Appendix H:

Safety Element Technical
Background Report

(PART 1 of 4)


pnanthav
Typewritten Text
(PART 1 of 4)





Natural Hazard Mapping, Analysis, and
Mitigation: a Technical Background Report in
Support of the Safety Element of the New
Riverside County 2000 General Plan

~..San Jacinto Mnt.

mﬂ} $
EW Palm Spﬁ”gsﬂ’ :(

Q’f aw»@ggt x

s /\»y-',,.

MissionjCreeks
ol (SA4F)

Prepared for the Department of Regional Planning, County of Riverside

August, 2000
Prepared by: Earth Consultants International

‘ Earth
e~ Consultants
" Intemational




Natural Hazard Mapping, Analysis, and Mitigation: a
Technical Background Report in Support of the Safety
Element of the New Riverside County 2000 General Plan

August 1, 2000
Prepared for:

BOARD OF SUPERVISORS
Supervisor Bob A. Buster, DISTRICT 1
Supervisor John F. Tavaglione, DISTRICT 2
Supervisor Jim Venable, DISTRICT 3
Supervisor Roy Wilson, DISTRICT 4

Supervisor Tom Mulien,DISTRICT 5
County Executive Officer Larry Parrish
Public Information Thomas M. DeSantis

DEPARTMENT OF PLANNING
Aleta J. Laurence, A.l.C.P., Planning Director

Jerry Jolliffe, Administrator Manager

Prepared by:

Earth Consultants International
2522-B North Santiago Blvd.
Orange, CA 92867

Eldon M. Gath, Project Manager
Doug Bausch, Project Investigator
Tania Gonzalez, Project Consultant
Sue Perry, Project Consultant

W. Richard Laton, Project Consultant



Table of Contents - County of Riverside , , August 1, 2000

CONTENT . | | PAGE

CHAPTER 1: SEISMIC HAZARDS

1.1 Introduction . ... .. 1-1
110 Faults ... 1-2
1.1.2 Causes of Earthquake Damage ................. ... ... 1-5
1.1.3 General Tectonic Setting................. e 1-7
1.1.4 Common Designations of Earthquake Hazard Potential ........... 1-10
1.1.5 Laws to Mitigate Earthquake Hazard ......................... 1-15
1.2 Major Earthquake Sources in Riverside County .. .. ... e 1-17
1.21 SanAndreasFaultZone ........... .. ... ... .. .. ... . ... ... 1-17
122 SandacintoFaultZone .............. ... ... .. .. . . . .. ., 1-21
1.23 Elsinore FaultZone .. ........ ... .. ..., 1-21
1.24 Cucamonga FaultZone ................ ... .. ... 1-22
1.3 Riverside County Seismicity ................. ... 1-23
1.3.1 Past Damaging Earthquakes . ............................... 1-25
1.3.2 Seismicity of Riverside County ................ e 1-28

1.3.3 Earthquake Geographic Information System ’
Coverage for Riverside County ............ e 1-31
14 FaultRupture ................... R 1-34
1.4.1 Geographic Information System Coverage of Faults ............. 1-34

1.4.2 Geographic Information System Coverage
of Fault Special StudiesZones .. ............... e 1-37
1.5 Expected Earthquake Analyses ........................ e 1-40
1.5.1 DesignEarthquakes .............. ... ... ... i .... -.. 140
1.5.2 Probabilistic Earthquake Hazard Assessment .................. 1-42
1.5.3 Foreshocks on Strike-Slip Faults .. .............. e 1-46
1.5.4 Uses and Limitations of Seismic Hazard Mapping ...............1-48
1.6 Secondary Earthquake Hazards . ........... ... ... .. ... .. v . 1-50
1.6.1 Liquefaction.............. ... .. ... ........ [, 1-50
1.6.2 Guidelines for Delineating Liquefaction Hazard Zones ......... .. 1-51
1.6.2.1 Geographic Information System Coverage of Shallow
GroundWater ...................... P e 1-55
1.6.3 Liquefaction Hazard Zones in Riverside County . ................ 1-56
1.6.3.1 Geographic Information System Coverage of Liquefaction

Earth Consultants International Page -i-



-

Table of Contents - County of Riverside , ' August 1, 2000

Hazards in Riverside County ..................... 1-60
1.6.4 Seismically Induced Settlement .................. ... ........ 1-60
1.6.5 Seismically Induced Slope Instability ......................... 1-61
1.6.6 Seiches ... ... 1-63
1.7 Vulnerability of the Built Environment to Earthquake Hazards ............ 1-65
1.7.1 Potentially Hazardous Buildings and Structures ... .............. 1-65
1.7.2 Essential Facilities . . . . . . e IR w172
1.7.3 Lifelines ... ..o 1-82
1.8 HAZUS Earthquake Scenario Loss Estimations . ...................... 1-86
1.8.1 Methodology and Terminology Used in Earthquake Loss Estimation . 1-87
1.8.2 HAZUS Scenario Earthquakes ................... ... ....... 1-94
1.8.3 Inventory Data used in the HAZUS Loss Estimations ............. 1-96
1.8.4 Estimated Losses Associated with Scenario Earthquakes ......... 1-98
1.8.5 Estimated Losses Associated with a
Mw 6.9 San Jacinto Fault Earthquake (MPE) ............. 1-1083
1.8.6 Estimated Losses Associated with a
Mw 7.9 Southern San Andreas Earthquake .............. 1-107
1.9 Reducing Earthquake Hazards in the County of Riverside ............... 1-113
1.9.1 1997 Uniform Building Code Impacts on the County of Riverside .. 1-114
1.9.2 Retrofit and Strengthening of Existing Structures ............... 1-120
110 Earthquake Safety ... ... e 1124
1.10.1 Anatomy of aSafe Building .......................... 1-124
1.10.2 Protecting the Contents of Your Home .................. 1-125
1.10.3 Personal Safety During an Earthquake ................. 1-127
©1.10.3.1 PrepareaPlan...............................1-127
1.10.3.2 Duck,Cover,andHold ......................... 1-128
1.10.4 Afterthe Earthquake ........ ... ... ... ... ... ....... 1-129
1.10.4.1 FirePrevention .............................. 1-129
1.10.4.2 What YouWillNeed .......................... 1-130
1.10.5 Recommended Resources ........................... 1-131
1.11  Summary of Findings and Recommended Programs ................. 1-133

Earth Consultants International Page -ii-



Table of Contents - County of Riverside August 1, 2000

CHAPTER 2: SLOPE AND SOIL INSTABILITY HAZARDS

2.1 Physiographic and Geologic Setting .................... e 2-1
2.2 Geology and Engineering Geology Coverages ........................ 2-5
2.2.1 Development of GIS Engineering GeologyMap .................. 2-6

2.3 Mass Wasting-Slope Instability Hazards . ............... ... ... .. 2-7
2.3.1 Introduction ......... ... ... .. . . 2-7

232 RockFall ...... ... ... .. . 2-11

233 DebrisFlows ........... ... 2-11
2.3.4 Development of a GIS Landslide and Slope Instability Map . ....... 2-13

2.4 - Expansive Soils ........... 2-15
25 Collapsible Soils . ............. .. 2-16
2.6 Ground Subsidence ............... ... .. . 2-17
2.6.1 Elsinore Trough . .................. .. ... ... . 2-18

2.6.2 SandacintoValley .................. ... ... .. . . . ... .. 2-23

2.6.3 CoachellaValley ................ovvuuuunn 2-23

2.6.4 Development of a GIS Subsidence Hazard Map for

Riverside County ............................... .. . 2-26

2.7 WindErosion ...... ... ... .. . 2-27
2.7.1 CoachellaValley .............................. ... . 2-27

2.7.2 Development of a GIS Wind Erosion Susceptibility Map .......... 2-31

2.8 Recommendations for Mitigation of Soil Instability Hazards .............. 2-32
2.8.1 RegulationandGovernance ......................... ... 2-32

2.8.2 Mitigation of Slope Instability . ...................... ... .. 2-32

2.8.3 Mitigation of Expansive Soils . . ....................... .. .. 2-35

2.8.4 Mitigation of Collapsible Soils .......................... .. 2-35

2.8.5 Ground Subsidence .................. ... . . . . ... . 2-35

2.8.5.1 Recommended Minimum Requirements to Address

Subsidence Potential ................... ... .. .. 2-38

2.8.6 Mitigation of Wind Erosion .................... ... .. ... .. . . 2-40

2.9 SUMMANY ..o 2-41

Earth Consultants International Page -iii-



Table of Contents - County of Riverside August 1,2000

CHAPTER 3: FLOOD HAZARDS

3.1

3.2

3.3

3.4

3.5

3.6

3.7

OVeIVIEW . . . L. 3-1
Previous Flood Disasters Affecting Riverside County ................... 3-5
3.2.1 Floods Meriting Disaster Proclamations ..................... ... 3-5
3.2.2 HistoricFlood Flows . ....... ... ... .. ... . . . . . . 3-7
3.2.3 WinterFloodsof 1980 . ............ ... .. 3-11
Flood Problem Areas .............oo oo, 3-14
3.3.1 Earthquake Hazard to Local Water Tanks/Reservoirs . ........... 3-18
3.3.2 Bridge Scour . ... .. 3-18
Geographic Information Systems Flood Mapping ..................... 3-20
3.4.1 Benefits of Flood Mapping Using Geographic Information Systems . . 3-22
3.4.2 Essential Facility Inventory Exposed to Flood Hazards . ........... 3-23
County Flood Control and Reservoir Projects .. ...................... 3-24
3.5.1 SevenOaksDam ................ . 3-24
3.5.2 PradoDam ............ 3-24
3.5.3 LakeElsinore ............. . ... e 3-25
3.5.4 East Side Reservoir Project ................. e e 3-25
3.5.5 Inland FeederProject ............... . ... . . . . . . . . 3-26
3.5.6 Murrieta Creek-Flood Control MasterPlan ..................... 3-26
3.5.7 LakeMathews . ....... ... 3-26
3.5.8 Whitewater River . . ......... ... ... . 3-27
3.5.9 SaltonSea...... ..o 3-27
3.5.10 Riverside County Flood Control and
Water Conservation District Projects . ................... 3-29
Dam Failure . .....c.oonuiie e e 3-32
3.6.1 Dam Inventory Data for Riverside County . ..................... 3-32
3.6.2 Dam Inundation Potential Along the Colorado River .. ............ 3-35
3.6.3 GIS Dam inundation Mapping for Riverside County .............. 3-37
- 3.6.4 Performance of Dams in Earthquakes . ....................... 3-41
3.6.5 Seismic Retrofit Projects . ................... e 3-42
3.6.6 Mitigation Alternatives-Storage Restrictions .................... 3-43
Flood Hazard Reduction in Riverside County . ....................... 3-44
3.7.1 National Flood Insurance Program .. ................ ... .. ... - 3-45
3.7.2 Riverside County Flood Control District . . ... ................... 3-46

3.7.3 Flood Protection Measures

Earth Consultants International Page -iv-



Table of Contents - County of Riverside August 1, 2000

374 FloodSafely .......... ... . 3-50
3.8  The Future of Flood Hazard Mitigation ............................. 3-52
3.81 Wellands ... ... . 3-52
3.8.2 Conflicts with Environmental Legislation . .............. T 3-53
'3.8.3 National Pollutant Discharge Elimination System (NPDES) ........ 3-56
3.9 SUMMANY . 3-58

4.1 Overview ......... T T 4-1
411 PreviousFireDisasters ... .......... ... i, 4-3
4.1.2 Riverside County Fire Disasters ...............ccoviiivnennn... 4-3
42 FireSafetyRegulations ............ ... .. . .. . . 4-7
4.2.1 Real Estate Disclosure and Maintenance Requirements ........... 4-9
4.3 Development of a GIS Wildland Fire SusceptibilityMap ................. 4-12
431 HUDStudy System . ....... ... .. 4-17
43.2 BatesBillProcess .......... ... ... i 4-19
4.3.2.1 Classification Points for Basic Factors . ... ... e 4-20
4.3.2.2 Additional Weighting Factors ..................... 4-21
4.4  Previous Fire Hazard Maps for Riverside County ................. ... 4-23
4.4.1 Environmental Hazards Map for Riverside County ............... 4-23

4.4.2 California Department of Forestry and Fire Protection,
FireHazardMapping .......... ... .. 4-23
45 Prefire Management ........... .. . ... 4-24
4.5.1 FirePrevention ....... ... .. . i 4-24
452 VegetationManagement . ........... ... .. ... .. . ... 4-25
4.5.3 Fire Safe Construction and Land Use Planning ................. 4-26
454 GreennessMapping . ..........iiiiii i 4-26
4.5.5 Fire PotentialIndex ........... P e 4-27
4.5.6 Riverside Fire Laboratory ............. ... . ... 4-27
4.5.7 Prescribed Fire .. ... ... .. .. . . 4-29
4.5.8 Hazardous Fire Area Designation ............................ 4-30
4:5.9 Hazard AbatementNotices ............ ... ... ... ..., 4-31
4510 FireFlow .. ... . 4-31
4.5.11 Model Fire Hazard Reduction Ordinance ................. 4-32

Earth Consultants International , , Page -v-



Table of Contents - County of Riverside August 1, 2000

4.6

4.7

4.8

4.9

4.10

4.11

Earthquake-Induced Fires .. ... ... ... ... . . . i, 4-35

4.6.1 Natural Gas Fires -- Northridge Earthquake .................... 4-35
4.6.2 Earthquake-Induced Fire Scenarios for the Riverside County Area

using HAZUS . ... ... . e 4-36
Postfire Effects . . .................... e S 4-43
Fire Response Resources . ............oouiiiin i 4-44
4.8.1 California Departmentof Forestry ................ ... ... .. .... 4-44
4.8.2 Riverside County Fire Department .................... .. .. ... 4-45
Fire Safety .. ... 4-47
4.9.1 Homeowners Checkllst to Reduce FireRisk .................... 4-47
SUMMAIY .t et e e e et e e e 4-49
Recommended Programs ...t 4-54

CHAPTER 5: POLICIES

5.1

5.2

5.3

State Laws and Administrative Guidelines . . . ............. . . ... . ..., 5-2

5.1.1 Basic GeneralPlanLaw .............. A 5-2
5.1.2 legislative Background ........... ... ... ... .. .. ... .. 5-3
5.1.3 State Safety ElementReview .............................. .. 53
5.1.4 Safety ElementGuidelines ........................cviiin.. 5-4
515 Related Federal Laws ................. ... i, 5-4
5.1.6 Related State Laws and Guidelines ........................... 5-6
Insurance Programs . ... ... e e e 5-8
5.2.1 Challenges Faced by Private Insurers ......................... 5-9
5.2.2 Need for Government-Assisted Earthquake Insurance ............ 5-12
5.2.3 Federal Earthquake Insurance Proposals . . .................... 5-12
5.2.4 State Earthquake Insurance ................ .. ... ... . ... 5-13
5.25 Improvements StillNeeded .............. ... .. ... .. ... ...... 5-14
Disincentives to Unsafe Development - .............. T 5-15
5.3.1 SeismicDesignCodes ............... ... ... e 5-15
5.3.2 Geological Hazards Mapplng ............................... 5-18
5.3.3 Density Restrictions . . . ... .. ... . 5-18

Earth Consultants International Page -vi-



. Table of Contents - County of Riverside AL_Jgust 1, 2000

¥ 5.4
5.5
o 5.6
5.7
5.8

5.34 ImpactFees ........... ... 5-19
5.3.5 Proposition 218 .. ... ... ... 5-20
Incentives for Safer Development ................... ... ... ... .. .. 5-21
5.4.1 Project Impact: Building Disaster Resistant Communities ......... 5-21
5.4.2 Retrofit Financing Incentives .. ............. ... ... ... ... ... . 5-21
5.4.3 Assessment District Formation ............................ .. 5-22
5.4.4 Historic Preservation Incentives .................. e 5-22
5.4.5 Extended NonconformingRights ............................. 5-22
5.4.6 On-site Density Transfer Incentives ......................... . 5-23
5.4.7 Transfer of DevelopmentRights ............................. 5-23
5.4.8 Severe Development Restrictions . ... ............... ... .. ... 5-24
5.4.9 Property Acquisition . .......... ... ... 5-25
Hazard Information Management Systems .. ........................ 5-26
5.5.1 Geographic Information System ............................. 5-26
5.5.2 Riverside County's Land-Based Data Systems .. ................ 5-27
5.5.3 Implementing an Emergency ManagementGIS ................. 5-28
5.4.4 User Responsive System Development ....................... 5-29
Hazards Overlay Zones . ... ......... ... i 5-31
5.6.1 Overlay ZonesasaPlanningTool ........................... 5-32
5.6.2 Hazards ManagementZoning . ................cuuururnnnn... 5-33
5.6.3 State SeismicOverlayZones ...................cvuuiii. .. 5-34
'5.6.4 Disadvantages of Local Safety Overlay Zoning ................. 5-34
Recovery and Reconstruction .............................. e 5-36
5.7.1 The Safety Element and Recovery Planning .. .................. 5-36
5.7.2 Status of Recovery Planning in Riverside County ................ 5-37
5.7.3 Recovery Planninglssues ................... ..... e 5-37
5.7.4 Recovery Ordinance as aFirstStep ................... PR 5-38
SUMMAIY . . e e e e e e 5-40

Earth Consultants International Page -vii-



Table of Contents - County of Riverside August 1, 2000
List of Figures
Figure 1-1: Geologic Provinces of the Riverside County Area ............. e 1-9
Figure 1-2: Regional Faulting of the Riverside County Area . .. ................ 1-13
Figure 1-3: Fault Segments and Earthquake Probabilities in Riverside County .... 1-20
Figure 1-4: Notable Historic Earthquakes in the Riverside County Region . . ... ... 1-24
Figure 1-5: Seismicity of Riverside County (189010 1999) . ............. . 1-33
Figure 1-6: Mapped Faulting in Riverside County . .. ........................ 1-35
Figure 1-7: Earthquake Fault Studies Zones in Riverside County .............. 1-36
Figure 1-8: Index of Official Earthquake Fault Zone Maps for Riverside County ... 1-39
Figure 1-9: Probabilistic Acceleration Contour Mapping for Riverside County ..... 1-44
Figure 1-10: Liquefaction Hazard Rating Criteria ........................... 1-58
Figure 1-11: Generalized Liquefaction SusceptibilityMap .................... 1-59
Figure 1-12: Earthquake-Induced Slope InstabilityMap ...................... 1-62
Figure 1-13: Unreinforced Masonry Building (URM) . ........................ 1-67
Figure 1-14: Precast Concrete-Frame Construction . ... ..................... 1-70
Figure 1-15: Inventory of Hospital Locations in Relation to Ground Shaking Risk . . 1-74
Figure 1-16: Inventory of Emergency Response Facilities in Relation to Ground

ShakingRisk . ........... .. . i, 1-75
Figure 1-17: Inventory of School Locations in Relation to Ground Shaking Risk . . . 1-76
Figure 1-18: Inventory of Communication Facilities in Relation to Ground

Shaking Risk . .. ... 1-77
Figure 1-19: Inventory of Dam Locations in Relation to Ground Shaking Risk . . ... 1-78
Figure 1-20: Inventory of Highway Bridges in Relation to Ground Shaking Risk . .. 1-79
Figure 1-21: Inventory of Hazardous Materials in Relation to Ground

ShakingRisk . . .......... . i 1-80
Figure 1-22: Inventory of Airport Locations in Relation to Ground Shaking Risk ... 1-83
Figure 1-23: Inventory of Highways in Relation to Ground Shaking Risk . ........ 1-84
Figure 1-24: Inventory of Rail Facilities, and Water, Oil, and

Natural Gas Pipelines in Relation to Ground Shaking Risk ... 1-85
Figure 1-25: Flow Chart llustrating HAZUS Methodology ....................1-88
Figure 1-26: Census Tract Boundaries HAZUS ‘99 Loss Estimation

General Stock Inventory Aggregation . .. ................. 1-90
Figure 1-27: County of Riverside Building Inventory by Occupancy Type ... ..... 1-96
Figure 1-28: Relative Projected Loss Estimations for Scenario Earthquakes . . . . . . 1-99
Figure 1-29: Near Source Zone Regions Impacting Riverside County

and UBC Zone Boundary ... .. P, 1-115
Figure 1-30: General Uniform Building Code Soil Types . ................... 1-117
Figure 2-1: Map of Geologic Provinces of the Riverside County Area........... 2-3
Figure 2-2:  Engineering Geologic Materials Map Riverside County ............ 2-4
Figure 2-3: Regions Underlain by Steep Slopes . ...............cc. oo .. 2-8
Figure 2-4:  Slope Failure Types ...... e 2-10

Earth Consultants International »

Page -viii-



Table of Contents - County of Riverside

August 1, 2000 -

Figure 2-5;
Figure 2-6:
Figure 2-7:

Figure 2-8:

Figure 2-9:
Figure 2-10:
Figure 2-11:

Figure 3-1:
Figure 3-2:
Figure 3-3:
Figure 3-4:
Figure 3-5:
Figure 3-6:
Figure 4-1:
Figure 4-2:
Figure 4-3;
Figure 4-4:

Figure 4-5:

Figure 5-1:

Figure 5-2:

Slope Failure and Landslide Susceptibility Rating Criteria . ........ 2-14
Documented Subsidence Areas in Riverside County ............. 2-19
General Map of Temecula-Murrieta Area Showing Graben-

Bounding Faults, and Major Fissure Areas . .............. 2-20
Schematic Cross-Sections lllustrating Collapsible Alluvium and

Fissure Formation for the Murrieta Area . .. ............... 2-22
Groundwater Table Profile of the Upper Coachella Valley ... ...... 2-25
Wind-Induced Soil Movement . . . . .. e e 2-28
Wind Erosion Susceptibility Map Riverside County . .............. 2-30
100- and 500-Year Flood Hazard Zones of Riverside County . . . .. ... 3-4
Drainage Systems of Riverside County ....................... 3-15
Dam Failure Inundation Zones of Riverside County .............. 3-40
Adding Waterproof Veneer to ExteriorWall .................... 3-47
Raising Electrical Systems . ............. ... ... ... ... .. ..... 3-48
Sewer Backflow Valve Installation . . .......................... 3-49
Historical Wildland Fires in Riverside County .................... 4-4
Wildfire Hazard Rating Criteria ... ........................... 4-14
Wildfire Susceptibility Riverside County ............. e 4-15
Emergency Response Facility Damage Based

on Mw 7.9 San Andreas Scenario Earthquake . ............ 4-38
Emergency Response Facility Damage Based

on Mw 6.9 San Jacinto Scenario Earthquake . ............. 4-39
Insured Catastrophe Losses in the United States from

1949-1997in1997 Dollars . .......... ... ... o, 5-11
Insurance Claims versus Age of Structure as a Result of the

1994 Northridge Earthquake .......................... 5-16

Earth Consultants International

Page -ix-



Table of Contents - County of Riverside August 1, 2000

List of Tables

Table 1-1:
Table 1-2:
Table 1-3:
Table 1-4:

Table 1-5:

Table 1-6:

Table 1-7:

Table 1-8:

Table 1-9:

Table 1-10:
Table 1-11:
Table 1-12:
Table 1-13:
Table 1-14:
Table 1-15:
Table 1-16:
Table 1-17:
Table 1-18:
Table 1-19:
Table 1-20:
Table 1-21:
Table 1-22:
Table 1-23:
Table 1-24:
Table 1-25:
Table 1-26:

Table 1-27:

Abridged Modified Mercalli Intensity Scale . .................... 1-14
Fault Source Parameters for Riverside County .. ................ 1-19
Historical Earthquakes Impacting Riverside County .............. 1-23
Alquist-Priolo-Earthquake Fault Zone Maps

Available for Riverside County ......................... 1-38
Probable Earthquake Scenarios for Riverside County ............ 1-41
Probabilistic Earthquake Accelerations for. Riverside County .. .. ... 1-45

Magnitude of possible foreshock required to reach a specified

probability level for four microseismic regions of the southern

San Andreas fault (Working Group, 1991) ................ 1-47
Alert levels and response for anomalous earthquake activity

along the southern San Andreas fault (Working Group, 1991) . 1-47

General Liquefaction Potential Zones for Riverside County ........ 1-87
HAZUS Injury Classification Scale ........................... 1-93
HAZUS Scenario Earthquakes for Riverside County ............. 1-95
Transportation System Lifeline Inventory ... ................. .. 1-97
Utility System Lifelineinventory . ............................. 1-98
Number of Buildings Damaged ............................. 1-100
Estimated Casualties ................ e e 1-101
Estimated Shelter Requirements . .......................... 1-102
Estimated EconomicLosses ......................... . ..., 1-102
Expected Building Damage by Occupancy

Mw 6.9 San Jacinto Fault Earthquake .................. 1-103
Expected Building Damage by Building Type (all design levels)

Mw 6.9 San Jacinto Fault Earthquake .................. 1-104
Expected Damage to Essential Facilities as a Result of a Mw 6.9
Earthquake on the San JacintoFault ........................ 1-104
Expected Damage to the Transportation Systems as a Result

of a Mw 6.9 Earthquake on the San Jacinto Fault ......... 1-105
Expected Electric Power System Performance as a Result

- of a Mw 6.9 Earthquake on the San Jacinto Fault . ........ 1-105
Casualty Estimates as a Result of a
Mw 6.9 Earthquake on the San Jacinto Fault . ... ...... ... 1-106

Building-Related Economic Loss Estimates (millions of dollars) as a
Result of a Mw 6.9 Earthquake on the San Jacinto Fault . . . . 1-107
Expected Building Damage by Occupancy

Mw 7.9 San Andreas Fault Earthquake ................. 1-108
Expected Building Damage by Building Type (all design levels)

Mw 7.9 San Andreas Fault Earthquake ................. 1-108
Expected Damage to Essential Facilities as a Result

of a Mw 7.9 Earthquake on the San Andreas Fault ... ... .. 1-109

Earth Consultants International . Page -x-



Table of Contents - County of Riverside . August 1, 2000

Table 1-28:
Table 1-29:
Table 1-30:

Table 1-31:

Table 1-32:

Table 1-33:
Table 1-34:

Table 2-1:

Table 3-1:
Table 3-2:
Table 3-3:
Table 3-4:
Table 3-5:

Table 3-6:
Table 3-7:
Table 3-5:
Table 3-9:

Table 4-1:
Table 4-2:
Table 4-3:
Table 4-4:

Table 4-5:
Table 4-6:
Table 4-7:
Table 4-8:
Table 4-9:
Table 4-10:

Table 4-11:

Expected Damage to the Transportation Systems as a Resuit

~ of a Mw 7.9 Earthquake on the San Andreas Fault ........ 1-109
Expected Electric Power System Performance as a Result
of a Mw 7.9 Earthquake on the San Andreas Fault ........ 1-110
Casualty Estimates as a Result of a Mw 7.9 Earthquake /
ontheSanAndreasFault............................ 1-111

Building-Related Economic Loss Estimates (millions of dollars)
-as a Result of a Mw 7.9 Earthquake on the

SanAndreas Fault ................................. 1-112
1997 Uniform Building Code Soil Profile Type ................. 1-116
1997 Uniform Building Code Seismic Source Types . ... .......... 1-118
1997 Uniform Building Code Near-Source Zones and Classifications

of Faultsin Riverside County . ........................ 1-119
Sources Digitized for Geologic Map Coverage Riverside County . . . .. 2-5
Historical Stream Gage Data for Riverside County ............... 3-10
Peak Elevation Levels of Lake Elsinore ....................... 3-11
U. S. Geological Survey Flood Prone AreaMaps  ............... 3-21
Facilities in Riverside County Exposed to Flood Hazards .......... 3-23
Flood Control Project Request FY 2000 , :

Riverside County Flood Control District .................. 3-29
National Inventory of Dam (NATDAM) Data for Riverside County . .. 3-33
Inundation Modeling of Colorado RiverDams .................. 3-37
Dam Failure Inundation Map Sources .. ....................... 3-39
Local Agencies with Flood Control Responsibilites . ............. 3-45

+20 Largest California Wildland Fires (Ranked by Structures Lost) . ... 4-5

Disaster Declarations Impacting Riverside County ................ 4-6
Rating Systems Used for Development of GISMap ... ........... 4-16
Sample Form for Bates Bill Process Determination of Very

High Fire Hazard Severity Zone . . ... P 4-22
Uniform Fire Code Minimum Fire Protection Flows .. ............. 4-31
.Road Standards for Fire Equipment Access ... ................. 4-33
Structural Standards . .......... ... .. 4-34
Model Ordinance Checklist, Fuel Modification Standards .......... 4-34
Scenario Earthquakes for Riverside County .................... 4-37
Earthquake Induced Fire Losses in

Riverside County HAZUS Scenario Earthquakes . ......... 4-40

Estimated Functionality (in percent) of County Fire Response
Facilities Based on Scenario Earthquakes at One Day
AfterEvent ... ... . . . . 4-41

Earth Consultants International Page -xi-



S

Table of Contents - County of Riverside

August 1, 2000

List of Appendices
Appendix A - References

Appendix B - Glossary
Appendix C - Fault Data
Appendix D - GIS Metadata

List of Plates

Plate 1-1:
Plate 1-2:
Plate 1-3:
Plate 1-4:
Plate 1-5:

Plate 2-1:
Plate 2-2:
Plate 2-3:
Plate 2-4:
Plate 2-5:

Plate 3-1:
Plate 3-2:
Plate 3-3:

Plate 4-1:

Riverside County Seismicity (1890 to 1999) (1:250,000, in-pocket)
Faults of Riverside County (1:250,000, in-pocket)

Fault Study Zones (1:250,000, in-pocket)

Depth to Groundwater in Riverside County (1:250,000, in-pocket)
Liquefaction Susceptibility Map (1:250,000, in-pocket)

Engineering Geologic Materials Map (1:250,000, in-pocket)

Digital Elevation Model for Riverside County (1:250,000, in-pocket)
Landslide and Slope Instability Map (1:250,000, in-pocket)
Subsidence Hazard Map (1:250,000, in-pocket)

Wind Erosion Susceptibility (1:250,000, in-pocket)

Major Drainages of Riverside County (1:250,000, in-pocket)
Flood and Inundation Susceptibility (1:250,000, in-pocket)
Potential Dam Failure Inundation Zones(1:250,000, in-pocket)

Wildfire Susceptibility Map (1:250,000, in-pockét)

Earth Consultants International

Page -xii-
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Natural Hazard Mapping, Analysis, and Mitigai‘ioh:
a Technical Background Repori in Support of the Safety Element
of the New Riverside County 2000 General Plan

CHAPTER 1: SEISMIC HAZARDS
1.1 Introduction

While the County of Riverside is at risk from many natural and man-made hazards, the
event with the greatest potential for loss of life or property and economic damage is an
earthquake. This is true for most of southern California, since damaging earthquakes are
frequent, affect widespread areas, trigger many secondary effects, and can overwhelm the
ability of local jurisdictions to respond. In Riverside County, earthquake-triggered geologic
effects include ground shaking, fault rupture, landslides, liquefaction, subsidence, and
seiches, all of which are discussed below. Earthquakes can also cause human-made
hazards such as urban fires, dam failures, and toxic chemical releases.

Earthquakes are caused by movement of rock along a break called a fault. The movement
releases pent-up strain energy in the form of waves, which travel outward in all directions.
These seismic waves cause the Earth to vibrate, and this shaking is what we feel in an
earthquake.

Most earthquakes occur along plate boundaries. The outer portion of the Earth consists
of enormous chunks of rock called plates, which slowly collide, separate, and grind past
each other. Frictional forces resist plate movements and the plate edges lock together.
Much strain energy builds up as plates keep trying to move. Eventually, frictional forces
are exceeded, the locked edges move, and all the stored strain energy is released in
seismic waves.

Earthquake risk is very high in the heavily populated, western portion of Riverside County,
due to the presence of three of California's most active faults, the San Andreas, the San
Jacinto and the Elsinore. Risk is moderate in the eastern portion of the County that
includes Blythe.

In California, recent earthquakes in or near urban environments have caused relatively few
casualties. This is due more to luck than design. For example, when a portion of the
Nimitz Freeway in Oakland collapsed at rush hour during the 1989, M,, 7.1 Loma Prieta
earthquake, it was unusually empty because so many were watching the World Series.
Nonetheless, California's urban earthquakes have resulted in significant economic losses.
Riverside County is at risk from larger, more damaging earthquakes than the
moderate-sized, M,, 6.7 Northridge earthquake, which in 1994 caused 54 deaths and
$20-$30 billion in damage. ” ‘

Earth Consultants International Page 1-1



vy

Seismic Hazards - County of Riverside , August 1, 2000

Earthquakes are a fact of life in southern California. Although it is not possible to prevent
them, their destructive effects can be minimized. Comprehensive hazard mitigation
programs that include the identification and mapping of hazards, prudent planning, public
education, emergency exercises, enforcement of building codes, and expedient retrofitting
and rehabilitation of weak structures can significantly reduce the scope of an earthquake
disaster. Local governments, emergency relief organizations, and residents must take
action, to develop and implement policies and programs that can reduce the effects of
earthquakes.

1.1.1 Faults

What is a fault?

