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EXECUTIVE SUMMARY 

On October 28, 201.0, the Metro Board approved the Draft Environmental Im pact Stat ement/ 

Environmenta l llmpact Report (EIS/EIH) fo r the Westside Subway Extensio n Project (the Project), which 
included two tunnel alignment opt ions through the Century City area. The proposed station locat ions 

would be on ei ther Constellat ion Boulevard or Santa Monica Boulevard, but both would be centered on 

the Avenue of the Stars. During the October 28 meet ing, Met ro staff expressed concerns relat ed to t he 
potential Impact of the Santa Monica fault zone on t he proposed Santa Monica Boulevard Station. 

(Addit ional investigations were being planned to locat e t he f aul t zone near t he station.) Concern s were 

also expressed at the meeting regarding t he saf ety oftunneling under Beverly Hills High School (BHHS), 
which would be required f or the proposed Constellati on Boulevard Stat ion. 

To address t he tunneling saf ety concerns, the Metro Board approved t he fo llowing mot ion from 

Supervisor Yaroslavsk.y t o be undertaken during preparation of t he Final EIS/EIR. Specific items in the 

Board m otion included the following: 

... thatintheWestBeverlyHillstoWertwoodarea: 

• Stallfullyexploretherisksassodatedwithtun nelingu nderthe{BeverlyHills]High 
School,includingbutnotlimitedtothefollowing:riskoftettlement,noise, 
vibra:tion,risksfromoilwellsontheproperty,impacttouseoftheschoolasan 
emergencyevacuationcenter_andoverallrisktostudentfacultyandcommunity; 

• "Staffanalyzethepossibilityofinovingthesubwaytunnelinordertoavoidall 
schoolbuildingsandavoidanyfotureplanstoremodelBHHS. 

In add it ion, Metro staff was directed t o fully invest igate t he nat ure and location of f aults in t he Century 

City area and t heir potent ial impact on the proposed station locat ions. The resulting conclusions from 

both t he t unnel safety and fault studies would provide a basis for the Board to make a decision on which 
proposed .st ati on t o adopt. The resulting studies have been completed and present ed in t wo separate 

reports: the Century City Area Tunneling Safety Report- which addresses t he issues surrounding the 

saf ety oftunneling under and near BHHS, West Beverly Hills, Century City, and Westwood- and this 
report, t he Century City Area Fault Investigation Report. 

Purpose of Investigation 

The purpose of t his fault investigat ion was t o det ermine the location of active faults in the vicinit y of the 

Century City stat ion opt ions and tunnel alignments. The t unnel alignment opt ions in t he Cent ury 

City/West Beverly HTIIs area cross two mapped f ault zones- t he Sant a Monica fault zone and t he West 
Beverly Hills Lineament (WBHL) fault zone. The Santa Monica fault zone is kn own to have had zones of 

ground rupture w ithin t he l ast 11,000 years (Holocene age). A prominent scarp (step in the topography) 

can be traced continuously f rom Century City t o Pacific Pal isades. It marks t he act ive strand of the Santa 
Monica fau lt zone, and provides the most defin itive evidence ofthe fault's Holocene act ivity. However, 

unti l this study was undertaken, the location of the active strand(s) of the Santa M onica fault zone in t he 
Century City/West Bever ly Hills area had not been specif ically evaluated through subsurface geo logic 
invest igat ions. The WBHL, a l inear t opographic feat ure t o t he east of Century Cit y, was suspected to be a 

fault and t o be t he northern extension of the Newport-Inglewood fault zone. Unt i l t his study was 

undertaken, no subsurface invest igation had been conducted t o det erm ine its precise locat ion or 
existence as an active fa ult. 
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Because the alignment s for the Project will necessa ri ly cross active fault zones, t he tunnels wil l be 

designed to accommodate fault deformat ion. Neither the Santa Monica fault zone nor the WBHL have 

been mapped as active Fault Zones under the Alquist-Priolo Earthquake Fault Zoning Act. Since subway 
stat ions are structures fo r human occupancy, they should not be built on act ive fault/deformation zones 

because of life/safety concerns expressed in state regulations and in Metro design crirteria. 

Field l11vestigations 

Geotechnical studies conducted during the Final ElS/EIR in 2011 consisted of 56 core boreholes and 192 

Cone Penetrometer Test (CPT) soundings along 7 transects '(study lines), and 5 seismic ref lect ion profiles 
along the same 7 transects in t he Cent ury City area. This fie ldwork focused on t he two fau lt zone.s (t he 

Santa Monica and the WBHL) that would potent ially be intersected by the tunnel alignment opt ions and 

would impact the proposed station locations. 

Analysis 

Detailed analyses of the newly acquired geotechnical data (specifically, the CPTs and seismic ref lection 
prof iles that show displacements in the youngest strata present in the area) determined that the act ive 

traces of t he Santa Monica fault zone (Figure 1) would pass through the proposed stat ion location on 
Sant a Monica Boulevard at Avenue of the Stars. Fo r this reason, it was recommended that this station 

location no longer be considered an option. In contrast, no faulting was f ound passing t hrough or in 

close proximity to the proposed Constellation Boulevard Station. 

A subsequent stat ion option was proposed to shift the station along Santa Monica Boulevard farther 
east, centered between about Century Park East and Moreno Drirve. A .section of a prominent scarp on 

the grounds of t he Los .Angeles Country Club suggested that the active traces of the Santa Monica fault 

zone might pass t o the north of this proposed east-shirfted station. However, t he active str ands could 
also be somewhat south of the scarp and closer to the proposed station location if erosion (by drainages 

emanating from Benedict canyon) has modified the location of the scarp relative to the active t races. 

Of more specific concern t o the proposed Santa Monica Boulevard (east ) Stat ion is the WBHL The new 

CPT and seismic data show clear evidence that the WBHL is a w ide zone of faulting (Figu re 1) that 
displaces the youngest (late Plei,st ocene) strata that are present in this area. The proposed Sant a Monica 

Boulevard (east) Stat ion would straddle the zone of faulting a long the WBH L. In addition, the Sant a 
Monica faul t zone must intersect the WBHL in the vicinfty of Santa Monica Boulevard near Moreno Drive 

or w ithin the Los Angeles Country Club to the north. Zones of fault intersection are likely to be are as of 

significant struct ural complexity, including the likelihood of secondary fault ing, fo lding, and distr ibuted 
off-fault deformation. For these reasons, it is recommended that the proposed Santa Monica Boulevard 

(east) Station no longer be considered. 
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Wit h respect t o the activity of t he f aults, both the Sant a Monica fault zone and WBH L show clear 
evidence of post -middle t o late-Pleistocene act iv ity in t he st udy area. M oreover, t he top ographic scarp 

associated wi th Holocene act:ivi'ty and character izing the surface t races of the active strands of the Sant a 
M onica f aul t zone has been studied we.st of the 1-405 f reeway, where trenching revealed evidence for a 

300-foot -wide zone offault ing. There, geologists found def initive evidence offolding associated w ith slip 

on the m ain strand from 1,000 to 3,000 years ago, and surface slip on other st rands of the faul t from 
10,000 to 17,000 years ago. lif t:he WBHL is considered t he northern ext ension of the Newport-'lnglewood 

fault zone, t hen, by vir tue of the Newport-llnglewood fault zone being Holocene active, it is also 

considered act ive. 

Based on a regression analysis of maximum magnitude versus fault lengt h f or past earthquakes, the 
Santa Monica fault zone is capable of generating eart hquakes in the magnit ude range M6.9 t o M7.2, 

wit h average surface displacements of approximately 3 to 6 feet. A major event on t he WBHL might be 

between M6.4 (generally the lower end of the magnitude range for surface rupture) and M7.2, also with 
average surface displacements of up t o 3 to 6 feet , dependin g on t he length of rupture on the northem

most po1rtion of the Newport il nglew ood-WBHL fault zone. 
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Conclusions 

Analysis of borings, CPT data, and seismic ref lection profiles along 7 transects, in conjuncti on w ith 

ma pped topograph ic landforms, have identif ied two act ive fault zones in t he Century City area: the 

northeast-southwest t rending Santa Monica fault zone and the northwest-southeast t rending WBH L. 
Sant a Monica Boulevard effectively lies w ithin the Santa Monica fault zone from west of Century Park 

West to east of Avenue ofthe Stars. The o riginally proposed Santa Monica Boulevard Stat ion at Avenue 
of the St ars would be directly w ithin the fault zone. 

