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Angels Landing Partners, LLC 
448 South Hill Street, Suite 408 
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Attn: Mr. Kevin Roberts 
 
Subject: Letter of Transmittal 
 Report of Preliminary Geotechnical Consultation 
 (Geotechnical Services Phase A – Geotechnical Feasibility Evaluation) 
 Proposed Angels Landing Development 
 Block Bordered by Olive Street, Hill Street, 4th Street, and Angels Flight 
 Los Angeles, California 
 
Dear Mr. Roberts: 
 
We are pleased to submit the results of our preliminary geotechnical investigation for the proposed Angels 
Landing development to be constructed at the block bordered by Olive Street, Hill Street, 4th Street, and Angels 
Flight in Los Angeles, California. This investigation was conducted in general accordance with our proposal dated 
April 2, 2018 and the Agreement between Angels Landing Partners, LLC and our firm, dated April 23, 2018.  
 
The scope of our Phase A services summarized herein was planned based on discussions with you and your 
design team. This report provides preliminary geotechnical recommendations for the development. Additional 
explorations and analyses will need to be performed as part of Phase C services in order to provide a 
geotechnical report suitable for submission to the City of Los Angeles Department of Building and Safety 
Grading Division for obtain a building permit. In addition, we are submitting a separate report of geotechnical 
evaluation for entitlement documents (for our Phase B services) dated July 6, 2018. 
 
The results of our investigation and preliminary design recommendations are presented in this report. 
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It has been a pleasure to be of professional service to you. Please contact us if you have any questions or if we 
can be of further assistance. 

Sincerely, 

Wood Environment & Infrastructure Solutions, Inc. 

Gwendolyn Arreguin 
Technical Professional 3 – Geotechnical 

Eung Jin Jeon, Ph.D. 
Associate Engineer 
Project Manager 

Rosalind Munro 
Principal Engineering Geologist 

Reviewed by: 

Martin B. Hudson, Ph.D. 
Principal Engineer 
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Executive Summary 
 
This report presents the results of our preliminary geotechnical investigation (our Phase A geotechnical feasibility 
evaluation) for proposed Angels Landing development at the block bordered by Olive Street, Hill Street, 4th 

Street, and Angels Flight in Los Angeles, California. Our current explorations, prior pertinent subsurface 
explorations, engineering analyses, and preliminary recommendations for development are summarized below. 
 
The proposed high-rise development project will consist of two mixed-use residential, hotel, retail, charter 
school, and entertainment towers. The towers will vary in height between 854 feet above grade (64-story) (Tower 
‘A’) and 494 feet above grade (42-story) (Tower ‘B’”), with up to 7 subterranean parking levels underlying the 
entire site.  
 
Subsurface information at the site was available from prior geotechnical investigations performed by our 
predecessor legacy firm of LeRoy Crandall and Associates in 1976, 1988 and 1993. The prior pertinent borings 
were drilled to depths ranging from 59 to 88 feet below the ground surface (bgs). To supplement subsurface 
data from the previous investigations, we explored the site by drilling four additional borings: one bucket auger 
boring (designated BA-1) to a depth of 86 feet bgs, two continuous core borings (designated CB-1 and CB-2) to 
depths of 131 and 200 feet bgs, and one rotary wash boring (designated RW-1) to a depth of 220 feet bgs. 
 
Fill soils, estimated to be 14 feet in thickness, were encountered in Boring RW-1. The fill consisted of sandy silt. 
Alluvial deposits were encountered below the fill between depths of 14 and 25 feet bgs, consisting of silty sand 
and sand with gravel and some cobbles. The fill and alluvial deposits were underlain by sedimentary bedrock of 
the Fernando formation. The Fernando formation generally consists of oxidized and unoxidized, massive and 
poorly- to moderately-well bedded clayey and sandy siltstone and silty fine sandstone. Some thin clay seams 
were observed in the upper 20 feet of Boring CB-1 and lower 157 feet of Boring CB-2. Cemented layers up to 1 
foot thick were also encountered. Overall, the formation is generally poorly cemented and weak to very weak, 
while cemented zones are strong to very strong. The bedrock is oxidized to a light brownish- to yellowish-gray 
color near the surface. The unoxidized bedrock is a dark greenish gray color.  The dip of the observed bedding 
ranged from 5 to 37 degrees to the south and southeast. This bedding orientation is adverse relative to the 
proposed northeast and northwest facing basement walls but can be mitigated by proper engineering design 
and construction in conformance with current building codes and engineering practice. 
 
The results of corrosivity tests indicate that the onsite soils, at present moisture content, are mildly corrosive to 
moderately corrosive to ferrous metals, aggressive to copper, and moderate for sulfate attack on portland 
cement concrete. 
 
The site is in the Bunker Hill area of Downtown Los Angeles and is outside the areal limits of valley fill sediments 
that constitute the principal water-bearing units; therefore, the site is not considered to be within the regional 
groundwater basin. Although the bedrock of the Fernando formation is considered non-water bearing, perched 
groundwater may be present locally in fractures and along bedding planes in the bedrock. A current exploratory 
boring drilled in the upper cut portion of the site encountered seepage at approximately Elevation 270 feet. In 
prior borings drilled at the site, seepage occurred at depths of 47 and 63 feet within the bedrock. In the lower 
portion of the site, seepage was encountered in a prior exploratory boring at approximately Elevation 266 feet 
within the alluvium (LAW/Crandall, 1993). Localized seepage within the wedge of alluvium overlying bedrock is 
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representative of a perched groundwater condition that probably fluctuates with seasonal precipitation. The 
presence of perched groundwater will be monitored in the groundwater monitoring well constructed in RW-2. 
 
The existing fill soils and alluvial deposits are not considered suitable for support of the proposed development. 
However, as part of construction activities, all existing fill soils and alluvial deposits are anticipated to be 
automatically removed by the planned excavation to construct the subterranean levels and the building 
foundation. The proposed buildings may be supported on mat foundations bearing in undisturbed bedrock. 
 
If unsuitable or disturbed soils are present at the bottom of excavation, we recommend that the mat foundation 
excavation be deepened locally to extend to bedrock and structural concrete of the same strength as that in the 
foundation be used to replace the excavated material up to the level of the bottom of foundation. As an 
alternative, sand-cement slurry could be utilized if the material strength is sufficient and approval is obtained 
from the City of Los Angeles Department of Building and Safety (LADBS) Grading Division. 
 
We understand that the proposed basement levels may extend about 110 feet to 170 feet below existing grade. 
Based on this depth of excavation, proposed high-rise buildings may be supported on mat foundations bearing 
in undisturbed bedrock. Pile foundations would not be required unless necessary for some tension piles to resist 
overturning. If tension piles are deemed necessary for overturning, drilled cast-in-place piles could be utilized or 
potentially other pile types. The podium structure between the high rise buildings may be able to be supported 
on spread footings established on the rock. The building floor slab may be supported at-grade on undisturbed 
bedrock material or properly compacted fill.  
 
  



Report of Preliminary Geotechnical Investigation (Phase A) – Proposed Angels Landing Development 
Project 4953-18-0421.01 
July 6, 2018 (Revised March 11 2019) 
 
 

3 
 
 

1.0 Scope 
 
This report provides preliminary geotechnical design information (our Phase A geotechnical feasibility evaluation) 
for the proposed Angels Landing development project at the block bordered by Olive Street, Hill Street, 4th 

Street, and Angels Flight in Los Angeles, California. The location of the site is illustrated on Figure 1, Site Vicinity 
Map. The location of our current and prior exploration borings at the site are shown on Figure 2, Plot Plan. 
 
The preliminary (Phase A) investigation was authorized to provide preliminary geotechnical evaluation of the site 
for feasibility of the site development including the following: 
 

 Results of review of data from prior investigations at the site; 

 Results of recent explorations and laboratory tests, with a description of the material and 
groundwater conditions encountered; 

 Results of in-situ shear wave velocity measurement; 

 Results of geologic reconnaissance; 

 Results of oil well research; 

 Discussion of foundation types suitable for support of the project; 

 Preliminary recommendations for bearing capacities of foundations; 

 Preliminary recommendations for shoring design and parameters; 

 Preliminary recommendations for basement wall design; 

 Preliminary results of corrosion study based on our current and prior laboratory tests; 

 Considerations relative to the above for Metro structures adjacent to the site; and 

 A determination of the applicable seismic design parameters based on the current California 
Building Code. 

 
Our preliminary recommendations are based on the results of the current and pertinent prior explorations, 
laboratory tests, and engineering analyses by us. We have relied on subsurface data obtained from the following 
prior geotechnical investigation reports at and in the immediate vicinity of the site by our predecessor firms of 
LeRoy Crandall and Associates (LCA) and Law/Crandall as listed below: 
 

 Report of Geotechnical Investigation, Proposed California Plaza, Fourth Street Between Grand 
Avenue and Olive Street, Los Angeles, California, report dated May 9, 199, our Project No. 
88070. 

 
 Report of Geotechnical Investigation, Proposed Angel’s Flight, between Olive and Hill Streets, 

South of Angelus Plaza Parking Structure, Los Angeles, California, report dated October 25, 
1993, our Project No. 2661.30327.0001. 

 
 Report of Geotechnical Investigation, Phase IA, Proposed California Center Project, Bunker Hill 

Site, Los Angeles, California, report dated September 10, 1982, our Project No. ADE-81361. 
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 Report of Preliminary Geotechnical Investigation, Parcel X and Y, Bunker Hill Urban Renewal 

Area, Los Angeles, California, report dated July 13, 1976, our Project No. AE-76087. 
 
 Report of Foundation Investigation, Proposed Parking Structure, Fourth and Hill Streets, Los 

Angeles, California, report dated July 12, 1971, our Project No. A-70233. 
 

 Report of Soil and Foundation Investigation, Proposed Street Development, Bounded by Hope, 
Second, Olive, and Fourth Streets, Los Angeles, California, report dated January 11, 1973, our 
Project No. A-68175. 

 
The recommendations presented in this report were developed using geotechnical information from the current 
and previous investigations. We acknowledge that we have reviewed the field data and the results of the 
laboratory tests from the previous investigations and we concur with the data and findings presented in the prior 
reports. 
 
The results of the recent field explorations and laboratory tests are presented in Appendix A. The results of our 
prior field explorations and laboratory tests are presented in Appendix B. 
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2.0 Site Conditions and Project Description 
 
The project site is bordered by Olive Street, Hill Street, 4th Street and Angels Flight in downtown Los Angeles, 
California. The proposed high-rise development project will consist of two mixed-use residential, hotel, retail, 
charter school, and entertainment towers. Tower A is proposed to be 854 feet above grade (64-story) and Tower 
B is proposed to be 494 feet above grade (42-story), with up to 7 subterranean parking levels and one partial 
subterranean level in a common basement underlying the entire site.  
 
The structural design will be using the performance-based earthquake engineering design approach and will be 
reviewed by a Structural Peer Review Panel to be selected by the Los Angeles Department of Building and Safety. 
Structural details are not available at this time. 
 
The site is currently occupied by the vacant Angels Knoll parcel and is located next to the Angels Flight railway. 
Topography generally slopes downward to the southeast (From Olive to Hill Streets) with a relief of about 90 feet 
across the property. The Metro Red Line tunnels are beneath South Hill Street and the one of the Metro Red Line 
Pershing Square Station exits is located at the southeast corner of the project site (northwest corner of 4th and 
Hill Streets). The Bunker Hill Transit Tunnel (part of the Downtown People Mover) was constructed through 
California Plaza and beneath Olive Street but we understand that it may end at the property line and does not 
continue into the site. 
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3.0 Field Explorations and Laboratory Tests  
 
Subsurface information at the site was available from prior geotechnical investigations performed by our 
predecessor legacy firm of LeRoy Crandall and Associates in 1976, 1988 and 1993. The prior pertinent borings 
were drilled to depths ranging from 59 to 88 feet below the ground surface (bgs). To supplement subsurface 
data from the previous investigations, we explored the site by drilling four additional borings: one bucket auger 
boring (designated BA-1) to a depth of 86 feet bgs, two continuous core borings (designated CB-1 and CB-2) to 
depths of 131 and 200 feet bgs, and one rotary wash boring (designated RW-1) to a depth of 220 feet bgs.  
 
After Boring BA-1 was drilled, a continuous core boring (Boring CB-1) was to be drilled to a depth of 131 feet bgs 
adjacent to Boring BA-1, with core obtained between the depth of the bottom of Boring BA-1 and 131 feet to 
obtain data below the economical depth limit of the bucket auger rig. Upon completion of drilling Boring BA-1, 
our engineering geologist attempted to down-hole log the boring to observe the presence and orientation of 
bedding planes, joints, and fractures in the bedrock as well as potential clay beds. However, because hazardous 
air conditions [high volatile organic compound (VOC) readings] were measured in the boring staring at a depth 
of 18 feet bgs, down-hole logging could not be safely performed below that depth. Therefore, the continuous 
core extracted from Boring CB-1 was obtained starting at a depth of 10 feet bgs. Boring CB-1 was terminated at 
an approximate depth of 131 feet bgs due to the presence of a hard, cemented zone. Therefore, the continuous 
core rig was moved approximately 30 feet west of the location of CB-1 to make a second attempt to drill to the 
target depth of 200 feet bgs. The second continuous core boring, designated Boring CB-2, successfully obtained 
continuous cores starting from a depth of 125 feet bgs down to the target depth of 200 feet bgs. The thickness 
of the cemented layer encountered was about 1 to 1.8 feet at the location of Boring CB-2. 
 
For Boring RW-1, in addition to collecting samples for laboratory testing, the boring was used to obtain shear wave 
velocity measurements to a depth of about 205 feet bgs using suspension logging techniques; the lower 
approximately 15 feet of the boring was required in order to accommodate the use of the suspension logging 
equipment. The shear wave velocity data was used for seismic coefficient evaluation and will be used for seismic 
studies for the future phases. After completion of the 210-foot-deep rotary wash boring, a groundwater monitoring 
well was installed to measure groundwater levels, with a screening interval selected to obtain the piezometric head 
within the alluvium layer at the location of Boring RW-1. 
 
The locations of the recent and prior borings are shown on Figure 2. Details of the recent explorations and the 
logs of the borings are presented in Appendix A. The logs of the borings from our prior investigations are 
presented in Appendix B.  
 
Laboratory tests were performed on selected samples obtained from the recent borings to aid in the 
classification of the soils and to determine the pertinent engineering properties of the soils. The following tests 
were performed: 
 

 Moisture content and dry density determinations. 
 Direct shear. 
 Consolidation. 
 Passing #200 Sieve. 
 Sieve Analysis. 
 Atterberg Limit 
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 Soil Corrosivity. 
 
All testing was performed in general accordance with applicable ASTM specifications at the time of testing. 
Details of the recent laboratory testing program and relevant test results are presented in Appendix A, and 
details of the prior laboratory testing program and relevant test results are presented in Appendix B. 
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4.0 Subsurface Conditions 
4.1 Geologic Materials 
According to published geologic maps, the ground at the project site is mapped as late Pleistocene- to 
Holocene-age alluvial deposits along the eastern margin of the site and Pliocene-age Fernando Formation 
sedimentary bedrock elsewhere (Lamar, 1970; Campbell et al., 2014; Bedrossian et al, 2012; Yerkes, 1997). The site 
is partially mantled by artificial fill materials consisting of sandy silt to clay varying from a thin veneer (less than 1 
foot) in the upper portion of the site to a thickness of more than 13 feet in the lower portion, adjacent to Hill 
Street. The earth materials encountered in Borings BA-1, CB-1, and CB-2 consisted of approximately 3 feet of fill, 
underlain by sedimentary bedrock consisting of sandy and clayey siltstone and silty sandstone of the Fernando 
formation. Fill soils, estimated to be 14 feet in thickness, were encountered in Boring RW-1. The fill consisted of 
sandy silt. Deeper fill may be encountered elsewhere at the site due to prior construction or grading. Records are 
not currently available documenting the placement and compaction of the existing fill material within the project 
site. Alluvial deposits were encountered below the fill between depths of 14 and 25 feet bgs, consisting of silty 
sand and sand with gravel and some cobbles.  
 
The fill and alluvial deposits were underlain by sedimentary bedrock of the Fernando formation. The Fernando 
formation generally consists of oxidized and unoxidized, massive and poorly- to moderately-well bedded clayey 
and sandy siltstone and silty fine sandstone. Some thin clay seams were observed in the upper 20 feet of Boring 
CB-1 and lower 157 feet of Boring CB-2. Cemented layers up to 1 foot thick were also encountered. Overall, the 
formation is generally poorly cemented and weak to very weak, while cemented zones are strong to very strong. 
The bedrock is oxidized to a light brownish- to yellowish-gray color near the surface. The unoxidized bedrock is a 
dark greenish gray color.  The dip of the observed bedding ranged from 5 to 37 degrees to the south and 
southeast. This bedding orientation is adverse relative to the proposed northeast and northwest facing basement 
walls but can be mitigated by proper engineering design and construction in conformance with current building 
codes and engineering practice. 
 
The results of corrosivity tests indicate that the onsite soils, at present moisture content, are mildly corrosive to 
moderately corrosive to ferrous metals, aggressive to copper, and moderate for sulfate attack on portland 
cement concrete. 
 

4.2 Groundwater 
The site is in the Bunker Hill area of Downtown Los Angeles and is outside the areal limits of valley fill sediments 
that constitute the principal water-bearing units; therefore, the site is not considered to be within the regional 
groundwater basin. Although the bedrock of the Fernando formation is considered non-water bearing, perched 
groundwater may be present locally in fractures and along bedding planes in the bedrock. A recent exploratory 
boring drilled in the upper cut portion of the site encountered seepage at approximately Elevation 270 feet. In 
prior borings drilled at the site, seepage occurred at depths of 47 and 63 feet within the bedrock (In the lower 
portion of the site, seepage was encountered in a prior exploratory boring at approximately Elevation 266 feet 
within the alluvium (LAW/Crandall, 1993). Localized seepage within the wedge of alluvium overlying the bedrock 
is representative of a perched groundwater condition that probably fluctuates with seasonal precipitation. The 
presence of perched groundwater will be monitored in the groundwater monitoring well constructed in RW-2. 
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4.3 Geologic Hazards 
Based on the available geologic data, active or potentially active faults with the potential for surface fault rupture 
are not known to be located directly beneath or projecting toward the site. Therefore, the potential for surface 
rupture due to fault plane displacement propagating to the surface at the site during the design life of the 
buildings is considered low. 
 
The location of the project site relative to known active and major quaternary faults indicates the site could be 
subjected to strong ground shaking in the event of an earthquake. This hazard is common in Southern California 
and the effects of ground shaking can be mitigated by proper engineering design and construction in 
conformance with current building codes and engineering practices. 
 
Although, the project site is partially within an area identified as having a potential for liquefaction, the bedrock 
and alluvial materials are not anticipated to be susceptible to liquefaction. Considering the minor seepage 
encountered, dense alluvial deposits, and proposed excavations into bedrock, the potential for liquefaction to 
occur at the project site is considered low.  
 
The project site is partially within an area identified to have a potential for seismic slope instability as designated 
by the California Geological Survey. There are no known landslides near the project site, nor is the project site in 
the path of any known or potential landslides. Basement excavations will remove all of the existing slopes. The 
subsurface materials are generally massive to thickly bedded siltstone and sandstone of the Fernando Formation. 
Bedding, where present, dips to the southeast to south. Southeast and southwest facing walls and temporary 
shoring should be designed considering dipping bedding planes. 
 
Oil and gas wells are potential concerns when they seep oil or gas, are not abandoned to current regulations, or 
have associated surface contamination. They may also be associated with methane hazards. The project site is 
not located within the limits of an oil field according to the California Division of Oil, Gas and Geothermal 
Resources’ (DOGGR) Well Finder System (DOGGR, 2018). According to DOGGR, the project site is located 
approximately 0.8 mile south of the Los Angeles City Oil Field, 0.6 mile northeast of the Los Angeles Downtown 
Oil Field, and 0.5 mile northwest of the abandoned Union Station oil Field. The closest known oil exploration 
wells are located approximately 0.5 mile north and south of the project site. Per DOGGR, those wells are 
classified as “active producer” and “dry hole,” respectively. Since the project site is near active oil fields, there is a 
remote possibility that undocumented abandoned wells or other undocumented wells could be encountered 
during excavations. Any wells encountered during construction will have to be abandoned in accordance with 
current DOGGR standards and regulations. 
 
The project site is not located within the defined boundaries of a City of Los Angeles Methane or Methane Buffer 
Zone (City of Los Angeles, 2018). A Methane Buffer Zone boundary is mapped approximately 1,000 feet north 
and northwest of the project site and, accordingly, the potential presence of methane gas beneath the project 
site cannot be discounted. During geological downhole logging as part of Wood’s concurrent geotechnical 
investigation, volatile organic compounds (VOCs) were detected starting at a depth of approximately 18 feet 
below ground surface in boring BA-1 drilled within the northern section of the project site. The VOC 
concentrations displayed on the field instrument, a photoionization detector, registered up to 190 parts per 
million. No obvious odors were noted by Wood’s field geologist. 
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The potential for other geologic hazards such as seismically-induced settlement, tsunamis, seiches, flooding, 
asbestos, radon gas, and subsidence affecting the site is considered low. 
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5.0 Recommendations 
5.1 General 
The existing fill soils and alluvial deposits are not considered suitable for support of the proposed development. 
However, as part of construction activities, all existing fill soils and alluvial deposits are anticipated to be 
automatically removed by the planned excavation to construct the subterranean levels and the building 
foundation. The proposed buildings may be supported on mat foundations bearing in undisturbed bedrock. 
 
If unsuitable or disturbed soils are present at the bottom of excavation, we recommend that the mat foundation 
excavation be deepened locally to extend to bedrock and structural concrete of the same strength as that in the 
foundation be used to replace the excavated material up to the level of the bottom of foundation. As an 
alternative, sand-cement slurry could be utilized if the material strength is sufficient and approval is obtained 
from the LADBS Grading Division. 
 

5.2 Foundations 
We understand that the proposed basement levels may extend about 110 feet to 170 feet below existing grade. 
Based on this depth of excavation, proposed high-rise buildings may be supported on mat foundations bearing 
in undisturbed bedrock. Pile foundations would not be required unless necessary for some tension piles to resist 
overturning. If tension piles are deemed necessary for overturning, drilled cast-in-place piles could be utilized or 
potentially other pile types. The podium structure between the high rise buildings may be able to be supported 
on spread footings established on the rock. The building floor slab may be supported at-grade on undisturbed 
bedrock material or properly compacted fill.  
 