Geologists visualize a fault as a plane of breakage between rocks, like a page
between thick book covers, which meets the surface at some angle. Most of the
major faults in southern California are strike-slip. When a strike-slip fault ruptures

~inan earthquake, the rocks on either side of the fault move horizontally, in opposite
directions. In a right lateral strike-slip fault movement, rock on the opposite side
of the fault moves to the right. Principal faults of the San Andreas system are right
lateral strike-slip. There are also dip-slip faults. With dip-slip earthquakes, the two
sides of the fault move up or down relative to each other. When the overhanging
side of the fault moves down, by convention it is called a normal dip-slip fault.
When the overhanging side moves up, it is a reverse dip-slip fault. As always,
nature is more subtle than our definitions, and in reality, many faults combine
vertical and horizontal motion. These are called oblique-slip faults.

On average, strike-slip faults are nearly vertical. That is, they meet the horizontal
surface of the earth at a 90 degree angle. In contrast, dip-slip faults typically meet
the surface at a non-vertical angle, and usually dip from the horizontal in the range
of 45 to 60 degrees. Thrustfaults are a particular type of low-angle, reverse fault,
which dip 25 to 35 degrees from the horizontal. The San Fernando, Northridge,
Whittier Narrows and Sierra Madre earthquakes all occurred on thrust faults. Some
faults do not extend all the way to the surface of the earth, and are referred to as
"blind". These faults are difficult to detect before they cause an earthquake,
although some do bend the surface into characteristic, small hills.

Why do we have faults in southern California?

In southern California, most of the faults have developed to allow for the motion
between the North American and Pacific tectonic plates (Atwater, 1970). Most of
the major fault zones in southern California are roughly parallel with the plate
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boundary, and accommodate horizontal motion across right-lateral strike-slip faults.
Reverse/thrust faults occur where regions of the crust are pushed together and are
thus experiencing compression. In the Transverse Ranges north of Riverside
County, there are reverse faults undergoing compression. Normal faults occur in
areas where the Earth's crust is being pulled apart and extending. Some regions
in Riverside County. that are extending are Lake Elsinore, Temecula Valiey,
Beaumont Plain, and the Imperial Valley.

Current faulting in southern California, associated with the boundary of tectonic
plates, has been ongoing for the past few hundred million years. The San Andreas
fault system has been active during about the past 20 million years (late Tertiary
Period) and is obviously still active today. Some faults associated with earlier
portions of the San Andreas Fault System have subsequently been abandoned and
are no longer active (see Powell, 1993). There are yet older fault systems
associated with tectonic plate interactions during the Paleozoic Era (570 to 245
million years ago), the Mesozoic Era (245 to 66 million years ago), and the early to
mid Tertiary Period prior to the development of the San Andreas Fault System (66
to ~20 million years ago). '

Faults are evaluated in terms of their location and lateral extent (zones), age
(activity), total displacement, slip rate, and type (style of deformation, i.e., reverse,
normal or strike-slip).

What is a fault zone?

A fault zone represents a collection of relatively smaller scale fault segments and
fault strands which typically have a similar strike, dip, and sense of movement.
However, faults can exist within a particular fault zone which display motion
contrary to the overall motion. Sometimes a number of strands are collectively
referred to as a fault segment, if the faults are closely associated and are believed
capable of all rupturing (moving) during a single earthquake. Individual fault
strands and fault segments within a major fault zone are often designated with
separate names. The individual strand refers to a single, fairly continuous
mappable fault at a map scale of approximately 1:24,000. For example, the
Wildomar fault strand is part of the Temecula segment, which is part of the Elsinore
fault zone.

How do we determine the age of a fault?

The estimated age (“activity") indicated for each fault in this Background Report is
subdivided into categories based on the best estimate from the available data for
the date of the last rupture on each fault. We adopted the age designations utilized
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in the California fault map prepared by Jennings' (1994). The categories include:

e Historical (ruptured in past 200 years)
. Active (ruptured during past 11,000 years; Holocene) .
. Potentially Active (rupture age < ~700,000 years ago; late Pleistocene)
. Inactive:
. Quaternary (last ruptured < 1.6 million yeas ago) ,
e Pre-Quaternary (age unknown but available evidence suggests that
it has not ruptured during the past 1.6 million years).
° Late Cenozoic (ruptures between 1.6 and 11.2 million years ago)

How Do We Measure Fault Movement?

Motion on faults is described by their total displacement (kilometers) and slip rate
(provided in terms of millimeters per year-mm/yr). The total displacement is usually

- determined by evaluating geologic features that were around before the fault
formed, and which have subsequently been split apart (offset) by the cumulative
movement of many earthquakes on the fault over hundreds of thousands to millions
of years. The slip rate is determined by a number of methods, all of which measure
an amount of offset accrued during an estimated amount of time. The slip rate is
then determined by dividing measured offset by the period of time required for the
fault to accrue that much displacement.  Slip rate data are utilized to estimate how
fast a fault is storing up "energy" between earthquakes, and to estimate the
recurrence time for large events.

The recurrence time, sometimes referred to as "repeat time" or "return time”,
represents the average amount of time that elapses between major earthquakes on
that fault. Repeat times for fault zones are estimated in a number of ways. The
most specific involve fault trenching studies that investigate earthquakes that have
occurred during the past thousands of years. Trenching studies have shown that
faults with larger slip rates often have shorter recurrence times between major
earthquakes. This makes sense. A large slip rate indicates rocks that are moving
(due to current plate motions) at a relatively fast pace. But most of the time, the
rocks are locked together by frictional forces at the fault. The more the rocks are
trying to move, the faster strain energy will build up, and the more often will the
forces of friction be exceeded. The fault will rupture and the rocks will move more
often, releasing the strain energy in more frequent, large earthquakes.
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1.1.2 Causes of Earthquake Damage

The three primary agents of earthquake damage, ordered by their likelihood to
occur extensively, are:

1) Strong Ground Shaking: This causes the vast majority of earthquake
damage. There are many ways that seismic waves can cause damaging
ground shaking, but few of them will affect any particular location in a single
earthquake. Characterization of shaking potential can require analyses of
maximum ground movement (displacement), velocity and acceleration, the
duration of potential strong shaking, and the lengths (periods) of waves that
control each of these factors during a given earthquake. Horizontal ground
acceleration is frequently responsible for widespread damage to structures.
It is commonly measured as a percentage of g, the acceleration of gravity.
In general, the degree of shaking can depend upon: ‘

Source effects - These include earthquake size, location, distance.
The bigger and closer the earthquake is, the more likely damage will
be. The exact way that rocks move along the fault can also influence
shaking, as can the orientation of the fault in the ground. The 1995
Kobe, Japan earthquake was about the same size as the 1994
Northridge, CA, earthquake, but caused much worse damage,
because in Kobe, the fault directed seismic waves into the city.
During the Northridge earthquake, the fault directed waves away from
populated areas.

Path effects - Seismic waves change direction as they travel through
the Earth's contrasting layers, just as light bounces (reflects) and
bends (refracts) as it moves from air to water. Sometimes this can
focus seismic energy at one location, and cause damage in
unexpected areas.

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

-
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2) Liquefaction/Ground Failure: Portions of the County of Riverside
are susceptible to liquefaction and landslides or rockfall, very destructive
secondary effects of strong seismic shaking.

Liquefaction occurs primarily in saturated, loose, fine to
medium-grained soils in areas where the groundwater table is within
50 feet of the surface. Shaking suddenly increases pore water
pressure, causing the soils to lose strength and behave as liquid.
Excess water pressure is vented upward through fissures and soil
cracks and a water-soil slurry bubbles onto the ground surface. The
resulting features are called "sand boils, sand blows" or "sand
volcanoes." Liquefaction-related effects include loss of bearing
strength, ground oscillations, lateral spreading, and flow failures or
slumping. Site-specific geotechnical studies are the only practical
and reliable way of determining the liquefaction potential of a site.

Landslides and Rockfall There are predictable relationships
between local geology and mass wasting processes like landslides
and rockfall. Slope stability is dependent on many factors and their
s interrelationships. Rock type and pore water pressure are possibly
the most important factors, followed by slope steepness due to
natural or man-made undercutting. In addition, many existing
landslides and soil slumps have been mapped within the County, and
where slopes have failed before, they will fail again. Field
investigation enables identification of failure-prone slopes before an
earthquake occurs.

3) Primary Ground Rupture/Faulting: Primary ground damage due to

earthquake fault rupture typically results in a relatively small percentage of

the total damage in an earthquake, but being too close to a rupturing fault

can cause profound damage. It is difficult to reduce this hazard through

structural design. The primary mitigative technique is to set back from, and
avoid, active faults. The challenge comes in identifying all active faults.

Faults throughout southern California have formed over millions of years.

Some of these faults are generally considered inactive under the present

geologic conditions. Other faults are known to be active. Such faults have

either generated earthquakes in historical times (a scant 200 years), or show

geologic and geomorphic indications of relatively recent movement. Faults
that have moved in the relatively recent geological past are generally
presumed to be the most likely candidates to generate ‘damaging

earthquakes in the lifetimes of residents, buildings or communities.
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1.1.3 General Tectonic Setting

Earthquakes in Southern California occur as a result of movement between the
Pacific and North American plates. Faults of the San Andreas system are used to
mark the boundary between the plates, but the deformation, faulting and associated
earthquakes occur in a broadly distributed zone that stretches from offshore to
Nevada. Thus, the San Andreas is one of a system of plate-bounding faults. Most
of the movement between the plates occurs along the San Andreas fault, which
bisects Riverside County. The rest of the motion is distributed among
northwest-trending, strike-slip faults of the San Andreas system (principally the San
Jacinto, Elsinore, Newport-Inglewood and Palos Verdes faults); several
east-trending thrust faults which bound the Transverse Ranges; and the Eastern
Mojave Shear Zone (a series of faults east of the San Andreas, responsible for the
1992 Landers and the 1999 Hector Mine earthquakes).

Given the 1986 Palm Springs, 1987 Whittier Narrows, 1987 Imperial Valley, 1991
Sierra Madre, 1992 Landers, 1994 Northridge, and 1999 Hector Mine earthquakes,
southern Californians may feel that we have had our share of earthquakes in the
last few years. However, some researchers suggest that far too few earthquakes
. have occurred in Southern California in the last 200 years to account for the rate
o of movement between the Pacific and North American plates. The data suggest
that Southern California is due for either numerous, moderate M, 6-7
Northridge-like earthquakes, or a few, larger (M, 7.2 or greater) earthquakes.

3

Earthquakes could occur in any of the four major geologic provinces in the County
of Riverside. These provinces are characterized by different active tectonic stress
regimes and geomorphology (Figure 1-1). In each province, the stresses of plate
motion create different styles of faults and surficial features.

Peninsular Ranges: The western portion of Riverside County and most of its
population are in the Peninsular Range province. The Santa Ana and San Jacinto
Mountains are part of the Peninsular Ranges, and were built by movement along
earthquake faults. This province is dominated by right-lateral strike-slip faulting
associated with the San Jacinto and Elsinore faults. However, all types of faulting
may be found in this block, such as in the Elsinore Trough. The communities of

- Temecula and Murrieta and many agricultural areas of southwestern Riverside
County lie in this broad structural depression; formed by active faulting along faults
of the Elsinore fault system.

Salton Trough: The desert communities and farmland of the Coachella Valley in
central Riverside County are located within the Salton Trough province. Here, the

,»)"
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plates are separating and spreading centers exist. The spreading centers continue
to the south, into the Gulf of California. At present, the Salton Trough is cut off from
the Gulf of California by an accumulation of sediment at the mouth of the Colorado
River. The Trough is filled with sediment three miles thick, derived primarily from
the Colorado River. Periodically during the last 10,000 years, the Trough has been
inundated with water. The most recent inundation formed the Salton Sea in 1905.

Transverse Ranges: Throughout most of the western U. S. are northwest-trending
geologic features, a consequence of current plate motions. The trend of the
Transverse Range province is a startling exception. These mountains run west to
east from west of Santa Barbara to east of San Bernardino. The easternmost San
Bernardino Mountains lie in north-central Riverside County. Many of southern

~ California's recent damaging earthquakes occurred on faults that have built the

Transverse Ranges, including: the 1971 Sylmar M,, 6.7, the 1991 Sierra Madre M,
5.8, and the 1994 Northridge M,, 5 6.7. Although most of this province is located
north and west of Riverside County, populated areas such as Riverside, Norco and
Corona are at risk from Transverse Range earthquakes occurring on the nearby
Cucamonga or Sierra Madre fault systems, about 20 to 25 miles to the north. -
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1.1.4

Mojave Desert: The Mojave Desert province consists of the eastern half of the
County, and includes the Blythe area. Compared to the rest of Riverside County,
this province has a moderate to low rate of seismicity and very few mapped faults.
However, just north of the County, there are numerous active right-lateral strike-slip
faults in the Mojave Desert province. These have recently produced the 1992
Landers M,, 7.3 and the 1999 Hector Mine M,, 7.1 earthquakes.

More detailed information about the sediments and bedrock types in Riverside
County can be found in Chapter 2 - Slope and Soil Instability Hazards. '

Common Designations of Earthquake Hazard Potential

Earthquake Size and Impact: Earthquakes are classified according to their
moment (a measure of the energy released when a fault ruptures), their
magnitude (a measure of maximum ground motion) or their intensity (a qualitative
assessment of an earthquake's effects at a given location). A given earthquake will
have one moment, and in principle, one magnitude (although there are several
methods of calculating magnitude, which give slightly different results). However,
earthquakes can produce several intensities, because effects generally decrease
with distance from the earthquake. The most commonly used seismic intensity
scale, called the Modified Mercalli Intensity (MMI) scale, has 12 levels of damage.
The higher the number, the greater the damage (Table 1-1).

The strength of seismic ground shaking at any given site is a function of many
factors. Of primary importance are the size of the earthquake, its distance, the
paths the waves take as they travel through the Earth, the rock or soils underlying
the site, and topography (particularly whether a site sits in a valley, or atop a hill).
The amount of damage also depends on the size, shape, age, and engineering
characteristics of the affected structures. '

The interaction of ground motion and human-made structures is complex.
Governing factors include a structure's height, construction, and stiffness, a soil's
strength and resonant period, and the period of high-amplitude seismic waves.
Waves come in different lengths and thus repeat their motions with varying
frequency. Long waves are called long period or low frequency. Short waves are
called short period or high frequency. In general, long period seismic waves, which
are characteristic of large earthquakes, are most likely to damage long period
structures such as high-rise buildings and bridges. Shorter period seismic waves,
which tend to die out quickly, will most often cause damage in nearby earthquakes,
and they will damage shorter period structures such as one- and two-story
buildings. Very short period waves are most likely to cause non-structural damage,
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such as to equipment. In different situations, ground displacement, velocity and
acceleration can cause damage.

Planning and Design Earthquakes: The largest earthquake expected in an area
under the current tectonic environment is termed the maximum credible (MCE) or
characteristic earthquake. A maximum probable earthquake (MPE) is the
earthquake most likely to occur in a specified period of time, (such as 30 to 500
years). Generally, the longer the time period (recurrence interval) between
earthquakes, the larger the earthquake will be, because there has been time to
store more strain energy. The recurrence interval of concern will depend on the
planned use, lifetime, or importance of a facility, The more critical the structure, the
longer the recurrence interval chosen and the larger the design earthquake, that
is, the earthquake that a community is designed to withstand.

Geologists, seismologists, engineers and urban planners typically use maximum
credible and maximum probable earthquakes to evaluate the seismic hazard of a
region. If we plan for worst-case scenario, smaller earthquakes that are more likely
to occur can be dealt with readily. Buildings and other structures must meet
seismic design parameter values. For example, they must withstand a certain peak
acceleration, a given duration of strong shaking, or a particular period of seismic
waves. When these values are derived from maximum credible earthquakes, they
help to establish safety margins.

Although earthquakes occur often in Southern Cailifornia, hundreds or thousands
of years can elapse between earthquakes on any particularly portion of a fault.
Many southern California faults have not caused earthquakes in historic times, and
fewer yet have caused a maximum credible earthquake in historic times. Therefore,
estimates of maximum credible and maximum probable earthquakes for a given
fault are based on the length of the fault, style of faulting, and other characteristics.
Earthquake size often depends on how many segments of a fault give way at one
time. The more segments that rupture, the greater the energy release and the
bigger the earthquake.

When a fault has not ruptured in historic times, data obtained from trenching
excavations across the fault (paleoseismic studies) provide valuable insight into
how often the fault ruptures, and how big its earthquakes get.

Fault Activity: The State of California, under the guidelines of the Alquist-Priolo
Earthquake Fault Zoning Act (Hart and Bryant, 1997), classifies faults according to
the following criteria:
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Active faults show proven displacement of the grdund surface within about
the last 11,000 years (Holocene Epoch); and '

Potentially Active faults show evidence of movement within the last 1.6
million years.

The State definition of an active fault is designed to gauge the surface rupture
potential of a fault. The assumption is that if a fault has not moved in the last
11,000 years, it is unlikely to be the source of a damaging earthquake in the future.
For residential subdivisions, a fault that has not moved in the last 11,000 years, as
determined from direct geologic evidence, is presumed to be not active. These are
reasonable assumptions, but it can be difficult to ascertain when a fault has moved.

Although potentially active faults are considered less likely to generate earthquakes
than active faults, in reality, most potentially active faults have been insufficiently
studied to determine whether they are active or not. In this study, both active and
potentially active faults are treated as candidate earthquake sources.

Regardless of which fault causes an earthquake, there will always be aftershocks.
By definition, these are smaller earthquakes that happen close to the mainshock
(the biggest event of the sequence) in time and space. These smaller earthquakes
occur as the earth adjusts to the regional stress changes created by the mainshock.
The bigger the mainshock, the greater the number of aftershocks, and the larger
they will be. Generally, it takes a magnitude of about 5.5 to damage buildings. Any
major earthquake will produce aftershocks large enough to cause damage,
especially to already-weakened structures.

On average, the largest aftershock is 1.2 magnitude units less than the mainshock,
Thus, a magnitude 6.9 earthquake will tend to produce aftershocks up to magnitude
5.7 in size. This is an average, thus there are many cases where the largest
aftershock is larger than the average would predict. Post-disaster response must
take large, damaging aftershocks into account. v
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TABLE 1-1: ABRIDGED MODIFIED MERCALLI INTENSITY SCALE
AND RELATION TO OTHER PARAMETERS

Intensity Value and Description

. Velocity

Average
peak

(centimeters
per second)

Average peak
acceleration (g
is gravity = 9.80
meters per
second squared)

Not felt except by a very few under especially favofab!e circumstances (I Rossi-Forel)

Felt only by a few persons at rest, especially on upper floors of high-rise buildings.
Delicately suspended objects may swing. (1 to Il Rossi-Forel scale)

.

Felt quite noticeably indoors, especially on upper floors of buildings, but many people Ho

not recognize it as an earthquake. Standing automobiles may rock slightly. Vibration
like passing of fruck. Duration estimated. (Il Rossi-Forel scale)

During the day felt indoors by many, outdoors by few. At night some awakened.
Dishes, windows, doors disturbed: walls make creaking sound. Sensation like a heavi
truck striking building. Standing automobiles rocked noticeably. (IV to V Rossi-Fore!
scale)

0.015g-0.02g

Felt by nearly everyone, many awakened. Some dishes, windows, and so on broken:
cracked plaster in a few places; unstable objects overturned. Disturbances of trees,
poles, and other fall objects sometimes noticed. Pendulum clocks may stop. (V to VI
Rossi-Forel scale) )

0.03g-0.04g

VI

Felt by all, many frightened and run outdoors. Some heavy furniture moved, a few
instances of fallen plaster and damaged chimneys. Damage slight. (VI to VIl Rossi-
Forel scale) R

5-8

0.06g-0.07g

Vil

Everybody runs outdoors. Damage negligible in buildings of good design and
construction; slight to moderate in well-built ordinary struciures; considerable in poorly
‘built or badly designed structures; some chimneys broken. Noticed by persons driving
cars. (VIil Rossi-Forel scale)

8-12

0.10g-0.15g

VIil.-

Damage slight in specially designed structures; considerable in ordinary substantial
buildings with partial collapse; great in poorly built structures. Panel walls thrown out
frame structures. Fall of chimneys, factory stacks, columns, monuments, and walls.
Heavy furniture overturned. Sand and mud ejected in small amounts. Changes in well
water. Persons driving cars disturbed. (Vill+to IX Rossi-Forel scale)

=+

20-30

0.25g-0.30g

Damage considerable in specially designed structures; well-designed frame structures
thrown out of plumb; great in substantial buildings with partial collapse. Buildings
shified off foundations. Ground cracked conspicuously. Underground pipes broken.
(IX+ Rossi-Forel scale

45-55

0.50g-0.55g

Some well-built wooden structures destroyed; most masonry and frame structures
destroyed with foundations; ground badly cracked. Rails bent. Landslides considerajle
from river banks and steep slopes. Shifted sand and mud. Water splashed, slopped
over banks (X Rossi-Forel scale)

More than
60

More than 0.60g

Xl

Few, if any, (masonry) structures remain standing. Bridges destroyed. Broad fissuresw
in ground. Underground pipelines completely Out of service. Earth slumps and land
slips in soft ground. Rails bent greatly.

Xil.

Damage total. Waves seen on ground surface. Lines of sight and level distorted.
Objects thrown into air.

Primary Source: Bolt (1993)
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1.1.5 Laws to Mitigate Earthquake Hazard

The Alquist-Priolo Special Studies Zones Act was signed into law in 1972. In
1994.it was renamed the Alquist-Priolo Earthquake Fault Zoning Act (A-P Act). The
primary purpose of the Act is to mitigate the hazard of fault rupture by prohibiting
the location of structures for human occupancy across the trace of an active fault
(Hart and Bryant, 1997). This State law was a direct result of the 1971 San
Fernando Earthquake, which was associated with extensive surface fault ruptures
that damaged numerous homes, commercial buildings, and other structures.
Surface rupture is the most easily avoided seismic hazard.

The A-P Act requires the State Geologist (Chief of the Division of Mines and
Geology) to delineate "Earthquake Fault Zones" along faults which are "sufficiently
active" and "well-defined." Sufficiently active faults show evidence of Holocene
surface displacement along one or more or their segments. Well-defined faults are
clearly detectable by a trained geologist as a physical feature at or just below the
ground surface. The boundary of an "Earthquake Fault Zone" is generally about
500 feet from major active faults, and 200 to 300 feet from well-defined minor faults.
The A-P Act dictates that cities and counties withhold development permits for sites
within an Alquist-Priolo Earthquake Fault Zone, until geologic investigations
demonstrate that the sites are not threatened by surface displacements from future
faulting (Hart and Bryant, 1997).

Alquist-Priolo Earthquake Fault Zone mapping has been completed by the State
Geologist for the 45 quadrangles in Riverside County. The maps are distributed to
all affected cities, counties, and state agencies for their use in planning and
controlling new or renewed construction. Local agencies must regulate most
development projects within the zones. Projects include all land divisions and most
structures for human occupancy. State law exempts single family wood-frame and
steel-frame dwellings which are less than three stories and are not part of a
development of four units or more. However, local agencies can be more restrictive
than state law requires.

Before a project can be permitted, cities and counties must require a geologic
investigation to demonstrate that proposed buildings will not be constructed across
active faults. An evaluation and written report of a specific site must be prepared
by a licensed geologist. If an active fault is found, a structure for human occupancy
cannot be placed over the trace of the fault and must be set back from the fayit
(generally 50 feet). ~
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The A-P Act only addresses the hazard of surface fault rupture and is not directed
toward other earthquake hazards. The Seismic Hazards Mapping Act, passed
in 1990, addresses non-surface fault rupture earthquake hazards, including strong
ground shaking, liquefaction and seismically-induced landslides.

The California Department of Conservation, Division of Mines and Geology (DMG)
is the principal State agency charged with implementing the 1990 Seismic Hazard
Mapping Act (SHMA). Pursuant to the SHMA, the DMG is directed to provide local
governments with seismic hazard zone maps that identify areas susceptible to
amplified shaking, liquefaction, earthquake-induced landslides, and other ground
failures. The goal is to minimize loss of life and property by identifying and
mitigating seismic hazards. The seismic hazard zones delineated by the DMG are
referred to as "zones of required investigation". Site-specific geotechnical hazard
investigations are required by SHMA when construction projects fall within these
areas. The DMG, pursuant to the 1990 SHMA, has not completed any mapping for
Riverside County, nor is any planned for the foreseeable future (DMG, 2000).
- However, this study provides seismic hazard mapping and information that meets
the intent of the Seismic Hazards Mapping Act, and local agencies should require
site-specific geotechnical hazard investigations based on this mapping.

Real Estate Disclosure Requirements. - Effective June 1, 1998, the Natural
Hazards Disclosure Act requires that sellers of real property and their agents
provide prospective buyers with a "Natural Hazard Disclosure Statement" when the
property being sold lies within one or more state-mapped hazard areas. If a
property is located in a Seismic Hazard Zone as shown on a map issued by the
State Geologist, the seller or the seller's agent must disclose this fact to potential
buyers. The law specifies two ways in which this disclosure can be made. One is
to use the new Natural Hazards Disclosure Statement as provided in Section
1102.6¢ of the California Civil Code. The other way is to use the Local Option Real
Estate Disclosure Statement as provided in Section 1102.6a of the California Civil
Code. The Local Option Real Estate Disclosure Statement can be substituted for
the Natural Hazards Disclosure Statement only if the Local Option Statement
contains substantially the same information and substantially the same warning as
the Natural Hazards Disclosure Statement.
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1.2 Major Earthquake Sources in Riverside County

Many faults have the potential to generate strong ground shaking, surface fault rupture
and secondary damage in Riverside County (see Figure 1-2). For the faults that pose the
greatest threat to the County, summaries of current technical data and professional views
are described in the next sections. Additional detail on Riverside County faults is
provided in Appendix C. :

Bl

1.2.1 San Andreas Fault Zone

Because of its relatively frequent (high recurrence rate), large earthquakes, the San
Andreas fault is considered the "Master Fault", controlling the seismic hazard in
Southern California. In the vicinity of Riverside County, the San Andreas fault zone
is comprised of three segments: 1) the San Bernardino Mountains segment, 2) the
Coachella Valley segment, and 3) the Mojave Desert segment. Between Cajon and
San Gorgonio Passes, the County is bisected by the San Bernardino segment. The
Coachella Valley segment of the San Andreas runs along the northeastern margin
of the Coachella Valley. . :

The last major earthquake on the southern San Andreas fault was the 1857 M, 8.0
Fort Tejon quake that ruptured the San Andreas from central California, near
Parkfield, to Cajon Pass, about 15 miles north of the County. For this study, the
"Southern Segment" is considered a simultaneous rupture of the San Bernardino
and Coachella Valley segments. Paleoseismic evidence indicates that such
simultaneous rupture has occurred at least twice since 1450.

The San Bernardino Mountains segment extends in a westerly to northwesterly
direction between the Cajon Pass area and the San Gorgonio Pass (Figure 1-3).
This segmentis structurally complexbecause the fault makes a left-step, and bends
to trend in a more westerly direction. Associated compression is expressed as a
zone of reverse, lateral and oblique-slip deformation that is accommodated by
several subparallel fault strands. The most important of these are the Mission
Creek, San Gorgonio Pass, and Banning faults.

Several estimates of slip rate obtained independently indicate that the San
Bernardino Mountains segment has a slip rate of 24+ 6 mm/yr, with an average
recurrence interval of 146 years (WGCEP, 1995). Paleoseismic studies at
Wrightwood indicate that there have been six surface-rupturing earthquakes on this
segment since AD 1192, with the most recent five events occurring, on average,
every 106 years. The most recent surface-rupturing earthquake on this segment
is thought to have occurred in 1812 (Jacoby and others, 1988). Stein and others
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(1992) indicate that the Landers earthquake sequence may have caused stress
changes that advanced the occurrence of the next great San Andreas earthquake
on this segment by 8 to 22 years. The Working Group on California Earthquake
Probabilities (1995) estimated that this segment has a 28% probability of rupturing
in the time period between 1994 and 2024 (Figure 1-3). An earthquake of
magnitude 7.3 on the San Bernardino Mountains segment could produce peak
horizontal ground accelerations as high as 0.53 g (Table 1-1) in Riverside County.
If this fault segment breaks along with the Mojave or Coachella segments (e.g.
Southern Segment, Table 1-2), a much larger portion of the County would be
subjected to strong ground motions.

The Coachella Valley segment extends from the San Gorgonio Pass to the Salton
Sea. It has not produced large, surface-rupturing earthquakes in historic times
(Sieh and Williams, 1990). Paleoseismic studies suggest that the last
surface-rupturing earthquake on this segment occurred around A.D. 1680. Studies
at Indio indicate that prior to 1680, earthquakes on this fault segment occurred at
an average recurrence interval of 220 years. The data also suggest that the
Coachella Valley and San Bernardino Mountain segments ruptured simultaneously
in earthquakes that occurred around 1680 and 1450. The segment is creeping at
a rate of about 2-4 mm/year, and has a long-term slip rate of about 25 + 5 mm/yr
(WGCEP, 1995). This segment has an estimated 22% probability of rupturing
before the year 2024 and is estimated capable of producing a magnitude 7.1
earthquake (WGCEP, 1995).

The Mojave segment extends from the Cajon Pass area, the southern limit of the
1857 rupture, (about 30 kilometers (km) north of Riverside County) north some 100
km (WGCEP, 1995). The 1988 Working Group calculated the recurrence interval
for this segment using the 1857 displacement. The 1995 Working Group retained
the slip rate of 30 mm/yr, characteristic displacement of 4.5 + 1.0 m and derived
repeat time of 150 years, but increased the uncertainties to =8 mm/yr and +1.5 m,
respectively. Rupturing alone, the Mojave segment is estimated capable of
producing a magnitude 7.1 earthquake.
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Table 1-2: Fault Source Parameters for Riverside County

. Length Slip Rate
, lesrga‘:ce Maximum | Maximum I';';fgf
Fault Name and Geometry (1) County Mag(nzltude Pg)A Interval Comments
(km) ) (vrs)
(km) +- (mmvyr) +-

San Andreas-Coachella (rl-ss) 0 95 10 25 5 71 0.51 na Slip rate based on Sieh and Williams (1990); Sieh
(1986); Keller et al. (1982); Bronkowski (1981).
Model assumes slip only in S. San Andreas
events.

San Andreas-San Bernardino 0 107 11 24 6 7.3 0.53 146 Slip rate reported by Weldon and Sieh (1985).

(rl-ss) ’

San Andreas (southern) (rl-ss) 0 203 20 24 6 7.4 0.48 220 Rupture of San Bernardino and Coachella

’ segments. Slip rate based on Coachella segment.

San Andreas-Mojave (tl-ss) >30 99 10 30 7 7.1 0.25 150 Slip rate based on Sieh (1984), Salyards et al.

) (1992), and WGCEP (1995).

San Jacinto-Coyote Creek (rl-ss) 0 40 4 4 2 6.8 0.48 175 Slip rate and fault length from WGCEP (1995).

San Jacinto-Anza (rl-ss) 0 90 9 12 6 7.2 0.52 250 Slip rate and fault length from WGCEP (1995).

San Jacinto-San Jacinto Valley 0 42 4 12 6 6.9 0.49 83 Slip rate and fault length from WGCEP (1995),

(rl-ss)

San Jacinto-San Bernardino (rl-ss) 0 35 4 12 6 6.7 0.53 100 Slip rate and fault length from WGCEP (1995).

Elsinore-Temecula (rl-ss) 0 42 4 5 2 6.8 0.47 240 Slip rate and fault length from WGCEP (1995).

Elsinore-Glen lvy (rl-ss) ! 0 38 4 5 2 6.8 0.48 340 Reported slip rates vary from 3.0-7.2 (Miliman and
Rockwell, 1986)

Whittier (ri-ss) 0 37 4 2 1 6.8 0.48 641 | Slip rate based on Rockwell et al. (1990); Gath et

* lal. (1992) description of offset drainage.

Chino-Central Ave. (rl-r-0) 0 28" 3 1 1 6.7. 047 882 Unconstrained slip rate based on assumptions of

slip transfer between Elsinore and Whittier faults.

1. STYLE OF FAULT: (ss) strike slip, (r) reverse, (n) normal, (o) oblique

SENSE OF SLIP: (r) right lateral, (ll) left lateral

2. Maximum moment magnitude calculated from rupture area regressions (type "all"} (from Wells and Coppersmith, 1994).
3. Maximum estimated horizontal peak ground acceleration as a percentage of gravity on bedrock, at closest Riverside County location (from CDMG).
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1.2.2

1.2.3

San Jacinto Fault Zone

The San Jacinto Fault Zone consists of a series of closely spaced faults that form
the western margin of the San Jacinto Mountains. The fault zone extends from its
junction with the San Andreas fault in San Bernardino, southeasterly toward the
Brawley area, where it continues south of the international border as the Imperial
transform fault. The San Jacinto fault zone has a high level of historical seismic
activity, with at least ten damaging (M,, 6 - 7) earthquakes having occurred on this
fault zone between 1890 and 1986. Earthquakes on the San Jacinto in 1899 and
1918 caused fatalities in the Riverside County area. Offset across this fault is
predominantly right-lateral, similar to the San Andreas fault, although Brown (1990)
has suggested that dip-slip motion contributes up to 10% of the net slip. The
segments of the San Jacinto fault that are of most concern to Riverside County are
the San Bernardino, San Jacinto Valley and Anza segments.

Fault slip rates on the various segments of the San Jacinto are less well
constrained than for the San Andreas fault, but the available data suggest slip rates
of 12 + 6 mm/yr for the northern segments of the fault, and slip rates of 4 £ 2 mm/yr
for the southern segments (WGCEP, 1995). For large ground-rupturing
earthquakes on the San Jacinto fault, various investigators have suggested a
recurrence interval of 150 to 300 years (Petersen and Wesnousky, 1994). The
Working Group on California Earthquake Probabilities (1995) has estimated that
the San Bernardino, San Jacinto Valley and Anza segments have a 37%,43%, and
17% probability, respectively, of rupturing in the period between 1994 and 2024.

