 hours in advance of an event to give advance
notice of the possibility of excessively hot conditions. Criteria match those of an Excessive
Heat Warning.

e An Excessive Heat Warnings issued 6 hours in advance of an excessive heat event that
is expected to last 2 days or more. Criteria consists of a heat index of at least 105°F for more
than 3 hours per day for 2 consecutive days, or heat index more than 115°F for any period of
time.

Any heat related response will be carried out in consultation and coordination with the Orange
County Operational Area partnersyhich includesFullerton, using the follwing phases and
thresholds as guidelines to determine the most appropriate devesponse for the affected
Orange County areashe Orange County Extreme Heé&feather Annexprovides a three phase
approach to mitigate and reduce the effects of extreme heat.

e Phase Oné Readiness This is executed when NWS issues a special or hazsndeather
forecast predicting hot weather.
e Phase Twal Heat Alert: This is triggered when on or more of the following occur:
— NWS issues a Heat Watch predicting excessive hot weather for 3 days or less.
— California Independent System Operat¢€CALISO) issies a Stage 3 Electrical
Emergency or rotating blackouts.
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— Orange County Health Officer provides information from theestatother reporting
measures within the Health Care Agerfed\CA), Emergency Medical Services, Orange
County Sherriffneg 6Bedrti ment e€Car. o

e Phase Threeé Heat Emergency This is triggered when on or more of the following occur:

— Weather conditions with a credible weather forecast of excessively hot weather for more

than three days with one or more of the following:

e Heat inde of over 105°F;

e High daytime air temperature greater than 105°; or
e Nighttime temperature of 85° or greater.

— NWS Heat Warning issued for more than three days.

— CALISO issues a Stage 3 Electrical Emergency

— Increased reports of heat related illnesses, medinatgencies, or mortality reported by
EMS or other credible sources.

— Orange County Health Officer provides any other information received from the state or
other reporting measures within the Health Care Agency, Emergency Medical Services,
Orange County Ber r i f f O0s Depart ment Coroner 0s
recommendation.

Forecasting and monitoring of extreme heat conditions will be done by the Orange County
Sherriffdés Department and Emergency Managemen

Past Occurrences

According to the Orange County Extreme Heat Annex, typical summer temperatures in
California contribute to approximately 20 deaths per year. The July 2006 heat wave in
California was responsible for the death of 140 people over a 13 day period.

Information from theclosest weather statiamth the most comprehensive dati@e Yorba Linda
Weather Statior§33° 53\py 117° 4Nj, 40 ft above) msummrizedebalowl e v e |
and inFigure 4.2

The City of Fullerton (Yorba Linda Weather Station, Period of Record 1948 to 2007)

In the City of Fullerton monthly average maximum tenrpures in the warmest months (May
through October)range from themid 70s to theupper 80s Monthly average minimum
temperatures from November through April range fromrthé 60s to low 70s The hghest
recorded daily extremeras 114°F on September 11955 The lowest recorded daily extreme
was -20°F on December 18, 1920In a typical year, maximum temperatures do not exce&d 90
and minimum temperature® not fall below 4€F.
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Figure 4.2. The City of Fullerton & Daily Temperature Averages and Extremes

YORBA LIMDA, CALIFORMIA (049847)
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Source: Western Regional Climate Center, www.wrcc.dri.edu/

The HMPC identified the following events related to extreme temperainrése City of
Fullertonplanning area

Events of Note

Extreme Cold/Freeze

January 1518, 1987- A very cold air mass remained over the region. It was 10° at Mt. Laguna,
17° at Bonsall, 22° at Valley Center, 24° in Poway, 26° in El Cajon, 31° in Chula Vista and 36°
at San Diego. On 1.17 it was 2#°Fallbrook, 28° in Del Mar. Substantial avocado crop loss in
the millions of dollars. Two dmeless died of hypothermia on Jandaty

December 2430, 1988- A week of subfreezing temperatures in Southern California. 5 people
died as a result of the cold

Extreme Heat

June 11, 1887 112°F observed in Los Angeles. It would be an all time record, but official
records did not begin to be track until 20 days later.

July 25, 18911 109°F observed in Los Angeles.

April 23, 1910- 100°F observed in Los Angealea record for April.
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October 14, 1961- Hot Santa Ana winds drove the temperature to 110° in Long Beach, the
hottest in the nation, 107° in San Diego, 105° in LA, and over 100° in many coastal and inland
locations.

October 2029, 1965- A very long heatwave. LA had 10 consecutive days with afternoon
highs reaching 106

October 3-4, 1987- 108° in LA on both days, a record for October.

July 16-22, 200® Strong high pressure centered over the southwest United States and
monsoon moisture during the ldsalf of July led to numerous daily high minimum and high
maximum temperature records, some of which were all time records. The strong subsidence over
Southern California caused an unprecedented heat wave and widespread surface dew point
temperatures frorthe upper 60s to the mid 70s resulted in record warm overnight temperatures
and abnormally high humidity level§.he heat wave reached its peak on the 22ik heat was
particularly hard on the elderly and those without air conditioning. Power outayks for an

even more dangerous situation. While high temperatures near the end of the month did not
exceed excessive heat criteria, low temperatures remained at record warm levels. This was
particularly problematic for residents who do not have air caditg and were unable to cool

their homes at nighiThe NCDC databaseportedl6 heat related deashn southern Califoria

during thisheat wavethough it does not denote whether any fatalities occurred in Fullerton

September2007@ Strong high pressurand easterly flow brought hot, humid weather to much

of Southern California. Temperatures exceede€da8iing the coast and in the mountains,°1i@5

the Orange and San Diego County valleys,°lifi@he Inland Empire and high deserts, and°115

in the lowerdeserts. Humidity levels were quite high for the region, especially in the lower
deserts where periodic gulf surges would raise the dew point into the 70s. At least 6 people died
of heat related causdsowever the actual number of deatiosild behigherthan indicated.