Possible foundations types suitable for the various structures contemplated with potential positive and negative 
consequences of various foundation types are presented in the following table. 
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Possible Foundations Types Suitable for Various Structures 
Shaded Cells of Table Represent Most Likely Foundation Type 

Type of 
Structures 

Consequence 
Foundation Type 

Spread Footing Mat Foundation Drilled Pile 

Podium 
structures with 

basement 

Positive 
 Most cost-effective 
 Utilities can be placed 

beneath slab-on grade 

 Relatively easy to 
waterproof 

 Less settlement 

 Least settlement 
 Utilities can be placed 

beneath slab-on-grade 

Negative 

 More settlement than 
mat foundation or drilled 
shaft – suitability will be 
based on column loading 

 Relatively expensive 
compared to spread 
footings 

 Need for fill layer above 
mat and floor slab above 
fill layer if utilities are to 
remain accessible 
beneath floor slab 

 Most expensive 
 Difficult to waterproof 

High-rise 
buildings with 

basement  

Positive 

  Relatively easy to 
waterproof 

 Supports very high 
column loads 

 Minimize settlement 
 Utilities can be placed 

beneath slab-on-
graded 

Negative 

 Unacceptable 
total/differential 
settlement 

 Need for fill layer above 
mat and floor slab above 
fill layer if utilities are to 
remain accessible 
beneath floor slab 

 More expensive 
 Possible drilling 

difficulty 
 More difficult to 

waterproof 
 

Bearing Value 
For preliminary design of the podium portion of the development, spread footings carried at least 2 feet below 
the lowest adjacent grade or floor level or a mat foundation supported on undisturbed bedrock material may be 
designed to impose a net dead-plus-live load pressure of 8,000 pounds per square foot. 
 
For high-rise buildings in combination with the planned basement, the bearing value for a mat foundation may 
be taken as 10,000 pounds per square foot, with localized higher values of dead-plus-live load bearing value of 
12,000 pounds per square foot. Higher values of bearing value may be possible based on more specific analyses 
based on structural loadings. 
 
A one-third increase may be used for wind or seismic loads. The recommend bearing value is a net value, and the 
weight of concrete in the footings may be taken as 50 pounds per square foot; the weight of soil backfill may be 
neglected when determining the downward loads. 
 

Settlement 
Building settlements will depend on the magnitude of the structural loads. In general, a mat foundation can be 
designed to have a settlement of up to 4 inches, spread footings can be designed to have a settlement of up to 
1½ inch, and pile foundations can be designed to have a settlement of up to ½ inch. Differential settlement 
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between the various foundations will have to be computed and accommodated, possibly with a delay strip 
between portions of the structures. 
 

Lateral Resistance 
For preliminary design, lateral loads may be resisted by soil friction and by the passive resistance of the soils. A 
coefficient of friction of at least 0.38 may be used between the footings/mat and the supporting soils. The 
passive resistance of natural soils and/or properly compacted fill soils may be assumed to be equal to the 
pressure developed by a fluid with a density of 350 pounds per cubic foot. A one-third increase in the passive 
value may be used for wind or seismic loads. The frictional resistance and the passive resistance of the soils may 
be combined without reduction in determining the total lateral resistance. 
 

5.3 Seismic Design Parameters 
We determined the mapped seismic design parameters in accordance with the 2016 California Building Code 
(CBC) and American Society of Civil Engineers (ASCE) 7-10 Standard (ASCE, 2013) using the United States 
Geological Survey (USGS) Seismic Design Maps Web Application. We performed a downhole seismic survey at 
the site. The borehole for the downhole survey was extended to about 220 feet below ground surface and the 
downhole seismic survey was performed down to a depth of 205 feet below ground surface. The average shear 
wave velocities in the upper 100 feet below the proposed basement level (104 feet or deeper below ground 
surface) approximately 510 meters per second.  Accordingly, we have assigned Site Class “C” for the site. The 
seismic site parameters are presented below. 
 

Parameter Mapped Value 

SS (0.2 second period, Site Class B) 2.41g 
S1 (1.0 second period, Site Class B) 0.85g 
Site Class C 
Fa 1.0 
Fv 1.3 
SMS = FaSS (0.2 second period) 2.41g 
SM1 = FvS1 (1.0 second period) 1.10g 
SDS = 2/3 x SMS (0.2 second period) 1.61g 
SD1 = 2/3 x SM1 (1.0 second period) 0.73g 

By: EJJ 6/11/18 Checked By: LT 6/28/18 

 
For the design of high-rise buildings, the site-specific response spectra are required in accordance with the 2017 
Los Angeles Building Code (LABC), 2016 California Building Code (CBC), ASCE 7-16 and the alternative 
procedures of the Los Angeles Tall Building Structural Design Council (LATBSDC) alternative procedure (2017). In 
order to develop the ground motions for design, a Deterministic Seismic Hazard Analysis (DSHA) and a 
Probabilistic Seismic Hazard Analysis (PSHA) will be performed during the Phase C final design.  
 

5.4 Excavation 
We understand that it is most likely that excavation of about 110 to 170 feet will be performed for the proposed 
development. Where excavations are deeper than about four feet, the sides of the excavations should be sloped 
back at 1:1 (horizontal to vertical) or shored for safety. It may be possible to excavate slopes at a steeper 
inclination in the bedrock. Unshored excavations should not extend below a plane drawn at 1½:1 (horizontal to 
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vertical) extending downward from adjacent existing footings. Where space is not available, shoring will be 
required. Adverse clay bedding in the bedrock should be considered for shoring design.  
 
The mass excavation generally may be performed using conventional earth moving equipment, however at the 
location that cemented layers in the Fernando formation are encountered, it may require additional excavation or 
drilling effort such as D-10 dozers with ripper shanks or special augers; those cemented layers, if encountered 
such as encountered in Boring CB-2, are generally thin – on the order of 1 foot in thickness, but could potentially 
be thicker. 
 
Based on the current project layout, anticipated excavation depth and proximity to adjacent buildings and 
structures and streets, excavations for the subterranean levels would not likely be able to be designed without 
shoring. Preliminary recommendations for design of shoring are presented below. 
 

Shoring 
Where there is not sufficient space for sloped embankments, temporary shoring or a temporary or permanent 
soil nail wall will be required. Temporary shoring may consist of a soil nail wall with a shotcrete facing, and/or 
steel soldier piles placed in drilled holes, backfilled with concrete, and tied back with earth anchors or braced 
internally with rakers. Special techniques and measures will be necessary in some areas to permit the proper 
installation of the soldier piles and/or tie back anchors. Soil nails would not require the use of soldier piles, but 
the spacing of soil nails would be closer than the spacing of tie-back anchors used with soldier beams. The use of 
soil nails could be considered for permanent retention, but would need approval from the LADBS Grading 
Division. The advantage of a permanent retention system is that the structure would not have to be designed to 
resist the unbalanced earth loading. 
 
Tie-back anchors or soil nails will have to be planned to avoid utilities in the street, provide a clearance of at least 
8 feet from the Metro Pershing Square Station and Metro Red Line Rail tunnel. The shoring could be designed to 
be as close as 5 feet from the corner of the Metro Red Line entrance structure with approval from Metro. If there 
is not sufficient space to install tie back anchors to the desired lengths on any side of the excavation, the soldier 
piles of the shoring system may be internally braced, or alternatively a soil nail system could be used if sufficient 
length for the soil nails is available. 
 
Cantilevered shoring, less than 15 feet in height, can be preliminarily designed for a lateral earth pressure 
equivalent to that equivalent to a fluid with a density of 30 pounds per cubic foot for the south (4th Street) and 
east (Hill Street) walls and 57 pounds per cubic foot for the west (Olive Street) and north (Angels flight) walls due 
to the adverse clay bedding in the upper portion of the bedrock. Where a combination of sloped embankment 
and shoring is used, the pressure would be greater and must be determined for each combination. 
 
For the preliminary design of tied-back or internally-braced shoring, a trapezoidal distribution of earth pressure 
should be used.  The recommended pressure distribution, for the case where the grade is level behind the 
shoring, is illustrated in the following diagram, where H is the height of the shoring in feet. The maximum 
pressure will be equal to 24H in pounds per square foot. This pressure distribution may be utilized on all four 
sides of the excavation as the adverse bedding of the upper rock was evaluated to not create a pressure above 
those provided below. 
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For preliminary design purposes, it may be assumed that the potential active wedge of failure is determined by a 
plane drawn at 35 degrees with vertical through the bottom of excavation. Anchors should have a minimum 
penetration beyond the potential active wedge of around 20 feet, but the minimum penetration should be 
established based on the shoring configuration. Post-grouted anchors may be designed with a preliminary 
friction of 1,800 pounds per square foot; this friction is a function of anchor design, which is in turn a function of 
anchor design load. 
 
In addition to the recommended earth pressures, the full height of shoring adjacent to the streets should be 
designed to resist a uniform lateral pressure of 60 pounds per square foot surcharge for cantilever shoring and 
90 pounds per square foot surcharge for tied-back shoring due to normal street traffic. 
 
As an alternative to a shored excavation, temporary soil nail walls may be constructed. The basic concept of a 
soil-nail retention system is to reinforce and strengthen the existing ground by installing closely spaced steel 
bars into a slope or excavation as construction proceeds from the “top down.” This process creates a reinforced 
section that is itself stable and able to retain the ground behind it. The soil nails are typically installed at 10 to 15 
degrees below the horizontal and are often spaced at about 5 to 8 feet on center. Although soil nails are typically 
surrounded by cement grout placed under gravity, if pressure grouting is used, its use should not be allowed 
within 10 feet of structures, utilities, tunnels, and hardscape. The soil-nail retention system should be designed to 
resist the lateral surcharge pressure imposed by adjacent retaining wall footings and by any storage loads or 
construction traffic adjacent to the soil nail retention system. 
 
In addition, the shoring should be designed to resist the lateral surcharge pressures imposed by adjacent 
building foundations established above a 1:1 (horizontal to vertical) plane rising from the base of the walls, if 
appropriate. 
 
Tie-back anchor or soil nailing may be limited near the Metro Pershing Square station and Metro rail tunnel 
underneath Hill Street. 
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5.5 Walls Below Grade 
Lateral Earth Pressure 
For preliminary design of cantilevered retaining walls, where the surface of the backfill is level, it may be assumed 
that the drained soils will exert an active lateral pressure equal to that developed by a fluid with a density of 30 
pounds per cubic foot for retaining earth material.  
 
For the preliminary design of braced basement walls, where the grade is level behind the wall, it may be assumed 
that drained soils will exert a lateral at-rest pressure equal to that developed by a fluid with a density of 60 
pounds per cubic foot. In addition to the recommended earth pressure, plus any surcharge loadings occurring as 
a result of adjacent foundations and storage loads.  
 
In addition to the recommended earth pressure, the wall below grade adjacent to normal vehicular traffic should 
be designed to resist a uniform lateral pressure calculated from the City of Los Angeles Guidelines for 
determining live loads surcharge (2016).  
 

Seismic Earth Pressure 
In addition to the above-mentioned lateral earth pressures, subterranean building walls should be designed to 
support an active seismic lateral pressure. It is recommended to utilize a location for the resultant increment of 
seismic lateral earth pressure at one half of the height of the wall (i.e. a rectangular distribution of pressure). We 
have calculated the magnitude of seismic lateral earth pressure using the approach of Brandenberg et al. (2015). 
The seismic lateral pressure distribution on the wall was estimated as a uniform pressure with a magnitude of 6H 
(equivalent to a fluid pressure of 12 pounds per cubic foot). The seismic lateral earth pressure should be 
combined with the active static lateral earth pressure (not the at-rest pressure). The active lateral earth pressure 
may be considered equivalent to the pressure developed by a fluid with a density of 30 pounds per cubic foot. 
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6.0 Basis for Recommendations 
The recommendations provided in this report are based upon our understanding of the described project 
information and on our interpretation of the data collected during our subsurface explorations. We have made 
our recommendations based upon experience with similar subsurface conditions under similar loading 
conditions. The recommendations apply to the specific project discussed in this report; therefore, any change in 
the structure configuration, loads, location, or the site grades should be provided to us so that we can review our 
conclusions and recommendations and make any necessary modifications. A final geotechnical investigation with 
additional explorations is recommended to be performed prior to final design. 
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Table 1 
Major Named Faults Considered to be Active in Southern California  

Fault 
(in increasing distance) 

Maximum 
Magnitude 

(Mw) 

Fault 
Geometry 

Slip Rate 
(mm/yr.) 

Sources 
Distance 
From Site 

(miles) 

Direction 
From Site 

Upper Elysian Park Thrust 6.4 BT 1.9 (a,b) 1* NE 
Puente Hills Blind Thrust 7.1 BT 0.9 (a,b) 3.9* SW 
Hollywood 6.4 RO 0.9 (a,b) 4.4 N 
Raymond 6.5 RO 2.0 (a,b) 4.5 N 
Newport‐Inglewood 7.1 SS 1.0 (a,b) 6.3 WSW 
Verdugo 6.9 RO 0.4 (a,b) 6.5 NNE 
Santa Monica 6.6 RO 1.0 (a,b) 9.5 W 
Sierra Madre 7.2 RO 2.0 (a,b) 11 NNE 
Whittier 6.8 RO 2.5 (a,b) 12 ESE 
Sierra Madre 7.2 RO 2.0 (a,b) 12 NE 
Clamshell‐Sawpit 6.5 RO 0.4 (a,b) 15 ENE 
San Fernando 6.7 RO 2.0 (a,b) 16 N 
Upper Duarte 7.2 RO 2.0 (a,b) 16 ENE 
San Gabriel fault 7.2 SS 0.4 (a,b) 16 NNE 
Compton Thrust 7.6 BT 0.6 (a,b) 0** ‐ 
Palos Verdes 7.3 SS 3.0 (a,b) 18 SSW 
Northridge Thrust 7.0 BT 1.5 (a,b) 19* NW 
San Andreas FZ, Mojave section  7.4  SS  34.0  (a,b)  34  NNE 

             
(a) Cao et al., 2003; Field et al., 2013  Prepared by: KSH 6/7/18 
(b) Southern California Earthquake Center, 2018 Checked by: PER 6/25/18 
(c) USGS-CGS, 2006 (updated 2018)  
SS Strike Slip   
NO Normal Oblique 
RO Reverse Oblique 
BT Blind Thrust 
(*) Distance from site to thrust fault upper limb 
(**) Distance from thrust fault surface projection (upper limb) 
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Table 2 
Proposed Angels Landing Development 

LIST OF HISTORIC EARTHQUAKES OF MAGNITUDE 4.0 OR 
GREATER WITHIN 100.0 KM OF THE SITE 

(SCSN DATA 1932-2018) 
 
 

NOTE:  Q IS A FACTOR RELATING THE QUALITY OF EPICENTRAL DETERMINATION 
A = + 1 km horizontal distance; + 2 km depth 
B = + 2 km horizontal distance; + 5 km depth 

C = + 5 km horizontal distance; no depth restriction 
D = >+ 5 km horizontal distance 

Event qualities are highly suspect prior to 1990.  Many of these event 
qualities are based on incomplete information according to Caltech. 

 
 