Maximum credible earthquakes of magnitudes 6.7, 6.9 and 7.2 are expected on the
San Bernardino, San Jacinto Valley and Anza segments, respectively, capable of
generating peak horizontal ground accelerations of 0.48 to 0.53 g (Table1-1, 1-2)
in the County of Riverside.

Elsinore Fault Zone

The Elsinore fault zone parallels the San Jacinto and is part of the same
right-lateral crustal plate strain system as the San Andreas and the San Jacinto.
Segments in Riverside County are the Whittier, Glen Ivy, Temecula, and Julian
segments. The most apparent displacements on the Whittier-Elsinore have been
vertical, as evidenced by the steep scarp (an earthquake-built cliff) along the Santa
Ana Mountains. The Elsinore branches into the Whittier fault near Santa Ana
Canyon, where it borders the Puente Hills to the southwest and the Chino fault to
the northeast. Maximum credible earthquakes of M, 6.7 to 6.8 are assigned for the
Chino, Whittier, Glen Ivy and Temecula segments of the Elsinore fault. Major
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ground rupturing events on these fault segments would generate peak ground
accelerations of 0.47 to 0.48 g for Riverside County (Table1-1, 1-2). WGCEP
(1995) estimates probabilities of 5% to 16% for these events tfo occur in the 1994
to 2024 time period.

1.2.4 Cucamonga Fault Zone

The Cucamonga fault zone, a youthful member of the Transverse Ranges family of
thrust faults (Morton and Matti, 1987), is not in Riverside County but creates a
hazard there. ltis the eastward extension of the Sierra Madre fault, one of the most
hazardous of southern California's faults. The Cucamonga fault zone is the known
Transverse Ranges fault that is closest to the County of Riverside. Itis comprised
of a series of east-west trending, north-dipping reverse faults that displace
Holocene sediments (Ziony and Jones, 1989). This frontal fault zone extends from
the southern margin of San Gabriel Mountains to the southern margin of the San
Bernardino Mountains, disrupting modern alluvial fans and sediments associated
with the upper Santa Ana River Valley. This provides evidence that the
Cucamonga fault zone is active.

Measurements of the fault-plane dips and determination of surface offsets forthrust
fault scarps suggest minimum slip rates between 4.5 and 5.5 mm/yr (Morton et al.,
1987). Taking into account uncertainties in Carbon-14 age dating of offset
materials, WGCEP (1988) assigned a slip rate of 5.0 + 2.0 mm/yr and maximum

magnitude of 7.0 to the Cucamonga fault.
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1.3 Riverside County Seismﬁcity

In Figure 1-4 and Table 1-3 are the epicenters and magnitudes of historical earthquakes
that have caused significant ground shaking or secondary damage in Riverside County.
These data are provided-by the Southern California Earthquake Center Data Center
(SCEC-DC, 1999). Several of these earthquakes have resulted in Modified Mercalli
Intensity (MMI) VII (severe) ground shaking in Riverside County. Fatalities were reported
in Riverside County as a result of San Jacinto fault earthquakes in 1899 and 1918.
Recently, MMI VI shaking occurred in the southern Coachella Valley region of Riverside

County during the October 1999 M, 7.1 Hector Mine earthquake.

Table 1-3: Historical Earthquakes Impacting Riverside County

Max MMI in
- Date Magnitude Riverside Distance from Riverside County
County
Dec. 8, 1812; 7:00 am 75 Vil Wrightwood; 18 miles north
July 22, 1899; 12:32 pm, 5.7 Vil Cajon Pass; 18 miles north
Dec. 25, 1899; 4:25 am 6.5 Vil San Jacinto Valley, 6 fatalities in County
May 15, 1910; 7:47 am 6.0 Vil near Lake Elsinore
April 21, 1918; 2:32 pm 6.8 Vil San Jacinto Valley, 1 fatality in County
March 10, 19383; 5:54 pm 6.4 Y Long Beach; 19 miles west
Dec. 4, 1948; 3:43 pm 6.0 Vil Desert Hot Springs
Sept. 12, 1970; 7:30 am 5.2 \ Lytle Creek; 18 miles north
July 8, 1986; 2:21 am 6.0 Vil North Palm Springs
Oct. 1, 1987; 7:42 am 5.9 v Whittier-Narrows; 21 miles west
June 26, 1988: 8:05 am 4.7 v Upland; 11 miles west
Feb. 28, 1990; 3:43 pm 5.4 \Y Upland; 12 miles west
June 28, 1991; 7:43 am 5.8 v Sierra Madre; 18 miles northwest
April 22, 1992; 9:50 pm 6.1 VI | Joshua Tree
June 28, 1992; 4:57 am 7.3 Vil Landers; 8 miles north
June 28, 1992; 8:05 am 6.4 / \i Big Bear; 10 miles north
Jan. 17, 1994: 4:31 am 8.7 1 Northridge; 64 miles northwest
Oct. 16, 1999; 2:40 am 7.1 , Vi Hector Mine; 20 miles north
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" 1.3.1 Past Damaging Earthquakes

Below is'a summary of historical earthquakes significant to Riverside County.
Locations and sizes of earthquakes that occurred before good instrumental
recordings became available (before ~1940) have been estimated. Generally, the
older sizes and locations have big error margins. :

1812 Wrightwood (formerly known as the "San Juan Capistrano Earthquake"): With a magnitude
of approximately 7.5, this earthquake occurred on December 8, 1812 during the mid-morning hours.
The epicenter is relatively uncertain, but, based upon tree ring and paleoseismology data (Jacoby
and others, 1988; Sieh and others, 1989), appears to be on the San Andreas fault near Wrightwood,
about 18 miles north of the County of Riverside. This earthquake is often referred to as the "San
Juan Capistrano” earthquake, due to the death toll at the mission. It is thought that this quake
ruptured the Mojave segment of the San Andreas, possibly resulting in as much as 106 miles of
surface rupture -- roughly, the length of the San Andreas fault between Tejon Pass and Cajon Pass.

1899 Cajon Pass This estimated magnitude 5.7 earthquake was felt over most of southern
California, with intensities reaching VIl in the epicentral area, somewhere near Lytle Creek and
Cajon Pass, about 18 miles north of Riverside County. Triggered landslides blocked both the Lytle
Creek Canyon road and the road through Cajon Pass. The heaviest damage to buildings occurred
in San Bernardino, Highland, and Patton. Damage was also reported in Redlands, Pomona,
Riverside, Pasadena, and Los Angeles, though it was mostly minor. No deaths were reported, and
the number of injuries is uncertain (Townley, 1939). ‘

1899 San Jacinto This devastating earthquake occurred in west-central Riverside County, nearthe
town of San Jacinto, on December 25, 1899 at 4:25 am PST, with an estimated magnitude of 6.5.
The epicenter of this earthquake was not well located, but involved the San Jacinto fault. The
damage pattern suggests the epicenter shown on Figure 1-3. This location is not far from the
epicenter of the 1918 San Jacinto earthquake. Damage was greatest in the towns of San Jacinto and
Hemet, where nearly all brick buildings were either badly damaged or destroyed. Also hit hard was
the Soboba Indian Reservation, where six people were killed by falling adobe wallls. Chimneys were
thrown down and walls cracked in Riverside. Other outlying areas reported minor damage.

1910 Elsinore The Elsinore earthquake struck on May 15, 1910 at 7:47 am, PST with an epicenter
estimated near Lake Elsinore in western Riverside County. The earthquake most likely occurred on
the Elsinore fault, and was preceded by moderate foreshocks on April 10 and May 12. The Elsinore
earthquake was not a particularly strong or damaging quake. What is notable about this quake is
that best estimates place it on the Elsinore fault zone, along which there are no historical recordings
of earthquakes of magnitude 6 or larger. '

1918 San Jacinto The approximately magnitude 6.8 earthquake occurred on April 21, 1918 at 2:32
pm PST on the San Jacinto fault in west-central Riverside County. According to intensity
isoseismals that rely heavily on damage reports, most of the damage occurred in the business
districts of the towns of San Jacinto and Hemet, where large masonry structures collapsed. Luckily,
the earthquake struck on a Sunday afternoon, when the business districts were empty. Several
people were injured and one death was reported. Two miners were trapped in a mine near
Winchester, but were eventually rescued, uninjured.
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1933 Long Beach This magnitude 6.4 earthquake struck on March 1 0,1933 at5:54 pm, PST, about
19 miles west of Riverside County. While referred to as the Long Beach earthquake due to the
extensive damage in the Long Beach area, its epicenter was actually 3 miles south of Huntington
Beach. This earthquake occurred on the Newport-inglewood fault zone, a system of right-lateral
strike-slip faults. There was no surface rupture associated with this earthquake, which resulted in 120
deaths and over $50 million in property damage. Most of the damaged buildings were of
unreinforced masonry. Many school buildings were destroyed. Fortunately, however, the children
were gone for the day. The Long Beach earthquake has the greatest death toll of any historical
southern California earthquake. Yet the toll would have been much more tragic if the collapsed
school buildings had been occupied. The fact that the relatively recent urban earthquakes (1971
M, 6.7 Sylmar; 1989 M, 7.1 Loma Prieta; and 1994 M,, 6.7 Northridge) all had far fewer fatalities
despite much larger populations may stand as testimony to improvement of the life-safety aspects
of modern building codes. Thisis the earthquake that changed building codes and required masonry
to be reinforced. The 1933 Long Beach earthquake also led to the passage of the Field Act, which
.gave the State Division of Architecture authority and responsibility for approving design and
supervising construction of public schools.

1948 Desert Hot Springs This magnitude 6.0 earthquake struck on December 4, 1948 at 3:43 pm
PST. The fault involved is believed to be the Banning fault. Shaking was felt over a large area
(central Arizona, parts of Mexico, Santa Catalina Island, and Bakersfield), and caused notable
damage in regions far from the epicenter. Inthe Los Angeles area, a 5,800-gallon water tank split
open, water pipes were broken at UCLA, and in Pasadena, plaster cracked and fell from many
buildings. In San Diego, a water main broke. In Escondido and Corona, walls cracked. The
administration building of Elsinore High School was permanently closed due to the damage it
sustained, as was a building at the Emory School in Palm Springs. Closer to the epicenter,
landslides and ground cracks were reported, and a road leading to the Morongo Indian Reservation
was badly damaged (Louderback, 1949). In Palm Springs, the City hit hardest by the quake,
thousands of dollars of merchandise was thrown from shelves and destroyed. Part of a furniture
store collapsed. Two people were injured when the shaking induced a crowd to flee a movie theater
in panic. Numerous other instances of minor structural damage were reported. Fortunately, despite
much damage, no lives were lost.

1970 Lytle Creek This magnitude 5.2 earthquake occurred on September 12th at 7:31 am PST
about 18 miles north of Riverside County. The Lytle Creek earthquake struck the area near Cajon
Pass, knocking a San Bernardino radio station off the alr, and causing landslides and rockfalls in the
Transverse Ranges. Several roads were blocked or partially blocked. The quake caused some
unusual damage in areas a fair distance from the epicenter. Power was disrupted in the Santa
Monica Mountains northwest of Hollywood. A high-pressure water system in a Riverside aerospace
plant was damaged, leading to a subsequent boiler explosion that injured four people. More typical
minor damage also occurred, primarily in the Lytle Creek area (intensity VIl on the Modified Mercalli
Scale) and to a lesser degree in the nearby towns of Colton, Crestline, Cucamonga, Fontana,
Glendora, Highland, Mt. Baldy, Rialto, Rubidoux, and Wrightwood (Lander, 1971).

1986 North Palm Springs This magnitude 6.0 earthquake occurred on July 8, 1986 at 2:21 am
PDT, along either the Banning fault or the Garnet Hill fault. The epicenter was about 6 miles
northwest of Palm Springs in north-central Riverside County. The 1986 North Palm Springs
earthquake was responsible for at least 29 injuries and the destruction or damage of 51 homes in
the Palm Springs-Morongo Valley area. It also triggered landslides. Damage caused by this quake
was estimated at over $4 million. Ground cracking was observed along the Banning, Mission Creek,
and Garnet Hill faults, but these cracks were due to shaking, not surface rupture (Person, 1986).
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1987 Whittier Narrows This magnitude 5.9 earthquake occurred on October 1st at 7:42 am PDT,
about 21 miles west of the County of Riverside. This earthquake occurred on a previously unknown,
concealed thrust fault now known as the Puente Hills fault. It resulted in eight fatalities and $358
million in property damage (SCEC-DC, 1 999). Severe damage was confined mainly to communities
east of Los Angeles and near the epicenter, particularly the "Uptown" district of Whittier, the old
downtown section of Alhambra and the "Old Town" section of Pasadena. These areas had high
concentrations of unreinforced masonry buildings. Residences which sustained damage usually were
constructed of masonry, were not fully anchored to foundations, or were houses built over garages
with large door openings. Many chimneys collapsed and in some cases, fell through roofs. Wood
frame residences sustained relatively little damage.

1988 Upland This magnitude 4.7 event occurred on June 26, about 3 km (2 miles) NW of Upland,
about 11 miles west of Riverside County (Person, 1 988). The event occurred on the San Jose fault.
The 1988 Upland earthquake caused minor damage in the epicentral area, but would have been of
relatively little note were it not for the possibility that it may have been triggered by the Whittier
Narrows earthquake -- 9 months earlier, and 20 km away. These kinds of causal connections are of
great interest as they offer some hope of more accurately forecasting earthquake probabilities.

1990 Upland This magnitude 5.4 earthquake occurred on February 28th (Person, 1990), about 12
miles of Riverside County on the San Jose fault. The 1990 Upland earthquake was much more
damaging than the quake of 1988. In the 1990 earthquake, 38 people sustained minor injuries, and
damage was considerable near the epicenter. The quake was felt as far to the northeast as Las
Vegas, Nevada, and as far south as Ensenada, Mexico.

1991 Sierra Madre This magnitude 5.8 earthquake occurred on June 28th at 7:43 am PDT, about
12 miles northeast of Pasadena and 18 miles northwest of Riverside County. The earthquake
occurred on the Clamshell-Sawpit Canyon fault, an offshoot of the Sierra Madre fault zone in the
San Gabriel Mountains. Because of its depth and moderate size, it caused no surface rupture,
though it triggered rockslides that blocked some mountain roads. Two deaths resulted from this
earthquake - one person was killed in Arcadia, and one person in Glendale died from a heart attack.
In all, at least 100 others were injured, though the injuries were mostly minor. Roughly $40 million
in property damage occurred in the San Gabriel Valley. (SCEC-DC, 1999).

1992 Joshua Tree This magnitude 6.1 earthquake struck on April 22, 1992 at 9:50 pm PDT, in
north-central Riverside County. This event was preceded by a magnitude 4.6 foreshock. The
Joshua Tree earthquake raised some alarms due to its proximity to the San Andreas fault. A San
Andreas Hazard Level B alert was declared, meaning that the San Andreas fault had a 5 - 25%
chance of generating an even larger earthquake within 3 days. Roughly two months and 6,000
aftershocks later, a larger earthquake did occur, but to the north, near Landers, away from the San
Andreas. Aftershocks of the Joshua Tree quake suggest that the causative fault is a
north-northwest-trending, right-lateral strike-slip fault at least 15 km long (Jones and others, 1995).
The Eureka Peak fault is a likely candidate.

1992 Landers On the morning of June 28, 1992, most people in southern California were awakened
at 4:57 am PDT by the largest earthquake to strike California in 40 years. Named "Landers" after
a small desert community near its epicenter, the earthquake had a magnitude of 7.3 and occurred
about 8 miles north of Riverside County. Centered in the Mojave Desert, approximately 120 miles
from Los Angeles, the earthquake caused relatively little damage for its size (Brewer, 1992). It
released about four times as much energy as the very destructive Loma Prieta earthquake of 1989,
but fortunately, it did not claim as many lives (one child died when a chimney collapsed). The power
of the earthquake was illustrated by the length of the ground rupture it left behind. More than 50
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miles of surface rupture occurred. The average right-lateral strike-slip displacementwas 10 - 15 feet,
while a maximum of 18 feet observed. The earthquake ruptured 5 separate faults: Johnson Valley,
Landers, Homestead Valley, Emerson, and Camp Rock faults (Rymer, 1992). Nearby faults also
experienced triggered slip and minor surface rupture. The Landers earthquake triggered seismicity
throughout the western United States. Before this occurred, the seismological community was
convinced such triggering did not happen.

1992 Big Bear This magnitude 6.4 earthquake struck about 3 hours after the Landers earthquake
on June 28, 1992. The epicenter was about 10 miles north of Riverside County. This earthquake
is technically considered an aftershock of the Landers earthquake (indeed, the largest aftershock),
although the Big Bear earthquake occurred over 20 miles west of the Landers rupture, on a fault with
a different orientation and sense of slip than those involved in the main shock. From Big Bear
aftershocks, the causative fault appearsto be a northeast-trending left-lateral fault. This orientation

‘and slip are considered "conjugate" to the faults which slipped in the Landers rupture. Additionally,

there is evidence that the Big Bear mainshock and aftershocks may have ruptured conjugate faults.
The Big Bear earthquake did not break the ground surface, and, in fact, no surface trace of a fault
with the proper orientation has been found in the area. The Big Bear earthquake caused a
substantial amount of damage in the Big Bear area, but fortunately, it claimed no lives.

1994 Northridge This magnitude 6.7, January 17, 1994 event was far enough from Riverside
County to cause little or no direct damage. However, long-range economic impact of this $20-$30
billion earthquake affected all of southern California, and in fact had global consequences.

1999 Hector Mine Southern California's most recent large earthquake was a widely felt magnitude
7.1. It occurred on October 18, 1999, in a remote region of the Mojave Desert, 47 miles

. east-southeast of Barstow. Modified Mercalli Intensity VI (Table 1-1) shaking was reported in the

southern Coachella Valley, but most County felt reports were inthe MMI V range (SCEC-DC, 1999).
The Hector Mine earthquake is not considered an aftershock of the M, 7.3 Landers earthquake of
1992, although subsequent analysis will explore the relationship between these two events, which
occurred on similar, north-northwest trending strike-slip faults within the Mojave Shear Zone. Hector
Mine ruptured the Lavic Lake fault. Geologists documented a 40-km long surface rupture and a
maximum right-lateral strike-slip offset of about 5 meters.

Seismicity of Riverside County

Some History

Figure 1-5 and Plate 1-1 show the locations and sizes of 47,375 earthquakes that
were recorded in and adjacent to Riverside County between 1868 and August,
1999. The map locates epicenters, which are the surface projections of the
earthquakes’ initiation points inside the earth. The plotted earthquakes have
magnitudes that range from 0.8 to 6.8. Almost all of these earthquakes (96%) are
under magnitude 3.0, too small to be felt by people.

Our knowledge of seismicity improves as the quality of our recording methods
improve. Before 1932, southern California had no network of seismometers
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(instruments that record ground shaking), and records of earthquakes were public

- reports like newspapers. People are less sensitive than seismometers to-ground
shaking. ~Consequently, before 1932, we only have records of the largest
earthquakes - generally magnitude 4 and greater. On the map, there are 44
earthquakes before 1932.

The Southern California Seismic Network (SCSN), started in 1932, was the first
regional seismic network, and it remains the most forward-thinking. Its contribution
to hazard reduction and basic research cannot be overstated. The SCSN is a
collaborative effort of the United States Geological Survey and the California
Institute of Technology. Digital data from the SCSN is archived by the Southern
California Earthquake Center Data Center. '

From 1932 to 1981, as the SCSN grew, so did the catalog of smaller earthquakes.
Since 19883, the SCSN has had a complete record of earthquakes to about the
- magnitude 1.8 level. This adds a huge number of earthquakes to the catalog, as
the number of earthquakes increases approximately ten-fold with each decrease in
magnitude point. So, for every magnitude 4 that occurs, there are 10 magnitude 3
earthquakes, 100 magnitude 2 earthquakes, and 1000 magnitude 1 earthquakes.
Thus, 97% of the earthquakes in Figure 1-5 (Plate 1-1) have occurred since 1981.

Using a three-dimensional velocity inversion program, Hauksson (in press)
accurately determined earthquake locations for all of the digitally catalogued SCSN
data in southern California, that is, from 1981 to August, 1999. Figure 1-5 and
Plate 1-1 map Hauksson’s most reliable results within Riverside County,
earthquakes with magnitudes greater than 0.8, observed by eight or more
seismometer stations.

Determinations of earthquake locations and sizes have also improved considerably
since 1868, due to the creation and growth of the SCSN. Currently, the SCSN has
seismometers at more than 250 sites around southern California. This allows
smaller earthquakes to be more accurately located, as well as simply detected.
Before 1932, rough estimates of earthquake size and location were made by
identifying regions where the most people felt the earthquake, or the most
structures experienced damage. In 1935, Charles Richter developed the first
quantitative method to calculate earthquake magnitude, called “the Richter scale”
by the media, and “M,, the local magnitude scale” by scientists. Richter's method
was based on the amplitude of ground shaking on a Wood-Anderson seismometer
situated 100 km from the earthquake. Local magnitude remains a fast and reliable
method of determining earthquake size for smaller events, but underestimates the
size of larger earthquakes. Magnitude based on energy release, M,, moment
- maghnitude, is more accurate for larger earthquakes (see Aki, 1966; Brune, 1968;
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Hanks ‘and Kanamori, 1979; Kanamori and Anderson, 1975). The larger
earthquakes in Figure 1-5 and Plate 1-1 have M, magnitudes, the others are M, .

Prior to the existence of modern seismograph networks like the SCSN, to estimate
the approximate location and size of an earthquake, a shaking map was
constructed based on some version of the Mercalli Intensity Scale (Table 1-1).
Such maps defined intensity zones based on observations of damage and other
effects associated with ground shaking. These maps typically displayed a bull’s-
eye pattern, with the highest intensities in the middle. The earthquake was
assumed to be near the center of the bull's-eye. For earthquakes that pre-date
quantitative magnitude determinations, magnitudes can be estimated by using the
magnitudes of more recent earthquakes that generated similar intensity maps.

Seismicity Patterns

In the time span of this map, nearly all of the earthquakes in Riverside County (and
elsewhere) occur within known active fault zones. This holds true for earthquakes
of all sizes. There are nine earthquakes in Figure 1-5 and Plate 1-1 with
magnitudes greater than 6.0 (see section 1.3.1 and Table 1-3 for details of these
events, see Figure 1-4 for their locations). One occurred on the southern portion
of the Eureka Peak fault. The other eight occurred on the major fault zones: five,
including the largest (M,, 6.8), ruptured the San Jacinto fault zone; two occurred on
the San Andreas fault zone; and one was on the Elsinore fault zone.

Earthquakes on Figure 1-5 and Plate 1-1 can be classified as “significant” (larger
events), “foreshocks and aftershocks” (earthquakes that are smaller than significant
events, but close in time and space, and that are physically, causally related the
significant event), and “background” or “microseismicity” (small earthquakes, not
associated with significant events). Earthquakes observed along the Elsinore fault
zone, the San Gorgonio Pass fault zone, between major fault zones, and in the
eastern portion of the County are “background”.

Note how the significant earthquakes are too infrequent to identify fault locations,
but the smaller epicenters of “background” and “aftershocks” define the map traces
of many faults. Some portions of the San Andreas fault in southern Riverside
County have been documented to creep, that is, the rocks along the fault slip
readily, and this is thought to account for the abundant small earthquakes there
(Jennings, 1994). The lack of small earthquakes on the rest of the southern San
Andreas is one indication that this portion of the fault is locked in place by friction.
After the next great earthquake(s) on the southern segments of the San Andreas,
these locked segments will also be defined by epicenters of aftershocks.
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Itis also worth noting the paucity of earthquakes in the eastern half of the County.
In part, this is an artifact of data coverage, as there are fewer seismometers in this
portion of the network. However, the lack of earthquakes is also consistent with the
lack of mapped active or potentially active faults in this region.

Depth of Seismicity

Most earthquakes occur in the upper 15 kilometers (about 9 miles) of the earth’s
crust, where rocks are cool and brittle enough to lock due to friction and store strain
energy. Many major earthquakes begin 10-15 kilometers beneath the surface, near
the bottom of the brittle portion of the crust (see dePalo and Slemmons, 1990).
Then the fault rupture propagates up towards the surface. In the lower crust,

- deeperthan 15 kilometers, the rocks are hotter and, when subjected to plate motion

stresses, tend to be ductile and flow plastically. Thus the majority of earthquakes
shown in Figure 1-5 and Plate 1-1 are shallower than 15 kilometers. However,
there are notable exceptions. :

The San Gorgonio Pass fault zone exhibits some of the deepest earthquakes in
southern California. Here, abundant seismicity occurs at depths of 15 to 25
kilometers (Nicholson et al, 1986; Seeber and Armbruster, 1995; Magistrale and
Sanders, 1996). This is thought to be because upper crustal material has been
pushed deeper due to motion within this complex fault system. This upper crustal
material is still relatively cold and brittle, and therefore continues to store strain
energy.

Earthquake Geographic Information System Coverage for Riverside County

As part of this study, seismic data were imported into a geographic information
system (GIS) coverage for Riverside County, described below. The data utilized
were seismicity catalogs dating from 1931 (the beginning of the Southern California
Seismic Network) to the present. Data tables linked to each event include
magnitude, depth, and year.

Coverage Description: Earthquake locations in Riverside County (Plate 1-1)
Coverage distribution file name: quakes.e00; quakes3.e00 (quake.e00
represents all earthquake locations under 3.0. quakes3.e00 represents all
earthquakes over 3.0.)

Coverage Area: Riverside County '
Source: Earth Consultants International
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Accuracy: The earthquakes are plotted to an accuracy of 1:24,000.

Earthquake Location References:

Earthquake locations for events occurting from 1858 to 1931

Blake, T. F., 1996, EQFAULT- Computer software for deterministic site parameters,
Version 2.20.

Earthquake locations for events occurring between 1932 to 1980:

Earthquake data recorded by the Southern California Seismic Network (SCSN,
which is operated jointly by the Seismological Laboratory at Caltech and the U.S.

Geological Survey, Pasadena, California), and catalogued by the Southern

California Earthquake Center Data Center (SCEC-DC). '

Earthquake locations for events occurring between 1981 fo 1999:
Hauksson, E. (in press), Crustal structure and seismicity distribution adjacent to the

Pacific and North America plate boundary in southern California: submitted to
Journal of Geophysical Research.
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1.4 Fault Rupture

Figure 1-6 and Plate 1-2 illustrate all fault traces mapped to date in Riverside County,
regardless of geologic age. Not all of these traces are currently considered active based
on guidelines of the Alquist-Priolo Earthquake Fault Zoning Act (Hart and Bryant, 1997).
The State law classifies faults according to criteria detailed in 1.1.2. Additional fault
information is provided in Appendix C.

Alquist-Priolo Earthquake Fault Zones (A-P Zones) have been designated by the California
Division of Mines and Geology for the Elsinore, San Jacinto and San Andreas fault zones
in Riverside County (Figure 1-7). In addition, the County of Riverside (1991) applied
special studies zone criteria for the Agua Caliente fault zone between the Elsinore and
San Jacinto faults in southern Riverside County (Figure 1-7). All of these faults have high
rates of displacement (> 5 mm/yr, which is about the rate that fingernails grow) and thus
are rapidly accumulating strain energy to be released in earthquakes. Inevitably, the A-P
Zones will expand with time. As faults are studied, offshoot faults called splays are
ongoingly discovered.

Within these A-P Zones and special studies zones, State and Riverside County law
requires that proposed tracts of four or more dwelling units investigate the potential for and
setback from ground rupture hazards. This is typically accomplished by excavation of a
trench across the site, determining the location of faulting and establishing building
setbacks. The exclusion of other types of buildings is arbitrary, and increases risk to the
community. Given the high degree of earthquake hazard in Riverside County, special fault
hazard studies should be completed for all proposed structures designed for human
occupancy within the zones outlined on Figure 1-7 (and Plate 1-3, described in 1.4.2).

1.4.1 Geographic Information System Coverage of Faults

Detailed geographic information system coverage for faults (Plate 1-2) are provided
as part of this study. These coverages, their resolution and data sources are
described below: ‘ ‘

Coverage Description: Faults in Riverside County
Coverage distribution file name: faults.e00
Coverage Area: Riverside County

Source: Earth Consultants International
Accuracy: 100 to 500 feet
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More than 4,300 faults and fault segments are included in the GIS database. Data
tables linked to the faults include the fault name, length, age and information on
location (e.g. certain, concealed, queried, etc.). The faults shown on Plate 1-2 are
typically accurate to within 100 to 500 feet; however, some faults are betier
constrained than others as a consequence of the geologic field relations (their
visibility in the field), or the quality of the geologic maps from which the data were
acquired. Most of the faults that are Holocene to Late Quaternary in age are
accurate to within 100-300 feet because their locations were typically retrieved from
detailed (small-scale) geologic maps. However, in regions where these faults are
‘concealed” by younger sediments, their locations become progressively less
accurate.

Many of the Holocene to Late Quaternary age faults are shown to exist, even when
buried under younger sediments, due to their potential to rupture through the
sediments to the surface. The older, pre-Quaternary faults are typically not shown
under young sediments, as they are not potentially active.

This coverage may not show all potentially active faults, either within the special
studies zones (see Fault Zones, below) or outside their boundaries. The faults
shown on the map were not field checked and the quality of available data is highly
varied.

The source maps used for this coverage were 1974 State of California, Department
of Conservation 7.5 minute quadrangle topographic maps. Other references for the
fault locations compiled on Plate 1-2, can be found in Appendix D.

Geographic Information System Coverage of Fault Special Studies Zones

Detailed geographic information system coverage for fault special studies zones are
provided as part of this study (Plate 1-3). These coverages, their resolution and
data sources are described below:

Coverage Description: Fault Special Studies Zones in Riverside County
Coverage distribution file names: apzones.e00; apzonept.e00; apcounty.e00; ap-
eci.e00

Coverage Area: Riverside County

Source: Earth Consultants International

Accuracy: 1:24,000.

The source maps digitized for this covérage were 1974, 1980, 1988, 1993 and 1995
Official Earthquake Fault Zone, State of California, Department of Conservation 7.5
minute quadrangle topographic maps (Table 1-4 and Figure 1-8).
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Table 1-4:

Alquist-Priolo Earthquake Fault Zone Maps Available for Riverside County

Map Name Date Map Name Date Map Name Date
Alberhill 1980 Joshua Tree South 1993 SE Idyllwild 1974
Beaumont 1995 Lake Mathews 1980 SE Morongo Valley 1974
Bucksnort Min 1974 Lakeview 1988 SE San Gorgonio Mtn | 1974

| Cabazon 1995 Mecca 1974 Seven Palms Valley 1980
Cathedral City 1974 Mortmar 1974 Sunnymead | 1974
Clark Lake NE 1974 Murrieta 1990 SW Idyliwild A 1974
Collins Valley 1974 Myoma 1974 SW Lost Horse 1974
Corona South 1980 NE Hemet 1974 SW Morongo Valley 1974
Desert Hot Springs 1980 || NE Thousand Palms | 1974 || SW Palm Desert 1974
Durmid 1974 || NW Idyliwild 1974 || SW San Gorgonio 1974

: Mtn
El Casco 1995 Orocopia 1974 Temecula 1990
Elsinore 1980 Pechanga 1990 Thermal Canyon 1974
Frink NW 1988 Redlands 1977 Whitewater 1995
Hemet 1980 Salton 1974 Wildomar 1980
Indio 1974 || San Jacinto 1980 || Yucca Valley South | 1993
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1.5 Expected Earthquake Analyses

To increase the earthquake resistance of structures, institutions and communities, it is
often useful to study the effects of a particular earthquake (a deterministic or design
earthquake scenario). Itis also importantto consider the overall likelihood of damage from
a plausible suite of earthquakes. This approach is called probabilistic seismic hazard
analysis (PSHA), and takes into account the recurrence rates of likely, damaging
earthquakes on each fault in the area, as well as the potential ground motion that may
result from each of these earthquakes. As is true for most earthquake-prone regions,
many potential earthquake sources pose a threat to the County of Riverside. Which
earthquake to consider depends on the application of the analysis.

1.5.1 Design Earthquakes

A maximum probable earthquake (MPE) is the largest earthquake a fault is
predicted capable of generating within a specified time period of concern, say 30
or 100 years. Maximum probable earthquakes are most likely to occur within the
time span of most development, and therefore, are commonly used in assessing
seismic risk. Nevertheless, the maximum credible earthquake (MCE), i.e. the
largest earthquake a fault is believed capable of generating, is considered in a
number of planning and engineering decisions. For example, MCEs are used inthe
design of critical facilities like dams, fire stations, and emergency operation centers.
They are also used in urban and emergency planning to identify and mitigate the
risk of worst-case scenarios.

For design purposes, a worst case scenario earthquake (the MCE) for Riverside
County is a magnitude 7.9 based on the rupture of the entire southern segment of
the San Andreas fault from Cajon Pass to the Salton Sea. While other scenarios
will expose portions of the County to intense ground shaking locally that is locally
as severe as the MCE, the MCE exposes most of the County to very high intensity
ground shaking.

