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Modern Tunneling - Exciting Times

In last 20 years, technology and planning methods have
more successfully met the demand to safely construct
underground space and reduce impacts to the environment
and communities




Developments in Underground

Pressure-Face TBMs
Diaphragm Walls
Microtunneling
Ground improvement




Underground Now Emerges as the most
attractive Alternative

Least Short and Long Term Environmental
Impacts

Benefits — Allows use of surface for other needs

Cost competitive
- Capital Costs and Life Cycle Costs




New Technology and Attention to
Community - Keyv to Modern Tunneling

lllustrate Through Development of two Recent
Projects

- Los Angeles, California - Metro
- Seattle, Washington — Large Venhicular Tunnel
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Historic Tunnels United States -
Early 1900s

Infrastructure Growth
Urban Crowding

- New Sewers, Subways




Another Growth Wave - Post War

Population Growth

Advent of the Automobile
(and sprawl)

Water supply and Sewerage
systems expanded

Cities Developed Master Plans for
Growth and Transportation —
Included Transit and Subways to
reduce traffic Congestion

- San Francisco - BART

- Washington DC -WMATA

- Los Angeles — Metro Rail




Tunnel Construction 1960s-1980s

Open Shields Settlement
Dewatering Disruption

Cut and Cover © Impacts to Community and
Business




Published Settiement Records
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SETTLEMENT IN INCHES

As a8 general exception, there wes almost invariably greater set-

tlement at the start of & tunnel drive. This occurred with almost

lack of team experience with the particular combination of circum-
gtances represented by that tunnel. Local settlements of three inches
% prey were not uncommon st starting sreas -- some cases reached § inches.

Ground dlsturbance from construction of shield starting pits.

under street intersections repeatedly disturbed

Experimentation with new grouting materials, and new shield

TUNNEL No.|
'-""'-:;- > all contractors, types of ground, equipment, and methods, owing to a
TUNNEL No.2 ——wkom % Among conditions contributing to exceptional settlement were:
N NN |
2. Tunnelling
by utility relacations.
3.
tall sealing svstems.
] 4. Vibrations from air compressor plants.
!
TUNNEL No. 3
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lespite the overall success of BART's soft ground tunnel opera-
tions, there were a number of adventures which were saved from fur-
ther prominence only by prompt remedial action taken by the field
The first injunction te tunnellers iz vigilance.
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Modern Planning - Public Transit History
Los Angeles
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THE COMPLETE PLAN
METROPOLITAN DISTRICT
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1962-No Streetcars Remain
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1962 Proposed Backbone Route

VOLUME I

DRAWINGS

RAPID TRANSIT SYSTEM BACKBOMNE ROUTE

...........

CThe :Ec-o cﬁgngeleo

Metropolitan Transit cuthority




1968 Rail Rapid Transit Plan

RAPID TRANSIT
MASTER PLAN CONCEPT

1968 rail rapid transit plan
concept map for a ballot
initiative.

Initial 100 km four corridor
system that could expand to
500 km, projected cost of
$2.5 billion, 8.5 year
construction period.

Underground Wilshire
stations along Wilshire Blvd
(similar to Backbone route
Ballot initiative failed.
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Stations

Tatal Regionsl System
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INITIAL PROGRAM AND ULTIMATE SYSTEM
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1980 LACTC Rail Rq g

EL MONTE

Source: Ballot Proposition A. November 4, 1980




1983 Locally P

Pacific Ocean

Proposed Metro
Rail Project

Regional Core

FINAL
EMVIRONMENTAL IMPACT STATEMENT
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Los Ang

Rail Rapid Transit Project
Metro Rail

URBAN WSS TAASPORATION ACHINGSTRATICN

SOUTHERN CALIFORNIA RAPID TRANET DISTRICT
DECEMBER. 1963
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Metro Red Line Construction

Open shields in alluvium (dense and loose)
Dewatering
Wood decking




7th Street 2009
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Construction Issues

Settlement Business disruption
Cost overruns Media Attention
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Transit System 2000
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Technology Advances Recognized

Use of Pressure face Machines would be specified for
new soft ground tunnels

Design Criteria Developed for this Seismic Area
Active Fault Crossings incorporated in design

