


























































Response to Hazard Assessment Study by Exponent 
_4.0_-_S_af_et~y_of_T_un_n_el_ing~------------------ . Metro 

resulted in instability in the tunnel, large ground movements, breakage of a waterline, and the ensuing 
collapse of the street. Subsequently, Metro convened the three-person TAP to assess the feasibility of 
safe tunneling in Los Angeles. The TAP's report contained recommendations for future tunneling, which 
included the use of pressurized-face TBMs, which were successfully used on the MG LEE project. 

4.8 Condition Surveys and Monitoring of Structures 
The Exponent Report states in Section 5.6, "The Safety report does not address any plans for 
reconnaissance or monitoring of structures or utility lines before or during tunneling operations." 
Comprehensive discussions of surveys and monitoring are presented in a number of reports, including 
the TAP report and the Draft EIS/EIR. Exponent should be aware that this is standard practice in the 
tunneling industry. 

Instrumentation and monitoring during tunneling are absolutely key-this is standard practice in the 
tunneling industry and is described in the Draft ESI/EIR. Designs for instrumentation and monitoring, as 
well as preconstruction surveys, are carried out in final design. Furthermore, preconstruction surveys 
must be carried out as late as practical before tunneling so that the survey reflects conditions 
immediately prior to tunneling. Detailed inspections are carried out as part of the normal design and 
preconstruction process. Settlement monitoring points are placed on buildings, and a pre-condition 
survey is performed for comparison with conditions after tunneling has been accomplished. 

The TAP noted in its safety report: 

"Design criteria and construction procedures will be in place to ensure that the ground 
movements are controlled to required levels. Action and Maximum levels for settlement will 
be specified and monitoring sections will be established to measure ground movements prior 
to and during tunneling beneath the high school and other structures along the alignment. 
The monitoring will be used to confirm that ground movements are being controlled to 
required levels or to make any required adjustments in tunneling procedures." 

4.9 Procedures for Assessing and Controlling Ground Movements 
Proven methods have been used and are appropriate for analyzing the magnitude and distribution of 
ground movements and their impact on structures for the soil conditions in the Century City/Beverly 
Hills area. The methods are based on extensive experience monitoring deep-ground movements around 
the advancing tunnel shield, measurements of the surface settlement and lateral displacements over a 
wide range of ground conditions, and correlations with numerical analyses. In the design of Metro 
tunnels and excavations, a full range of methods is used for evaluating ground movements, including 
compiling field measurements and numerical analyses. Further evaluations and analyses are conducted 
during the final design and construction planning; however, the current analyses are not only sufficient, 
but well proven for establishing that movements can be controlled to required levels. 

Metro tunnel contracts will specify requirements for controlling ground movements, including use of 
pressurized-face TBMs and requirements for pressurizing the tunnel face and shield perimeter and 
pressure grouting in the tail in order to prevent settlement. The contracts will have prequalification 
requirements that will require tunneling contractors and their individual operators and tunnel managers 
to have had experience in driving pressurized-face TBMs on similar projects. 
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In the past 10 years, one of the key advances in pressurized-face tunneling has been the improved 
control procedures, with real time, continuous monitoring and digital readout of key machine funct ions 
to confirm or adjust the various functions to meet required target levels and to provide an archival 
record for later review and evaluation. 

The Exponent Report notes that recorded settlements or damage during tunneling should be correlated 
with model predictions. 

Metro consultants have correlated observations of ground movements, building distortion and building 
damage with appropriate scaling relationships, closed form solutions, physical models, and numerical 
models, including distinct element analyses and two- and three-dimensional finite element analyses 
using advanced constitutive models. The results of these investigations have been used to develop 
damage criteria, such as the relationship provided in the Tunnel Safety Report for relating building 
strains and distortions to damage levels (Boscardin and Cording, 1989). 

