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1. Executive Summary 

Dragados-USA and Tutor Perini have formed a 
world-class team – Seattle Tunnel Partners (STP) 
–to support WSDOT in the success of this ambitious 
undertaking. We are ready to partner with WSDOT 
to deliver the best value solutions for completing the 
Project.
Dragados, along with its sister companies IRIDIUM 
or ACS Infrastructure has unmatched experience in 
tunnel, infrastructure, highway, bridge, dam, and 
marine projects, and alternative project delivery, 
including design-build projects for public and 
private owners. This group of companies has been 
recognized several times by Public Works Financing 
as the world leader in development of infrastructure. 
The construction, operation, and maintenance 
lessons learned in these large complex transportation 
projects are applicable to this Project, and will benefit 
WSDOT and ensure that we meet and exceed your 
Project Goals. Dragados is a certified ISO 9000, ISO 

14000 and OSHAS 18000 company and it brings to 
STP its principles and procedures. Dragados is also 
in the early stages of implementing ISO 31000.
Tutor Perini is engaged in public works construction 
throughout the U.S., including the repair, 
replacement, and reconstruction of public 
infrastructure such as highways, bridges, tunnels, 
and mass transit systems. Tutor Perini companies 
have been active in civil construction since their 
inception and are expert at managing large, complex 
civil construction projects. Their outstanding record 
of performance on challenging civil works projects 
pre-qualifies the firm for projects in situations where 
smaller, less diversified contractors are unable to do 
so. This competitive advantage makes Tutor Perini 
an attractive partner on the largest infrastructure 
projects and prestigious design-build-operate-
maintain contracts, which combine the nation’s 
top contractors with engineering firms, equipment 
manufacturers, and project development consultants 
in a competitive bid selection process to execute 
highly sophisticated public works projects.
STP is laden with significant domestic, international, 
and local talent and knowledge, including HNTB, our 
Lead Designer, and Team Specialists Frank Coluccio 
Construction Company, Mowat Construction 
Company, Intecsa-Inarsa, Hart Crowser, Inc. Herrera 
Environmental Consultants, PRR, The Greenbusch 
Group, Inc., and Wilson Ihrig & Associates.

TUNNELLead JV Partner

JV Partner

A Successful Project.An Experienced Team.Two Design-Build Leaders.

With the implementation of the SR 99 Bored 
Tunnel Project, WSDOT and the City of Seattle 
are making a significant investment in the 
future. To maintain public confidence in the 
Project, it is important that WSDOT can show 
a clear demonstration of value, a commitment 
to meet milestones, and a commitment to keep 
the Project on time and on budget to sustain - 
and to increase - community support.
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STP Team’s Proposal –  
Built on a Demonstrated Track 
Record of Excellence and 
Accountability
There has been a dramatic change in the current 
construction industry market. Only successful 
large contract, public work entities, such as a JV 
of Dragados and Tutor Perini truly understand the 
impact of a Project of this magnitude. In addition 
to our obvious ability to construct such a complex 
Project, the STP Team brings a multitude of diverse 
skills and know-how to this project, all with 
experience to meet today’s complex standards of 
environmental concerns and personnel safety. Public 
outreach and outstanding Award Achievement for 
STP and WSDOT are tantamount to our combined 
success.

The STP Team members have experienced and 
achieved these goals on several demanding, complex, 
large public works contracts in the recent past.

The construction of public works projects have 
changed and require significant resources and 
understanding at all levels. The nuances of this 
industry change will pose a significant challenge 
on this Project. Both Dragados and Tutor Perini 
recognize the changes and are poised to successfully 
implement model standards for environmental and 
safety. Our success is clearly 
represented in our exemplary body 
of work on projects of this type.  
We are confidently poised and 
able to successfully implement 
this Project on time and within 
budget.

STP’s Project Features
The STP Team offers WSDOT enhanced Project 
features, a shorter construction period, unmatched 
personnel experience, and tailor-made equipment 
for this Project:

• STP will exceed the specified WSDOT 
tunnel diameter increasing the horizontal 
and vertical clearances. This increase 
significantly enhances driver visibility and 
thus safety. Based on the preferred criteria 
of the State Fire Marshall, the STP proposal 
increases the shoulder from 6 to 8 feet 
improving the width for emergency egress 
and rescue personnel accessibility.

• STP will complete the tunnel by December 
21, 2015, allowing for in-service use and 
less disruption to the public – 316 days 
sooner than WSDOT’s completion date

• STP’s Project Manager Alvaro Fernandez 
has managed more than 25 miles of bored 
tunnels, including the 49.25-ft diameter 
M-30 South Bypass South Tunnel Project 
in Madrid – the largest diameter tunnel 
in the world at the time – and brings to 
your Project valuable lessons learned 
from the successfully completed Madrid 
project, as well as 35 years of experience in 
construction, 25 of them in construction of 
large tunnel projects

• STP will use an earth pressure 
balance (EPB) tunnel boring 
machine, as it is the most 
appropriate machine for the 
ground to be encountered 
along the alignment and is 
more robust and reliable than a 
slurry machine

STP’s innovative 
Deformation Mitigation 

Plan substantially 
reduces risk.
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STP’s Project Approach
The objectives of our technical approach include the 
following key elements:

• Meet or exceed all design criteria and 
quality requirements

• Provide for the safety of the workers and the 
public

• Minimize impacts on the community and 
the environment

• Incorporate aesthetic features and treatments
• Minimize maintenance and life-cycle costs
• Less disruption to 

existing traffic flow

Innovation in Design 
and Construction
Before beginning design work, 
our team and its designer, 
HNTB, reviewed all available 
documentation provided by 
WSDOT to seek Alternative 
Technical Concepts (ATCs) 
that would improve the Project. 
Our analysis resulted in the 
identification of more than 30 
potential ATCs. Of these, seven 
were submitted and four were 
approved by WSDOT (ATC No. 
2, 3, 5, and 6). As a result of this effort:

• Our realignment of SR 99 main lanes at 
the South Portal (ATC #5) simplifies the 
construction, reduces the road footprint of 
the Project, simplifies the operation and 
maintenance of the highway, and provides 
additional waterfront land to the City of 
Seattle for public open space. 

• The design for the support of excavation, 
for the cut-and-cover portion of the tunnel, 
as part of the permanent structure, not 
only contributes to the viability of the 
realignment referred above but reduces 
construction cost so we can complete the 
Project early.  