Below are estimate of several key ground shaking parameters near the fault rupture
zone for the MCE, expressed as a percentage of gravity. Peak ground
acceleration, the maximum acceleration achieved at a site, often turns out to be the
earthquake effect that causes most damage to buildings. The periods, 0.3 seconds
and 1.0 second represent lengths of seismic waves that commonly damage
structures. All of these values are well above the threshold for heavy damage (see v
Table 1-1).
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Table 1-5: Probable Earthquake Scenarios for Riverside County

Event Maximum
Magnitude | Chance of Comments
Fault t (Mw) Occurring
au Segmen in 30 Years
San San 7.3 28% Very high intensity ground shaking throughout
Andreas | Bernardino the San Bernardino Valley, including north
central Riverside County.
San Coachella 7.1 22% Very high intensity ground shaking throughout
Andreas the Coachella Valley, impacting desert resort
: communities and agriculture.
San San 6.9 43% Highest probability of occurrence of any
Jacinto | Jacinto southern California fault. Brought closer to
Valley failure as a result of stress field changes
caused by the 1992 Landers earthquake.
San Anza 7.2 17% This event would be very destructive within the
Jacinto | Segment communities of Hemet and San Jacinto.
Elsinore | Temecula 6.8 16% Has not produced any significant earthquakes
Segment in historic time.
Elsinore Glen vy 6.8 16% Would be very destructive in the communities
Segment of Lake Elsinore, Murrieta, and Temecula.
Whittier | Whittier 6.8 5% Has not broken in over 1600 years (WGCEP,
1995). Would cause significant landsliding and
lifeline damage in the Chino Hills - Corona
area. '

These design parameters for the MCE are utilized in the loss estimation presented
in Section 1.8 of this report. With horizontal ground displacements as great as
twenty-five feet along the fault and intense ground shaking that could last more than
60 seconds, damage and losses in the County as a result of the MCE or other
major San Andreas fault earthquake would be extensive.

Additionally, the County of Riverside must consider events on several faults.
Earthquakes that are likely to occur during the design life of most buildings could
be generated by segments of the Elsinore, San Jacinto or San Andreas faults.
These have been evaluated by the Working Group on California Earthquake
Probabilities (1995) and illustrated in Figure 1-3. Based on this segmentation,
there are seven probable earthquakes that threaten Riverside County, as shown in
Table 1-5. The event with the greatest probability of occurrence in 30 years (43%)
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is a M,, 6.9 rupture of the San Jacinto Valley segment of the San Jacinto fault. The
San Jacinto event is considered the Maximum Probable Earthquake (MPE) for
Riverside County.

Section 1.8 of this report provides loss estimates for eight specific (scenario)
earthquakes and provides additional detail on the MCE and MPE based on these
ground shaking parameters. These events will cause damage to vulnerable
structures, such as potentially hazardous buildings, and may result in localized
ground failures in the County. Fortunately, thanks to the County's mostly modern
building stock, life-safety is threatened to a much lesser degree than it would be
with older buildings. However, estimated economic losses are substantial (see 1.8).

Probabilistic Earthquake Hazard Assessment.

This type of hazard assessment is utilized by the U.S. Geological Survey in
producing national seismic hazard maps that are modified and adopted into the
Uniform Building Code (UBC). The most recent mapping produced for the 1997
UBC includes data from the California Division of Mines and Geology (DMG, 1996).
Development of these maps requires three steps: 1) delineating earthquake
sources; 2) defining the potential distribution of seismicity for each of these
sources; and 3) calculating the potential ground motions from attenuation relations
for all the model earthquakes. Attenuation relations estimate the amount that
shaking will be modified (ampilified or reduced) as waves travel from the fault plane
to a locale. ‘

USGS and DMG scientists in the National Seismic Hazard Mapping Program have
produced maps indicating the probabilistic ground shaking parameters for the
County of Riverside (Figure 1-9). Table 1-6 has been prepared to list the
probabilistic ground shaking, in terms of peak horizontal ground acceleration on
bedrock, associated with twenty-four of the County's incorporated cities. This table
indicates that, with the exception of Blythe, the cities are exposed to very high and
extremely high values that for the most part exceed 50% of the force of gravity with
a 10% chance of occurring in 50 years. In addition, the communities along the San
Jacinto fault (Moreno Valley, San Jacinto and Hemet) have a greater risk of ground
shaking than those along the San Andreas. This is a result of the higher probability
of a future San Jacinto earthquakes versus San Andreas earthquakes.

Values of peak horizontal ground acceleration at bedrock and are expressed as a
percent of the force of gravity. Generally, values greater than 25-30% of gravity are
capable of substantial damage to structures (see Table 1-1). Liquefaction and
landslides can occur at 10% of gravity. When values exceed 100% of gravity, the
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force of gravity is exceeded and objects become airborne.

These probabilistic ground motion values for the County of Riverside are among the
“highest in southern California and are the result of the County's proximity to major
fault systems with high earthquake recurrence rates.

The careful reader will have observed that the predicted ground accelerations in
Table 1-2 are lower than those values in Table 1-6. In part, near-fault ground
motions may be underestimated by the methods of Table 1-2. Additionally, the
difference exists because Table 1-2's values are based on deterministic analyses.
Because Riverside County is close to so many active faults, the probabilistic
assessment of risk is higher than that for any individual fault.
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Seismic Hazards - County of Riverside

August 1, 2000

Table 1-6: Probabilistic Earthquake Accelerations for Riverside County

CITY 10% PE* in 50 yr 5% PE in 50 yr 2% PE in 50 yr

Moreno Valley 84.40 101.52 123.07
San Jacinto 82.30 99.44 120.14
Hemet 80.20 97.31 119.11
Desert Hot Springs 75.14 96.57 118.77
Beaumont 66.01 76.64 98.91

Calimesa 66.01 76.64 98.91

Coachella 61.90 78.13 103.10
Indio 61.90 78.18 103.10
Lake Elsinore 59.11 77.14 102.07
Corona 56.06 74.42 - 99.79
Murrieta 56.06 74.42 99.79
Temecula - 56.06 74.42 99.79
Norco \ 56.06 74.42 99.79
Banning 55.86 69.91 79.83
Rancho Mirage 54.73 70.98 90.79
Perris 54.73 70.98 90.79
Canyon Lake 54.73 70.98 . 90.79
Riverside 53.64 65.41 76.20
La Quinta 48.45 61.17 76.00
indian Welis 48.45 61.17 76.00

Palm Desert 48.45 61.17 76.00

Palm Springs 48.16 57.22 73.47

Cathedral City 48.16 57.22 73.47
Blythe 9.51 11.77 15.31

PE is probability of exceedence, e.g., the given value has a 10% chance of being exceeded in 50 years.
Values are peak horizontal ground acceleration on bedrock and are expressed as a percent of the force of

gravity.
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1.5.3 Foreshocks on Strike-Slip Faults

A foreshock is an earthquake that is smaller than a mainshock, precedes it, and
is causally related to it. Foreshocks are quite common. For California, Jones
(1984) has determined that half of the magnitude 5.0 and greater, strike-slip
earthquakes are preceded by immediate foreshocks (earthquakes within 72 hours
and 10 kilometers of their mainshock). Almost all foreshocks oceur less than 72
hours before the mainshock. If and when it becomes possible to distinguish
foreshocks from background seismicity, foreshocks will become an effective short-
term prediction tool. So far, scientists can only recognize foreshocks in hindsight,
after the mainshock has occurred. Yet the existence of foreshocks can still help
prepare for destructive earthquakes on the San Andreas fault.

In 1991, a Working Group, chaired by Jones and Sieh, made the following
observations from Agnew and Jones (1 991) and Jones (1984, 1985):

e When an earthquake occurs, it is either a foreshock or a “packground”
event. ;

e Since it is possible that the earthquake may be a foreshock, it increases the
probability that a larger earthquake will occur within 72 hours and 10 km.

° How much the probability increases will depend on how anomalous it is, that
is, on the background seismicity patterns in the vicinity.

e Smaller earthquakes are more common than larger earthquakes. A

magnitude 1.0 earthquake anywhere along the San Andreas fault will only
marginally increase the chance of a larger earthquake occurring within 72
hours.

° On the other hand, if a magnitude 5.0 earthquake occurs within 10 km of the
San Andreas fault, the probability of a major (magnitude at least 7.5)
earthquake within 72 hours increases significantly.

e Around San Bernardino, where there is a fairly high level of
background seismicity near the San Andreas fault, the
occurrence of a magnitude 5.0 raises the short-term probability
of a larger event by 1-5%.

. Around Mecca Hills, northeast of the Salton Sea, there is very
little background seismicity. A magnitude 5 is quite
anomalous, and raises the short-term probability at least 25%.

Table 1-7 shows the Working Group calculations of the threshold magnitude
required to raise the short-term probability by different specific amounts for different
portions of the San Andreas fault. The areas are distinguished by their varying
levels of background seismicity.
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Table 1-7: Magnitude of possible foreshock required to reach a
specified probability level for four microseismic regions of the southern
San Andreas fault (Working Group, 1991).

Level B C D
Probability of M,, 7.5 in 72 hr 5-25% 1-5% 0.1-1%
San Bernardino 5.8 5.0 3.9
San Gorgonio 6.1 5.3 4.2
Palm Springs 5.2 4.5 3.4
Mecca Hills 4.9 4.2 3.1

From these observations and calculations, the Working Group developed a short-
term hazard notification system for the southern San Andreas fault (Table 1-8). The
system designated when U.S. Geological Survey scientists would notify their
supervisors and emergency response personnel, regarding increased short-term
probabilities along the southern San Andreas. Note that there is no “A level” alert,
because the Working Group felt that there was not yet a “meaningful way to
estimate short-term probability above 25%,

Table 1-8: Alert levels and response for anomaloué earthquake activity
along the southern San Andreas fault (from Working Group, 1991).

Level | Probability of M,> 7.5 Expected time

earthquake in next 72 between 'USGS action
hours occurrences of

alerts at this level

- Notify scientists.involved in
D 0.1% t0 1% 6 months data collection and OES
Ontario office

~ As for Level D; also notify
C 1% to 5% 5 years Comm. Officer, OES
Sacramento, and USGS
Menlo Park chief.

As for Levels C and D, and
B 5% to 25% 28 years also notify USGS Director,
and CDMG State Geologist;
start intensive monitoring
OES is Office of Emergency Services; CDMG is California Division of Mines and Geology
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1.5.4

This system could be adapted by the County of Riverside to respond to short-term ,
increases in hazard from the San Andreas fault. For example, at level D, .

‘emergency response equipment might be moved out of any collapsible structures,

and some gas lines could be put on automatic cut-off. At level B, all non-essential
leave for key personnel could be postponed. - -

Certainly, thoughtfulness and care must be exercised to construct a system that will
enhance public safety without promoting rumors or fear. Also, the system must not
be a substitute for long-term mitigation efforts. Such potential difficulties do not
reduce the usefulness of short-term, pre-event response plans.

Over time, new data and additional research should allow similar systems to be
developed for other major southern California faults.

Uses and Limitations of Seismic Hazard Mapping

The Seismic Hazard Maps developed for this study do not show areas that
automatically should be excluded from development. Instead, they show areas
where the potential for damage from the mapped hazard is great. Thus itis prudent
to conduct geologic investigations to identify and mitigate the hazard prior to
development. It is less costly to incorporate hazard mitigation into a structure
before it is built than to later try to add mitigating features.

One-plan-fits-all design of mitigation features is not feasible. The hazards present
at each site and the multiplicity of structural configurations makes it impossible to
predict how much mitigation will cost without scrutiny of the individual site. In some
areas, it may be possible to adequately mitigate liquefaction hazard by
strengthening the foundation to withstand displacements of 11 feet, typically
costing only $3,000-4,000. Expert engineers indicate that in many locations this
simple measure could reduce the payout for repair of liquefaction damage from an
average of $65,000 to $70,000 to about $10,000 to $15,000. Insurance industry
representatives indicate that such potential savings could be passed on to
consumers in the form of lower earthquake insurance premiums. In other cases,
however, the cost of mitigation is likely to be much greater. For example, expensive
sites include those likely to experience more that 1 foot of liquefaction-caused
displacement or with significant landslide hazard. '

Inthe past, land-use planners have often assumed that lower density developments
were appropriate where geologic hazards are present. However, planners may find
that the high cost of mitigating liquefaction hazards along streams, bays, canals,
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and coastal zones requires a higher density of development to be economically
feasible. : :

Due to the complex nature of earthquake occurrence, damage and mitigation, there
will always be uncertainties associated with seismic hazard mapping. It must be
remembered that: '

Seismic Hazard Zone Maps may not show all areas that have the potential
for liquefaction, landsliding, strong ground shaking or other earthquake and
geologic hazards. o

A single earthquake capable of causing liquefaction or triggering landslide
failures will not uniformly affect the entire area zoned. ,

The identification and location of liquefaction and earthquake-induced
landslide hazard areas are based on available data, of variable quality. The
information depicted on the maps has been drawn as accurately as possible
at 1:24,000-scale.

Information on the Seismic Hazard Zone Maps is not sufficient to serve as
a substitute for the geologic and geotechnical site investigations required
under the Seismic Hazard Mapping Act or the Alquist-Priolo Earthquake
Fault Zoning Act.
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1.6 Secondary Earthquake Hazards

Secondary earthquake hazards are those separate from, but induced by, the primary
effects of strong ground shaking and fault rupture. Secondary geologic hazards include
ground and slope failures and seiches, discussed below. (More broadly, secondary
hazards also include non-geologic effects such as fires and toxic chemical spills).

1.6.1 Liquefaction

Liquefaction is a process by which water-saturated materials (including soil,
sediment, and certain types of volcanic deposits) lose strength and may fail during
strong ground shaking. Liquefaction is defined as "the transformation of a granular
material from a solid state into a liquefied state as a consequence of increased
pore-water pressure” (Youd, 1973). Liquefaction occurs worldwide, commonly
during moderate to great earthquakes. In California, liquefaction-related ground
failures occurred in 1857 (Fort Tejon earthquake), 1906 (San Francisco
earthquake), 1933 (Long Beach earthquake), 1971 (San Fernando earthquake),
1973 (Point Mugu earthquake), 1979 and 1981 (Imperial Valley earthquakes), 1989
(Loma Prieta earthquake), and 1994 (Northridge earthquake), and others. Four
kinds of ground failure commonly result from liquefaction: lateral spread, flow
failure, ground oscillation, and loss of bearing strength.

Lateral Spread: Lateral displacement of surficial blocks of sediment as the result
of liquefaction in a subsurface layer is called a lateral spread. Once liquefaction
transforms the subsurface layer into a fluidized mass, gravity plus inertial forces
caused by the earthquake may move the mass downslope towards a cut slope or
free face (such as a river channel or a canal). Lateral spreads most commonly
occur on gentle slopes that range between 0.3" and 3°, and commonly displace the
surface by several meters to tens of meters. Such movement typically damages
pipelines, utilities, bridges, and other structures having shallow foundations. During
the 1906 San Francisco earthquake, lateral spreads causing displacement of only
afew feet damaged every major pipeline. Thus, liquefaction compromised the ability
to fight fires - and fires caused about 85 percent of the damage to San Francisco.

Flow Failure: The most catastrophic mode of ground failure caused by
liquefaction, flow failure usually occurs on slopes greater than 3°. The flows are
principally liquefied soil or blocks of intact material riding on a liquefied subsurface
zone. Displacements are commonly tens of meters, butin favorable circumstances,
material gets displaced for tens of miles, at velocities of tens of miles per hour. The
extensive damage to Seward and Valdez, Alaska, during the 1964 Great Alaskan
earthquake was caused by submarine flow failures.
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1.6.2

Ground Oscillation: When liquefaction occurs at depth but the slope is too gentle
to permit lateral displacement, the soil blocks that are not liquefied may separate
from one another and oscillate on the liquefied zone. The resulting ground
oscillation may be accompanied by the opening and closing of fissures (cracks) and
sand boils (upward flowing sediment). These can potentially damage structures
and underground utilities. '

Loss of Bearing Strength: When a soil loses strength and liquefies, loss of
bearing strength may occur beneath a structure, possibly causing the building to
settle and tip. If the structure is buoyant, it may float upward. During the 1964
Niigata, Japan, earthquake, buried septic tanks rose as much as 3 feet and
structures in the Kwangishicho apartment complex tilted as much as 60°.

Research into liquefaction in past earthquakes has linked liquefaction to certain
hydrologic and geologic settings. Water-saturated, cohesionless, granular
materials at depths of less than 50 feet are prone to liquefaction. To identify an
area having significant potential for liquefaction, a liquefaction susceptibility map
and a liquefaction opportunity map must be developed. The former depicts areas
where the geology and hydrology are favorable for liqguefaction. The latter
summarizes information about the potential for strong earthquake shaking. When
considered together, the two maps determine the liquefaction potential- the relative
likelihood that an earthquake will cause liquefaction in an area.

Guidelines for Delineating Liquefaction Hazard Zones

In 1997 and 1998, the California Division of Mines and Geology (1997 and 1998)
developed guidelines for delineating, evaluating, and mitigating seismic hazards in
California. In 1999, a Southern California Earthquake Center sponsored group
published "Recommended Procedures for Implementation of DMG Special
Publication 117 Guidelines for Analyzing and Mitigating Liquefaction in California”.

~ The SCEC (1999) publication was a result of requests from city and county Building

Officials for assistance in the development of procedures to implement the Seismic
Hazards Mapping Act ( see Section 1.1.3) for projects requiring their review. The
guidelines in assessing liquefaction potential for this study are based on DMG .
(1997 and 1998), as well as SCEC (1999), and are summarized below:

Liquefaction Mapping Criteria: Liquefaction Hazard Zones are areas meeting
one or more of the following criteria; '

. Areas known to have experienced liquefaction during historic earthquakes.
Field studies following past earthquakes indicate liqguefaction tends to recur
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at many sites during successive earthquakes (Youd, 1984). There are many
published accounts of liquefaction occurrences. Areas so delineated should
be included in the Liquefaction Hazard Zones.

® All areas of uncompagcted fills containing liquefaction-susceptible material
that are saturated, nearly saturated, or may be expected to become
saturated. In some areas there has been a practice of creating useable land
by dumping artificial fill on tidal flats or in large deep ravines. Standard
geologic criteria are of little use in characterizing soils within these fills which
are less homogeneous than natural deposits. For example, there is no
reason to assume lateral stratification in these fills and the validity of
extrapolating subsurface data is questionable. Evidence for filling can be
found by examining maps showing old shorelines, by comparing old and
modern topographic maps, by studying logs of boreholes, and by obtaining
reports or original plans of specific projects involving reclaimed land.

° Areas where sufficient existing geotechnical data and analyses indicate that
the soils are potentially liquefiable. The vast majority of liquefaction hazard
areas are underlain by recently deposited sand and/or silty sand. These
deposits are not randomly distributed, but occur within a narrow range of
sedimentary and hydrologic environments.

Geologic criteria for assessing these environments are commonly used to define
bounds of susceptibility zones derived from other criteria, such as geotechnical
analysis (Youd, 1991). Groundwater data should be compiled from well logs and
geotechnical borings. Analysis of aerial photographs of various vintages may reveal
zones of flooding, sediment accumulation, or evidence of historic liquefaction.

- Quaternary geology should be mapped and age estimates assigned based on ages
reported in the literature, stratigraphic relationships and soil profile descriptions. In
many areas of Holocene and Pleistocene deposition, geotechnical and hydrologic
data are compiled. Geotechnical investigation reports with Standard Penetration
Test (SPT) and/or Cone Penetration Test (CPT) and grain size distribution data can
be used for liquefaction resistance evaluations.

For sand and silty sand, there are currently two reliable, in-situ (in place)
approaches for quantitative evaluation of the soil's resistance to cyclic pore
pressure generation and/or liquefaction. These are: (1) correlations and analyses
based on in-situ Standard Penetration Test (SPT) (ASTM D1586) (ASTM, 1990)
data, and (2) correlations and analyses based on in-situ Cone Penetration Test
(CPT) (ASTM D3441) (ASTM, 1990) data.
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Seed and others (1971, 1983, 1985), provide guidelines for performing
"standardized" SPT, and also provide correlations for conversion of penetration
resistance obtained using most of the common alternate combinations of equipment
and procedures in order to develop equivalent "standardized" penetration
resistance-- (N1)60. This "standardized" penetration resistance can then be used
as a basis for evaluation of liquefaction resistance.

Cone penetration test (CPT) tip resistance (qc) may also be used as a basis for
evaluation of liquefaction resistance, either by direct empirical comparison between
qc-values to "equivalent" SPT resistance or by use of correlations between (N1)60
data and case histories of seismic performance (Robertson, et al., 1985;: Seedand
De Alba, 1986). ‘

Some gravelly soils are also potentially vulnerable to liquefaction. The best
available technique for quantitative evaluation of the liquefaction resistance of this
type of deposit involves correlation and analysis based on in-situ penetration
resistance measured using the very large scale Becker Hammer system (Harder,
1988).

The correlations of Seed et al. (1985), and the (N1)60 data can be used to assess
liquefaction susceptibility. Since geotechnical analyses are usually made using
limited available data, the susceptibility zones should be delineated by use of
geologic criteria. Geologic cross sections, tied to boreholes and/or trenches, should
be constructed for correlation purposes. The units characterized by geotechnical
analyses are correlated with surface and subsurface units and extrapolated for the
mapping project.

Liquefaction opportunity is a measure, expressed in probabilistic terms, of the
potential for ground shaking strong enough to generate liquefaction. Analyses of
in-situ liquefaction resistance require assessment of liquefaction opportunity. The
minimum level of seismic excitation to be used for such purposes with LQ-Zones
(potential liquefaction zones defined by the State Geologist under the Seismic
Hazards Mapping Act that require site-specific geotechnical investigation for
liquefaction hazards) will be that level defined by M, 7.5-weighted peak ground
acceleration (PGA) for UBC SD (stiff soil) soil conditions with a 10% probability of
exceedance over a 50-year period.

Liquefaction mapping criteria in areas where geotechnical data are
insufficient: In areas of limited or no geotechnical data, susceptibility zones are
identified by geologic criteria as follows:
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° Areas containing soil deposits of late Holocene age (current river channels
and their historic floodplains, marshes and -estuaries), where the
M7.5-weighted peak acceleration that has a 10% probability of being
exceeded in 50 years is greater than or equal to 0.10 g and the water table
is less than 40 feet below the ground surface; or

° Areas containing soil deposits of Holocene age (less than 11,000 years),
where the M7.5-weighted peak acceleration that has a 10% probability of
being exceeded in 50 years is greater than or equal to 0.20 g and the
historic high water table is less than or equal to 30 feet below the ground
surface; or

° Areas containing soil deposits of latest Pleistocene age (between 11,000
years and 15,000 years), where the M7.5-weighted peak acceleration that
has a 10% probability of being exceeded in 50 years is greater than or equal
to 0.30 g and the historic high water table is less than or equal to 20 feet
below the ground surface.

Based on probabilistic mapping described earlier, only the easternmost portion of
the County (Blythe region) has acceleration values below the criteria thresholds
(Table 1-6).

Application of these criteria allows compilation of hazard maps that are useful for
preliminary evaluations, general iand-use planning and delineation of special
studies zones where site-specific studies may be required before major
development is approved (Youd, 1991). In developing a liquefaction hazard map
for Riverside County, the Quaternary geology is taken from existing maps (Geologic
Map for Riverside County, California), and described in detail within Chapter
2-Geologic Hazards of this Technical Background Report. Hydrologic data are
compiled (Ground Water Contour Map for Riverside County, California; Plate 1-4)
as described below.

‘Earth Consultants International ‘ Page 1-54



Seismic Hazards - County of Riverside August.1, 2000

1.6.2.1 Geographic Information System Coverage of Shallow Ground
Water for Riverside County (Plate 1-4) ~

Coverage Description: Depth to Groundwater in Riverside County
Coverage distribution file name: gwcntrs.e00: gwwells.e00

Coverage Area: Riverside County '

Source: Earth Consultants International

Accuracy: Only areas where groundwater exists within the upper 200 feet
were mapped.

Groundwater was mapped using data from the Regional Water Quality
board, Santa Ana Watershed Project Authority (SAWPA), and U.S.
Geological Survey reports on groundwater within Riverside County. The
groundwater is reported as the highest recorded elevation. Groundwater is
only mapped in areas where sufficient data were available. There may be
areas of perched water that have not been mapped throughout the county.
Contours were created based on data collected from the various water
districts through Santa Ana Watershed Project Authority. Reports located
at the Regional Water Quality board were used to augment the data
collected from the various water districts. All data were analyzed for highest
historical recorded elevation. These data should be considered for regional
analysis only. '

The Western Municipal Water District (Mains, Steven E., personal
communication, 1999) provided groundwater data from 56 agencies for over
2,300 wells. These data contain water levels from monitoring wells at
selected service stations within Riverside and San Bernardino counties. The
data include abandoned or destroyed wells. Many measuring point
elevations are estimated from topographic maps and may be 5 to 10 feet in
error. Also many agencies supply data using air lines that may have an
accuracy of " several feet. Data were also obtained from the California
Regional Water Quality Control Board, Santa Ana Region; Leaking
Underground Storage Tank Information System (LUSTIS).
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1.6.3 Liquefaction Hazard Zones in Riverside County

Based on the criteria described above and illustrated on the flow chart presented
in Figure 1-10, a detailed Liquefaction Susceptibility Map for Riverside County was
produced at a 1:250,000 scale (Plate 1-5). These data are summarized on the
Generalized Liquefaction Susceptibility Map (Figure 1-1 1). Figure 1-11 includes
the liquefaction potential zones described in Table 1-9.

Riverside County development policies should be implemented based on this
liquefaction potential mapping (Table 1-9). Site-specific geotechnical liquefaction

~ hazard investigations should be required for proposed construction projects in
zones of moderate, high and very high liquefaction potential. The policy for
construction projects involving critical facilities should extend to. include all
liquefaction ranks from "very low" to "very high". Based on relatively low potential
for ground shaking, the region near Blythe (< 0.1 g, 10% probability of exceedance
in 50 years) should be excluded from policies requiring hazard investigations for
general construction projects. However, projects involving critical facilities should
address liquefaction hazards if they are proposed within a potential liquefaction
Zone.
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Table

e

SR el B Zasd .
General Liquefaction Potential Zones for Riverside County

Recommended Policies*

Rank Ground Water General* ,
Depth* Sediment General Critical
Type Construction Facilities
High < 30 feet very study required | study required
' susceptible
< 30 feet susceptible study required | study required
Moderat
cderate 30-50 feet very study required | study required
susceptible
Low > 30 feet . susceptible none study required
30-50 feet susceptible none study required
Very L
ery o 50-100 very none study required
susceptible
Extremely Low 50-100 feet susceptible none study required
> 100 feet susceptible none none
None no data bedrock none none

*: Ground shaking potential in easternmost Riverside County is considered below the threshold for
liquefaction, and site-specific investigations should not be re
#: Ground water depth is based on the historic high measurement
+: Very susceptible sediment type includes generally granular Holocene sediments; susceptible
includes generally granular Pleistocene sediments.

quired for general construction projects
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1.6.3.1 Geographic Information System Coverage of Liquefaction
Hazards in Riverside County (Plate 1-5)

Coverage Description: Liquefaction Hazards in Riverside County
Coverage distribution file name: liquef.e00

Coverage Area: Riverside County

Source: Earth Consultants International

Scale: 1:250,000

Hazard mitigation policies for proposed projects in Riverside County based
on the detailed liquefaction mapping shown on Plate 1-5 should be
implemented as follows:

General Construction: special site-specific liquefaction hazard
studies should be required in all areas mapped as “Shallow Ground
Water, Susceptible Sediments” with the exception of the Blythe
region.

Critical Facilities/Lifelines: special site-specific liquefaction hazard
studies should be required in all areas of susceptible sediments,
including the Blythe region.

1.6.4 Seismically-Induced Settlement

In some situations, strong ground shaking can cause the densification of soils,

resulting in local or regional settlement of the ground surface. Local differential

settlements damage structures. Regional settlements can damage pipelines by, for
- example, changing the gravity gradient on water and sewer lines and canals,

Whether seismically induced settlement will occur depends on the intensity and
duration of ground shaking, and the relative density (the ratio between the in-place
density and the maximum density) of the subsurface soils. Sediments in the
County's alluvial valleys were deposited fairly rapidly, which may lead to conditions
of low density sediments that can settle in an earthquake. Therefore, many of the
valley regions that contain relatively recent sediments may be susceptible to some
degree of seismic settlement. The areal extent of relatively young sediments with
moderate to locally high potential for settlement may be correlated with areas of
valley fill represented on subsidence susceptibility mapping described in Chapter
2-Soil and Slope Instability.
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1.6.5

As demonstrated by past earthquakes, seismic settlement is primarily damaging in
areas subject to differential settlement. These can include cut/ill transition lots
build on hillsides, where a portion of the house is built over an area cut into the
hillside while the remaining portion of the house projects over man made fill. During
an earthquake, even slight settlement of the fill can lead to a differentially settled
structure and significant repair costs. Therefore, cut and fill transition lots should
be overexcavated and fill depths beneath structures should never vary by more
than 100%.

Developments in areas subjected to seismically induced settlement should include
specific subsurface geotechnical investigations that address the potential for
seismically induced settlement on a site-specific basis. This hazard can be
mitigated with proper site preparation that involves the densification of the
subsurface soils, and with proper foundation design that can accommodate a
limited degree of differential settlement due to seismic shaking.

Seismically-Induced Slope Instability

Seismically induced landsliding and rock falls can be expected to occur throughout
the County in a major earthquake. Chapter 2 - Slope and Soil Instability Hazards
of this Technical Background Report discusses slope stability and landsliding in the
County in more detail, including the development of the Geographic Information
System (GIS) coverage presented on the Landslide Susceptibility Zone Map for
Riverside County. Development policies, based on the GIS mapping, include
avoidance and mitigation of the hazard during construction. These mitigation
measures will reduce the potential losses associated with this hazard. Figure 1-12
has been prepared to illustrate the regions of the County with existing landslides
and slopes that are susceptible to instability during a significant earthquake.

Wilson and Keefer (1985) have reported that a ground acceleration of at least 0.10
g in steep terrain is necessary to induce earthquake-related rock falls, although
exceeding this value does not guarantee that rock falls will occur. Since there are
several faults capable of generating peak ground accelerations of over 0.10 gin
Riverside County, there is a high potential for seismically induced rock falls and
landslides to occur.
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1.6.6

A separate Southern California Earthquake Center (SCEC) committee dealing with
the issues of implementation of SP 117 (DMG, 1997) for landslide hazards has
been formed and is working on a companion to the liquefaction hazards document
discussed earlier. Factors controlling the stability of slopes include: 1) the slope
height and inclination, 2) the engineering characteristics of the earth materials
comprising the slope, and 3) the intensity of ground shaking. Engineered slopes
should be designed to resist seismically induced failure. Slope design should be
based on pseudo-static stability analyses using soil engineering parameters.
These should be established on a site-specific basis from detailed geotechnical
investigations that include subsurface soil sampling and laboratory testing. The
stability analyses should factor in the intensity of ground shaking expected in the
County.

Seiches

-..The County's water tanks, reservoirs, lakes and swimming pools are enclosed

bodies of water that are subject to potentially damaging oscillations on the water
surface, called seiches. A seiche can result from a number of factors including
wind-driven currents, tides, variation in atmospheric pressure and ground shaking
associated with near or distant earthquakes. In southern California, the greatest
threat of seiches comes from earthquakes.

Whether an earthquake will create seiches depends upon a number of earthquake-
specific parameters, including period or length of the seismic waves, earthquake
location, and the style of fault rupture (e.g., dip-slip or strike-slip). Whether a
seiche will cause damage can depend upon the size, shape and location of the
body of water, storage tank strength, integrity of dam construction, underlying soil
type, proximity of human-built structures, and local relief (variations in elevation).

‘Amplitudes of seiche waves associated with earthquake ground motion have

typically been less than 0.5 meters high; however, some have exceeded 2 meters.
A seiche in Hebgen reservoir, caused by an earthquake in 1959 near Yellowstone
National Park, repeatedly overtopped the dam, causing considerable damage to the
dam and its spillway (Stermitz, 1964). The 1964 Alaska earthquake produced
seiche waves 0.3 m high in the Grand Coulee Dam reservoir, and seiches of similar
magnitude in fourteen bodies of water in the state of Washington (McGarr and
Vorhis, 1968). California earthquakes have generated (non-damaging) seiches in
Florida swimming pools! a
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Lakes: Due to their relatively large size, proximity to major faults, and development
near their shores, in Riverside County, Lake Elsinore and the Salton Sea create
especial hazard from seiches.

Dams:  An important method to decrease seiche ‘hazard behind dams is to
increase the freeboard distance (top of dam to top of water). This can be
accomplished by either building up the dam, or by reducing the allowable reservoir
storage capacity. Other mitigation measures include:

° ‘replacing dams;
e adding buttresses and berms;
o flattening slopes;

e increasing drainages; and

° grouting foundations.

It seems likely that the threat to dam stability is increased if a dam simultaneously
experiences forces associated with strong seismic ground shaking and seiches.
Thus, to increase dam safety, these two hazards need to be considered together.

‘Swimming Pools: Damage from swimming pool seiches is a common problem. )
During seismic ground shaking, seiches created in private and public pools can
expell considerable water. This often damages homes downslope, and sliding
glass doors near the pool.