However, the primary method for controlling ground movements and preventing damage is not to 
observe damage during tunneling and correlate it with model predictions. Rather, it is to contro l ground 
movements to prevent damage. The measurements of interest are obtained using deep extensometers 
to determine the settlement and ground loss immediately around the TBM as it is driven past the 
extensometer location. This information, along with monitoring of machine functions, is used either to 
confirm that ground movements are under control or to identify the location of any ground loss around 
the shield so that adjustments can be made to reduce ground losses prior to reaching structures. In the 
case of the MG LEE project, 75 deep extensometers were in place, measuring ground loss as the tunnel 
shield passed. In all cases, the extensometers showed that deep settlements were very small - on the 
order of Oto 0.1 inches-and an order of magnitude less than the action level. As a result, there was no 
damage and no opportunity to correlate damage with any model predictions. 

4.10 Tunneling Through Faults 
The Exponent Report (Section 5.1.2) states the following: "A final geotechnical issue, not addressed in 
the reviewed documents is the potential interaction between tunneling, mapped faults and structures on 
the BHHS campus. The sub-vertical faults underlying the campus, presuming they exist, represent 
discontinuities in the soil mass. Surface deformations will likely be concentrated above these faults 
during drilling (sic) as a result of differential settlement." 

As noted in the Tunneling Safety Report, faulted material of the soil formations along the alignment do 
not have as large a contrast in stiffness, strength and permeability between the fault and the 
surrounding ground as do faults in rock. Pressurized-face TBMs are designed and operated so that, as 
they are driven, they will support soils of variable strength-including weak soils as well as the soil 
materials in a fault zone-without causing differential settlement. 

4.11 Tunnel Schedule 
In their conclusions, Exponent recommended that tunneling beneath BHHS be conducted when school is 
not in session. 

The current accepted practice on tunneling projects is to provide good control of the tunneling 
operation by us ing state of the practice real time interactive monitoring so that access to and use of the 
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surface and buildings is not restricted as the tunnel is advanced beneath them. This is done when there 
is adequate cover between the tunnel and the surface. At BHHS, the planned tunnel depth provides 
sufficient cover above the tunnel (2.5 to over 3 times the tunnel diameter) . Because ofthe nature of 
tunneling work and workmanship, there is better control of the tunnel operation and the behavior of 
the ground when a consistent, uniform rate of advance is maintained. This is one of the reasons that 
tunnel operations usually are 24/7 operations. Only on projects where there is only a few feet of clear 
distance to overhead activities are special measures required. 
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5.0 GAS CONDITIONS AT CONSTELLATION STATION OPTION 

The Exponent Report (Executive Summary) states: "It is Exponent's view that the alternative 
Constellation Boulevard station, while generally in a more favorable location with regards to faulting 
issues, is instead faced with potential methane gas hazards that could represent at least as great a 
hazard to the public as the faulting hazards associated with the Santa Monica Boulevard station." 

Exponent's statement is incorrect. Comparison of gas hazards with siting a station on an active fault is 
inappropriate. An active fault at the Santa Monica Boulevard Station site cannot be mitigated. Gas 
hazards can be mitigated and are routinely mitigated for Metro stations and deep basements 
throughout Los Angeles, including areas of much higher gas concentrations than at Constellation 
Station, and will be mitigated in the stations along the Westside corridor using proven designs and 
construction procedures. Metro has assembled an outstanding team of highly experienced consultants 
with decades of experience in evaluating gas and designing and constructing stations and deep 
basements in gassy areas. 

The Los Angeles building and fire departments promulgated official methane mitigation standards as 
early as 1985. These standards have been used successfully to mitigate methane hazards all over Los 
Angeles, including numerous schools, basements, and underground stations for more than 25 years. 