The WBHL is a wide fault zone w ith several wel l~defined strands si tuat ed along the eastern margin of 
Century City. It is the inferred northern extension of the act ive Newport-Inglewood fault zone. The 

WBH L t erminates the active Santa Monica fault to the east. The locati on of the proposed Santa Monica 

(east ] Station would stradd le the WBHL 

No evidence of faulting was found on t he proposed Constellation Boulevard Station sit e. Based on t he 

results ofthese faul t investigations, there is clear evidence thatthe proposed station locations on Santa 

Monica Boulevard (both east and west) would be i n act ive fault .zones, and are not vi able options for 
stat ion locations. The proposed station on Constellation Boulevard would not be wit hin an active fault 
zone and is a viable option for a stat ion location. 
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1.0 INTRODUCTION 

Planning and engineering studies for the Westside Subway Extension Project (the Project) are 

considering two options f or a Century Cit y station: Constellation Boulevard and Santa Monica Boulevard 
(bot h centered on t he Avenue of the Stars) and associated tunnel alignments. These two options remain 

after an analysis of more than 17 alternatives in the Alternatives Analysis 1 study and further considera

t ion of the remaining options after circulation of the Draft Environment al Impact stat ement/ 
Environmental limpact Report (EIS/EIR). The recommendation fo r the station location w ill be based 

prima rily on planning and engineering t echnical studies. This repo rt, in t wo volumes, presents results of 

an assessment of active faulting in the Century Cirty area. Figure 2 shows a schemat ic plan of t he Project 
and the options remaining for station locat ions. Other technical reports document studies for t unneling 
safety, ridership forecasting, land use, and other environmental studies, and are presented in t he 

technical reports supporting the Administrative Draft Final EIS/EIR. 

Figure 2: Westside Subway Extension Project Planned Alignment 
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1.1 Supervisor Yaroslavsky's Motion to Metro Board of Directors 
The Alternat ives Analysis ident if ied potential station locat ions on both Santa Monica and Const ellation 
Boulevards. Based on exist ing geologic and topographic evidence and fault maps, the stat ion location on 
Santa Monica Boulevard was expected to be outside of the Santa Monica fault zone, a fea ture that has 

been studied in detai l to the west of t he Interstate 405 (l-405) f reeway, but not unt il recently in the 
Century City area. 

1 
los Arlgeles Metropolitan TrartSpC>I1:iltion Authority AltematNes Analysiis a ncl Study, los Angeles Westside ExtE!flsion T<ransit Corride>r, January 

2009 

WESTSIDE SUBWAY EX T ENS I ON PROJECT 
October 14, 2011 Page5 



089542

""""Y"'Y""" '"" '~- ~ _t_O---!I_n_troct_udion_-___________________ Metro 

On October 28, 201.0 , the Met ro Board approved the Draft: EIS/EI!R for the Project, which included two 

tunnel alignment opt io ns through the Century Cit y area. The proposed station locat ions would be on 

either Constellation Boulevard or Santa Monica Boulevard, but both would be cent ered on the Avenue 
of the St ars. Duri ng the October 28 meeting, Metro staff expressed concerns related to t he potential 

impact of the Santa Monica fault zone on t he proposed Santa Monica Boulevard St at ion. (Addit ional 

investigat ions were bein g planned to locate the fault zone near the stat ion). Concerns were also 
expressed at the meeting regardi ng t he safety of t unneling u nder BHHS, which would be required for 

t he proposed Constellat ion Boulevard Station. 

To address the tunneling safety concerns, the Metro Board approved the fo llowing mot ion from 
Supervisor Yaroslavsky t o be undertaken during preparation of t he Final EIS/EIR. Specific items in the 

Board m otion included the following: 

... thatintheWestBeverlyHillstoWemvoodarea: 

• StaJJJullyexploretherisksassodatedwithtu.n nelingu nderthe[Bever:lyHills]Hig h 
School)ndudingb utn otlim itedtothefollowing:riskoftettle.ment;.noise, 
vibra:tion,risksfromoilwellson theproperty)mpacttouseojtheschoolasan 
emergencyevacuationcenter_andoverallrisktostudent{acultyandcommunity; 

• aStaffanalyzethepossibilityoftnovingthesubwaytunnelinordertoavoidall 
schoolbuildingsandavoidanyfotu.replanstore.modelBHHS. 

In addit ion, Metro staff was directed t o fully invest igate t he nat ure and location of f aults in t he Cent ury 

City area, and t heir potent ial impact on the proposed station locat ions. The result ing conclusions from 
both t he t unnel safety and fault studies would provide a basis for the Board to make a decision on which 
proposed station to adopt. The resulting studies have been completed and present ed in two separate 

reports: the Century City Area Tunneling Safety Report-
w hich addresses t he issues surrounding the safety of 

tunneling under and in t he v icinity of BHHS, West Beverly 

Hills, Cent ury City, and Westwood- and t his report., the 
Century City Area Fault Investigation. 

Subsequent geotechnical studies for the Project during the 

final environmental studies revealed that the initially 
proposed locat ion of the Sant a Monica Boulevard Station 

was wit hin the (act ive) Santa Monica f ault zone and, 

hence, not suitable for a public transit station. Based on 
fault zone topography that suggested the Santa Monica 

fault z.one d iverged from Santa Monica Boulevard t o t he 

northeast, east of the original station, the Santa Monica 
Boulevard Station was shi fted to t he east w ith an ent rance 

near Century Park East (Figure 3) to allow for continued 

study of a stat i on on Santa Monica Boulevard. 

Figure 3: Century City Station Options 
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1.2 Status of Design and Environmental Documents 
The current environment al study to extend the subway to t he Westside was initiat ed in June 2007, and 

the AA was com pleted in January 2009. After a review of many alignment and modal options, five Build 
Alternabl ves, a No Build Alternative, and a Transportation syst em Management Alternat ive were carr ied 

forward for further environmental analysis in t he Draft EliS/EIR. The Draft EIS/EIR contains the technical 

ana lysis to form the basis f or selection of a Locally Preferred .Alternat ive (LPA), which is the project t hat 
wi II be ca rried forward for f inal environment al clea ranee. The Draft EIS/Em can be accessed at the 

fo llowing link: http://www.metro.net /projects/westside{draft-eis-eir-sept-2010/. The Final EIS/EIR w ill 

also be availab le on Metro's website at www.metro.net/pr ojects/Westside. 

The location for each of t he st ation and related alignment opt ions w ill be determined by t he Met ro 

Board at the t ime f inal action Is taken on t he Project. On October 28, 2010, t he Metro Board authorized 

preparat ion of the Fi nal EIS/EIR to further evaluate the No Build Alternative and the LPA. The Final 
EIS/ EiiR w ill incorporate f indings from this report and other st udies. 

In support of t he environmental document s, engineering de.sign has progressed t hrough the Advanced 

Conceptual Engineering ,(ACE) phase and is current ly in t he Preliminary Engineering (PE) phase. Entry 
into PE was approved by t he Metro Board on October 28, 2010, and by the FTA in January 2011. 

The fo llowing sections present background and the results of the Cent ury Ci:ty fault studies and t he 
implications for subway stati on locations and tunnel alignments. The next section (2.0, Background) 

provides a summary of studie.s leading up to the Final EIS/EIR recommendatio ns. Sect ion 3.0 describes 

the new data acquisit ion in the 2011 studies t ogether w ith the dat a interpret at ion, and Section 4.0 
summarizes conclusions f rom t he investigat ions. 
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2.0 BACKGROUND 

2.1 Publ ished Literature 

Santa Monica Fault Zone 

The 25-mile-long Santa Monica fault zone extends westward f rom the western edge of Beverly Hills 
across West Los Angeles and Santa Monica to Pacific Palisades (Figure 4}, where it t rends offshore and 

parallels t he Malibu coast to near Poin t Dume (Dolan and Sieh, 1992; Dolan et al., 1995; 2000}. The fault 

zone, which exhibits both reverse and left- lateral components of slip, extends eastward as the 
Hollywood Fault t hrough a ~-mi le-w ide left-step, o r tear fault, which coincides with the northern part of 

the West Beverly Hills Uneament (WBHL) ·(Dolan and Sieh, 1992; Dolan et al., 1997; 2000}. The Santa 

Monica and Hollywood fault zones are part of a much longer system of oblique left-lateral/reverse faults 
t hat form the more than 150 mile-long southern boundary of t he Transverse Ranges. 

The Santa Monica f ault syst em is related t o the Pliocene-Quat ernary structural development of the 

Sant a Monica Mountains .. Prior to t he late Miocene, the Santa Monica Fault was a normal fault that was 

reactivated as a reverse fault beginning in t he Pliocene (Tsutsumi et al., 2001). In the Century City area, 
Tsutsumi et al. i nterp reted the Santa Monica f ault zone to consist of t hree south em strands and one 

northern strand wit h only the northern strand being currently active. Other recent studies (Dolan et al., 

2000; Dolan and Pratt, 1997; Hummon et al., 1992; Ziony et al., 1985) indicat e t hatthe northern 
segment of the Santa Monica fault zone is actirve and offsets or deforms Holocene sediment s. Figure 5 

shows a schematic v iew of surface and subsurface ground rupture and deformation result ing f rom major 
earthquakes on the active Santa Monic-a f ault zone. 
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Figure 5: SChematic Cross Section of Santa Monica Fault Zone 

SOUTH UptJer Plate NORTH 

Lower Plate 

Schematic block diagram of tne Santa Monica Fault Zone, all oblique left-lateral reverse fault zone. 

A prominent, north-side-up topographic scarp {:Figure 6) that can be t raced continuously from the 
eastern e nd of the fau lt zone in Century City to Pacific Palisades, where the fault zone extends offshore, 
marks t he active strands of the Santa Monica fault zone t hrough Century City, West los Angeles, and 
Santa Monica. This topographic scarp provides the most definitive evidence fo r the location of t he active 
strands ofthe Santa Monica fault zone, although the locations of various active fault stmnds that make 
up the zone need to be determined when possible by detailed, site-specific studies such as deta iled in 
this report for Century City. 