• Because we thoroughly analyzed means to 
minimize impacts to the City of Seattle’s 
traffic system within the Project and 
adjacent areas, our design reduces traffic 
impacts in the South Portal area through the 
use of barges for muck removal, which will 
take off the streets more than 600 trucks 
daily. We will use belt conveyors from the 
south tunnel section to Pier 46, where muck 
will be taken to a barge loading area. Tunnel 
prefabricated segments will arrive by 
barge to the site. In addition contaminated 

excavation material from portal 
excavation will be hauled by 
train to a disposal facility in 
Arlington, Oregon. STP will 
work closely with WSDOT, 
regulatory agencies, as well as 
interested stakeholders to ensure 
that our proposed handling 
of tunnel muck and materials 
meets or exceeds all applicable 
environmental and mitigation 
requirements. STP will continue 
to work with WSDOT on their 
goal to improve the Project 
parameters.

STP’s Recommended TBM
Construction of the bored tunnel is the Project’s 
component that, if not well handled, may have the 
largest effect on cost and increased risk. It is for this 
component that the STP Team brings its unmatched 
tunneling experience and expertise. Dragados is 
recognized throughout the world as one of the 
most experienced and successful companies in the 
construction of large diameter bored tunnels as a part 
of extremely complex urban public transportation 
projects.
Dragados is adding its years of experience and 
tunneling know-how to the countless hours of 
analysis dedicated by STP Team members to 

EPB TBM experience 
equals reduced risk for 

WSDOT. 
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MHT-Robbins-NFM as potential 
TBM providers. Lovat-Caterpillar 
excused itself from the competition. 

STP and the TBM manufacturers 
spent significant time designing 
the operational parameters and 
technical features of the most 
suitable TBM for this Project 
and local soil conditions. 
Herrenknecht, Robbins-NHI-NFM, 

Hitachi-Zoshen, IHI-Terratec and Kawasaki-SELI 
confirmed our preference to use an EPB machine 
and developed detailed proposals supporting an 
earth pressure balance (EPB) shield TBM. 

The experience of Dragados, as well as very recent 
developments in similar projects, discouraged us 
from using a Slurry Shield type TBM. In our opinion, 
use of anything but EPB TBM methodology could 
significantly increase risk to STP and WSDOT.

thoroughly understand existing 
ground conditions throughout the 
Project. This on-site analysis by 
the STP Team has played a major 
role in our careful review and 
decision making as to the type 
of tunnel boring machine (TBM) 
that we propose to use on this 
Project.
As part of our proposal effort, 
STP involved experts in a range 
of disciplines to develop and refine the tunnel aspects 
of this proposal. Hart Crowser and Intecsa-Inarsa 
provided recommendations pertaining to the soil 
characteristics to be encountered. Bender Consulting 
Services also added important findings in the area of 
hydrogeology.

STP consulted with Herrenknecht, Hitachi-Zhosen, 
Lovat-Caterpillar, IHI-Terratec, Kawasaki-SELI, and 

Evolution of EPB TBMs. 

4
6

0
5

5
_2

6
6

–2
7

1D=21 ft.
valenCia 
suBWaY
1990
Dragados

D=31 ft.
Madrid 
suBWaY
1994
Dragados

D=39.5 ft.
BarCelona 
suBWaY
2002
Dragados

D=49.25 ft.
M-30  
Madrid
2005
Dragados

D=62.3 ft.
MosCoW 
suBWaY
2014
(To Be Determined)
(BASIC DESIGN)

D=57.4 ft.
sr 99  
seaTTle
2012
Seattle Tunnel Partners

STP experience suggests 
that using anything but 
EPB TBM methodology 

could significantly 
increase risk to STP  

and WSDOT.
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The main difference between slurry shield TBM 
and EPB TBM is the way in which each maintains 
the necessary pressure in the machine/existing 
ground interface to avoid the collapse of the 
ground face (a slurry machine 
pumps slurry into the face; the 
EPB maintains the pressure by 
pressurizing the tunnel face, 
conditioned with biodegradable 
foam and polymers). It is the 
type of material along the tunnel 
alignment that defines the most  
appropriate machine. 

• An EPB machine offers 
a high-level of control 
to monitor ground 
activity and subsurface 
conditions, allowing 
tunnel construction to 
advance without damaging utilities and 
structures on the surface.

• EPB neither requires treatment or hazardous 
material disposal of slurry – a costly process 
–nor on-site slurry treatment. 

• In addition, Dragados’ extensive experience 
on large bore EPB machines, including the 
49.25-ft diameter M-30 South Bypass South 
Tunnel in Madrid will result in a minimum 
learning curve on the TBM for the SR 99 
Bored Tunnel Project and reduced risk to 
WSDOT.

The robustness and simplicity of EPB TBMs, as well 
as STP’s experience and expertise with this type of 
machine, add to our belief that we will successfully 
complete this Project ahead of schedule and  
within budget.

The highest risk due to ground deformation 
throughout the tunnel path exists at the South 
End, caused by low overburden, poor soils, debris, 
groundwater and mixed face conditions.

STP has developed an innovative “Deformation 
Mitigation Plan” to mitigate this risk, as well as to 
prevent the necessary learning curve of the TBM 
from affecting the operational portion of the Viaduct.

The launching pit of the TBM will 
be moved back to a safer location 
and the first 1,500 ft of the bored 
tunnel alignment will run within 
a protection corridor, that will 
isolate the tunneling process from 
the adjacent structures, utilities 
and buildings.  

This STP Deformation Mitigation 
Plan is a significant investment 
in this project, however it will 
substantially reduce the risk to the 
Project.

Minimum Diameter of the Tunnel
While some may question the technological 
feasibility of the minimum diameter proposed by 
WSDOT for the TBM, a closer review of successful 
recent bored tunnels around the world establishes 
that WSDOT´s minimum requirements are entirely 
feasible and realistic. For example, Dragados EPB 
TBM fleet had a maximum excavation diameter of 

STP brings a 57.4-ft 
diameter TBM – a better, 
faster and safer Project. 
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21 feet in 1990. By 1994, the Dragados largest EPB 
TBM was 31 feet in diameter; it became 39.5 feet in 
2002; and 49.25 feet in 2006.