Gas Barriers, detection
and alarm systems
iImplemented

Subway Operated Safely




Planning (Incluc

Eastside Transit
Corridor Study

Los Angeles, California

Re-Evaluation/
Major Investment

Study (MIS)
Draft Report

Prepared for:
Los Angeles County
Metropolitan Transportation Authority

Prepared by:
Eastside Corridor Transit Consultants

February 24, 2000




Tunneling Success - Eastside Extension

Tunneling 2006-2007 “zero” settlement
EPB TBMs used (;omp_ensation
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Reduced Risk and Impacts

Improved Technology
Pressure Face TBMs

Permeation Grouting at cross
passages

Prepared to use
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Cross passage Grouting from Surface




Compensation Grouting used Directional
Drilling (not activated)




Technology AND

10 year history of
involving the resident
Advisory Committee
(RAC) — Planning and
during Construction

Vigilance in notification
of construction activity

Maintaining access to
businesses

Safety Record of
Contractor highlighted
(~4,000,000 MH, no lost
time accidents)




Decking Of

March 2008 April 2008 May 2008 June 2008 July 2008 August 2008  |September 2008
Location Start | Finish

3/2  3/9 36 3i23 3/30| 4/6 4/13 4/20 4/27| 5/4 5(11 518 5/25| 6/1 6/8 6/15 6/22 6/29| 716 713 7/20 7/27| 8/3 8/10 8M7 8/24 8/31| 9/7 9/14 9i21 9/28

1st/Gless

Full Closure 03/28/08 04/07/08

Partial Closures - Weekend

only 03/29/08 04/20/08

1st/Boyle

S

Full Closure 04/11/08  05/05/08

‘ Partial Closures - Weekend

only 04/25/08 06/08/08

1st/Soto

Full Closure

Partial Closures - Weekend

only 06/13/08 08/10/08

1st/Lorena

Full Closure 06/06/08 06/30/08

Partial Closures - Weekend
only

08/15/08 09/21/08




Decking and Full Street Closures




Success of Eastside Means Consideration
of More Tunnels in Los Angeles

20

House lifts
obstacle to
Westside
subway

By Fichard Siorom

Thrcs ShaiT WFriter

WASHINGTON - Two de-
cades agoe, Pep Henry Waex-
man wrote mio law a ban on
the wmse of federal fund:z to
build a subway tumnel in the
Fairfax dismict of Los Anga-
les, womied thet consmuction
could migger an undarground
Zas explosion.

COm Wednesday the Los Anga-
les Diemocrat - now convinced
that new techmology comld
make drilling safs - persuadsd
the House to repesl his 1985
lew, Temoving 8 major polit-
cal obstacle 1o extending the
line to the Westside.

Special Panel Convened

Indicates that with PFMs,
tunnels can be
constructed safely

Special Consideration
For More Gassy Areas




Tunneling Success and Technology

Allows subway ban to be lifted

Westside Continues studies in Gas zone

area — Including Subways — not allowed
since 1986

Other Transit Modes also examined




Transit System 2009

SAN FERNANDO VALLEY
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Methane Zone now includes much of

HRT (Subway) Hollywood/

Highland

Hollywood/ Hollywood/
Vine Western

QO:m Proposed Station Locations

4 2

HOLLYWOOD BL J L
@ Alternative Sites for Single Station Sants Maninaf 1's - HOLLY\'JOR[?[? m
Optional Station Locations Cienega or San Vicente FSis WESTguu'moono A Vermont/
YT Santa Monica
== Metro Rail & Station -

Santa Monica
[Fairfax
-

‘
o

Subject to Change 08-1386 ©2007 LACMTA 4 5
ooz 08 comvom | BEVERLY

Santa Monir; B
” a Brea -n 1 5
& z w 1
s

P e ’ E g
HILLS &
| Alternative 11 | PN . B i :
E ~7 ) @ severly Center 1 smﬁ
% Y Area B:Imv
; Ly woson 0
BB Viestwood/UCLA o™= mmm - ' = B SQUARE <’1
- 1 - (o] WILSHIRE
- O
& r WF*&? v (6\ CENTE
¢ I Viter anh Ack rwatr i . N Yy (B,_,OZ@'

g J 0 E

i

e, e
' : > 3 \gistin
-n £} SEENTURY e Nk un un . KOREAIGHN
o

% 3 ' '.,Purpla ine
) Y= — CITY 5 x - p <7
N LT | ] T |
o = v pmmmmma. X
- Ymmm-- 1 L VR VENICE BL l- PLY
‘g 7 LOS ANGELES L PR pon —— i [ ~’
Wilshire/26th % <7 2 1
SANTA MONICA r » oo o) AT ----
0 10 ) rag - I
% O -~ s ~ #7y ) -: :
3 \ & —_ I
%% - oo oom oo
< Yo o
X CULVER CITY
e N\ POTENTIAL RISK ZONE (1986)
I:::'_‘:‘- Methane Buffer Zone <3