Likelihood of Future Occurrences

Highly Likely 8 Temperature extremes are likely to continue to occur annually iitlreof
Fullertonplanning area

4.2.3 Severe Weather: Fog

Hazard/Problem Description

Fog results from air being cooled to themavhere it can no longer hold all of the water vapor it
contains. For example, rain can cool and moisten the air near the surface until fog forms. A
cloudfree, humid air mass at night can lead to fog formation, where land and water surfaces that
have wamed up during the summer are still evaporating water into the atmosphere. This is
called radiation fog. A warm moist air mass blowing over a cold surface also can cause fog to
form, which is called advection fog.
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Fog contributes to transportation accideand is a significant life safety hazard. These accidents
can cause multiple injuries and deaths and could have serious implicatitwsni@n health and

the environment if a hazardous or nuclear waste shipment were involved. Other disruptions from
fog include delayed emergency response vehicles and school closures

Past Occurrences

Between 1960 and 2009 the NCDC Storm Events Databasend SHELDUS recorded 3l
incidents of fogn Orange Countycollectively responsible fad2 deaths4 injuries,and$20,500
in property lossedMost of these incidentsccurred between November and Marohe was in
May.

According tothe HMPC,fog is an occasionabccurrencewithin the planning aregbut damages
have been limitedNotable regionalfog incidentsreported bylie HMPC include the following:

November 2526, 2000- Dense fog moved north along the coast during the evening hours and
inland after sunset. Visibility was less than 100 feet over the coastal waters, major airports, and
highways between San Diego and l&ggeles. Marine and air transportation into and out of the
region was shut down. Several recreational boaters became lost in the fog.

December 914, 2004- Patchy dense fogeducedvisibility to less than 100 feet at times during
the late night and earlyorning hours. Most of the fog was confined to the coast and extreme
southwestar Riverside and San Bernardino@ty valleys

December 1, 2008 Dense fog caused several injury accidents that led to significant traffic
delays on Orange County freewayseTig also caused numerous flight delays at John Wayne
Airport. Dense fog resulted in flight delays and auto accidents during a busy holiday weekend.
In Fullerton, five automobile accidents were linked to this fog incident.

Likelihood of Future Occurrences

Occasionad Based orthe NCDC and SHELDUSlJata,13 major fog incidens over a 8-year

period equates ta major fog event evenB.7 years anda 27.1 percentchance of anajor fog
eventin any given yeain the Orange County are@his would amount to a kely rating for
likelihood of future occurrence. However, since there have been no identified damaging fog
events specific to Fullerton, and the NCDC and SHELDUS data is all based on County figures,
the actual rating is much more likely occasiorBasedon input from the HMPC, it is likely that
minor fog events will continue to occur annually in @igy of Fullertonplanning area
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4.2.4 Severe Weather: Heavy Rain/Thunderstorm /Hail/Lightning
Hazard/Problem Description

Stormsin the City of Fullertonplanningareaare generally characterized bgavy rainoften
accompanied by strongindsand sometimelghtning and hail Approximately 10 percent of the
thunderstorms that occur each year in the United States are classified as/s#veneerstorm
is classifiel as severe when it contains one or more of the following phenormaihahat is
threequartersof aninch or greaterwinds inexcess of 50 knots (57.5 mpby atornado.

Hail is formed when water droplets freeze and thaw as they are thrown high entppbr
atmosphere by the violent internal forces of thunderstoHasd.is sometimesassociated with
severe stormsvithin the City of Fullertonplanning areaHailstones are usually less thawmo
inches in diameter and can fall at speeds of 1R8smer hour (mph) Severe hailstorms can be
guite destructivecausing damage to roofs, buildings, automobiles, vegetation, and crops.

Lightning is defined as any and all of the various forms of visible electrical discharge caused by
thunderstormsThundestormsand lightningare usually (butnot alway$ accompanied by rain.
Cloudto-ground lightning can kill or injure people by direct or indirect me@igects can be
struckdirectly, whichmay result in an explosion, burn, or total destructdn.damage mayeb
indirect when the cuent passes through or near an obj&dtjch generally resultsn less
damage.

Tornadoes (see Secti@gn2.5Tornado) and funnel clouds can also occur during these types of
storms.

Past Occurrences

Heavy rains and severe storms occutthe City of Fullertonplanning aregrimarily during the

latefall, winter, and spring, but have been documented in every month of theAgearding to
informationobtained fom the NCDCthe majority of precipitatiofis produced by storms during

the winter monthsPrecipitation during the summer months is in the form of rain showers and is
rare. The City of Fullertonreceives about 1éhches of rain per yeaGnowstorms hailstorms,

and ice storms occur infrequentlytime City of Fullertonand sever@ccurrences of any of these

are very rareDamaging winds gaaccompany winter storm systems moving through the area.
Often these winds cause tree damage severe enough to warrant removal of limbs and branches by
the Mainenance Services Departmenf description of past heavy rains and severe storms
occurring within the Orange County, and where noted, the Fullertoricdiceas:

October 1957- Widespread thunderstormeere reported Ha i | drifted to 180

January 31, 1979 Hail 1.25- 2 inches in diameter fell in the area.
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January 29, 1980/ Heavy rains fell in the Fullerton area causing an unusual prablathfrom

an underground fault in Tonner Canyon washed down a county flood control channel and into
streamghrough the golf course. Although it was undetermined how much oil washed through
the channel during the heavy rains, there was no immediate danger to wildlife or coastal
recreation downstream. Damages to the golf course took a month to clean up.

February 14, 1998- An exceptionally strong westerly jstream aloft,coupled witha deep
upperlevel trough of low pressure off the coast, steered a barrage of weather systems through
southern California for several days. The action started off with higlsnand then heavy rain

on the sixth. Rainfall up to three inches caused widespread flooding, stranding motorists, and
resulting in sporadic road closure3he Fullerton Golf Course suffered when a bridge on the
course was washed out. The City spent $5,fi) sandbags and sand for distribution, and
another $30,000 for pothole repair as a result of this storm.

October 27, 2000 The first significant rainfall of the season brought over an inch of rain to the
coastal sections during the morning hours. Stdrains were quickly clogged by debris that had
accumulated during the preceding months.

February 11, 2001- Between 2 and 5 inches of rain fell over Orange County and the western
end of the Inland EmpireA fast moving squall tie behind the main frontabndknocked down
trees and power lines in Orange County and the western end of the Inland . Erdpies
$250,000 in damages were reported.

