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TERRA GEOSCIENCES 

John R. Byerly, Inc. 
2257 South Lilac Avenue 
Bloomington, CA  92316 
 
Attention: Mr. John R. Byerly 
 
Regarding: Geologic Hazards Report 
 Mountain Transit Administrative Facility Project 
 160-170 Business Center Drive  
 Big Bear Lake, San Bernardino County, California 
 JRB File No. S-14447 
 
 

INTRODUCTION 
 

At your request, this firm has prepared a geologic hazards report for the proposed 
administrative building and maintenance facility project.  The purpose of this study was 
to evaluate the existing geologic conditions and any corresponding potential geologic 
and/or seismic hazards, with respect to the proposed development from a geologic 
standpoint, as this property lies within the San Bernardino County Geologic Hazard 
Overlay District (San Bernardino County, 2010a & 2010b).  We understand that the 
subject property will be utilized for construction of a 12,188 square-foot bus 
maintenance building, an 11,355 square-foot administrative building, along with various 
site improvements, appurtenances, and landscaping.  The scope of services provided 
for this evaluation included the following: 
 
 Review of available published and unpublished geologic/seismic data in our files 

pertinent to the site, including the provided site-specific boring logs. 
 
 Performing a seismic surface-wave survey by a licensed State of California 

Professional Geophysicist that included one traverse for shear-wave velocity 
analysis purposes. 

 
 Evaluation of the local and regional tectonic setting and historical seismic activity, 

including performing a site-specific CBC ground motion analysis. 
 
 Preparation of this report presenting our findings, conclusions, and recommenda-

tions from a geologic standpoint. 

 
Accompanying Maps, Illustrations, and Appendices  
Plate 1 -   Regional Geologic Map 
Plate 2 -   Geologic Hazard Overlay Map 
Plate 3 -   Google™ Earth Imagery Map 
Plate 4 -   Site Plan 
Appendix A  -   Shear-Wave Survey 
Appendix B -   Site-Specific Ground Motion Analysis 
Appendix C -   References 
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TERRA GEOSCIENCES 

GEOLOGIC SETTING 
 
The subject property is regionally situated within a natural geomorphic province in 
Southern California known as the Transverse Ranges.  The Transverse Ranges consist 
of a set of easterly-trending mountains and geologic structures that are distinct from the 
general northwest-southeast grain of the other provinces of California.  More 
specifically, the site is located within the San Bernardino Mountains, an easterly-
trending structural block that is roughly 55 miles long and 20 miles wide. This mountain 
range was formed by intense folding and faulting in very late geologic time 
(predominantly Tertiary time). 
 
The geomorphology of this region of the San Bernardino Mountains indicates that the 
range is very young, from a geologic standpoint, whereas it was uplifted tectonically 
predominantly during Quaternary time.  Regionally, the site is located within the 
northern block of the San Bernardino Mountain Range, which is an old erosion surface 
generally forming a broad plateau.  Originally, this portion of the San Bernardino 
Mountains regionally was a part of the crystalline bedrock complex of the southern 
Mojave Desert prior to its uplift.  The northern block of the San Bernardino Mountains is 
bordered on the north by a zone of south-dipping thrust faults (North Frontal Fault 
System), and along the south by the San Andreas Fault. 
 
Locally, as mapped by Miller et al. (2001) and as shown on the Regional Geologic Map 
(see Plate 1), the subject site is shown to be mantled by late Holocene age active-wash 
deposits (map symbol Qw), generally described as being unconsolidated to locally 
cemented sand and gravel deposits in active washes of streams and on active surfaces 
of alluvial fans.  These surficial deposits are noted to range from a few centimeters to 
only a few meters in thickness.   
 
Underlying these surficial deposits at depth, such as mapped locally to the east and 
west of the site (map symbol TsI), are believed to be Miocene age moderately-well 
consolidated sedimentary rocks comprised of siltstone, fine- to coarse-grained 
sandstone, pebble sandstone, and greenish mudstone.  These sedimentary rocks 
overlie the deeper basement rocks that are found throughout most of the Big Bear area, 
which are estimated to be around 400± feet thick locally (United States Geological 
Survey, 2012). 
 
 

EARTH MATERIALS 
 
Based on the subsurface exploration performed by JRB (2022), the upper 7± feet of the 
site locally appear to consist of artificial fill comprised generally of silty fine- to coarse-
grained sand with gravel, cobbles and occasional debris.  Underlying these fill materials 
are interbedded silty fine- to medium-grained sand and silty-clayey fine- to medium-
grained sand.  These deposits were found to be in a dense to very-dense condition, to a 
depth of at least 71 feet.  
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GROUNDWATER 
 
The subject site is located within the Bear Valley Groundwater Basin, which is situated 
within the Big Bear Lake and Baldwin Lake surface-water drainage basins.  This basin 
is bounded by crystalline rocks of the San Bernardino Mountains that locally surround 
Bear Valley on all sides (California Department of Water Resources, 2003).  Here 
groundwater is found primarily within unconsolidated Quaternary age alluvial deposits, 
which is recharged from percolation and runoff, and underflow from fractured crystalline 
rocks.  More specifically, the site is located within a subbasin referred to as the Village 
Basin, that is defined by surface-water drainage divides.    
 
The nearest groundwater well is located 1,300± feet to the northwest (Well Site Code 
342535N1168920W001), where the groundwater ranges from 8 to 20 feet in depth 
during the time period of 2015 to 2021 (California Department of Water Resources, 
2022).  Another nearby well located 1,400± feet to the southeast (Well Site Code 
342471N1168864W001), has groundwater ranging from 11 to 38 feet in depth during 
the time period of 2015 to 2021.   
 
Currently, the subject site is located approximately 52± feet above the current water 
level of Big Bear Lake (Big Bear Municipal Water District, 2022).  Based on the 
exploratory borings performed by John R. Byerly, Inc. (JRB, 2022), groundwater was 
encountered as shallow as 26½ feet in depth. 
 
 

FAULTING 
 
There are at least thirty-seven major late Quaternary active/potentially active faults that 
are located within a 100-kilometer (62-mile) radius of the subject site (Blake, 1989-
2000).  Of these, there are no "active" faults known to traverse the site, nor were any 
indications of active faulting or related features observed at the site during our field 
reconnaissance or photogeologic analysis.  In addition, the site is not located within a 
State of California "Alquist-Priolo Earthquake Fault Zone" for surface fault rupture 
hazard (CGS, 2018 and C.D.M.G.,1988), defined as activity along a fault that has 
occurred during the Holocene time period.  The nearest such zone is located 
approximately 7± miles to the north (North Frontal Fault Zone, Mw6.9, eastern segment).  
This fault has also been referred to as the North Frontal Fault System, which is 
comprised of numerous reverse fault segments which, in subsurface, may or may not 
form a single through-going fault (Miller, 1980). 
 