Water Tanks: Seiches damaged storage tanks during the 1992 Landers-Big Bear
earthquakes and the 1994 Northridge earthquake. As a result, the American Water
Works Association (AWWA) Standards for Design of Steel Water Tanks (D-100)
now provide new criteria for seismic design (Lund, 1994).
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1.7 Vulnerability of the Built Environment to Earthquake Hazards

This section assesses the earthquake vulnerability of structures and facilities common in
the County of Riverside, as well as the status of existing earthquake hazard mitigation
programs, including code and ordinance adoption and enforcement. This analysis is
based on past earthquake performance of similar types of buildings in the U.S. Beyond

- the scope of this study are the effects of design earthquakes on particular structures within

the County of Riverside. However, utilizing a recent standardized methodology developed
for the Federal Emergency Management Agency (FEMA), general estimates of losses are
provided in Section 1.8 of this report.

Although it is not possible to prevent earthquakes from occurring, their destructive effects
can be minimized. Comprehensive hazard mitigation programs that include the
identification and mapping of hazards, prudent planning and enforcement of building
codes, and expedient retrofitting and rehabilitation of weak structures can significantly
reduce the scope of an earthquake disaster.

With these goals in mind, the State Legislature passed Senate Bill 547, addressing the
identification and seismic upgrade of Unreinforced Masonry (URM) buildings. In addition,
the law encourages identification and mitigation of seismic hazards associated with other
types of potentially hazardous buildings, including pre-1971 concrete tilt-ups, soft-stories,
mobile homes, and pre-1940 homes. ‘

The County of Riverside's building stock is predominantly modern, and modern buildings
do save lives. However, economic losses associated with structural and non-structural
damage, loss of contents and repairs can be tremendous. For example, the losses
associated with the Northridge earthquake approached $30 billion.

As discussed earlier, various geologic phenomena can be triggered by earthquakes to
cause loss of life and property damage. Earthquakes can also cause localized, equally
destructive hazards such as urban fires, dam failures, and toxic chemical releases.
During the 1994 Northridge earthquake, many mobile homes shifted or fell off their
foundations, which ruptured gas lines and started fires. This type of hazard is intensified
by the relatively high density of homes within mobile home parks.

1.7.1 Potentially Hazardous Buildings and Structures

Most of the loss of life and injuries-due to an earthquake are related to the collapse
of hazardous buildings and structures. FEMA (1985) defines a hazardous building
‘as "any inadequately earthquake resistant building, located in a seismically active
area, that presents a potential for life loss or serious injury when a damaging
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earthquake occurs". Building codes have generally been made more stringent
following damaging earthquakes. However, pre-existing structures in the County
of Riverside have generally not been upgraded to current building code standards,
and may be hazardous during an earthquake. Structure built before the 1933 Long
Beach earthquake are especially at risk. ‘

Building damage is commonly classified as either structural or non-structural.
Structural damage impairs the building's structural support. This includes any
vertical and lateral force-resisting systems, such as frames, walls, and columns.
Non-structural damage does not affect the integrity of the structural support
system. Non-structural damage includes broken windows, collapsed or rotated
chimneys, and fallen ceilings. During an earthquake, buildings get thrown from side
to side, and up and down. Heavier buildings are subjected to higher forces than
lightweight buildings, given the same acceleration. Damage occurs when structural
members are overloaded, or differential movements between different parts of the
structure strain the structural components. Larger earthquakes and longer shaking
durations tend to damage structures more. The level of damage can be predicted
only in general terms, since no two buildings undergo the exact same motions, even
in the same earthquake. Past earthquakes have shown us, however, that some
buildings are far more likely to fail than others.

Unreinforced masonry buildings (URMs, Figure 1-13) are prone to failure due to
inadequate anchorage of the masonry walls to the roof and floor diaphragms, due
to the limited strength and ductility of the building materiais, and sometimes due to
poor construction workmanship. Using a statistical analysis, the number of URMs
in Riverside County is estimated at about 4,000 (HAZUS '99 Inventory). However,
Riverside County identified only five in the unincorporated areas during a 1990
study (Kack Fung, personal communication, 2000). There are surely URMs in older
regions of incorporated cities within the County, but these have not been identified.
The five known URM owners were notified by mail to comply with the State
guidelines, but no unique URM ordinance has been passed by Riverside County.
In addition, no other potentially vulnerable buildings have been inventoried.
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Figure 1-13: Unreinforced Masonry Building (URM). Prepared by the Applied
Technology Council for the Federall Emergency Management Agency (1 988),
Rapid Visual Screening of Buildings for Potential Seismic Hazards: A
Handbook: Earthquake Hazards Reduction Series 41, FEMA 154,
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Unless URMs have been appropriately reinforced and strengthened, an earthquake
may cause irreparable damage, and even collapse. Thus they pose a threat to life
and property. There are many ways that damage may occur. Parapets and
cornices that are not positively anchored to the roofs may fall out. Wall diaphragms
- are generally made of wood. These diaphragms are therefore very flexible, allowing
large out-of-plane deflections at the wall transverse. This large drift can cause the
masonry walls to collapse. Some tall URM buildings have thin walls that may buckle
out-of-plane under severe lateral loads. If the wall is a non-load bearing wall, it may
fail; collapse of a load-bearing wall will result in partial or total collapse of the
structure.  Deterioration of the mortar (often of lime and sand with little or no
cement, having very little shear strength), and of the wood framing as a result of
weather exposure may also contribute to the weakening and poor performance.
Collapse of URMs generates much heavy debris. ‘

Reinforced masonry buildings often perform well in moderate earthquakes if they
are adequately reinforced and grouted, and if sufficient diaphragm anchorage
exists. Poor construction workmanship or materials may lead to failure during a
large earthquake. Other common building types are also known to perform poorly
during moderate to strong earthquakes, although they have not been targeted for
upgrading and strengthening. Of particular concern are soft-story buildings
(those with a story, generally the first floor, lacking adequate strength or toughness
due to few shear walls). Apartments above glass-fronted stores and buildings
perched atop parking garages are common exampies of soft-story buildings. No
estimates of the number of soft-story buildings in Riverside County are currently
available. Collapse of a soft story and "pancaking" of the remaining stories killed
16 people at the Northridge Meadows apartments during the 1994 Northridge
earthquake (EERI, 1994). There are many other cases of soft-story collapses.

Structural damage to wood frame structures often results from inadequate
connection between the Superstructure and the foundation. These buildings may
slide off their foundations, with consequent damage to plumbing and electrical
connections. Unreinforced masonry chimneys may also collapse. These types of
damage are generally not life threatening, although they may be costly to repair.
Wood frame buildings with stud walls generally perform well in an earthquake,
unless they have no foundation or have a weak foundation constructed of
unreinforced masonry or poorly reinforced concrete. 'Inthese, damage is generally
limited to cracking of the stucco, which dissipates much of the earthquake's induced
energy. The collapse of wood frame structures, if it happens, generally does not
generate heavy debris; but rather, the wood and plaster debris can be cut or broken
into smaller pieces by hand-held equipment and removed by hand in order to reach
victims (FEMA, 1985). :
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Partial or total collapse of buildings where the floors, walls and roofs fail as large
intact units, such as large pre-cast concrete panels, cause the greatest loss of life
and difficulty in victim rescue and extrication (FEMA, 1985). Thousands have died
in collapses of these kinds of structures during earthquakes, such as in Mexico City
(1985), Armenia (1988), Nicaragua (1972), El Salvador (1986), the Philippines
(1990), and most recently Turkey (1999). Unfortunately, these lessons were not
applied to California's parking structures. Many parking structures that failed
spectacularly in Northridge (1994) consisted of pre-cast components (EERI, 1994).
Many more such parking structures exist throughout the region. No estimates of
the number in Riverside County are available.

Collapse of these types of structure leaves debris that requires heavy mechanical
equipment to be removed. Location and extrication of victims trapped under the
rubble is generally a slow and dangerous process. Extrication of trapped victims
within the first 24 hours after the earthquake becomes critical for survival. In most
instances, however, post-earthquake planning fails to quickly procure equipment
needed to move heavy debris. The establishment of Heavy Urban Search and
Rescue teams, as recommended by FEMA (1985), has improved victim extrication
and survivability. Buildings that are more likely to fail and generate heavy debris
need to be identified, so that appropriate mitigation and planning procedures are
defined prior to an earthquake.

Tift-up buildings have concrete wall panels, often cast on the ground, or fabricated
off-site and trucked in, that are tilted upward into their final position. Connections
" and anchors have pulled out of walls during earthquakes, causing the floors or
roofs to collapse. A high rate of failure was observed for this type of construction
in the 1971 Sylmar, California earthquake. Tilt-up buildings may generate heavy
debris. '

Statistical estimates (HAZUS '99 | nventory) indicate about 1,500 pre-cast concrete
frame buildings in Riverside County. Their seismic performance varies, and is
dependent on adequate design and construction (Figure 1-14). Pre-cast frames are
often weakened due to stresses incurred during transportation and accumulated
stresses from shrinkage and creep. Corrosion of the metal connectors between
prefabricated elements may also occur, weakening the structure. Multi-story
concrete and reinforced masonry buildings with concrete floor slabs may collapse
("pancake" ) with the floor slabs falling, nearly intact, one on top of the other,
becoming closely stacked. The floor slabs prevent access to, and extrication of,
victims. These slabs weigh up to 250 tons and generally need to be cut into smaller
pieces and removed by heavy cranes - a time-consuming process.
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Rapid Visual Screening of Buildings for Potential Seismic Hazards:
Handbook: Earthquake Hazards Reduction Series 41, FEMA 154.

A

Earth Consultants International

Page 1-70



Seismic Hazards - County of Riverside August 1, 2000

Reinforced concrete frame buildings, with or without reinforced infill walls,
display low ductility. Earthquakes may cause shear failure (if there are large tie
spacings in columns, or insufficient shear strength), column failure (due to
inadequate rebar splices, inadequate reinforcing of beam-column joints, or
insufficient tie anchorage), hinge deformation (due to lack of continuous beam
reinforcement), and non-structural damage (due to the relatively low stiffness of the
frame). A common type of failure observed following the M, 6.7, 1994 Northridge.
earthquake was confined column collapse (EERI, 1994), where infilling between
columns confined the length of the columns that could move laterally in the
earthquake.

Multi-story steel buildings generally also have concrete floor slabs. However,
these buildings are less likely to collapse than concrete structures. Common
damage to these types of buildings is generally non-structural, including collapsed
exterior curtain wall (cladding), and damage to interior partitions and equipment.
Overall, modern steel buildings have been expected to perform well in earthquakes,
but the 1994 Northridge earthquake broke many welds in these buildings, a
previously unanticipated problem. :

Older, pre-1945 steel frame structures may have unreinforced masonry such as
bricks, clay tiles and terra cotta tiles as cladding or infilling. Cladding in newer
buildings may be glass, infill panels or pre-cast panels that may fail and generate
a band of debris around the building exterior (with considerable threai to

- pedestrians in the streets below). Structural damage may occur if the structural
members are subject to plastic deformation which can cause permanent
displacements. If some walls fail while others remain intact, torsion or soft-story
problems may resuit. )

Buildings are often a combination of steel, concrete, reinforced masonry and wood,
with different structural systems on different floors or different sections of the
building. Combination types that are potentially hazardous (and that have not been
discussed above) include: concrete frame buildings without special reinforcing,
precast concrete and precast-composite buildings, steel frame or concrete frame
buildings with unreinforced masonry walls, reinforced concrete wall buildings with
no special detailing or reinforcement, large capacity buildings with long-span roof
structures (such as theaters and auditoriums), large unengineered wood-frame
buildings, buildings with inadequately anchored exterior cladding and glazing, and
buildings with poorly anchored parapets and appendages (FEMA, 1985). Additional
types of potentially hazardous buildings may be recognized after future
- earthquakes.
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1.7.2

A building's vertical and/or horizontal shape can also be important. Simple, regular
and symmetric buildings generally perform better than non-symmedtric buildings.
During an earthquake, non-symmetric buildings tend to twist as well as shake.
Wings on a building tend to act independently during an earthquake, resulting in
differential movements and cracking. The geometry of the lateral load-resisting
systems also matters. For example, buildings with one or two walls made mostly
of glass, while the remaining walls are made of concrete or brick, are at risk. Also,
asymmetry in the placement of bracing systems that provide a building with
earthquake resistance can result in twisting or differential motions.

Site-related seismic hazards may include the potential for neighboring buildings to
"pound”, or for one building to collapse onto a neighbor. Pounding occurs when
there is little clearance between adjacent buildings, and the buildings "pound"
against each other as they deflect during an earthquake. The effects of pounding
can be especially damaging if the floors of the buildings are at different elevations,
so that, for example, the floor of one building hits a supporting column of the other.
Damage to a supporting column can result in partial or total building collapse.

By inventory estimates, more than 70,000 mobile homes are located in the County
of Riverside (HAZUS '99 Inventory). Mobile homes are prefabricated housing units
that are placed on isolated piers, jackstands, or masonry block foundations (usually
without any positive anchorage). Floors and roofs of mobile homes are usually
plywood; outside surfaces are covered with sheet metal. Mobile homes typically do
not perform well in earthquakes. Severe damage occurs when they fall off their
supports, severing utility lines and piercing the floor with steep jackstands.

A community's first defense against dangerous buildings is to perform a building
inventory, to locate, count and identify buildings by structural type and occupancy
(usage). With an inventory, limited mitigation resources can be more effectively
prioritized.

Essential Facilities

Critical facilities are those parts of a community's infrastructure that must remain
operational after an earthquake, or facilities that pose unacceptable risks to public
safety if severely damaged. Critical facilities include schools, hospitals, fire and
police stations, emergency operation centers (EOC's) and communication centers.
Figure 1-15 through 1-18 illustrate the locations of the County's hospitals,
emergency response facilities (EOC's, fire and police stations), schools, and
communication facilities in relation to ground shaking potential.
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Itis essential that critical facilities have no structural weaknesses that can lead to
collapse. The Federal Emergency Management Agency (FEMA, 1985) has -
suggested the following seismic performance goals for health care facilities:

e The damage to the facilities should be limited to what might be reasonably
expected after a destructive earthquake and should be repairable and not
life-threatening.

° Patients, visitors, and medical, nursing, technical and support staff within
and immediately outside the facility should be protected during an
earthquake.

° Emergency utility systems in the facility should remain operational after an
earthquake.

° Occupants should be able to evacuate the facility safely after an earthquake.

° Rescue and emergency workers should be able to enter the facility

, immediately after an earthquake and should encounter only minimum
— interference and danger.

. The facility should be available for its planned disaster response role after
- an earthquake.

High-loss facilities, if severely damaged, may result in a disaster far beyond the
facilities themselves. Examples include nuclear power plants, dams and flood
control structures, freeway interchanges, bridges, and industrial plants that use or
store explosives, toxic materials or petroleum products. Figures 1-19 through 1-21
illustrate the locations of the County's dams, highway bridges and hazardous
materials sites in relation to ground shaking potential. '
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Dam Safety: Statutes governing dam safety are defined in Division 3 of the
California State Water Code (California Department of Water Resources, 1986),
which empowers the California Division of Dam Safety to monitor the structural
safety of dams that are greater than 25 feet in dam height or 50 acre-feet in storage
capacity.

Dams under this State jurisdiction are required to have inundation maps that show
the potential flood limits in the remote possibility a dam is catastrophically
breached. Dam inundation maps are prepared by dam owners primarily for
contingency planning; it is stressed that they in no way reflect the structural integrity
or safety of the dam in question. Dam owners are also required to prepare and
submit emergency response plans to the State Office of Emergency Services, the
lead State agency for the State dam inundation mapping program. Detailed dam
inundation mapping and a discussion of dam vulnerability are presented in Chapter
3-Flood Hazards of this Technical Background Report. The County of Riverside
is required by State law to have in place emergency procedures for the evacuation
and control of populated areas within the limits of inundation below the dams. In
addition, real estate disclosure upon sale or transfer of property in the inundation
area is required under recent legislation (AB 1195 Chapter 65, June 9, 1998,
Natural Hazard Disclosure Statement).

Most of the legislation regarding dam safety has developed as a result of dam
failures, particularly the sudden, disastrous failure of the St. Francis Dam in 1928
(Babbitt, 1993); and damage to dams during earthquakes. During the 1971 San
Fernando earthquake, for example, the Lower San Fernando Dam came within five
feet of being breached, when the upstream slope slid into the reservoir and the
crest settled 30 feet. This confirmed concerns that hydraulic fill dams could be
severely damaged by earthquake-induced vibrations (Babbitt and Verigin, 1996).

High-occupancy facilities can potentially cause a large number of casualties or
crowd-control problems. This category includes high-rise buildings, large assembly
facilities, and large multifamily residential complexes.

Dependent-care facilities house populations with special evacuation
considerations, such as preschools and schools, rehabilitation centers, prisons,
group care homes, and nursing and convalescent homes.

Economic facilities are those that should remain operational to avoid severe
economic impacts, such as banks, archiving and vital record keeping facilities,
airports and ports, and large industrial and commercial centers.
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1.7.3 Lifelines

Critical facilities, designed to remain functional during and immediately after an
earthquake, may provide only limited services if lifelines are disrupted. Our
understanding of the seismic hazards to new and existing lifeline facilities relies on

- several workshops and publications dedicated to the subject, including research
completed as a result of the 1989 Loma Prieta earthquake. The issue of seismic
hazard mitigation for lifelines is very complex, given the diversity of lifeline facilities.
The general comments on the effect of strong ground motion to buildings apply to
structures involved in lifeline service, such as the control tower in an airport, or the
buildings that house the computers and telephone circuits that are central to
communication lifelines. When properly designed, manufactured and laid out,
buried pipelines are generally not damaged by strong ground motions, but can be
severely disrupted in areas of surface rupture, liquefaction, or landslides. Freeway
interchanges and bridges have been damaged by strong ground motions; certain
bridge designs have been prioritized in retrofitting programs because of their poor
past performance in regions of seismic activity.

A hazard analysis should focus on four lifeline categories: (1) water and sewer
facilities, (2) transportation facilities, (3) electric power facilities, and (4) gas and
liquid fuel lines. Retrofit and upgrading programs for lifelines generally require
careful planning to ensure that the public is not inconvenienced by irregular or
discontinued service. To implement an effective mitigation program, potential
problem spots must be identified and prioritized in the extensive systems of cable
and pipe used to distribute electrical energy, gas, telephone communications, and
water, or to collect sewer and storm drain water.

Figures 1-22 through 1-24 illustrate the County's inventory of airports, highways,
and rail facilities, as well as available data on water, oil and natural gas pipelines,
in relation to the general ground shaking risk.
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1.8 HAZUS Earthquake Scenario Loss Estimations
for Riverside County

HAZUS™ is a standardized methodology for earthquake loss estimation based on a
geographic information system (GIS). A project of the National Institute of Building
Sciences, funded by the Federal Emergency Management Agency (FEMA), itis a powerful
advance in mitigation strategies. The HAZUS project developed guidelines and procedures
to make standardized earthquake loss estimates ata regional scale. With standardization,
estimates can be compared from region to region. HAZUS is designed for use by state,
regional and local governments in planning for earthquake loss mitigation, emergency
preparedness, response and recovery. HAZUS addresses nearly all aspects of the built
environment, and many different types of losses. The methodology has been tested
against the experience of several past earthquakes, and against the judgment of experts.
Subject to several limitations noted below, HAZUS can producing result that are valid for
the intended purposes.

Loss estimation is an invaluable tool, but must be used with discretion. A loss estimation
analyzes casualties, damage and economic loss in great detail. It produces seemingly
precise numbers that can be easily misinterpreted. A loss estimation's results, for
example, may cite 4,054 left homeless by a scenario earthquake. This is best interpreted
by its magnitude. That is, 4,000 homeless is clearly more manageable than 40,000
homeless; and an event that leaves 400,000 homeless would overwhelm a community's
resources. However, a loss estimation that predicts 7,000 homeless should probably be
considered equivalent to the 4,054 result. Because HAZUS results make use of a great
number of parameters and data of varying accuracy and completeness, it is not possible
to assign quantitative error bars. Although the numbers should not be taken at face value,
they are not rounded or edited because detailed evaluation of individual components of
the disaster can help mitigation agencies ensure that they have considered all the
important options.

The more community-specific the data that is input to HAZUS, the more reliable the loss
estimation. HAZUS provides defaults for all required information. These are based on
best-available scientific, engineering, census and economic knowledge. The loss
estimations in this report have been tailored to Riverside County by using the maps of soil
type, liquefaction and landslide susceptibility done as part of this study. Loss estimations
can be further refined with new census data, and an inventory of the buildings, lifelines and
infrastructure specific to Riverside County.

Uncertainties are inherent is any loss estimation methodology. They arise in part from
incomplete scientific knowledge concerning earthquakes and their effect upon buildings
and facilities, and in part from the approximations and simplifications necessary for
comprehensive analyses. o -
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Users should be aware of the following specific limitations:

1.8.1

HAZUS is driven by statistics, and thus is most accurate when applied to a region,
or a class of buildings or facilities. It is least accurate when considering a particular
site, building or facility. ‘

Losses estimated for lifelines may be less than losses estimated for the general
building stock.

Losses from smaller (less than M, 6.0) damaging earthquakes may be
overestimated. '

Pilot and calibration studies have not yet provided an adequate test concerning the
possible extent and effects of landsliding.

The indirect economic loss module is new and experimental. While output from
pilot studies has generally been credible, this module requires further testing.

Methodology and Terminology Used in Earthquake Loss Estimation

The flow chart in Figure 1-25 presents the modules (components) of a HAZUS
analysis. HAZUS input and output are based on 1990 census tract boundaries. The
census tracts that best cover the County of Riverside were chosen for this analysis,
and are illustrated in Figure 1-26.
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Essential Facilities provide services to the community and should be functional after
an earthquake. Essential facilities include hospitals, police stations, fire stations
and schools. The essential facility HAZUS module determines the expected loss of
functionality for these critical facilities. The damage state probabilities for essential
facilities are determined on a site-specific basis (i.e., at each facility). Economic
losses associated with these facilities are computed as part of the analysis of the
general building stock. Data required for the analysis include occupancy classes
(current building use) and building structural type, or a combination of essential
facilities building type, design level and construction quality factor. In addition, the
number of beds for each hospital and the number of fire trucks at each fire station
are required. The fire truck information is used as input for the fire following
earthquake analysis.

General Building Stock Type and Classification: HAZUS provides damage data
for buildings based on these structural types: ‘

Concrete

Mobile Home

Precast Concrete

Reinforced Masonry Bearing Walls
Steel

Unreinforced Masonry Bearing Walls
Wood Frame

and based on these occupancy (usage) classifications:

Residential
Commercial
Industrial
Agriculture
Religion
Government
Education

Building Damage Classification: Loss estimation for the general building stock
are averaged for each census tract. Building damage classifications range from
slight to complete. Examples for wood frame (the County's most numerous building
type) and mobile homes (one of the County's most vulnerable building types) are
provided below:
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Wood, Light Frame:

Slight Structural Damage: Small plaster or gypsum-board cracks at corners
of door and window openings and wall-ceiling intersections: small cracks in
masonry chimneys and masonry veneer.

Moderate Structural Damage: Large plaster or gypsum-board cracks at
corners of door and window openings; small diagonal cracks across shear
wall panels exhibited by small cracks in stucco and gypsum wall panels;
large cracks in brick chimneys; toppling of tall masonry chimneys.
Extensive Structural Damage: Large diagonal cracks across shear wall
panels or large cracks at plywood joints; permanent lateral movement of
floors and roof; toppling of most brick chimneys; cracks in foundations;
splitting of wood sill plates and/or slippage of structure over foundations;
partial collapse of "room-over-garage" or other "soft-story" configurations;
small foundations cracks.

Complete Structural Damage: Structure may have large permanent lateral
displacement, may collapse, or be in imminent danger of collapse due to
cripple wall failure or the failure of the lateral load resisting system; some
structures may slip and fall off the foundations; large foundation cracks.
Approximately 5% of the total area with complete structural damage is
expected to be collapsed.

Mobile Homes:

Slight Structural Damage: Damage to some porches, stairs or other attached
components. | '
Moderate Structural Damage: Major movement of the mobile home over its
supports resulting in some damage to metal siding and stairs and requiring
resetting of the mobile home on its supports. A

Extensive Structural Damage: Mobile home has fallen partially off its
supports, often severing utility lines.

Complete Structural Damage: Mobile home has totally fallen off its supports,
usually severing utility lines, with steep jackstands penetrating through the
floor. Approximately 5% of the total area of buildings with complete structural
damage is expected to be collapsed.

Incorporation of Historic Building Code Design Functions: Estimates of
building damage are provided for "High", "Moderate" and "Low" seismic design
criteria. Buildings of newer construction (e.g., post-1973) are best designated
"High". Buildings built after 1940, but before 1973, are best represented by
"Moderate". If built before about 1940 (i.e., before significant seismic codes were
implemented), "Low" is most appropriate. The vast majority of buildings in the
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County of Riverside fit "High" seismic design criteria.

Fires Following Earthquakes: Fires following earthquakes can cause severe
losses. These losses can outweigh the losses from direct damage, such as
collapse of buildings and disruption of lifelines. Many factors affect the severity of
the fires following an earthquake, including but not limited to: ignition sources, types
and density of fuel, weather conditions, functionality of water systems, and the
ability of fire fighters to suppress the fires.

A complete fire-following-earthquake model requires extensive input about the
readiness of local fire departments and the types and availability (functionality) of
water systems. The fire following earthquake model presented here is simplified.
With better understanding of fires that will be garnered after future earthquakes,
forecasting capability will undoubtedly improve. ‘

An estimated that about 70% of all fire ignitions start within minutes of the
earthquake. The remaining ignitions start from an hour to a day after the
earthquake. A typical cause of later ignitions is restoration of electric power. When
power is restored, short circuits that occurred due to the earthquake become
energized and can ignite fires. Similarly, when power is restored, items which have
overturned, fallen onto range tops, etc., can ignite. If no one is present at this time,

fire department response can be required.

Debris Generation: HAZUS estimates two types of debris. The firstis debris that
falls in large pieces, such as steel members or reinforced concrete elements.
These require special treatment to break into smaller pieces before they are hauled
away. The second type of debris is smaller and more easily moved with bulldozers
and other machinery and tools. This type includes brick, wood, glass, building
contents and other materials. ‘ .

Estimating Casualties: Casualties are estimated based on the assumption that
there is a strong correlation between building damage (both structural and
non-structural) and the number and severity of casualties. In smaller earthquakes,
non-structural damage will most likely control the casualty estimates. In severe
earthquakes where there will be a large number of collapses and partial collapses,
there will be a proportionately larger number of fatalities. Data regarding
earthquake-related injuries are not of the best quality, nor are they available for all
building types. Available data often have insufficient information about the type of
structure in which the casualties occurred and the casualty-generating mechanism.
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HAZUS casualty estimates are based on the classification scale in Table 1-10.

Table 1-10 HAZUS Injury Classification Scale

Injury Severity Level Injury Description

Severity 1 Injuries requiring basic medical aid without requiring hospitalization

Severity 2 Injuries requiring a greater degree of medical care and hoépitalization, but
not expected to progress to a life threatening status

Severity 3 Injuries which pose an immediate life-threatening condition if not treated
adequately and expeditiously. The majority of these injuries are the result of
structural collapse and subsequent entrapment or impairment of the
occupants.

Severity 4 Instantaneously killed or mortally injured

HAZUS can produce casualty estimates for three times of day:

. Earthquake striking at 2:00 a.m. (population at home)
° Earthquake striking at 2:00 p.m. (population at work/school)
e Earthquake striking at 5:00 p.m. (commute time).

Displaced Households/Shelter Requirements: Earthquakes can cause loss of
function or habitability of buildings which contain housing. Displaced households
may need alternative short-term shelter, provided by family, friends, temporary
rentals, or public shelters established by relief organizations such as the Red Cross
or Salvation Army. Long-term alternative housing may require import of mobile
homes, occupancy of vacant units, net emigration from the impacted area, or,
eventually, the repair or reconstruction of new public'and private housing. The
number of people seeking short-term public shelter is of most concern to
emergency response organizations. The longer-term impacts on the housing stock
are of great concern to local governments, such as cities and counties.

Economic Losses: HAZUS estimates structural and nonstructural repair costs
caused by building damage and the associated loss of building contents and
business inventory. Building damage can cause additional losses by restricting the
building's ability to function properly. Thus, business interruption and rental income
losses are estimated. HAZUS divides building losses into two categories: (1) direct
building losses and (2) business interruption losses. Direct building losses are the
estimated costs to repair or replace the damage caused to the building and its
contents. Business interruption losses are associated with inability to operate a
business because of the damage sustained during the earthquake. Business
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interruption losses also include the temporary living expenses for those people
displaced from their homes because of the earthquake.

Earthquakes may produce indirect economic losses in sectors that do not sustain
direct damage. All businesses are forward-linked (if they rely on regional
customers to purchase their output) or backward-linked (if they rely on regional
suppliers to provide their inputs) and are thus potentially vulnerable to interruptions
in their operation. Note that indirect losses are not confined to immediate

~ customers or suppliers of damaged enterprises. All of the successive rounds of
customers of customers and suppliers of suppliers are affected. In this way, even
limited physical earthquake damage causes a chain reaction, or ripple effect, that
is transmitted throughout the regional economy.

1.8.2 HAZUS Scenario Earthquakes

Eight specific earthquakes, called scenario events, were chosen for HAZUS loss
estimation (Table 1-11). These include the maximum probable earthquake (MPE)
and the maximum credible earthquake (MCE) for Riverside County, as defined in
Section 1.1.2. The earthquake chosen to represent MPE ground shaking is a
magnitude 6.9 earthquake on the San Jacinto Valley segment of the San Jacinto
fault. The MCE is a M,, 7.9 earthquake rupturing the entire southern San Andreas
fault. ‘
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Table 1-11: HAZUS Scenario Earthquakes for Riverside County

Event Maximum | Chance of
Magnitude | Occurring Comments
Fault Segment (Mw) in 30 Years
San " Southern 7.9 22% Worst-case scenario event for Riverside
Andreas County. Involves rupture of the entire San
Andreas from Cajon Pass to the Salton Sea.
This event is considered the Maximum Credible
Earthquake (MCE) for Riverside County.
San San 7.3 28% Very high intensity ground shaking throughout
Andreas | Bernardino the San Bernardino Valley, including north
central Riverside County.
San Coachella 7.1 22% Very high intensity ground shaking throughout
Andreas the Coachella Valley, impacting desert resort
communities and agriculture.
San San 6.9 43% Highest probability of occurrence of any
Jacinto | Jacinto southern California fault. Brought closer to
Valley failure as a result of stress field changes
caused by the 1992 Landers earthquake. This
event is considered the Maximum Probable
; Earthquake (MPE) for Riverside County.
San Anza 7.2 17% This event would be very destructive within the
Jacinto | Segment communities of Hemet and San Jacinto.
Elsinore | Temecula 6.8 16% Has not produced any significant earthquakes
Segment in historic time.
Elsinore | Glen Ivy 6.8 16% Would be very destructive in the communities
Segment of Lake Elsinore, Murrieta, and Temecula.
Whittier | Whittier 6.8 5% Has not broken in over 1600 years (WGCEP,
1995). Would cause significant landsliding and
lifeline damage in the Chino Hills - Corona
area.
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1.8.3 Inventory Data used in the HAZUS Loss Estimations

The HAZUS inventory includes census tract data provided in the 1990 national
census, as well as Dun and Bradstreet valuations for real estate compiled in 1994,
The general building stock and population inventory data conform to census tract
boundaries. Essential facilities and lifeline inventory are located by latitude and
longitude. The HAZUS inventory data were developed at a national level and
where specific data are lacking, statistical estimations were utilized. While the
inventory is the best available for Riverside County, collecting inventory data at a
local level would improve the loss estimations.

The County is 7,301 square miles and contains 124 census tracts (see Figure 1-26).
There are over 402,000 households, with a total population of 1,170,400 people.

There are an estimated 402,000 buildings in the region with a total building
replacement value (excluding contents) of $61,138 million dollars (1994 dollars).
About 98% of the buildings (and 82% of the building value) are associated with
residential housing. Figure 1-27 presents the relative distribution of value with
respect to the occupancies. ‘

The replacement value of the transportation system is estimated to be $17,551
million dollars (1994 dollars).

Wood frame building construction is estimated to comprise 66% of the building
inventory. The remaining 34% is distributed among the other general building

types.

L! Residential 81.5%
0O Commercial 12.1%
B Industrial 4.0%
i1 Others 2.3%

Total: 100.0%

Residential $49,852,691

Figure 1-27: County of
Riverside Building

Inventory by ST T
Occupancy Type S ST

o R
E\ kT ’ Commercial $7,415,231
' "7 Industrial $2,457,004
Others $1,412,786
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Critical Facility Inventory:

HAZUS breaks critical facilities into two groups: essential facilities and high
potential loss (HPL) facilities. Essential facilities include hospitals, medical clinics,
schools, fire stations, police stations and emergency operations facilities. High
potential loss facilities include dams, levees, military installations, nuclear power
plants and hazardous material sites. For essential facilities, HAZUS tallies 18
hospitals in the region (total bed capacity of 2,682), 380 schools, 52 fire stations,
45 police stations and 12 emergency operation facilities. With respect to HPL
facilities, there are 46 dams in the HAZUS inventory. Of these, 23 are classified as
'high hazard' by HAZUS. The inventory also identifies 1,978 hazardous material
sites, but does not include them in the analysis.

Transportation and Utility Lifeline Inventory:

Within HAZUS, the lifeline inventory is divided between transportation and utility
lifeline systems. The seven transportation systems include highways, railways, light
rail, bus, ports, ferry and airports. There are six utility systems that include potable
water, wastewater, natural gas, crude and refined oil, electric power and
communications. The lifeline inventory data are provided in Tables 1-12 and 1-13.