Also, as presented in the Tunneling Safety 
Report, the gas hazard relative to tunnel and 
station excavation safety was evaluated using 
data from new borings taken by Metro and 
from existing projects constructed in the 
Century City area. The levels of methane found 
were compared to those found in the existing 
Metro tunnels (e.g., Red Line downtown). 
While methane gas was measured in borings at 
the Constellation Station area, the fact that 
tunnels and stations have been constructed in 
similar or higher levels of gas-and there are 

Underground Construction Constellation Boulevard several existing deep underground structures 
in the Century City ground conditions-
demonstrates feasibility both for construction 

and for operation. For example, the Theme building with multiple levels of underground parking (refer 
to photo) was built more than 40 years ago in Century City adjacent to the Century City Station area. The 
Westside project has evaluated requirements for constructing subway stations along the Westside 
alignment in gassy ground and has prepared Preliminary Engineering (PE) designs for lining the stations 
using systems for preventing infiltration of gas. During excavation, construction procedures, including 
ventilation methods, are designed to ensure that gas concentrations are below required limits in both 
covered and open excavations. Mitigation measures for controlling and preventing gas inflow at stations 
along the Westside corridor, including at Century City, have been investigated during the PE phase. 
Proven mitigation measures will be incorporated into the design, construction, and operating plans. 
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5.1 Station in San Pedro Formation 
In the Exponent Report (Section 4.3), Exponent questioned placement of the Santa Monica-Constellation 
Station within the San Pedro formation. Exponent's conclusions were apparently mistakenly based on 
recommendations from a report prepared for the Mid-City Extension in the 1990s that do not apply to 
the conditions at Constellation. While tunnel and geotechnical engineers often use data from nearby 
sites to gain additional knowledge on ground conditions, they do not base foundation or subsurface 
designs on data from another site, especially if it is several miles away. Since the Alternatives Analysis 
Study quoted by Exponent was completed, site-specific borings have been completed for the Westside 
Subway Extension. 

Gas concentrations at the Pico/San Vicente station area (over four miles from Century City) were 
generally higher than those found in Wilshire/Fairfax area-particularly concentrations of toxic 
hydrogen sulfide gas. At the Pico/San Vicente station location, the vast majority of the gas was confined 
to the upper, unsaturated portion of the San Pedro formation. At that location, the San Pedro formation 
was "capped" by a deposit of clay and an associated zone of perched groundwater. Those conditions 
resulted in potentially trapping and pressurization of the gas. 

The subsurface conditions at the Westside Subway Extension station locations differ significantly from 
those found at the Mid-City's Pico/San Vicente station site. As presented in Figure 5-8 in the Tunneling 
Safety Report, the gas measurements in Century City are lower than those Metro encountered in the 
existing Red Line, particularly with respect to hydrogen sulfide. As noted above, deep excavations for 
underground parking in the Century City Constellation Station area have been constructed in the San 
Pedro formation and have been operating safely for more than 40 years. 

5.2 Potential for Gas Release to the Surface 
The Exponent Report (Section 5.3) reiterates properties of methane and the importance of safety 
precaution. Metro agrees with these statements and its construction specification will require 
compliance with all applicable state and federal regulations. And as discussed extensively in the 
Tunneling Safety Report, subsurface gases are common in the Los Angeles Basis. Figure 5-2 of the 
Tunneling Safety Report shows that almost the entire Westside Subway Extension alignment is within 
the city of Los Angeles' Methane Zone. Using "Lessons Learned" over the past 25+ years, the Cities of 
Los Angeles and Beverly Hills have identified geographic areas of concerns, developed methods to 
measure gases, designed for their presence, and monitored for control. Metro has also demonstrated 
designs and operating systems for these conditions . 

Travel of water and gas along the tunnel are prevented by pressure grouting around the tunnel. Grout is 
specified to be injected under pressure through the tail of the tunneling shield as it is advances. This is 
done not only minimize settlements, as discussed in Section 4.1, but to provide continuous support of 
the segmental tunnel lining and to prevent flow of water and gas along the contact between the tunnel 
and the ground. Monitoring of grout pressures and volumes injected is conducted during each advance 
of the tunnel shield, and a continuous digital record is obtained for immediate viewing by the 
contractor's engineers and operators and for later review and evaluation. In addition, if necessary a 
program of check grouting can be carried out to test for grout placement around the lining after the 
initial grout is in place. 
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Gas flow to the surface is controlled by the soil profile, and the presence of the tunnel will not change 
the flow. The presence of fractures and faults within the soils can affect flow, but soils do not show the 
strong contrasts seen in rock between the permeability of the surrounding ground and the fault, which 
contains broken and fractured rock. With respect to the state Department of Toxic Substance Control 
referenced by the Exponent Report in Section 5.3, presently, any need for special procedures will be 
identified during final design. Requirements may range from monitoring the ground (and residences and 
school buildings) to installation of Methane Mitigation Systems. These systems have commonly been 
installed for Los Angeles schools and other structures within the Methane Zone where subsurface gas 
conditions warrant. In any case, Metro will comply with all state requirements. 
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6.0 OIL WELL HAZARDS 