I mTALs wALIE faAAAYL

[283¢ TAR PIT AREA (1986)




Planning Studies Begin

“Universe” of Alternatives Studied

mm |niverse of Alignments
O Potential Station Locations
=l Metro Rail & Station

4 2
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Technologies Studied Included Aerial

Good U.S. examples of aerial rail but not in Heavy Rail
dense, urban corridors like Wilshire Blvd. Light Rail
Environmental impacts would be considerable Bus Rapid Transit
and largely eliminate any advantages over M Rail
subway alternatives ONCERY

There are no substantive savings in size or Subway

cost from one aerial technology to another Aarial




Subway Cost Effectiveness
Demonstrated

= Mitigation measures
increase cost of aerial H N
systems

= Subway compares
favorably with Aerial

Mitigation




Alternatives included Various Modes and

Crance Sacrcrtfinne Inchitdina Manarail
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Photo Sims Created to Assess Visual

Imnacrt




Several Views Considered




Monorail Station at Wilshire and Fairfax




Why Subway

_ _ HRT Up to 800 passengers/train (6 cars)
= Transit Capacity Top Speed of 110 km/hr Up to 14,000
assenger/hour/direction
= Speed . passengerfhou]
: LRT Up to 425 passengers/train (3 cars)
= No visual Impacts Top Speed of 90-100 km/hr (75-90
- Fewer overall img average)

Up to 7,600 passengers/hour/direction

Monorail
Up to 350 passengers/ train (6 cars)

Cost ‘2‘
e Top Speed of 65-80 km/hr (30-50 avg)
a A Up to 6,300 passengers/hour/direction

i.n

W

Up to 100 passengers/bus (articulated)
To Speed of 55 km/hr (20-35 average)
Up to 1,800 passengers/hour/direction




Post-Screening Rail (Subway)

Alternatives

HRT (Subway)
Oum Proposed Station Locations
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Demonstrate Region
~nf il

Transit User

[—

95,000-115,000 new transit
boardi ngs would be
generated by the project

5% of user benefits
accrue beyond LA

|

0 nty




Communitv Outreach Taken to New

Scoping meetings
Photo Simulations

Responsive to Concerns

Web pages and Face
book sites

E-mail “blasts”




Facebook Site has 1,500+ men

2 Facebook | Metro Westside Subway Extension - Microsoft Internet Explorer

deirese (4] http: ffwwm.Farebook.comfhame. pho?#araup. photoid=10040701921

File Edit Wiew Favortes Tools Help

eﬂa(k - B E’.:,j @ piaart_h %Favnntas &< @- % 3B 3

facebook Home  Profile
24 Metro Westside Subway Extension
alobal
Advertise

Basic Info

Type: Organizations - Community Organizations Cathalic Thrive

Description; ‘Welcome bo the official Facebook home of Metro's Westside Subway Extension, Anaheim
This is fior anyone wha lives, works, wisits and plays in Los Angeles County, €A to
lzarn about the Westside Extension Subway Extension Draft Environmental Impact M
Statement {Environmental Impact Report (Draft EIS/EIRI. Comments, questions
and posts will become part of the official public comment record for the study. m
In January 2009, the Metro Board of Directars approved the results of the 18- thﬂve
month Alkernatives Analysis (Aa) study, and autharized further evaluation of 2 Y
potential subway alkernatives for the Westside. Following Federal and state Conference for young adults
requirements, this evaluation — the Draft E1S/EIR —will lead to a recommendation B and singles of all ages, May
of a Locally Preferred Alternative (LPA). 22-24, 2009 Anaheim Marriok

Inwite People ta Jain CatholicThrive com
The project is slated to receive partial funding fram Measure R, the half-cent sales Leave Group LR
tax increase approved by voters in Movember 2008,
For more information about what was developed during the A#, or about the Draft
-'I FISIETR S Dol FAamart o i M sty bochiist ot
vy mekro.netfwestside, Officers
m | Contact Info ;
Emall; WestsideExtension @metro.net ﬂﬂﬂe‘?i Litwak (Los Angeles, CA)
Website: Rkbpe v, mekra, net/me stside:
I. Office! Los Angeles, Ca

Location: 1 Gatewary Plaza

Los Angeles, CA Group Type

This is an open group. Anvane can
Recent News join and invite others ta jain.