Urbanizat ion within west Los Angeles has limited t he number of places the Santa Monica fault zone 
might be studied in detail in o rder to determine the locat ions of the active strands and, in turn, the 
fault's recent earthquake history. However, despite the dense development a long t he Santa Monica 
fault zorne, the geomorphic signature of recent surface faulting, particularly the prominent scarp 
marking the active t races of the Santa Monica fault zone, is surprisingly well preserved (Dolan, et a l. , 
2000). Dolan et a l .'s (2000) analysis of tectonic landforms a long t he fault was great ly facilitated by a. 
series of1:24,000 topographic maps constructed fo r Los Angeles County by the USGS duri ng the 1910s 
and early 1920s (the topographic maps were published in t he mid-1920s. Plate 1, Appendix B, shows the 
portions of these maps in the Century city area. In Bryant {2005), a simplified trace of the Santa Monica 
faultthat appears to have been largely based on the geomorphic mapping of Dolan and Sieh (1992) and 
Dolan e t a l. (2000) was published, shown in Figure 4 and Figure 6. The fau lt zone was rendered as a 
single line on the regional map, and placed largely a long the top of the scarp identified by Dolan et al. 
(2000) (Figure 4). However, Dolan, et a l. (2000) described t hat t he north-dipping main strand of the 
Santa Monica faul t zone is extending to the surface at, o r to the south of the base of the topographic 
scarp. 
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Santa Monica Fault Studies West of 1-405 Freeway 

Dolan et al .. (2000) conducted the most detailed studies of t he state of activit y of the Santa Monica fault 

zone on the grounds of the Veterans Affa irs property just west of 1-405, about 1,000 feet south of the 

proposed Westwood/VA Hospital Station locat ion ,(Figure 6). Trenches and high-resolution seismic 
reflection data collected during 1992 and 1993 revealed a complex zone of faulting that showed 

evidence for bot h cont ractional folding and reverse slip above a north-dipping t hrust strand, as wel l as 
faulting on dozens of near-vertical, left-lateral strike-slip fault strands that merge downward w ith the 
main str.and at a depth of 100 to 150 feet (Dolan and Pratt, 1997; Pratt et al., 1998). The t otal w idt h of 

this complicated zone of faulting was more than 300 f eet . 

A prominent feature observed in the t renches was a zone of south-t ilted alluvial fan strata that e.xtend 

upward to merge with the south-facing slope ofthe surface scarp. These observat ions, t oget her with 
similar observations at other sites along the scarp (e.g., University High School, IMACTEC, 2007; Hill, 

1979; Hill et al., 1979; Crook et al., 1983), indicate that the topographic scarp is formed partially by 
fo lding above t he main, north-dipping strand of the Santa Monica fault zone, which appears to 

accommodate rna inly reverse faulting. High-resolution seismic reflection imagery of this fault zone 

indicated that the main strand dips northward at 30 degrees to 55 degrees, w ith a most likely dip of 30 
degrees to 35 degrees (Dolan and Pratt, 1997; Pratt et al., 1998). 

The geometry of these f olded strata, which dip as steeply as l3 to 15 degrees to the sout h, is important 

because they were deposited at an alluvial fan slope of only 1 to 2 de.grees. Thus, their t ilting provides 

unequivocal evidence for slip on t he main thrust strand of t he Santa Monica fault zone. Bulk-soil 
radiocarbon ages indicate that the youngest of t hese folded strata were deposited approximately 1,000 

to 3,000 years ago. The folded strat a are onlapped by younger, flat-lying strata deposited by the same 

alluvial fan. The absence of deformation in these f lat-lyi ng strata demonstrates that they have not yet 
experienced ti lting during deformation by an earthquake. Therefore, the approximately 1,000-year age 

from carbon dat ing the oldest of the flat -lying strata provides evidence for fault quiescence during at 

least the past approximately 1,000 years. Dolan et al. (2000) also determined the ages of past 
earthquakes that ruptured to the surface along the secondary, strike-slip f aults that cut through the 

fo lded st rata. Dat ing based on carbon f rom offset layers indicated def init ive evidence for surface 
rupture on some of these faults between 10,000 and 17,000 years ago, as wel l as probable evidence for 
surface rupture on another strike-slip strand between approximately 1,000 and 3,000 years ago, 

consistent w ith evidence for slip on the main strand in the most recent earthquake approximate ly 1,000 
to 3,000 years before present. 

Dolan et al .. (2000) determined a reverse-slip-only component of the slip rate of 0 .6 mm/year on the 

Santa Monica fa ult zone based on the vertical separation of marine ter races offset by the fault zone in 

Pacif ic Pa lisades. (Slip rate is the rate the two sides of a fault are moving re lat ive to one anot her, as 
determined from geodetic measurements, offset man-made structures, o r offset geologic features 

whose age can be estimated. lin most cases slip, or ground rupture, occurs not continuously in mm/year 

but episodically during and after large earthquakes. The estimat ed amount of gr ound rupture depends 
on the sl ip rate and the frequency of ground-rupt uring earthquakes.) Slip on the Santa Monica fault 

system, however, is oblique, with an additional (and perhaps even dominant) component of left-lat eral 

strike-slip movement (Dolan et al., 2000). Thus, the reverse-slip-only rat e of 0.6 mm/year noted by 
Dolan et al. (2000) is a minimum rate, and the actual fault slip rat e is likely to be significant ly greater. 

However, t he left-lateral strike-slip component of t he total slip rate r emains poorly constrained, because 

there are no sui table study sites in this densely urbanized are.a along the f ault zone that would allow for 
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the three-dimensional t rench studies necessary to determine the strike-slip rat e. Dolan et al. (19·95) 

estimated a total slip rate for t he Sant a Monica fault zone of 1.0 t o1.5 mm/year, and the California 

Geological Survey (CGS) and U.S. Geological Survey (USGS) estimate a rate of 1i;P.5 mm/yr (Wills et al., 
2008). Earthquakes in t he magnitude range M16.9 to M7.2 w ith average surface displacements on the 

order of 3 to 6 feet are p lausible scenarios f or fut ure events that rupture the entire 25-mile long fault 
zone f rom Point Dume to Beverly Hills (Wells and Coppersmith, 1994). 

East of l-AOS Freeway 

The cont inuity of the topographic scarp associated with act ive faulting along the Santa Monica fault 

zone i ndicates that this record of fault activ ity should characterize the entire 7-mile onshore lengt h of 

the fault zone, including the section ofthe fault in t he Cent ury City area. The scarp does not extend east 
of the WBH L, a northwesterly trending topographic rise present along the western boundary of t he City 
of Beverly Hills (Dolan et al., 2000; Dolan and Sieh, 1992). Rather, t he easternmost part ofthe scarp 

diverges from Santa Monica Boulevard, assuming a more northeasterly trend through the Los Angel es 
Country Club east of Club View Drive and mergi ng with the WBHL about 3.4 mile north of Santa Monica 

Boulevard. However, t his section of t he scarp appears to have been eroded by a southwestward-flowing 

drainage emanating from the main Benedict Canyon d rainage t o the east. Thus, although t he scarp 
provides a robust northernmost possible location for t he main trace of the north-dipping Santa Monica 

fault wne, the surface t race of the main, active strands of the Santa Monica fault zone responsible for 

generating the scarp may lie somewhat to t he southeast ofthe surface scarp, and closer t o Sant a 
Monica Boulevard. 

West Beverly Hills Lineament /Newport-Inglewood Fault Zone 

The WBHL (Figure 4 and Figure 6) is a north-northwest -trending t opographic feature that appears t o 

cross Santa Monica Boulevard in t he v icinity of South Moreno Drirve. The WBH L marks a pronounced 
boundary between uplifted and highly d issected older sedimentary unit s t o the west and a gently 

sloping, younger alluvial plain in Beverly Hills t o the east. Identified by Dolan and Sieh (1992) and Dolan 

et al. (1997; 2000} on th e basis of this pronounced topographic dissimilarity, the lineament exh ib irts a 
semi-continuous series of east -facing topographic scarps. The.se scarps have been eroded and modified 

by the south-flowing d rainage emanating from Benedict Canyon .. 