Earthquake activity relating to the Landers-Big Bear events of June 28, 1992, and 
thereafter have led speculation into the fault mechanics in this region.  The 6.7 
magnitude earthquake (Mw6.3) that struck the Big Bear region was epicentered just 
south of the Sugarloaf area, approximately 5± miles to the southeast.  This earthquake 
had a deep hypocenter being 5½± kilometers in depth and has an overall northeasterly 
trend, dipping steeply to the southeast.  The subsurface fault is characterized left-
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lateral, strike-slip movement and no known surface fault rupture has been documented 
to date.  Since no active surface trace has been identified to date, the actual location of 
this fault is unable to be defined.  However, it can be assumed that based on the 
aftershock sequence pattern that has been recorded since the main shock, the most 
likely area of possible surface rupture would be located along a northeast trend, with the 
greater Sugarloaf area for a central reference.  Because this fault has never been 
previously identified or postulated, and the fact that the Big Bear area is characterized 
generally by northwest-trending faults, the mechanics are not well known and much 
scientific work will have to be performed before an understanding of the local seismic 
parameters and conditions can be better understood.  This fault is for discussion 
purposes only, and should not be used for permanent location or design purposes.   
 
For preliminary evaluation purposes only, the Big Bear Fault has been tentatively 
estimated to have a maximum moment magnitude event of Mw6.9 using the "empirical 
earthquake size-fault-rupture-length relation" of dePolo and Slemmons (1990).  This 
equation basically relates the length parameter of a fault to an earthquake size, based 
on historical earthquake data.  This design event is considered very tentative and 
possibly conservative due to the lack of unknown seismic parameters (i.e., slip-rate, 
length, characteristic rate, etc.).  The length of the Big Bear Fault was chosen to include 
the San Andreas Fault as the southwest terminus end and the area of the Landers 
surface fault ruptures (Johnson Valley Fault, Camp Rock Fault, etc.) as the northeast 
terminus end as visually shown on the recorded aftershock sequence patterns, which 
correlates to a length of approximately 42 miles. 
 
Another nearby significant mapped fault is the southern terminus of the Helendale-
South Lockhart Fault Zone, located 6± miles to the northeast.  The southern terminus is 
not zoned as “active” by the State of California, but is zoned at a distance of 7½± miles 
farther to the north where it intersects the North Frontal Fault Zone. 
 
 

GROUND MOTION ANALYSIS 
 
According to California Geological Survey Note 48 (CGS, 2019), a site-specific ground 
motion analysis is required for the subject site (CBC, 2019, Section 1613 and also as 
required by ASCE 7-16, Chapter 21), the detailed results of which are presented within 
Appendix B.  Additionally, a seismic shear-wave survey was conducted for this study by 
our firm as presented within Appendix A of this report, for purposes of determining the 
Site Classification and VS30 input values for the ground motion analysis.  Geographically, 
the proposed construction area is located at Longitude -116.8888 and Latitude 34.2505 
(World Geodetic System of 1984 coordinates).  The mapped spectral acceleration 
parameters, coefficients, and other related seismic parameters, were evaluated using 
the OSHPD Seismic Design Maps (OSHPD, 2022) and the California Building Code 
criteria (CBC, 2019), with the site-specific ground motion analysis being performed 
following Section 21 of the ASCE 7-16 Standard (2017).  The results of this site-specific 
analysis have been summarized and are tabulated below:   

Enclosure 10, Page 5 
Rpt. No.:  7341 

File No.:  S-14447

F
O

R
 R

E
F

E
R

E
N

C
E

 O
N

LY



Project No. 223769-1 Page 5 

TERRA GEOSCIENCES 

TABLE 1 – SUMMARY OF SEISMIC DESIGN PARAMETERS 

 Factor or Coefficient        Value 

SS 1.642g 

S1 0.568g 

Fa 1.0 

Fv 1.732 

SDS 1.210g 

SD1 0.760g 

SMS 1.818g 

SM1 1.136g 

TL 8 Seconds 

MCEG PGA 0.81g 

Shear-Wave Velocity (V100) 1,163.1 ft/sec 

Site Classification D 

Risk Category II 

HISTORIC SEISMICITY 

A computerized search, based on Southern California historical earthquake catalogs, 
has been performed using the programs EQSEARCH (Blake, 1989-2021) and the 
ANSS Comprehensive Earthquake Catalog (U.S.G.S., 2022).  The following table and 
discussion summarizes the historic seismic events (greater than or equal to M4.0) that 
have been estimated and/or recorded during this time period of 1800 to January 2022, 
within a 100-kilometer radius of the site.   
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TABLE 2 - HISTORIC SEISMIC EVENTS; 1800-2022 (100-kilometer radius) 
 
 4.0 - 4.9 563 
 5.0 - 5.9 70 
 6.0 - 6.9 14 
 7.0 - 7.9 2 
 8.0+ 0 
 
These data have been compiled generally based on the reported intensities throughout 
the region, thus focusing in on the most likely epicentral location.  Seismic 
instrumentation beyond 1932 has greatly increased the accuracy of locating earthquake 
epicenters.  It should be noted that pre-instrumental seismic events (occurring generally 
before 1932) have been estimated from isoseismal maps (Toppozada, et al., 1981 and 
1982).   
 
A summary of the historic earthquake data is as follows: 
 
 The closest recorded earthquake epicenter (>M4.0) was located approximately 

1,000± feet south of the site (June 30, 1979, M4.4). 
 
 The nearest estimated significant historic earthquake epicenter (pre-1932) was 

approximately five miles southwest of the site (January 16, 1930, M5.2). 
 

 The nearest recorded significant historic earthquake epicenter was located 
approximately 1¼ miles west-northwest of the site (June 28, 1992, M5.3). 

 
 The largest estimated historical earthquake epicenter (pre-1932) within a 62-mile 

radius of the site is a M6.9 event of December 8, 1812 (44± miles southwest). 
 

 The largest recorded historical earthquake was the M7.6 (MW 7.3) Landers’s event, 
located approximately 26 miles to the east-southeast (June 28, 1992). 
 

 The largest estimated ground acceleration estimated to have been experienced at 
the site was 0.421g which resulted from the M6.7 (MW 6.3) Big Bear event of June 
28, 1992, which was located approximately five miles southeast of the subject site 
(Blake, 1989-2000b). 