The 56-ft diameter machine sought 
by WSDOT for 2012, when the 
machine will be operational, can 
be considered a normal evolution 
of equipment development. In 
fact, our machine may not even 
be the world’s largest if the 62.3-
ft diameter TBM being designed 
for Moscow (Russia) is already 
operational by then. The 51.2-ft 
diameter EPB TBM for Galleria 
Sparvo in Bologna (Italy) is 
being pre-assembled and tested at 
the factory and will start mining 
at the beginning of 2011. To 
accommodate WSDOT’s needs 
for the Project, STP has selected 
a 57.4-ft EPB TBM – exceeding 
WSDOT’s requirements.

STP’s Project Team 
Organization
We have analyzed and included in our proposal, at 
a bid-design level, organizational, technical, risk 
planning and practice components, which both meet 
our own high standards and ensure No Surprises 
to WSDOT and key stakeholders, including the 
City of Seattle, the surrounding businesses, the job 
site neighborhood, regulatory agencies, utilities 
providers, the Port of Seattle, and the general public.
We are aware that the progress of this Project will 
be closely followed by leaders in other metropolitan 
regions as they look for possible solution to their 

traffic problems. Transportation and tunneling 
experts around the world will follow this Project 
with great interest. Citizens and officials of the City 

of Seattle have a lot at stake in 
this Project and have identified 
a range of legitimate concerns. 
STP has listened carefully to the 
suggestions of these interested 
parties in developing the enclosed 
Proposal. STP believes in its 
ability to meet or exceed Project 
Goals.
Our no surprises approach is 
rooted in the skill and proven 
success of both Dragados and 
Tutor Perini to manage similar 
large complex projects. We have 
developed for this Project and 
WSDOT a Project organization 
that reflects the valuable 
experiences and lessons learned 
by both companies. Our Team is 
committed not only to meeting 

the Technical Requirements but to do everything in 
our power to ensure that STP’s Project organization 
best encompasses the ability to detect, analyze, solve, 
and record all construction situations, at the lowest 
possible level and in the shortest period of time, to 
reduce potential impacts on time and schedule.

To meet our goals, we request that WSDOT 
participate in forming a true working partnership with 
us. This partnership begins Day 1 of the decision-
making process and includes all Project personnel, 
from labor staff to the Executive members.

STP is fully committed 
to reaching Substantial 

Completion status  
before the end of 
December 2015,  

316 days before WSDOT 
completion deadline. 
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STP Proposed Organization,  
Safety, PLA, DBE
Well-planned project development begins with 
a sound approach to organizing the Project. Our 
organization chart and the lines of communication 
shown reflect our view of how to successfully manage 
a project of this size. This Project is of high-level 
priority to both companies. As such, both Dragados 
and Tutor Perini corporate offices will be fully 
involved in the Project and have direct reporting, not 
only from the Executive Committee designated to 
direct the Project, but also from the Project Quality 
Manager, the Safety Manager, Environmental 
Manager, the Administration & Financial Manager, 
and the Commercial Manager.

Dragados and Tutor Perini have 
successfully implemented Zero 
Accidents policies on other 
projects and this policy has been 
incorporated to this Project. As 
an additional safety tool, we will 
implement monthly safety audits 
by a member of the JV Executive 
Committee. The Safety Manager 
will report daily to the Executive-
in-Charge on all job safety matters. 

We have created the position 
of Project Quality Manager who will report to the 
Executive Committee on QA/QC compliance. Both 
this position, as well as the quality control department, 
are independent from production and engineering. 
This independence will allow the quality control/
assurance team to convey to the Project Manager an 
unbiased opinion of the Project’s development.

Seattle Tunnel Partners (STP) Joint Venture chose to 
look beyond solely the 8 percent DBE Performance 
Goal required for the Project and concentrated 
our efforts to develop a comprehensive strategy to 

maximize contract opportunities for all qualified 
businesses certified by Washington State Department 
of Transportation Office of Minority & Women’s 
Business Enterprises (OMWBE), specifically, 
DBE, MBE, and WBE firms.  Our goal is simple, to 
exceed the 8 percent minimum requirement for DBE 
participation while establishing significant Good 
Faith Effort participation for MBE, WBE and other 
Small Business Enterprises.

Our DBE Good Faith Efforts strategy is based upon 
the principal of inclusion rather than exclusion.  We 
intend to build this Project with the inclusion of 
local contractors and suppliers, local businesses, 
local Trade Unions and local residents in an effort 
to revitalize the State’s economy and re-open the 

roads to continued prosperity and 
economic transfer through the 
Greater Metropolitan Seattle and 
Central Puget Sound Districts.

STP has been negotiating with 
union representatives since 
August 2010. We are pleased to 
report that we have agreed upon 
a Project Labor Agreement, 
which provides labor stability 
and harmony until the end of the 
Project. All subcontractors will 
execute the union PLA.

We are confident that your review of the details 
of our proposal will demonstrate STP’s technical 
integrity, the quality of our professionals, who rank 
among the best in the world, and our commitment 
to close collaboration and open communication 
with WSDOT’s staff, regulatory agencies, key 
stakeholders, and the public to meet or exceed each 
of your stated Project-specific goals.

STP brings large 
financial resources and 

financial backing.

STP brings bonding 
capacity in excess of $5 

Billion.
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STP’s Ability to Satisfy  
the Financial Requirements 
of the Project
STP has provided a commitment 
letter from several sureties 
confirming that the Dragados/
Tutor-Perini  Joint Venture has 
the financial resources to meet 
the contract requirements, and 
that the sureties have agreed 
to issue the requisite bonds in 
accordance with the contract. All 
sureties have a Best’s rating of 
A- (or better) and are in financial 
size category IX (or better) by 
A.M. Best Company. STP will 
fulfill the financial commitment 
to this project following award of 
the contract.

Conforming to WSDOT 
requirements, all sureties are 
registered with the Washington 
State Insurance Commissioner and 
appear  on the current authorized 

insurance list in the State of Washington published 
by the Office of the Insurance Commissioner.

As our proposal indicates, STP is 
being represented by the largest 
sureties in the world and offers 
a  bonding capacity in excess 
of $5 billion for each of the JV 
partners Dragados and Tutor 
Perini. Dragados and Tutor Perini 
combined have in excess of a 
billion dollars in cash, and over a 
billion dollars in credit capacity. 
The STP Joint Venture members 
combined have completed over 
$100 billion of complex and 
challenging construction projects 
around the world. STP JV 
members’ excellent relationships 
with the noted sureties allowed 
STP to organize a meeting 
between WSDOT and the 
bonding sureties, and insurance 
underwriters on August 24th, 
2010, where Project concerns 
were addressed in order to assure 
the needs of all parties.