Various t ectonic interpretations have been proposed for the WBHL. In t he absence of previo us fault 

subsurface exploration, the locat ion and characterist ics of the WBH L, including whether it is a fault zone .• 
was not well defined. To the north of its intersect ion wit h the Santa Monica fault zone, the WBHL acts as 

a connect ion between the Santa Monica and Hollywood fault zones, transfer ring slip between t hese two 

oblique-slip fault systems (Dolan and Sieh, 1992; Dolan et al., 1997; 2000). Dolan et al. (1997) speculated 
that this northern part of the WBHL might represent an east-dipping normal f ault associated wit h 

extension along the left step bet ween these faults. To the south ofit s intersection with the Santa 

Monica fau lt zone, Dolan and Sieh (1992) and Dolan et al. (1997; 2000) considered the WBHL to be the 
northern continuation of the active Newport-llnglewood fault zone located approximately 3 miles to the 

south-southeast . The Newport-Inglewood fault zone is com posed of a ser ies of discontinuous, 

northwest-trending en echelon faults and pressure ridges extending from t he Baldwin Hills 
southeastward to Newport Beach and cont inuing offshore to the south (Barrows, 1974). Lang (1994) 

expressed t he opinion that subsurface mapping within the Cheviot Hills and Beverly Hills oi l fields, 
constrained by dense subsurface control, precluded the existence of the WBHL as a f ault zone. 
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In 1933, the southern Los Angeles basin section of the Newport-l1nglewood fault zone ruptured to 

produce the M6.4 Long Beach earthquake (Hauk.sson and Gross, 1991). The seismic hazard f rom t he 

northern section of this major fault system in the Los Angeles region has been long known; for example, 
the California Division of Mines and Geology (now the CGS) chose t o model a hypot hetical M7.0 

earthquake on the northern N ewport-1 nglewood f ault zone as one of t heir f irst non-San Andreas. 

earthquake scenarios (Toppozada et al., 1988). By v irtue of i'ts assumed connect ion to the active 
Newport-llnglewood fault zone, the WBHL is now considered by t he CGS to be an active fault {Bryant, 

2005). 

The slip rat e on t he Newport-l:nglewood fault zone is not well established, but is believed to be in t he 

1 mm/yr range (reported as 1~.5 mm/yr in Wills et al., 2008). Farther sout h, the Rose Canyon fault 

zone is interp ret ed to be the southern extension of the Newport-Inglewood faul t zone, and has been 

attributed a rate of 2.;!;.1 mm/yr (Rockwell et al., 2010). Given the segmented nature of t he northern 
Newport-Inglewood fault zone north of Newport Beach, earthquakes between M6.4 (smallest event 

likely to have surface rupture) and M7.2 (rupture of the entire northern Newport-Inglewood fault zone) 
are possible, w it h average surface displacement s of 3 to 6 f eet or more (Wells and Coppersmith, 1994). 

2.2 Previous Geotechnical Studies-Century City 
Extensiv,e subsurface geotechnical invest igations in the Century City area have be.en performed over the 

past 60-plus years by AMEC and its predecessor companies. The locati ons ofthe boreholes f rom t hese 
invest igat ions are shown on Plat e 2 in Appendix B. ilnformation on the geotechnical logs from these 

previous studies were compiled and analyzed in support of this invest igation. 

2.3 Metro Investigations 
The AA study (2007-2009) identified potential station locations on Sant a Monica Boulevard and 

Constellation Boulevard, with bot h centered at Avenue of t he Stars. Several tunnel alignments were 

considered between the Century City and Westwood studied tunnel alignments. Those studies identified 
the Sant a Monica fault zone and the WBHL as being in the Century City area and that f urther geologic 

study was necessary to more precisely locate and charact erize these feat ures. 

Available published info rmation used dur ing early planning studie.s discussed in t he previous sections 

indicated that the Santa Monica fault zone extends from the Sant a Monica coastl ine t hrough Santa 
Monica, West Los Angeles, and Century City. The most recent geologic maps published by the CGS were 

used for planning studies. The mapped fault runs approximately parallel t o Santa Monica Boulevard in 

the Century City area, and diverges from Santa Monica Boulevard to the north, as shown in Figure 6. 

Geotechnical fau It st udies fo r t he Project during the ACE in support ofthe Draft EIS/EIR in 2009-2010 
(MACTIEC, 2010} were performed at two locat ions: a P-wave seismic ref lection line on Selby Avenue and 

a P-wave seismic ref lect ion line and two continuous sonic core bor ings on Century Park West (Figure 7). 
These studies indicated that the Santa Monica fault zone includes strands t hat are farther south thaliil 

previously mapped (shown as geophysical anomalies on Figure 7) and, consequently, t he proposed 

Santa Monica Boulevard Station {centered on Avenue of the Stars) could be w ithin the Santa Moliil ica 
fault .z:one. The (2005) traces of the Santa Monica fault zone relative t o t he stat ion alignments are shown 

on Figure 6. The Century Cirty Constellat ion Station is south of t he fault zone. For all alignments, the 

subway tunnels would need to cross t he Santa Monica faul t zone in t he Cent ury City vicinity t o proceed 
to the Westwood area. 
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The Draft EIS/EIR stated that during design, further geotechnical investigations would be undertaken to 

study the fault characteristics (location, width, and expected offset, etc.). During the PE phase, in 

support ofthe Final EIS/EIR and 2010 Metro Board action, Metro undertook the addit ional investigations 
in 2011 t o more precisely locate the Santa Monica fault zone, as well as the WBHL. 

Early in the PE phase (spring 2011), fau lt transects (geophysical and dr illing studies) at Century Park 

West and Avenue of the Stars conf irmed t he presence of the Sant a Monica fault zone crossing Santa 

Monica Boulevard at approximately Avenue of the Stars. To avoid placement of t he station within t he 
Santa Monica fa ult zone, the Sant a Monica Boulevard station was shifted to the east (Figure 3). 

2.4 Station Locations Re:lative to Faults 

Hazards due to t he presence of a fault near a structure include: 

• Shaking generated during the earthquake event, w hich impacts st ructures in the vicinity of t he faul t . 

• Rupture (a tearing of the ground as shown schematical ly in Figure 5 {for the Santa Monica Fault), 
w hich only impacts structures directly located w ithin a fault zone. 

Structures are r outinely designed to handle ground shaking; however, a stat ion structure located w ithin 

the fault zone itself would be subject to ground rupture d isplacement and deformations in uplift and 

shear zones. As discussed in t he following, re locating the station away from the site is the optimal 
mitigation .. 

The Alquist-Priolo Earthquake Fault Zorning Ad 

The California Alquist-Priolo Earthquake Fault Zoning Act (the AP Act) was passed in 1972 to mirtigate the 

hazard of surface faulting to structure.s for human occupancy. The intent of t he AP Act is to prevent 

major damage to structures and potent ial loss of Hfe resulting from ground rupture and associated 
ground deformations in an active fault zone and to disallow the construction of struct ures used for 

human occupancy in an active fault .zone. Cur rently the Santa Monica fault zone and WBHLare not 
included on Alquist-Priolo active fault zone maps because the state did not have sufficient data to 

accurate ly locate the fault zones at the t ime the maps were prepared. 
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3.0 NEW DATA ACQUISITION AND INTERPRETATION 

3.1 Field Program 
The field program for t his fault investigation was implement ed to evaluat e t he locations and t rends of 
faults near the p roposed Century City stat ions and tunnel alignment alternat ives, and to determine 

wh ere active faults may cross or extend along the proposed stations and tunnel alignments. Ava ilable 

informat ion about known or suspected faults was obtained f rom previous studies that included 
geomorphology, groundwater patterns, and the geometry of subsurface units was used to design the 

f ield investigation. The Santa Monica fault zone and WBHL were specifically researched. 

The explorat ion plan consisted of seven transects for cont inuous core boreholes and CPTs and f ive 

t ransects for seismic ref lect:ion profiles. The locations are shown on Plate 3 in Appendix B. The full data 
set consists of: 

• 7 rot ary-wash continuous core boreholes 

• 49 hollow stem auger continuous core boreholes 

• 192 CPTs 

• 5 P-wave seismic reflection profi les 

• 5 S-wave seismic reflection prof i les 

• 5 down hole suspension PS velocity measurements 

Fieldwork was performed from January 4 through July 7, 2011, at the locat ions shown on Plate 3 and 
shown schematically on Figure 8. The upper 4 to 10 feet below ground surface of the exploratory 
boreholes and CPTs were excavat ed by hand auger prior to drilling to avoid hitting underground utilities. 

Cont inuous core samples were collect ed in the boreholes to planned dept hs, except where no recovery 

or refusa l was encountered. The cores retrieved were preliminarily logged by the f ield personnel and 
were then transported t o the laboratory for det ailed descriptions and logging. CPTs were pushed to 

planned dept hs, except where refusal was encountered. 

High-res.olut ion P-wave and s-wave seismic ref lection surveys were performed along the 7 transect s in 

five surveys ,(by combining Transects 1 and 8 and Transects 2 and 2E). The dat a were processed i nto 
record sections. The P-wave dat a provided acceptable resolution and useful information on t he 

locations and subsurface geometries of faults to depths of several hundred f eet i n spite of t he noisy 
urban environment . However, the S-wave data generally d id not provide the hoped..:fo r increased 

resolution in the near surface .. Transects are described as follows: 

• Boring/CPT Transect 1 is a north-south transect extend ing from its north end in t he south course of 
the Los Angeles Count ry Club to approximat ely 500 feet south of the intersection w ith Santa Monica 
Boulevard, and was intended to intersect t he Santa Monica faul t zone. 

• Boring/CPT Transect 8 is the southerly extension of the north-sout h seismic reflection Transect 1 

crossing t he Constellation Boulevard area. 

• Geophysical seismic reflection survey Line 1, bot h S-wave and P-wave, extends from the northern 

end of Transect 1 to the southern end of Transect 8. 
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Figure 8: Transect Plan 
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• Boring/CPT Transects 2 and 2E are east-west t ransect s extending along Sant a Monica Boulevard 

f rom approximately 450 feet west of Avenue of the Stars to approximately 950 feet east of South 
Moreno Drive, and was Intended to intersect the Santa Monica fault zone as it changes direction to 

the northeast and t he WBH L. 