October 20, 2004 An unseasonable October rainstorm dropped 3.11 inches of rain, a record for
the date in Fullerto. Streets were flooded with up to 4 inches of water, causing road closures
and long delays. The roof of a Staples office supply store in Fullerton split open under the
weight of the rainwater, sending employees running into the parking lot. ParlesGitythwere

closed through the week due to the soggy conditions.

December 29, 2004 A thunderstorm passed over Fullerton in the early morning of December
29. The storm was accompanied by high winds. Numerous trees were blown down, causing
property darage in excess of $2I00Q

January 7, 2005- A storm lasting fivedays dropped heavy rain across all of southern California.
Flash flooding and mudslides caused millions of dollars of damage to homes, businesses,
vehicles, parks, roads and bridge§his ran event is suspected to have caused damage to a
storm drain pipe at the Eastside Christian Church on Yorba Linda Boulevard. The storm drain
pipe caused a sinkhole under the church parking lot. The Eastside Christian School, housed in
the church, susta@d damage to the parking lot and the lunch area patio. The parking lot was
closed, and the lunch area patio was destroyed.

December 15, 2008 A pair of winter storms associated with a vigorous, cold ufper
brought periods of high winds, heavy raindamow to the region from late on the 13th through
the 17th. The first storm brought rain to the lower elevations and gusty winds and very heavy
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snow to the mountains and deseriie second storm on the 17th was notable for its significant
rains in thedw deserts and heavy snowfall in the mountains and high deserts. Heavy rain caused
significant flooding in the Tijauna River valley. Surface offshore pressure gradients and mid
level easterly flow brought dry air into the region, resulting in widespreapoeative cooling

and snow levels down to the desert flodm. Fullerton, many trees were downed, including one
that fell on a home on Arbol Drive.

January 18, 2009- During the third week of January, a 180 to 210 kt jet stretched across the
Pacific and mto Southern California, bringing a series of powerful winter storms to the region.
The first storm made its way through the region on January 18th. Heavy rain, mountain snow,
and strong winds contributed to widespread damage and urban flooding, as avéwaflash

floods with minor debris flowsIn Fullerton, many trees were downed, including one that fell on
the roof a home on Seaview Drive.

According to the HMPC, sheterm, reavy storms can cause both vadeead flooding as well as
extensive localied drainage issues. With the increased growth of the area, the lack of adequate
drainage systems has become more of an idat@mation from theYorba Linda weather
station issummarized below ifigure 4.3andFigure 4.4

City of Fullertond Yorba Linda Weather Station (Period of Record 1912 to 2007)

Information from the closest weather station with the most comprehensive data, the Yorba Linda
Weat her Station (33A 53Nj bymshliszsdmmarzed belol0 f t
Figure 4.3andFigure 4.4 Average annual precipitation the City of Fullertonis 14.40inches

per year.The highest recorded annual precifiga was 34.86 inches in 1942the highest
recorded precipitadn for a 24hour period is 5.2nches onJanuary 26, 195 The lowest
recordedanrual precipitationwas 3.62 inches in 1947
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Figure 4.3. The City of Fullerton & Monthly Average Total Precipitation

YOREA LIMDAR, CALIFOREMIA (049847
Period of Record : 168/1/1912 to G6/38/2007
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Severe weatheevents associated withe&vy rainthunderstorrhail/lightning include those
listedin Table 4.2andTable 4.3in Sectiord.2.1Severe Wether: General

Likelihood of Future Occurrences

Highly Likely 8 Heavy rain, thurderstorms, hail,and wind are well-documented seasonal
occurrencsthatwill continue to occur annually in th@ity of Fullertonplanning area

4.2.5 Severe Weather: Tornado
Hazard/Problem Description

Tornadoes are another severe weather hazard that can affecitythef Fullerton primarily

during the rainy seasomf.ornadoes form when cool, dry air sits on top of warm, moist air.
Tornadoes are rotating columns of air marked by adbsimped downward extension of a
cumulonimbus cloud whirling at destructive speeds of up to 300 mph, usually accompanying a
thunderstorm. Tornadoes are the most powerful storms that exist. They can have the same
pressure differential that fuels 3@file-wide hurricanes across a path only 3@0ds wide or

less. Figure 4.5llustrates the potential impact and damage from a tornado.

Figure 4.5. Potential Impact and Damage from a Tornado

Figure 2-2 Potential impact of a tornado

Potential Impact and Damage
From a Tornado

Managing
Risk

Description of Damage

‘Some damage can be seen to poorly
maintained roofs. Unsecured light-weight <SR
objects, such as trash cans, are displaced.

occur. Larger and heavier objects become
displaced. Minor damage to trees and

landscaping can be observed.

o I:I Roofs are damaged, including the loss of shingles and some
Forgdnal Prodection sheathing. homes, on

can be shifted off their foundations. Trees and
Through Wind landscaping either snap or are blown
Hazard Mitigation over. Medium-sized debris becomes

Techniques Not airborne, damaging other structures.
Normally Required e

Model Building Codes
and Engineering
Standards

Roofs and some wall, especially unreinforced =
masonry, are torn from structures. Small (G
Manufactured homes on nonpermanent -~

ancillary buildings are often destroyed.
foundations can be overturned. Some trees are uprooted.

Personal Protection [ Well constructed homes, as well as manufactured homes, are

Can Only Be u destroyed, and some structures are lifted off their foundations.
Automobile-sized debris is displaced and

Use of a Specially often tumbles. Trees are often uprooted =

Designed Extreme and blown over.

Wind Refuge Area

buildings are lified from their foundations or
are significantly damaged or destroyed.
Automobile-sized debris is moved significant <=
distances, Trees are uprooted and splintered.