STP presents WSDOT 
the best possible bored 

tunnel design-build 
solution and a Project 
for the world to see. 

Dragados PPP Projects in partnership with 
Concessionaire sister company, ACS Infrastructures.
PPP Project contract Value
A-30, Quebec $1.5 CAD million*

I-595 Project, Miami $1.2 billion

South Fraser Perimeter Road Project, 
British Columbia $800 CAD million*

*Canadian dollars

Several Major Projects of the Team Members.

Project
contract 
Value

I-595 Project, Miami, FL.  $1.2 billion 
McCarran Airport, Las Vegas, NV  $1.2 billion 
Alameda Corridor, Los Angeles, CA $782 million
Richmond San Rafael Bridge, San Francisco, CA $762 million
BART Extension to San Francisco Airport $710 million
East Side Access Caverns, NYC $500 million
East Side Access Tunnel, NYC $428 million
I-80 Bay Bridge West Approach,  
San Francisco, CA $281 million
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STP Executive Statement
The Executive Committee, and thus all 
representatives of the STP Team, promise to support 
this Bored Tunnel Alternative D-B Project to its 
successful completion and pledge to hold the safety 
of its employees, employees of all agencies and 
the general public as the utmost importance in the 
process of attaining Project success.

Positive public outreach, environmental impacts 
and the respected collaborative relationship with our 
client, WSDOT, will be maintained throughout the 
life of the Project. STP will successfully complete this 
Project on time and within budget and of the highest  
possible quality.

Antonio Jose Nievas Guadix, 
Executive Vice President,  
Dragados-USA

Jack Frost, 
Executive Vice President,  
Tutor Perini Corporation
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Scoring  
element

Summary of StP ProPoSal and  
ProPoSal reference

requirement 

met exceeded

Section 2 — 
Proposer’s Approach to 
Management of the Project

• Project Manager Alvaro Fernandez successfully delivered 
Madrid M30 South Bypass Tunnel Project on a reduced 
schedule and under budget

• Risk management approach includes Zero Accidents Policy
• Quality, environmental compliance, and community 

involvement programs exceed WSDOT goals

 

Section 3 — 
Preliminary Baseline Contract 
Schedule 

• Substantial completion by Nov. 1, 2015; tunnel complete by 
Dec. 21, 2015 — 316 days ahead of WSDOT deadline
• Shorter timeframe to enter, build, and exit means: 
• Less impact on businesses and neighborhoods 
• Fewer traffic impacts
• Risk transfers from WSDOT to STP
• Reduces and mitigates risk of construction delays by 

relocating North and South Operations Buildings

 

Section 4 — 
Tunnel Roadway Clearance 
Envelope

• Increases tunnel diameter
• Benefits of wider horizontal and vertical clearance include: 

• increases shoulder from 6 to 8 feet 
• increases curb-to-curb roadway width from 30 to 32 feet 
• increases vertical clearance from 15 to 15.5 feet

 

Section 5 — 
Excavation and Support of Bored 
Tunnel and Management of 
Ground Deformation Impacts

• South Access Approach reduces footprint (ATC #5)  
• Footprint reduces risk, releases critical real estate, saves time 

and money 
• Reconfigured design reduces risk and improves safety
• Innovative Deformation Mitigation Plan

 

Section 6 — 
Design and Construction, Except 
Tunneling

• Excavates and supports bored tunnel with calculations that 
lower ground deformation impacts

• Better managers and minimizes ground deformation impacts
• PM design for start-up box for safety and instruction means:

• Experienced to operate and maintain tunnel boring machine 
• Experienced to control pressure and settlement 
• Experienced to monitor ground activity and minimize 

ground deformation impacts

 

Scoring Roadmap



TUNNEL

SR 99 BoRed Tunnel AlTeRnATive
deSign-Build PRojecT

dRAgAdoS uSA — TuToR PeRini — HnTB

Q
u

alifi
catio

n
s 2

 – P
ro

p
o

se
r’s A

p
p

ro
ach

 to
 M

an
ag

e
m

e
n

t o
f th

e
 P

ro
je

ct

PRoPoSeR’S APPRoAcH  
To mAnAgemenT  
of THe PRojecT

SecTion 2



TUNNEL

SECTION 2

ProPosal – sr 99 Bored Tunnel alTernaTive 

Project management exPertise for comPlex Projects: Proven success

within historic settingwith coordination of multiPle agencies

while maintaining 280,000 vehicles/daywithin dense urban context exPerienced Key Personnel

IN THIS SECTION 
In Section 2
STP is comprised of companies with a successful, 
proven track record and experience with complex 
large diameter bored and cut-and-cover tunnel 
projects in dense urban environments. Our 
Team’s experience exemplifies how an effective 
organization, expert key personnel, proven project 
management plan, and judicious communications 
protocol are used to successfully deliver similar 
project types on time and on budget. Our experience 
and lessons learned are clear indicators that our 
management approach will achieve and exceed 
WSDOT’s expectations.

STP is committed to partnering and collaborating 
with WSDOT and third party stakeholders to address 
challenges and resolutions. We have conducted an 
early, thorough assessment of potential Project risks 
and have developed numerous mitigations to those 
concerns.

2.1	 Project	Management	Approach

2.2	 Organizational	Structure	and	Key	Personnel

2.3	 Subcontractor	and	Labor	Management	
Approach

2.4	 Quality	Management	Approach

2.5	 Risk	Management	Plan

2.6	 Value	to	WSDOT
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How STP Meets WSDOT Goals
maintain worKer and Public safety:
•	 Zero	Accidents	Policy	for	safety

•	 STP’s	Executive	Committee	members	will	make	
monthly	visits	to	the	Project	site	to	observe	and	
evaluate	ongoing	safety	practices

•	 STP’s	Traffic	Management	Plan	will	emphasize	
safety	for	pedestrian	and	vehicular	traffic,	
particularly	for	stadium	and	Washington	State	
Ferries	patrons

on time and within budget:
•	 STP’s	Project	Manager,	Alvaro	Fernandez,	has	a	
successful	history	of	completing	complex	tunnel	
projects	in	dense	urban	environments	on	time	
and	on	budget,	including	the	M-30	South	Bypass	
South	Tunnel	Project	in	Madrid.