• Geophysical seismic reflect ion survey Line 2 extends f rom the we.stem end of Transect 2 to the 

east·ern end of Transect 2E. 

• Boring/CPT Transect 3 Ts a north-south transect extend ing f rom Tts north end of Warnall Avenue 
across Santa Monica Boulevard approximately 1,100 feet sout h along Century Park West to its 

intersection wit h Constellation Boulevard, and was in tended to intersect the Sant a Monica fault 
zone. 

• Geophysical seismic reflect ion survey Line 3, both S-wave and P-wave, extends f rom south of the 

intersection of Century Park West and Santa Monica Boulevard sout h to t he intersection w itih 

Constellation Boulevard. 

• Boring/CPT Transect 4 is an east-west transect extending along Durant Drive from approximat ely 
350 ·feet west of it s intersect ion w it h South Moreno Drive an addit ional approximately 900 feet east. 

It was intended to intersect the WBHL 

• Geophysical seismic reflect ion survey Line 4, both S-wave and P-wave, are approximately coincident 

w it h Boring/CPT Transect 4. 
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• Boring/CPT Transect 7 Is a north-south t ransect along Sout h Moreno Drive ext ending from its north 

end approximately 300 f eet north of Santa Monica Boulevard for an additional approximately 750 

f eet t o the south. 

• Geophysical seismic ref lect ion survey Line 7, both S-wave and P-wave, extends from the north side 
of Santa Monica Boulevard along South Moreno Drive f or approximat ely 750 feet to t he sout h. 

3.2 Stratigraphic Units 
This sect ion describes the stratigraphic units encountered by t he boreholes and CPTs t hat were used t o 
ident ify discontinuities associated with faulting in the subsurface along the various t ransects. Artificially 

placed fi ll soils of generally limited thickness form surface cover over the nat ural geologic units 

throughout much of the study area. Holocene alluvial deposits appear to have limited aerial extent and 
thickness and generally were not ident ified in the cores. The surficial deposits are underlain by variably 

thick., older all uvial fan deposits and shallow marine/est uarine deposits of apparent Pleist ocene age. 

Shallow marine and locally nonmarine sediments of the Pleistocene Lakewood fo rmat ion, where 
present, underlie the alluvial fan and estuarine deposits. Marine sediments of the Middle Pleistocene 

San Pedro fo rmat ion underlie the Lakewood formation. In the northern portion of the study area, the 

Lakewood formation appears t o have been largely removed and t he alluvial fan/estuarine deposn s rest 
directly on the San Pedr o formation. The base of the older alluvial fan/estuarine deposit s was not 

reached in t he deep boreholes in the east ern portlons of Transects 2/2E and 4. The table below 
summa ri les the strat igraphic units. 

3.2.1 Artificially Pla.ced Fill (symbol: af) 

Artif icial ly placed fil l was ident ified in the cores by the presence of glass, chunks of concrete, and ot her 

histor ica l debris, as well as by the presence of "lifts" of soil that indicate mechanical emplacement. 

Furthermore, w ithin the soil itself, chunks of extraneous soil could be ident ified, i ndicat ing local mixing 
of dirfferent soi l units, and many of the lifts exhibited evidence of mechanical com pact ion based on their 

density. Based on these criteria, the artirficially placed fi ll was distinguished f rom nat ural soil unit s. 

In some areas along Avenue ofthe stars, the artificia l fil l is as much as45 feet in th ickness. Analyses of 
the detailed l920s-vintage topographic maps (Plate 1) show that most ofthe deep fill encountered in 

this study was emplaced in st ream channels and ravines t o level the ground surface prior to ear ly 
development. This is corroborated by the t hicknesses ofthe artificial fil l encountered. 

3.2.2 Younger Alluvium (symbol: Qf/Qal) 

Young alluvial deposit s interpret ed t o be Holocene in age were generally not encountered during t he 

fault investigat ion since hand auguring to a depth of at least 6 to 10 feet {dept h of ut ilities) makes 

i dentifi cation of soil structure d iffi.cu lt. Younger all uvi um may be I oca II y present at sh a II ow depths w ith in 
the north-south-t rend ing channel t hat underlies much of Transect 1. 
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Tabl'e 1: Stratigraphic Units 

Epoch Time Scale 

Holocene 11,000 years 
ago to 
present 

Pleistocene 1.8 million to 
11,000 years 

ago 

Symbol 

af 

Qf/Qal 

Qfo 

Qe 

Qlw 

Qsp 

Stratigraphic Unit (Age) 
Description 

ARTIFICIAL FlU 
(undocumented) 

YOUNGER ALLUVIUM (Holocene)- predominantly 
sand, silt and d ay 

OLDER ALLUVIAL SAND DEPOSITS (lat e 

Pleistocene)- sandy s:Ht, clay, and sand with gravel 

ESTUARINE DEPOSITS (late Pleistocene)- thin 
bedded to mass·ive sflty and day with fine sand and 
occasiona'l gravel 

LAKEWOOD FORMATION (late Pleistocene)-
interbedded silty sands, silts, and d ays with clayey sand 
and grave!l layers 

SAN PEDRO FORMATION (mid Pleistocene)-
predominant!¥ greenish gray and bluish gray fine-grained 
Sands, medium to coarse Sands and some Silt l ayers. 

3.2.3 Older Alluvial Fa n a nd Fluvial Deposits (symbol: Qfo), 

The older a II uv ial fan deposits encount ered in the study area appear t o consist primarily of alluvial f an 

deposits laid down during t he Pleistocene by debris flows, stream channels, and ot her alluvial processes. 
Estuarine and sha II ow marine deposits locally interfinger with the non-marine alluvial fan deposit s, 

represent ing episodic marine transgressions and regressions. These older alluvial deposits are relatively 
heterogeneous and consist of sandy silt and clay w ith variable amounts of sand and fine gravel, and 
localized sandy gravel deposits interpreted to represent buried channels. M ost of t he silty and dayey 

deposits contain at least a trace of coarse sand and f ine gravel. The source area for t he alluvial fan 
deposits was the Santa Monica Mount ains to t he north, as shown by the presence of clasts and 

f ragments of Sant a Monica Slat e in the alluvial sand and gravel layers. 

3.2A Estuarine Deposits (symbol: Qe) 

Shallow marine/estuarine deposits are int erbedded with the alluvial fan deposits. These deposits consist 
of th inly bedded t o laminated silts and clays and frequently exhibit a varve-like character. These st rata 

commonly grade upward and downward into f ine silty sand and sand. The sand strat a are commonly 

thinly bedded t o crudely laminated. M inor amounts of fine gravel are also present, and t he estuarine 
strat a are locally i nterbedded w ith pulses of al luvial deposits t hat probably represent individual 

deposit ional (storm) events. 
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3.2.5 lakewood Formation (symbol: Qlw} 

Shallow marine deposi ts of the Pleistocene Lakewood formation were encount ered beneath t he alluvial 

fan/estuarine deposi ts predominately to the south of Santa Monica Boulevard. The lakewood formation 
in the study area consist s primarily of silty sand and poorly graded sand, w ith local sandy silt and 

gravelly beds. These beds generally exhibit relatively uniform lateral t hickness. Some beds containing 

bivalve shell fragments were encountered near the base ofthe Lakewood f ormation in Transect 3. The 
lateral cont inuity of the l akewood formation, and t he presence of distinct marker beds such as a g ravel 

bed, a shell bed, and a thin clay layer, allowed the stratigraphy to be mapped w ith a high degree of 
confidence over relatively large lateral distances. 

3.2.6 San Pedro Fonnation (symbol: Qsp) 

Marine deposits of the Pleistocene San Pedro format ion underlie the Lakewood f ormation in the 

southern portion ofthe study area, and older alluvium/estuarine deposits in the northern portion. The 
dept h of t he upper San Pedro formation contact encountered in t he study ranges from about 60 feet 
near the north end of Transect 1 to about 180 feet near the intersection of Transect s 2 and 7. In the 

eastern portions of the study area, the San Pedro f ormation was not encountered. 

The San Pedro f ormation encountered in the northern portion of t he study area consists of interbedded 
gray to dark gray to g reen ish-gray, poor ly graded sand, silty sand, sandy si lt, and variable clay/silt 

mixtures with scattered gravelly beds. In t he southern portion of the study area it consists mainly of pa le 

gray to gray, poorly graded sand and silty sand. Sandy st rata are generally fine grained and micaceous. A 
number of fossi lif erous beds containing bivalve shell f ragment s were encountered, as well as 

concretionary beds cemented wit h calcium carbonate cement . 

3.3 Groundwater 
In the Century City area, groundwater levels vary considerably where observed . . Along Century Park 
West and Avenue of the Stars, a groundwater bar rier is presentjust south of the i ntersections with 

Sant a Monica Boulevard. Groundwater was measured at depths as shallow as 5.4 feet below ground 
surface fn boreholes and CPTs to the north, whereas groundwater is not present to t he southeast in 

boreholes d ri lled as deep as 94 feet (see Transect 1 and 3 prof iles, Plates 4 and 6 in Appendix B) .. This 

groundwater ba rrier is almost certainly related t o the presence and location of subsurface faults . It is 
reflected in the older geotechnical boreholes as well a.s in deep excavations for buildings south o f Santa 

Monica Boulevard in the Century City area where rare groundwater inflows were encountered during 
construct ion activit ies. 