The Exponent Report (Section 5.3) notes that the shallow geophysical exploration does not have a 
sufficient range to locate well casing at tunnel depth, states that magnetometer probing "cannot 
therefore be considered a robust screening tool for old well casings", and states that probing at the 
tunnel depth would be necessary. 

That is correct. The Tunneling Safety Report discussed these issues in detail, including the limited 
sensing depth, and made the recommendation that magnetometer probing at tunnel depth through 
horizontal probes was necessary, thus recommending the horizontal directional drilling (HOD). In 
addition, the TAP made the following recommendations in thei r report : 

"Conduct magnetometer suNeys in probe holes drilled along the tunnel alignment in oil fields 
where there is the possibility of intersecting well casings, either ahead of the advancing 
tunnels or prior to tunneling, using horizontal directional drilling. It is recommended that, to 
the east of the Constellation Station and on the Beverly Hills High School property, the 
suNeys be conducted during the design phase using horizontal directional drill holes." 

For exploration beneath the BHHS buildings during the next phases of design, HOD investigation will be 
conducted along the alignment at tunnel level. A magnetometer probe survey will be conducted in the 
drilled hole to detect metal casings so that if found, they can be re-abandoned properly below the 
tunnel depth prior to tunneling. This HOD methodology was invented by metro to respond to the 
specific needs of this project. 

Moreover, during tunnel construction in Los Angeles, magnetometer surveys have been conducted in 
probe borings extending in front of the TBM to ensure that obstructions, such as well casings, are 
detected before they are reached by the TBM. In suspected oil field areas, probing of the tunnel zone 
will be carried out either by HOD before tunneling or ahead of the face during tunneling. 

While detecting and removing oil wells in advance of tunneling is preferable, should they be 
encountered during tunneling, procedures have been developed and implemented to evaluate the well 
conditions and safely re-abandon them. Abandoned oil wells have been encountered in the past during 
tunneling in Los Angeles, as described in the Tunneling Safety Report. 

Chapter 6.0 of the Tunneling Safety Report addresses active and abandoned oil wells. Metro researched 
oil well records (maps and well information) kept by the State of Cal ifornia, reviewed historic photos, 
and performed detailed scanning using state-of-the-art geophysical and magnetic scanning methods­
where the surface is accessible. While no wells in the tunnel alignment were confirmed, the report 
clearly addressed the risk of uncertainty and potential for unknown wells at inaccessible or deeper 
locations; one example might be under the parking garage east of Century Park East, above the 
Constellation Station alignment. For this reason, Metro has recommended that additional exploration be 
carried out prior to tunneling, using methods such as HOD and further magnetic probing (Section 6.4.1). 
Should a well be identified, procedures for abandonment (also provided in the report) will be followed. 