Table 1-12: Transportation System Lifeline Inventory

System ’ Component # locations/# Replacement value
Segments (millions of dollars)
Highway Major Roads 70 11,439
Bridges 1,306 4,054
Subtotal 15,493
Railways Rail Tracks 169 A 822
Bridges 4 20
Facilities 2 6
Subtotal 848
Bus Facilities 6 6
Airport Facilities 39 252
Runways 34 952
Subtotal 1,204
Total 17,551
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Table 1-13: Utility System Lifeline Inventory

System Component #Locations/ Replacement valde

» #Segments (millions of dollars)
Potable Water | Pipelines 3 na
Facilities 0 na
Waste Water Pipelines 0 na
Facilities 1 na
Natural Gas Pipelines 2 na
| Facilities 0 na
Oil Systems Pipelines 1 na
Eiectrical Power Facilities 0 na
Communication Facilities 85 na

When data are not available for this inventory, HAZUS applies a statistical estimate based on
population exposure (J. Bouabid, personal communication, 2000).

1.8.4 Estimated Losses Associated with Scenario Earthquakes

HAZUS loss estimations for Riverside County were run for the eight scenario
earthquakes listed in Table 1-11. Relative representations of the loss estimates are
presented in Figure 1-28 for all eight scenario events. Projected losses associated

with two events (the MCE and MPE)

following sections.

are described in additional detail in the

Summaries of building damage, casualties, shelter requirements, and economic
losses in Riverside County associated with the eight scenario earthquakes are
provided in Tables 1-14 through 1-17, below:
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Table 1-14: Number of Buildings Damaged

Building Damage
Scenario Event : Total
Slight Moderate | Extensive | Complete

San Andreas-Southern Segment MW

78 s 112,100 | 92,700 | 50,900 | 87,000 | 292700
]\Sﬂawnﬁgdreas'sa” Bemardi“? Segment 109400 | 69,200 | 26,600 9,600 | 214,900
?ﬁ” Andreas-Coachella Segment My | g5 700 | 35200 | 13.100 4,600 | 105,600
g:g n‘ﬁfjtnmség ‘;;‘I’;’g)" Valley 92,800 | 57,300 | 26600 | 10,500 | 187,100
San Jacinto-Anza Segment My 7.2 97,100 | 57,400 | 22,800 | 7.400 - | 184,800
Elsinore-Temecula Segment M,, 6.8 69,300 36,100 10,600 2200 118,200
Elsinore-Glen vy Segment M, 6.8 82,000 | 46,600 | 14,300 3,300 | 146,200
Elsinore-Whittier M, 6.8 65100 | 33,100 8,400 1,700 | 108,400
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Table 1-15: Estimated Casualties

Casualty Severity*
Scenario Event Total
1 2 3 4
San Andreas-Southern Segment M,
7.9 (MCE) 8,159 1,499 302 127 10,524
San Andreas-San Bernardino Segment 2 455 410 83 34 2.979
My 7.3
?a_lm Andreas-Coachella Segment M,, 1216 207 42 16 1,481
San Jacintb-San Jacinto Valley ‘
Segment M, 6.9 (MPE) 2,916 503 71 .39 3,952
San Jacinto-Anza Segment My, 7.2 1,974 305 37 o1 2,357
Elsinore-Temecula Segment My, 6.8 911 139 17 9 1,076
Elsinore-Glen Ivy Segment M,, 6.8 1,453 531 o5 17 1726
-l Elsinore-Whittier M,, 6.8 974 153 20 13 1,160
*: Severity Definitions
Severity 1: Medical treatment without hospitalization.
Severity 2: Hospitalization but not life threatening.
Severity 3: Hospitalization and life threatening.
Severity 4: Fatalities.
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Table 1-16: Estimated Shelter Requirements

_ Estimates*
Scenario Event Displaced Households | Short Term Shelter
(no. of households) (no. of people)

San Andreas-Southern Segment M,, 7.9 (MCE) 8,159 1,499
San Andreas-San Bernardino Segment M,, 7.3 ‘ 2,455 410
San Andreas-Coachella Segment MW 7.1 1,216 207
San Jacinto-S.J. Valley Segment M,, 6.9 (MPE) 2,916 503
San Jacinto-Anza Segment My 7.2 1,974 325
Elsinore-Temecula Segment M,, 6.8 911 139
Elsinore-Glen lvy Segment M,, 6.8 1,453 231
Elsinore-Whittier M,, 6.8 974 153
*: HAZUS estimates 2.4 persons displaced per household, but typically not all require éhelter b(most
apparently leave the area or stay with others). HAZUS uses past earthquake experiences and

| demographics (income) to estimate the number of persons requ@_g@ort-term shelter.

Table 1-17: Estimated Economic Losses

Economic Losses (millions)
Scenario Event Property - Businegs Total
Damage Interruption
San Andreas-Southern Segment M,, 7.9 (MCE) $10,150 ‘ $3,020 | $13,170
San Andreas-San Bernardino Segment M, 7.3 $4,180 $1,440 $6,240
San Andreas-Coachella Segment My, 7.1 $2,340 $720 $3,070
| San Jacinto-S.J. Valley Segment M,, 6.9 (MPE) $4,280 $1,220 ‘ $5,500
San Jacinto-Anza Segment M, 7.2 $3,280 $870 $4,150
Elsinore-Temecula Segment My, 6.8 $1,800 $450 $2,240
Elsinore-Glen Ivy Segment My, 6.8 $2,820 $730 $3,540
Elsinore-Whittier M, 6.8 $2,060 $550 $2,600
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1.8.5 Estimated Losses Associated with a M, 6.9 San Jacinto Fault Earthquake

This event was chosen as the MPE because it has the greatest probability of
occurrence (43%, Table 1-11) within the lifetimes of structures in the County of
Riverside (30 years). The event would involve a rupture of the San Jacinto Valley
segment of the San Jacinto fault. The relatively high probability is related to the San
Jacinto's high slip rate (+12 mm/year), as well as the increase in stress along the
fault caused by the 1992 Landers earthquake. HAZUS estimates as many as 39
fatalities, about 3,500 injuries and total economic loss of $5.5 billion (equivalentto
9% of the total replacement value of the region's buildings). '

Building Damage

HAZUS estimates that over 94,000 buildings will be at least moderately damaged.
This is about 23% of the total number of buildings in the region. An estimated
10,485 buildings will be completely destroyed. The definition of '‘damage states'
are described above. Table 1-18 below summarizes the expected damage by
general occupancy for Riverside County buildings, while Table 1-19 summarizes
the expected damage by general building type.

Table 1-18: Expected Building Damage by Occupancy
’ M,, 6.9 San Jacinto Fault Earthquake

Occupancy None Slight Moderate Extensive Complete -
Type Count | (%) | Count | (%) | Count | (%) | Count | (%) | Count | (%)
Residential | 210,420 | 97.90 | 91,537 | 98.67 | 56,074 | 97.02 26,124 | 98.20 | 10,295 | 98.2
Commercial 2,980 1.39 833 0.90 799 1.40 325 1.22 137 1.31
Industrial 623 038 | 241 ] 026 | 268 | 047 | 108 | 041 | 36 034
Agriculture | 264 0.38 62 0.00 45 0.08 20 0.08 10 0.10
Religion 222 0.10 67 0.00 52 0.09 18 0.07 3 0.08
Government 73 0.03 4 0.00 5 0.01 2 0.01 0] 0.00
Education 162 0.08 29 0.03 21 0.04 7 0.03 4 0.04
Total | 214,944 92,773 57,264 26,604 10,485
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Table 1-19: Expected Building Damage by Buiﬂding Type (all design levels)
M,, 6.9 San Jacinto Fault Earthquake

Occupancy None Slight Moderate Extensive Complete
Type ,

Count | (%) | Count | (%) | Count (%) | Count | (%) | Count (%)
Concrete 1988 0.5 313 0.3 267 0.5 146 0.4 47 0.5
Mobile 18,481 86 | 13,256 | 14.3 | 21,418 374 15,279 59.3 6,218 57.4
Homes -
Precast 889 0.4 204 0.2 246 0.4 132 0.6 61 0.5
Concrete
Reinforced 15,030 7.0 3,842 41 4,295 7.5 2,778 10.7 1,125 10.4
Masonry '
Steel 1 0,409 4.8 4,586 4.9 6,500 11.4 3,976 15.2 1,595 -14.9
URM 1,008 0.5 589 0.6 794 1.4 661 6.8 708 25
Wood 168,139 | 78.2 | 69,983 | 75.4 | 23,744 41.5 3,632 7.0 731 18.7

Essential Facility Damage

Before the earthquake, there are 18 hospitals with 2,682 hospital beds available for
use. HAZUS estimates that 51% of these beds are available on the day of the
earthquake, as well as by patients already in the hospital. After one week, 64% of
the beds will be back in service. By 30 days, 81% will be operational.

Table 1-20: Expected Damage to Essential Facilities

as a Result of a Mw 6.9 Earthquake on the San Jacinto Fauit

Classificaﬁon

Total

Number of Facilities With

At Least Moderate Complete Functionality >
Damage Damage 50% at day 1
Hospitals 18 17 0 10
Schools 380 378 0 146
EOCs 12 11 0 6

Police Stations

45

43

30

Fire Stations

52

52.

16
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Transportation and Utility Lifeline Damage

Table 1-21, below, provides damage estimates based on available inventory.

Table 1-21: Expected Damage to the Transportation Systems

as a Result of a M,, 6.9 Earthquake on the San Jacinto Fault

Number of Locations
System Component || (oo | Withat With With Functionality > 50 %
Segments Least Mod. Cqmplete
Damage Damage Aifter Day 1 | After Day 7
Highway Bridges 1,306 8¢9 18 1,254 1,299

Railways Bridges 4 0 0 4 4
Facilities 2 0 0 2 2
Bus Facilities 6 1 0 6 6
Airport Facilities 39 7 0] 39 . 39
‘ Runways 34 1 0 34 34

HAZUS pei'forms a simplified system performance analysis for electric power (Table
1-22).

Table 1-22: Expected Electric Power System Performance
as a Result of a M,, 6.9 Earthquake on the San Jacinto Fault

System Total # of Number of Households without Service
Households
AtDay1 | AtDay3 | AtDay7 | At Day 30 | At Day 90
Electric 402,426 93,996 17,668 825 0 0
Power

Fire Following Earthquake

HAZUS uses a Monte Carlo simulation model to estimate the number of ignitions
and the amount of burnt area. For this MPE scenario, 124 ignitions will burn about

0.03% of the region's total area, displace about 360 people and burn about $19.0
million of building value.
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Debris Generation

HAZUS estimates that 4.5 million tons of debris will be generated. Brick/Wood
comprises 36% of the total, with the remainder Reinforced Concrete/Steel. If the
debris tonnage is converted to an estimated number of truckloads, it will require
180,984 truckloads (@25 tons/truck) to remove the debris generated by the MPE.

Shelter Requirement

HAZUS estimates 9,345 households will be displaced due to the earthquake. Of

these, 6,964 people will seek temporary shelter in public shelters.

Casualties

Table 1-23 provides a summary of the casualties estimated for this MPE.

Table 1-23: Casualty

Estimates as a Result of a M,, 6.9 Earthquake
on the San Jacinto Fault

2 AM
(maximum
residential
occupancy)

(maximum
educational,
industrial and
commercial)

5PM
(peak commute
time)

Residential

2,898 38
Non-Residential 16 3 0 0
Commute 2 3 4 1
_ Total 2,916 503 42 39
Residentia | 1,1 ” 193 14 14
Non-Residential 866 157 20 20
Commute 8 13 20 4

Residential

Non-Residential 264 48 6 6
Commute 20 33 48 10
Total 1,613 309 71 32
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Building-Related Economic Losses

Total building-related losses were $5.5 billion dollars, and 22% of the estimated
losses were related to the business interruption of the region. By far, the largest
loss was sustained by the residential occupancies, which made up over 68% of the
total loss. Table 1-24, below, provides a summary of the losses associated with
building damage.

Table 1-24: Building-Related Economic Loss Estimates (millions of dollars)

as a Resuit of a M,, 6.9 Earthquake on the San Jacinto Fault

— 2
Category Area Residential | Commercial | Industrial Others Total
Structural 615.3 158.3 48.1 31.0 852.7
Non-
Structural 2,061.2 368.2 107.2 81.1 2,617.7
Building
Loss Content 519.1 167.0 73.8 35.1 7984.9
Inventory N/A 3.6 11.7 0.9 16.2
Subtotal 3,195.6 697.1 240.8 148.1 4,281.6
Wage 16.6 190.3 10.4 8.8 226.0
Income 7.1 208.6 6.2 2.4 224.4
Business .
Interruption | Rental 160.2 67.2 4.9 4.6 236.9
Loss ‘
Relocation 378.7 105.1 12.8 39.3 535.9
Subtotal | 562.7 571.2 34.4 55.1 1,223.3
Total 3,758.3 1,268.3 275.1 203.2 5,504.9

1.8.6

Estimated Losses Associated with aM,, 7.9 Southern San Andreas Earthquake

This event represents the Maximum Credible Earthquake (MCE) for Riverside
County. The earthquake would rupture the San Andreas fault from Cajon Pass,
north of the County, to the Salton Sea. It is an event that likely occurs only once
every several hundred years, but should it occur tomorrow, HAZUS estimates that
Riverside County would suffer about 120 deaths, nearly 9,800 injuries, and
economic losses of $13.6 billion, about 22% of the total replacement value of the
region's buildings. :
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Building Damage:

HAZUS estimates that over 181,000 buildings will be at least moderately damaged.
This is over 45% of the buildings in the County. An estimated 37,013 buildings will
be destroyed. Table 1-25 below summarizes the expected damage by building
occupancy, while Table 1-26 summarizes expected damage by building type.

Table 1-25: Expected Building Damage by Occupancy
M, 7.9 San Andreas Fault Earthquake

Occupancy None Slight Moderate Extensive Complete
Type Count | (%) | Count | (%) | Count (%) | Count | (%) | Count | (%)
Residential | 107,383 | 98.18 { 110,856 | 98.89 90,754 | 97.89 | 49,686 | 97.66 | 35,937 | 97.1
Commercial 1,259 1.15 817 0.73 1,331 1.44 856 1.68 799 2.16
industrial 399 0.36 233 0.21 375 0.40 224 0.44 179 0.48
Agriculture 128 0.12 80 0.00 94 0.10 43 0.08 41 0.11
Religion 104 [o10 | 738 [o000 [ 97 |ot0o| 41 |oos| 3 | o410
Government 25 0.02 4 0.00 11 | 0.01 5 0.01 3 0.01
Education 78 0.07 32 0.03 49 0.05 20 0.04 18 0.05
Total | 109,376 112,095 92,711 50,875 37,013

Table 1-26: Expected Building Damage by Building Type (all design levels)
M, 7.9 San Andreas Fault Earthquake

Occupancy None Slight Moderate Extensive Complete
Type

Count | (%) | Count | (%) | Count (%) | Count | (%) ‘| Count (%)

Concrete 420 0.4 321 0.3 430 0.5 309 0.8 281 0.6

Mobile Hms. 2,123 1.9 6,125 5.5 18,971 20.5 | 25,484 | 59.3 | 21,949 | 50.1

Precast 415 0.4 204 0.2 370 0.4 276 0.7 267 0.5
Concrete :

Reinforced 7,546 6.9 4,360 3.9 6,240 6.7 4,932 10.8 3,992 9.7
Masonry

Steel 3,387 3.1 3,485 3.1 7,807 8.4 7,310 18.7 5,077 144

URM 140 0.1 233 0.2 568 0.6 834 5.4 1,985 1.6
Wood 95,345 | 87.2 | 97,367 86.9 | 58,325 62.9 11,730 9.4 3,462 23.1
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Essential Facility Damage:

Before the earthquake, the region had 2,682 hospital beds available for use.
HAZUS estimates that only 20% of these beds are available on the day of the
earthquake, as well as by patients already in the hospital. After one week, 34% of
the beds will be back in service. Even after 30 days, only 57% will be operational.

Table 1-27: Expected Damage to Essential Facilities

as a Result of a M,, 7.9 Earthquake on the San Andreas Fault |

Number of Facilities With
Classification Total At Least Moderate Complete Functionality
Damage Damage > 50% at day 1
Hospitals 18 18 0 2
Schools 380 380 0 3
EOCs 12 12 0 1
Police Stations 45 45 0 8
B Fire Stations 52 52 0 4

Transporiation and Utility Lifeline Damage:

Table 1-28, below, provides damage estimates based on available inventory.

Table 1-28: Expected Damage to the Transportation Systems
as a Result of a M,, 7.9 Earthquake on the San Andreas Fault

Number of Locations
System Component | o viones | Withat With. With Functionality > 50 %
Segments Least Mod. | Complete
Damage Damage After Day 1 | After Day 7
Highway Bridges 1,306 392 124 936 1,096 -

Railways Bridges 4 1 0 4 4
Facilities 2 0 0 2 2
Bus Facilities 6 3 0 5 6
Airport Facilities 39 14 1 36 39
Runways 34 1 1 34 34
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HAZUS performs a simplified system performance analysis for electric power (Table
1-29).

Table 1-29: Expected Electric Power System Performance
as a Result of a M,, 7.9 Earthquake on the San Andreas Fauit

System Total # of Number of Households without Service
Households
AtDay1 | AtDay3 | AtDay7 | AtDay 30 | At Day 90
Electric 402,426 210,867 121,080 50,577 4,470 0
Power ‘

Fire Following Earthquake

HAZUS uses a Monte Carlo simulation model to estimate the number of ignitions
and the amount of burnt area. For this MCE scenario, HAZUS estimates 124
ignitions that will burn about 0.06% of the region's total area, displace about 830
people, and burn about $51.0 million dollars of building value.

Debris Generation

HAZUS estimates 11.9 million tons of debris will be generated. Brick/Wood
comprises 36%, with the remainder being Reinforced Concrete/Steel. If the debris
tonnage is converted to an estimated number of truckloads, it will require 474,338
truckloads (@25 tons/truck) to remove the debris generated by the MCE for
Riverside County. :

Shelter Requirement

HAZUS estimates 27,027 households will be displaced. Of these, 20,079 people
will seek temporary shelter in public shelters.
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Casualties

Table 1-30 provides a summary of the casualtiés estimated for this earthquake

Table 1-30: Casualty Estimates as a Result of a M,, 7.9 Earthquake
on the San Andreas Fault

2 AM

(maximum ) -
residential Non-Residential 51 10 1 1

occupancy)

Commute 7 11 17 3

2PM Residential

(maximum .
educational, Non-Residential 2,676 508 67 67

industrial and

. Commute 36 56 85 17
e commercial)

195 127

5PM Residential 3,515 642 52 52

(peak commute - )
time) Non-Residential 841 160 21 21
Commute : o8 149 229 46
Total 4,454 950 302 118

Building-Related Economic Losses

Total building-related losses were $13.2 billion dollars, and 25% of the estimated
losses were related to the business interruption of the region. By far, the largest
loss was sustained by the residential occupancies, which made up over 67% of the

total loss. Table 1-31, below, provides a summary of the losses associated with
building damage.
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Table 1-31: Building-Related Economic Loss Estimates (millions of dollars)

as a Result of a Mw 7.9 Earthquake on the San Andreas Fault

Category Area Residential | Commercial | Industrial Others Total
Structural 1,632.3 433.1 104.0 71.3 2,140.7
Non- | 50851 975.7 195.6 180.6 6,436.9
Structural
Building :
Loss Content 1,032.4 335.8 116.0 60.6 1,544.7
Inventory N/A 6.9 18.3 1.7 26.9
Subtotal 7,649.8 1,751.5 433.9 314.2 10,149.3
Wage 69.6 566.5 21.4 18.5 676.0
Income 295 742.3 12.8 5.6 790.3
Business
Interruption | Rental 459.9 171.5 9.5 10.3 651.1
Loss
Relocation 934.1 253.2 23.3 86.7 1,297.4
Subtotal | 1,493.1 1,733.5 67 121.1 3,021
Total 9,142.9 3,485.0 500.9 435.3 13,170
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1.8 Reducing Earthquake Hazards in the County of Riverside

This section identifies and discusses the opportunities available for seismic upgrading of
existing development and capital facilities, including potentially hazardous buildings and
other critical facilities. Many of the issues and opportunities available to the County apply
o new development, redevelopment and infilling. Issues involving rehabilitation and
strengthening of existing development are decidedly more complex, given the inherent
economic and societal impacts.

To prioritize rehabilitation and strengthening projects, the County must consider where its
resources are best spent to reduce earthquake hazards in the existing development, and
how mitigation programs can be implemented to avoid undue hardship in the community.
Certainly, potentially hazardous buildings, critical facilities, and high-risk lifeline utilities
will have high priority.

Only the County can set its priorities. This hazard evaluation helps define the scope of the
problem.

Recent California earthquakes, with their relatively low loss of life, have demonstrated that
the best mitigation technique is our ongoing improvement of building codes as we
incorporate lessons from damaging earthquakes, worldwide. Our most recent building
codes (1997, adopted by the County of Riverside Department of Building and Safety in
July 1999), are a prime example. However, while hazard is reduced by new building
codes, it is simultaneously increased by population growth, which leads to development
in vulnerable areas, and by the aging of the existing building stock.

It must be stressed that building codes are designed to protect lives, not structures. Under
recent building code improvements, buildings will still be damaged, but are far less likely
to fail catastrophically.

It also needs to be emphasized that all development choices have some hazards
associated with them. Most can and have been mitigated by engineered solutions. The
recognition that these solutions require maintenance to function properly has been an
expensive lesson to many. The recognition that engineered solutions have a finite design
life has yet to be appreciated because of the relative youth of the County’s development.
This is an expense that will be passed on to future generations. Minimizing engineered
mitigation, and maximizing land use planning, is the most environmentally balanced - and
in the long-term, the most economical - route to a sustainable, safe community.
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1.9.1 1997 Uniform Building Code Impacts on the County of Riverside

Changes in the 1997 UBC represent the most significant increases in ground
shaking criteria in the last 30 years. Two changes have special significance for the
County of Riverside. The first change is a revision in soil types and amplification
factors. The second change incorporates the proximity of earthquake sources in
UBC seismic zone 4. Zone 4 is the highest hazard zone and includes most of the
County of Riverside. The eastern portion of the County (Blythe Region; Figure 1-29)
is Zone 3, so the 1997 near-source seismic provisions of the UBC do not apply.
The Riverside County Department of Building and Safety defines the UBC seismic
zones in the County as follows:

"The townships T2SR16E, T3SR17E, T4SR18E, T5SR19E, T6SR20E, T7SR21 E,
T8SR22E are inclusive to the UBC SEISMIC ZONE-4 and the townships lying East
of listed above may be considered in the SEISMIC ZONE-3.*

Buildings of short predominant period of ground shaking (low-rises) must now also
consider soil effects. In the past, only long-period structures (high-rises) were
influenced by UBC requirements. The new ground shaking basis for code design
is more complicated, because of the wide range of soil types and the close
proximity of seismic sources. Forthe County of Riverside, these code changes are
warranted. The new soil effects are based on observations made as a result of the
Mexico City and Loma Prieta earthquakes, and affect all new buildings in western

- and central Riverside County. Most of the western and central portions of the
County are affected by the new, near-source design factors (see Figure 1-29). An
Atlas, "Maps of Known Near-Source Zones in California and Adjacent Portions of

- Nevada" was prepared by the California Division of Mines and Geology and
published by the International Conference of Building Officials for use with the 1997
UBC (ICBO, 1998). The 1997 UBC contains detailed descriptions of the
incorporation of the new near-source and soil parameters; only a summary is
provided below:

Soil Types and Soil Amplification Factors: The seismic design response specira
are defined in terms of two seismic coefficients Ca and Cv. These coefficients are
functions of the following parameters: ’

o Seismic Zone (e.g. UBC Zone 0,1,2,3,0r4)
. Soil Type, and -
° Near Source Factors (UBC Zone 4 only)
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The UBC outlines six soils types, using the average soil properties in the top 100
feet of soil, sediment and rock. Based on geologic mapping prepared for this study,
"Engineering Geologic Map of Riverside County", which is described in detail in
Chapter 2-Geologic Hazards, we have prepared Figure 1-30 to illustrate the areal
distribution of the UBC soil types. The engineering parameters associated with the
UBC soil types are outlined, below in Table 1-32.

Table 1-32: 1997 Uniform Building Code Soil Profile Types

- Average Soil Properties for the Upper 100 Feet

Soil Profile Shear Wave Standard
Name/Generic Velocity Penetration Test | Undrained Shear

Soil Profile Type Description (feet/second) (blows/foot) Strength (psf)

S, Hard Rock >5,000

Sp Rock 2,500 to 5,000

So Very dense soil - 1,200 to 2,500 >50 >2,000

and soft rock

Sp Stiff soil profile 600 to 1,200 1510 50 1,000 to 2,000

Se Soft soil profile <600 <15 <1,000

Se Soil requiring site-specific evaluation.

The detailed Geographic Information System (GIS) engineering geology coverage
for Riverside County was converted to the basic UBC soil profiles illustrated on
Figure 1-30 based on the following assumptions:

. Sy
° Sg:
° Sc:
° Sp:
. Sg:

Does not generally exist in California.
Includes all igneous and metamorphic bedrock types.

Includes all pre-Quaternary rock types, as well as Pleistocene soils
described as "indurated"
Generally Pleistocene soils, or soils described as "moderately

consolidated"
Generally Holocene soils, or soils describ

"weakly consolidated"

ed as "unconsolidated" or
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The soil types illustrated herein are based on regional mapping and should not
substitute for site-specific evaluation. This map is intended to be used with the

1997 Uniform Building Code, Tables 16-S and 16-T
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Near Source Factors: Most of the western and central portions of the County of
Riverside (see Figure 1-29) are subject to near source design factors based on the
proximity of three major fault systems (Elsinore, San Jacinto, and San Andreas), as
well as some smaller fault systems (Chino-Central Avenue, Burnt Mountain, and
Eureka Peak). These parameters, new to the 1997 Uniform Building Code (UBC),
address the proximity of potential earthquake sources (faults). In earlier versions
of the UBC, these factors were present for the design of seismically isolated
(base-isolation) structures, but were not applied to other structures until now.
Ground shaking that was far more intense than expected occurred near the fault
ruptures at Northridge in 1994 and at Kobe, Japan in 1995. The 1997 UBC also
includes a near-source factor that accounts for directivity of fault rupture. The
direction of fault rupture played a significant role in distribution of ground shaking
at Northridge and Kobe. For Northridge, much of the earthquake energy was
released into the sparsely populated mountains north of the San Fernando Valley,

- while at Kobe, the rupture directed energy into the City and contributed to extensive
damage. Since the rupture direction of a given source cannot be predicted, the
UBC requires about a 20% general increase in estimated ground shaking to
account for directivity.

Seismic Source Type: Near source factors include a classification of seismic
sources based on slip rate and maximum magnitude potential. These parameters
are used to classify three seismic source types (A, B and C), in Table 1-33, below.

Table 1-33: 1997 Uniform Building Code Seismic Source Types

Seismic Source Definition
Seismic
Source Maximum Moment .
Type Seismic Source Description Magnitude, M Slip Rate, SR (mm/yr)
A Faults that are capable of M.=> 7.0 and SR>5
producing large magnitude events
and which have a high rate of
seismicity.
All faults other than Types A and C.
C Faults which are not capable of M,< 6.5 SR<2
producing large magnitude
earthquakes and which have a
relatively low rate of seismic
activity.
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Type A faults are active and capable of producing large magnitude events. Most
segments of the San Andreas and associated faults are classified as Type A,
including those in the County of Riverside. The Type A slip rate (>5 mm/yr) and
magnitude (Mw 7.0 or greater) are. common only to faults near boundaries of
tectonic plates (Pacific and North American). Type C seismic sources are
considered to be sufficiently inactive and not capable of producing large magnitude
events such that potential ground shaking effects can be ignored. Type B sources
include all faults that are neither Type A nor C, thus Type B includes most of the
active faults in California. The San Andreas fault and most of the San Jacinto fault
in Riverside County are Type A faults. The 1997 UBC requires that the locations
and characteristics of these faults be established based on reputable sources such
as the California Division of Mines and Geology (DMG) and the U.S. Geological
Survey (USGS). The fault parameters used by the DMG (ICBO, 1998) in classifying
seismic source zones in the County of Riverside, and the UBC "Type" assigned to
the fault segments as a result, are summarized in Table 1-34, below.

Table 1-34: 1997 Uniform Building Code Near-Source Zones
and Classifications of Faults in Riverside County

Maximum
Source Magnitude | Slip Rate Type
(M,) (mm/year)
San Andreas - San Bernardino Segment 7.3 24 A
San Andreas - Southern Segment 7.4 24 A
San Jacinto - San Jacinto Valley Segment 6.9 12 B
San Jagcinto - Anza Segment 7.2 12 A
Elsinore - Temecula Segment 6.8 5 B
Elsinore - Glen lvy Segment 6.8 5 B
Elsinore - Whittier Segment 6.8 2.5 B
Chino - Central Avenue Fault 8.7 1 B
Burnt Mountain Fault 6.4 0.6 B
Eureka Peak Fault 6.5 0.6 . B
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1.9.2

The whole San Jacinto fault should be considered a seismic source Type A. The
UBC source zone classification of the San Jacinto Valley segment of the San
Jacinto fault as a type B fault is based on its maximum magnitude of 6.9. The UBC
has a minimum M,, 7.0 for Type A. However, of any southern California fault, this
fault segment has the highest probability of generating a large earthquake in the
next 30 years (43%; WGCEP, 1995). It also has a high slip rate (12 mm/year).
Further, there are always uncertainties in identifying fault segments boundaries
(and thus maximum magnitudes). For all these reasons, we recommend
reclassifying the San Jacinto fault as a Type A. This reclassification would extend _
the near source zone an additional 5 kilometers as shown on Figure 1-29, and
affect the near source factors for the area (Tables 16-S and 16-T; UBC, 1997).
Reclassification would mitigate the potential for building damage in portions of the
cities of Riverside, Moreno Valley and Perris.

To establish near-source factors for any proposed project in the County of
Riverside, the first step is to identify and locate known active faults in the region.
The International Conference of Building Officials (ICBO) has provided an Atlas of
the location of known faults for California to accompany the 1997 UBC.

The rules for measuring distance from a fault are provided by.the 1997 UBC. The
criteria for determining distance to vertical faults, such as the San Andreas, are
relatively straightforward. The distance to thrust faults (which meet the surface at
a low angle) and blind thrust faults (which are shallow dipping but buried) is
assumed as 0 for anywhere above the dipping fault plane to a depth of 10
kilometers. This greatly increases the areal extent of high ground shaking
parameters, but is warranted based on observations of ground shaking at
Northridge.

Summary: Seismic building codes are now undergoing their most significant
changes since their inception. These improvements are a result of experience in
recent earthquakes, as well as extensive research under the National Earthquake
Hazard Reduction Program (NEHRP). Inclusion of soil and near-field effects in the
1997 UBC represents meaningful and important change. Seismic codes will
continue to improve under the International Building Code, which is to replace the
UBC beginning in the year 2000.

Retrbfii and Strengthening of Existing Structures

The new building codes mitigate hazard in new construction. The retrofit and
strengthening of existing structures requires the adoption of ordinances. The
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County of Riverside is required by state law to adopt an ordinance aimed at
retrofitting unreinforced masonry buildings (URMs). Although retrofit buildings may
still incur severe damage during an earthquake, the mitigation results in a
substantial reduction of casualties by preventing collapse.

Past earthquakes have shown that many other types of structures other than URMs
are potentially hazardous. Structures built before the code incorporated lessons
from the 1971 Sylmar earthquake are particularly susceptible to damage. These
include pre-cast tilt-up concrete buildings, soft-story structures, unreinforced
concrete buildings, as well as pre-1940 single-family structures. Other potentially
hazardous buildings include irregular-shaped structures and mobile homes.

The County should consider a program to inventory its building stock. Buildings:
can be identified and inventoried following the recommendations set forth in
publications such as "Rapid Visual Screening of Buildings for Potential Seismic
Hazards: Handbook and Supporting Documentation” and " A Handbook for
Seismic Evaluation of Existing Buildings and Supporting Documentation®, both
prepared by the Applied Technology Council in Redwood County, California, and
supplied by the Federal Emergency Management Agency (FEMA publications 154
and 155, and 175 and 178, respectively).

Often, and understandably, communities seek to cut inventory costs by looking only
for hazardous structures. However, it quickly becomes more cost-effective to
perform a complete inventory than to return to the same databases and
neighborhoods for new partial inventories, as additional hazardous building -
features are recognized by the engineering community. Knowing the total building
stock allows more accurate loss estimations and more able prioritizing of limited
resources. "

The societal and economic implications of rehabilitating existing buildings are
discussed in many publications, including "Establishing Programs and Priorities for
the Seismic Rehabilitation of Buildings - A Handbook and Supporting Report”,
"Typical Costs for Seismic Rehabilitation of Existing Buildings: Summary and
Supporting Documentation,” (FEMA Publications 174 and 173, and 156 and 157,
respectively). Another appropriate source is the publication prepared by Building
Technology, Inc. entitled "Financial Incentives for Seismic Rehabilitation of
Hazardous Buildings - An Agenda for Action (Report and Appendices).