AT&T
March 30, 2009 Admins U-verse™ TV

Dear MWSE Facebook Member: m  Christian J. Rodarte (Las Angeles, DVR included on

1 wanted to let you know that scoping For the Draft EIS/EIR For the Westside Subway Extension is - g:g;:::é::z {Los Angsles, CA) select P'-BI"S-
officially underway as the notice was published in the Federal Register on March 27, We've got our ® Kristine Grillo fLos Angeles JCA)

mestings, and a few ather changes, posted up on our website (v, metro.netfwestside). The upcoming ol et b UNDER:

mestings are also posted s everits here on Facehook, but hers are the basics: % - 00

Jfmo

+ Monday, April 13: Los Angeles County Museum of Art, West, 5305 Wilshire Boulevard, Events
+ Tuesday, April 14, West Hollywood Plummer Park, 7377 Santa Monica Boulevard, 1
« Thursday, April 16, Beverky Hills Public Library, 444 M. Rexford Crive. 5 upeoming pvers 2 SHOP NOW »
+ Monday, April 20, Westwood Presbyterian Church, 10822 Wilshire Boulevard. ‘westside Subway Exkension Scop...
« Thursday, April 23, Sanka Monica Public Library, 601 Santa Monica Boulevard. Loz Snasles County Museum of Art,

i,
All the meetings are 6:00-8:00 PM and the material presented at each will be identical s choose the day Mandzy, April 133t E:00pm

and location that is most convenient Far vau, Westside Subway Extansian Scop...

Plurnrner Park

May 7 is the deadiine for comments related to scoping. However, you may wank to wait until you see how Tuiesday, April 14 at £:00pm

we ate presenting our plans Far the Draft EISJEIR. IF you cannat attend the meetings, we will be posting
our scoping presentation on our website (v metro, netjwestside) some time after the first meeting on ‘westside Subway Extension Scop... GO

April 13, We will be continuing ko post new infarmation ko the web site so keep checking there, Materials Beverly Hills Public Library, Audit.. NETRCTIONS ALY
abaout the study are being posted under the “Hews & Info* tab, You can find aut how to send in your Thursday, April 16 st 6:00pm
comments so they count officially in this scoping phase by dicking on "Contact Us,”

| Applications | =051 S (B ‘ = ‘ o ‘
@ &P Internet
s start = ‘o 2z i 3 Inkernet... [ g W i s | L E’. My 5 e 1

‘Westside Subway Extension Scop...




Gales tax hike could
fl.ad subway to the sea

prove a tax increase to partially

Vi i pay for the so-called “subway to
i ey dcﬂdl': o the sea” and a slew of other road

the half-cent increase in  and mass transit projects in Los
3 : Angeles County.
November’s election. B L S
T v possibility of a half-cent sales tax
By STEVE HYMON hike. If approved by voters, such
Times Staff Wriler an increase would bring t
e — i el AX i i ad ™

LUMLEE AR HOLIC i



Measure R Approved

LA county Voters clearly wanted a change

November 2008 Measure R approved by two-
thirds majority, committing a projected $40
billion to traffic relief and transportation
upgrades over the next 30 years.

Includes Westside Subway Extension

Estimated to Create over 200,000 construction
jobs and infuse $32 B into local economy.

Goes into effect July 1, 2009

About $4 Billion for Westside Subway Extension




Transit System 2020
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Alaska Way Viaduct - Seattle

Main north-south route through FHWA
Seattle, WA WSDOT
Over 50 years old — and rapidly City of Seattle

deteriorating

2001 6.8 M earthquake damaged
viaduct

King County




Alaska Way Viaduct - Seattle

Existing structure includes a sea wall

Numerous Alternatives for Replacement
studied since 2001

| STACKED TUNMEL
CENTRAL WATERFRONT

ELEVATED STRUCTURE CENTRAL WATERFRONT
SEAWALL




Retrofitting Includes Column Confinement




Alaska Way Viaduct - Seattle

Preferred alternative — underground

High cost and changing administrations' delay work
2007, voters say “no” on both options

no decision and competing interests




Recent Decisions

= January 2009, King
County agrees to
demolish viaduct and
build 16.5 m, 3.5 km
tunnel