 
An Earthquake Epicenter Map which includes magnitudes 4.0 and greater for a 100-
kilometer (62-mile) radius has been included below as Figure 1, for reference (Blue 
circle), with the site shown as the central blue dot.  This map was prepared using the 
ANSS Comprehensive Earthquake Catalog (U.S.G.S., 2022) of instrumentally recorded 
events that have occurred from the period of 1932 to January 2022, superimposed on a 
captured Google™ Earth image (Google™ Earth, 2022).   
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FIGURE 1- Earthquake Epicenter Map showing events of M4.0+ within a 100-kilometer radius. 

 
 

SECONDARY SEISMIC HAZARDS  
 
Secondary permanent or transient seismic hazards that are generally associated with 
severe ground shaking during an earthquake include ground rupture, liquefaction, 
seiches or tsunamis, ground lurching/lateral spreading, flooding (water storage facility 
failure), landsliding, rockfalls, and seismically-induced settlement, which are discussed 
below. 
 
Ground Rupture:  
Ground rupture is generally considered most likely to occur along pre-existing faults.  
Since there are no faults that are known to traverse the site, the potential for ground 
rupture is considered to be very low to nil. 
 

Ground Lurching/Lateral Spreading:    
Ground lurching is the horizontal movement of soil, sediments, or fill located on 
relatively steep embankments or scarps as a result of seismic activity, forming irregular 
ground surface cracks.  The potential for lateral spreading or lurching is highest in areas 
underlain by soft, saturated materials, especially where bordered by steep banks or 
adjacent hard ground.  Due to the relatively flat-lying nature of the site and distance 
from embankments, the potential for ground lurching and/or lateral spreading is 
considered to be nil.   
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Liquefaction:  
In general, liquefaction is a phenomenon that occurs where there is a loss of strength or 
stiffness in the soils that can result in the settlement of buildings, ground failures, or 
other related hazards.  The main factors contributing to this phenomenon are:  1) 
cohesionless, granular soils having relatively low densities (usually of Holocene age); 2) 
shallow groundwater (generally less than 50 feet); and 3) moderate-high seismic ground 
shaking.  According to San Bernardino County (2010a & 2010b), the subject property is 
shown to be located within a “Zone of Suspected Liquefaction Susceptibility”, as shown 
on Plate 2.  Additionally, groundwater was encountered within the exploratory borings 
drilled at the site at a depth of 26½ feet, therefore there may be a potential for 
liquefaction to occur. 
 
Seiches/Tsunamis:  
Based on the far distance of large, open bodies of water and the elevation of the site 
with respect to sea level or Big Bear Lake, the possibility of seiches/tsunamis is con-
sidered nil.  Additionally, mapping by the California Geological Survey (2014) does not 
indicate the site to be located within a tsunami inundation zone. 
 
Rockfalls:  
Since no large rock outcrops are present at or adjacent to the site, the possibility of 
rockfalls during seismic shaking is nil. 
 
Landsliding:   
Due to the low-lying relief of the site and adjacent areas, landsliding due to seismic 
shaking is considered nil.  Additionally, mapping by Tan (1990) does not indicate the 
subject property to be located within a mapped area susceptible to landsliding.  
According to the County of San Bernardino (2010a & 2010b) the subject property is not 
shown to be located within a “Zone of Suspected Landslide Susceptibility”, as shown on 
Plate 2.   
 
Flooding (Water Storage Facility Failure):  
There are no water storage facilities on or near the site that could cause flooding due to 
failure during a seismic event.   
 
Seismically-Induced Settlement:  
Seismically-induced settlement generally occurs within areas of loose, granular soils 
during periods of strong ground motion.  Since the subject site is underlain by generally 
dense to very dense sediments, and based on the subsurface data and SPT blow 
counts from the exploratory boring excavations performed by JRB (2022), to a depth of 
at least 71 feet, seismically-induced settlement is considered very low.  
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FLOODING 
 
According to the Federal Emergency Management Agency (FEMA, 2008a & 2008b), the 
subject site is shown to be partially located within the boundaries of a designated flood 
hazard zone.  This map indicates that the eastern portion of the site is located within 
“Zone AE,” which is defined as “Special Flood Hazard Areas Subject to Inundation by 
the 1% Annual Chance Flood (Base flood elevations determined),” as shown on Figure 
2 below for reference.  The remainder of the western portion of the site is not located 
within a flood hazard zone and is included within “Zone X” which is defined as “Areas to 
be Outside the 0.2% Annual Chance Floodplain.”  During peak periods of rainfall, 
however, heavy runoff could be anticipated. 
 

  
FIGURE 2- FEMA Flood Map; Site boundaries approximated by red outline. 

 
 

OTHER GEOLOGIC HAZARDS 
 
There are other potential geologic hazards not necessarily associated with seismic 
activity that occur statewide.  These hazards include; natural hazardous materials (such 
as methane gas, hydrogen-sulfide gas, and tar seeps); Radon-222 gas (EPA, 1993); 
naturally occurring asbestos; volcanic hazards (Martin, 1982); and regional subsidence.  
Of these hazards, there are none that appear to impact the site.   
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CONCLUSIONS AND RECOMMENDATIONS 
 
General:  
Based on our field reconnaissance and review of available pertinent published and 
unpublished geologic/seismic literature, construction of the proposed administrative 
building and maintenance facility appears to be feasible from a geologic standpoint, 
providing our recommendations are considered during planning and construction.   
 
Conclusions:  
1. Available published geologic data indicates that the subject property is mantled by 

late Holocene age active-wash deposits, generally described as being 
unconsolidated to locally cemented sand and gravel deposits.  Underlying these 
surficial deposits are believed to be Miocene age moderately-well consolidated 
sedimentary rocks comprised of siltstone, fine- to coarse-grained sandstone, 
pebble sandstone, and greenish mudstone.  The provided exploratory boring log 
indicates that the site is mantled by 7± feet of artificial fill comprised generally of 
silty fine- to coarse-grained sand with gravel, cobbles and occasional debris.  
These materials are in turn underlain by interbedded silty fine- to medium-grained 
sand and silty-clayey fine- to medium-grained sand, to a depth of at least 71 feet.  
These deposits were found to be in a dense to very-dense condition. 
 

2. Groundwater was encountered during subsurface exploration within the proposed 
project area at a depth of 26½ feet.  Groundwater levels are expected to fluctuate 
in response to the water level of Big Bear Lake, which is located 2,000± feet to the 
north.  Currently the lake water level is approximately 15± feet below the “full” lake 
level, suggesting that groundwater could approach within 11½± feet of the surface, 
which includes the height of the 7± foot-high artificial fill locally placed at the site. 