Proactive Planning and execution:
•	 Co-locating	with	WSDOT	throughout	the	Project	
will	facilitate	open	communications	and	provide	
seamless	coordination	among	the	entire	Project	
team.	
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scoring  
element

summary of stP ProPosal and  
ProPosal reference

requirement 

met exceeded
Commitments	that	add	benefit	to	
WSDOT	above	and	beyond	the	
requirements	of	the	RFP

•	 Project	Manager	Alvaro	Fernandez	brings	experience	from	eight	tunnels,	
including	the	2.25-mile-long,	two-level	M-30	South	Bypass	South	Tunnel	–	the	
world’s	largest	diameter	tunnel	at	the	time.

•	 STP’s	Executive	Committee	will	nominate	an	Executive-in-Charge	to	visit	
the	Project	site	monthly	to	objectively	observe	and	evaluate	ongoing	safety	
practices	and	procedures.

•	 We	have	added	the	position	of	Design	Director,	to	be	filled	by	Dan	Dixon,	
to	work	with	WSDOT	on	Project	delivery	elements	from	concept	through	
environmental	process,	design,	and	construction.

•	 We	will	implement	a	quality	management	approach	that	is	consistent	with	ISO	
9001:2000.

•	 STP	will	provide	an	independent	Expert	Review	Board	to	confirm	technical	
design	and	constructability	of	the	design.

 

Reducing,	mitigating,	or	
transferring	risks	to	the	benefit	of	
WSDOT	(Active	leadership	role	
and	demonstration	of	effective	
management	of	risk	to	WSDOT’s	
benefit.)

•	 WSDOT	benefits	from	STP’s	member	companies	with	successful,	proven	track	
records	and	experience	with	complex	large	diameter	tunnel	projects	in	dense	
urban	environments.

•	 Our	management	structure	is	based	on	a	centralized	decision-making	authority	
of	our	Project	Manager	and	Deputy	Project	Manager.

•	 We	prioritize	safety	and	are	committed	to	a	Zero	Accidents	Policy.
•	 Environment	Manager	Bill	Jordan	has	first-hand	knowledge	of	environmental	
requirements	from	extensive	environmental	permitting	and	compliance	
experience	on	WSDOT	design-build	projects.

 

Compliance Matrix
meet or exceed environmental 
commitments:
•	 STP	will	dispose	of	tunnel	muck	by	barge,	
reducing	600	truck	trips	on	local	streets	and	
highways	per	day

quality:
•	 STP	will	implement	quality	principles	consistent	
with	ISO	9001:2000

•	 STP	will	provide	an	independent	expert	review	
panel	to	confirm	design	and	constructability	of	the	
Project

maximize oPPortunities for Positive 
community imPacts and interaction:
•	 STP	will	support	WSDOT	in	establishing	and	
maintaining	a	proactive	community,	business,	and	
public	information	program
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Proposer’s Approach to  
Management of the Project
Seattle Tunnel Partners. STP is comprised of 
companies with a successful, proven track record 
and experience with complex large diameter tunnel 
projects in dense urban settings. The strategic 
teaming of STP  serves as a exemplary design-build 
model demonstrating the way a design-build team 
uses effective organization, expert key personnel, 
prudent project management plan, and judicious 
communication protocol to successfully deliver a 
large complex public works project on an accelerated 
schedule and within budget. 

Our team’s experience and lessons learned clearly 
indicate that our management approach will achieve 
or exceed WSDOT’s objectives. Additionally, our vast 
body of infrastructure work represents the  success 
of our management approach. In the narrative that 
follows, we describe STP’s management approach, 
a roadmap of our methodology to successful design-
build projects. 

STP has organized our team as a completely 
integrated joint venture composed of Dragados-USA 
and Tutor Perini Corporation. Our organizational 
structure allows us best respond and establish a close 
and collaborative working partnership with WSDOT 
and key Project stakeholders. 

The STP joint venture (JV) acts as a business unit 
and develops activity at risk for the service of our 
client WSDOT, under the limits of the contract. 
Our proven project management experience will 
contribute to reducing risk to WSDOT. 

HNTB, our collaborative lead design firm, is an 
integral part of our team. HNTB is performing 
the design for the Project under a design service 
contract without construction cost risk to the firm. 
HNTB is compensated on a services performed 
basis which encourages HNTB independence 
and professionalism. Not having an interest in the 
financial result of the Project keeps our designers 
focused on their assigned task— quality design.

To ensure that the design includes the most advanced 
knowledge and experience, HNTB has brought to 
the team specialty subconsultants, including: 

• Intecsa-Inarsa 
• Hart Crowser, Inc.
• Herrera Environmental Consultants
• The Greenbusch Group, Inc. 
• Wilson Ihrig & Associates

STP’s experienced local support includes Frank 
Coluccio Construction, Mowat Construction, and 
PRR. 

We will perform our contract scope of work in an 
open and collaborative manner on all Project levels 
with WSDOT staff. Per the direction of WSDOT, 
we will communicate and work together with all 
Project stakeholders. These additional stakeholders 
include the host jurisdiction, the City of Seattle 
(City), which has both a range of critical public 
policy objectives and technical concerns, including 
the successful relocation of utilities. We understand 
and respect the exposure to additional risk because 
of the construction activities by the Private Utilities. 
STP considers the Private Utilities our clients and 
will work with them in conjunction to address their 
concerns and objectives. 
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To achieve productive interaction throughout the 
Project duration, STP commits to remain flexible; 
we will respond to businesses and residents. Large 
public infrastructure projects, such as this, typically 
involve complex unknown impacts that can be 
difficult to mitigate. In some cases, we cannot 
completely mitigate impacts but we can immediately 
and effectively address them to establish positive 
results.

STP’s detailed project management system will 
transfer risk from WSDOT and will protect your 
community interests to the greatest extent possible.
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2.1 Project Management  
Approach 
Our project management approach includes four 
primary objectives:

1. Reduce overall risk to WSDOT
2. Provide the highest quality Project
3. Provide a Project within schedule  

and budget
4. Maximize opportunities for positive 

community involvement and interaction

Collaboration and communication are the keys to 
effective project management. STP will facilitate 
collaboration and communication to integrate all 
team members, which includes WSDOT and all 
Project stakeholders into a single team. This team 
will work together to deliver this landmark Project. 