DATE        TIME      LATITUDE  LONGITUDE   Q DIST [KM] MAGNITUDE DEPTH 
 

11-01-1932  04:45:00.00  34.0000 N  117.250 W   E  092.39    4.0     00.0 
03-11-1933  01:54:07.80  33.6167 N  117.967 W   A  054.96    6.4     00.0 
03-11-1933  02:04:00.00  33.7500 N  118.083 W   C  036.86    4.9     00.0 
03-11-1933  02:05:00.00  33.7500 N  118.083 W   C  036.86    4.3     00.0 
03-11-1933  02:09:00.00  33.7500 N  118.083 W   C  036.86    5.0     00.0 
03-11-1933  02:10:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  02:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  02:16:00.00  33.7500 N  118.083 W   C  036.86    4.8     00.0 
03-11-1933  02:17:00.00  33.6000 N  118.000 W   E  055.23    4.5     00.0 
03-11-1933  02:22:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:27:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  02:30:00.00  33.7500 N  118.083 W   C  036.86    5.1     00.0 
03-11-1933  02:31:00.00  33.6000 N  118.000 W   E  055.23    4.4     00.0 
03-11-1933  02:52:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:57:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  02:58:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:59:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  03:05:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  03:09:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  03:11:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  03:23:00.00  33.7500 N  118.083 W   C  036.86    5.0     00.0 
03-11-1933  03:36:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  03:39:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  03:47:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  04:36:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  04:39:00.00  33.7500 N  118.083 W   C  036.86    4.9     00.0 
03-11-1933  04:40:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-11-1933  05:10:22.00  33.7000 N  118.067 W   C  042.56    5.1     00.0 
03-11-1933  05:13:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-11-1933  05:15:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  05:18:04.00  33.5750 N  117.983 W   C  058.40    5.2     00.0 
03-11-1933  05:21:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  05:24:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  05:53:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  05:55:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  06:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  06:18:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  06:29:00.00  33.8500 N  118.267 W   C  022.40    4.4     00.0 
03-11-1933  06:35:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  06:58:03.00  33.6833 N  118.050 W   C  044.88    5.5     00.0 
03-11-1933  07:51:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  07:59:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  08:08:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-11-1933  08:32:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
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Table 2 - continued 
03-11-1933  08:37:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  08:54:57.00  33.7000 N  118.067 W   C  042.56    5.1     00.0 
03-11-1933  09:10:00.00  33.7500 N  118.083 W   C  036.86    5.1     00.0 
03-11-1933  09:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  09:26:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  10:25:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  10:45:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:00:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:04:00.00  33.7500 N  118.133 W   C  035.18    4.6     00.0 
03-11-1933  11:29:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:38:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:41:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  11:47:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  12:50:00.00  33.6833 N  118.050 W   C  044.88    4.4     00.0 
03-11-1933  13:50:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  13:57:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  14:25:00.00  33.8500 N  118.267 W   C  022.40    5.0     00.0 
03-11-1933  14:47:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  14:57:00.00  33.8833 N  118.317 W   C  019.61    4.9     00.0 
03-11-1933  15:09:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  15:47:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  16:53:00.00  33.7500 N  118.083 W   C  036.86    4.8     00.0 
03-11-1933  19:44:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  19:56:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  22:00:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  22:31:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  22:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  22:40:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  23:05:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  00:27:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-12-1933  00:34:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  04:48:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  05:46:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-12-1933  06:01:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  06:16:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-12-1933  07:40:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  08:35:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  15:02:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  16:51:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  17:38:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-12-1933  18:25:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-12-1933  21:28:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-12-1933  23:54:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-13-1933  03:43:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-13-1933  04:32:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-13-1933  06:17:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-13-1933  13:18:28.00  33.7500 N  118.083 W   C  036.86    5.3     00.0 
03-13-1933  15:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-13-1933  19:29:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-14-1933  00:36:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-14-1933  12:19:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-14-1933  19:01:50.00  33.6167 N  118.017 W   C  052.91    5.1     00.0 
03-14-1933  22:42:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  02:08:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  04:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  05:40:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-15-1933  11:13:32.00  33.6167 N  118.017 W   C  052.91    4.9     00.0 
03-16-1933  14:56:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-16-1933  15:29:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-16-1933  15:30:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-17-1933  16:51:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
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Table 2 ‐ continued 
03-18-1933  20:52:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-19-1933  21:23:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-20-1933  13:58:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-21-1933  03:26:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-23-1933  08:40:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-23-1933  18:31:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-25-1933  13:46:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-30-1933  12:25:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-31-1933  10:49:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
04-01-1933  06:42:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
04-02-1933  08:00:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
04-02-1933  15:36:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
05-16-1933  20:58:55.00  33.7500 N  118.167 W   C  034.35    4.0     00.0 
08-04-1933  04:17:48.00  33.7500 N  118.183 W   C  034.04    4.0     00.0 
10-02-1933  09:10:17.60  33.7833 N  118.133 W   A  031.67    5.4     00.0 
10-02-1933  13:26:01.00  33.6167 N  118.017 W   C  052.91    4.0     00.0 
10-25-1933  07:00:46.00  33.9500 N  118.133 W   C  015.59    4.3     00.0 
11-13-1933  21:28:00.00  33.8667 N  118.200 W   C  021.02    4.0     00.0 
11-20-1933  10:32:00.00  33.7833 N  118.133 W   B  031.67    4.0     00.0 
01-09-1934  14:10:00.00  34.1000 N  117.683 W   A  052.53    4.5     00.0 
01-18-1934  02:14:00.00  34.1000 N  117.683 W   A  052.53    4.0     00.0 
01-20-1934  21:17:00.00  33.6167 N  118.117 W   B  049.85    4.5     00.0 
04-17-1934  18:33:00.00  33.5667 N  117.983 W   C  059.25    4.0     00.0 
10-17-1934  09:38:00.00  33.6333 N  118.400 W   B  048.45    4.0     00.0 
11-16-1934  21:26:00.00  33.7500 N  118.000 W   B  040.68    4.0     00.0 
06-11-1935  18:10:00.00  34.7167 N  118.967 W   B  098.98    4.0     00.0 
06-19-1935  11:17:00.00  33.7167 N  117.517 W   B  077.28    4.0     00.0 
07-13-1935  10:54:16.50  34.2000 N  117.900 W   A  036.28    4.7     00.0 
09-03-1935  06:47:00.00  34.0333 N  117.317 W   B  086.07    4.5     00.0 
12-25-1935  17:15:00.00  33.6000 N  118.017 W   B  054.61    4.5     00.0 
02-23-1936  22:20:42.71  34.1275 N  117.338 W   A  084.47    4.5     10.0 
02-26-1936  09:33:27.65  34.1402 N  117.340 W   A  084.48    4.0     10.0 
08-22-1936  05:21:00.00  33.7667 N  117.817 W   B  051.02    4.0     00.0 
10-29-1936  22:35:36.12  34.3803 N  118.624 W   C  050.17    4.0     10.0 
01-15-1937  18:35:47.03  33.5610 N  118.058 W   B  057.32    4.0     10.0 
03-19-1937  01:23:38.37  34.1117 N  117.426 W   A  076.27    4.0     10.0 
07-07-1937  11:12:00.00  33.5667 N  117.983 W   B  059.25    4.0     00.0 
09-01-1937  13:48:08.21  34.2108 N  117.530 W   A  068.68    4.5     10.0 
09-01-1937  16:35:33.50  34.1830 N  117.548 W   A  066.34    4.5     10.0 
05-21-1938  09:44:00.00  33.6167 N  118.033 W   B  052.30    4.0     00.0 
05-31-1938  08:34:55.41  33.6988 N  117.511 W   B  078.74    5.2     10.0 
07-05-1938  18:06:55.75  33.6822 N  117.553 W   A  076.33    4.5     10.0 
08-06-1938  22:00:55.96  33.7167 N  117.507 W   B  078.08    4.0     10.0 
08-31-1938  03:18:14.25  33.7590 N  118.253 W   A  032.47    4.5     10.0 
11-29-1938  19:21:15.80  33.9033 N  118.431 W   A  023.35    4.0     10.0 
12-07-1938  03:38:00.00  34.0000 N  118.417 W   B  016.32    4.0     00.0 
12-27-1938  10:09:28.57  34.1273 N  117.521 W   B  067.75    4.0     10.0 
04-03-1939  02:50:44.71  34.0432 N  117.228 W   A  094.17    4.0     10.0 
11-04-1939  21:41:00.00  33.7667 N  118.117 W   B  033.95    4.0     00.0 
11-07-1939  18:52:08.40  34.0000 N  117.283 W   A  089.32    4.7     00.0 
12-27-1939  19:28:49.00  33.7833 N  118.200 W   A  030.13    4.7     00.0 
01-13-1940  07:49:07.00  33.7833 N  118.133 W   B  031.67    4.0     00.0 
02-08-1940  16:56:17.00  33.7000 N  118.067 W   B  042.56    4.0     00.0 
02-11-1940  19:24:10.00  33.9833 N  118.300 W   B  008.79    4.0     00.0 
04-18-1940  18:43:43.90  34.0333 N  117.350 W   A  083.00    4.4     00.0 
05-18-1940  09:15:12.00  34.6000 N  118.900 W   C  085.34    4.0     00.0 
06-05-1940  08:27:27.00  33.8333 N  117.400 W   B  082.11    4.0     00.0 
07-20-1940  04:01:13.00  33.7000 N  118.067 W   B  042.56    4.0     00.0 
10-11-1940  05:57:12.30  33.7667 N  118.450 W   A  036.58    4.7     00.0 
10-12-1940  00:24:00.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
10-14-1940  20:51:11.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
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Table 2 ‐ continued 
11-01-1940  07:25:03.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
11-01-1940  20:00:46.00  33.6333 N  118.200 W   B  046.68    4.0     00.0 
11-02-1940  02:58:26.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
01-30-1941  01:34:46.90  33.9667 N  118.050 W   A  020.73    4.1     00.0 
03-22-1941  08:22:40.00  33.5167 N  118.100 W   B  061.02    4.0     00.0 
03-25-1941  23:43:41.00  34.2167 N  117.467 W   B  074.47    4.0     00.0 
04-11-1941  01:20:24.00  33.9500 N  117.583 W   B  062.53    4.0     00.0 
10-22-1941  06:57:18.50  33.8167 N  118.217 W   A  026.24    4.8     00.0 
11-14-1941  08:41:36.30  33.7833 N  118.250 W   A  029.76    4.8     00.0 
04-16-1942  07:28:33.00  33.3667 N  118.150 W   C  076.66    4.0     00.0 
09-03-1942  14:06:01.00  34.4833 N  118.983 W   C  082.73    4.5     00.0 
09-04-1942  06:34:33.00  34.4833 N  118.983 W   C  082.73    4.5     00.0 
04-06-1943  22:36:24.00  34.6833 N  119.000 W   C  098.36    4.0     00.0 
10-24-1943  00:29:21.00  33.9333 N  117.367 W   C  082.54    4.0     00.0 
06-19-1944  00:03:33.00  33.8667 N  118.217 W   B  020.73    4.5     00.0 
06-19-1944  03:06:07.00  33.8667 N  118.217 W   C  020.73    4.4     00.0 
02-24-1946  06:07:52.00  34.4000 N  117.800 W   C  056.76    4.1     00.0 
06-01-1946  11:06:31.00  34.4167 N  118.833 W   C  067.25    4.1     00.0 
03-01-1948  08:12:13.00  34.1667 N  117.533 W   B  067.28    4.7     00.0 
04-16-1948  22:26:24.00  34.0167 N  118.967 W   B  066.09    4.7     00.0 
10-03-1948  02:46:28.00  34.1833 N  117.583 W   A  063.16    4.0     00.0 
01-11-1950  21:41:35.05  33.9395 N  118.205 W   A  013.10    4.1     00.4 
01-24-1950  21:56:59.00  34.6667 N  118.833 W   C  086.88    4.0     00.0 
02-26-1950  00:06:22.00  34.6167 N  119.083 W   C  099.01    4.7     00.0 
09-22-1951  08:22:39.06  34.1185 N  117.341 W   A  084.07    4.3     11.9 
02-17-1952  12:36:58.33  33.9958 N  117.270 W   A  090.59    4.5     16.0 
08-23-1952  10:09:07.15  34.5193 N  118.198 W   A  052.30    5.1     13.1 
10-26-1954  16:22:26.00  33.7333 N  117.467 W   B  080.52    4.1     00.0 
11-17-1954  23:03:51.00  34.5000 N  119.117 W   B  093.94    4.4     00.0 
05-15-1955  17:03:25.96  34.1237 N  117.480 W   A  071.39    4.0     07.6 
05-29-1955  16:43:35.41  33.9905 N  119.058 W   B  074.70    4.1     17.4 
01-03-1956  00:25:48.95  33.7250 N  117.499 W   B  078.32    4.7     13.7 
02-07-1956  02:16:56.53  34.5288 N  118.644 W   B  064.28    4.2     16.0 
02-07-1956  03:16:38.59  34.5863 N  118.613 W   A  068.21    4.6     02.6 
03-25-1956  03:32:02.34  33.6040 N  119.105 W   A  093.27    4.2     08.2 
03-18-1957  18:56:28.04  34.1182 N  119.220 W   B  089.59    4.7     13.8 
06-28-1960  20:00:48.00  34.1158 N  117.475 W   A  071.81    4.1     12.0 
10-04-1961  02:21:31.60  33.8542 N  117.752 W   B  050.93    4.1     04.3 
10-20-1961  19:49:50.50  33.6540 N  117.994 W   B  050.09    4.3     04.6 
10-20-1961  20:07:14.46  33.6595 N  117.981 W   B  050.16    4.0     06.1 
10-20-1961  21:42:40.74  33.6652 N  117.980 W   B  049.67    4.0     07.2 
10-20-1961  22:35:34.21  33.6715 N  118.013 W   B  047.58    4.1     05.6 
11-20-1961  08:53:34.66  33.6805 N  117.993 W   B  047.58    4.0     04.4 
09-14-1963  03:51:16.24  33.5427 N  118.340 W   B  057.13    4.2     02.2 
08-30-1964  22:57:37.11  34.2683 N  118.445 W   B  030.05    4.0     15.4 
01-01-1965  08:04:18.01  34.1405 N  117.516 W   B  068.42    4.4     05.9 
04-15-1965  20:08:33.27  34.1320 N  117.426 W   B  076.44    4.5     05.5 
07-16-1965  07:46:22.39  34.4850 N  118.521 W   B  054.27    4.0     15.1 
01-08-1967  07:37:30.40  33.6322 N  118.467 W   B  050.69    4.0     11.4 
01-08-1967  07:38:05.34  33.6632 N  118.413 W   C  045.67    4.0     17.7 
06-15-1967  04:58:05.52  33.9965 N  117.975 W   B  026.13    4.1     10.0 
02-28-1969  04:56:12.43  34.5652 N  118.114 W   A  058.54    4.3     05.3 
05-05-1969  16:02:09.64  34.3038 N  117.570 W   B  068.62    4.4     08.8 
10-27-1969  13:16:02.32  33.5452 N  117.807 W   B  069.62    4.5     06.5 
09-12-1970  14:10:11.19  34.2673 N  117.519 W   A  071.53    4.1     08.0 
09-12-1970  14:30:52.98  34.2698 N  117.540 W   A  069.76    5.2     08.0 
09-13-1970  04:47:48.63  34.2810 N  117.552 W   A  069.20    4.4     08.0 
02-09-1971  14:00:41.83  34.4112 N  118.401 W   B  042.36    6.6     08.4 
02-09-1971  14:01:08.00  34.4112 N  118.401 W   D  042.36    5.8     08.0 
02-09-1971  14:01:33.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:01:40.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
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Table 2 ‐ continued 
02-09-1971  14:01:50.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:01:54.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:01:59.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:02:03.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:02:30.00  34.4112 N  118.401 W   D  042.36    4.3     08.0 
02-09-1971  14:02:31.00  34.4112 N  118.401 W   D  042.36    4.7     08.0 
02-09-1971  14:02:44.00  34.4112 N  118.401 W   D  042.36    5.8     08.0 
02-09-1971  14:03:25.00  34.4112 N  118.401 W   D  042.36    4.4     08.0 
02-09-1971  14:03:46.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:07.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:34.00  34.4112 N  118.401 W   C  042.36    4.2     08.0 
02-09-1971  14:04:39.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:44.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:46.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:05:41.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:05:50.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:07:10.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:07:30.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:07:45.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:08:04.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:08:07.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:08:38.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:08:53.00  34.4112 N  118.401 W   D  042.36    4.6     08.0 
02-09-1971  14:10:21.49  34.3612 N  118.306 W   B  034.87    4.7     05.0 
02-09-1971  14:10:28.00  34.4112 N  118.401 W   D  042.36    5.3     08.0 
02-09-1971  14:16:12.87  34.3390 N  118.332 W   C  032.89    4.1     11.1 
02-09-1971  14:19:50.22  34.3575 N  118.406 W   B  036.96    4.0     11.8 
02-09-1971  14:34:36.11  34.3438 N  118.636 W   C  048.15    4.9     -2.0 
02-09-1971  14:39:17.76  34.3873 N  118.364 W   C  038.83    4.0     -1.6 
02-09-1971  14:40:17.37  34.4333 N  118.398 W   C  044.63    4.1     -2.0 
02-09-1971  14:43:46.66  34.3080 N  118.454 W   B  034.15    5.2     06.2 
02-09-1971  15:58:20.69  34.3348 N  118.331 W   B  032.41    4.8     14.2 
02-09-1971  16:19:26.46  34.4573 N  118.427 W   B  048.00    4.2     -1.0 
02-10-1971  03:12:12.05  34.3700 N  118.302 W   B  035.78    4.0     00.8 
02-10-1971  05:06:36.05  34.4112 N  118.329 W   A  040.70    4.3     04.7 
02-10-1971  05:18:07.21  34.4258 N  118.414 W   A  044.31    4.5     05.8 
02-10-1971  11:31:34.63  34.3843 N  118.455 W   A  041.56    4.2     06.0 
02-10-1971  13:49:53.71  34.3990 N  118.419 W   A  041.67    4.3     09.7 
02-10-1971  14:35:26.67  34.3615 N  118.487 W   A  040.78    4.2     04.4 
02-10-1971  17:38:55.07  34.3957 N  118.366 W   A  039.77    4.2     06.2 
02-10-1971  18:54:41.71  34.4458 N  118.436 W   A  047.09    4.2     08.1 
02-21-1971  05:50:52.64  34.3973 N  118.439 W   A  042.21    4.7     06.9 
02-21-1971  07:15:11.75  34.3920 N  118.427 W   A  041.25    4.5     07.2 
03-07-1971  01:33:40.55  34.3532 N  118.456 W   A  038.54    4.5     03.3 
03-25-1971  22:54:09.90  34.3563 N  118.475 W   A  039.71    4.2     04.6 
03-30-1971  08:54:43.28  34.2957 N  118.464 W   A  033.55    4.1     02.6 
03-31-1971  14:52:22.51  34.2858 N  118.515 W   A  035.68    4.6     02.1 
04-01-1971  15:03:03.64  34.4283 N  118.413 W   A  044.53    4.1     08.0 
04-02-1971  05:40:25.05  34.2837 N  118.528 W   A  036.36    4.0     03.0 
04-15-1971  11:14:32.02  34.2647 N  118.577 W   B  038.29    4.2     04.2 
04-25-1971  14:48:06.52  34.3682 N  118.314 W   B  035.75    4.0     -2.0 
06-21-1971  16:01:08.49  34.2728 N  118.532 W   B  035.78    4.0     04.1 
06-22-1971  10:41:19.01  33.7477 N  117.479 W   B  078.80    4.2     08.0 
02-21-1973  14:45:57.30  34.0648 N  119.035 W   B  072.28    5.3     08.0 
03-09-1974  00:54:31.91  34.3988 N  118.474 W   C  043.77    4.7     24.4 
08-14-1974  14:45:55.18  34.4313 N  118.369 W   A  043.66    4.2     08.2 
01-01-1976  17:20:12.94  33.9650 N  117.886 W   A  034.90    4.2     06.1 
04-08-1976  15:21:38.07  34.3468 N  118.656 W   A  049.70    4.6     14.5 
08-12-1977  02:19:26.08  34.3797 N  118.459 W   B  041.25    4.5     09.5 
09-24-1977  21:28:24.30  34.4627 N  118.409 W   C  048.05    4.2     04.9 
05-23-1978  09:16:50.83  33.9055 N  119.166 W   C  085.91    4.0     06.0 
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Table 2 ‐ continued 
01-01-1979  23:14:38.94  33.9443 N  118.681 W   B  041.44    5.2     11.2 
10-17-1979  20:52:37.29  33.9330 N  118.669 W   C  040.79    4.2     05.5 
10-19-1979  12:22:37.75  34.2107 N  117.531 W   B  068.62    4.1     04.8 
09-04-1981  15:50:50.13  33.6515 N  119.093 W   C  089.58    5.5     06.0 
10-23-1981  17:28:17.07  33.6385 N  119.007 W   C  083.53    4.6     06.0 
10-23-1981  19:15:52.17  33.6185 N  119.017 W   A  085.59    4.6     14.8 
04-13-1982  11:02:12.36  34.0628 N  118.970 W   A  066.26    4.0     12.1 
05-25-1982  13:44:30.30  33.5458 N  118.206 W   A  056.32    4.3     12.6 
01-08-1983  07:19:30.42  34.1328 N  117.453 W   A  073.99    4.1     07.7 
02-27-1984  10:18:15.02  33.4710 N  118.061 W   C  066.83    4.0     06.0 
06-12-1984  00:27:52.38  34.5407 N  118.989 W   A  087.00    4.1     11.7 
10-26-1984  17:20:43.54  34.0163 N  118.988 W   A  068.09    4.6     13.3 
04-03-1985  04:04:50.07  34.3800 N  119.038 W   A  081.16    4.0     24.8 
10-02-1985  23:44:12.45  34.0233 N  117.245 W   A  092.70    4.8     15.2 
02-21-1987  23:15:29.97  34.1322 N  117.447 W   A  074.52    4.0     08.4 
10-01-1987  14:42:20.02  34.0613 N  118.079 W   A  015.90    5.9     09.5 
10-01-1987  14:45:41.45  34.0488 N  118.100 W   A  013.83    4.7     13.5 
10-01-1987  14:48:03.11  34.0763 N  118.090 W   A  015.04    4.1     11.6 
10-01-1987  14:49:05.91  34.0598 N  118.100 W   A  013.92    4.7     11.7 
10-01-1987  15:12:31.76  34.0517 N  118.091 W   A  014.75    4.7     10.8 
10-01-1987  15:59:53.55  34.0500 N  118.087 W   A  015.10    4.0     10.4 
10-04-1987  10:59:38.19  34.0737 N  118.098 W   A  014.28    5.3     08.2 
10-24-1987  23:58:33.12  33.6758 N  119.058 W   A  085.45    4.1     12.1 
02-11-1988  15:25:55.65  34.0772 N  118.047 W   A  018.93    4.7     12.5 
06-26-1988  15:04:58.48  34.1362 N  117.710 W   A  050.72    4.7     07.8 
11-20-1988  05:39:28.67  33.5073 N  118.071 W   C  062.69    4.9     06.0 
12-03-1988  11:38:26.44  34.1510 N  118.130 W   A  015.70    5.0     14.2 
01-19-1989  06:53:28.84  33.9187 N  118.627 W   A  037.74    5.0     11.8 
02-18-1989  07:17:04.85  34.0063 N  117.739 W   A  047.45    4.1     03.2 
04-07-1989  20:07:30.30  33.6188 N  117.902 W   A  057.84    4.7     12.8 
06-12-1989  16:57:18.49  34.0275 N  118.180 W   A  007.04    4.6     15.6 
06-12-1989  17:22:25.52  34.0215 N  118.178 W   A  007.41    4.4     15.5 
12-28-1989  09:41:08.20  34.1923 N  117.386 W   A  081.09    4.3     14.5 
02-28-1990  23:43:36.75  34.1437 N  117.697 W   A  051.98    5.4     04.4 
03-01-1990  00:34:57.15  34.1267 N  117.701 W   A  051.28    4.0     04.3 
03-01-1990  03:23:03.03  34.1525 N  117.720 W   A  050.13    4.7     11.4 
03-02-1990  17:26:25.48  34.1450 N  117.695 W   A  052.25    4.7     05.6 
04-17-1990  22:32:27.29  34.1057 N  117.722 W   A  049.09    4.8     03.5 
06-28-1991  14:43:54.66  34.2698 N  117.993 W   A  033.97    5.8     09.1 
06-28-1991  17:00:55.56  34.2530 N  117.992 W   A  032.72    4.3     09.4 
07-05-1991  17:41:57.12  34.4970 N  118.555 W   A  056.96    4.1     10.9 
01-17-1994  12:30:55.39  34.2133 N  118.537 W   A  031.95    6.7     18.4 
01-17-1994  12:30:55.39  34.2157 N  118.538 W   A  032.15    6.6     17.3 
01-17-1994  12:31:58.11  34.2748 N  118.493 W   C  033.39    5.9     06.0 
01-17-1994  12:34:18.42  34.3075 N  118.475 W   C  035.21    4.4     06.0 
01-17-1994  12:39:39.79  34.2650 N  118.540 W   C  035.72    4.9     06.0 
01-17-1994  12:40:09.52  34.3202 N  118.507 W   C  038.11    4.8     06.0 
01-17-1994  12:40:36.12  34.3397 N  118.614 W   C  046.36    5.2     06.0 
01-17-1994  12:54:33.74  34.3068 N  118.459 W   C  034.30    4.0     06.0 
01-17-1994  12:55:46.83  34.2767 N  118.578 W   C  039.19    4.1     06.0 
01-17-1994  13:06:28.34  34.2513 N  118.550 W   C  035.42    4.6     06.0 
01-17-1994  13:26:45.00  34.3178 N  118.457 W   C  035.20    4.7     06.0 
01-17-1994  13:28:13.57  34.2670 N  118.579 W   C  038.61    4.0     06.0 
01-17-1994  13:56:02.48  34.2930 N  118.621 W   C  043.42    4.4     06.0 
01-17-1994  14:14:30.63  34.3315 N  118.445 W   C  035.94    4.5     06.0 
01-17-1994  15:07:03.17  34.3043 N  118.474 W   A  034.86    4.2     02.5 
01-17-1994  15:07:35.46  34.3075 N  118.467 W   A  034.80    4.1     01.6 
01-17-1994  15:54:10.76  34.3757 N  118.627 W   A  050.01    4.8     13.0 
01-17-1994  17:56:08.21  34.2277 N  118.573 W   A  035.55    4.6     19.2 
01-17-1994  19:35:34.30  34.3113 N  118.456 W   A  034.58    4.0     02.3 
01-17-1994  19:43:53.38  34.3675 N  118.637 W   A  050.00    4.1     13.9 
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Table 2 ‐ continued 
01-17-1994  20:46:02.40  34.3020 N  118.565 W   C  040.20    4.9     06.0 
01-17-1994  22:31:53.73  34.3393 N  118.442 W   C  036.56    4.1     06.0 
01-17-1994  23:33:30.69  34.3263 N  118.698 W   A  051.32    5.6     09.8 
01-17-1994  23:49:25.36  34.3433 N  118.666 W   A  050.20    4.0     08.3 
01-18-1994  00:39:35.02  34.3795 N  118.564 W   A  046.51    4.4     07.1 
01-18-1994  00:40:04.09  34.3938 N  118.543 W   A  046.67    4.2     00.0 
01-18-1994  00:43:08.89  34.3765 N  118.698 W   A  054.81    5.2     11.3 
01-18-1994  04:01:26.72  34.3577 N  118.623 W   A  048.31    4.3     00.9 
01-18-1994  07:23:56.02  34.3332 N  118.623 W   A  046.47    4.0     14.8 
01-18-1994  11:35:09.90  34.2177 N  118.606 W   A  037.64    4.2     12.1 
01-18-1994  13:24:44.13  34.3193 N  118.558 W   A  041.12    4.3     01.7 
01-18-1994  15:23:46.89  34.3787 N  118.561 W   A  046.26    4.8     07.7 
01-19-1994  04:40:48.00  34.3615 N  118.571 W   A  045.41    4.3     02.5 
01-19-1994  04:43:14.57  34.3660 N  118.709 W   C  054.79    4.0     06.0 
01-19-1994  09:13:10.90  34.3040 N  118.737 W   A  052.85    4.1     13.0 
01-19-1994  14:09:14.83  34.2150 N  118.510 W   A  030.07    4.5     17.4 
01-19-1994  21:09:28.61  34.3787 N  118.712 W   A  055.90    5.1     14.4 
01-19-1994  21:11:44.90  34.3778 N  118.620 W   A  049.71    5.1     11.3 
01-21-1994  18:39:15.26  34.3010 N  118.466 W   A  034.15    4.5     10.6 
01-21-1994  18:39:47.08  34.2968 N  118.479 W   A  034.50    4.0     11.9 
01-21-1994  18:42:28.77  34.3097 N  118.475 W   A  035.38    4.2     07.9 
01-21-1994  18:52:44.23  34.3020 N  118.453 W   A  033.53    4.3     07.5 
01-21-1994  18:53:44.57  34.2980 N  118.459 W   A  033.47    4.3     07.6 
01-23-1994  08:55:08.66  34.3003 N  118.427 W   A  032.15    4.1     05.9 
01-24-1994  04:15:18.82  34.3467 N  118.552 W   A  042.97    4.6     06.5 
01-24-1994  05:50:24.34  34.3605 N  118.628 W   A  048.88    4.3     12.1 
01-24-1994  05:54:21.07  34.3643 N  118.627 W   A  049.09    4.2     10.8 
01-27-1994  17:19:58.83  34.2735 N  118.562 W   A  037.89    4.6     14.9 
01-28-1994  20:09:53.43  34.3753 N  118.494 W   A  042.46    4.2     00.7 
01-29-1994  11:20:35.97  34.3060 N  118.579 W   A  041.41    5.1     01.1 
01-29-1994  12:16:56.35  34.2782 N  118.611 W   A  041.67    4.3     02.6 
02-03-1994  16:23:35.37  34.2997 N  118.440 W   A  032.67    4.0     08.9 
02-05-1994  08:51:29.83  34.3715 N  118.646 W   A  050.93    4.0     15.3 
02-06-1994  13:19:27.02  34.2922 N  118.476 W   A  033.89    4.1     09.3 
02-25-1994  12:59:12.59  34.3570 N  118.480 W   A  040.03    4.0     01.1 
03-20-1994  21:20:12.26  34.2313 N  118.475 W   A  028.79    5.2     13.0 
05-25-1994  12:56:57.05  34.3120 N  118.393 W   A  031.83    4.4     06.9 
06-15-1994  05:59:48.63  34.3105 N  118.398 W   A  031.87    4.1     07.3 
12-06-1994  03:48:34.49  34.2927 N  118.389 W   A  029.75    4.5     08.9 
02-19-1995  21:24:18.07  34.0490 N  118.915 W   A  061.21    4.3     15.6 
06-26-1995  08:40:28.94  34.3935 N  118.668 W   A  054.10    5.0     13.3 
03-20-1996  07:37:59.76  34.3623 N  118.615 W   A  048.18    4.1     12.9 
05-01-1996  19:49:56.43  34.3542 N  118.704 W   A  053.58    4.1     14.3 
04-26-1997  10:37:30.67  34.3692 N  118.670 W   A  052.34    5.1     16.4 
04-26-1997  10:40:29.78  34.3748 N  118.671 W   A  052.81    4.0     14.6 
04-27-1997  11:09:28.38  34.3772 N  118.649 W   A  051.56    4.8     15.1 
06-28-1997  21:45:25.10  34.1685 N  117.336 W   A  085.20    4.2     10.0 
01-05-1998  18:14:06.47  33.9508 N  117.709 W   A  051.17    4.3     11.5 
03-11-1998  12:18:51.83  34.0238 N  117.230 W   A  094.09    4.5     14.9 
08-20-1998  23:49:58.44  34.3737 N  117.648 W   A  065.97    4.4     08.9 
07-22-1999  09:57:24.04  34.3968 N  118.609 W   A  050.65    4.0     11.6 
02-21-2000  13:49:43.13  34.0472 N  117.255 W   A  091.71    4.5     15.0 
03-07-2000  00:20:28.18  33.8058 N  117.715 W   A  056.42    4.0     11.3 
01-14-2001  02:26:14.05  34.2840 N  118.404 W   A  029.50    4.3     08.8 
01-14-2001  02:50:53.69  34.2890 N  118.403 W   A  029.95    4.0     08.4 
09-09-2001  23:59:18.04  34.0590 N  118.388 W   A  012.74    4.2     07.9 
10-28-2001  16:27:45.55  33.9220 N  118.270 W   A  014.46    4.0     21.1 
12-14-2001  12:01:35.52  33.9545 N  117.746 W   A  047.71    4.0     13.8 
01-29-2002  05:53:28.93  34.3613 N  118.657 W   A  050.88    4.2     14.1 
09-03-2002  07:08:51.87  33.9173 N  117.776 W   A  046.23    4.8     12.9 
01-06-2005  14:35:27.67  34.1250 N  117.439 W   A  075.22    4.4     04.1 
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Table 2 ‐ continued 
08-09-2007  07:58:49.59  34.3000 N  118.062 W   A  032.67    4.7     07.6 
09-02-2007  17:29:14.79  33.7320 N  117.477 W   A  079.73    4.7     12.6 
10-16-2007  08:53:44.12  34.3850 N  117.635 W   A  067.70    4.2     08.1 
03-09-2008  09:22:32.08  34.1390 N  117.465 W   A  073.00    4.0     03.7 
06-23-2008  14:14:57.60  34.0480 N  117.246 W   A  092.56    4.0     14.4 
07-29-2008  18:42:15.71  33.9530 N  117.761 W   A  046.43    5.4     14.7 
01-09-2009  03:49:46.27  34.1073 N  117.304 W   A  087.39    4.5     14.2 
04-24-2009  03:27:50.73  33.8940 N  117.789 W   A  045.99    4.0     04.2 
05-02-2009  01:11:13.66  34.0667 N  118.882 W   A  058.24    4.4     14.1 
05-08-2009  20:27:13.95  34.4402 N  119.183 W   A  095.97    4.2     07.5 
05-18-2009  03:39:36.34  33.9377 N  118.336 W   A  014.84    4.7     13.8 
05-19-2009  22:49:11.55  33.9338 N  118.329 W   A  014.90    4.0     12.7 
03-16-2010  11:04:00.00  33.9920 N  118.082 W   A  016.87    4.4     18.9 
08-24-2010  05:42:17.00  33.5150 N  119.033 W   A  093.71    4.0     16.9 
09-01-2011  20:47:08.00  34.3390 N  118.475 W   A  038.10    4.2     07.3 
05-30-2012  05:14:00.81  33.6918 N  119.058 W   A  084.57    4.0     16.4 
06-14-2012  03:17:15.72  33.9085 N  117.792 W   A  045.19    4.0     09.7 
08-08-2012  06:23:34.16  33.9048 N  117.792 W   A  045.33    4.5     10.1 
08-08-2012  16:33:22.05  33.9035 N  117.791 W   A  045.47    4.5     10.3 
08-29-2012  20:31:00.35  33.9060 N  117.788 W   A  045.63    4.1     09.2 
05-15-2013  20:00:06.23  33.6583 N  118.372 W   A  045.08    4.1     01.2 
01-15-2014  09:35:18.87  34.1430 N  117.442 W   A  075.11    4.4     03.5 
03-17-2014  13:25:36.87  34.1340 N  118.486 W   A  023.57    4.4     09.4 
03-29-2014  04:09:42.31  33.9325 N  117.917 W   A  033.45    5.1     04.7 
03-29-2014  21:32:45.93  33.9613 N  117.892 W   A  034.50    4.1     09.4 
06-02-2014  02:36:43.93  34.0958 N  118.491 W   A  022.71    4.2     04.3 
01-04-2015  03:18:09.48  34.6173 N  118.630 W   A  071.97    4.3     07.8 
07-25-2015  12:54:06.99  34.0920 N  117.445 W   A  074.34    4.2     05.0 
12-30-2015  01:48:57.31  34.1910 N  117.413 W   A  078.64    4.4     06.9 
03-12-2016  08:42:40.30  34.5217 N  119.075 W   A  092.05    4.1     19.3 
01-25-2018  10:09:56.81  33.7410 N  117.491 W   A  078.11    4.0     11.1 
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Table 2 ‐ continued 
S E A R C H   O F   E A R T H Q U A K E   D A T A   F I L E  1 