 
3. There are no active faults that are known to traverse the subject site based on 

published literature.  Additionally, no geomorphic or photogeologic evidence was 
observed that would suggest the presence of active faulting traversing through or 
towards the site.  In addition, the subject site is not located within a designated 
Alquist-Priolo Earthquake Fault Zone that would indicate a potential for surface-
fault rupture hazards.  The nearest known “active” fault which is zoned by the 
State of California is the North Frontal Fault, located 7±-miles to the north. 
 

4. The primary geologic hazard that exists at the site is that of ground shaking.  
Moderate to severe ground shaking could be anticipated during the life of the 
proposed facility.  Ground shaking from earthquakes accounts for nearly all earth-
quake losses.   
 

5. Other than the potential for liquefaction, there do not appear to be any potential 
permanent or transient secondary seismic hazards that would affect the proposed 
project development. 
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Project No. 223769-1 Page 11 

TERRA GEOSCIENCES 

6. The eastern portion of the site is shown to be located within a flood hazard zone 
that is denoted as being “Special Flood Hazard Areas Subject to Inundation by the 
1% Annual Chance Flood (Base flood elevations determined)”.   

 
 
Recommendations:  
1. It is recommended that all structures be designed to at least meet the current 

California Building Code provisions in the latest 2019 CBC edition and the ASCE 
Standard 7-16, where applicable.  However, it should be noted that the building 
code is intended as a minimum construction design and is often the maximum level 
to which structures are designed.  It is the responsibility of both the property owner 
and project structural engineer to determine the risk factors with respect to using 
CBC minimum design values for the proposed facilities.   
 

2. The potential for liquefaction should be properly evaluated by the project 
Geotechnical Engineer.  Any appropriate site-specific mitigation measures should 
be implemented as recommended, if warranted. 

 
3. Any possible flood hazards associated within this zone, or elsewhere within the site 

should be properly evaluated by the design Civil Engineer. 
 
 

CLOSURE 
 
Our conclusions and recommendations are based on a review of available existing 
geologic/seismic data and the provided site-specific provided subsurface exploratory 
boring logs.  No subsurface exploration was performed by this firm for this evaluation.  
We make no warranty, either express or implied.  Should conditions be encountered at 
a later date or more information becomes available that appear to be different than 
those indicated in this report, we reserve the right to reevaluate our conclusions and 
recommendations and provide appropriate mitigation measures, if warranted.  It is 
assumed that all the conclusions and recommendations outlined in this report are 
understood and followed.  If any portion of this report is not understood, it is the 
responsibility of the owner, contractor, engineer, and/or governmental agency, etc., to 
contact this office for further clarification. 
 
 
Respectfully submitted, 
TERRA GEOSCIENCES 

 
Donn C. Schwartzkopf 
Principal Geologist / Geophysicist 
CEG 1459 / PGP 1002 
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REGIONAL GEOLOGIC MAP 

 

 
BASE MAP:  Miller et al. (2001), U.S.G.S. Open-File Report 98-579, Site partially outlined in red. 

 
 
 

PARTIAL LEGEND 
 
 

 WASH DEPOSITS Unconsolidated to locally cemented sand and 
gravel deposits in active washes of streams and 
on active surfaces of alluvial fans (late 
Holocene). 

 
 

 GEOLOGIC CONTACT Solid where located within ±15 meters, dashed 
where located within ±30 meters. 
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GEOLOGIC HAZARD OVERLAY MAP 
 

 
BASE MAP:  San Bernardino County (2010), Map Nos. FI09-C & FI71-C, Site outlined in red. 

 
 
 

PARTIAL LEGEND 
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GOOGLE™ EARTH IMAGERY MAP 
 
 
 
 

  
Base Map: Google™ Earth (2022); Seismic shear-wave traverse SW-1 shown as yellow line, approximate project boundaries outlined in red. 
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SITE PLAN 
 
 

  
BASE MAP: Partial modified copy of the Site Plan (Ruhnau Clarke Architects); Seismic shear-wave traverse SW-1 shown as black/yellow line. 
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APPENDIX  A 

SHEAR-WAVE SURVEY 
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SHEAR-WAVE SURVEY 

 
 
Methodology  
The fundamental premise of this survey uses the fact that the Earth is always in motion 
at various seismic frequencies.  These relatively constant vibrations of the Earth’s 
surface are called microtremors, which are very small with respect to amplitude and are 
generally referred to as background “noise” that contain abundant surface waves.  
These microtremors are caused by both human activity (i.e., cultural noise, traffic, 
factories, etc.) and natural phenomenon (i.e., wind, wave motion, rain, atmospheric 
pressure, etc.) which have now become regarded as useful signal information.  
Although these signals are generally very weak, the recording, amplification, and 
processing of these surface waves has greatly improved by the use of technologically 
improved seismic recording instrumentation and recently developed computer software.  
For this application, we are mainly concerned with the Rayleigh wave portion of the 
seismic signals, which is also referred to as “ground roll” since the Rayleigh wave is the 
dominant component of ground roll. 
 
For the purposes of this study, there are two ways that the surface waves were 
recorded, one being “active” and the other being “passive.”  Active means that seismic 
energy is intentionally generated at a specific location relative to the survey spread and 
recording begins when the source energy is imparted into the ground (i.e., MASW 
survey technique).  Passive surveying, also called “microtremor surveying,” is where the 
seismograph records ambient background vibrations (i.e., MAM survey technique), with 
the ideal vibration sources being at a constant level.  Longer wavelength surface waves 
(longer-period and lower-frequency) travel deeper and thus contain more information 
about deeper velocity structure and are generally obtained with passive survey 
information.  Shorter wavelength (shorter-period and higher-frequency) surface waves 
travel shallower and thus contain more information about shallower velocity structure 
and are generally collected with the use of active sources.  
 
For the most part, higher frequency active source surface waves will resolve the 
shallower velocity structure and lower frequency passive source surface waves will 
better resolve the deeper velocity structure.  Therefore, the combination of both of these 
surveying techniques provides a more accurate depiction of the subsurface velocity 
structure. 
 