Shelter; or Safe Room . Strong frame houses and engineered

Figure 2-2 Potential damage table for impact of a tornado

Source: FEMA: Building Performance Assessment: Oklahoma and Kansas Tornadoes

Prior toFebruaryl, 2007,tornadointensitywasmeasuredy the Fujita (F) scale.This scalewas
revised and is now the Enhanced Fujita scale. Both seateset of wind estimates(not
measurementshasedon damage.The new sce provides more damage indicators (28) and
associated degrees of damage veilhg for more detailed analysis abdtter correlation between
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damage and wind speed. It is also more precise because it takes into account the materials
affected and the constiion of structures damaged byt@nado. Table 4.4shows the wind

speeds associated with the original Fujita scale ratings and the damage that could result at
different levels of intensity. Table 4.5shows the wind speeds associated with the Enhanced
Fujita Scale ratingsThe Enhanced Fujita Scéedamage indicators and degrees of damage can

be found online avww.spc.noaa.gov/efscale/stale.html

Table 4.4. Original Fujita Scale

Fujita Scale

Fujita (F)  Wind Estimate

Scale (mph) Typical Damage

FO <73 Light damage. Some damage to chimneys; branches broken off trees; shallow-
rooted trees pushed over; sign boards damaged.

F1 73-112 Moderate damage. Peels surface off roofs; mobile homes pushed off foundations or
overturned; moving autos blown off roads.

F2 113-157 Considerable damage. Roofs torn off frame houses; mobile homes demolished;
boxcars overturned; large trees snapped or uprooted; light-object missiles
generated; cars lifted off ground.

F3 158-206 Severe damage. Roofs and some walls torn off well-constructed houses; trains
overturned; most trees in forest uprooted; heavy cars lifted off the ground and
thrown.

F4 207-260 Devastating damage. Well-constructed houses leveled; structures with weak
foundations blown away some distance; cars thrown and large missiles generated.

F5 261-318 Incredible damage. Strong frame houses leveled off foundations and swept away;
automobile-sized missiles fly through the air in excess of 100 meters (109 yards);
trees debarked; incredible phenomena will occur.

Source: National Oceanic and Atmospheric Administration Storm Prediction Center, www.spc.noaa.gov/fag/tornado/f-scale.html

Table 4.5. Enhanced Fuijita Scale

Enhanced Fujita (EF) Enhanced Fujita Scale Wind
Scale Estimate (mph)

EFO 65-85

EF1 86-110

EF2 111-135

EF3 136-165

EF4 166-200

EF5 Over 200

Source: National Oceanic and Atmospheric Administration Storm
Prediction Center, www.spc.noaa.gov/fag/tornado/ef-scale.html

Tornadoes can cause damage to property and Idge.divhile most tornado damage is caused

by violent winds, most injuries and deaths result from flying debris. Property damage can include
damage to buildings, fallen trees and power lines, broken gas lines, broken sewer and water
mains, and the outbrealf fires. Agricultural crops and industries may also be damaged or
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destroyed. Access roads and streets may be blocked by debris, delaying necessary emergency
response.

Past Occurrences

Based on data from 1936 1995, California ranks 32 among the50 sates for frequency of
tornadoes, 3Bfor injuries and 3% for cost ofdamags. When compared to other states by the
frequency per square mile, California radid' for frequencyandinjuries per areara 40" for
costof damageper area.Figure 4.6shows tornado frequency by California county using NCDC
data from 1950 to 2004.

Figure 4.6. California Tornadoes, 1950 -2004

California Tornadoes
1950-2004

Source: NCDC Storm Events Database

Source: Golden Gate Weather Services, http://ggweather.com/ca-tornado.jpg
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According to the HMPGCduring the rainy seasothe City of Fullertonplanning areas prone to
relatively strong thunderstorms, sometimes accompanied by funnel clouds and tornvatoes.
tornadoesdo occur occasionly, most often they are of FO or F1 intensityDocumented
incidents of tornadoe@ the Orange Countyplanning area from theNCDC Storm Events
Databasare listed inTable 4.6

Table 4.6. Orange County Tornado es, 1950-2008

Type # of Events Property Loss ($) Crop Loss ($) Deaths Injuries
Tornado: FO 16 5,719,000 0 3 0
Tornado: F1 9 5,270,000 0 4 0
Tornado: F2 1 3,000 0 0 0
Tornado: F3 1 2,500,000 0 6 0
Totals 27 13,492,000 0 13 0

Source: National Climatic Data Center Storm Events Database, www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwEvent~Storms

Likelihood of Future Occurrences

Occasionad 27 tornadesoccurred inOrange Countypver 58 yeass of record keepingwhich
equates to one tornado eveyl years, on average, and4&.7 percent chance of a tornado
occurring in any given yealeading to a Likely rating However, given the fact that there have
been no damaging tornado eveisntified asspecific to Fllerton, couple with the fact that all
data regarding tornado is county spegifihne actual rating should beaasional. Historical
tornadoactivity within the planning area indicates that the area will likely continue to experience
the formation of funal clouds and low intensity tornadoes during adverse weather conditions.
The actual risk to th€ity is dependet on the nature and location of any given tornado.

4.2.6 Severe Weather: Winds
Hazard/Problem Description

High winds, often accompanying severe thusttgms, can cause significant property damage
threaten public safety, and have adverse economic impacts from business closures and power
loss Windstorms in the City of Fullerton are typically straidjhe winds, known as Santa Ana
winds. Straighdine winds are generally any thunderstorm wind that is not associated with
rotation (i.e., is not a tornado).

The Santa Ana winds are strong, extremely dry offshore winds that characteristically sweep
through in Southern California and northern Baja Californidate fall into winter. They can

range from hot to cold, depending on the prevailing temperatures in the source regions, the Great
Basin and upper Mojave Desert. It is thesends, which can exceed 100 mphat are
responsible for most wind damagetheregion. These winds can overturn mobile homes, tear
roofs off of houses, topple trees, snap power lines, shatter windows, and sandblast paint from
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cars. Other associated hazards include utility outages, arcing power lines, debris blocking streets,
dust sbrms, and an occasional structure fire.

Past Occurrences

According to the NCDC, most high wind events occur between November and March. Although

summer winds are a frequent occurrence, with afternoon winds of 10 to 20 mph being common,
it is the winds eperienced during the winter storms that result in the most-velladed damage.

In addition strong winds, when combined with saturated ground conditions, can down very

mature treesBased on data from 1956 2009 Orange County has experienced numeitagh

wind events, most often associated with Santa Ana winds. A description of major high wind

events in Orange County and the Fullerton planning area follows.

December 14, 1996- Strong Santa Ana winds toppled trees and electric poles, smashed
windows, blew out signs, and knocked out power to tens of thousands across scattered areas of
Southern California. In Orange County, gusts at Fremont Canyon were measured as high as 111
mph.