 
 
 

SITE:  Proposed Angels Landing Development 
 

COORDINATES OF SITE  ......  34.0510 N  118.2506 W 
 

DISTANCE PER DEGREE  .....  110.9 KM-N   92.3 KM-W 
 

MAGNITUDE LIMITS  .....................  4.0 - 8.5 
 

TEMPORAL LIMITS  ....................  1932 - 2018 
 

SEARCH RADIUS (KM)  .......................  100.0 
 

NUMBER OF YEARS OF DATA  .....................  85 
 

NUMBER OF EARTHQUAKES IN FILE  ............   4638 
 

NUMBER OF EARTHQUAKES IN AREA  ..............  441 
 
 
 
 

WOOD ENVIRONMENT & INFRASTRUCTURE SOLUTIONS 
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Table 2 ‐ continued 

Proposed Angels Landing Development 
LIST OF HISTORIC EARTHQUAKES OF MAGNITUDE 4.0 OR 

GREATER WITHIN 100.0 KM OF THE SITE 
(CGS DATA 1769-1931) 

 
 

DATE        LATITUDE  LONGITUDE  DIST [KM]   MAGNITUDE 
 

07-28-1769  34.0000 N  118.000 W   023.78       6.00 
04-00-1803  34.2000 N  118.100 W   021.60       5.50 
12-08-1812  34.3700 N  117.650 W   065.64       7.50 
09-24-1827  34.0000 N  119.000 W   069.29       6.00 
07-11-1855  34.1000 N  118.100 W   014.90       6.00 
01-10-1857  34.7600 N  118.710 W   089.40       5.60 
01-16-1857  34.5200 N  118.040 W   055.62       6.30 
12-16-1858  34.2000 N  117.400 W   080.03       6.00 
04-12-1880  34.7000 N  118.400 W   073.46       5.90 
08-28-1889  34.2000 N  117.900 W   036.28       5.60 
06-14-1892  34.2000 N  117.500 W   071.05       5.50 
04-04-1893  34.3000 N  118.600 W   042.42       5.80 
07-30-1894  34.3000 N  117.600 W   065.94       6.20 
07-22-1899  34.2000 N  117.400 W   080.03       5.90 
07-22-1899  34.3000 N  117.500 W   074.39       6.40 
09-16-1903  33.8001 N  117.600 W   066.19       4.00 
07-03-1908  34.0001 N  117.500 W   069.40       4.00 
05-13-1910  33.7001 N  117.400 W   087.69       5.00 
05-15-1910  33.7000 N  117.400 W   087.69       6.00 
05-10-1911  34.1001 N  118.800 W   050.89       4.00 
10-21-1913  33.8001 N  118.000 W   036.23       4.00 
11-08-1914  34.0001 N  118.500 W   023.67       4.50 
03-06-1918  34.0001 N  118.500 W   023.67       4.00 
06-18-1920  33.5001 N  118.250 W   061.26       4.50 
06-22-1920  34.0001 N  118.500 W   023.67       4.90 
07-23-1923  34.0000 N  117.250 W   092.39       6.20 
08-04-1927  34.0001 N  118.500 W   023.67       5.00 
07-08-1929  33.9001 N  118.100 W   021.78       4.70 
09-13-1929  33.6301 N  118.200 W   047.03       4.00 
08-31-1930  33.9501 N  118.632 W   036.91       5.20 
02-16-1931  34.1001 N  117.300 W   087.72       4.00 
03-31-1931  34.1001 N  117.800 W   041.86       4.00 
04-24-1931  33.7701 N  118.480 W   037.73       4.40 
11-03-1931  33.8001 N  118.300 W   028.27       4.00 
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Table 2 ‐ continued 
S E A R C H   O F   E A R T H Q U A K E   D A T A   F I L E  2 

 
 

 
SITE:  Proposed Angels Landing Development 

 
COORDINATES OF SITE  ......  34.0510 N  118.2506 W 

 
DISTANCE PER DEGREE  .....  110.9 KM-N   92.3 KM-W 

 
MAGNITUDE LIMITS  .....................  4.0 - 8.5 

 
TEMPORAL LIMITS  ....................  1769 - 1931 

 
SEARCH RADIUS (KM)  .......................  100.0 

 
NUMBER OF YEARS OF DATA  ....................  163 

 
NUMBER OF EARTHQUAKES IN FILE  .............   398 

 
NUMBER OF EARTHQUAKES IN AREA  ...............  34 
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Table 2 ‐ continued 
SUMMARY OF EARTHQUAKE RESEARCH 

 
 
 

*** 
 
 
 

NUMBER OF HISTORIC EARTHQUAKLES WITHIN 100.0 KM RADIUS OF SITE 
 
 

MAGNITUDE RANGE                   NUMBER 
 
 

4.0 - 4.5                        305 
 

4.5 - 5.0                        106 
 

5.0 - 5.5                         35 
 

5.5 - 6.0                         15 
 

6.0 - 6.5                         10 
 

6.5 - 7.0                          3 
 

7.0 - 7.5                          0 
 

7.5 - 8.0                          1 
 

8.0 - 8.5                          0 
 
 
 

*** 
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Appendix A Current Field Explorations and Laboratory Test Results 

Current Exploration Borings 
 
The soil conditions beneath the site were explored by drilling four borings including one bucket auger boring 
(designated BA-1) to depths of 86 feet bgs, two continuous core borings (designated CB-1 and CB-2) to depths 
of 131 and 200 feet bgs, and one Rotary-wash boring (designated RW-1) to a depth of 220 feet bgs at the 
locations shown on Figure 2.  
 
Boring BA-1 was drilled using truck-mounted bucket-auger equipment to a depth of 86 feet bgs. After Boring 
BA-1 was drilled, a continuous core boring (Boring CB-1) was to be drilled to a depth of 131 feet bgs adjacent to 
Boring BA-1, with core obtained between the depth of the bottom of Boring BA-1 and 131 feet to obtain data 
below the economical depth limit of the bucket auger rig. Upon completion of drilling Boring BA-1, our 
engineering geologist attempted to down-hole log the boring to observe the presence and orientation of 
bedding planes, joints, and fractures in the bedrock as well as potential clay beds. However, because hazardous 
air conditions [high volatile organic compound (VOC) readings] were measured in the boring staring at a depth 
of 18 feet bgs, down-hole logging could not be safely performed below that depth. Therefore, the continuous 
core extracted from Boring CB-1 was obtained starting at a depth of 10 feet bgs. Boring CB-1 was terminated at 
an approximate depth of 131 feet bgs due to the presence of a hard, cemented zone. Therefore, the continuous 
core rig was moved approximately 30 feet west of the location of CB-1 to make a second attempt to drill to the 
target depth of 200 feet bgs. The second continuous core boring, designated Boring CB-2, successfully obtained 
continuous cores starting from a depth of 125 feet bgs down to the target depth of 200 feet bgs. The thickness 
of the cemented layer encountered was about 1 to 1.8 feet at the location of Boring CB-2. 
 
Boring RW-1 was drilled using rotary wash-type drilling equipment to a depth of about 220 feet bgs. In addition to 
collecting samples for laboratory testing, he rotary wash boring was used to obtain shear wave velocity 
measurements to a depth of about 205 feet bgs using suspension logging techniques; the lower approximately 15 
feet of the boring was required in order to accommodate the use of the suspension logging equipment. The shear 
wave velocity data will be used for seismic coefficient evaluation and for seismic studies for the future phases. After 
completion of the 210-foot-deep rotary wash boring, a groundwater monitoring well was installed to measure 
groundwater levels, with a screening interval selected to obtain the piezometric head within the alluvium layer at 
the location of Boring RW-1. 
 
The soils encountered were logged by our field technician and undisturbed and bulk samples were obtained for 
laboratory inspection and testing. The logs of the current borings are presented on Figures A 1.1 through A-1.4; 
the depths at which undisturbed samples were obtained are indicated on the left side of the boring logs. The 
number of blows required to drive the Crandall sampler 12 inches using a 140 pound hammer falling 30 inches is 
indicated on the log. In addition to obtaining undisturbed samples, standard penetration tests (SPT) were also 
performed; the results of the tests are indicated on the logs. The soils are classified in the accordance with the 
Unified Soil Classification System described on Figure A-2. 
 
Suspension logging was performed by GEOVision in Boring RW-1 to obtain shear and compressive wave 
velocities. The results of the suspension logging are presented in a report prepared by GEOVision, included as 
Appendix C. 
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Laboratory Test Results 
 
Laboratory tests were performed on selected samples obtained from the borings to aid in the classification of 
the soils and to determine their engineering properties. 
 
The field moisture content and dry density of the soils encountered were determined by performing tests on the 
undisturbed samples. The results of the tests are shown on the left side of the boring logs. 
 
Tests to determine the percentage of fines (material passing through a No.200 sieve) in selected samples were 
performed. The results of these tests are presented on the boring logs. 
 
To aid in classification of the soils and to define the plasticity characteristics of the materials, Atterberg Limits 
tests were performed to determine the liquid limit and plastic limit of several of the samples. The testing 
procedure was in general accordance with ASTM Designation D4318. The results of the tests are shown on the 
boring logs. 
 
Direct shear tests were performed on selected undisturbed samples to determine the strength of the soils. The 
tests were performed at field moisture content and after soaking to near saturated moisture content and at 
various surcharge pressures. The values determined from the direct shear tests are presented on Figure A-3, 
Direct Shear Test Data. 
 
Confined consolidation tests were performed on six undisturbed samples at field moisture content to determine 
the compressibility of the soils. The results of the tests are presented on Figure A-4. 
 
To determine the particle size distribution of the soils and to aid in classifying the soils, mechanical analyses were 
performed on selected samples in accordance with the ASTM D 6913 test method. The results of the mechanical 
analyses are presented on the boring logs and Figure A-5. 
 
Soil corrosivity tests were performed on samples of the on-site soils to determine their corrosion potential. The 
tests were performed for us by HDR. The test results are presented on Figures A-6.1 and A-6.2. 
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Appendix B Prior Field Explorations and Laboratory Test Results by Our Predecessor 
Firms 

 
Our predecessor firms performed subsurface exploration and laboratory testing. Boring logs are presented in 
Figures B-1, Figures B-2.1 through B-2.3, Figures B-3.1 through B-3.3, and Figures B-4.1 through B-4.2.  The 
following laboratory test results are presented:  
 

• Moisture and density: presented on the boring logs. 
• Direct shear: presented in Figures B-2.4, B-3.4, B-3.5, and B-4.3. 
• Consolidation: presented in Figures B-2.5, B-2.6, B-3.6, B-3.7, B-4.4 and B-4.5. 
• Expansion Index: presented in Figure B-2.7, B-2.8 
• Compaction: presented in Figure B-4.6 
• Corrosion: presented in Figures B-3.8 through B-3.11. 
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Results of Suspension Logging 
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Wood Environment & Infrastructure Solutions, Inc.
6001 Rickenbacker Road

Los Angeles, CA 90040-3031
USA

T: +1 323.889.5300

www.woodplc.com

‘Wood’ is a trading name for John Wood Group PLC and its subsidiaries 

 
 
 
July 6, 2018 
Revised March 15, 2019 
Wood Project 4953-18-0421.02 
 
Angels Landing Partners, LLC 
448 South Hill Street, Suite 408 
Los Angeles, California 90013 
Attn: Mr. Kevin Roberts 
 
Subject: Letter of Transmittal 
 Report of Geotechnical Evaluation for Entitlement Documents 
 (Geotechnical Services Phase B) 
 Proposed Angels Landing Development 
 Block Bordered by Olive Street, Hill Street, 4th Street, and Angels Flight 
 Los Angeles, California 
 
Dear Mr. Roberts: 
 
Wood Environment & Infrastructure Solutions, Inc. (Wood), formerly Amec Foster Wheeler Environment & 
Infrastructure, Inc., is pleased to submit the results of our geotechnical evaluation (for our Phase B services) for 
use in preparation of entitlement documents for the proposed Angels Landing Development project located in 
Los Angeles, California. This evaluation was conducted in general accordance with our proposal dated April 2, 
2018, as on the Agreement between Angels Landing Partners, LLC and our firm dated April 23, 2018.  
 
The scope of our Phase B services was based on the request for proposal from Mr. Kevin Roberts of Angels 
Landing Partners, LLC, dated October 31, 2017. Conceptual drawings of the proposed project were provided by 
Mr. Jaime Sanchez of Angels Landing Partners, LLC on March 6, 2019. This report was based on our recent 
subsurface investigation, a review of previous geotechnical and environmental reports, and available published 
and unpublished literature. 
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It has been a pleasure to be of professional service to you. Please contact us if you have any questions or if we 
can be of further assistance. 

Sincerely, 

Wood Environment & Infrastructure Solutions, Inc. 

Pierre E. Romo 
Senior Geologist 

Reviewed by: 

Rosalind Munro 
Principal Engineering Geologist 

Martin B. Hudson, Ph.D. 
Principal Engineer 

P:\4953 Geotech\2018-proj\180421 Angel's Landing Development\4.0 Project Deliverables\4.1 Reports\Final Report\EIR\4953-18-0421R0_Angels_Landing_Phase 
B_rev2.docx\PER:RM,MBH 
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1.0 Scope 
 
This report presents the results of our geotechnical evaluation for the proposed Angels Landing development 
(project site) located on the block Bordered by Olive Street, Hill Street, 4th Street, and Angels Flight in Los 
Angeles, California. The location of the project site is shown on Figure 1, Site Vicinity Map. The scope of our work 
was performed in accordance with our proposal dated April 2, 2018 and authorized on April 23, 2018. 
 
The primary purpose of this study is to provide geotechnical information for incorporation into entitlement 
documents, such as an Environmental Impact Report (EIR), planned to be filed for the proposed project. The 
results of our study are presented in this report. To complete the scope of services, the following tasks were 
performed: 
 

 Evaluation of faulting in relation to the project site 
 Evaluation of seismicity and ground shaking 
 Evaluation of liquefaction and seismically-induced settlement potential 
 Evaluation of expansive and corrosive soils 
 Potential for slope instability including temporary and permanent slopes 
 Tsunami potential 
 Evaluation of soil erosion 
 Subsidence potential 
 Inclusion of site-specific data from our geotechnical investigation to support potential hazards and 

subsurface conditions, where warranted 
 
This report is based on a current geotechnical investigation by Wood Environment & Infrastructure Solutions, Inc. 
(Wood), a review of previous geotechnical reports by our predecessor companies at and in the vicinity of the 
project site, and available published and unpublished geologic and seismic literature pertinent to the project site. 
The City of Los Angeles Safety Element of the General Plan (1996) and the Safety Element of the County of Los 
Angeles General Plan (2015 and 1990) were reviewed as part of our scope. The reports reviewed as part of our 
evaluation are listed in Section 6.0, References. Site-specific field work and testing of soil samples were 
performed as part of this work to verify site conditions and to acquire data to be used for final engineering 
design; data from current and prior subsurface investigations at the site were used in this evaluation. 
 