The building inventory phase of a seismic hazard mitigation program should
incorporate GIS technology. The data base should include information such as the
location, the date and type of construction, construction materials and type of
structural framing system, structural conditions, number of floors, floor area,
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occupancy and relevant characteristics of the occupants (such as whether the
building houses predominantly senior citizens, dependent care or handicapped
residents), and information on other building characteristics that may pose a threat
to life. In proper format, this information may be input into the HAZUS database
and mitigation improvements could be tracked by running updated loss estimation
calculations.

Once buildings are identified as potentially hazardous, a second, more thorough
analysis may be conducted. This may be carried out by local officials, such as the
County's building department, or building owners may be required to submit a
review by a certified structural engineer. The review would assess the structural
and non-structural elements and general condition of the building, and the
building's construction documents (if available). Nonstructural elements should
include the architectural, electrical and mechanical systems of the structure.
Cornices, parapets, chimneys and other overhanging projections should be
considered, as these may pose a significant threat to passers by, and to individuals
who, in fear, may leave the building during shaking. State of repair of buildings

- should also be noted, including cracks, rot, corrosion, and lack of maintenance, as

- these conditions may decrease the seismic strength of a structure. Occupancy
should be noted as this factor is very useful in prioritizing the buildings to be abated
for seismic hazards.

For multi-story buildings, high Occupancy structures, and critical facilities, the
analysis should include an evaluation of the site-specific seismic environment (e.g.,
response spectra, estimates of strong ground motion duration, etc.), and an
assessment of the building's loads and anticipated deformation levels. The
resulting data should be weighted against acceptable levels of damage and risk
chosen by the County for that particular structure. Once these guidelines are
established, available mitigation techniques (including demolition, strengthening
and retrofitting, etc.) can be evaluated, weighted, and implemented.

The County of Riverside should set a list of priorities to establish and conduct
strengthening of hazardous buildings, once identified. Currently, there are no
Federal or State mandated criteria established to determined the required structural
seismic resistance capacity of structures. Retrofitting to meet the most current UBC
standards may be cost-prohibitive, and therefore, not feasible. The County may
develop its own criteria, following a comprehensive development and review
process that involves experienced structural engineers, building officials, insurance
representatives, and legal authorities. Selection of the criteria may follow review
of the seismic performance of similar buildings that had been retrofit prior to an
earthquake. For example, upgrading potentially hazardous buildings to 1973
standards may prove inefficient if past examples show that similar buildings retrofit
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to 1973 construction codes performed poorly and had to be demolished anyway.
Many issues must be addressed, including justification for strengthening a building
to a performance level less than the current code requirements, the potential

liabilities and limitations on liability, and the acceptable damage to the structure
after strengthening (FEMA, 1985). -

Programs to encourage mitigation of potentially hazardous buildings can be
voluntary or mandatory. Voluntary programs have been implemented with various
degrees of success in California. Incentives to engender support among building
owners include tax waivers, tax credits, and waivers from certain zoning restrictions.
Other cities have mandated review by a structural engineer when a building is
undergoing substantial improvements.
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1.10 Earthquake Safety

An excellent guide for citizens to minimize earthquake hazard in their daily lives was put
together by the U.S. Geological Survey in Pasadena. The 1995 guide, Putting Down
Roots in Earthquake Country, is available on the Internet:

http://www.scecdc.scec.org/eqcou ntry.html

The sections below contain excerpts from Putting Down Roots in Earthquake Couniry.

1.10.1 Anatomy of a Safe Building

Buildings are built to withstand the downward pull of gravity. Earthquakes push on
a building in all directions--up and down, but most of all, sideways. A safe building
is one that can withstand the sideways push.

A safe building is built on a firm foundation. The foundation should be solid with a
continuous perimeter. The house should be securely fastened to the foundation--so
it cannot be pushed off--by drilling bolts through the mudsill and into the concrete
of the foundation.

A safe building securely connects the building components together. Mortar in brick
and masonry dissolves under even moderate shaking and should not be a structural
element. A house with a crawl space (not a slab foundation) needs bracing of the
cripple walls that surround the crawl Space to resist the sideways push. The
opening of a garage door supports nothing and other walls must compensate if that
is the first floor of a multistory building.

A safe building is built of strong materials. Damaged concrete and rotten wood
undermine the integrity of the building. '

A safe building protects the plumbing. Broken water pipes will cause water damage
and broken gas pipes are a great fire hazard. Pipes need some but not too much
room to sway.

Most houses in southern California are not as safe as they could be. The following
presents some common structural problems and how to recognize them. To fix
them, you will need to obtain more information. Refer to the recommended
resources in Section 1.10.5 and consult with a professional contractor or engineer.

. INADEQUATE FOUNDATIONS: Gointo your crawl space and look at your
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foundation. If the foundation is damaged or built in the "pier and post" style,
consult a contractor or engineer about replacing it with a continuous
perimeter foundation. Look for bolis in the mudsills. They should be no
more than 6 feet apart in single story and 4 feet apart in multi-story buildings.
Adding bolts to unsecured houses is one of the most important steps toward
earthquake safety. This can be done by a contractor or by someone
moderately adept at home maintenance.

o UNBRACED CRIPPLE WALLS: Go into your crawl space and look for
panels of plywood or diagonal wood sheathing connecting the studs of the
cripple walls. You or a contractor can strengthen the cripple wallls relatively
inexpensively.

. SOFT FIRST STORIES: Look for large openings in the lower floor, such as
a garage door or a hillside house built on stilts. Consult a professional to
determine if your building is adequately braced.

1.10.2 Protecting the Contents of Your Home

Earthquake safety is more than keeping our buildings from falling down. We must
secure the contents of our buildings to reduce the risk to both our lives and our
- pocketbooks.

Four people died in the Northridge earthquake because of damage to building
contents, such as toppling bookcases. Many billions of dollars were lost due to
nonstructural damage.

Nonstructural safety is up to you. The hazard hunt showed potential problem areas
of your home. Here we show you just what you can do to secure possessions
inside your home. You should secure anything 1) heavy enough to hurt you if it falls
on you, or 2) fragile and/or expensive enough to be a significant loss if it falls.

Most hardware stores now carry earthquake safety kits or the raw materials for you
to make your own earthquake fasteners.

e SECURING TABLETOP OBJECTS: TVs, stereos, computers, lamps, and
chinaware are heavy and costly to replace. They can be secured with
buckles and safety straps attached to the tabletop (which allow easier
movement of the unit when needed) or with hook and loop fasteners glued
to both table and unit. Glass and pottery objects can be secured with
nondrying putty or microcrystalline wax, available at many stores.
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IN YOUR KITCHEN: Unsecured cabinet doors fly open during earthquakes,
allowing glassware and china to crash to the floor, Many types of latches
are available to prevent this--child-proof latches, hook and eye latches, or
positive catch latches designed for boats. Gas appliances should have
flexible connectors to reduce the risk of fire.

OBJECTS FROM ABOVE: Ceiling lights and fans can be very heavy and
present a significant safety hazard. These should be additionally supported
with a cable bolted to the ceiling joist. The cable should have enough slack
to allow it to sway. Framed pictures, especially glass-covered, should be
hung from closed hooks so that they can't bounce off. Only soft art such as
tapestries should be placed over beds or sofas.

PROTECTING YOURSELF FROM BROKEN GLASS: Window glass can
shatter during earthquakes and presents a significant hazard.  Windows
made from safety glass or covered with a strong mylar film are much safer.
Be sure you use safety film and not just a solar filter.

ANCHORING YOUR FURNITURE: Secure the ‘tops of all, top-heavy
furniture such as bookcases and file cabinets to the wall. Be sure to anchor
to the stud, and not just to plasterboard. Flexible fasteners such as nylon
straps allow tall objects to sway without falling over, reducing the strain on
the studs. :

Below is a checklist of items that frequently cause injury or are damaged in

earthquakes:

THE HAZARD HUNT CHECKLIST

TABLETOP OBJECTS ° Unlatched cupboards

° Microwave ovens

Televisions ° Gas appliances
Stereo systems ’

Art objects

Glassware & vases

Computers

Monitors

Speakers

IN ' YOUR KITCHEN
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OBJECTS FROM ABOVE

Hanging lights
Ceiling fans
Picture frames
Hanging mirrors

GLASS

Sliding glass doors
Windows

TALL FURNITURE

©
®
@
®

Tall bookcases
File cabinets
Armoires
China cabinets

1.10.3 Personal Safety During an Earthquake

The previous sections have concentrated on making your environment safer before
the next earthquake. What should you do during an earthquake? The next big
earthquake will be less traumatic if you:

1) prepare an earthquake plan and practice it;

2) know what to do during a big earthquake; and

3) store supplies to make life more comfortable after the earthquake (see
Section 1.10.4, After the Earthquake). ; :

1.10.3.1 PREPARE A PLAN
How rational do you think you will be during the violent shaking of a major
earthquake? Before the next earthquake, get together with your family or
housemates to plan now what you will do during and after that event.

1) Teach everyone to "duck, cover, and hold."

2) Identify safe spots in every room, such as sturdy desks and tables,
and interior walls. '
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3) Teach everyone who could be home alone how to turn off the
gas--but only if they smell or hear a leak.

4) Establish an out-of-area contact person who can be called by all
family members to relay information. In an emergency, out-of-area
calls are often easier to place than local calls.

5) Store supplies and prepare a personal earthquake bag.

Practice your plan often before the next earthquake, so habit can overcome
fear. Also work with your neighbors to prepare a neighborhood plan. You
may have elderly or disabled neighbors who could need your help. The
support of friends and neighbors could reduce the stress for everyone.

1.10.3.2 DUCK, COVER, AND HOLD

During an earthquake, duck or drop to the floor, take cover under a sturdy
desk or table, and hold onto it so that it doesn't move away from you. Wait
there until the shaking stops.

The area near the exterior walls of a building is the most dangerous place
to be. Windows, facades, and architectural details are the first parts of the
building to collapse. To stay away from this danger zone, stay inside if you
are inside and outside if you are outside.

Do not try to run outside or to another room--severe shaking will make it
difficult to move. Duck, cover, and hold--wherever you are. Doorways are
no safer than elsewhere in the home. If your building actually begins to
collapse, you are safest under a sturdy piece of furniture that can shield you
from falling debris.

If you are

° Indoors: Duck, cover, and hold. If you are not near a desk or table,
drop to the floor against an interior wall and protect your head and
neck with your arms. Avoid exterior walls, windows, hanging objects,
mirrors, and tall furniture.

e In a high-rise: Duck, cover, and hold. Avoid windows and other
hazards. Do not use elevators. Do not be surprised if sprinkler
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' systems or fire alarm activate.

e . Qutdoors: Move to a clear area if you can safely do so; avoid power
lines, trees, signs, buildings, vehicles, and other hazards.

° Driving: Pull over to the side of the road, stop, and set the parking
brake. Avoid overpasses, bridges, power lines, signs, and other
hazards. Stay inside the vehicle until the shaking is over. If a power
line falls on the car, stay inside until a trained person removes the
wire.

° In a kitchen: Get away from the stove, refrigerator, and cabinets with
heavy objects, leaving the kitchen if necessary. Get under a table.
Duck, cover, and hold.

. In a stadium or theater: Stay at your seat and protect your head and
neck with your arms. Don't try to leave until the shaking is over. Then

walk out slowly watching for anything that could fall in the
aftershocks.

° In a mall: Move away from display shelves. Look for sturdy furniture
or an interior wall. Duck, cover, and hold.

1.10.4 After the Earthquake
Once the earthquake is over, then we will have to live with its aftermath--the risk of

fire, the potential lack of utilities and basic services, and the certainty of
aftershocks. .

1.10.4.1 FIRE PREVENTION

Earthquakes cause fires. They break gas mains, causing fires, and break
water mains, impeding the fighting of fires.

Some tips for reducing the risk:

. Brace your water heater to prevent gas leaks.
. Be sure your gas appliances have flexible attachments.
. Keep a wrench near the gas main and train family members who may

be home alone how to use it.
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1.10.4.2

Shut off gas only if you smell gas or hear a leak.

If you lose power, use flashlights instead of candles.

The flame could cause an explosion if gas is leaking, or aftershocks
could knock over the candle.

Keep a fire extinguisher braced securely to the wall, and know how
to use it. ‘

WHAT YOU WILL NEED

- Maintain personal earthquake bags. Keep them where they can be reached
even if your building is badly damaged. Take them with you if you evacuate.
These should include:

Medications and medical consent forms for dependents
Emergency cash

Copies of vital documents such as insurance policies

Spare eyeglasses and shoes i

Snack foods, high in water and sugar

Working flashlights, radio, and extra batteries

Lightsticks

Personal hygiene supplies

Comfort items such as games, crayons, writing materials, outgrown
teddy-bears (children regress under stress)

Electrical, water, transportation, and other vital systems can be
disrupted for several days after a large earthquake.

Emergency response agencies and hospitals could be overwhelmed
and unable to provide you with immediate assistance.

Be prepared to be on your own for 72 hours or more.

Knowing first aid and having supplies will make life more comfortable
and help you keep your sanity after the next earthquake.

Maintain a 72-hour to 1-week supply of the following items:

Drinking water (minimum one gallon per person, per day)
First aid kit and book :

Food that is nutritious and liked by family members
Charcoal or gas grill for outdoor cooking

Cooking utensils, including a manual can opener

Extra food for pets, pet restraints ,
Working flashlights with extra batteries and lightsticks
Portable radio and extra batteries
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° Plastic bags for tarps, waste, rain ponchos, and other uses
o Sturdy shoes and comfortable clothing

1.10.5 Recommended Resources

The following references provide additional information for earthquake mitigation
and preparedness:

Many publications are available from the Governor's Office of Emergency Services
(OES) or the Federal Emergency Management Agency (FEMA).

° Before, During, After, OES ,
e A Guide to Repairing and Strengthening Your Home Before the Next
Earthquake, OES & FEMA '

° Protecting Your Home and Business from Nonstructural Earthquake
Damage, OES & FEMA
° An Ounce of Prevention: Strengthening Your Wood Frame House for

Earthquake Safety, OES
) Tremor Troop: Earthquakes, A Teachers Package for K-6, produced by the
National Science Teachers Association with support from FEMA

available from the American Red Cross:

° Are You Ready for An Earthquake?
° Your Family Disaster Plan
° Your Family Disaster Supplies Kit

AVAILABLE FROM PUBLISHERS AND BOOKSTORES:

Sieh, Kerry E. and LeVay, Simon, Earth in Turmoil : Earthquakes, Volcanoes, and
Their Impact on Humankind (New York, NY: W H Freeman & Co: August
1999)

Bolt, Bruce A., Earthquakes. (New York, NY: W. H. Freeman, Fourth Edition 1999)

Calhoun, Fryar, Earthquake Survival Guide. (Berkeley, CA: Magnet Press, 1991)

Gere, James M., and Haresh C. Shah, Terra Non Firma: Understanding and
Preparing for Earthquakes. (New York, NY: W. H. Freeman, 1984)

lacopi, R., Earthquake Country. (Menlo Park, CA: Lane Publishing Co., 1978, 6th
edition)

Kimball, Virginia, Earthquake Ready. (Santa Monica, CA: Roundtable Publishing,
1988) ,

Lafferty, Libby, Earthquake Preparedness. (La Cafiada, CA: Lafferty & Associates,
Inc., 1986) ’
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Leach, Joel, Earthquake Prepared. (Northridge, CA: Studio 4 Productions, 1993)

Richter, C. F., Elementary Seismology (San Francisco, CA: W. H. Freeman, 1958)

Sharp, R., Field Guide: Geology of Southern California. (Dubuque, lowa:
Kendall/Hunt Publishing Co., 1994, 3rd edition) '

Yaneyv, Peter, Peace of Mind in Earthquake Country. (San Francisco, CA: Chronicle
Books, 1991)

VIDEOS:

An Ounce of Prevention: Strengthening Your Wood Frame House for Earthquake
Safety, prepared by OES and available through Blockbuster Video.

AGENCIES:

The following agencies can supply information and materials concerning
earthquake safety and preparedness:

Governor's Office of Emergency Services, Southern Region (Los Alamitos),
11200 Lexington Drive, Bldg.283, Los Alamitos, CA 90720-5002, (562)
795-2900, (562) 795-2877 FAX, Greg Renick (562) 795-2941,
hitp://www.oes.ca.gov/ ‘

Federal Emergency Management Agency, 500 C Street, SW, Washington,
D.C. 20472, hitp://www.fema.gov/

American Red Cross, Riverside County Chapter, PO Box 26486, Riverside,
CA 92516-2646, Phone: 909-328-0013, Fax: 909-328-1222,
http://www.redcross.org/

The following agencies can supply information and materials aboﬁt geology and
earthquake hazards:

California Department of Conservation, Division of Mines and Geology, P.O.
Box 2980, Sacramento, CA 95812-2980, (916) 445-5716,
http://www.consrv.ca.gov/dmg/

U.S. Geologiéal Survey, Earth Science Information Center, 345 Middlefield
Road, Menlo Park, CA 94025, (415)329-4390, http://quake.wr.usgs.gov/

Southern California Earthquake Center, University of Southern California,
University Park, Los Angeles, California 90089-0742, 213/740-1560,
http://www.scec.org/ ’ .
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1.11  Summary of Findings and Recommended Programs

Since it is not possible to prevent earthquakes, local governments, emergency relief
organizations, and individuals must take action to reduce the effects of earthquakes. An
effective seismic hazard reduction program should include the identification and mapping
of geologic and seismic hazards, the improvement and enforcement of building and fire
codes, and the expedient retrofitting and rehabilitation of weak structures. Individuals
should also exercise prudent planning to provide for themselves and their families in the

‘aftermath of an earthquake.

Aftershocks to major earthquakes will also be large enough to cause damage, and must
be part of post-disaster planning.

Major Earthquake Sources in Riverside County

The earthquake effects that pose the greatest hazard are strong ground shaking,
liquefaction and surface fault rupture. The faults that pose the greatest threat to Riverside
County are described in more detail below:

San Andreas Fault Zone: The San Andreas fault is the "Master Fault", controlling the
seismic hazard for Southern California. It bisects Riverside County. Paleoseismology
studies indicate that San Andreas fault segments in the County have ruptured
simultaneously at least twice (1680 AD and 1450 AD), generating a M, 7.9, maximum
credible earthquake each time. The segments can also rupture individually.

. The San Bernardino Mountains segment ruptures about every 146 years and
has a 28% probability of rupturing before 2024. This segment can produce
a magnitude 7.3 earthquake, with ground accelerations as high as 0.53 g
throughout the County. ‘

e The Coachella Valley segment has not produced large, surface-rupturing
earthquakes in historic times, yet it continues to store strain energy.
Paleoseismic studies suggest that the last surface-rupturing earthquake on
this segment occurred around A.D. 1680. The segment has a 22%
probability of rupturing before the year 2024 and can produce a magnitude
7.1 earthquake.

The San Jacinto Fault Zone has a high level of historical seismic activity, with at least ten
moderate (M, 6 - 7) earthquakes between 1890 and 1986. Fatalities in Riverside County
resulted from San Jacinto earthquakes in 1899 and 1918. The San Bernardino, San
Jacinto Valley and Anza segments of the San Jacinto fault have a 37%, 43%, and 17%
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probability, respectively, of rupturing before 2024. Peak ground accelerations could reach
-0.53 g.

In Riverside County, the Elsinore Fault Zone consists of the Temecula, Glen Ivy, Whittier
and Chino segments. Maximum credible earthquakes of M,, 6.7 to 6.8 could occur on
these segments, generating peak ground accelerations of about 0.48 g for Riverside
County. WGCEP (1995) estimates probabilities of 5% to 16% for these events to occur
in the 1994 to 2024 time period. :

Riverside County Seismicity

Several historic earthquakes in Riverside County have resulted in up to Modified Mercalli
Intensity VIII (severe) ground shaking. Most recently MMI VI was reported in the southern
Coachella Valley region of Riverside County for the October 1999 M,, 7.1 Hector Mine
earthquake. Several fatalities occurred due to the San Jacinto fault earthquakes in 1899
and 1918.

The two most seismically active faults in California are located in Riverside County (the
San Jacinto and San Andreas faults). As a result, more than 45,000 earthquakes (M>1.0,
1931-1999) have been located in Riverside County. About 90% of the earthquake
epicenters in Riverside County occur along the three major fault zones: San Andreas, San
Jacinto, and Elsinore fault zones.

As part of this study, seismic data were imported into a geographic information System
(GIS) coverage for Riverside County. The data utilized were seismicity catalogs dating
from 1931 to 1999. Data tables linked to each event includes magnitude, depth, andyear.

Existing Legislation

Earthquake Fault Zone Mapping for Riverside County: The Alquist-Priolo Earthquake
Fault Zoning Act was passed in 1972 to mitigate the hazard of surface faulting to
structures for human occupancy. Surface rupture is the most easily avoided seismic
hazard. Earthquake Fault Zone mapping has been completed by the State Geologist for
the 45 quadrangles in Riverside County. '

Alquist-Priolo Earthquake Fault Zones have been designated by the California Division of
Mines and Geology for the Elsinore, San Jacinto and San Andreas fault zones in Riverside
County. The County of Riverside (1991) has applied special studies zone criteria for
additional fault systems in the County.
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Within these zones, State and Riverside County law requires that proposed tracts of four
or more dwelling units investigate the potential for and setback from ground rupture
hazards. Before a project can be permitted, a geologic investigation must demonstrate that
proposed buildings will not be constructed across active faults. This is typically
accomplished by excavation of a trench across the site. An evaluation and written report
must be prepared by a licensed geologist. If an active fault is found, a structure for human
occupancy cannot be placed over the trace of the fault and must be set back from the fault
(generally 50 feet).

- The County of Riverside must regulate most development projects within the earthquake
fault zones. Projects include all land divisions and most structures for human occupancy.
Single family wood-frame and steel-frame dwellings up to two stories not part of a
development of four units or more are exempt. However, local agencies can be more
restrictive than State law requires. :

Since the fault zones in Riverside Cohnty have high rates of displacement (>5 mm/yr), and
given that new offshoot faults are being ongoingly discovered, all proposed structures
should be required to investigate the potential for and setback from ground rupture.

The Seismic Hazards Mapping Act, passedin 1990, addresses non-surface fault rupture

earthquake hazards, including liquefaction and seismically induced landslides. However,

no seismic hazard mapping pursuant to the 1990 State law has been completed in the

County of Riverside, and none are planned to be released for the County through 2000
(DMG, 2000).

Real Estate Disclosure Requirements: Effective June 1, 1998, the Natural Hazards
Disclosure Act requires that sellers of real property and their agents provide prospective
buyers with a "Natural Hazard Disclosure Statement" when the property being sold lies
within one or more State-mapped hazard areas. If a property is located in a Seismic
Hazard Zone as shown on a map issued by the State Geologist, the seller or the seller's
agent must disclose this fact to potential buyers.

Geographic Information System Coverage of Faults

Detailed GIS coverage for faults and earthquake fault special studies zones are provided
as part of this study. More than 4,300 faults and fault segments are included in the GIS
database. Data tables linked to the faults include the fault name, length, age and other
pertinent information. :
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Earthquake Analyses for Riverside County

There are two primary approaches to analyzing the effects of particular earthquakes.
Design earthquake scenarios consider the rupture of a specified fault. Probabilistic
seismic hazard assessment, considers the potential ground motions from earthquakes on
many faults and the relative likelihood of each. :

A maximum probable earthquake (MPE) is the largest earthquake a fault is expected to
generate within a specific time period, usually 30 or 100 years. MPEs are most likely to
occur within the life span of most development, and therefore, are commonly used in
assessing seismic risk. . Riverside County's MPE, with a 43% probability of occurrence
in 30 years, is a M,, 6.9 rupture of the San Jacinto Valley segment of the San Jacinto fault.

The maximum credible earthquake (MCE) is also often considered in planning and
engineering decisions. An MCE is the worst-case scenario, the largest earthquake a fault
is believed capable of generating. For Riverside County, the MCE is a M,, 7 .9 based on
rupture of the entire southern segment of the San Andreas fault from Cajon Pass to the
Salton Sea. The MCE exposes most of the County to very high intensity ground shaking
that could last more than 1 minute. Horizontal ground displacements of 25 feet may occur,
and losses could be extensive.

Seven other probable earthquake events are likely to occur during the design life of most
buildings. These involve earthquakes generated by various segments of the Elsinore, San
Jacinto and San Andreas faults. The probable earthquake events will cause damage to
vulnerable structures, and may result in localized ground failures. Because of the County's
mostly modern building stock, life-safety is not terribly threatened, but the estimated
economic losses are substantial.

Probabilistic ground motion values for the County of Riverside are among the highest in
southern California, due to the County's proximity to major fault systems with high
earthquake recurrence rates. With the exception of the Blythe region, the incorporated
cities of Riverside County are exposed to very high and extremely high values that exceed
50% of the force of gravity with a 10% chance of occurring in 50 years. Communities
along the San Jacinto fault (Moreno Valley, San Jacinto and Hemet) have a greater risk
of ground shaking than those along the San Andreas, because San Jacinto earthquakes
have a higher probability of occurrence.
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Short-Term Earthquake Alerts Based on Foreshock Probabilities

Half of the major earthquakes on strike-slip faults in California are preceded by immediate
foreshocks (smaller earthquakes within 3 days and 10 kilometers of the mainshock). In
1991, for the southern San Andreas fault, a working group of scientists developed a
notification system based on patterns of foreshock occu rrences, and the likelihood that an
anomalous earthquake might be a foreshock to a larger event.

This system could be adapted by the County of Riverside to respond to short-term
increases in hazard from the San Andreas fault. Certainly, thoughtfulness and care must
be exercised to construct a system that will enhance public safety without promoting
rumors or fear. Also, the system must not be a substitute for long-term mitigation efforts.
Such potential difficulties do not reduce the usefulness of short-term, pre-event response
plans.

Over time, new data and additional research should allow similar systems to be developed
for other major southern California faults.

Secondary Earthquake Hazards

Liquefaction is a process by which water-saturated materials lose strength and may fail
during strong ground shaking.

Pursuant to the 1990 Seismic Hazard Mapping Act (SHMA), the California Department of
Conservation, Division of Mines and Geology (DMG) provides seismic hazard zone maps
that identify areas susceptible to amplified shaking, liquefaction, earthquake-induced
landslides, and other ground failures. The DMG has not completed any SHMA mapping
for Riverside County, nor is any planned through 2000 (DMG, 2000). However, this study
provides seismic hazard mapping and information that meets the requirements of the
Seismic Hazards Mapping Act, and local agencies should require site specific geotechnical
hazard investigations based on this mapping.

In Riverside County, site-specific geotechnical liquefaction hazard investigations should
be required for proposed construction projects in zones of moderate, high and very high
liquefaction potential. The policy for construction projects involving critical facilities
should extend to include all liquefaction ranks from "very low" to "very high".
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Geographic Information System Coverage of Liguefaction Hazards in Biverside
County

Hazard mitigation policies for proposed projects in Riverside County based on the detailed
GIS liquefaction coverage should be implemented as follows: General Construction:
special site-specific liquefaction hazard studies should be required in all areas mapped
as "Shallow Ground Water, Susceptible Sediments" with the exception of the Blythe
region; and Critical Facilities-Lifelines: special site-specific liguefaction hazard studies
should be required in all areas of susceptible sediments, including the Blythe region.

Seismically Induced Settiement

In some situations, strong ground shaking can densify soils and cause local or regional
ground settlement. Seismic settlementis primarily damagingin areas subject to differential
settlement, such as cutffill transition lots on hillsides. Even slight settlement of the fill can
cause significant repair costs. Cut and fill transition lots be overexcavated and fill depths
beneath structures should never vary by more than 100%.

Seismically Induced Slope Instability

Landslides and rock falls can be expected throughout the County in a major earthquake.
Factors controlling the stability of slopes include: 1) the slope height and inclination, 2) the
engineering characteristics of the earth materials comprising the slope, and 3) the intensity
of ground shaking. Engineered slopes should be designed to resist seismically induced
failure, based on pseudo-static stability analyses after detailed geotechnical investigations.
Stability analyses must factor in the intensity of expected ground shaking.

Vuinerability of the Built Environment to Earthquake Hazards

Comprehensive hazard mitigation programs that include the identification and mapping of
hazards, prudent planning and enforcement of building codes, and expedient retrofitting
and rehabilitation of weak structures can significantly reduce the scope of an earthquake
disaster. - ‘

Senate Bill 547 addresses the identification and seismic upgrade of Unreinforced Masonry
(URM) buildings. The law encourages identification and mitigation of seismic hazards
associated with other types of potentially hazardous buildings, including: pre-1971
concrete tilt-ups, soft-stories, mobile homes, and pre-1940 homes
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So far, only five URMs have been identified in the unincorporated regions during a 1990
study. The building owners were notified by mail to comply with the State guidelines. No
unique URM ordinance has been passed by Riverside County and no other potentially
vulnerable buildings have been inventoried. Statistical estimates expect that about 4000
URMs exist in the County. ‘

The Seismic Hazard Maps developed for this study do not show areas that automatically
should be excluded from development. Instead, they show areas where the potential for
damage from the mapped hazard is great enough so as to make it geologic investigations
prudent. It is far less costly to incorporate hazard mitigation into a structure before it is
built than to later add mitigating features.

Potentially Hazardous Buildings and Structures

- Most of the loss of life and injuries that occur during an earthquake are related to the
collapse of hazardous buildings and structures. Building codes have generally been made
more stringent following damaging earthquakes. However, structures in the County of
Riverside built prior to improved building codes, have generally not been upgraded to
current building code standards, and may, therefore, be hazardous during an earthquake.

Based on observations from past earthquakes, unreinforced masonry buildings (URMs)
are prone to failure.

Several other common building types are also known to perform poorly, although they
have not been targeted for upgrading and sirengthening. Of these, of particular concern
are soft-story buildings (those with a story, generally the first floor, lacking adequate
strength or toughness, due to few shear walls, i.e., buildings where the first floor is the
garage) and older concrete buildings. No good estimates exist concerning their numbers
in Riverside County. ~

Wood frame buildings with stud walls can perform well in an earthquake, depending on
the quality and construction of their foundations.

Pre-cast concrete frame buildings vary in their performance during earthquakes.
Inventory estimates indicate about 1,500 pre-cast concrete frame buildings in Riverside
County. Partial or total collapse of buildings where the floors, walls and roofs fail as large
intact units, such as large pre-cast concrete panels, cause the greatest concern in terms
of life loss because they slow down victim rescue. Speedy extrication of trapped victims
is critical for victim survival. Establishment of Heavy Urban Search and Rescue teams as
recommended by FEMA (1985) has improved victim extrication and survivability, but much
more advance planning is needed. '
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During the 1994 Northridge earthquake, many mobile homes shifted or fell off their
foundations, rupturing gas lines and starting fires. This hazard is intensified by the
relatively high density of homes within mobile home parks. Inventory estimates indicate
that more than 70,000 mobile homes are located in the County of Riverside.

Critical facilities are those parts of a community's infrastructure that must remain
operational after an earthquake (e.g. hospitals, fire and police stations, emergency
operation centers (EOC's) and communication centers), or facilities that pose
unacceptable risks if severely damaged (e.g. public schools). There are an estimated 380
schools, 18 hospitals, 100 fire and police stations and 12 EOCs in Riverside County.

High-loss facilities, if severely damaged, may result in a disaster far beyond the facilities
themselves. Examples include nuclear power plants, dams and flood control structures,
freeway interchanges, bridges, and industrial plants that use or store explosives, toxic
materials or petroleum products. Statistical estimates predict 46 dams and 1,978
hazardous waste sites in the County.

Dam Safety

Dams under State jurisdiction (e.g. over 50 feet in height or 50 acre-feet in storage
capacity) are required to have inundation maps that show the potential flood limits in the
remote possibility a dam is catastrophically breached. Dam inundation maps are prepared
by dam owners. The County of Riverside is required by State law to have emergency

~procedures for the evacuation and control of populated areas within the limits of

inundation. In addition, real estate disclosure upon sale or transfer of property in the
inundation area is required under recent legislation (AB 1195 Chapter 65, June 9, 1998.
Natural Hazard Disclosure Statement). Chapter 3-Flood Hazards of this Technical
Background Report provides GIS coverages of potential inundation areas and an
assessment of dam vulnerability.

HAZUS Earthquake Scenario Loss Estimations for Riverside County

HAZUS (Hazard U.S.) is designed to produce loss estimates for use by State, regional and
local governments in planning for earthquake loss mitigation, emergency preparedness
and response and recovery. HAZUS loss estimations are based on best available
knowledge and data. The estimations were improved by the mapping of soil type,
liquefaction and landslide susceptibility provided as part of this study. They can be further
improved by inventories of buildings and infrastructure in Riverside County.
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~Loss estimation is a valuable mitigation tool. The numbers of casualties and losses
provided by HAZUS are best interpreted as order of magnitude values.

Eight scenario earthquakes were chosen for HAZUS loss estimation. Additional details are
provided for the two events that represent the maximum probable earthquake (MPE) and
the maximum credible earthquake (MCE) for Riverside County.

Estimated Losses Associated with a M,, 6.9 San Jacinto Fault Earthquake (MPE)

A rupture of the San Jacinto Valley segment of the San Jacinto fault has the greatest
probability of occurrence (43%) within the lifetimes of structures in the County of Riverside
(30 years). HAZUS estimates: '

e Building Damage: 94 thousand buildings at least moderately damaged (23% of the
total number of buildings) in the region; 10,485 buildings will be completely
destroyed.