To the e.ast of Avenue of t he Stars, groundwater levels vary widely (see Plates 5, 7, and 8 in Appendix B). 
East of Century Park East, depth t o groundwater ranged f rom around 17 to around 85 f eet in recent and 

historica l borings, and the distinct groundwater barrier found t o the west appears t o be more di ffuse or 

absent in the eastern part of the study area. 

Groundwater-level measurement s in core boreholes drilled in t he Santa Monica fault zone on the 
northern portion of University High School, located at Texas and Barrington Avenues in We.st Los 

Angeles (about 2.5 miles west of Century City), indicated groundwater depths at approximately 20 to 
25 feet below ground surface with apparent localized zone.s of perched water as shallow as 5 to :10 feet 
(MACTIEC, 2007}. The shallow ground-wat er-level measurements were collected from t he north side of 

the Santa Monica fault zone. These and other observations (Dolan et al., 2000) suggest that a 
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groundwater barrier is present in the v icinity of t he Santa Monica fau lt zone along much or all of its 

onshore length. These observations aided in t he interpretation of locating faults. 

3.4 Transects: Data and Analysis 
The borehole stratigr aphy and CPT signatures have been plotted on the transect profiles (Figures l -1 
through L-13 in Appendix A and Plates 4 through 8 in Appendi1x B). Locations of the transect lines are 

shown on Plate 3. Borehole/CPTTransects l and 8 are presented as one continuous profile 
(Transect 1/8, Plate 4) to cor respond to the P-wave geophysical seismic reflection survey section, 
reported as Transect 1 (Plates 10 and 11) in Appendix Band Ledger Size Figures L-1, l -2, and L-3 in 

Append ix A). Transects 2 and 2E are pre.sented as one cont inuous prof ile (Transect 2 and 2E, Plate 5 in 
Append ix Band Figure.s L-4, L-5, L-6, and l -7) to cor respond to the P-wave geophysical seismic reflection 

survey section, reported as Transect 2 in Plates 12 and 13. Transect 3 (Transect 3, Plate 6 and Figures l -8 

and L-9) includes the P-wave geophysical seismic reflection survey, reported as Transect 3 on Plates 14 
and 15, as well as the P-wave geophysical seismic reflection survey performed in 2009 {Line 1 of the 

2010 MACTEC report, and 9464 Line 1 P-wave Seismic Section on Plates 16 and 17 in Appendix B). 

Borehole/ CPT Transects 4 and 7 profiles (Plates 7 and 8 and Figures L-10, L-11, L-12, and l -13} 
cor respond to their respect ive P-wave geophysical seismic refflection survey sections presented on 
Plates 18, 19, 20, and 21. The ends of the t ransect profile lines generally do not correspond exact ly to 

the ends of the geophysical sections. {Transect prof iles are shown as orange lines and seismic sections 
are shown as green or pu rple l ines on Plate 3) The shot point locations of the P-wave seismic reflection 
surveys have been plotted along the green seismic reflection survey lines on Plate 3, and are shown on 

the transect profiles and seismic sections for reference. The station numbers are shown on t he bottom 
of the profi les. 

The CPT signatures (t ip resistance and side f riction) were analyzed for evidence for the presence of 

fault ing and deformation. Particular care was taken t o d istinguish gradual lateral changes in CPT 
signatures along any particular layer, which might reflect lat eral facies changes, f rom laterally abrupt 

changes in CPT character and vertical separations of beds, which were t aken as evidence for faul t ing. 

The seismic ref lection profiles were analyzed independently for t he presence of faulting and 
deformation. Specifically, the reflection dat a were used to identify zones of faulting, individual major 
fault strands, and areas of folding on the basis of reflector t runcations, vertical offs.ets of major 

reflectors, and/or signi'ficant lateral changes in reflector amplitude. These geophysical data provide t he 
deeper structural context for the major faults identified in t his study, as well as their subsurface 

geometries. Fin ally, the borehole cores were then used t o descr ibe the ch a ra cteri sti cs of the i rna ge d 

strata and to corroborate the structures ident ified by the CPTs and geophysical surveys in a joint analysis 
that combined evidence from all three data sources. 

3A.l Transect 1/8 

Plate 4 shows t he profile for Transe.ct 1/8. Northwest is to the right on the p rofile. The profile is also 

shown on Figures L-1, L-2, and L-3. Plates 10 and llshow the results of the P-wave geophysical survey 
line, as r eferenced t o Plate 3. lit is general ly parallel t o the p rofile line, but diverges slightly at the 

intersection of Santa Monica Boulevard and Avenue of the Stars. 

Transect l/8 is subparallel t o, and partially located above, a stream channel that is present on the 1925 
vintage topographic map (Plate 1), and which has been buried by artificial f ill. There may be Holocene 
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alluvium present in t he buried stream channel that was not removed prior to placement of artificial f ill, 

although it is not obvious in the cores. 

In the sout hern portion of the profile, the top of the Lakewood and San Pedro formations and overlying 

estuarine deposits are conformable and dip gently to t he north. This is seen in the CPT data and 
cor roborated by the borehole cores. A gravel bed designated in the profile as unit Me, w irthin t he 

Lakewood formation, was identif ied in the cores and extends unint errupted t o t he north to appr oxi

mately profile St ation 12+50, as illustrat ed on Figure l -2. This cle.a rly shows there is no faulting at t he 
proposed Constellation Boulevard station alternative locat ion and for over 800 additional feet to the 

north. A fault identified in the geophysical survey (Plate 11} at approximately geophysical Seismic 
Stat ion 180 in deep strat a clearly does not extend up into the strat a encountered by the boreholes or 

CPTs. The top of the San Pedro formation is not faulted by this structure, thus i ndicating that the fault 

identified in the geophysical prof i le is pre-Middle Pleistocene and therefore not active. 

North of prof ile Station 6+00 (Figure l -1), older alluvial fan deposi ts identified in borehole T8-B5 have 
eroded the estuarine deposit s, the ME day bed, and t he upper portion of the Lakewood formation. 

However, t he Me gravel bed and top of San Pedro formation are not interrupted. 

A fault is interpreted to be present at approximately profile Stat ion 12+50, as shown on Figure l-2, 
where there is a strong discontinuity between t he CPT signatures of T1-C8, Tl-C9, and Tl.-ClO. This 
cor responds t o the fault ing interpreted in the geophysical survey at approximately Seismic Stat ion 350. 
The large offset of lithologic units in t he cores of boreholes Tl-88 and Tl-83, along with a d rop in 

ground water levels in this area, also indicates the presence of a fault at this locat ion. 

At approximately pr ofi le Station 15+00, as shown on Figure l -2, t here is a strong discontinuity bet ween 
CPT signatures of Tl-C15, T1-C17, and T1-C18, which is also interpret ed as evidence for a fault. This 

corresponds t o the int erpret ed faulting identif ied in the geophysical survey at approximately Seismic 
Station 370. The offset of lit hologic units in the cores of boreholes T1-B3 and T2-B4 also in dicates the 

presence of a f aul t at this location. 

Finally, at the north (right) end ofthe profi le (see Figure L-3), t here are d iscontinuit ies across a series of 

the CPT signatures t hat correspond to interpreted faults in the geophysical survey at approximate 
Seismic Stations 450 and 500. The offset of liithologic units in the boreholes also indicates t he presence 
of faults in this area. 

3A.2 Transect 3 

Plate 6 shows t he profile for Transect 3, which is parallel to and west of Transect 1. Northwest is to t he 
right on the prof i le. The profile for Transect 3 is also shown on Figures L-8 and L~9 . Plates 14and 15 show 

the results ofthe P-wave seismic reflection survey line performed south of Santa Monica Bou levard 
(green line on Plate 3). The purple l ine on Plate 3 is the location of the P-wave seismic reflect ion line 

performed in 2009, presented as Plates 16 and 17, tit led line l P-wave Data. 

At the south end of Transect 3, the tops of the Lakewood and San Pedro format ions and mark.er beds 

within the format ions are conformable and dip gently t o t he north. Based on t he CPTs and the lithologic 
units in t he borehole cores, bedding is uninterrupted from the sout h end of the profile until approxi
mately profile St ation 9+00 (Figure L-8)- a distance of near ly 900 feet - which is similar to the f indings in 

Transect l. 
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At approximately p rofile station 9+00, as shown on Figure L-9, there are a series of sharp discontinuit ies 

between t he CPT signat ures of T3-C18 through T3-C22. This corresponds to the interpreted faul t at 

approximate Seismic Station 300 on the geophysical survey on Plate 1.5 approximate Seismic Stat ion 200 
on Plat e 17. The offset of lithologic units in the cores of boreholes T3-B5 and T3-B6, along w ith a sharp 

drop in groundwater indicating the presence of a groundwat er barrier in this area, indicates a faul t at 

t his location. 