Our professional services have been performed using that degree of care and skill ordinarily exercised, under 
similar circumstances, by reputable geotechnical consultants practicing in this or similar localities. No other 
warranty, expressed or implied, is made as to the professional advice included in this report. This report has been 
prepared for Angels Landing Partners, LLC to be used solely in the preparation of entitlement documents, such 
as an Environmental Impact Report, for the proposed development. This report has not been prepared for use by 
other parties and may not contain sufficient information for purposes of other parties or other uses. The 
assessment of general site environmental conditions for the presence of pollutants in the soils and ground water 
of the site was beyond the scope of this report. Wood has provided a report of Phase I Environmental Site 
Assessment report dated March 11, 2019 and a report of Phase II Environmental Site Assessment dated March 
13, 2019. Wood has also provided a preliminary geotechnical report for Phase A services dated March 11, 2019. 
This report does not contain geotechnical recommendations for final design of the proposed facilities; a site-
specific geotechnical investigation will be required in accordance with the requirements of the City of Los 
Angeles Department of Building and Safety and the Los Angeles Building Code.  
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2.0 Site Conditions 
 
The site is located at the block bordered by the northeast-southwest aligned Olive Street, the northeast-
southwest aligned Hill Street, the northwest-southeast aligned 4th Street, and the northwest-southeast aligned 
Angels Flight inclined railway in Los Angeles, California (Figure 1). The approximately square-shaped, 2.2-acre site 
generally slopes downward to the southeast (from Olive Street to Hill Street) with a relief of about 60 feet across 
the property. The site primarily consists of vacant land except for a concrete-paved/landscaped plaza area along 
the eastern side of the site and a Los Angeles County Metropolitan Transportation Agency (Metro) Red Line 
subway entrance portal for the Pershing Square station situated at the southeast corner of the site. 
The site was developed primarily with residential structures from the 1880’s through the mid 1900’s. Along Hill 
Street, the residential structures were replaced by commercial and retail buildings in the early 1900’s. All 
residential and commercial structures were demolished by the 1960’s. The site was converted to a parking lot 
and vacant land up to its most recent use as Angels Knoll city park. The site has remained relatively unchanged 
between the mid-1990’s and the present. The Metro subway portal and associated plaza were constructed along 
the eastern portion of the site in approximately 1995. The Bunker Hill Transit Tunnel, a section of the previously 
planned, and since abandoned, Downtown People Mover (DPM), is located underneath California Plaza and Olive 
Street. Originally planned to continue beneath the site, we understand that the DPM tunnel ends at the property 
line and does not continue into the site. 
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3.0 Proposed Development  
 
Based on our review of project plans dated March 1, 2019, Angels Landing Partners, LLC is proposing to develop 
two mixed-use residential, hotel, retail, and educational/cultural/civic towers at the site. The proposed towers will 
be 64 stories in height, approximately 854 feet above Hill Street grade, and 42 stories in height, approximately 
494 feet above Hill Street grade. We understand that there will be up to seven subterranean levels for parking 
and one partial subterranean level in a common basement across most of the site, which may extend about 110 
to 170 feet below grade. The location of the proposed development is shown on Figure 2, Plot Plan.  
 
The structural design will be using the performance-based earthquake engineering design approach and will be 
reviewed by a Structural Peer Review Panel to be selected by the Los Angeles Department of Building and Safety. 
Structural details are not available at this time. 

4.0 Geology 
4.1 Geologic Setting 

The project site is located in Downtown Los Angeles within the northern portion of the Los Angeles Basin. The 
Los Angeles Basin is within the Peninsular Ranges geomorphic province, just south of the province boundary with 
the southern portion of the Transverse Ranges geomorphic province. The basin is a major elongated northwest-
trending structural depression that has been filled with sediments up to 13,000 feet thick since middle Miocene 
time (Poland, 1959). The Peninsular Ranges province is characterized by northwest/southeast trending 
alignments of mountains and hills and intervening basins, reflecting the influence of northwest trending major 
faults and folds controlling the general geologic structural fabric of the region. In contrast, the Transverse Ranges 
are characterized by east-west trending geologic structures and mountain ranges that include the Santa Ynez, 
San Gabriel, San Bernardino, and Santa Monica Mountains, Elysian Hills, and associated valleys.  
 
Locally, the project site is located within the Bunker Hill area of Downtown Los Angeles and situated in the 
southern portion of the Elysian Hills with ground elevations ranging from approximately 290 to 350 feet above 
mean sea level (AMSL). The eastern margin of the site is underlain by young alluvial sediments deposited by the 
ancestral Los Angeles River. The Elysian Hills comprise the low-lying hills located southeast of the eastern end of 
the Santa Monica Mountains. The Elysian Hills are formed by folding above the active buried (blind) Upper 
Elysian Park thrust fault. The Hollywood fault separates the northwestern end of the Elysian Hills from the Santa 
Monica Mountains (Oskin et al, 2000; Lamar, 1970; Dibblee and Ehrenspeck, 1991 and 1989; Hoots, 1930). 
Bedrock underlying the Elysian Hills is comprised largely of Miocene-and Pliocene-age sedimentary bedrock. 
 
The Bunker Hill area has been substantially modified by intense urbanization during the 1950’s to early 1970’s. 
Although still sloping to the south and east, grading has resulted in a topography ranging from gently sloping 
surfaces to hillside slopes of moderate relief. Excavations and associated grading have resulted in a general 
lowering of the Bunker Hill area. The upper portion of the site has been cut by as much as 12 feet (LeRoy 
Crandall and Associates, 1968). The eastern portion of the site has been filled to create the plaza area. 
 
The project site in relation to local topography is shown on Figure 1. The limits of the project site are shown on 
Figure 2. Local geology is shown on Figure 3, Local Geologic Map. The regional geologic conditions around the 
project site, including the distribution of geologic units, are shown on Figure 4, Regional Geologic Map. The 
project site in relation to major regional faults and earthquake epicenters is shown on Figure 5, Regional Fault 
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and Seismicity Map. Seismic hazards and Alquist-Priolo Earthquake Study Zones (A-P Zones) are shown in Figure 
6, Seismic Hazards Map. 

4.2 Geologic Materials 

According to published geologic maps, the ground at the project site is mapped as late Pleistocene- to 
Holocene-age alluvial deposits along the eastern margin of the site and Pliocene-age Fernando Formation 
sedimentary bedrock elsewhere (Lamar, 1970; Campbell et al., 2014; Bedrossian et al, 2012; Yerkes, 1997a and 
1997b). The site is partially mantled by artificial fill materials consisting of sandy silt to clay varying from a thin 
veneer (less than 1 foot) in the upper portion of the site to a thickness of more than 13 feet in the lower portion, 
adjacent to Hill Street. Deeper fill may be encountered elsewhere at the site due to prior construction or grading. 
Records are not currently available documenting the placement and compaction of the existing fill material 
within the project site.  

In the lower portion of the site below the artificial fill, a wedge of alluvium was encountered in recent and prior 
exploratory borings to depths from 25 to 30 feet (Law/Crandall, 1993a). The alluvium consists of poorly to well-
graded sand, silty sand, and clayey silt with variable gravel and cobble content. Bedrock of the Fernando 
Formation underlies the alluvium in the lower portion of the site and outcrops at the ground surface for the 
remainder of the site. The Fernando Formation generally consists of oxidized and unoxidized, massive and 
poorly- to moderately-well bedded clayey and sandy siltstone and silty fine sandstone. Cemented layers up to 1 
foot thick were also encountered. Overall, the formation is generally poorly cemented and weak to very weak, 
while cemented zones are strong to very strong. The bedrock is oxidized to a light brownish- to yellowish-gray 
color near the surface. The unoxidized bedrock is a dark greenish gray color.  

Bedding dips to the southeast and southwest at between approximately 5 and 37 degrees. Joints in the bedrock 
were not observed to have a preferred orientation and are steeply dipping. The Fernando Formation is estimated 
to be approximately 700 feet thick beneath the site and is underlain by the Miocene age Puente Formation. 
 

4.3 Groundwater 

The site is in the Bunker Hill area of Downtown Los Angeles and is outside the areal limits of valley fill sediments 
that constitute the principal water-bearing units; therefore, the site is not considered to be within the regional 
groundwater basin (CDMG, 1998a and 1998b; DWR, 2003). Although the bedrock of the Fernando Formation is 
considered non-water bearing, perched groundwater may be present locally in fractures and along bedding 
planes in the bedrock. A recent exploratory boring drilled in the upper cut portion of the site encountered 
seepage at approximately Elevation 270 feet. In a prior boring drilled at the site, seepage occurred at Elevations 
between 284 and 300 feet within the bedrock (LeRoy Crandall and Associates, 1988). In the lower portion of the 
site, seepage was encountered in a prior exploratory boring at approximately Elevation 266 feet within the 
alluvium (Law/Crandall, 1993a). Localized seepage within the wedge of alluvium overlying the bedrock is 
representative of a perched groundwater condition that probably fluctuates with seasonal precipitation.  

4.4 Faults 

Numerous faults in Southern California have been previously characterized as active or potentially active. The 
criteria for these major groups were based on criteria developed by the California Geological Survey (CGS), for 
the Alquist-Priolo (A-P) Earthquake Fault Zoning Program (Bryant and Hart, 2007). According to Bryant and Hart, 
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an active fault is one with surface displacement within Holocene time (about the last 11,000 years); and a 
potentially active fault is a fault that has demonstrated surface displacement of Quaternary age deposits (last 1.6 
million years) (Jennings and Bryant, 2010, Bryant and Hart, 2007). More recently the CGS has revised fault activity 
designations for the purpose of the A-P Earthquake Fault Zoning Program (CGS, 2018a). A Holocene-active fault 
is one that has had surface displacement within Holocene time (about the last 11,700 years). A pre-Holocene 
fault is a fault that has been demonstrated to not have Holocene surface displacement. An age-undetermined 
fault is one where the recency of fault movement has not been determined.  
 
Many fault systems in California are considered to be active with Holocene activity (Field et al., 2013; USGS-CGS, 
2006) but are not included in an A-P Zone. A list of nearby active faults (those faults included in Field et al., 2013) 
and the distance in miles between the site and the nearest point on the fault, the maximum magnitude, and the 
slip rate for the fault is given in Table 1. The faults in the vicinity of the site are shown in Figure 5. There are no 
active faults at the site with the potential for surface rupture. 
 

Active Faults 

Hollywood Fault 

The active Hollywood fault, located 4.4 miles north of the site, trends approximately east-west along the base of 
the Santa Monica Mountains from the West Beverly Hills Lineament in the West Hollywood-Beverly Hills area 
(Dolan et al., 1997 and Dolan et Al., 2000a) to the Los Feliz area of Los Angeles. The fault is a groundwater barrier 
within Holocene sediments (Converse et al., 1981). Studies by several investigators (Dolan et al., 2000a; Dolan et 
al., 1997; and Crook et al., 1992) have indicated that the fault is active, based on geomorphic evidence, 
stratigraphic correlation and truncation between exploratory borings, and fault trenching studies. The Hollywood 
fault zone has been included in an Earthquake Fault Zone by the CGS (CGS, 2014, 2018b). 
 
Until recently, the approximately 15 kilometer-long Hollywood fault zone was considered to be expressed as a 
series of linear scarps and faceted south-facing ridges along the south margin of the eastern Santa Monica 
Mountains and the Hollywood Hills. Multiple recent fault rupture hazard investigations have shown that the 
Hollywood fault zone is located south of the faceted ridges and bedrock outcrops along Sunset Boulevard 
(Harza, 1998, William Lettis & Associates, 1998a and 1998b). Active deposition of numerous small alluvial fans at 
the mountain front and a lack of fan incision suggest late Quaternary uplift of the Santa Monica Mountains along 
the Hollywood fault zone (Dolan et al., 2000a, Dolan et al., 1997, Crook et al., 1992 and 1987). The fault dips 
steeply to the north and has juxtaposed Tertiary and Cretaceous age rocks over young sedimentary deposits of 
the northern Los Angeles basin (Hernandez and Treiman, 2014a and 2014b, Hernandez, 2017). The Hollywood 
fault zone has not produced any damaging earthquakes during the historical period and has had relatively minor 
micro-seismic activity. An average slip rate of 0.9 millimeters per year and a maximum moment magnitude of 6.4 
are estimated by the CGS (Cao et al., 2003; Field et al., 2013) for the Hollywood fault. 
 

Raymond Fault 

The active Raymond fault is located approximately 4.5 miles north of the site. The fault is primarily a left-lateral 
strike-slip fault with a minor component of high-angle reverse offset, placing basement rocks north of the fault 
over alluvial sediments south of the fault (Hernandez, 2017). The Raymond fault has long been recognized as a 
groundwater barrier in the Pasadena/San Marino area and numerous geomorphic features along its entire length 
(such as fault scarps, sag ponds, springs, and pressure ridges) attest to the fault's activity during the Holocene 
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epoch (last 11,700 years). Within the last 36,000 to 41,000 years, five to eight separate earthquake events have 
been recognized along the Raymond fault (Crook et al., 1987, Weaver and Dolan, 2000). The most recent fault 
movement, based on radiocarbon ages from materials collected in an excavation exposing the fault, occurred 
sometime between 2,160 ± 105 and 1,630 ± 100 years before present (LeRoy Crandall and Associates, 1978; 
Crook et al., 1987; Weaver and Dolan, 2000). An average slip rate of 2.0 millimeters per year and a maximum 
moment magnitude of 6.5 are estimated by the CGS (Cao et al., 2003; Field et al., 2013) for the Raymond fault. 
 

Newport-Inglewood Fault Zone 

The active North Los Angeles Basin section of Newport-Inglewood fault zone is located approximately 6.3 miles 
to the west-southwest of the site. This fault zone is composed of a series of discontinuous northwest-trending en 
echelon faults extending from Ballona Gap southeastward past the Santa Ana River in Newport Beach, where it 
trends off-shore. This zone is reflected at the surface by a line of geomorphically young anticlinal hills and mesas 
formed by the folding and faulting of a thick sequence of Pleistocene age sediments and Tertiary age 
sedimentary rocks (Bryant, 1985; Barrows, 1974). Fault-plane solutions for 39 small earthquakes (between 1977 
and 1985) show mostly strike-slip faulting with some reverse faulting along the north section (north of 
Dominguez Hills) and some normal faulting along the south section (south of Dominguez Hills to Newport 
Beach) (Treiman, 1993; Hauksson, 1987). Prior fault investigations by Law/Crandall (1993b) in the Huntington 
Beach area indicate that the on-shore  section of the Newport-Inglewood fault zone offsets Holocene age alluvial 
deposits in the vicinity of the Santa Ana River. An average slip rate of 1.0 millimeters per year and a maximum 
moment magnitude of 7.1 are estimated by the CGS (Cao et al., 2003; Field et al., 2013) for the Newport-
Inglewood fault. 
 

Verdugo Fault Zone 

The active Verdugo fault zone, located approximately 6.5 miles north-northeast of the site, is composed of 
several faults including the Verdugo fault, the San Rafael fault, and the Eagle Rock fault. The most recent 
documented activity along this fault occurs in the Holocene age alluvial deposits along the western flank of the 
Verdugo Mountains in the Burbank area (County of Los Angeles, 1990). Additionally, this portion of the fault is 
considered to have Holocene movement by the USGS and the State of California (Jennings and Bryant, 2010). An 
Alquist-Priolo Earthquake Fault Zone has not been established for the Verdugo fault.  According to the CGS, the 
Verdugo fault is capable of a moment magnitude 6.9 earthquake and has a slip rate of 0.4 millimeters per year 
(Cao et al., 2003; Field et al., 2013). 
 

Santa Monica Fault 

The active Santa Monica fault, a left lateral, reverse oblique slip fault, is located approximately 9.5 miles west of 
the project site. The Santa Monica and Hollywood fault zones form a portion of the Transverse Ranges Southern 
Boundary fault system. The Transverse Ranges Southern Boundary fault system also includes the Malibu Coast-
Anacapa-Dume faults to the west of the Santa Monica fault and the Raymond and Cucamonga faults to the east 
of the Hollywood fault (Dolan et al., 2000b). The Santa Monica fault zone is the western segment of the Santa 
Monica-Hollywood fault zone. The fault zone trends east-west from the Santa Monica coastline on the west to 
the Hollywood area on the east. Urbanization and development within the greater Los Angeles area has resulted 
in a poor understanding of the lateral extent, location, and rupture history of the Santa Monica fault zone. 
However, the surface expression of the Santa Monica fault zone includes fault-related geomorphic features, 
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offset stratigraphy, and ground water barriers within late Quaternary deposits (Hill et al., 1979, and Dolan et al., 
2000b). 
 
As of January 11, 2018, the Santa Monica fault zone has been included in an Earthquake Fault Zone within the 
Beverly Hills 7.5 minute Quadrangle by the CGS (2018c). An average slip rate of 1.0 millimeters per year and a 
maximum moment magnitude of 6.6 are estimated by the CGS (Cao et al., 2003; Field et al., 2013) for the Santa 
Monica fault. 
 

Sierra Madre Fault Zone 

The active Sierra Madre fault is located 11 miles north-northeast of the site. This fault zone borders the southern 
front of the San Gabriel Mountains and consists of a series of discontinuous reverse faults that separate pre-
Tertiary crystalline rocks on the north from Tertiary and Quaternary sedimentary deposits on the south. The 
various faults exhibit northerly dips from 15 degrees to vertical, with the crystalline rocks thrust upward toward 
the south over sediments as young as mid-Pleistocene age. The Sierra Madre fault zone extends approximately 
50 miles along the southern flank of the San Gabriel Mountains from Big Tujunga Canyon on the west to Cajon 
Pass on the east. The fault zone, which includes the active Cucamonga fault, consists of a series of reverse fault 
segments that are believed to have been active at different times in the geologic past (Crook et al., 1987). The 
moderate M5.8 1991 Sierra Madre earthquake is believed to be a result of movement on a small portion of the 
Sierra Madre fault zone. Recent paleoseismic investigations by Rubin et al. (1998) in Altadena have shown that 
the Sierra Madre fault fails in large, infrequent earthquakes. The past two ruptures in Altadena produced about 
4.5 to 5 meters of slip at the ground surface and occurred within the past approximately18,000 years. Farther 
east in San Dimas, Tucker and Dolan (2001) documented the occurrence of two large-slip earthquakes during the 
period between approximately 8,000 and 24,000 years ago. The most recent event on the eastern portion of the 
Sierra Madre fault zone occurred prior to about 8,000 years ago. The CGS considers the Sierra Madre fault to be 
capable of a moment magnitude 7.2 earthquake and estimates an annual slip rate of 2 millimeters per year (Cao 
et al. 2003; Field et al. 2013). 
 

Whittier Fault 

The active Whittier fault is located approximately 12 miles east-southeast of the site. The northwest-trending 
Whittier fault extends along the south flank of the Puente Hills from the Santa Ana River on the southeast to 
Whittier Narrows on the northwest. According to Yeats, 2004, and Treiman, 1991, the Whittier fault turns more 
northwesterly at Whittier Narrows becoming the East Montebello fault beneath the Whittier Narrows towards the 
Alhambra Wash. The East Montebello fault is approximately 7.9 miles east of the site. The main Whittier fault 
trace is a high-angle reverse fault, with the north side uplifted over the south side at an angle of approximately 
70 degrees, although late Quaternary movement has been nearly pure strike slip and total right displacement 
may be around 8 to 9 kilometers (Yeats, 2004). In the Brea-Olinda Oil Field, the Whittier fault displaces 
Pleistocene age alluvium, and Carbon Canyon Creek is offset in a right lateral sense by the Whittier fault. The 
CGS considers the Whittier fault to be capable of a moment magnitude 6.8 earthquake and estimates an annual 
slip rate of 2.5 millimeters per year (Cao et al. 2003; Field et al. 2013). 
 

San Andreas Fault Zone 

The active San Bernardino section of the San Andreas fault zone is located about 34 miles north-northeast of the 
site. This fault zone is California's most prominent structural feature, trending in a general northwest direction for 
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almost the entire length of the state. The southern section of the fault is approximately 450 kilometers long and 
extends from the Transverse Ranges west of Tejon Pass on the north to the Mexican border and beyond on the 
south. The last major earthquake along the San Andreas fault zone in Southern California was the 1857 
Magnitude 8.3 Fort Tejon earthquake. The CGS considers the San Bernardino Mojave Section to be capable of a 
moment magnitude 7.4 earthquake and estimates an annual slip rate of 34 millimeters per year (Cao et al., 2003; 
Field et al., 2013). 
 

Blind Thrust Faults 

Compton Thrust 

The active Compton Thrust has been defined from seismic reflection profiles and borehole data (Leon et al., 
2009) as a northeast-dipping structure. The Compton Thrust is located below the site. This blind thrust fault 
system extends approximately 28 miles from southwest Los Angeles County to northern Orange County in a 
southeastern direction. The Compton Thrust is not exposed at the ground surface and does not present a 
potential for surface fault rupture. Several uplift events have been observed by investigating deformed Holocene 
layers along buried fold scarps (Leon et al., 2009). The cumulative uplift from the observed events ranged from 2 
to 6 feet or approximately 4 to 14 feet of thrust displacement with moment magnitudes of 7.0 to 7.4 (Leon et al., 
2009). Slip rate is estimated to be 0.9 millimeters per year (Field et al., 2013). 

 
Upper Elysian Park Thrust 

The Upper Elysian Park fault is a blind thrust fault that overlies the Los Angeles and Santa Fe Springs sections of 
the Puente Hills Thrust (Oskin et al., 2000 and Shaw et al., 2002). The eastern edge of the Upper Elysian Park fault 
is defined by the northwest-trending Whittier fault zone. The vertical surface projection of the Upper Elysian Park 
fault upper limb is approximately 1 mile northeast of the site (USGS-CGS, 2006). Like other blind thrust faults in 
the Los Angeles area, the Upper Elysian Park fault is not exposed at the surface and does not present a potential 
surface rupture hazard; however, the Upper Elysian Park fault should be considered an active feature capable of 
generating future earthquakes. An average slip rate of 1.9 millimeters per year and a maximum moment 
magnitude of 6.4 are estimated by Cao et al. (2003) and Field et al. (2013) for the Upper Elysian Park fault. 