December 17, 1996 Gusty Santa Ana winds redeveloped across parts oh&wouCalifornia
resulting in spotty reports afowned trees and power poles. Winds of 66 knots were recorded.

January 6, 1997- A deep cutoff low aloft, coupled with strong, surface high pressure over
northern Nevada, funneled gusty Santa Ana winds tliradg passes and canyons of southern
California. Wind gusts reached 99 mph through Fremont Canyon of Orange County on the
morning of the sixth. The winds toppled trees onto homes, cars, and freeways, blew trucks off
the road, and mowed down utility poleshutting off electric and phone service to hundreds of
thousands.Several TV and radio stations were knocked off the air as well.

January 29, 1997- Surface high pressure building into the Great Basin, combined with
favorable northeast winds aloft, to duae gusty offshore winds through and below the Cajon
Pass and Fremont Canyon. Wind gusts peaked at 100 mph through Fremont Canyon on the
morning of January 29.

December 21, 1999 Strong Santa Ana winds hit Southwestern California on the evening of
12/21 and lasted through most of the following day. Widespread power and phone outages
occurred from falling trees knocking down lines and snapped palad speeds of 86 knots
were reported and $227,000 of damagas incurred

December 25, 2000 Wind guss greater than 58 mph continued for 25 consecutive hours in the
Santa Ana Mountains. In Orange County, power poles, power lines, and many trees were
knocked down Police, firefighters, power crew and trggnmers spent much of Christmas day
clearing trafic hazards and battling small brush fires to keep them from spreadiingls of 76

knots were reported, as well as 4 injuries and over $665,000 in property damages.
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January 10, 2001- This was a two day storm event that began late in the day on JaGuaitj 1

strong winds and contained several moderate to heavy rain bahddirst rain band dropped a

half to one inch of rain on Orange County during the late afternoon and evening of January 10,
resulting in street flooding in several locations. Betw2eand 4 inches of rain fell during the

early morning hours of January 11 as a much stronger rain band moved slowly east across the
area. Wind speeds of 62 knots were reported, and property damages of $300,000 were sustained.

May 3, 2001- Santa Ana windapproaching 66 knots were reported afelv several large trees

over. Downed power lines affected 40,000 customers in Los Alamitos, Westminister, Newport
Beach, La Habra, Fountain Valley, Fullerton, Santa Ana, Garden Grove, Orange, Costa Mesa,
HuntingtonBeach, Tustin, and Buena Park.

December 7, 2001 Moderate to strong Santa Ana winds affected most of Southwest California.
Trees, power lines, and signs were toppldtbwer outages affected about 40,000 customers.
Winds of 87 knots were reported, andrdages of $250,000 were sustained.

February 9, 2002- Santa Ana winds begaon the morning of 2/9/02iminished slightly during

the following night, but then increased in strength the following morning, peaking around
midday on 2/10/02. Signs, trees, powepoles, and fences were blown down in many
communities. The roofs of several houses were damagédthe high winds also caused the
numerous brush fires, started by downed power lines, to grow rapidly in the high Wifidg.
speeds of 89 knots were recedd and 2 injuries and $2 million in property damages were
sustained.

November 25, 2002 Winds of 53 knots damaged trees and power lines. Damages of $900,000
were reported.

November 26, 2002 Winds of 70 knots damaged trees and power lines. Dama§290f000
were reported.

January 5, 2003- Throughout this three day Santa Ana wind event, numerous trees and power
poles were blown down. A commuter train was delayed for several hours in Orange County
when power poles were blown down onto the tradkany houses and at least 300 parked
automobiles were damaged by falling tre@datalities and 11 injuries were reported. Over $3.3
million in damages to property were reported, as were wind speed of 87 knots.

March 28, 2003- This two day wind event begawth strong northwest winds following a cold

front moving across Southwest California. Then as high pressure built over the Great Basin, a
Santa Ana wind developed. Most of the wind damiageullertonwas from trees blowing onto
roads, and falling on carand power lines.

March 27, 2007- Although the Fullerton airport ASOS only measured a 30 mpid \gust with
this storm, other mteorological observations in conjunction with damage and spotter reports
indicate that wind gusts with this microburst wedeely in excess of 45 mphStrong post
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frontal flow combined with a 130rkt jet aloft and an upper level low over Nevada resulted in
strong onshore flow and isolated thunderstorfshunderstorm over Fullerton airport produced

a damaging microburst theémoved a large section of roof laminate from the Orange County
Fire Authorityds aviation building. Pieces of the roof landed on four cafee Maintenance
Services Division received 107 calls to remove downed trees and tree limbs.

October 21, 2007- Sarta Ana winds toppled trees, brought down power lines, and knocked out
power to thousands in many parts of Orange Couifitye strong winds downed countless trees

and power poles, damaged many roofs, damaged fences, damaged or destroyed outbuildings,
damagd or destroyed road signs, overturned several-pigfile vehicles, generated large dust
storms, and fanned the flames of several large and devastating wiMfiresspeeds of over 56

knots were reported, and $5 million in damages were sustained.

Likelihood of Future Occurrences

Highly Likely & 53 high wind or thunderstorm wirglvents occurred in the City of Fullerton
vicinity over58 yeass of record keepingwhich equates to one eventeryl.1years, on average,

and a91.3percent chance offagh wind eventoccurring in any given yeaHistorical Santa Ana
activity within the planning area indicates that the area will likely continue to experience high
wind events.

4.2.7 Dam Failure

Hazard/Problem Description

Dams are manmade structures built for a varadtyuses including flood protection, power
generation, agriculture, water supply, and recreation. When dams are constructed for flood
protection, they usually are engineered to withstand a flood with a computed risk of occurrence.
For example, a dam may lkesigned to contain a flood at a location on a stream that has a
certain probability of occurring in any one year. If prolonged periods of rainfall and flooding
occur that exceed the design requirements, that structure may be overtopped and fail.
Overtoppng is the primary cause of earthen dam failure in the United States.