At approximate profi le Station11+00, as shown on Figu re L-9, there are discont inuities between the CPT 
signatures of T3~C24 and T3-C25 and boreholes T3-B6 and T3-B7, indicating faulting in this area. 

At approximately profile Station 13+00, as shown on Figure L-9, there are sharp discontinuities between 

the CPT signatures of T3~C29, T3-30, and T3-C3l , and sout h dipping lithologic unirts are t runcated, 
indicating the presence of a fault at this location. The offset of lithologic units in the cores of boreholes 

also indicat es the presence of a fault, which corresponds to t he interp reted fault at about Seismi c 

Station 220 on Plate 17. 

3A.3 Transect 2/2E 

Plate 5 shows the profile for Transect 2/2E. The prof i le is also shown on Figures ll-4, IL-5,1L-6, and IL-7. 

Northeast is to t he right on the profile. Plates 12 and 13 show t he P-wave geophysi cal survey for T2/2E. 

The prof ile and geophysical survey are generally coincident for t his t ransect. 

At the west end of t he profile, there is a general lack of continuity in the CPT signat ures. There is no 
correlation of t he lithologic units between boreholes T2-B3 and T2-B4. Beds defined in the cores and 

CPTs are truncated and offset in the zone between approximate prof ile St ations 3+00 and 9+00 

(Figure IL-4}. These observat ions, in conjunction with the f indings of Transect1 to t he north-south, all 

indicate that t he entire western part of Transect 2/2E is d isrupted by faulting. This is supported by a 

feature that is present in the west end of the geophysical seismic survey (Plate 12). Keeping in mind that 
the north-dipping Santa Monica fault zone runs roughly parallel to the trend of Transed 2/2E, some 

faults that may have been imaged in the seismic data may appear as sub-horizonta l ref lectors. This w ill 

also be t rue between CPT holes, where the apparent dip offaults w ill be very low angle because the 
fault irs oriented almost parallel to the line of t he CPT t ransect. Thus, t he apparent cont inuity in the 

lithologic units observed in the CPTs and borehole cores and geophysical survey between T2-B6 and T2E

B2 (Figures IL-4 and L-5) may actually have faulting present that has not been ident if ied. 

Disrupt ions in the CPT signat ures are present t o the east of approximately profile Stat ion 1,8+00 
(Figure IL-7). Dist inct faults are interpreted on the geophysical profi le (Plat e 12) in this area (between 

about Seismic Survey Stations 451 and 610). There are zones of disruption encompassing the faults 

indicating the presence of additional fo lding and faulting within t his zone. The lithologic units in the 
borehole cores show offset s between boreholes T2E-B2, T2E-B3, T21E-B4, and T2E-B5 (profile Stat ions 

18+00 t o 25+50). Taken together, these observations i ndicate the presence of a major zone of faulting in 

the eastern portion of Transect 2/21E. 

3A.4 Transect 4 

Plate 7 shows the profile for Transect 4. Northeast is t o the righ t of the profi le. The profile is also shown 

on Figures L-10 and L-11. The geophysical seismic survey is shown on Plates 18 and 19. Based on t he 
cores and CPT signatu res, distinct strat igraphic units in t he older alluvial fan deposits are j uxtaposed at 
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approximate profile Stations 1 +00, 3+00, 4+00, and 4+75 (see Figure L-10) indicating faulting. These 

areas correspond to faul ts interpreted in the geophysical seismic ref lection survey (Plat e .19 in 

Appendix B). Offset beds are observed in the CPT signatures as f ar east as stat ion 5+80. 

Based on t he CPT signatures and the borehole core data, lit hologic units in the older alluvium east of 
Station 5+10 dip gent ly to the east. This fold structure is also observed in the seismic reflect ion data. 

3A.S T.ransect 7 

Plate 8 shows the profile for Transect 7. Northwest is to the right in the profile. The transect prof ile is 
also shown on Figures L-12 and L-13. An apparent vertical offset of the top of the San Pedro formation 
occurs between boreholes T7-Bl and T7-B2 (Figure L-12). Possible faults were ident i fied in the 

geophys.ical seismic ref lection survey at the south end of the survey. In addition to the offsets of the San 
Pedro f ormation, based on the CPT signatures and bo rehole cores, there appear t o be offsets and 

truncations of units in the older alluvial fan and estuarin e deposits across t hese f aults. 

3A.6 Constellation Profile 

Plate 9 and Figu res L-14 and L-.15 show t he prof ile for t he Constellat ion Boulevard Stat ion alignment 
south of Transect 4 in the area of the lacrosse f ield at BHHS extending westward to the west end of t he 

proposed Constellation Boulevard stat ion. Boreholes f or the geot echnical investigat ion of t he t unnel 

alignment , of which t his fault investigat ion is a part, and boreholes from prior geotechnical investiga
tions in the Century City area were used in the analysis. The subsurface soils were characterized and 
correlated by their lithology. Charactenst ic lithologic features were identified as marker beds to assess 

lateral cont inuity along t he profile. 

Gravel zones and concret ionary beds, as well as some layers wit h shell deposits are present i n the San 

Pedro fo rmation .. An upper gravel zone in the San Pedro formation is laterally continuous from borehole 
A71174-2A on the west to borehole 69036-5 on the east. A second gravel zone is laterally continuous 
from boreho le G-169 on the west to borehole 69036-1 on the east. A concretionary bed and local shell 

deposi ts below the lower gravel zone are laterally continuous from boreholes 69036-5 on the west to 

borehole 69036-1 on the east. Although the contact between the alluv ial deposits and the Lakewood 
formation varies across this area, the lateral continuity of t he gravel and concret ionary beds below 

indicates that the contact is erosional, as observed in t he surrounding geotechnical boreholes. 

In borehole G-166B to the east, the contacts between the alluvial fan deposits and t he Lakewood 
formation and the Lakewood and San Pedro formations are offset compared to those in boreho le 
69036-1. Calcium carbonate nodules are present near the base of t he alluvial deposits, which is offset. 

There are two closely spaced gravel beds present in G-l66B not seen in 69036-1. In borehole G-165, t he 

cont act s are again offset, as are the two closely spaced gravel beds. This stratigraphic offset aligns with 
faults observed in Transects 2/2E and 4 to the north (Plate 3 and Figure 3-2). In borehole £-111, t he 

contact s are offset from those in G-165. The two gravel beds are not present in t he Sa n Pedro and t he 

lithology is different than observed to the west. The stratigraphic offset aligns w ith the fault observed in 
Transect 4 to the north. This zone of faulting is int erpret ed t o be the sout hern extension of t he 

WBH L/N I FZ observed in Transects 2E and 4 to the north. Because of the limit ed number of dat a points in 
this area, it is not possible t o determine at this t ime how many fault strands are present. 
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3.5 Discussion 
The transect CPT, continuous core borehole, geophysical seismic reflect ion, and geotechnical borehole 

dat a clearly demonstrate the presence and location of significant f aulting of both the Santa Monica fault 
zone and the northern extension ofthe Newport-Inglewood fault zone, referred t o In the li terature and 

previously a nd herein as the W B H L. 

The Santa Monica fault zone is clearly identified in the northern portions of Transect s 1/8 and 3. The 
major fa ult traces identified in the t ransects, when plotted on the faul t map, Plat e 3 and Figure 9, 
extend northeast from Transect 3 to Transect 1/8. Figure 9 present s t he fault zones w ithout the detailed 

t ransect data. At Transect 3 the northern major fault t race.s are in Santa Monica Boulevard and are 
coincident and slight ly south of the geomorphic scarp. At Transect l/8, the major traces splay, crossing 

through the o riginally proposed Sant a Monica Boulevard (west} station location and subp,arallellng the 

geomorphic scarp. The locations of these traces are projected bet ween Transects 3 and 1/8 as shown on 
Plate 3. The fault zone identified on the west end of Transect 2/2E corresponds to that of Transect 1/8. 

These results demonstrate t hat th is area lies above the tip of t he hanging wall of the north-dipping main 

thrust strand of the act ive Santa Monica fault zone. Such hanging-wall t ip locations have been shown to 
experience extreme ground motions in some reverse-fault earthquakes (e.g., Allen et al., 1999). 

The western portion of Transect 2/2E is subparallel to the main trace.s of the nort heast-sout hwest 

t rending Sa nta Monica fault zone. Fault traces with that trend would appear near-horizontal on the 

t ransect profile and consequently would be difficult to identi fy in t he .subsurface data. Thus, without 
northwest-southeast t ransects across the area to the northeast of Transect 1/8, faulting associated wit h 

the Sant a Monica fault zone cannot be precluded in this area. The northern main t races oft he Santa 

Monica fau lt zone identif ied in this investigat ion are considered to be active based on t heir stratigraph ic 
relationsh ips and their .spat ial relat ionship to the geomorphic scarp, determ ined to be formed in t he 

Holocene by the paleoseismic investigat ion of Dolan et al.(2000) .. 
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Figure 9: Fault Zones Century Crty 
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Major northeast-southwest trending faults have been identified on Transects 1/8 and 3 south of Sant a 

Monica Boulevard. There is significant apparent vertical offset of fo rmati on contacts and alluvial 
fan/estuarine uni ts across these fault t races, although w ith an apparent opposit e sense of movement 

f rom the current direction of slip along this fault .zone (Plates 4 and 6). Although these more southerly 

strands of the Santa Monica fault system trend subparallel to the act ive fault traces identified to t he 
north, they do not have geomorphic expression (Piate.s 2 and 3). Where the active traces diverge t o the 

northeast at Transect 1/8, these faults continue eastward parallel to and south of Santa Monica 

Boulevard. The strata faulted by these southerly strands are mid- t o late-Quaternary. They are at least 
100,000 years old and are probably on t he o rder of several hundred thousand years old. Holocene 

sediment s have not been identified in the borehole cores of Transects 1/8 and 3, so it has not been 

possible to preclude that these fault traces are Holocene active. Therefore, t he potential fault zone 
related to these major fault t races is delineated on Plate 3 as "Holocene fault activity undetermined". 