A comprehensive study of all available information found that there was one mapped abandoned oil 
well close to or within the proposed tunnel alignment. The location of this well does not lie within the 
BHHS campus. The magnetic survey program and other inconsistencies in mapping (also noted by 
Exponent) indicated that the mapped locations of abandoned oil wells could be inaccurate by 50 to 200 
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feet. Therefore, a geophysical (magnetic) survey was performed on the BHHS campus to detect metal, 
which would indicate the presence of an abandoned oil well casing. The survey identified only one 
anomaly on the BHHS campus that is close to the alignment but is east of the mapped well mentioned 
above. It is on the west edge of the lacrosse field and is located 5 to 10 feet north and outside of the 
tunnel envelope. The anomaly may or may not be a well casing, and likely remaining material from the 
previous structure on this site. It will be further investigated and addressed appropriately. Additionally, 
studies to locate oil well casings were clearly described in the Tunneling Safety Report. 
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7.0 FUTURE DEVELOPMENT 

In the Exponent Report (Section 5.5), Exponent states, "At this time Exponent does not have information 
regarding potential future development plans at other businesses or residences along the proposed 
tunnel alignment. In general, future development at other properties would be expected to be impacted 
in the same manner as discussed above for BHHS." 

Future development of other properties has similar issues and solutions as BHHS. Subsurface easements 
would need to be obtained (as for any tunneling project under private property) also described in the 
DEIS/EIR. 

Metro specifically addressed future development at BHHS at the request of the Metro Board . Like 
Exponent, Metro was unable to obtain future development plans for the high school. Given the depth of 
the tunnel, and working with BHHS designers, further construction on the BHHS would not be precluded 
with the presence of tunnels . This is discussed in detai l in Section 8.0 of the Tunneling Safety Report . 

Exponent (in their presentation to the City of Beverly Hills) described the use of major bridge structures 
above the tunnels to support foundations for st ructures placed above the tunnels. Such bridge-like 
structures are not requ ired and they would only add cost and unnecessary disruption. As discussed in 
the Tunneling Safety Report, foundations can be built on slabs above the tunnel or with foundations 
between the tunnels so that major bridge structures with wide spans are not required. 

Other properties for which subsurface easements will be obtained are documented in the 
Environmental Report. Any future project to be developed adjacent to Metro right-of-way will need 
Metro approval prior to construction. This does not preclude development; in fact sometimes it even 
encourages use as seen at many locations along the existing Red Line. Examples of adjacent property 
development over the tunnels and stations include the Wilshire/Vermont, Hollywood/Western, and 
Union Station apartments joint developments. 
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8.0 CONCLUSIONS 

Metro reconfirms the conclusions given in the three Century City area reports (Tunneling Safety, Fault 
Investigation, and TAP Reports) and recommends that the Constellation Station alignment be selected 
for the Westside Subway Extension. Active faulting is present on Santa Monica Boulevard, and no 
station location on Santa Monica Boulevard in Century City will meet Metro's criteria . The Constellation 
Station site is suitable for a Metro station and can be safety constructed and operated. Tunneling can 
also be safely accomplished along the Constellation Station alignment under BHHS and adjacent 
properties. 

Metro conducted its investigations with world-class scientists and engineers with extensive experience 
in applying their expertise to infrastructure design in the Los Angeles region. Throughout their 
distinguished careers, these individuals have been working on specific issues such as those they 
addressed for Metro in these investigations. Their areas of expertise include seismicity and fault geology 
geotechnical and earthquake engineering, paleoseismology, geomorphology, tunneling and ground 
control, risk management, gas occurrence and mit igation, and oil well detection and abandonment. 

Tunneling through active faults can be safely accomplished. Metro has developed designs for crossing 
active faults and installing tunnel linings using pressurized, closed-face TBMs. 

Metro's reports are the resu It of a comprehensive investigation of the specific issues requested by its 
Board of Directors to assess risks and to develop plans to mitigate risk. The methodology and standards 
used are the same used for selection of all other transit projects, requiring review and approval by the 
FTA and its Project Management Oversight representatives, as well as the qualified designers and their 
specialty experts and review panels. This assures Metro that it has addressed safety and the engineering 
and management actions needed to assure safety. 

The specific type of probability-based risk analysis that Exponent suggests is not appropriate for 
responding to the questions asked by the Board and does not provide information or data that can 
readily used by the Board to make decisions. It is more appropriate to identify then mitigate the risks. 