Dam failures can also result from any one or a combination of the following causes:

e Earthquake

e Inadequate spillway capacity resulting in excess overtopping flows

e Internal erosion causdry embankment or foundation leakage or piping or rodent activity
e Improper design

e Improper maintenance

e Negligent operation

e Failure of upstream dams on the same waterway
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Water released by a failed dam generates tremendous energy and can cause a fleod that i
catastrophic to life and property. A catastrophic dam failure could challenge local response
capabilities and require evacuations to save lives. Impacts to life safety will depend on the
warning time and the resources available to notify and evacuafaubtie. Major loss of life

could result as well as potentially catastrophic effects to roads, bridges, and homes. Associated
water quality and health concerns could also be ssdtactors that influence the potential
severity of a full or partial dam fare are the amount of water impounded; the density, type, and
value of development and infrastructure located downstream; and the speed of failure.

In general, there are three types of dams: comcaeth or hydraulic fill, earthockfill, and
concrete gavity. Each type of dam has different failure characteristics. A concrete arch or
hydraulic fill dam can fail almost instantaneously: the flood wave builds up rapidly to a peak
then gradually declines. An eambckfill dam fails gradually due to erosiorf the breach: a

flood wave will build gradually to a peak and then decline until the reservoir is empty. And, a
concrete gravity dam can fail instantaneously or gradually with a corresponding buildup and
decline of the flood wave.

Common practice among fedal and state dam safety offices is to classify a dam according to
the potential impact a dam failure (breach) or-opsration (unscheduled release) would have
on upstream and/or downstream areas or at locations remote from the @hen.hree
classificaion levels are as follows:

e Low Hazard Potential - Dams assigned the low hazard potential classification are those
where failure or miperation results in no probable loss of human life and low economic
and/or environmental losses. Losses are priricipal | i mi t e d pdrsonaltpdopertyo wn e r ¢
As such, hese dams will not be profiled in greater detail in this plan.

e Significant Hazard Potential - Dams assigned the significant hazard potential classification
are those dams where failure or rogeratian results in no probable loss of human life but
can cause economic loss, environmental damage, disruption of lifeline facilities, or can
impact other concerns. Significant hazard potential classification dams are often located in
predominantly rural or agultural areas but could be located in areas with population and
significant infrastructureThereis onesignificant hazard dams that directly threaten property
in the City of Fullerton and will be profiled in greater detail to the extent that data is
available

e High Hazard Potential - Dams assigned the high hazard potential classification are those
where failure or mimperation will probably cause loss of human life. These dams will be
profiled in greater detail in this plan.

According to theHAZUS and data from the City of Fullertpthere ardwo dams inthe City of
Fullertonandfive dams outside of the City that pose a risk should the dam % of these
dams have been classified as High Hazard dams based on the National Inventory oObams.
dam, theYorba Dam is classified as Significanthe PradoDam is locatedin RiversideCounty
(seeTable 4.7. The other fivedams Brea, Carbon Canyoifullerton Diemer, Orange County,
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and Yorbaall lie in Orange CountyAll of these dams are located to #estor northeast of the
City as illustrated irFigure 4.25n Section4.3.3

Table 4.7. Dams with Potential to Cause Damaging Floods in the City of Fullerton

Normal

Dam (Dam Hazard Capacity Capacity
Number) Class Owner Stream Type Purpose (Acre-feet)* (Acre-feet)*
Brea High U.S Army Brea Creek Earthen- Flood 7,420 1
(CA10016) Corps of rockfill Control

Engineers
Carbon High U.S Army Carbon Earthen- Flood 12,063 1
Canyon Corps of Canyon Creek  rockfill Control
(CA10017) Engineers
Fullerton High U.S Army Fullerton Earthen- Flood 1,342 1
(CA00018) Corps of Creek rockfill Control

Engineers
Prado High U.S Army Santa Ana Earthen- Flood 295,581 1
(CA10022) Corps of River rockfill Control

Engineers
Diemer High Metropolitan Offstream Other Water 98 80
Reservoir Water District Supply
(CA00221)
Orange High Metropolitan Tributary of Earthen- Water 240 217
County Water District Fullerton rockfill Supply
Reservoir Creek
(CA00218)
Yorba Significant Orange County  Tributary of Earthen- Flood 1,722 1,200
(CA00831) Santa Ana rockfill Control

River

Source: HAZUS-MH MR3, National Performance of Dams
*One acre-foot=326,000 gallons

Past Occurrences

According to he City of Fullerton there was only one dam failure in tB&y& history The
failures were due texcessive rain.The main impact from this failurwasdamage to a storm
channel Details of this failure are:

February 22, 2005/ The Brea Dam failed fwing a large rain storm. An extended period of
very wet weather dumped more than 6.8 inches at the Fullerton Airport. The dam was
overtopped, flooding the Fullerton Golf Course and Bastanchury Road. The road remained
closed for a day, while the golbarse was closed for a few days. The golf course sustained
damage, as did a storm channel that was eroded as a result of the flooding.

Likelihood of Future Occurrences

Occasionad The Cty remains at risk to dam failures frothe six high hazardand one
significant hazarddams that protect the City and surrounding areas. Given the density of
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population, the large area that would be affected by flooding, andvahgng ages and
conditionsof these dams, the potential exists for future dam failures whictdwesult in large
amounts of property damage and possible loss of Nienetheless, it should be noted that there
have not been any major failures of dams in the City of Fullerton area.

4.2.8 Drought

Hazard/Problem Description

Drought is a gradual phenomenolthough droughts are sometimes characterized as
emergencies, they differ from typical emergency events. Most natural disasters, such as floods or
forest fires, occur relatively rapidly and afford little time for preparing for disaster response.
Droughtsoccur slowly, over a mulyear period, and it is often not obvious or easy to quantify
when a drought begins and ends.

Drought is a complex issue involving many facors occurs when a normal amount of
moisture is not available to satisfy an @seaswal waterconsuming activities. Drought can often
be defined regionally based on its effects:

e Meteorologicaldrought is usually defined by a period of below average water supply.

e Agricultural drought occurs when there is an inadequate water supply totmeeee¢eds of
the statés crops and other agricultural operations such as livestock.

e Hydrological drought is defined as deficiencies in surface and subsurface water supplies. It
is generally measured as streamflow, snowpack, and as lake, reservoir, andwater
levels.

e Socioeconomicdrought occurs when a drought impacts health,-bagihg, and quality of
life, or when a drought starts to have an adverse economic impact on a region.