Puente Hills Blind Thrust Fault 

The active Puente Hills Blind Thrust (PHBT) is defined based on seismic reflection profiles, petroleum well data, 
and precisely located seismicity (Shaw et al., 2002). The closest point to the surface projection of the PHBT upper 
limb is approximately 3.9 miles southwest (USGS-CGS, 2006). This blind thrust extends eastward from downtown 
Los Angeles to Brea in northern Orange County. The PHBT includes three north-dipping segments, named from 
east to west the Coyote Hills segment, the Santa Fe Springs segment, and the Los Angeles segment. These 
segments are overlain by folds expressed at the surface as the Coyote Hills, Santa Fe Springs Anticline, and the 
Montebello Hills. The Santa Fe Springs segment of the PHBT was the causative fault of the October 1, 1987 
Whittier Narrows (Shaw et al., 2002) and March 29, 2014 La Habra earthquakes. The PHBT is not exposed at the 
ground surface and does not present a potential for surface fault rupture. However, based on deformation of late 
Quaternary age sediments above this fault system and the occurrence of the Whittier Narrows earthquake, the 
PHBT is considered an active fault capable of generating future earthquakes beneath the Los Angeles Basin. An 
average slip rate of 0.9 millimeter per year and a moment magnitude of 7.1 are estimated by the CGS (Cao et al., 
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2003; Field et al., 2013), for a multiple segment fault rupture of the Puente Hills Blind Thrust; a single segment 
fault rupture may produce an earthquake of moment magnitude 6.5 to 6.6. 
 

Northridge Thrust 
The active Northridge Thrust, as defined by Petersen et al. (1996), is a deep thrust fault that is considered the 
eastern extension of the Oak Ridge fault. The closest point to the surface projection of the Northridge Thrust 
fault is approximately 19 miles northwest. The Northridge Thrust is located beneath the majority of the San 
Fernando Valley and was the causative fault of the January 17, 1994, moment magnitude 6.7 Northridge 
earthquake. This thrust fault is not exposed at the surface and does not present a potential surface fault rupture 
hazard. However, the Northridge Thrust is an active feature that can generate future earthquakes. According to 
the CGS (Cao et al., 2003; Field et al., 2013), the Northridge Thrust is capable of a moment magnitude 7.0 
earthquake and has a slip rate of 1.5 millimeters per year. 
 

4.5 Geologic-Seismic Hazards 

Surface Fault Rupture 

The site is not within a currently established Alquist-Priolo Earthquake Fault Zone (A-P Zone) for surface fault 
rupture hazard (CGS, 2017 and 2014). An A-P Zone is an area which requires geologic investigation to evaluate 
whether the potential for surface fault rupture is present near an active fault (CGS, 2018a). As defined by the A-P 
Zone Act, an active fault is a fault with surface displacement within the last 11,700 years (Holocene). The closest 
established A-P Zone is located approximately 4.4 miles north of the project site for a section of the Hollywood 
fault zone (CGS, 2017; CGS, 2014). Blind thrust faults are not exposed at the ground surface and are typically 
identified at depths greater than 3 kilometers. Therefore, these faults do not present a potential surface fault 
rupture hazard. 
 
Based on the available geologic data, active faults with the potential for surface fault rupture are not known to 
be located directly beneath or projecting toward the project site. Therefore, the potential for surface rupture due 
to fault plane displacement propagating to the surface at the project site during the design life of the proposed 
development is considered low. 
 

Seismicity  

Earthquake Catalog Data 

The seismicity of the region surrounding the project site was determined from research of a computer catalog of 
seismic data (Southern California Seismographic Network, 2018). This database includes earthquake data 
compiled by the California Institute of Technology for 1932 to 2018. We have also utilized data from 1769 to 
1931 compiled by CGS (CDMG, 2001). The search for earthquakes that occurred within 100 kilometers (62.1 
miles) of the project site indicates that 441 earthquakes of Magnitude 4.0 and greater occurred between 1932 
and 2018; 34 earthquakes of Magnitude 6.0 or greater occurred between 1769 and 1931. A list of these 
earthquakes is presented as Table 2. Faults and epicenters of earthquakes greater than Magnitude 5 in the 
greater Los Angeles area are shown in Figure 5. 
 
The information for each earthquake in Table 2 includes date and time in Coordinated Universal Time (UTC), 
location of the epicenter in latitude and longitude, quality of epicentral determination (Q), depth in kilometers, 
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distance from the site in kilometers, and magnitude. Where a depth of 0.0 is given, the solution was based on an 
assumed 16-kilometer focal depth. The explanation of the letter code for the quality factor of the data is 
presented on the first page of the table. 
 
A number of earthquakes of moderate to major magnitude have occurred in the Southern California area within 
about the last 85 years. A partial list of these earthquakes is included in the following table. 
 

List of Historic Earthquakes 
Earthquake 

(Oldest to Youngest) 
 

Date of Earthquake 
 

Magnitude 
Distance to 
Epicenter 

(miles) 

Direction 
to 

Epicenter 
Long Beach March 11, 1933 6.4 34 SSE 
Tehachapi July 21, 1952 7.5 79 NW 
San Fernando February 9, 1971 6.6 26 NW 
Whittier Narrows October 1, 1987 5.9 10 SE 
Sierra Madre June 28, 1991 5.8 21 NE 
Landers June 28, 1992 7.3 104 E 
Big Bear June 28, 1992 6.4 82 ENE 
Northridge January 17, 1994 6.7 20 NW 
Hector Mine October 16, 1999 7.1 119 NE 
Sierra El Mayor April 4, 2010 7.2 227 SE 
La Habra March 28, 2014 5.1 21 SE 
Borrego Springs June 10, 2016 5.2 112 SE 
Channel Islands April 5, 2018 5.3 86 W 

 

Liquefaction and Seismically-Induced Settlement 

Liquefaction is the process in which loose granular soils below the ground-water table temporarily lose strength 
during strong ground shaking as a consequence of increased pore pressure and, thereby, reduced effective 
stress. The vast majority of liquefaction hazards are associated with sandy soils and silty soils of low plasticity 
(CGS, 2008). Potentially liquefiable soils (based on composition) must be saturated or nearly saturated to be 
susceptible to liquefaction (CGS, 2008).  
 
Significant factors that affect liquefaction include water level, soil type, particle size and gradation, relative 
density, confining pressure, intensity of shaking, and duration of shaking. These factors must be evaluated on a 
site-specific basis to assess the potential for ground failure caused by liquefaction at the project site. Liquefaction 
potential has been found to be the greatest where the ground water level is shallow and submerged loose, fine 
sands occur within a depth of about 50 feet or less. Liquefaction potential decreases with increasing grain size 
and clay and gravel content, but increases as the ground acceleration and duration of shaking increase.  
 
According to the City of Los Angeles NavigateLA database (2018) and the California Division of Mines and 
Geology (CDMG, 1999), most of the project site is not within an area identified as having a potential for 
liquefaction. However, a small area in the southeast portion of the site is identified as having a potential for 
liquefaction as shown on Figure 6. Considering the proposed excavations extending through the existing fill and 
alluvium and into bedrock, the potential for liquefaction to occur at the project site is considered low.  
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Seismic-induced settlement is often caused by loose to medium-dense granular soils densified during ground 
shaking. Uniform settlement beneath a given structure would cause minimal damage; however, because of 
variations in distribution, density, and confining conditions of the soils, seismic-induced settlement is generally 
non-uniform and can cause serious structural damage. Dry and partially saturated soils as well as saturated 
granular soils are subject to seismic-induced settlement. Considering the planned excavations for the basement 
into bedrock, the site is not considered susceptible to seismically-induced settlement, therefore, the potential for 
seismically-induced settlement is considered low. 
 

Slope Stability 

The majority of the site is currently vacant land with slopes ranging from approximately 4:1 to 2:1 (horizontal to 
vertical) towards the south to southeast. The upper portion of the site is gently sloping to flat. The lower portion 
of the site, adjacent to S. Hill Street, consists of a generally level park and subway access portal. There are no 
known landslides at the project site, nor is the project site in the path of any known or potential landslides (CGS, 
2018d). According to the City of Los Angeles (2018) and the CGS (2018c) the site is partially within an area 
identified as having the potential for seismic slope instability. Areas identified to have the potential for slope 
instability are shown on Figure 6.  
 
Although the Fernando formation is generally massive to thickly bedded, some well bedded zones are found 
throughout the unit. The observed bedding in our borings generally strikes east-west and dips approximately 5 
to 37 degrees to the south and southeast. These orientations are consistent with regional trends. At the site, the 
bedding planes generally dip out of slope at a shallow angle on south and southeast facing slopes. 
 
There are no known landslides near the project site, nor is the project site in the path of any known or potential 
landslides. The site will be completely excavated and redeveloped as part of construction.  The basement 
excavation will remove all of the existing slopes. Therefore the risk from slope stability issues is considered low. 
 
In order to excavate for basement levels, the sides of the temporary excavations should be sloped back at 1:1 
(horizontal to vertical) or shored for safety.  Unshored excavations should not extend below a plane drawn at 
1½:1 (horizontal to vertical) extending downward from adjacent existing footings or utilities in streets. Where 
space is not available, temporary shoring will be required. The subsurface materials are generally massive to 
thickly bedded siltstone and sandstone of the Fernando Formation. Bedding, where present, dips to the 
southeast to south. Southeast and southwest facing walls and temporary shoring should be designed for the 
potential higher lateral pressures due to dipping bedding planes.  
 

Tsunamis, Inundation, and Seiches 
 
The project site is located approximately 13 miles from the coastline and at an elevation of approximately 300 
feet above mean sea level (NAVD 88). According to the City of Los Angeles Safety Element (1996), the project site 
is not located within a tsunami run-up zone.  
 
According to the Safety Element of the City of Los Angeles (1996) and the County of Los Angeles General Plan 
(2015), the project site is not located within a potential dam inundation area and is not within a hazard area for 
seiches (wave oscillations in an enclosed or semi-enclosed body of water). Therefore, the potential for inundation 
at the project site as a result of an earthquake-induced dam failure is considered low. 
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Flooding  
The project site is located outside the 0.2% annual chance floodplain, Zone X, as defined by the Federal 
Emergency Management Association (FEMA, 2008). Therefore, the potential for flooding to affect the project site 
is considered low. 
 

Expansive and Corrosive Soils 
 
Expansive soils shrink and swell significantly as they lose and gain moisture. The resulting volumetric changes can 
heave and crack lightly loaded foundations and structures. Soils are generally classified as having low, moderate, 
and high expansive potentials, where the type and percentage of clay particles present in the soil are indicative 
of the soil’s expansion potential. Predominantly fine-grained soils containing a high percentage of clays are 
potentially expansive, whereas predominantly coarse grained soils such as sands and gravels are generally non-
expansive.  
 
The soils at the project site are anticipated to be primarily of low expansion potential. However, moderately 
expansive soils could be locally present. 
 
Soil corrosivity involves the measure of the potential of corrosion for steel and concrete caused by contact with 
some types of soil. Knowledge of potential soil corrosivity is often critical for the effective design parameters 
associated with cathodic protection of buried steel and concrete mix design for plain or reinforced concrete 
buried project elements. Factors—including soil composition, soil and pore water chemistry, moisture content, 
and pH—affect the response of steel and concrete to soil corrosion. Soils with high moisture content, high 
electrical conductivity, high acidity, high sulfates, and high dissolved salts content are most corrosive. Generally, 
sands and silty sands do not present a corrosive environment. The results of corrosivity tests indicate that the 
onsite soils, at present moisture content, are mildly to moderately corrosive to ferrous metals, aggressive to 
copper, and moderate for sulfate attack on portland cement. 
 

Soil Erosion 

Erosion includes detachment and transportation of soil materials by wind or water. Rainfall and potential surface 
runoff may produce different types of erosion. Potentially erosive conditions are identified as areas having a 
combination of potentially erosive soils and uncovered slopes.  
 
Soil erodibility depends upon many factors, including grain size, organic matter content, structure, permeability, 
and percentage of rock fragments. The site its current condition is susceptible to erosion, however the proposed 
development will remove erosion susceptible areas. 

Oil Wells and Methane Gas 

Oil and gas wells are potential concerns when they seep oil or gas, are not abandoned to current regulations, or 
have associated surface contamination. They may also be associated with methane hazards. 
 
The project site is not located within the limits of an oil field according to the California Division of Oil, Gas and 
Geothermal Resources’ (DOGGR) Well Finder System (DOGGR, 2018). According to DOGGR, the project site is 
located approximately 0.8 mile south of the Los Angeles City Oil Field, 0.6 mile northeast of the Los Angeles 
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Downtown Oil Field, and 0.5 mile northwest of the abandoned Union Station oil Field. The closest known oil 
exploration wells are located approximately 0.5 mile north and south of the project site. Per DOGGR, those wells 
are classified as “active producer” and “dry hole,” respectively. Since the project site is near active oil fields, there 
is a remote possibility that undocumented abandoned wells or other undocumented wells could be encountered 
during excavations. Any wells encountered during construction will have to be abandoned in accordance with 
current DOGGR standards and regulations. 
 
The project site is not located within the defined boundaries of a City of Los Angeles Methane or Methane Buffer 
Zone (City of Los Angeles, 2018). A Methane Buffer Zone boundary is mapped approximately 1,000 feet north 
and northwest of the project site and, accordingly, the potential presence of methane gas beneath the project 
site cannot be discounted. During geological downhole logging as part of Wood’s concurrent geotechnical 
investigation, volatile organic compounds (VOCs) were detected starting at a depth of approximately 18 feet 
below ground surface in boring BA-1 advanced within the northern section of the project site. The VOC 
concentrations displayed on the field instrument, a photoionization detector, registered up to 190 parts per 
million. No obvious odors were noted by Wood’s field geologist (Wood, 2018). 
 

Ground Subsidence 
 
Land subsidence is a form of ground settlement that usually results from change in fluid content within soil or 
rock. The volume change can result from localized dewatering of peat, organic soils, or soft silts and clay. 
Ongoing decomposition of organic-rich soils may also result in land subsidence. This type of subsidence 
generally occurs in localized areas. 
 
A second type of land subsidence is from a regional withdrawal of groundwater, petroleum, or geothermal 
resources from sedimentary source rocks, which can cause the permanent collapse of the pore space previously 
occupied by the removed fluid. The compaction of subsurface sediment caused by fluid withdrawal can cause 
subsidence of the ground surface overlying a pumped reservoir or well. If the volume of water or petroleum 
removed is sufficiently great, the amount of resulting subsidence may suffice to cause damage to nearby 
engineered structures. 
 
The project site is not located in area of known subsidence due to groundwater or oil/gas withdrawal, peat 
oxidation, or hydro-compaction. 
 

Volcanic Hazards 
 
Due to the distance between the project site and known active volcanic areas, there are no significant potential 
impacts related to volcanic hazards. The proposed development will not result in or expose people to significant 
impacts related volcanic hazards. 
 

Radon 
 
The project site is in a Low Potential for Indoor Radon Levels Above 4.0 Picocuries per Liter zone, defined as all 
areas that are not designated as High Potential or Moderate Potential (CGS, 2018d).  
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5.0 Summary of Potential Geologic-Seismic Impacts and Mitigation Measures 
5.1 General 
As part of the standard conditions of approval for the development as a whole, the proposed project will be 
designed and built in compliance with City of Los Angeles Building Code requirements. The City of Los Angeles 
will require that the results of a comprehensive geotechnical investigation, including subsurface explorations and 
appropriate soil testing, be submitted as part of the permitting process for the Project. The City of Los Angeles 
will require that the specific design recommendations presented in the comprehensive geotechnical report be 
incorporated into the design and construction of the proposed project, including recommendations for 
foundation support, grading, excavation, shoring, and seismic design parameters.  
 
Proper engineering design and conformance with recommendations presented in the comprehensive 
geotechnical report for the proposed project, in compliance with current Building Codes as required by the City 
of Los Angeles, will ensure the identified potential geotechnical impacts are less than significant.  
 
We understand that the basement levels for the proposed high-rise development may extend approximately 110 
to 170 feet below the existing grade. The proposed high-rise buildings are anticipated to be able to be 
supported on conventional spread footings or mat foundations established in the undisturbed natural soils. If the 
building loads are greater than can be supported on the currently anticipated mat or spread footing foundations, 
drilled pile foundations could be used as an alternative. 
 

5.2 Surface Fault Rupture 
Based on the available geologic data, active or major quaternary faults with the potential for surface fault rupture 
are not known to be located directly beneath or projecting toward the project site. Therefore, the potential for 
surface rupture due to fault plane displacement propagating to the surface at the project site during the design 
life of the proposed development is considered low. 
 

5.3 Seismicity and Ground Shaking 
The location of the project site relative to known active and major quaternary faults indicates the project site 
could be subjected to significant ground shaking caused by earthquakes. This hazard is common in Southern 
California and the effects of ground shaking can be designed for with proper engineering and construction in 
conformance with current building codes and engineering practices. 
 

5.4 Liquefaction 
Although, the project site is partially within an area identified as having a potential for liquefaction, the bedrock 
and alluvial materials are not anticipated to be susceptible to liquefaction. Considering the proposed excavations 
through fill and alluvium into bedrock, the potential for liquefaction to occur at the project site is considered low.  
 

5.5 Settlement 
Building settlements will depend on the magnitude of the structural loads. Building foundations will be designed 
to result in settlement of less than the following amounts in accordance with guidelines of the City of Los 
Angeles Department of Building and Safety: 
• Mat Foundations – 4 inches 
• Spread Footing Foundations – 1.5 inches 
• Pile Foundations – 0.5 inch 
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The maximum settlements described above will be used in design, along with an evaluation of structural 
performance based on computed total and differential settlement. 
 

5.6 Slope Stability 
The project site is partially within an area identified to have a potential for seismic slope instability as designated 
by the CGS. There are no known landslides near the project site, nor is the project site in the path of any known 
or potential landslides. Basement excavations will remove all of the existing slopes.  
 
In order to excavate for basement levels, the sides of the excavations should be sloped back at 1:1 (horizontal to 
vertical) or shored for safety, unshored excavations should not extend below a plane drawn at 1½:1 (horizontal 
to vertical) extending downward from adjacent existing footings or utilities in streets. Where space is not 
available, temporary shoring will be required. If temporary shoring is required, excavation walls may be 
supported during construction of basement using conventional soldier beams with lagging and tied-back with 
anchors. As an alternative to tie-back anchors, rakers or cross-lot bracing could be used. Another alternative 
temporary or permanent lateral support methodology would be to use soil nails, which consist of reinforced 
concrete elements extending into the embankment at an angle of approximately 10 to 15 degrees with respect 
to horizontal. The nails would be spaced at around 5 feet on-center horizontally and vertically in conjunction with 
a facing layer restrained by the soil nail heads. The shoring should be designed to allow up to 0.5 inch movement 
at the top of shoring or less as necessary to protect adjacent structures or utilities in streets adjacent to the 
project site. The subsurface materials are generally massive to thickly bedded siltstone and sandstone of the 
Fernando Formation. Bedding, where present, dips to the southeast to south. Southeast and southwest facing 
walls and temporary shoring should be designed for the potential higher lateral pressures due to dipping 
bedding planes. Proper engineering design and construction will reduce potential impacts to less than 
significant. 
 

5.7 Expansive and Corrosive Soils 
The expansion potential of soils at the project site is expected to range from low to high. The results of 
corrosivity tests indicate that the onsite soils, at present moisture content, are mildly to moderately corrosive to 
ferrous metals, aggressive to copper, and moderate for sulfate attack on portland cement. Structures and project 
site improvements will need to be designed to resist the effects of expansive and corrosive soils. Design 
recommendations for  expansive soils could include excavation and replacement of upper soils, deepening of 
foundations, cement treatment, and/or moisture conditioning of the upper soils. Design recommendations for 
corrosive soils could include isolation of utilities from soils with barriers or wrappings, cathodic isolation, and/or 
cathodic protection and will reduce potential impacts to less than significant. 
 

5.8 Soil Erosion 
The project site is in an area of moderate to high relief and generally covered with permeable surfaces. The 
proposed project design will remove potentially erodible surfaces and proper civil design will direct surface water 
runoff to nonerosive devices. Therefore, the potential for erosion at the project site is considered low. 
 

5.9 Oil Wells and Methane Gas 

The project site is not within an active oil field and is not located in a City of Los Angeles Methane or Methane 
Buffer Zone, therefore, there is low potential for methane and other volatile gases to occur within onsite 
subsurface materials.  Any wells encountered during construction will have to be abandoned in accordance with 
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current DOGGR standards and regulations. Proper abandonment would result in impacts that are less than 
significant. 
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Table 1 
Major Named Faults Considered to be Active in Southern California 

Fault 
(in increasing distance) 

Maximum
Magnitude 

(Mw) 

Fault 
Geometry

Slip Rate
(mm/yr.) 

Sources 
Distance 
From Site 

(miles) 

Direction 
From Site 

Compton Thrust  7.4  BT  0.9  (a,b)  0**  ‐ 

Upper Elysian Park Thrust 6.4 BT 1.9 (a,b) 1* NE 
Puente Hills Blind Thrust 7.1 BT 0.9 (a,b) 3.9* SW 
Hollywood 6.4 RO 0.9 (a,b) 4.4 N 
Raymond 6.5 RO 2.0 (a,b) 4.5 N 
Newport‐Inglewood 7.1 SS 1.0 (a,b) 6.3 WSW 
Verdugo 6.9 RO 0.4 (a,b) 6.5 NNE 
Santa Monica 6.6 RO 1.0 (a,b) 9.5 W 
Sierra Madre 7.2 RO 2.0 (a,b) 11 NNE 
Whittier 6.8 RO 2.5 (a,b) 12 ESE 
Clamshell‐Sawpit 6.5 RO 0.4 (a,b) 15 ENE 
San Fernando 6.7 RO 2.0 (a,b) 16 N 
Upper Duarte 7.2 RO 2.0 (a,b) 16 ENE 
San Gabriel fault 7.2 SS 0.4 (a,b) 16 NNE 
Palos Verdes 7.3 SS 3.0 (a,b) 18 SSW 
Northridge Thrust 7.0 BT 1.5 (a,b) 19* NW 
San Andreas  7.4  SS  34.0  (a,b)  34  NNE 

(a) Cao et al., 2003; Field et al., 2013  Prepared by: KSH 6/7/18 
(b) Southern California Earthquake Center, 2018 Checked by: PER 6/25/18 
(c) USGS-CGS, 2006 (updated 2018) 
(d)  Leon, 2009  
SS Strike Slip   
NO Normal Oblique 
RO Reverse Oblique 
BT Blind Thrust 
(*) Distance from site to thrust fault upper limb 
(**) Distance from thrust fault surface projection (upper limb) 
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Table 2 
Proposed Angels Landing Development 

LIST OF HISTORIC EARTHQUAKES OF MAGNITUDE 4.0 OR 
GREATER WITHIN 100.0 KM OF THE SITE 

(SCSN DATA 1932-2018) 
 
 

NOTE:  Q IS A FACTOR RELATING THE QUALITY OF EPICENTRAL DETERMINATION 
A = + 1 km horizontal distance; + 2 km depth 
B = + 2 km horizontal distance; + 5 km depth 

C = + 5 km horizontal distance; no depth restriction 
D = >+ 5 km horizontal distance 

Event qualities are highly suspect prior to 1990.  Many of these event 
qualities are based on incomplete information according to Caltech. 