The faulting ident i fied in Transect 4, Figures L-10 and l-11 and Plate 7, corresponds t o the same zone of 

faulting encountered towards the east ern end of Transect 2/2E to the north (Figures l -8 and l -9 and 
Plate 5}, as does the fault zone responsible for the vertical offsets observed bet ween boreholes 69036-1, 
G-165, G-166, and S-111 from prior and current geotechnical investigations in t he area east of Century 

Park East and in BH HS. Many of the fault t races project from Transect 2/2E southward t o Transect 4 and 
two of t he tr aces project southward from Transect 4 to the Constellat ion Profile (Plate 9 and 
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Figure l -14}. In addit ion to this evidence of north-south fault ing, folding is observed east of t he faul t 

zone in the seismic reflection data and on the profiles of both Transects 2/2E and 4 (Figures l-9 and 

l -11, and Plates 5, 7, 1.3, and 19) .. Taken together, these observat ions document t he presence of a north
northwest-t rend ing zone of late-Quaternary faulting and folding along the WBHL that extends through 

the Santa Monica Boulevard (east) Stat ion alternative (Plate 3 and Figure 9). In contract, both Transects 

1/8 and 3 ,(figures L-1, l -2, and l-8 and Plates 4 and 6) show continuity of strat igraphy and an absence of 
active faulting fo r all of the southern halve.s ofthese transects. Moreover, the Constellat ion Profile 

(Plate 9 and Figures L-14 and L-15) shows continuity of stratigra phy and an absence oHaulting west of 
Century Park East Boulevard at t he Constellat ion stat ion alt.ernative location. 

In summary, the detailed locat ions and subsurface geometrie.s of major strands of the Sant a Monica and 

We.st Beverly Hills/Newport-Inglewood fault zones have been ident ified in t his study. However, as along 

most major fault systems, additional secondary fault strands and zones of possible distributed near
surface deformation are also likely to occur in association with these faults. The methods of investiga
t ion used in this study may not detect such smaller features. Thus, a zone extending approximately 100 

fe.et beyond the detected main traces of the faults was established to include areas that may be subject 
to the ground rupture, f olding, secondary f aulting, and off-fault, distributed deformation expected 

during an earthquake. Such features are likely to be particularly common within the structurally !Complex 
zone of intersecti on ofthe East-Northeast-trending Sant a Monica and North-trending WBHL/Newport
lnglewood faul t zones near or just north o t he intersection of Santa Monica Boulevard and Moreno 

Drive. 

Metro Tunnel Design 

Metro design criteria uses two levels of ground shaking hazard and fau lt offset : the operating design 

earthquake (ODE), having a 50-percent probability of e.xceedance in 100 yea rs; and the maximum design 
earthquake (MDE), having a 4-percent probabilirty of exceedance in 100 years. This two-level approach 

fo llows that outlined in the Recommended Load and Resistance Factor Design Guidelines for t he Seismic 

Design of Highway Bridges (ATC-49) published by the Applied Technology Council and the 
Mult idis,ciplinary Center f or Earthquake Engineering Research . 

The probability of exceedance is the chance that t he size of the earthquake wi ll be exceeded during t he 

t imeframe specified. One hundred years is considered the design l ife of the Metro underground 
structures. The guiding philosophy of earthquake design f or the Project is to provide a high level of 

assurance t hat the overall system wil l continue operating saf ely du ring and after an ODE and will 

provide a high level of assurance that public safet y w ill be maintained during and after an MOE. It is 
expected that repair s w ill be required after the MDE. 

Current seismic design criteri a for building in the U.S. and for t unnels, stat ions and bridges associat ed 

wit h Metro Rai I Systems, use the concept of seismic design for life safety and no structural collapse for 

an MDE. !In addition, to avoid signif icant disrupt ion t o transit services, Metro design cr iteria require 
damage t o be repairable after MDE earthquake events. 

For MDE events on the Santa Monica or Newport Inglewood fault zones, fault displacement s could be of 

the order of 3 to 6 feet. Design of Metro's underground stations (complex t wo-story st ructures up t o 
1,000 fe.et long, including systems and ventilat ion equipment) to wit hstand such displacement s w ithout 

significant damage and pot ential loss of Hfe, would be impract:ical and without precedent. Damage levels 
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would require a complete rebuild of the stat ions and associated tunnel sect ions, w ith a construction 

t ime f rame of several years. 

The approach for design of tunnels through actirve faults is documented in Metro Seism ic Design Crit eria 
and has a well-established precedent . As discussed in the Century City Area Tunnel Safety Report, 
potent ial tunnel damage is repair able. A similar philosophy is adopted for transportation infrastructure 

in general, such as highways, bridges and pipelines. These st m ctures of necessity have to cross f au lts, 

and design approaches minim ize damage and allow for repair. 

For the Century City tunnels, the MOE and ODE fault d isplacements for detai led f inal design of the 

tunnel w ill be determined using a probabilistic approach dming subsequent phases of design. In 
addition, further explorat ion will be required to ref ine the f ault zone locations with respect to t he 
selected t unnel alignment . 
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4.0 SUMMARY AND CONCLUSIONS 

This study was conducted to evaluate the potential for actirve faults intersecting t he Project's Century 

City stat i on options and t unnel al ignments along Santa Monica and Constellation Boulevards. The 
cur rent investigation included 56 continuous core borings and 192 CPT soundings along 7 transects, and 

5 geophysical seismic reflection lines along the same 7 t ransects, consolidated into the 5 seismic lines. 

Transects were aligned to intersect previously inferred locations ofthe Santa Monica fault .zone and the 
WBHL, w hich is the inferred northern extension of the Newport- llnglewood fault zone. 

Clear geomorphic evidence of late-Pleistocene to Holocene activ ity exists along both fault zones, and 

these observations were used as t he primary basis of earlier ma pping. lin particular, a well-developed 

scarp along the Santa Monica fault zone, seen on early topographic maps and aerial photographs and 
stil l generally discernible on the ground, can be traced cont inuously from Century Cirty to t he southern 

portion of the VA Hospital property in West l os Angeles. Between Century Park West and Avenue of the 

Stars, the scarp-forming Santa Monica fault zone is approximately coi ncident w ith Santa Monica 
Boulevard. Detailed subsurface investigations in the vicinity of t he proposed Santa Monica Boulevard 

Station, centered on Avenue of the Stars, demonstra ted that t he station would be located w ithin t he 
active fault zone. Thus, it was recommended that this station location no longer be considered an 

option, and subsequently, t he station was shifted to the east, between about Century Park East and 

S. Moreno Drive. 

In addit ion to the Santa Monica fault zone, clear evidence for a w ide zone of north~northwest-trend ing 

fault ing is observed along the WBH L. Multiple lines of evidence f rom three different east-west t ransects 

show faulting, forming a fault zone t hat is on t he order of 550 feet w ide, that crosses t hrough t he 

proposed Santa Monica Boulevard Station site shifted east to Moreno Drive. Given t hat this fault zone 
apparently consti t utes the northward extension of the Newport-llnglewood fault system, it must be 

considered an act ive fault. Thus, t his proposed Santa Monica Boulevard Station near Century Pa rk East is 

also not sui table f or a public transit stat ion. 

In add it ion to the dear evidence for faulting along both the Santa Monica and WIBHL/Newport
lnglewood faul t zones described in this report, the zone of intersect ion between t hese major fault 

systems- located in the vicinity of Santa Monica Boulevard near South Moreno Drive or wit hin t he Los 
Angeles Country Club immediately to the north- is likely to be an area of significant structural 

complexi ty, which would include f olding, secondary faulting and off-fault, and distributed def ormation; 

therefore, the area is not recommended for a station site. 

In summary, this investigation has shown t hat both the Santa Monica faul t zone and WBHL are actirve 
fault zones. Each fault zone is capable of generating earthquakes of M7 or greater with ave.rage surface 

displacements of 3 to 6 feet. Moreover, t here is no knowledge of where either of these fault s resides in 

their res.pective seismic cycles. Both of the proposed Sant a Monica Boulevard Station options are 
located within these active fault zones. This study also found that t he pr oposed Constellat ion Boulevard 

Station site is located outside zones of active faulting and can be considered a viable option. 

Tunnel crossings ofthe fault zones will require special designs to accommodate fault movement. During 

subsequent design phases, exploration w ill continue to evaluate t he locat ion ofthe fault zones more 
precisely with respect to the tunnel alignment selected and the fault characteristics for design. 
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