The California 2partment oiVaterResources (DWR) says the followingaalh drought:

One dry year does not normally constitute a drought in Califo@adiforniats
extensive system of water supply infrastrucduies reservoirs, groundwater
basins, and interegional conveyance faciliti@smitigates the effect of shetérm

dry periods for most water users. Defining when a drought begins is a function of
drought impacts to water users. Hydrologic conditions constituting a drought for
water users in one location may not constitute a drought for water users
elsewhere, or for wateusers having a different water supply. Individual water
suppliers may use criteria such as rainfall/runoff, amount of water in storage, or
expected supply from a water wholesaler to define their water supply conditions.

The drought issuen Californiais further compounded by wateights Water is a commodity
possessed under a variety of legal doctrifié® prioritization of water rights between farming
and federally protected fish habitatsGaliforniais part of thisissue.
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Drought impacts are wideeaching and may be economic, environmental, and/or societal. The
most significant impacts associated with drought in the planning area are those related to water
intensive activities such as agriculture, wildfire protection, municipal usage, commeramiour
recreation, and wildlife preservatioAlso, during a droughtllocations go down, which results

in reduced water availability. Voluntary conservation measures are typically implemented during
extended drought#\ reduction of electric poweremeraton and water quality deterioration are

also potential problems. Drought conditions can also cause soil to compact and not absorb water
well, potentially making an area more susceptible to flooding.

According to Full ert on 0 sertdh)GereraliPlargUpdaahet Gilyt i on s
relies on two major water supply sources, which includes imported water from the Metropolitan
Water District (MWD) and local groundwater from the Orange County Water District (OCWD).
Approxi mat el y 7 5swatersupgyns prowded by hlegrouhdwatgravells. The
groundwater comes from a natural underground reservoir that stretches from the Prado Dam and
fans across the northwestern portion of Orange County, excluding the communities of Brea and
La Habra, ane xt endi ng as f ar sazaordihg toatlse Cityhok Fullerton Tor o
website

While the City of Fullerton has methods of controlling service area water demands, the City has
virtually no control over water supply. The City is fully dependent on M#id OCWD for

water supply. Fortunately, these agencies have provided adequate, reliable water supplies to
serve the Cityds needs. The City 1is optimist
OCWD will be adequate to meet essential water demandsdaretxt 20 years

From 1971 to 2005, the Cityds water demand r
(1986/87). Conservation measures such as hardware installation, the reduction of industrial
consumption, and education programs have significantigtedsthe reduction in water usage

within the City. According to the 2005 Urban Water Management Plan of Fullerton, the
projected water demand for 2009/10 is 33,100 AF.

Three key factors that have an effect on water demands in Fullerton are climabgyaeinic,
and economicThe following three factors have influenced water demands in the past and will
continue to do so in the future:

e Climatic. The weather in Fullerton is mild with an average mean temperature of 63.8 degrees
(F). Average annual rainfativer the last 70 years has been 14.9 inches per year. Climate has
the most dramatic annual effect on water demands. Severe deviations from normal
temperatures and average rainfall can increase or decrease annual water demands by as much
as 15 percent. Thiclimate effect is more prominent in Fullerton because of the many acres
of landscape and turf areas associated with all classes of water users, especially residential.
The effect t hat annual water prodwction is thed $erisoan t h e
direct correlation between the two. As rainfall increases, production decreased due to lower
demands.
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e Demographic Since water use is related to demographics, an accurate description of
population and housing stock in the service area can servebasisafor water planning
activities described in the Urban Water Management Plan. Population projections for the
City indicate an increase from approximately 135,700 in the year 2005 to approximately
144,700 by 2030, or an increase of approximately 9f008n average increase of about 360
per year, with larger increases occurring in the earlier years.

Multi-family housing units are expected to increase at a faster rate thanfamdiehousing

units. In the old areas of Fullerton, meftimily and mixel use units are increasingly
replacing older singktamily dwellings. As a result of this trend, the household occupancy
size (total popul ation divided by total occ
expected to increase from 2.92 to 3.@8sons per household from 2005 to 2030.

California State University, Fullerton (CSUF) occupies 236 acres within theeasal part
of Fullerton. Fullerton participates with CSUF on its suba master planning to determine
the effects of planned improme nt s on t he Cityds water and se

e Economic I n the early 199006s, the rate of econ
duration of the recession. The recession affected declines in the manufacturing sector,
particularly in the defense amler os pace. During the | ate 19

economy was strong and had an effect on increased water usage. However, even with the
strong economy, industrial demands decreased. This has been partly due to changes in
operation such as installati of onsite recycled water systemin addition, severalarge
companies have moved out of the area and have been replaced with different sectors whose
water usage is lower.

In order to meet shoterm water demand deficiencies, and short or d@ngn dought
conditions, the City has to implement the policies and requirements of MWD and OCWD. It is
difficult to project future City water supplies unless the restriction and allocation assignments
placed on Fullerton by wholesalers are known.

Past Occurrences

Historically, California has experienced multiple severe draughtcording to the DWR,
droughts exceeding three years are relatively rare in Northern California, the source of much of
the state®s developed water supply. The 1929 drought establishetie criteria commonly used

in designing storage capacity and yield of large Northern California reser/besriest single

year of California®s measured hydrologic record was 197Figure 4.7 depicts Californiats
multi-yearhistoricaldry periods, 185€200Q
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Figure 4.7. California & Multi -Year Historical Dry Periods, 1850 -2000
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Source: California Department of Water Resources, www.water.ca.gov/
Notes: Dry periods prior to 1900 estimated from limited data; covers dry periods of statewide or major regional extent

The HMPC identified the following droughts as having significant impacts on the planning area

1947195 This drought wasn effect forthe entire Statdfrom 1947 49. The most extreme
drought areas were in the south, affecting the Fullerton area.

195919610 This drought was in effect for the entire State from 19962. The most extreme
drought conditions existed in the SieMavada and central coast. The Fullerton planning area
was affected by this drought.

19769 A federaldisasterdeclaration was declared as a result of a drought affetiim@ity of
Fullertonand much of CaliforniaThis was the driest two years in Cattiiica history.