The assemblage of the data that is gathered from these surface wave surveys results in 
development of a dispersion curve.  Dispersion, or the change in phase velocity of the 
seismic waves with frequency, is the fundamental property utilized in the analysis of 
surface wave methods.  The fundamental assumption of these survey methods is that 
the signal wavefront is planar, stable, and isotropic (coming from all directions) making it 
independent of source locations and for analytical purposes uses the spatial 
autocorrelation method (SPAC).  The SPAC method is based on theories that are able 
to detect “signals” from background “noise” (Okada, 2003).  The shear wave velocity 
(Vs) can then be calculated by mathematical inversion of the dispersive phase velocity 
of the surface waves which can be significant in the presence of velocity layering, which 
is common in the near-surface environment.  
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Field Procedures  
One shear-wave survey traverse (SW-1) was performed within the proposed 
construction area, as approximated on Plates 3 and 4.  For data collection, the field 
survey employed a twenty-four channel Geometrics StrataVisorTM NZXP model signal-
enhancement refraction seismograph.  This survey employed both active source 
(MASW) and passive (MAM) methods to ensure that both quality shallow and deeper 
shear-wave velocity information was recorded (Park et al., 2005).   
 
Both the MASW and MAM survey lines used the same linear geometry array that 
consisted of a 184-foot-long spread using a series of twenty-four 4.5-Hz geophones that 
were spaced at regular eight-foot intervals.  For the active source MASW survey, the 
ground vibrations were recorded using a one second record length at a sampling rate of 
0.5-milliseconds.  Two separate seismic records were obtained using a 30-foot shot 
offset at both ends of the line utilizing a 16-pound sledge-hammer as the energy source 
to produce the seismic waves.  Numerous seismic impacts were used at each shot 
location to improve the signal-to-noise ratio. 
 
The MAM survey did not require the introduction of any artificial seismic sources with 
only background ambient noise (i.e., air and vehicle traffic, etc.) being necessary.  
These ambient ground vibrations were recorded using a thirty-two second record length 
at a two-millisecond sampling rate with 30 separate seismic records being obtained for 
quality control purposes.  The frequency spectrum data that was displayed on the 
seismograph screen were used to assess the recorded seismic wave data for quality 
control purposes in the field.  The acceptable records were digitally recorded on the in-
board seismograph computer and subsequently transferred to a flash drive so that they 
could be subsequently transferred to our office computer for analysis. 
 
 
Data Reduction  
For analysis and presentation of the shear-wave profile and supportive illustration, this 
study used the SeisImager/SWTM computer software program that was developed by 
Geometrics, Inc. (2009).  Both the active (MASW) and passive (MAM) survey results 
were combined for this analysis (Park et al., 2005).  The combined results maximize the 
resolution and overall depth range in order to obtain one high resolution Vs curve over 
the entire sampled depth range.  These methods economically and efficiently estimate 
one-dimensional subsurface shear-wave velocities using data collected from standard 
primary-wave (P-wave) refraction surveys.   
 
However, it should be noted that surface waves by their physical nature cannot resolve 
relatively abrupt or small-scale velocity anomalies and this model should be considered 
as an approximation.  Processing of the data then proceeded by calculating the 
dispersion curve from the input data from both the active and passive data records, 
which were subsequently combined creating an initial shear-wave (Vs) model based on 
the observed data.  This initial model was then inverted in order to converge on the best 
fit of the initial model and the observed data, creating the final Vs curve as presented 
within this appendix.   
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Summary of Data Analysis  
Data acquisition went very smoothly and the quality was considered to be good.  
Analysis revealed that the average shear-wave velocity (“weighted average”) in the 
upper 100 feet of the subject survey area is 1,163.1 feet per second as shown on the 
shear-wave model for Seismic Line SW-1, as presented within this appendix.  This 
average velocity classifies the underlying soils to that of Site Class “D” (Stiff Soil), which 
has a velocity range from 600 to 1,200 ft/sec (ASCE, 2017; Table 20.3-1).   
 
The “weighted average” velocity is computed from a formula that is used by the ASCE 
(2017; Section 20.4, Equation 20.4-1) to determine the average shear-wave velocity for 
the upper 100 feet of the subsurface (V100).   
 

Vs = 100/[(d1/v1) + (d2/v2) + ...+ (dn/vn)] 
 
Where d1, d2, d3,...,tn, are the thicknesses for layers 1, 2, 3,...n, up to 100 feet, and v1, 
v2, v3,...,vn, are the seismic velocities (feet/second) for layers 1, 2, 3,...n.  The detailed 
shear-wave model displays these calculated layer boundaries/depths and associated 
velocities (feet/second) for the 218-foot profile where locally measured.  The 
constrained data is represented by the dark-gray shading on the shear-wave model.  
The associated Dispersion Curves (for both the active and passive methods) which 
show the data quality and picks, along with the resultant combined dispersion curve 
model, are also included within this appendix, for reference purposes. 
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SURVEY LINE PHOTOGRAPHS 
     

  
View looking northeast along Seismic Line SW-1. 

 
 
 
 
 

  
View looking southwest along Seismic Line SW-1. 
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SEISMIC LINE SW-1 

ACTIVE DISPERSION CURVE

Dispersion Cure:  Active.dat

Enclosure 10, Page 24 
Rpt. No.:  7341 

File No.:  S-14447

F
O

R
 R

E
F

E
R

E
N

C
E

 O
N

LY



SEISMIC LINE SW-1 

PASSIVE DISPERSION CURVE

Dispersion Curve:  Passive.dat
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APPENDIX  B 

SITE-SPECIFIC GROUND MOTION ANALYSIS 
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SITE-SPECIFIC GROUND MOTION ANALYSIS 

 
 
A detailed summary of the site-specific ground motion analysis, which follows Section 
21 of the ASCE Standard 7-16 (2017) and the 2019 California Building Code is 
presented below, with the Seismic Design Parameters Summary included within this 
appendix following the summary text.  
 
♦ Mapped Spectral Acceleration Parameters (CBC 1613.2.1)-    

Based on maps prepared by the U.S.G.S (Risk-Adjusted Maximum Considered 
Earthquake (MCER) Ground Motion Parameter for the Conterminous United States 
for the 0.2 and 1-second Spectral Response Acceleration (5% of Critical Damping; 
Site Class B/C), a value of 1.642g for the 0.2 second period (Ss) and 0.568 for the 
1.0 second period (S1) was calculated (ASCE 7-16 Figures 22-1, 22-2 and CBC 
1613.2.1). 

 

♦ Site Classification (CBC 1613.2.2 & ASCE 7-16 Chapter 20)-    
Based on the site-specific measured shear-wave value of 1,163.1 feet/second 
(354.1 m/sec), the soil profile type used should be Site Class “D.”  This Class is 
defined as having the upper 100 feet (30 meters) of the subsurface being underlain 
by “Stiff Soil” with average shear-wave velocities of 600 to 1,200 feet/second (180 to 
360 meters/second), as detailed within Appendix A. 
 

♦ Site Coefficients (CBC 1613.2.3)-    
Based on CBC Tables 1613.2.3(1) and 1613.2.3(2), the site coefficient Fa = 1.0 and 
Fv = 1.732, respectively. 
 