 
 

DATE        TIME      LATITUDE  LONGITUDE   Q DIST [KM] MAGNITUDE DEPTH 
 

11-01-1932  04:45:00.00  34.0000 N  117.250 W   E  092.39    4.0     00.0 
03-11-1933  01:54:07.80  33.6167 N  117.967 W   A  054.96    6.4     00.0 
03-11-1933  02:04:00.00  33.7500 N  118.083 W   C  036.86    4.9     00.0 
03-11-1933  02:05:00.00  33.7500 N  118.083 W   C  036.86    4.3     00.0 
03-11-1933  02:09:00.00  33.7500 N  118.083 W   C  036.86    5.0     00.0 
03-11-1933  02:10:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  02:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  02:16:00.00  33.7500 N  118.083 W   C  036.86    4.8     00.0 
03-11-1933  02:17:00.00  33.6000 N  118.000 W   E  055.23    4.5     00.0 
03-11-1933  02:22:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:27:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  02:30:00.00  33.7500 N  118.083 W   C  036.86    5.1     00.0 
03-11-1933  02:31:00.00  33.6000 N  118.000 W   E  055.23    4.4     00.0 
03-11-1933  02:52:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:57:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  02:58:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  02:59:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  03:05:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  03:09:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  03:11:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  03:23:00.00  33.7500 N  118.083 W   C  036.86    5.0     00.0 
03-11-1933  03:36:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  03:39:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  03:47:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  04:36:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-11-1933  04:39:00.00  33.7500 N  118.083 W   C  036.86    4.9     00.0 
03-11-1933  04:40:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-11-1933  05:10:22.00  33.7000 N  118.067 W   C  042.56    5.1     00.0 
03-11-1933  05:13:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-11-1933  05:15:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  05:18:04.00  33.5750 N  117.983 W   C  058.40    5.2     00.0 
03-11-1933  05:21:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  05:24:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  05:53:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  05:55:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  06:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  06:18:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  06:29:00.00  33.8500 N  118.267 W   C  022.40    4.4     00.0 
03-11-1933  06:35:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  06:58:03.00  33.6833 N  118.050 W   C  044.88    5.5     00.0 
03-11-1933  07:51:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  07:59:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  08:08:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-11-1933  08:32:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
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Table 2 - continued 
03-11-1933  08:37:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  08:54:57.00  33.7000 N  118.067 W   C  042.56    5.1     00.0 
03-11-1933  09:10:00.00  33.7500 N  118.083 W   C  036.86    5.1     00.0 
03-11-1933  09:11:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  09:26:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  10:25:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  10:45:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:00:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:04:00.00  33.7500 N  118.133 W   C  035.18    4.6     00.0 
03-11-1933  11:29:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:38:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  11:41:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  11:47:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  12:50:00.00  33.6833 N  118.050 W   C  044.88    4.4     00.0 
03-11-1933  13:50:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  13:57:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  14:25:00.00  33.8500 N  118.267 W   C  022.40    5.0     00.0 
03-11-1933  14:47:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  14:57:00.00  33.8833 N  118.317 W   C  019.61    4.9     00.0 
03-11-1933  15:09:00.00  33.7333 N  118.100 W   C  037.96    4.4     00.0 
03-11-1933  15:47:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  16:53:00.00  33.7500 N  118.083 W   C  036.86    4.8     00.0 
03-11-1933  19:44:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-11-1933  19:56:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-11-1933  22:00:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  22:31:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  22:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-11-1933  22:40:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-11-1933  23:05:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  00:27:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-12-1933  00:34:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  04:48:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  05:46:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-12-1933  06:01:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  06:16:00.00  33.7500 N  118.083 W   C  036.86    4.6     00.0 
03-12-1933  07:40:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  08:35:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  15:02:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-12-1933  16:51:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-12-1933  17:38:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-12-1933  18:25:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-12-1933  21:28:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-12-1933  23:54:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-13-1933  03:43:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-13-1933  04:32:00.00  33.7500 N  118.083 W   C  036.86    4.7     00.0 
03-13-1933  06:17:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-13-1933  13:18:28.00  33.7500 N  118.083 W   C  036.86    5.3     00.0 
03-13-1933  15:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-13-1933  19:29:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-14-1933  00:36:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-14-1933  12:19:00.00  33.7500 N  118.083 W   C  036.86    4.5     00.0 
03-14-1933  19:01:50.00  33.6167 N  118.017 W   C  052.91    5.1     00.0 
03-14-1933  22:42:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  02:08:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  04:32:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-15-1933  05:40:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-15-1933  11:13:32.00  33.6167 N  118.017 W   C  052.91    4.9     00.0 
03-16-1933  14:56:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
03-16-1933  15:29:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-16-1933  15:30:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-17-1933  16:51:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
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Table 2 ‐ continued 
03-18-1933  20:52:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-19-1933  21:23:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
03-20-1933  13:58:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-21-1933  03:26:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-23-1933  08:40:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-23-1933  18:31:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-25-1933  13:46:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
03-30-1933  12:25:00.00  33.7500 N  118.083 W   C  036.86    4.4     00.0 
03-31-1933  10:49:00.00  33.7500 N  118.083 W   C  036.86    4.1     00.0 
04-01-1933  06:42:00.00  33.7500 N  118.083 W   C  036.86    4.2     00.0 
04-02-1933  08:00:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
04-02-1933  15:36:00.00  33.7500 N  118.083 W   C  036.86    4.0     00.0 
05-16-1933  20:58:55.00  33.7500 N  118.167 W   C  034.35    4.0     00.0 
08-04-1933  04:17:48.00  33.7500 N  118.183 W   C  034.04    4.0     00.0 
10-02-1933  09:10:17.60  33.7833 N  118.133 W   A  031.67    5.4     00.0 
10-02-1933  13:26:01.00  33.6167 N  118.017 W   C  052.91    4.0     00.0 
10-25-1933  07:00:46.00  33.9500 N  118.133 W   C  015.59    4.3     00.0 
11-13-1933  21:28:00.00  33.8667 N  118.200 W   C  021.02    4.0     00.0 
11-20-1933  10:32:00.00  33.7833 N  118.133 W   B  031.67    4.0     00.0 
01-09-1934  14:10:00.00  34.1000 N  117.683 W   A  052.53    4.5     00.0 
01-18-1934  02:14:00.00  34.1000 N  117.683 W   A  052.53    4.0     00.0 
01-20-1934  21:17:00.00  33.6167 N  118.117 W   B  049.85    4.5     00.0 
04-17-1934  18:33:00.00  33.5667 N  117.983 W   C  059.25    4.0     00.0 
10-17-1934  09:38:00.00  33.6333 N  118.400 W   B  048.45    4.0     00.0 
11-16-1934  21:26:00.00  33.7500 N  118.000 W   B  040.68    4.0     00.0 
06-11-1935  18:10:00.00  34.7167 N  118.967 W   B  098.98    4.0     00.0 
06-19-1935  11:17:00.00  33.7167 N  117.517 W   B  077.28    4.0     00.0 
07-13-1935  10:54:16.50  34.2000 N  117.900 W   A  036.28    4.7     00.0 
09-03-1935  06:47:00.00  34.0333 N  117.317 W   B  086.07    4.5     00.0 
12-25-1935  17:15:00.00  33.6000 N  118.017 W   B  054.61    4.5     00.0 
02-23-1936  22:20:42.71  34.1275 N  117.338 W   A  084.47    4.5     10.0 
02-26-1936  09:33:27.65  34.1402 N  117.340 W   A  084.48    4.0     10.0 
08-22-1936  05:21:00.00  33.7667 N  117.817 W   B  051.02    4.0     00.0 
10-29-1936  22:35:36.12  34.3803 N  118.624 W   C  050.17    4.0     10.0 
01-15-1937  18:35:47.03  33.5610 N  118.058 W   B  057.32    4.0     10.0 
03-19-1937  01:23:38.37  34.1117 N  117.426 W   A  076.27    4.0     10.0 
07-07-1937  11:12:00.00  33.5667 N  117.983 W   B  059.25    4.0     00.0 
09-01-1937  13:48:08.21  34.2108 N  117.530 W   A  068.68    4.5     10.0 
09-01-1937  16:35:33.50  34.1830 N  117.548 W   A  066.34    4.5     10.0 
05-21-1938  09:44:00.00  33.6167 N  118.033 W   B  052.30    4.0     00.0 
05-31-1938  08:34:55.41  33.6988 N  117.511 W   B  078.74    5.2     10.0 
07-05-1938  18:06:55.75  33.6822 N  117.553 W   A  076.33    4.5     10.0 
08-06-1938  22:00:55.96  33.7167 N  117.507 W   B  078.08    4.0     10.0 
08-31-1938  03:18:14.25  33.7590 N  118.253 W   A  032.47    4.5     10.0 
11-29-1938  19:21:15.80  33.9033 N  118.431 W   A  023.35    4.0     10.0 
12-07-1938  03:38:00.00  34.0000 N  118.417 W   B  016.32    4.0     00.0 
12-27-1938  10:09:28.57  34.1273 N  117.521 W   B  067.75    4.0     10.0 
04-03-1939  02:50:44.71  34.0432 N  117.228 W   A  094.17    4.0     10.0 
11-04-1939  21:41:00.00  33.7667 N  118.117 W   B  033.95    4.0     00.0 
11-07-1939  18:52:08.40  34.0000 N  117.283 W   A  089.32    4.7     00.0 
12-27-1939  19:28:49.00  33.7833 N  118.200 W   A  030.13    4.7     00.0 
01-13-1940  07:49:07.00  33.7833 N  118.133 W   B  031.67    4.0     00.0 
02-08-1940  16:56:17.00  33.7000 N  118.067 W   B  042.56    4.0     00.0 
02-11-1940  19:24:10.00  33.9833 N  118.300 W   B  008.79    4.0     00.0 
04-18-1940  18:43:43.90  34.0333 N  117.350 W   A  083.00    4.4     00.0 
05-18-1940  09:15:12.00  34.6000 N  118.900 W   C  085.34    4.0     00.0 
06-05-1940  08:27:27.00  33.8333 N  117.400 W   B  082.11    4.0     00.0 
07-20-1940  04:01:13.00  33.7000 N  118.067 W   B  042.56    4.0     00.0 
10-11-1940  05:57:12.30  33.7667 N  118.450 W   A  036.58    4.7     00.0 
10-12-1940  00:24:00.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
10-14-1940  20:51:11.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
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11-01-1940  07:25:03.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
11-01-1940  20:00:46.00  33.6333 N  118.200 W   B  046.68    4.0     00.0 
11-02-1940  02:58:26.00  33.7833 N  118.417 W   B  033.48    4.0     00.0 
01-30-1941  01:34:46.90  33.9667 N  118.050 W   A  020.73    4.1     00.0 
03-22-1941  08:22:40.00  33.5167 N  118.100 W   B  061.02    4.0     00.0 
03-25-1941  23:43:41.00  34.2167 N  117.467 W   B  074.47    4.0     00.0 
04-11-1941  01:20:24.00  33.9500 N  117.583 W   B  062.53    4.0     00.0 
10-22-1941  06:57:18.50  33.8167 N  118.217 W   A  026.24    4.8     00.0 
11-14-1941  08:41:36.30  33.7833 N  118.250 W   A  029.76    4.8     00.0 
04-16-1942  07:28:33.00  33.3667 N  118.150 W   C  076.66    4.0     00.0 
09-03-1942  14:06:01.00  34.4833 N  118.983 W   C  082.73    4.5     00.0 
09-04-1942  06:34:33.00  34.4833 N  118.983 W   C  082.73    4.5     00.0 
04-06-1943  22:36:24.00  34.6833 N  119.000 W   C  098.36    4.0     00.0 
10-24-1943  00:29:21.00  33.9333 N  117.367 W   C  082.54    4.0     00.0 
06-19-1944  00:03:33.00  33.8667 N  118.217 W   B  020.73    4.5     00.0 
06-19-1944  03:06:07.00  33.8667 N  118.217 W   C  020.73    4.4     00.0 
02-24-1946  06:07:52.00  34.4000 N  117.800 W   C  056.76    4.1     00.0 
06-01-1946  11:06:31.00  34.4167 N  118.833 W   C  067.25    4.1     00.0 
03-01-1948  08:12:13.00  34.1667 N  117.533 W   B  067.28    4.7     00.0 
04-16-1948  22:26:24.00  34.0167 N  118.967 W   B  066.09    4.7     00.0 
10-03-1948  02:46:28.00  34.1833 N  117.583 W   A  063.16    4.0     00.0 
01-11-1950  21:41:35.05  33.9395 N  118.205 W   A  013.10    4.1     00.4 
01-24-1950  21:56:59.00  34.6667 N  118.833 W   C  086.88    4.0     00.0 
02-26-1950  00:06:22.00  34.6167 N  119.083 W   C  099.01    4.7     00.0 
09-22-1951  08:22:39.06  34.1185 N  117.341 W   A  084.07    4.3     11.9 
02-17-1952  12:36:58.33  33.9958 N  117.270 W   A  090.59    4.5     16.0 
08-23-1952  10:09:07.15  34.5193 N  118.198 W   A  052.30    5.1     13.1 
10-26-1954  16:22:26.00  33.7333 N  117.467 W   B  080.52    4.1     00.0 
11-17-1954  23:03:51.00  34.5000 N  119.117 W   B  093.94    4.4     00.0 
05-15-1955  17:03:25.96  34.1237 N  117.480 W   A  071.39    4.0     07.6 
05-29-1955  16:43:35.41  33.9905 N  119.058 W   B  074.70    4.1     17.4 
01-03-1956  00:25:48.95  33.7250 N  117.499 W   B  078.32    4.7     13.7 
02-07-1956  02:16:56.53  34.5288 N  118.644 W   B  064.28    4.2     16.0 
02-07-1956  03:16:38.59  34.5863 N  118.613 W   A  068.21    4.6     02.6 
03-25-1956  03:32:02.34  33.6040 N  119.105 W   A  093.27    4.2     08.2 
03-18-1957  18:56:28.04  34.1182 N  119.220 W   B  089.59    4.7     13.8 
06-28-1960  20:00:48.00  34.1158 N  117.475 W   A  071.81    4.1     12.0 
10-04-1961  02:21:31.60  33.8542 N  117.752 W   B  050.93    4.1     04.3 
10-20-1961  19:49:50.50  33.6540 N  117.994 W   B  050.09    4.3     04.6 
10-20-1961  20:07:14.46  33.6595 N  117.981 W   B  050.16    4.0     06.1 
10-20-1961  21:42:40.74  33.6652 N  117.980 W   B  049.67    4.0     07.2 
10-20-1961  22:35:34.21  33.6715 N  118.013 W   B  047.58    4.1     05.6 
11-20-1961  08:53:34.66  33.6805 N  117.993 W   B  047.58    4.0     04.4 
09-14-1963  03:51:16.24  33.5427 N  118.340 W   B  057.13    4.2     02.2 
08-30-1964  22:57:37.11  34.2683 N  118.445 W   B  030.05    4.0     15.4 
01-01-1965  08:04:18.01  34.1405 N  117.516 W   B  068.42    4.4     05.9 
04-15-1965  20:08:33.27  34.1320 N  117.426 W   B  076.44    4.5     05.5 
07-16-1965  07:46:22.39  34.4850 N  118.521 W   B  054.27    4.0     15.1 
01-08-1967  07:37:30.40  33.6322 N  118.467 W   B  050.69    4.0     11.4 
01-08-1967  07:38:05.34  33.6632 N  118.413 W   C  045.67    4.0     17.7 
06-15-1967  04:58:05.52  33.9965 N  117.975 W   B  026.13    4.1     10.0 
02-28-1969  04:56:12.43  34.5652 N  118.114 W   A  058.54    4.3     05.3 
05-05-1969  16:02:09.64  34.3038 N  117.570 W   B  068.62    4.4     08.8 
10-27-1969  13:16:02.32  33.5452 N  117.807 W   B  069.62    4.5     06.5 
09-12-1970  14:10:11.19  34.2673 N  117.519 W   A  071.53    4.1     08.0 
09-12-1970  14:30:52.98  34.2698 N  117.540 W   A  069.76    5.2     08.0 
09-13-1970  04:47:48.63  34.2810 N  117.552 W   A  069.20    4.4     08.0 
02-09-1971  14:00:41.83  34.4112 N  118.401 W   B  042.36    6.6     08.4 
02-09-1971  14:01:08.00  34.4112 N  118.401 W   D  042.36    5.8     08.0 
02-09-1971  14:01:33.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:01:40.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
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02-09-1971  14:01:50.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:01:54.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:01:59.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:02:03.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:02:30.00  34.4112 N  118.401 W   D  042.36    4.3     08.0 
02-09-1971  14:02:31.00  34.4112 N  118.401 W   D  042.36    4.7     08.0 
02-09-1971  14:02:44.00  34.4112 N  118.401 W   D  042.36    5.8     08.0 
02-09-1971  14:03:25.00  34.4112 N  118.401 W   D  042.36    4.4     08.0 
02-09-1971  14:03:46.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:07.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:34.00  34.4112 N  118.401 W   C  042.36    4.2     08.0 
02-09-1971  14:04:39.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:44.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:04:46.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:05:41.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:05:50.00  34.4112 N  118.401 W   D  042.36    4.1     08.0 
02-09-1971  14:07:10.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:07:30.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:07:45.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:08:04.00  34.4112 N  118.401 W   D  042.36    4.0     08.0 
02-09-1971  14:08:07.00  34.4112 N  118.401 W   D  042.36    4.2     08.0 
02-09-1971  14:08:38.00  34.4112 N  118.401 W   D  042.36    4.5     08.0 
02-09-1971  14:08:53.00  34.4112 N  118.401 W   D  042.36    4.6     08.0 
02-09-1971  14:10:21.49  34.3612 N  118.306 W   B  034.87    4.7     05.0 
02-09-1971  14:10:28.00  34.4112 N  118.401 W   D  042.36    5.3     08.0 
02-09-1971  14:16:12.87  34.3390 N  118.332 W   C  032.89    4.1     11.1 
02-09-1971  14:19:50.22  34.3575 N  118.406 W   B  036.96    4.0     11.8 
02-09-1971  14:34:36.11  34.3438 N  118.636 W   C  048.15    4.9     -2.0 
02-09-1971  14:39:17.76  34.3873 N  118.364 W   C  038.83    4.0     -1.6 
02-09-1971  14:40:17.37  34.4333 N  118.398 W   C  044.63    4.1     -2.0 
02-09-1971  14:43:46.66  34.3080 N  118.454 W   B  034.15    5.2     06.2 
02-09-1971  15:58:20.69  34.3348 N  118.331 W   B  032.41    4.8     14.2 
02-09-1971  16:19:26.46  34.4573 N  118.427 W   B  048.00    4.2     -1.0 
02-10-1971  03:12:12.05  34.3700 N  118.302 W   B  035.78    4.0     00.8 
02-10-1971  05:06:36.05  34.4112 N  118.329 W   A  040.70    4.3     04.7 
02-10-1971  05:18:07.21  34.4258 N  118.414 W   A  044.31    4.5     05.8 
02-10-1971  11:31:34.63  34.3843 N  118.455 W   A  041.56    4.2     06.0 
02-10-1971  13:49:53.71  34.3990 N  118.419 W   A  041.67    4.3     09.7 
02-10-1971  14:35:26.67  34.3615 N  118.487 W   A  040.78    4.2     04.4 
02-10-1971  17:38:55.07  34.3957 N  118.366 W   A  039.77    4.2     06.2 
02-10-1971  18:54:41.71  34.4458 N  118.436 W   A  047.09    4.2     08.1 
02-21-1971  05:50:52.64  34.3973 N  118.439 W   A  042.21    4.7     06.9 
02-21-1971  07:15:11.75  34.3920 N  118.427 W   A  041.25    4.5     07.2 
03-07-1971  01:33:40.55  34.3532 N  118.456 W   A  038.54    4.5     03.3 
03-25-1971  22:54:09.90  34.3563 N  118.475 W   A  039.71    4.2     04.6 
03-30-1971  08:54:43.28  34.2957 N  118.464 W   A  033.55    4.1     02.6 
03-31-1971  14:52:22.51  34.2858 N  118.515 W   A  035.68    4.6     02.1 
04-01-1971  15:03:03.64  34.4283 N  118.413 W   A  044.53    4.1     08.0 
04-02-1971  05:40:25.05  34.2837 N  118.528 W   A  036.36    4.0     03.0 
04-15-1971  11:14:32.02  34.2647 N  118.577 W   B  038.29    4.2     04.2 
04-25-1971  14:48:06.52  34.3682 N  118.314 W   B  035.75    4.0     -2.0 
06-21-1971  16:01:08.49  34.2728 N  118.532 W   B  035.78    4.0     04.1 
06-22-1971  10:41:19.01  33.7477 N  117.479 W   B  078.80    4.2     08.0 
02-21-1973  14:45:57.30  34.0648 N  119.035 W   B  072.28    5.3     08.0 
03-09-1974  00:54:31.91  34.3988 N  118.474 W   C  043.77    4.7     24.4 
08-14-1974  14:45:55.18  34.4313 N  118.369 W   A  043.66    4.2     08.2 
01-01-1976  17:20:12.94  33.9650 N  117.886 W   A  034.90    4.2     06.1 
04-08-1976  15:21:38.07  34.3468 N  118.656 W   A  049.70    4.6     14.5 
08-12-1977  02:19:26.08  34.3797 N  118.459 W   B  041.25    4.5     09.5 
09-24-1977  21:28:24.30  34.4627 N  118.409 W   C  048.05    4.2     04.9 
05-23-1978  09:16:50.83  33.9055 N  119.166 W   C  085.91    4.0     06.0 
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01-01-1979  23:14:38.94  33.9443 N  118.681 W   B  041.44    5.2     11.2 
10-17-1979  20:52:37.29  33.9330 N  118.669 W   C  040.79    4.2     05.5 
10-19-1979  12:22:37.75  34.2107 N  117.531 W   B  068.62    4.1     04.8 
09-04-1981  15:50:50.13  33.6515 N  119.093 W   C  089.58    5.5     06.0 
10-23-1981  17:28:17.07  33.6385 N  119.007 W   C  083.53    4.6     06.0 
10-23-1981  19:15:52.17  33.6185 N  119.017 W   A  085.59    4.6     14.8 
04-13-1982  11:02:12.36  34.0628 N  118.970 W   A  066.26    4.0     12.1 
05-25-1982  13:44:30.30  33.5458 N  118.206 W   A  056.32    4.3     12.6 
01-08-1983  07:19:30.42  34.1328 N  117.453 W   A  073.99    4.1     07.7 
02-27-1984  10:18:15.02  33.4710 N  118.061 W   C  066.83    4.0     06.0 
06-12-1984  00:27:52.38  34.5407 N  118.989 W   A  087.00    4.1     11.7 
10-26-1984  17:20:43.54  34.0163 N  118.988 W   A  068.09    4.6     13.3 
04-03-1985  04:04:50.07  34.3800 N  119.038 W   A  081.16    4.0     24.8 
10-02-1985  23:44:12.45  34.0233 N  117.245 W   A  092.70    4.8     15.2 
02-21-1987  23:15:29.97  34.1322 N  117.447 W   A  074.52    4.0     08.4 
10-01-1987  14:42:20.02  34.0613 N  118.079 W   A  015.90    5.9     09.5 
10-01-1987  14:45:41.45  34.0488 N  118.100 W   A  013.83    4.7     13.5 
10-01-1987  14:48:03.11  34.0763 N  118.090 W   A  015.04    4.1     11.6 
10-01-1987  14:49:05.91  34.0598 N  118.100 W   A  013.92    4.7     11.7 
10-01-1987  15:12:31.76  34.0517 N  118.091 W   A  014.75    4.7     10.8 
10-01-1987  15:59:53.55  34.0500 N  118.087 W   A  015.10    4.0     10.4 
10-04-1987  10:59:38.19  34.0737 N  118.098 W   A  014.28    5.3     08.2 
10-24-1987  23:58:33.12  33.6758 N  119.058 W   A  085.45    4.1     12.1 
02-11-1988  15:25:55.65  34.0772 N  118.047 W   A  018.93    4.7     12.5 
06-26-1988  15:04:58.48  34.1362 N  117.710 W   A  050.72    4.7     07.8 
11-20-1988  05:39:28.67  33.5073 N  118.071 W   C  062.69    4.9     06.0 
12-03-1988  11:38:26.44  34.1510 N  118.130 W   A  015.70    5.0     14.2 
01-19-1989  06:53:28.84  33.9187 N  118.627 W   A  037.74    5.0     11.8 
02-18-1989  07:17:04.85  34.0063 N  117.739 W   A  047.45    4.1     03.2 
04-07-1989  20:07:30.30  33.6188 N  117.902 W   A  057.84    4.7     12.8 
06-12-1989  16:57:18.49  34.0275 N  118.180 W   A  007.04    4.6     15.6 
06-12-1989  17:22:25.52  34.0215 N  118.178 W   A  007.41    4.4     15.5 
12-28-1989  09:41:08.20  34.1923 N  117.386 W   A  081.09    4.3     14.5 
02-28-1990  23:43:36.75  34.1437 N  117.697 W   A  051.98    5.4     04.4 
03-01-1990  00:34:57.15  34.1267 N  117.701 W   A  051.28    4.0     04.3 
03-01-1990  03:23:03.03  34.1525 N  117.720 W   A  050.13    4.7     11.4 
03-02-1990  17:26:25.48  34.1450 N  117.695 W   A  052.25    4.7     05.6 
04-17-1990  22:32:27.29  34.1057 N  117.722 W   A  049.09    4.8     03.5 
06-28-1991  14:43:54.66  34.2698 N  117.993 W   A  033.97    5.8     09.1 
06-28-1991  17:00:55.56  34.2530 N  117.992 W   A  032.72    4.3     09.4 
07-05-1991  17:41:57.12  34.4970 N  118.555 W   A  056.96    4.1     10.9 
01-17-1994  12:30:55.39  34.2133 N  118.537 W   A  031.95    6.7     18.4 
01-17-1994  12:30:55.39  34.2157 N  118.538 W   A  032.15    6.6     17.3 
01-17-1994  12:31:58.11  34.2748 N  118.493 W   C  033.39    5.9     06.0 
01-17-1994  12:34:18.42  34.3075 N  118.475 W   C  035.21    4.4     06.0 
01-17-1994  12:39:39.79  34.2650 N  118.540 W   C  035.72    4.9     06.0 
01-17-1994  12:40:09.52  34.3202 N  118.507 W   C  038.11    4.8     06.0 
01-17-1994  12:40:36.12  34.3397 N  118.614 W   C  046.36    5.2     06.0 
01-17-1994  12:54:33.74  34.3068 N  118.459 W   C  034.30    4.0     06.0 
01-17-1994  12:55:46.83  34.2767 N  118.578 W   C  039.19    4.1     06.0 
01-17-1994  13:06:28.34  34.2513 N  118.550 W   C  035.42    4.6     06.0 
01-17-1994  13:26:45.00  34.3178 N  118.457 W   C  035.20    4.7     06.0 
01-17-1994  13:28:13.57  34.2670 N  118.579 W   C  038.61    4.0     06.0 
01-17-1994  13:56:02.48  34.2930 N  118.621 W   C  043.42    4.4     06.0 
01-17-1994  14:14:30.63  34.3315 N  118.445 W   C  035.94    4.5     06.0 
01-17-1994  15:07:03.17  34.3043 N  118.474 W   A  034.86    4.2     02.5 
01-17-1994  15:07:35.46  34.3075 N  118.467 W   A  034.80    4.1     01.6 
01-17-1994  15:54:10.76  34.3757 N  118.627 W   A  050.01    4.8     13.0 
01-17-1994  17:56:08.21  34.2277 N  118.573 W   A  035.55    4.6     19.2 
01-17-1994  19:35:34.30  34.3113 N  118.456 W   A  034.58    4.0     02.3 
01-17-1994  19:43:53.38  34.3675 N  118.637 W   A  050.00    4.1     13.9 
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Table 2 ‐ continued 
01-17-1994  20:46:02.40  34.3020 N  118.565 W   C  040.20    4.9     06.0 
01-17-1994  22:31:53.73  34.3393 N  118.442 W   C  036.56    4.1     06.0 
01-17-1994  23:33:30.69  34.3263 N  118.698 W   A  051.32    5.6     09.8 
01-17-1994  23:49:25.36  34.3433 N  118.666 W   A  050.20    4.0     08.3 
01-18-1994  00:39:35.02  34.3795 N  118.564 W   A  046.51    4.4     07.1 
01-18-1994  00:40:04.09  34.3938 N  118.543 W   A  046.67    4.2     00.0 
01-18-1994  00:43:08.89  34.3765 N  118.698 W   A  054.81    5.2     11.3 
01-18-1994  04:01:26.72  34.3577 N  118.623 W   A  048.31    4.3     00.9 
01-18-1994  07:23:56.02  34.3332 N  118.623 W   A  046.47    4.0     14.8 
01-18-1994  11:35:09.90  34.2177 N  118.606 W   A  037.64    4.2     12.1 
01-18-1994  13:24:44.13  34.3193 N  118.558 W   A  041.12    4.3     01.7 
01-18-1994  15:23:46.89  34.3787 N  118.561 W   A  046.26    4.8     07.7 
01-19-1994  04:40:48.00  34.3615 N  118.571 W   A  045.41    4.3     02.5 
01-19-1994  04:43:14.57  34.3660 N  118.709 W   C  054.79    4.0     06.0 
01-19-1994  09:13:10.90  34.3040 N  118.737 W   A  052.85    4.1     13.0 
01-19-1994  14:09:14.83  34.2150 N  118.510 W   A  030.07    4.5     17.4 
01-19-1994  21:09:28.61  34.3787 N  118.712 W   A  055.90    5.1     14.4 
01-19-1994  21:11:44.90  34.3778 N  118.620 W   A  049.71    5.1     11.3 
01-21-1994  18:39:15.26  34.3010 N  118.466 W   A  034.15    4.5     10.6 
01-21-1994  18:39:47.08  34.2968 N  118.479 W   A  034.50    4.0     11.9 
01-21-1994  18:42:28.77  34.3097 N  118.475 W   A  035.38    4.2     07.9 
01-21-1994  18:52:44.23  34.3020 N  118.453 W   A  033.53    4.3     07.5 
01-21-1994  18:53:44.57  34.2980 N  118.459 W   A  033.47    4.3     07.6 
01-23-1994  08:55:08.66  34.3003 N  118.427 W   A  032.15    4.1     05.9 
01-24-1994  04:15:18.82  34.3467 N  118.552 W   A  042.97    4.6     06.5 
01-24-1994  05:50:24.34  34.3605 N  118.628 W   A  048.88    4.3     12.1 
01-24-1994  05:54:21.07  34.3643 N  118.627 W   A  049.09    4.2     10.8 
01-27-1994  17:19:58.83  34.2735 N  118.562 W   A  037.89    4.6     14.9 
01-28-1994  20:09:53.43  34.3753 N  118.494 W   A  042.46    4.2     00.7 
01-29-1994  11:20:35.97  34.3060 N  118.579 W   A  041.41    5.1     01.1 
01-29-1994  12:16:56.35  34.2782 N  118.611 W   A  041.67    4.3     02.6 
02-03-1994  16:23:35.37  34.2997 N  118.440 W   A  032.67    4.0     08.9 
02-05-1994  08:51:29.83  34.3715 N  118.646 W   A  050.93    4.0     15.3 
02-06-1994  13:19:27.02  34.2922 N  118.476 W   A  033.89    4.1     09.3 
02-25-1994  12:59:12.59  34.3570 N  118.480 W   A  040.03    4.0     01.1 
03-20-1994  21:20:12.26  34.2313 N  118.475 W   A  028.79    5.2     13.0 
05-25-1994  12:56:57.05  34.3120 N  118.393 W   A  031.83    4.4     06.9 
06-15-1994  05:59:48.63  34.3105 N  118.398 W   A  031.87    4.1     07.3 
12-06-1994  03:48:34.49  34.2927 N  118.389 W   A  029.75    4.5     08.9 
02-19-1995  21:24:18.07  34.0490 N  118.915 W   A  061.21    4.3     15.6 
06-26-1995  08:40:28.94  34.3935 N  118.668 W   A  054.10    5.0     13.3 
03-20-1996  07:37:59.76  34.3623 N  118.615 W   A  048.18    4.1     12.9 
05-01-1996  19:49:56.43  34.3542 N  118.704 W   A  053.58    4.1     14.3 
04-26-1997  10:37:30.67  34.3692 N  118.670 W   A  052.34    5.1     16.4 
04-26-1997  10:40:29.78  34.3748 N  118.671 W   A  052.81    4.0     14.6 
04-27-1997  11:09:28.38  34.3772 N  118.649 W   A  051.56    4.8     15.1 
06-28-1997  21:45:25.10  34.1685 N  117.336 W   A  085.20    4.2     10.0 
01-05-1998  18:14:06.47  33.9508 N  117.709 W   A  051.17    4.3     11.5 
03-11-1998  12:18:51.83  34.0238 N  117.230 W   A  094.09    4.5     14.9 
08-20-1998  23:49:58.44  34.3737 N  117.648 W   A  065.97    4.4     08.9 
07-22-1999  09:57:24.04  34.3968 N  118.609 W   A  050.65    4.0     11.6 
02-21-2000  13:49:43.13  34.0472 N  117.255 W   A  091.71    4.5     15.0 
03-07-2000  00:20:28.18  33.8058 N  117.715 W   A  056.42    4.0     11.3 
01-14-2001  02:26:14.05  34.2840 N  118.404 W   A  029.50    4.3     08.8 
01-14-2001  02:50:53.69  34.2890 N  118.403 W   A  029.95    4.0     08.4 
09-09-2001  23:59:18.04  34.0590 N  118.388 W   A  012.74    4.2     07.9 
10-28-2001  16:27:45.55  33.9220 N  118.270 W   A  014.46    4.0     21.1 
12-14-2001  12:01:35.52  33.9545 N  117.746 W   A  047.71    4.0     13.8 
01-29-2002  05:53:28.93  34.3613 N  118.657 W   A  050.88    4.2     14.1 
09-03-2002  07:08:51.87  33.9173 N  117.776 W   A  046.23    4.8     12.9 
01-06-2005  14:35:27.67  34.1250 N  117.439 W   A  075.22    4.4     04.1 
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Table 2 ‐ continued 
08-09-2007  07:58:49.59  34.3000 N  118.062 W   A  032.67    4.7     07.6 
09-02-2007  17:29:14.79  33.7320 N  117.477 W   A  079.73    4.7     12.6 
10-16-2007  08:53:44.12  34.3850 N  117.635 W   A  067.70    4.2     08.1 
03-09-2008  09:22:32.08  34.1390 N  117.465 W   A  073.00    4.0     03.7 
06-23-2008  14:14:57.60  34.0480 N  117.246 W   A  092.56    4.0     14.4 
07-29-2008  18:42:15.71  33.9530 N  117.761 W   A  046.43    5.4     14.7 
01-09-2009  03:49:46.27  34.1073 N  117.304 W   A  087.39    4.5     14.2 
04-24-2009  03:27:50.73  33.8940 N  117.789 W   A  045.99    4.0     04.2 
05-02-2009  01:11:13.66  34.0667 N  118.882 W   A  058.24    4.4     14.1 
05-08-2009  20:27:13.95  34.4402 N  119.183 W   A  095.97    4.2     07.5 
05-18-2009  03:39:36.34  33.9377 N  118.336 W   A  014.84    4.7     13.8 
05-19-2009  22:49:11.55  33.9338 N  118.329 W   A  014.90    4.0     12.7 
03-16-2010  11:04:00.00  33.9920 N  118.082 W   A  016.87    4.4     18.9 
08-24-2010  05:42:17.00  33.5150 N  119.033 W   A  093.71    4.0     16.9 
09-01-2011  20:47:08.00  34.3390 N  118.475 W   A  038.10    4.2     07.3 
05-30-2012  05:14:00.81  33.6918 N  119.058 W   A  084.57    4.0     16.4 
06-14-2012  03:17:15.72  33.9085 N  117.792 W   A  045.19    4.0     09.7 
08-08-2012  06:23:34.16  33.9048 N  117.792 W   A  045.33    4.5     10.1 
08-08-2012  16:33:22.05  33.9035 N  117.791 W   A  045.47    4.5     10.3 
08-29-2012  20:31:00.35  33.9060 N  117.788 W   A  045.63    4.1     09.2 
05-15-2013  20:00:06.23  33.6583 N  118.372 W   A  045.08    4.1     01.2 
01-15-2014  09:35:18.87  34.1430 N  117.442 W   A  075.11    4.4     03.5 
03-17-2014  13:25:36.87  34.1340 N  118.486 W   A  023.57    4.4     09.4 
03-29-2014  04:09:42.31  33.9325 N  117.917 W   A  033.45    5.1     04.7 
03-29-2014  21:32:45.93  33.9613 N  117.892 W   A  034.50    4.1     09.4 
06-02-2014  02:36:43.93  34.0958 N  118.491 W   A  022.71    4.2     04.3 
01-04-2015  03:18:09.48  34.6173 N  118.630 W   A  071.97    4.3     07.8 
07-25-2015  12:54:06.99  34.0920 N  117.445 W   A  074.34    4.2     05.0 
12-30-2015  01:48:57.31  34.1910 N  117.413 W   A  078.64    4.4     06.9 
03-12-2016  08:42:40.30  34.5217 N  119.075 W   A  092.05    4.1     19.3 
01-25-2018  10:09:56.81  33.7410 N  117.491 W   A  078.11    4.0     11.1 
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Table 2 ‐ continued 
S E A R C H   O F   E A R T H Q U A K E   D A T A   F I L E  1 