19871998 The City of Fullertonalso suffered adverse effects resulting from this statewide
drought.

2007%presen® Water year2007 was unusually dry across much of CalifornM/ater year
20062007 ended with 53 percent of normal runoff foe Btate(seeFigure 4.8. Winter snow

levels in 20072008 were about 65 percent of average. Compounding the drought situation was
the spring of 2008, which was the driest spring on record for the state. Water ye@00807
ended with 60 percent of normal runoff for the Stalanuary of 2009 was the 8th driest January

on record for the state and snow sensors indicated water content in the Sierra statewide
snowpack at 60 percent of average.

City of Fullerton 434
Local Hazard Mitigation Plan
August 2010



Figure 4.8. Statewide Runoff in California du ring Present Drought
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Source: April 30, 2010 California Drought Update

These factors haviead to excessively dry conditions in Fullerton and the surrounding areas.
These conditions led to the following ordersTiable 4.8from Gov. Schwarzeneggey combat
drought conditions.

Table 4.8. Governor & Executive Orders and Proclamations

Gover nor 0:Date Order Summary

Executive Order 6/19/09 The California Emergency Management Agency, Department of Social Services,

S-11-09 Labor and Workforce Development Agency, and California Department of Food and
Agricultural were ordered to develop a comprehensive strategy by July 15, 2009, to
provide adequate nutrition for those individuals who were temporarily unable to
afford food as a result of the drought conditions.

State of 2/27/09 Due to continuing drought conditions, it was ordered that all agencies of the state

Emergency government utilize and employ state personnel, equipment and facilities for the
performance of any and all activities consistent with the direction of the California
Emergency Management Agency (CalEMA) and the State Emergency Plan. The
Governor ordered that the California Department of Water Resources (DWR), in
partnership with other appropriate agencies, launch a statewide water conservation
campaign calling for all Californians to immediately decrease their water use. The
Governor requested that all urban water users immediately increase their water
conservation activities in an effort to reduce individual water use by twenty percent.
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Gover nor 6:Date Order Summary

State of 6/12/08 It was ordered that all agencies of the state government utilize and employ state

Emergency personnel, equipment, and facilities for the performance of any and all activities
consistent with the direction of the Office of Emergency Services (OES) and the
State Emergency Plan, and that OES provide local government assistance under the
authority of the California Disaster Assistance Act.

Executive Order 6/04/08 The Governor proclaimed a statewide drought. The Governor ordered the

S-06-08 Department of Water Resources (DWR) to take immediate action to address the
serious drought conditions and water delivery limitations that existed in California.
The DWR and Department of Public Health (DPH) were ordered to prioritize the
processing of loan and grant contracts for water suppliers and public water systems
demonstrating drought related hardship. DWR and DPH were also ordered to work
with local water districts to evaluate system interconnections among the state's large
water purveyors, review the status or availability of mutual aid agreements among
those large water purveyors, and work with the parties to those mutual aid
agreements to correct any deficiencies that restrict the movement of water in an
emergency situation. DWR was also ordered to coordinate with the California Public
Utilities Commission to identify investor-owned water utility systems at risk of
experiencing health and safety impacts due to drought conditions and water delivery
limitations, and to mitigate such impacts. In additions, the DWR was ordered to work
with the Department of Food and Agriculture (CDFA), the United States Department
of Agriculture and the United States Bureau of Reclamation to identify potential
federal funding for local water agencies and farmers to facilitate the rapid installation
of best available irrigation management and conservation systems. The CDFA was
ordered to work with county Agricultural Commissioners and others as necessary to
identify and gather data on crop losses and other adverse economic impacts caused
by the drought and, when necessary, transmit that information to the appropriate
federal and state agencies.

Source: California Department of Water Resources: http://www.water.ca.gov/drought/gov.cfm

In late 2009 ad early 2010, rainfall levels increased and drought conditions began to subside. It
is too early to tell if this drought has ended, or has simply taken a hidtus. April 2010
Drought Update produced by the California Dépent of Water Resources refes that:

Even with the above average seasonal precipitation this winter and spring,
Southern California reservoir levelaye not improved significantly.

Figure 4.9provides afisnapshot in tim&of the drought conditions i€alifornia in May 2010

from the National Drought Mitigation Centeihis map considers several factors, including the
Palmer Drought Index, Soil Moisture Models, U.S. Geological Survey Weekly Streamflows,
Standardized Precipitation Index, and Satellitgétation Health Index.
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Figure 4.9. U.S. Drought Monitor

U.S.

for California , May 18, 2010

California

Drought Monitor
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The Drought Monitor focuses on broad-scale conditions.
Local condittons majy vary. See accompanying text summary

for forecast statements

http://drought.unl.edu/dm

Source: National Drought Mitigation Center

Likelihood of Future Occurrences

May 18, 2010

Valid T a.m. EST

USDA o) T, .
V. \E) NS

Released Thursday, May 20, 2010

Author: Eric Luebehusen, U.S. Department of Agriculture

Occasionad Historical drought data for th@ity of Fullertonplanning area indicasg¢here have
been five significant droughts in the last 79 years. T@gsates to a drought every 8 years on
average or a 8.percentchance of a drougl any given year. Based on this data, droughts will

occasionallyaffectthe planning area.
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4.2.9 Seismic and Geologic Hazards
Hazard/Problem Description

California is a seismically active area with numerous faults throughout the regioractive

fault is definedoy the California Geological Survey (CG&) a fault that has had surface rupture

or displacement wiih thelast 11000 years Holocene tmeg. This does not mean, however,

that faults having no evidence of surface displacement within the last 11,000 years are
necessarily inactive. For example, the 1975 Oroville earthquake, the 1983 Coalinga earthquake,
and the 1987 Wittier Narrows earthqualeoccurred on faults not previously recognized as
active. Potentially active faults are those that have shown displacement witlaist th&million

years (Quaternary)but have not moved within the Holocene timésy fault olde than
Pleistocene (>1.8 million yearts) considered inactive.

All of the faults that could result in earthshaking and damage in Fullerton are shé&iguia
4.10anddescribed belown Table 4.9
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Figure 4.10. Fullerton Faults and Earthquake Epicenters
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