♦ Probabilistic (MCER) Ground Motions (ASCE 7 Section 21.2.1)-   
Per Section 21.2.1.1 (Method 1), the probabilistic MCE spectral accelerations shall 
be taken as the spectral response accelerations in the direction of maximum 
response represented by a five percent damped acceleration response spectrum 
that is expected to achieve a one percent probability of collapse within a 50-year 
period.   
 
The probabilistic analysis included the use of the Open Seismic Hazard Analysis 
(OpenSHA).  The selected Earthquake Rupture Forecast (ERF) was UCERF3 along 
with a Probability of Exceedance of 2% in 50 Years.  The average of four Next 
Generation Attenuation West-2 Relations (2014 NGA) were utilized to produce a 
response spectrum.  These included Chiou & Youngs (2014), Abrahamsom et al. 
(2014), Campbell & Bozorgnia (2014), Boore et al. (2014), and Campbell & 
Bozorgnia (2014).  The Probabilistic Risk Targeted Response Spectrum was 
determined as the product of the ordinates of the probabilistic response spectrum 
and the applicable risk coefficient (CR).  These values were then modified to produce 
a spectrum based upon the maximum rotated components of ground motion.  The 
resulting MCER Response Spectrum is indicated below: 
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♦ Deterministic Spectral Response Analyses (ASCE 7 Section 21.2.2)-    

The deterministic MCER response acceleration at each period shall be calculated as 
an 84th-percentile 5 percent damped spectral response acceleration in the direction 
of maximum horizontal response computed at that period.  The largest such 
acceleration calculated for the characteristic earthquakes on all known active faults 
within the region shall be used.  Analyses were conducted using the average of four 
Next Generation Attenuation West-2 Relations (2014 NGA), including Chiou & 
Youngs (2014), Abrahamsom et al. (2014), Boore et al. (2014), and Campbell & 
Bozorgnia (2014).   
 
Based on our review of the Fault Section Database within the Uniform California 
Earthquake Rupture Forecast (UCERF 3; Field et al., 2013) and other published 
geologic data and maps, the Helendale-South Lockhart Fault Zone (MW 7.4), the 
North Frontal Fault Zone (Eastern section, MW 7.0), and the San Andreas Fault Zone 
(San Bernardino Section, MW 8.3) were used for this analysis. 
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♦ Site Specific MCER (ASCE 7 Section 21.2.3)-    
The site-specific MCER spectral response acceleration at any period, SaM, shall be 
taken as the lesser of the spectral response accelerations from the probabilistic 
ground motions of Section 21.2.1 and the deterministic ground motions of Section 
21.2.2.  The deterministic ground motions were compared with the probabilistic 
ground motions that were determined in accordance with Section 21.2.1.  These 
results are tabulated below: 

 
Comparison of Deterministic MCER Values with Probabilistic MCER Values - Section 21.2.3 

 

Period Deterministic Probabilistic   

Governing Method 

T MCER MCER 

Lower Value 

(Site Specific 

MCER) 

0.010 1.18 0.84 0.84 Probabilistic Governs   

0.020 1.19 0.84 0.84 Probabilistic Governs   

0.030 1.23 0.89 0.89 Probabilistic Governs   

0.050 1.39 1.07 1.07 Probabilistic Governs   

0.075 1.68 1.37 1.37 Probabilistic Governs   

0.100 1.94 1.61 1.61 Probabilistic Governs   

0.150 2.30 1.87 1.87 Probabilistic Governs   

0.200 2.58 1.98 1.98 Probabilistic Governs   

0.250 2.80 2.02 2.02 Probabilistic Governs   

0.300 2.97 2.01 2.01 Probabilistic Governs   

0.400 2.99 1.87 1.87 Probabilistic Governs   

0.500 2.77 1.70 1.70 Probabilistic Governs   

0.750 2.20 1.31 1.31 Probabilistic Governs   

1.000 1.66 1.01 1.01 Probabilistic Governs   

1.500 1.09 0.63 0.63 Probabilistic Governs   

2.000 0.91 0.45 0.45 Probabilistic Governs   

3.000 0.73 0.28 0.28 Probabilistic Governs   

4.000 0.61 0.21 0.21 Probabilistic Governs   

5.000 0.51 0.17 0.17 Probabilistic Governs   

7.500 0.29 0.09 0.09 Probabilistic Governs   

10.000 0.16 0.06 0.06 Probabilistic Governs   

 
These comparisons are plotted in the following diagram: 
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♦ Design Response Spectrum (ASCE 7 Section 21.3)-    
In accordance with Section 21.3, the Design Response Spectrum was developed by 
the following equation:  Sa = 2/3SaM, where SaM is the MCER spectral response 
acceleration obtained from Section 21.1 or 21.2.  The design spectral response 
acceleration shall not be taken less than 80 percent of Sa.  These are plotted and 
compared with 80% of the CBC Spectrum values in the following diagram: 
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♦ Design Acceleration Parameters (ASCE 7 Section 21.4)-    

Where the site-specific procedure is used to determine the design ground motion in 
accordance with Section 21.3, the parameter SDS shall obtained from the site-
specific spectra at a period of 0.2 s, except that it shall not be taken less than 90 
percent of the peak spectral acceleration, Sa, at any period larger than 0.2 s.  The 
parameter SD1 shall be taken as the greater of the products of Sa * T for periods 
between 1 and 5 seconds.  The parameters SMS, and SM1 shall be taken as 1.5 times 
SDS and SD1, respectively.  The values so obtained shall not be less than 80 percent 
of the values determined in accordance with Section 11.4.4 for SMS, and SM1 and 
Section 11.4.5 for SDS and SD1.   

 

♦ Site Specific Design Parameters -    
For the 0.2 second period (SDS), a value of 1.21g was computed, based upon the 
average spectral accelerations.  The maximum average acceleration for any period 
exceeding 0.2 seconds was 1.35g occurring at T=0.25 seconds.  This was multiplied 
by 0.9 to produce a value of 1.21g making this the applicable value.  A value of 
0.76g was calculated for SD1 at a period of 1 second (ASCE 7-16, 21.4).  For the 
MCER 0.2 second period, a value of 1.818g (SMS) was computed, along with a value 
of 1.136g (SM1) for the MCER 1.0 second period was also calculated (ASCE 7-16, 
21.2.3). 
 