Through co-location of design discipline leads, 
construction managers, quality and safety personnel, 
and WSDOT representatives, we will develop open 
communication and eliminate surprises to expedite 
design work and the review process. From past 
success on other design-build projects, we know the 
value of preparation and co-location; it fosters an 
atmosphere of cooperation. By having key managers 
sitting with each other, the ability to conduct over-
the-shoulder reviews of design and to work plans 
produces quick, informed decisions made with the 
right considerations to achieve  WSDOT’s schedule 
and budget.

STP possesses a unique accomplished history on 
successful tunneling and cut-and-cover construction 
projects, including:

• M-30 South Bypass South Tunnel in Madrid
• Barcelona Metro Line 9
• Alameda Corridor Mid-Corridor Design-

Build Project
• BART to San Francisco International 

Airport Extension 

STP brings proven project management systems 
that provide clear structure and delineated roles 
and responsibilities. Using our efficient processes 
and procedures, these proven systems in a co-
located environment, STP will integrate design 
and construction activities, allocate and manage 
manpower and equipment, coordinate work activities, 
compile and adjust resource-loaded schedule, make 
timely procurements, and coordinate delivery of 
material to proactively and effectively manage the 
Project. 

Overall Management Structure
The STP JV combines the strengths of Dragados 
with Tutor Perini. Dragados remains one of the 
largest construction firms in the world with more 
than 750 miles of tunnels, including some of the 
largest diameter bored tunnels. Tutor Perini, as one 
of the nation’s largest contractors, stands as a leader 
in design-build delivery with the experience and 
knowledge from constructing some of the largest and 
most complex public works projects in the country.   

Figure 2.1-1 illustrates STP’s overall management 
structure. STP has strengthened our team with the 
leading experts on:

• WSDOT methodology 
• Local construction requirements
• Primary knowledge of the local complex 

geological conditions
• Technical considerations  of tunnel 

alignment 
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Seattle Tunnel Partners
•	 Dragados-USA/Tutor	Perini	Corporation/HNTB

Dragados-USA
•	 Lead	Joint	Venture	Partner

Tutor Perini Corporation
•	 Joint	Venture	Partner

HNTB Corporation
•	 Lead	Design	Consultant

TeAm SPeCiAliSTS

Frank Coluccio Construction Company

mowat Construction Company

intecsa-inarsa 

Hart Crowser, inc.

Herrera environmental Consultants 

PRR

The Greenbusch Group, inc.  

Wilson ihrig & Associates

TUNNEL

Figure 2.1-1. STP Team.The STP Team includes one 
of the world’s most experienced large bore tunnel 
experts, national cut-and-cover expertise, and local 
design, deformation, and construction companies 
familiar with WSDOT and the City of Seattle.  
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Project Management Plan 
STP has prepared a draft internal Program 
Management Plan (PMP) with rules and procedures 
for all departments. This plan follows the principles of 
the ISO 9000 and builds on the project management 
plans used by STP parent companies. 

STP is developing the PMP to follow procedures 
of both parent companies’ policies on joint venture 
projects and to address the requirements of the 
following standards: 

• EN ISO 9001:2000 Quality Systems
• ISO 14001:2004 Environmental 

Management Systems
• OHSA 18001:2007 Occupational Health & 

Safety Management Systems
• ISO 31000:2009 Risk Management 

Principles and Guidelines 

STP’s PMP objectives will facilitate the work, 
execute our business, and ensure we complete the 
Project in a manner that:

• Complies with Contract requirements
• Complies with all relevant legislation
• Meets the specified standards with regard to 

operations, workmanship, and materials
• Manages risk to people involved with or 

affected by the Project
• Safeguards health of people involved with 

and affected by the Project
• Minimizes impact on and pollution to the 

environment

STP will review its status of achieving objectives 
on a regular basis throughout the Project by means 
of audits, inspections, and liaison with WSDOT 
and other stakeholders. We will verify the progress 
of our objectives by defining and monitoring 
Key Performance Indicators. We will amend the 
management system if necessary to increase controls 
where we recognize achievement short falls.

STP is developing the following Document Structure 
to meet the needs of the Project: 

• Quality procedures to cover the main 
business activities to control and cross-
reference any relevant departmental/
functional operation manuals or guidance 
notes. For further details, see Section 2.4 of 
this Proposal.

• Safety and Health procedures to address 
the contractual, regulation, and statutory 
requirements at work to be implemented 
on-site. For further details, see Appendix D 
of this Proposal.

• Environmental procedures to address 
the contractual, regulation, statutory 
requirements, and environmental protection 
standards to be implemented on-site. For 
further details, see Section 2.5 of this 
Proposal.

• Risk procedures to establish risk 
consideration for the complete decision-
making process. For further details, see 
Section 2.5 of this Proposal.

The Project Manager will approve the final PMP 
and all key management system documents that 
the Project Quality Manager prepares. The Project 
Manager’s signature will denote authorization. 
The Project Manager’s delegation of authority 
creates a management hierarchy, a formal line of 
communication, which defines the parameters of 
organizational responsibility throughout the entire 
Project organization.
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2.1.1 Description 
of Approach to 
Interrelationships 
STP’s program management  approach identifies 
an organizational management structure that 
facilitates proactive planning and execution through 
designated interrelationships. Through interaction, 
STP will maintain a rigorous schedule of meetings 
among the team. This includes communication 
among the primary Project groups, including project 
management, design, construction, risk, safety, 
environmental, quality, and public information.

WSDOT and STP Executive Committee and 
Project Manager Interrelationships
Our organization chart, presented in Section 2.2, 
shows the clear lines of communication among 
the team. These lines include a distinct level of 
autonomy within a highly organized hierarchy of 
roles and responsibilities. The Project Manager 
will be the principle contact with WSDOT and the 
Executive Committee. 

Project Manager and Key Project Offices 
Interrelationships
Four Offices, led by their respective managers, will 
support, report and provide the necessary tools and 
information to STP’s Project Manager (PM).

1. Administration and Finance Office will manage 
the payments to suppliers and subcontractors; 
accounting; and human resources, including 
payroll and banking operations. The manager 
will communicate daily with the PM and 
provide regularly scheduled updates and 
reports.

2. Commercial Office will prepare all contractual 
documentation from the request for expression 
of interest until the signature of the subcontract 
for subcontracts and supplies. The manager 
will communicate daily with the PM as well as 
regularly scheduled updates and reports.