Metro's Risk mitigation (reduction) measures include subsurface investigations, design quality assurance 
through design reviews, procedures for qualifying construction contractors and thei r key personnel, 
contract specifications that address specific measures for controlling risk, and monitoring throughout 
construction to confirm that the measures have been achieved. 

The successful tunneling on the MG LEE is just one of numerous case histories in the U.S. and worldwide 
that demonstrate the ability of the current tunneling technologies to control the tunneling process and 
minimize settlements . Exponent's reference to tunne l methods and impacts (such as a sinkhole or larger 
settlements) during Red Line construction has no relevance to the vastly improved tunneling technology 
currently employed on Metro projects. In the 1990s, Metro's TAP reviewed Red Line tunneling methods 
as well as tunneling construction worldwide, stated that tunneling could be accomplished under control, 
and recommended that Metro require the use of pressurized, closed-face TBMs. Metro requ ired the 
technology on MG LEE and is specifying it for projects currently in the design phase. One of the main 
advances in tunneling technology has not only been the ability to pressurize and support the tunnel 
face, but has also been the development of comprehensive procedures for controlling TBM operation 
and for monitoring to ensure that control ofthe ground, groundwater and gas, has been achieved. 
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Risks from oil wells or other subsurface obstructions have also been minimized. Oil wells, if present, will 
be discovered in advance of tunneling by proven methods and safely re-abandoned if in the path of the 
tunnel. 

Gases such as methane and hydrogen sulfide have been encountered to some degree in most of the 
tunnel projects in the Los Angeles area. Metro's own safety record of no serious incidents in more than 
20 miles of tunneling and more than 20 years of operation overwhelmingly demonstrates safety. 
Improved methods for gas monitoring and control will be conducted in all phases of the project-design, 
construction and during operations. 

In summary, there is sufficient reliable information for the Board to make a decision on the alignment : 

• Current information on the location and character of the fault zones is sufficient to select the 
alignment. 

• The Constellation Station location is recommended and can be built and operated safely. 

• It is safe to tunnel under Westwood, Century City, West Beverly Hills, and BHHS using design and 
tunneling procedures outlined in Metro's reports. 

• The presence of a tunnel will not prevent BHHS from being used as an Emergency Center or from 
developing their site by placing new facilities over the tunnel. 

• Metro's broad-based engineering and risk reduction program will continue into final design and 
construction . Comprehensive investigations will be conducted during detailed engineering to 
address areas where additional information is needed as outlined in Metro's three Century City Area 
Study Reports 

WESTSIDE SUBWAY EXTENSION PROJECT 
Page 8-2 April 4, 2012 



IT\. Response to Hazard Assessment Study by Exponent 
~ Metro _____________________ 9_.0_-_R_ef_er_en_ce_s 

9.0 REFERENCES 

Bardet, J.P., D. Ballantine, G.E.C. Bell, A. Donnellan, S. Foster, T.S. Fu, J. List, R.J. Little, T.D. O'Rourke, and 
M.C. Palmer, "Expert Review of Water System Breaks in the City of Los Angeles during Summer 
2009," Report by USC Center on Mega Cities, University of Southern California, USC< April 9, 2010, 
167 pp 

Boscardin, M. D., and E.J. Cording, 1989, "Building Response to Excavated-Induced Settlement," Journal 
of Geotechnical Engineering, American Society of Civil Engineers, Vol. 115, No.1, pp 1-21. 

Chouiery, et.al, "Planning and Construction of the Metro Gold Line Eastside Extension, Proceedings, 
RETC, 2007. 

Cording, E.J. and W. H. Hansmire, "Displacements Around Soft Ground Tunnels," General Report, Session 
4, 5th Pan American Congress on Soil Mechanics and Foundation Engineering, Buenos Aires, 
November, 1975, Vol. 4, pp. 571-633. 

Cording, E. J., "Impact and control of ground movement in underground Construction," Kersten Lecture, 
University of Minnesota, February 29, 2010. 