♦ Site-Specific MCEG Peak Ground Accelerations (ASCE 7 Section 21.5)-    
The probabilistic geometric mean peak ground acceleration (2 percent probability of 
exceedance within a 50-year period) was calculated as 0.81g.  The deterministic 
geometric mean peak ground acceleration (largest 84th percentile geometric mean 
peak ground acceleration for characteristic earthquakes on all known active faults 
within the site region) was calculated as 1.07g.  The site-specific MCEG peak ground 
acceleration was calculated to be 0.81g, which was determined by using the lesser 
of the probabilistic (0.81g) or the deterministic (1.07g) geometric mean peak ground 
accelerations, but not taken as less than 80 percent of PGAM (i.e., 0.76g x 0.80 = 
0.61g). 
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Project  223769-1 1/21/22 Page 1 of 5

SEISMIC DESIGN PARAMETERS SUMMARY

Project: Mountain Area Regional Transit Authority Lattitude: 34.2505
Project #: 223769-1 Longitude: -116.8888
Date: 1/21/22

CALIFORNIA BUILDING CODE CHAPTER 16/ASCE7-16

Mapped Acceleration Parameters per ASCE 7-16, Chapter 22
Ss= 1.642 Figure 22-1
S1= 0.568 Figure 22-2

Site Class per Table 20.3-1
Site Class= D - Stiff Soil

Site Coefficients per ASCE 7-16 CHAPTER 11
Fa= 1 Table 11.4-1 = 1 For Site Specific Analysis per ASCE7-16 21.3
Fv= 1.732 Table 11.4-2 = 2.50 For Site Specific Analysis per ASCE7-16 21.3

Mapped Design Spectral Response Acceleration Parameters
SMs= 1.642 Equation 11.4-1 1.642 For Site Specific Analysis per ASCE7-16 21.3
SM1= 0.984 Equation 11.4-2 1.420 For Site Specific Analysis per ASCE7-16 21.3

T0= 0.120 sec
TS= 0.599 sec

SDS= 1.095 Equation 11.4-3 TL= 8 sec From Fig 22-12
SD1= 0.656 Equation 11.4-4 PGA 0.69 g

FPGA= 1.1 From Table 11.8-1
CRS= 0.936 Figure 22-17

Period (T)

Sa                     
(ASCE7-16 -

11.4.6)

80% General 
Design 

Spectrum CR1= 0.915 Figure 22-18
0.01 0.44 0.35
0.12 1.09 0.88
0.20 1.09 0.88
0.60 1.09 0.88
0.70 0.94 0.75
0.80 0.82 0.66
0.90 0.73 0.58
1.00 0.66 0.52
1.10 0.60 0.48
1.20 0.55 0.44
1.30 0.50 0.40
1.40 0.47 0.37
1.50 0.44 0.35
1.60 0.41 0.33
1.70 0.39 0.31
1.80 0.36 0.29
1.90 0.35 0.28
2.00 0.33 0.26
3.00 0.22 0.17
4.00 0.16 0.13
5.00 0.13 0.10
7.50 0.09 0.07

10.00 0.05 0.04
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Project  223769-1 1/21/22 Page 2 of 5

ASCE 7-16 - RISK-TARGETED MAXIMUM CONSIDERED EARTHQUAKE GROUND MOTION ANALYSIS
Use Maximum Rotated Horizontal Component?* (Y/N) y

Presented data are the average of Chiou & Youngs (2014), Abrahamson et. al. (2014) , Boore et. al (2014) and Campbell & Bozorgnia (2014) NGA West-2 Relationships

PROBABILISTIC MCER per 21.2.1.1 Method 1
Earthquake Rupture Forecast - UCERF3

OpenSHA data
2% Probability Of Exceedance in 50 years
Maximum Rotated Horizontal Component determined per ASCE7-16

T
Sa           

2% in 50 MCER
0.01 0.90 0.84
0.02 0.90 0.84
0.03 0.95 0.89
0.05 1.14 1.07
0.08 1.46 1.37
0.10 1.72 1.61
0.15 2.00 1.87
0.20 2.11 1.98
0.25 2.16 2.02
0.30 2.15 2.01
0.40 2.00 1.87
0.50 1.83 1.70
0.75 1.42 1.31
1.00 1.10 1.01
1.50 0.69 0.63
2.00 0.49 0.45
3.00 0.31 0.28
4.00 0.23 0.21
5.00 0.18 0.17
7.50 0.10 0.09

10.00 0.07 0.06

Ss= 2.11 1.98
S1= 1.10 1.01

PGA 0.81 g

Risk Coefficients:
CRS 0.936 Figure 22-18 Get from Mapped Values
CR1 0.915 Figure 22-19
Fa= 1 Table 11.4-1 Per ASCE7-16 - 21.2.3

Is Sa(max)<1.2XFa? NO If "YES", Probabilistic Spectrum prevails

Field, E.H., T.H. Jordan, and C.A. Cornell (2003), OpenSHA: A Developing Community-Modeling Environment for Seismic Hazard Analysis, Seismological Research Letters, 74, 
no. 4, p. 406-419.
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Project  223769-1 1/21/22 Page 3 of 5

DETERMINISTIC MCE per 21.2.2

Input Parameters
Fault

   M =  Moment magnitude 7.4 7 8.3
   RRUP =  Closest distance to coseismic rupture (km) 9.6 7.3 22
   RJB =  Closest distance to surface projection of coseismic rupture (km) 9.6 0 19.08
   Rx =  Horizontal distance to top edge of rupture measured perpendicular to strike (km) 9.6 11.2 19.08

U = Unspecified Faulting Flag (Boore et.al.) 0 0 0
   FRV =  Reverse-faulting factor:  0 for strike slip, normal, normal-oblique; 1 for reverse, reverse-oblique and thrust 0 1 0
   FNM =  Normal-faulting factor:  0 for strike slip, reverse, reverse-oblique and thrust; 1 for normal and normal-oblique 0 0 0
FHW =  Hanging-wall factor:  1 for site on down-dip side of top of rupture; 0 otherwise, used in AS08 and CY08 0 1 0

   ZTOR =  Depth to top of coseismic rupture (km) 0 0 0
   d =  Average dip of rupture plane (degrees) 90 41 90

   V S30 =  Average shear-wave velocity in top 30m of site profile 354.5 354.5 354.5
FMeasured 1 1 1

   Z1.0 = Depth to Shear Wave Velocity of 1.0 km/sec  (km) 0.06 0.06 60
Z2.5 = Depth to Shear Wave Velocity of 2.5 km/sec  (km) 1.35 1.35 1.35

Site Class D D D
W (km) =  Fault rupture width (km) 12.8 25.3 12.8

FAS =   0 for mainshock; 1 for aftershock 0 0 0
σ  =Standard Deviation 1 1 1

Deterministic Summary  - Section 21.2.2 (Supplement 1)

T
Helendale-S. 