Project Management Plan  
(PMP) Outline
1. Introduction
2. SR 99 Program and SR 99 Tunnel 

description
3. Interfaces between SR 99 Tunnel and 

other parts of SR 99 Program and related 
projects by the City of Seattle and private 
entities

4. SR 99 Tunnel Scope of Work
5. Team organization and team member 

responsibilities
6. Organizational structure, key personnel, 

authorities and responsibilities
7. Administrative and commercial policies  

and procedures
8.  Information technology
9.  Project Controls
 a. Work Breakdown Structure (WBS)
 b. Cost management
 c. Schedule management
 d. Documentation management  

 and control
 e. Earned value management
 f.  Reporting
10. Safety management
11. QA/QC management during design  

and construction
12. Change management
13. Risk management
14. Configuration management
15. Project and systems integration 

management
16. Environmental compliance management
17. Communication and community outreach
18. Testing and startup
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3. Deputy Project Office will oversee the 
construction and engineering activities that 
include design. Among these groups, the 
manager will schedule daily communications. 
Co-location will facilitate both formal and 
informal communications, shared knowledge 
and exchange of information.

4. Project Quality Office will include Quality, 
Safety, Environmental Compliance, 
Community Liaison (public information), and 
Risk. The Project Quality Manager (PQM) 
will establish and oversee rigid adherence 
to scheduled daily communications, reports, 
and updates. Because Quality, Safety, and 
Environmental Compliance will remain  STP’s 
priorities, the PQM will have a direct line of 
communication not only to these discipline 
managers but also to the Executive Committee. 
In addition, the discipline managers will have 
a direct line of communication to the PQM as 
well as to the Executive Committee. The PQM 
will also have regular update meetings with the 
Deputy Project Manager. 

STP Project Manager and  
Executive Committee

Our Project Manager, Alvaro Fernandez, 
reports internally to STP’s Executive 
Committee. The committee is comprised 
of members of the joint venture’s parent 

companies. These members include Antonio 
Nievas, Executive Vice President, Dragados-USA 
and Jack Frost, Executive Vice President, Tutor 
Perini Corporation. STP’s Executive Committee 
will nominate an Executive-in-Charge. As an 
STP commitment to Zero Accidents Policy the 
Executive-in-Charge as a minium will do a 
safety only Project walk to maintain a fresh-eyes 
perspective for objective auditing and observing 
the ongoing safety practices and procedures. See 
Figure 2.1-2.

STP’s Safety Manager will join the Executive-in-
Charge during the monthly audit. 

The Executive Committee will maintain an active 
on-site presence and will lead regularly scheduled 
meetings with project managers. The Project 
Manager will arrange and assist in the meetings. 
The Assistant Deputy Project Manager and other 
managers will provide additional requested 
assistance to report their area of responsibility. 

STP will invite Ron Paananen, WSDOT 
Administrator/Executive-in-Charge, and Linea 
Laird, WSDOT Project Director, to participate in 
dedicated STP Executive Committee/WSDOT 
meetings. 

With the participation of Ron and Linea, STP 
Executive Committee meetings will provide a 
valuable venue for WSDOT leadership interaction 
and proactive planning and execution. 
Our PMP establishes direct communication 
among several of the Project discipline managers, 
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Figure 2.1-2. Executive Committee 
Communication. Executive Committee 
participation and protocol, including as a 
minimum at least one monthly safety project visit, 
is an effective and significant value to maintaining 
worker and public safety.   
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the Executive Committee, including WSDOT 
representatives, and the corporate offices of  
Dragados-USA and Tutor Perini. The managers who 
have this direct communication with the Executive  
Committee include:

• Project Manager
• Project Quality Manager
• Administration and Finance Office
• Commercial Office

STP has organized the Safety, Environmental, 
Community Liaison, Risk, and Project Quality  
personnel so they are free from commercial and 
contractual constraints. These discipline managers 
represent STP on all matters relating to the application 
of the PMP. The Project Manager will develop the 
responsibilities for all other STP personnel. 

The Design Quality Assurance Manager (DQAM), 
the Environmental Manager, the Safety Manager, 
Construction Quality Assurance Manager, 
Community Liaison, and Risk Manager will keep 
the Project Manager and Executive-in-Charge fully 
informed through the Project Quality Manager. This 
will be done independently of the Construction 
Office and Engineering Offices.

2.1.2 Design Management
Concept of Design Management
STP’s philosophy is to proactively manage the 
design effort by dedicating experienced design 
and construction staff who work collaboratively to 
develop buildable designs. This approach verifies 
that not only are designs WSDOT compliant, but 
that the designs can be built, efficiently and safely, 
using preferred and proven construction methods. 

STP will manage the design organization as 
identified in the Project Management Plan, which 
also defines criteria and standards, and establishes 
expectations, work process, schedule milestones, 
and communication protocols.

Effective communication is essential to successful 
design management. Communication tools include 
co-location, task forces, conference calls, web-based 
meetings, video conferencing, and SMART Boards. 
Task forces are a proven means of facilitating 
communication and collaboration to develop 
innovation and to identify and resolve challenges. 
We used task forces to develop our proposal and 
estimate during the bid phase. We will continue and 
supplement these task forces by others throughout 
Project execution. This continuity of personnel and 
contract knowledge eliminates surprises and avoids 
delays. 

Organizational Structure  
of the Design Team
STP provides WSDOT with an experienced  
design-build contractor and a proven engineering 
team with project-specific experience. STP 
combines unique, combined relevant design-build 
experience on cut-and-cover, bored tunnels, and 
building projects; an intimate knowledge and 
understanding of the distinctive environmental and 
geotechnical conditions in the immediate areas; and 
a firm understanding and respect of Seattle’s historic 
and cultural requirements. Our design team provides 
WSDOT with individuals from the Puget Sound 
area with established relationships and working 
processes to facilitate immediate design startup 
without mobilization delays.