 
 
 

SITE:  Proposed Angels Landing Development 
 

COORDINATES OF SITE  ......  34.0510 N  118.2506 W 
 

DISTANCE PER DEGREE  .....  110.9 KM-N   92.3 KM-W 
 

MAGNITUDE LIMITS  .....................  4.0 - 8.5 
 

TEMPORAL LIMITS  ....................  1932 - 2018 
 

SEARCH RADIUS (KM)  .......................  100.0 
 

NUMBER OF YEARS OF DATA  .....................  85 
 

NUMBER OF EARTHQUAKES IN FILE  ............   4638 
 

NUMBER OF EARTHQUAKES IN AREA  ..............  441 
 
 
 
 

WOOD ENVIRONMENT & INFRASTRUCTURE SOLUTIONS 
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Table 2 ‐ continued 

Proposed Angels Landing Development 
LIST OF HISTORIC EARTHQUAKES OF MAGNITUDE 4.0 OR 

GREATER WITHIN 100.0 KM OF THE SITE 
(CGS DATA 1769-1931) 

 
 

DATE        LATITUDE  LONGITUDE  DIST [KM]   MAGNITUDE 
 

07-28-1769  34.0000 N  118.000 W   023.78       6.00 
04-00-1803  34.2000 N  118.100 W   021.60       5.50 
12-08-1812  34.3700 N  117.650 W   065.64       7.50 
09-24-1827  34.0000 N  119.000 W   069.29       6.00 
07-11-1855  34.1000 N  118.100 W   014.90       6.00 
01-10-1857  34.7600 N  118.710 W   089.40       5.60 
01-16-1857  34.5200 N  118.040 W   055.62       6.30 
12-16-1858  34.2000 N  117.400 W   080.03       6.00 
04-12-1880  34.7000 N  118.400 W   073.46       5.90 
08-28-1889  34.2000 N  117.900 W   036.28       5.60 
06-14-1892  34.2000 N  117.500 W   071.05       5.50 
04-04-1893  34.3000 N  118.600 W   042.42       5.80 
07-30-1894  34.3000 N  117.600 W   065.94       6.20 
07-22-1899  34.2000 N  117.400 W   080.03       5.90 
07-22-1899  34.3000 N  117.500 W   074.39       6.40 
09-16-1903  33.8001 N  117.600 W   066.19       4.00 
07-03-1908  34.0001 N  117.500 W   069.40       4.00 
05-13-1910  33.7001 N  117.400 W   087.69       5.00 
05-15-1910  33.7000 N  117.400 W   087.69       6.00 
05-10-1911  34.1001 N  118.800 W   050.89       4.00 
10-21-1913  33.8001 N  118.000 W   036.23       4.00 
11-08-1914  34.0001 N  118.500 W   023.67       4.50 
03-06-1918  34.0001 N  118.500 W   023.67       4.00 
06-18-1920  33.5001 N  118.250 W   061.26       4.50 
06-22-1920  34.0001 N  118.500 W   023.67       4.90 
07-23-1923  34.0000 N  117.250 W   092.39       6.20 
08-04-1927  34.0001 N  118.500 W   023.67       5.00 
07-08-1929  33.9001 N  118.100 W   021.78       4.70 
09-13-1929  33.6301 N  118.200 W   047.03       4.00 
08-31-1930  33.9501 N  118.632 W   036.91       5.20 
02-16-1931  34.1001 N  117.300 W   087.72       4.00 
03-31-1931  34.1001 N  117.800 W   041.86       4.00 
04-24-1931  33.7701 N  118.480 W   037.73       4.40 
11-03-1931  33.8001 N  118.300 W   028.27       4.00 
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Table 2 ‐ continued 
S E A R C H   O F   E A R T H Q U A K E   D A T A   F I L E  2 

 
 

 
SITE:  Proposed Angels Landing Development 

 
COORDINATES OF SITE  ......  34.0510 N  118.2506 W 

 
DISTANCE PER DEGREE  .....  110.9 KM-N   92.3 KM-W 

 
MAGNITUDE LIMITS  .....................  4.0 - 8.5 

 
TEMPORAL LIMITS  ....................  1769 - 1931 

 
SEARCH RADIUS (KM)  .......................  100.0 

 
NUMBER OF YEARS OF DATA  ....................  163 

 
NUMBER OF EARTHQUAKES IN FILE  .............   398 

 
NUMBER OF EARTHQUAKES IN AREA  ...............  34 

 
 
 
 

WOOD ENVIRONMENT & INFRASTRUCTURE SOLUTIONS	  
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Table 2 ‐ continued 
SUMMARY OF EARTHQUAKE RESEARCH 

 
 
 

*** 
 
 
 

NUMBER OF HISTORIC EARTHQUAKLES WITHIN 100.0 KM RADIUS OF SITE 
 
 

MAGNITUDE RANGE                   NUMBER 
 
 

4.0 - 4.5                        305 
 

4.5 - 5.0                        106 
 

5.0 - 5.5                         35 
 

5.5 - 6.0                         15 
 

6.0 - 6.5                         10 
 

6.5 - 7.0                          3 
 

7.0 - 7.5                          0 
 

7.5 - 8.0                          1 
 

8.0 - 8.5                          0 
 
 
 

*** 
 
 
 
 

WOOD ENVIRONMENT & INFRASTRUCTURE SOLUTIONS	  



Report of Geotechnical Evaluation (Phase B) – Proposed Angels Landing Development 
Project 4953-18-0421.02 
July 6, 2018 Revised March 15, 2019 
 
 

 

 
 

 

Figure 1 
 

Vicinity Map 
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Figure 4 
 

Regional Geologic Map 
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Figure 5 
 

Regional Fault and Seismicity Map 
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Figure 6 
 

Seismic Hazards Map 
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