Diponio, M., Frank, G., Ehsan, A., Cording, E. "Settlement Risk of Extended Overcut in Dense Soils," 
North American Tunneling Conference, 2012, (in press) 

Dolan, J. F. and Sieh K., 1992, "Tectonic Geomorphology of the Northern Los Angeles Basin: Seismic 
Hazards and Kinematics of Young Fault Movement," in Ehlig, P.L., and Steiner, E.A., eds., Engineering 
Geology Field Trips: Orange County, Santa Monica Mountains, and Malibu, Guidebook and Volume: 
Berkley, California, Association of Engineering Geologists, p. B-20-26. 

Dolan, J. F. and Sieh, K., 1992, "Paleoseismology and Geomorphology of the Northern Los Angeles Basin: 
Evidence for Holocene Activity on the Santa Monica Fault and Identification of New Strike-Slip Faults 
through Downtown Los Angeles," EDS, Transactions of the American Geophysical Union, Vol. 73, p. 
589. 

Eisenstein, Z.D, Key Note Address to International Tunnelling Association (ITA) World Tunnel Congress, 
"Tunnels in Metropolis," Prague 2007. Printed in special issue 2007 of the Czech professional 
bulletin ,,TUNEL". 

Metro Tunnel Advisory Panel (TAP), Century City Area Tunneling Safety and Fault Investigations Report, 
October 2011 

Parsons Brinckerhoff, Century City Area Fault Investigation Report, October 2011 

Parsons Brinckerhoff, Century City Area Tunneling Safety Report, October 2011 

Robinson B. and Bragard, C.," Los Angeles Metro Gold Line Eastside Extension - Tunnel Construction 
Case History," Proceedings, Rapid Excavation and Tunneling Conference, (RETC), 2007. 

Rockwell, T.K., 2000, Use of soil geomorphology in fault studies: in Quaternary Geochronology: 
Methods and Applications, J.S. Noller, J.M . Sowers, and W.R. Lettis, eds, AGU Reference Shelf 4, 
American Geophysical Union, Washington D.C., p. 273-292 

USN RC 2012, Practical Implementation Guidelines for SSHAC Level 3 and 4 Hazard Studies, NUREG-2117, 
February 2012 

WESTSIDE SUBWAY EXTENSION PROJECT 
April 4, 2012 Page 9-1 



Response to Hazard Assessment Study by Exponent ~ 
_9._0 -_R_ef_er_en_c_es____________________ Metro 

THIS PAGE INTENTIONALLY LEFT BLANK 

WESTSIDE SUBWAY EXTENSION PROJECT 
Page 9-2 April 4, 2012 


	Exectuive Summary
	1.0 Introduction
	2.0 Active Faulting
	2.1 Fault Locations
	2.2 Possibility of Folding
	2.3 Offset of Holocene Sediments
	2.4 Interpretation of Lateral Discontinuities
	2.5 Exploration of a Central (station) Alternative on Santa Monica Boulevard
	2.6 Location of the Westernmost trace of the WBHL
	2.7 Summary-Active Faulting
	3.0 Risk Assessment
	3.1 Selection of Station Sites
	3.2 Assessment and Mitigation of Risks for Tunneling Below BHHS
	3.3 Summary
	4.0 Safety of Tunneling
	4.1 Control of Ground Movements During Tunneling
	4.2 Metro Gold Line Eastside Extension Data and its Applicability to Century City
	4.3 Soil Conditions in Century City, Beverly Hills and East Los Angeles (Gold Line)
	4.4 Surface Settlements
	4.5 Differential Settlements Along the Tunnel Axis
	4.6 Consolidation Settlements
	4.7 Protection of Utilities 
	4.8 Condition Surveys and Monitoring of Structures
	4.9 Procedures for Assessing and Controlling Ground Movements
	4.10 Tunneling Through Faults
	4.11 Tunnel Schedule
	5.0 Gas Conditions at Constellation Station Option
	5.1 Station in San Pedro Formation
	5.2 Potential for Gas Released to the Surface
	6.0 Oil Well Hazards
	7.0 Future Development
	8.0 Conclusions
	9.0 References