= Planned to open 201

~aerial attril
1blic supC

16.5 m Diameter




Commu
Alaska

3WSDOT - Alaskan Way Viaduct and Seawall Replacement Program - Animations of Alternatives - Microsoft Internet .. E]@[X\

: 4L

Pogranlte Alaskan Way Yiaduct and Seawall Replacement Program -

Animations of Alternatives
- Progran Hore

South end interchange

istat HEC 20N, v B2Ma. v D Ama. 3irte v WlE0B.. |SGoge. /B

www.wsdot.wa.gov/projects/viaduct



Project Visualizations

Extremely helpful to show what waterfront would
look like with various options

Used internally with design teams, elected
officials, key stakeholders, mass media and
General public

Allowed unlimited perspectives
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Integrated Aerial
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Bored Tunnel
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Website Visualization Study

# Adobe Flash Player 9
Fle ¥iew Control Help

Alaskan Way Viaduct
and Seawall Replacement Program

(= 8]

Washington State s .
W2 Department of Transportation m King County @Cﬂy of Seattle
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of Eight Central Waterfront Scenarios

A Visual Study

Scenario
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S WASHINGTON 5T

Elliott Bay
1

* These images are early concepts for the eight central waterfront
scenarios. Surface treatments are for illustrative and comparative
purposes only. Green and red coloring along the corridor indicates
€ public open space that is not yet designed.

www.alaskanwayviaduct.org




Elevated

# Adobe Flash Player 9

Fle ‘View Control Help
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Surface Boulevard

# Adobe Flash Player 9

File Wiew Contral Help
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Pier 54

Scenario B - Surface Boulevard
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Integrated Aerial

# Adobe Flash Player 9
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Bored Tunnel

# Adobe Flash Player 9
Flle View Control Help
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Scenario F - Bored Tunnel
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Bored Tunnel Video

SR 99 Single Bored Tunnel
Under Seattle

January 2009

A . shington State s : s
W/ Department of Transportation Lg King County @IE) City of Seattle



Bored Tunnel Egress
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Visualization Studies

T:r, "Ef_rji‘-.” } , | / [ :
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Include Drive thru
animations and
construction Sequences

Communicate Complex
Construction Activities to
businesses and
communities affected

Allows more educated
iInput in planning process

Media use increases

Months 36-54, 2010-2011
Excavate and Cross Brace - Looking North East
__ ANl




Visualizations now and future

Tool for use from concept through construction

Stage 3A
Months 54-60, 2012-2013
Demolish Viaduct - Looking North East

l

] -!mm‘"‘ -

Final Configuration
Month 105, 2017
Surface Restoration - Locking North

Stage 2
Months 36-54, 2010-2011
Excavate and Cross Brace - Looking North East




Interactive Traffic Web Tool

2 Maskan Way Viaduct - Interactive Map - Microsoft Internet Explorer
Fie Edt Vew Favoebes Tooks Help
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ALASKAN WAY VIADUCT

ELEVATED STRUCTURE MAP TUNNEL MAP AND SEAWALL REPLACEMENT PROJECT
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Web Sites - Now Essential

= Budapest Metro

= Trans Hudson
Express

O O WEG P firen @ 3- 55 HO 3

o What will Metrod be like?
AR Meno Prapect Dewtoeste | Arcedui s | Wetvin o

| Home About Video Library Gallery News Links Map Contra

ARC Access to the Region’s Core

Gallery

Rendaring of 3 new New Yot Fenn Station Expansion cavem

©2009 NJ TRANSIT and PO]



Community Outreach Must be Continued
During Construction

Visitors Centers
News Letters
Web Sites
Meetings

Adequate Notification
of events

Site Tours




Amsterdam - Stationsplein 7
Models and Historic Displays
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SOCATOP A-86 Tunnel
Paris, France
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Gotthard Rail Tunnels
Sedrun, Switzerland




Katzenberg Rail Tunnels
Germany
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Calle 30 Tunnels
Madrid, Spain




Serebrianoborski Tunnels
Moscow, Russia
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Conclusions - Successful Planning For
Underground Projects

Technology
Community
Communication
Education
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