. Essential Facility Damage: On the day of the earthquake, 51% of hospital beds are
available. After one week, 64% will be back in service. By 30 days, 81% will be
operational.

o Electrical System Performance: 93,996 out of 402,426 households (23%) will be
without service the day of the earthquake.

° Fire Following Earthquake: Fires will displace about 360 people and burn about
$19.0 million of building value.
. Debris Generation: 4,525 thousand tons of debris will be generated, and will require

180,984 truckloads (@25 tons/truck) to be removed. ,

° Shelter Requirement: 9,345 households to be displaced. 6,964 people will seek
temporary shelter in public shelters.

e Casualties: A 2:00 am earthquake (maximum residential occupancy) creates the
greatest number of casualties (3,500). A 5:00 pm (peak commute time) event
causes 2,025 casualties. ,

° Economic Loss: Estimated total economic loss is $5.5 billion dollars, which is
equivalent to 9% of the total replacement value of the region's buildings.

Estimated Losses Associated with a M,, 7.9 Southern San Andreas Fault Earthquake
(MCE)

This event represents the Maximum Credible Earthquake (MCE) for Riverside County. It
is an event that likely occurs only once every several hundred years, but should it occur
tomorrow, HAZUS estimates:
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° Building Damage: 181 thousand buildings (45% of total) will be at least moderately
damaged; and 37,013 buildings will be completely destroyed.

° Essential Facility Damage: On the day of the earthquake, only 20% of hospital
beds are available. After one week, 34% of the beds will be back in service. Even
after 30 days, only 57% will be operational.

. Electrical System Performance: 210,687 out of 402,426 households (52%) will be
without service the day of the earthquake.

° Fire Following Earthquake: Fires will displace about 830 people and burn about
$51.0 million of building value.
° Debris Generation: 11,858 thousand tons of debris will be generated, and will

require 474,338 truckloads (@25 tons/truck) for removal.

e Shelter Requirement: 27,027 households will be displaced. Of these, 20,079
people will seek temporary shelter in public shelters.

° Casualties: A 2:00 am occurrence (maximum residential occupancy) creates the
greatest number of casualties (9,926). A 5:00 pm (peak commute time) event
causes 5,824 casualties. v '

e Economic Loss: Total economic loss is $13.6 billion dollars, which is equivalent to
22% of the total replacement value of the region's buildings.

Reducing Earthquake Hazards in the County of Riverside

The County must prioritize rehabilitation and strengthening projects in existing
development to best allocate resources for earthquake hazards reduction. The proposed
mitigation programs should be implemented to avoid undue hardship in the community. '

Our most recent building codes (1997), adopted by Riverside County in July 1999, are a
prime example of incorporating earthquake lessons further reduce earthquake hazard.
However, hazard increases with population growth (that encourages building in vulnerable
areas) and with the aging of the existing building stock.

It must be stressed that building codes are designed to protect lives, not structures. Under
recent building code improvements, buildings will still be damaged, but are far less likely
to fail catastrophically.

It also needs to be emphasized that all development choices have some hazards
associated with them. Most can and have been mitigated by engineered solutions. The
recognition that these solutions require maintenance to function properly has been an
expensive lesson to many. The recognition that engineered solutions have a finite design
life has yet to be appreciated because of the relative youth of the County’s development.
This is an expense that will be passed on to future generations. Minimizing engineered
mitigation, and maximizing land use planning, is the most environmentally balanced - and
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in'the long-term, the most economical - route to a sustainable, safe community.

1997 Uniform Building Code Impacts on the County of Riverside

Two significant changes are incorporated into the 1997 Uniform Building Code (UBC) that
affect the County of Riverside: revision of soil types and amplification factors; and
incorporation of the proximity of earthquake sources in UBC seismic zone 4, which
includes most of the County of Riverside. Due to the presence of the three major fault
systems (Elsinore, San Jacinto and San Andreas), most of the western and central
. portions of the County are affected by the new near-source design factors. For Riverside
County, the changes are warranted.

Seismic Source Type: Near source factors include a classification of seismic sources
based on slip raté and maximum magnitude potential. The San Andreas fault and most
of the San Jacinto fault in Riverside County are considered Type A faults.

The UBC source zone classification labels the San Jacinto Valley segment of the San
Jacinto fault a Type B fault, but for several important reasons, it should be considered a
seismic source Type A. This reclassification would extend the near source zone an
additional 5 kilometers, and affect the near source factors for the area. Reclassification
would mitigate the potential for building damage in portions of the cities of Riverside,
Moreno Valley and Perris. '

Seismic codes are now undergoing their most significant.changes to date. Seismic codes
will continue to improve under the International Building Code, which is to replace the UBC
beginning in the year 2000.

Retrofit and Strengthening of Existing Structures

The new building codes address new construction. Retrofit and strengthening of existing
structures requires the adoption of ordinances. The County of Riverside is required by
State law to adopt an ordinance aimed at retrofitting unreinforced masonry buildings
(URMs). Although retrofit buildings may still incur severe damage during an earthquake,
the mitigation results in a substantial reduction of casualties by preventing collapse.

Other potentially hazardous buildings include irregular-shaped structures and mobile
homes, soft-story structures, unreinforced concrete buildings, as well as pre-1940
single-family structures.

Building inventory is needed in Riverside County. The building inventory phase of a
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seismic hazard mitigation program should employ GIS technology. In proper format, this
iinformation may also be input into HAZUS to run updated loss estimations.

The mitigation program established by the County could be voluntary or mandatory.
Voluntary programs to encourage mitigation of potentially hazardous buildings have been
implemented with varying degrees of successin California, using various incentives. Some
cities mandate a review by a structural engineer when a building is undergoing substantial
improvements. Additional options are described in the Policy section (Chapter 5) of this |
Technical Background Report.
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Natural Hazard Mapping, Analysis, and Mitigation:
a Technical Background Report in Support of the Safety Element
of the New Riverside County 2000 General Plan

CHAPTER 2: SLOPE AND SOIL HNSTAB!LITY HAZARDS
2.1 Physiographic and Geologic Setting

The County of Riverside covers approximately 7,000 square miles of the geologically
complex southern California region, from the Colorado River at the Arizona border to within
ten miles of the Pacific Ocean. Riverside County spans portions of several major geologic
provinces (Figure 2-1): '

. Peninsular Ranges: The western portion of Riverside County and most of its
population are in the Peninsular Range province. This province is dominated by
right-lateral strike-slip faulting associated with the San Jacinto and Elsinore faults.
However, all types of faulting may be found in this block. Temecula, Murrieta and
many agricultural areas of southwestern Riverside County lie in the broad structural
depression called the Elsinore Trough, formed and bounded by active faults of the
Elsinore fault system. The Santa Ana and San Jacinto Mountains are part of the
Peninsular Ranges, and were built by movement along earthquake faults.

° Salton Trough: The desert communities and farmland of the Coachella Valley in
central Riverside County are located within the Salton Trough province. Here, the
plates are separating and spreading centers exist. The spreading centers continue
to the south, into the Gulf of California. At present, the Salton Trough is cut off from
the Gulf of California by an accumulation of sediment at the mouth of the Colorado
River. The Trough is filled with sediment three miles thick, derived primarily from
the Colorado River. Periodically during the last 10,000 years, the Trough has been
inundated with water. The most recent inundation formed the Salton Sea in 1905.

. Transverse Ranges: Throughout most of the western U. S. are northwest-trending
geologic features, a consequence of current plate motions. The trend of the
Transverse Range province is a startling exception. These mountains run west to
east from west of Santa Barbara to east of San Bernardino. The easternmost San
Bernardino Mountains lie in north-central Riverside County. Many of southern
California’s recent damaging earthquakes occurred on faults that have built the
Transverse Ranges, including: the 1971 Sylmar M,, 6.7, the 1991 Sierra Madre M,
5.8, and the 1994 Northridge M,, 6.7. Although most of this province is located
north-and west of Riverside County, populated areas such as Riverside, Norco and
Corona are at risk from Transverse Range earthquakes occurring on the nearby
Cucamonga or Sierra Madre fault systems, about 20 to 25 miles to the north.

Earih Consultants International Page 2-1



Slope and Soil Instability Hazards-County of Riverside August 1, 2000

° Mojave Desert: The Mojave Desert province consists of the eastern half of the
County, and includes the Blythe area. Compared to the rest of Riverside County,
this province has a moderate to low rate of seismicity and very few mapped faults.

- However, just north of the County, there are numerous active right-lateral strike-slip -
faults in the Mojave Desert province. These have recently produced the 1992
Landers M,, 7.3 and the 1999 Hector Mine M, 7.1 earthquakes.

The bedrock exposures of Riverside County consist predominantly of igneous and
metamorphic rock with some sedimentary units. These vary from hard rock underlying
steep slopes in the San Jacinto Mountains to the weathered granitic rocks of Joshua Tree
National Park and hillsides near the city of Riverside.

Alluvial (river) valleys between these mountain ranges contain sediments with significant
variation in thickness. Some valleys are filled with a few hundred feet of Pleistocene and
Holocene sediments (i.e., the sediments were deposited in the last 2.5 million years).
Others, such as the Coachella, San Jacinto and Elsinore Valleys, contain several
thousand feet to several miles of sediment. The thickest sediments have been deposited
in basins that are being pulled apart by the movement of tectonic plates.

Generally, the hazards of subsidence and hydkoconsolidation (soil collapse) are prevalent
in valleys, while mass wasting (such as landslides and rockfall) threatens the mountainous
regions (Figure 2-2).
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Mapped I; i For addi infc ion, refer to the landsli
susceptibility map.

Water Bodies

- Lake or Sea
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2.2 Geology and Engineering Geology Coverages

As part of this study we have prepared a detailed digital Engineering Geologic Materials
map for Riverside County (Plates 2-1). The overall accuracy is 1:100,000. However,
certain areas were digitized at greater detail (1;24,000), and others were digitized at lesser
detail (1:250,000). The sources of the geologic data are listed in Table 2-1, below.

Table 2-1: Sources Digitized for Geologic Map Coverage
Riverside County, California

Map Name Scale
Preliminary Geologic Map of the Blythe 30' by 60' Quadrangle, CA 1:100,000
and AZ
Geologic Map of California, Salton Sea Sheet 1:250,000
Geologic Map of California, Santa Ana Sheet 1:250,000
Distribution and Geologic Relations of Fault Systems in the Vicinity 1:250,000
of the Central Transverse Ranges, Southern California ' A
Geologic Map of California, San Bernardino Quadrangle 1:250,000
Geologic Map of the Big Maria Mountains NE Quadrangle, Riverside 1:24,000
County, California, and Yuma County Arizona
Geologic Map of California, Needles Sheet 1:250,000
Digital map of the Santa Ana Sheet, California — provided by Dr. 1:100,000
Morton of the USGS '
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2.2.1 Development of GIS Engineering Geology Map

There are many ways to group rock and sediments with similar characteristics. For
planning purposes, it is most appropriate to group features based on engineering
properties, that is, the characteristics that have most importance to the built
environment. For this report, more that 60,000 polygons (area features) were
digitized from the geologic map data outlined above (Table 2-1) for Riverside
County. These diverse geologic units were combined based on similar engineering
properties. The properties were assigned based on the units’ descriptions in the
literature that accompanies the geologic maps (Table 2-1). Thus the assignments
include many assumptions. The map is meant to provide general guidance to
support land use decisions and policies. It should not replace or preclude site-
specific observation and testing. \

The general explanation of geologic and engineering geology unit symbols included
with the digital data is as follows:

. The PType (petrologic type) was taken from the geologic maps at the time
of digitization. ‘Petrologic’ includes the type of rock or sediment and its
history of formation.

e The description for each of the PTypes was reviewed from the legend or
other supporting literature.

° An abbreviated code of engineering attributes, named EType (engineering
type), was created based on the PType analyses.

A matrix was developed to convert the geologic units (PType) to engineering type
(EType) based on: -

. Rock Type (sedimentary, igneous, metamorphic);

e Age (Holocene, Holocene-Pleistocene, Pleistocene, Tertiary-Pleistocene,
Tertiary or older);

] Degree of Consolidation (unconsolidated, weakly consolidated, moderately
consolidated, indurated, deeply weathered, friable);

° Depositional Environment (alluvial, eolian, marine, lucustrine);

o Texture (fine, coarse, undifferentiated);

° Structure (massive, bedded, slide complex, foliated, fractured).
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2.3.1

2.3 Mass Wasting-Slope Instability Hazards
introduction

Mass wasting is the down-slope movement of rock and regolith (rock products such
as soil, sediment, weathered rock and wind-blown deposits) near the Earth's
surface, mainly due to the pull of gravity. Mass wasting includes landslides,
mudflows, rock falls and creep. It is an important part of the erosional process, as
it moves material from higher elevations to lower elevations, where transporting

‘agents like streams pick up the material and move it to even lower elevations.

Mass wasting occurs continuously on all slopes; some mass wasting processes act
very slowly, others occur very suddenly, often with disastrous resulis.

As human populations expand over more of the land surface, mass wasting
processes become an increasing concern. In a typical year in the United States,
mass wasting causes 25 to 50 deaths and over $1.5 billion in damages.

There are predictable relationships between local geology and mass wasting
processes. Knowledge of these relationships can improve planning and reduce
vulnerability.  Slope stability is dependent on many factors and their
interrelationships.  Rock type and pore water pressure are possibly the most
important factors, followed by slope steepness due to natural or man-made
undercutting. The igneous and metamorphic basement rock forming much of the
County’s hillside terrain (Figure 2-3) is generally grossly stable in its natural
condition. However, the steepness of the slopes result in locally precarious rocks
that could fall as a result of earthquake ground shaking or intense rainfall. In
addition, many existing landslides and soil slumps have been mapped within the
County, and where slopes have failed before, they will fail again.

Every slope has an angle of repose (Figure 2-4). Slopes less than this angle can
resist the pull of gravity and will be at rest. Slopes steeper than this angle will
eventually fail. On average, the angle of repose is 35 degrees from horizontal, but
varies widely. The looseness or consolidation of the material, planes of weakness
and vegetation all affect angles of repose. Thickly forested slopes can maintain a
45 degree angle; however, slopes as shallow as 26 degrees have failed
catastrophically in the San Francisco region. The most effective way for the County
of Riverside to protect lives and property from mass wasting is to prohibit
development on or near slopes that exceed about 30 degrees in steepness. Figure
2-3 illustrates slopes that should be preserved in their natural condition, due to
mass wasting potential.
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Types of Mass-Wasting Processes: In common usage, any down-slope
movement of material is called a landslide. In actuality, landslides are only one of
many types of mass wasting, distinguished by style and velocity of movement
(Figure 2-4). The processes are separately identified, but are part of a continuum,
and distinctions between them are not always sharp. Classification is thus
sometimes difficult or arbitrary, but includes these broad categories:

° Slope Failures - a sudden downhill transport of material by sliding, rolling,
falling, or slumping.

e Sediment Flows - Down-hill transport of rock and plant material mixed with
water or air.
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Figure 2-4: Slope Failure Types

Slumps: Blocks of rock or regolith rotate as units
along a concave-upward curved surface. The upper Slump
surface of each slump block remains relatively
undisturbed.  Slumps leave concave scars or
depressions on a hill slope. They can be isolated or ‘
may occur in large complexes covering thousands of
square meters. Slumps often form as a result of
human activities, and thus are common along roads
where slopes have been steepened during
construction. Heavy rains and earthquakes can also
trigger slumps.

Falls: Rock falls occur when a piece of rock becomes Rack and Debris Falls
dislodged. Debris falls are similar, but involve a ”1\\
mixture of soil, regolith, vegetation, and rocks. \H
Because this process involves the free fall of ‘k Q

material, falls commonly occur where there are steep !
cliffs. A rock fall may be a single rock or a mass of I‘\
rocks. Falling rocks can dislodge other rocks as they o
collide with the cliff. At the base of most cliffs is an L

. accumulation of fallen material termed talus. =

Rock and Debris Slides

Slides: For many reasons, rock can have planar
features that allow rock and debris to slide downbhill.
Common features include bedding planes, foliation
surfaces and joint surfaces. Piles of talus (fallen
material) are common at the base of a rock slide or
debris slide. Unlike slumps, slides see no rotation of
the sliding mass; nor does the mass of material
maintain its original shape.

{ \ Bedding orJoint planes
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2.3.2

2.3.3

Rock Fall

Areas most at risk from rock fall lie below steep outcrops of relatively well-cemented
rock. Such rock underlies much of the County’s mountain ranges. Rock fall hazard
inthe County is high for hillside development, and for development located adjacent
to steep slopes. Plate 2-2 and Figure 2-3 illustrate steep slopes where these are
most likely to occur. Chapter 1, Seismic Hazards, addresses earthquake-induced
rock fall.

Debris Flows

A debris flow is a mixture of rock and/or regolith with water or air. Whether debris
will flow downhill depends on numerous factors, including: soil depth and
composition, the kind of vegetation, the size and variety of tree roots, subtle
variations in slope shape, existence of road cuts or drainage pipes, incongruities
in underlying bedrock, and even the presence of animal burrows. ‘

Fine-grained sedimentary rocks are most susceptible to debris flows, especially
during exceptionally high rainfall periods. Typically, debris flows occur when a long
saturation period is followed by intense bursts of rain, concentrated in just a few
hours or days. Water, often traveling beneath the surface from miles away, fills the
pores (spaces) in surficial material but not in bedrock or clay, which have far fewer
pores and are less permeable (they lack connections between pores). This creates
a saturated zone in the surficial material. As the water fills the pores between solid
particles, it increases pore pressure and decreases the friction that holds material
to a slope. At some point, gravity causes the mass to break loose and slide along

‘the less permeable surface below.

Debris flows, like rockfalls, occur rapidly and without warning. Thé areas most at
risk from debris flows include:

L Canyon bottoms, stream channels, and areas near the outlets of canyons or

channels. Multiple debris flows that start high in canyons commonly funnel
into channels. There, they merge, gain volume, and travel long distances
from their sources.

° Downslope from swales (depressions). Debris flows commonly begin in
swales on steep slopes. '

° Roadcuts and other altered or excavated areas of slopes. Debris flows and
other mass wasting events onto roadways are common during rainstorms,
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and often occur during milder rainfall conditions than those needed for
debris flows on natural slopes. :

° Places where surface runoff of water is channeled, such as along roadways
and below culverts.

Where one debris flow has occurred, others will inevitably follow. Much of the
County of Riverside is underlain by alluvial fans, deposits that have been shed from
streams exiting mountain ranges. These fans and stream washes are evidence of
many debris flows in the recent geologic record. In the smallest, most common
events, the impact to the County is from boulders transported onto roadways and
improvements. ‘ '

Occasionally, catastrophic debris flow events occur. The greatest southern
California debris flow events of the 20" century occurred in 1934, 1938, 1969 and
1978, but there is generally a destructive event each decade. A significant debris
flow occurred on July 11, 1999 in the community of Forest Falls, located along the
south side of a Mill Creek Canyon in the southeastern part of the San Bernardino
Mountains. High-intensity, short-duration rainfall caused the debris flow that
resulted in loss of life and property, damaging over 30 homes and numerous
automobiles.

Numerous man-made controls have been constructed to reduce the impact of these
events on the County. The County operates more than 40 dams, and several
hundred miles of levees and storm drains (Riverside County Flood Control and
Water Conservation District, 2000).

Without the presence of extensive flood control devices, including large debris
catchment basins, the areas downgradient or downstream from unstable slope
areas shown on Plate 2-3 may be subject to catastrophic debris flow inundation.
Mitigation of debris flow potential should first focus on these areas and geotechnical
studies should address the hazard in these zones. '

Specific areas susceptible to debris flows are not shown at the scale of the GIS
landslide and slope stability map. However, debris flow potential should be
evaluated on a site-specific basis for all development areas downgradient from
canyons, alluvial fans and swales.
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2.3.4 Development of a GIS Landslide and Slope Instability Map

As a major component of this project, we developed digital landslide and slope
instability maps (Plate 2-3: Landslide and Slope Instability Map) for Riverside
County. The mapping is based on slope steepness (Plate 2-2) and engineering
geology characteristics (Plate 2-1: Engineering Geologic Materials Map).

To make the Landslide and Slope Instability Map of Riverside County (Plate 2-3),
the following steps were taken:

° Cfeated a slope map for Riverside County by producing a grid map of the U.
S. Geological Survey (USGS) Digital Elevation Model (DEM). Vertical
Mapper© was used, with grids of 30 meters per side (Plate 2-2).

° Created a grid map of the Engineering Geologic Materials Map (Plate 2-1).
Vertical Mapper® was used, with 30 meter grid cells.

e Queried the two grid maps for aréas that met parameters for slope instability
and landslide susceptibility, as outlined by the flow chart presented in Figure
2-5.

° Drew Landslide Hazard Management Zone boundaries around highly

susceptible areas.
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2.4 Expansive Soils

Expansive soils have a significant amount of clay particles which can give up water
(shrink) or take on water (swell). The change in volume exerts stress on buildings and
other loads placed on these soils. The occurrence of these soils is often associated with
geologic units having marginal stability. The distribution of expansive soils can be widely
dispersed, and they can occur in hillside areas as well as low-lying alluvial basins.

* Expansion testing and mitigation are required by the current grading and building codes.

Special engineering designs are used effectively to alleviate problems caused by
expansive soils. These designs include the use of reinforcing steel in foundations,
drainage control devices, over-excavation and backfilling with non-expansive soil. Fornew
development, future problems with expansive soils can be largely prevented through
proper site investigation, soils testing, foundation design, and quality assurance during
grading operations as required by the Uniform Building Code, which the County has
adopted. Active enforcement, peer review and homeowners’ involvement are required to
maintain these standards. Homeowners are important because moisture control and
modified drainage can minimize the effects of expansive soils. Homeowners should be
educated about the importance of maintaining a constant level of moisture below their
foundation.  Excessive swelling and shrinkage cycles can result in distress to
improvements and structures. :

Although expansive soils are now routinely alleviated through the County Building Code,
problems related to past, inadequate codes constantly appear. Expansive soils are not
the only cause of structural distress in existing structures.  Poor compaction and
construction practices, settlement and landslides can cause similar damage, but require
different mediation efforts. Once expansion has been verified as the source of the
problem, mitigation can be achieved through reinforcement of the existing foundation, or
alternatively, through the excavation and removal of the expansive soils in the affected
area. :
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' 2.5 Collapsible Soils '

Hydroconsolidation, or soil collapse, typically occurs in recently deposited, Holocene (less
than 10,000 years old) soils that were deposited in an arid or semi-arid environment. Soils
prone to collapse are commonly associated with man-made fill, wind-laid sands and silts,
and alluvial fan and mudflow sediments deposited during flash floods. The soils typically
contain minute pores and voids. The soil particles may be partially supported by clay or
~ silt, or chemically cemented with carbonates. When saturated, collapsible soils undergo
a rearrangement of their grains and the water removes the cohesive (or cementing)
material. Rapid, substantial settlement results. An increase in surface water infiltration,
such as from irrigation, or a rise in the ground-water table, combined with the weight of a
building or structure, can initiate settlement and cause foundations and walls to crack.

A well-documented case of property damage due to collapsible soils occurred in the
Murrieta area (Shlemon and Hakakian, 1992). There, alluvium was left in place during
rough grading, and later collapsed when ground water levels rose significantly. The
ground water rose because of new golf course and residential irrigation. The Murrieta
subsidence zone is discussed in more detail in section 2.6.1, below.

In the County of Riverside, collapsible soils occur predominantly at the base of the
mountains, where Holocene-age alluvial fan and wash sediments have been deposited
during rapid runoff events. In addition, some windblown sands may be vulnerable to
collapse and hydroconsolidation. Typically, differential settlement of structures occurs
when lawns or plantings are heavily irrigated in close proximity to the structure’s
foundation. Forensic indications of collapsible soils include:

° tilting floors;

. cracking or separation in the structure;
. sagging floors; or

. non-functional windows/doors.
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2.6 Ground Subsidence

Ground subsidence, the loss of surface elevation due to removal of subsurface support,
occurs in nearly every state in the United States. Itis typically a gradual settling or sinking
of the ground surface with little or no horizontal movement, although fissures (cracks and
separations) are common. Subsidence is one of the most diverse forms of ground failure,
ranging from small or local collapses to broad regional lowering of the earth's surface.
While subsidence typically occurs throughout a susceptible valley, additional displacement
and fissures occur at or near the valley margin. Susceptible valleys are predominantly
filled with unconsolidated sand, and silty sand that includes thin layers of silt and clayey
silt. Fine-grained alluvium and organic matter often undetrlie the fissure areas (Kupferman,
1995). Two types of fissures are reported in the literature: the first are generally straight
and correspond to the traces of faults, while the second are more curvilinear on the
surface and appear to correspond to the alluvium-bedrock contact at valley margins.

The causes of subsidence are as diverse as the forms of failure, and include dewatering
of peat or organic soils, dissolution in limestone aquifers, first-time wetting of
moisture-deficient low-density soils (hydrocompaction), natural compaction, liquefaction,
crustal deformation, subterranean mining, and withdrawal of fluids (ground water,
petroleum, geothermal). Most of the damaging levels of subsidence are induced by
human activities. In the areas of southern California where ground subsidence has been
reported, the phenomenon is usually associated with the extraction of oil, gas or ground
water from below the ground surface, or the organic decomposition of peat deposits, with
a resultant loss in volume. Ground subsidence can also occur as a response to natural
forces such as earthquake movements, and the evolution of a sedimentary basin as it folds
and subsides. Earthquakes can cause abrupt elevation changes of several feet.

Damage caused by subsidence is a world-wide phenomenon that annually costs
governments and individuals hundreds of millions of dollars to investigate and to mitigate.
According to the National Research Council (1991), the estimated yearly cost of
subsidence in the U.S. is about $125 million. Ground subsidence can disrupt surface
drainage, reduce aquifer system storage, form earth fissures (cracks and separations), and
damage wells, buildings, roads and utility infrastructure. Regional subsidence generally
damages structures that are sensitive to slight changes in elevations, such as canals,
sewers, and drainages. In the County of Riverside, risk due to regional subsidence is
greatest at valley margins.

Subsidence and fissuring have been well-documented in Riverside County (Proctor, 1962;
Morton, 1977; Kupferman, 1995) since the early 1960s. Most of the early cases affected
only agricultural land or open space. Since the late 1980s, increased urbanization has
seen impact on structures designed for human occupancy. In Riverside County,
subsidence and fissuring have been caused by falling groundwater tables and by
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hydrocollapse when groundwater tables rise (Shlemon and Hakakian, 1992). In addition,
many fissures have occurred along active faults that bound the San Jacinto Valley and
Elsinore Trough. Some controversy surrounded the initial recognition of these features
in the late 1980s and early 1990s. However, there is agreement on the geotechnical
conditions that can lead to subsidence and earth fissure formation.

Plate 2-4 shows regions of documented subsidence and regions that may be susceptible
to subsidence. The latter include all alluvial valley regions. Subsidence has only been
documented in three areas (Figure 2-6):

e the Elsinore Trough, including Temecula and Murrieta,

° the San Jacinto Valley from Hemet to Moreno Valley.
° the southern Coachella Valley.

These areas are all potentially sensitive to the withdrawal of ground water. Depending on
the depth and mechanical properties of the aquifer and the overlying sediments, they can
subside if groundwater resources are not managed properly. Mitigation of ground
subsidence usually requires a regional approach to groundwater conservation and
recharge. Such mitigation measures are difficult to implement if the geology of the aquifer
and overlying sediment are not well understood. Furthermore, conservation efforts can
be quickly offset by rapid growth and attendant heavy water requirements (golf courses,
for example, consume about 8 acre-feet of water per acre per year). Further, it is not
uncommon for several jurisdictions to utilize a continuous groundwater aquifer, and then
mitigation requires regional cooperation among all agencies.

2.6.1 Elsinore Trough

Two separate areas of active subsidence are known in the Elsinore Trough
(Shlemon and others, 1995), a broad structural depression called a graben, which
has been formed by active faulting in the Elsinore fault system (Figure 2-7).
Subsidence in the two areas, near the communities of Temecula and Murrieta, was
caused by different mechanisms.
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Temecula: The Temecula fissures first appeared in 1987. Short, parallel
ground fissures advanced across 7 miles from Wolf Valley in the south to the
Temecula-Murrieta valleys in the north (Figure 2-7). By 1991, alleged
damages to residential and commercial structures exceeded $50 million
(Corwin and others, 1981). The Temecula-area fissures occur in northwest-
trending valleys informally designated as the Murrieta, Temecula and Wolf
Valley grabens (low areas bounded by faults). In this case, the grabens are
approximately one mile wide and bounded by faults of the Elsinore fault .
system. Studies of the Temecula fissures led to the discovery of two
previously unrecognized active faults, the Wolf Valley and the Murrieta
Creek. These two faults primarily control the distribution of the Temecula
fissures (Shlemon and Hakakian, 1992). Many hypotheses have been
proposed to explain the generation of the Temecula fissures. The two most
often preferred are:

1) Accelerated pumping of ground water caused deep compaction.
‘ Tensile stresses (which pull ground apart) concentrated along
~ nearby, graben-bounding faults.

2) Aseismic creep (fault movement that does not produce earthquakes)
. occurred along the Wolf Valley and Murrieta Creek faults.

Groundwater pumping is now the favored hypothesis (Shlemon and Davis,
1992), due to the observation that, in the days and weeks prior to
subsidence, several new wells began pumping. Since the cessation of
pumping, the fissures have not increased in number or size.

Murrieta: The Murrieta fissures first occurred in 1990, primarily in the
“California Oaks” subdivision. About 50 discrete fissure areas have formed
in and around the 10,000-home development. In litigation, damages
associated with the Murrieta fissures were alleged to exceed $100 million
by 1992 (Shlemon and Hakakian, 1992). These fissures are similar in
appearance to the Temecula fissures, however, they occur within stream-
filled channels (Figure 2-8). They occur primarily at the transition between
bedrock and alluvium (stream deposits) (Figure 2-8). In places, the alluvium
thickness locally exceeds 75 feet, and as much as 60 feet of alluvium was
left in-place after site grading. These stream sediments were then
surcharged with about 10 feet of compacted fill, and residential structures
were built over the fill. Subsequent geotechnical studies (Shlemon and
Hakakian, 1992) indicate that ground water levels have risen as much as 50
feet. The rise is attributed to irrigation of a golf course and residential lots.
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2.6.2

2.6.3

San Jacinto Valley

In the San Jacinto Valley, the ground water table has declined more than 120 feet
(Lofgren, 1976). This decline resulted in about three feet of maximum surface
subsidence between 1939 and 1959 (Proctor, 1962). Holzer (1984) estimated that
most of the subsidence (70-80%) resulted from groundwater withdrawal, with the
remainder from subsidence of the sedimentary basin due to local tectonic forces
associated with movement of the San Jacinto fault system.

Coachella Valley

The Coachella Valley is filled with more than 10,000 feet of sediments, of which the
upper 2,000 feet are water-bearing deposits. The most important source of
groundwater recharge to the lower Coachella Valley is the Colorado River (Tyley,
1974). Minor sources of recharge include groundwater inflow from adjacent areas,
infiltration of precipitation that falls on the valley floor, and local runoff from the
mountains that border the area.

The groundwater basin in the Coachella Valley is currently in a state of overdraft.
Groundwater levels are declining at an increasing rate as a result of valley-wide
mining for ground water. Water levels declined up to 50 feet from the early 1920s
to the late 1940s. In 1949, water from the Colorado River was imported through the
Coachella Canal and pumping of ground water decreased. Groundwater levels
recovered throughout most of the valley from the 1950s to the 1970s, with some
basin recharge attributed to leakage from unlined water canals. Since the late
1970s, the demand for water has exceeded the deliveries of imported surface
water, and ground water levels have been declining again as a result of increased
pumping. By 1996, in many areas, groundwater levels fell beneath the historical
low. These recent declines in water level have the potential to induce new or
renewed land subsidence in the Coachella Valley (Ikehara and others, 1997).

In 1948, ground fissuring was observed in the city of La Quinta (Ikehara and others,
1997). This fissuring occurred during a period of rapid ground water withdrawal
(Figure 2-9), and therefore, appears related. The 1948 ground fissure occurred
near Avenue 52 and Adams Street, in close proximity to the margin of the Coachella
Valley and the alluvial contact with rock of the Santa Rosa Mountains. Based on
a 1948 photograph presented in lkehara and others (1997) obtained for this study,
the fissure is 20 feet long and up to one foot wide. A recurrence of this or similar
ground fissures would clearly result in damage to overlying structures.
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Recent studies by the U.S. Geological Survey (USGS) have determined that long-
term declines in water levels of sufficient magnitude to induce land subsidence
have occurred in portions of the Coachella Valley. In 1996 the USGS (Ikehara and
others, 1997) established a precise geodetic network to monitor elevation changes
and thus land subsidence in the lower Coachella Valley. It currently monitors 17
locations. Of the 15 measurement locations with historical elevation data, fourteen
indicate cumulative subsidence from -0.2 to -0.5 feet since the 1930s. However,
the magnitude of these subsidence determinations is within the range of uncertainty
(0.2 feet), so these measurements do not unequivocally indicate that subsidence
has occurred.

Where data were available, the USGS plotted historical subsidence over time and
compared this to water level changes in nearby wells. Subsidence occurred during
periods of water level decline, and rebound occurred during intervening periods of
water level recovery. This correspondence suggests that land subsidence is
occurring, and a significant part of the measured subsidence likely has occurred
since 1991, about the time when water levels began declining -below their
previously recorded low levels (Steve Robbins, personal communication, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>