Lockhart
North Frontal 

(Eastern)

San Andreas 
(San 

Bernardino S)
Maximum   
Sa (Average)

Corrected* 
S a                 

(per ASCE7-16) Scaled S a(Average)

0.010 0.61 1.07 0.67 1.07 1.18 1.18
0.020 0.61 1.08 0.67 1.08 1.19 1.19
0.030 0.64 1.12 0.69 1.12 1.23 1.23
0.050 0.73 1.27 0.64 1.27 1.39 1.39
0.075 0.89 1.52 0.77 1.52 1.68 1.68
0.100 1.04 1.77 1.00 1.77 1.94 1.94
0.150 1.26 2.09 1.05 2.09 2.30 2.30
0.200 1.40 2.35 1.27 2.35 2.58 2.58
0.250 1.47 2.52 1.24 2.52 2.80 2.80
0.300 1.49 2.64 1.32 2.64 2.97 2.97
0.400 1.43 2.60 1.35 2.60 2.99 2.99
0.500 1.31 2.36 1.34 2.36 2.77 2.77
0.750 0.98 1.78 1.16 1.78 2.20 2.20
1.000 0.75 1.27 1.03 1.27 1.66 1.66
1.500 0.47 0.72 0.82 0.82 1.09 1.09
2.000 0.32 0.45 0.68 0.68 0.91 0.91
3.000 0.20 0.22 0.52 0.52 0.73 0.73
4.000 0.13 0.12 0.42 0.42 0.61 0.61
5.000 0.10 0.08 0.34 0.34 0.51 0.51
7.500 0.05 0.04 0.19 0.19 0.29 0.29

10.000 0.03 0.02 0.11 0.11 0.16 0.16
PGA 0.61 1.07 0.54 1.07 1.07 g

Max Sa= 2.99
Fa = 1.00 Per ASCE7-16 21.2.2

1.5XFa= 1.5
Scaling 
Factor= 1.00

* Correction is the adjustment for Maximum Rotated Value if Applicable

San Andreas (San Bernardino S)

San Andreas (San Bernardino S)
San Andreas (San Bernardino S)
San Andreas (San Bernardino S)
San Andreas (San Bernardino S)
San Andreas (San Bernardino S)

North Frontal (Eastern)
North Frontal (Eastern)

North Frontal (Eastern)
North Frontal (Eastern)

San Andreas (San Bernardino S)

North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)

North Frontal 
(Eastern)

San Andreas 
(San 

Bernardino S)Helendale-S. Lockhart

Controlling Fault
North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)
North Frontal (Eastern)
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Project  223769-1 1/21/22 Page 4 of 5

SITE SPECIFIC MCER - Compare Deterministic MCER Values (Sa) with Probabilistic MCER Values (Sa) per 21.2.3
Presented data are the average of Chiou & Youngs (2014), Abrahamson et. al. (2014) , Boore et. al (2014) and Campbell & Bozorgnia (2014) NGA West-2 Relationships

Period Deterministic Probabilistic

T MCER MCER

Lower Value 
(Site Specific 

MCER)

0.010 1.18 0.84 0.84 ProbabilisticGoverns
0.020 1.19 0.84 0.84 ProbabilisticGoverns
0.030 1.23 0.89 0.89 ProbabilisticGoverns
0.050 1.39 1.07 1.07 ProbabilisticGoverns
0.075 1.68 1.37 1.37 ProbabilisticGoverns
0.100 1.94 1.61 1.61 ProbabilisticGoverns
0.150 2.30 1.87 1.87 ProbabilisticGoverns
0.200 2.58 1.98 1.98 ProbabilisticGoverns
0.250 2.80 2.02 2.02 ProbabilisticGoverns
0.300 2.97 2.01 2.01 ProbabilisticGoverns
0.400 2.99 1.87 1.87 ProbabilisticGoverns
0.500 2.77 1.70 1.70 ProbabilisticGoverns
0.750 2.20 1.31 1.31 ProbabilisticGoverns
1.000 1.66 1.01 1.01 ProbabilisticGoverns
1.500 1.09 0.63 0.63 ProbabilisticGoverns
2.000 0.91 0.45 0.45 ProbabilisticGoverns
3.000 0.73 0.28 0.28 ProbabilisticGoverns
4.000 0.61 0.21 0.21 ProbabilisticGoverns
5.000 0.51 0.17 0.17 ProbabilisticGoverns
7.500 0.29 0.09 0.09 ProbabilisticGoverns

10.000 0.16 0.06 0.06 ProbabilisticGoverns

Governing Method

0.0

0.5

1.0
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Project  223769-1 1/21/22 Page 5 of 5

DESIGN RESPONSE SPECTRUM per Section 21.3

DESIGN ACCELERATION PARAMETERS per Section  21.4 (MRSA)

Period 2/3*MCER

80% General 
Design 

Response 
Spectrum 

(per ASCE 7-
16 23.3-1)

Design 
Response 
Spectrum TXSa

0.01 0.56 0.39 0.56 Highest value of Sa for any period exceeding 0.2 sec.= 1.35
0.02 0.56 0.44 0.56 90%of Highest Value = 1.21
0.03 0.59 0.48 0.59 80% of Mapped SDS= 0.88
0.05 0.71 0.57 0.71 Maximum TXSa from T=1s-5s = 0.76
0.08 0.91 0.68 0.91 80% of Mapped SD1= 0.52
0.10 1.07 0.79 1.07
0.15 1.25 0.88 1.25
0.20 1.32 0.88 1.32 SDS= 1.21 SMS= 1.818
0.25 1.35 0.88 1.35 SD1= 0.76 SM1= 1.136
0.30 1.34 0.88 1.34 Ts = 0.62
0.40 1.24 0.88 1.24
0.50 1.13 0.88 1.13 PGA Determination:
0.75 0.87 0.88 0.88 Site Coefficient FPGA= 1.1
1.00 0.67 0.76 0.76 0.76 Mapped PGA= 0.69 Figure 22-7
1.50 0.42 0.50 0.50 0.76 PGAM = 0.76 g
2.00 0.30 0.38 0.38 0.76
3.00 0.19 0.25 0.25 0.76 Deterministic PGA = 1.07 g
4.00 0.14 0.19 0.19 0.76 Probabilistic PGA = 0.81 g
5.00 0.11 0.15 0.15 0.76 Lesser of Deterministic/Probabilistic = 0.81 g
7.50 0.06 0.10 0.10 80% of PGAM= 0.61 g

10.00 0.04 0.06 0.06 MCEG PGA= 0.81 g
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