HNTB will perform the design in conjunction 
with Intecsa-Inarsa, and additional local, small, or 
disadvantaged businesses, and with the involvement 
of the construction side of STP. To ensure WSDOT 
involvement and to ensure design compliance with 
project requirements, we will hold positive and 
interactive task force meetings where participants 
feel comfortable exchanging ideas and verifying 
that we meet design requirements during design 
development. Section 2.2 presents the design 
organization chart.
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Roles and Responsibilities  
of Key Design Staff
An added value of our design organization is the role 
Dan Dixon holds as our Design Director. With more 
than 25 years of experience as an engineer in the 
Seattle/Puget Sound area, he has been responsible for 
project oversight of several projects, including the 
Sound Transit University Link Light Rail Extension 
bored tunnels, the I-405 Corridor Development 
Program, and the new Tacoma Narrows Bridge. All 
three of these projects were developed in co-located 
project offices. Dan also worked on the design and 
construction phase of the I-90 Mount Baker Ridge 
Tunnel and Seattle Lid projects, as well as recent 
efforts to review and upgrade the systems for these 
tunnels.

As Design Director, Dan will be responsible for 
ensuring that we focus our organizational efforts on 
WSDOT’s Goals through the life of the Project and 
that we seamlessly integrate the SR 99 Bored Tunnel 
Project into the entire SR 99 Program. Dan will be 
responsible for delivering a safe design and will work 
on Project delivery elements from concept through 
the environmental process, design, and construction. 

Dan is the point of contact for the design team. He 
will report to STP’s Engineering Manager. 

Dan’s roles and responsibilities include:
• Overseeing design team participation in task 

forces, committees, and team meetings and 
integrating decisions into the  
design-build process

• Integrating environmental and third-party 
commitments into the design-build process

• Integrating the quality management plan 
into design development

• Overseeing the design team’s scope, 
schedule, and budget performance

Dan’s interaction with the construction team will 
include regular meetings with the Engineering 
Manager and his team. He will also interact with 
the construction team and WSDOT on task forces, 
committees, and teams. 

Our second point of contact for the design team is 
Design Manager Rich Johnson. Rich has 28 years 
of tunnel and engineering experience, including 11 
years as a tunnel design manager. His experience 
includes eight tunnel projects varying in length from 
185 feet to more than 9,300 feet.  Reporting directly 
to Dan, Rich will be responsible for ensuring we 
complete all aspects of design, meet design criteria, 
and achieve design milestones. 

As the principal engineer in charge of the design 
development, Rich’s roles and responsibilities include:

• Ensuring we complete the overall Project 
design and meet all design criteria

• Developing packages in concert with 
the Project schedule and construction 
requirements and approaches

• Representing design as a member of the 
Commissioning Team

Two of Rich’s key personnel are Tunnel Design 
Manager Samuel Estefania and Cut-and-Cover 
Structures Manager Jerry Dorn. Samuel brings 
more than 36 years of experience in the design and 
construction of major civil works projects, with 
an emphasis in large bore (greater than 30 feet in 
diameter), double shield and cut-and-cover tunnels, 
including double stacked tunnels for highways, 
light rail and high speed rail projects. Jerry is one of 
HNTB’s leading structural engineers with extensive 
experience in the design and construction of complex 
roadway tunnel and bridge structures within urban 
settings. 

Rich and his team of managers will oversee a deep 
organization of Discipline Managers to ensure 
that we consistently implement design decisions 
throughout the Project. Discipline Managers lead 
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engineering teams as they prepare discipline-specific 
design across all areas of the Project. Area Package 
Managers interact with the Discipline Managers 
to ensure timely completion of multidisciplinary 
construction packages.

This organization facilitates the consistent application 
of design principles and communication of design 
concepts throughout the team. More importantly, 
it encourages shared creativity and coordination 
among designers on this complex Project. In this 
collaborative design organization, our team will 
work together to solve challenges on the Project and 
to ensure that the individual Project components 
fluidly work together. 

Rich will regularly interface with the construction 
team to collaborate and coordinate approaches to 
construction and by organizing and facilitating 
constructability reviews. He will participate on task 
force, committee, and team meetings. 

Dan and Rich will meet regularly to integrate 
environmental commitments and permit 
requirements and to coordinate input to and feedback 
from:

• Task forces, committees, and teams
• Environmental team regarding 

commitments and permit requirements
• Constructability reviews
• Interdisciplinary reviews
• Quality control findings and 

recommendations
• Third-party stakeholders, including utilities
• Other construction contracts

We will combine the Design Director and Design 
Manager roles when we complete the design, move 
environmental oversight into compliance monitoring 
during construction, and decrease and stabilize the 
number of task forces, committees, and teams and 
their respective members.

Total Staffing Required for Design 
STP commits proven professionals in the key 
positions to deliver an efficient, high quality tunnel 
design. We evaluated the design requirements and 
determined the staffing needs over the life of the 
design-build contract. Figure 2.1-3 presents this 
information.  

We have based our staffing plan on our resource-
loaded design schedule, a component of the overall 
Project schedule (presented in Section 3) with related 
design and construction activities linked together. 
These ties allow our team to immediately understand 
the impacts of any design schedule changes on 
construction and adjust our staffing plan. 

Three Managers Report to Dan:
• Design Manager
• Environmental Design Manager
• Third-Party Utilities Coordination 

Manager

Seven Managers Report to Rich:
• Tunnel Design Manager
• Cut-and-Cover Structures Manager
• Tunnel Interior Structures Manager
• Geotechnical Manager
• Systems Design Manager
• Civil Design Manager
• Building Design Manager
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2.1.3 Approach to Addressing 
Constructability, Durability, 
Maintainability, and 
Environmental Protection
We will define Project requirements for 
constructability, durability, maintainability, and 
environmental protection in our Project Management 
Plan and embed them in our Design Definition 
Documents. We will use the task force process to 
review our work plans with WSDOT and third 
parties to confirm that our designs conform to Project 
requirements. Our approach is based on our Team 

members’ successful experience addressing these 
concerns on other tunnel and complex infrastructure 
projects and will result in a collaborative forum that 
will enable us to proactive resolve issues before they 
become problems. 

Constructability
Constructability reviews performed early in 
the design process are a proven method for 
controlling risks. A key advantage of design-
build contracting is the ability of the design 

team to closely interact with the construction team. 

To ensure we produce world-class constructable 
plans, this interaction during the design phase will 
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occur through co-location and task force meetings. 
Design engineers will collaborate with construction 
superintendents during preparation of design 
and development of specifications to confirm the 
design is compatible with preferred methods of 
construction. Each construction superintendent will 
perform a constructability review of each design 
document ensuring that the design is compatible 
with the preferred construction methods. 

We will manage constructability reviews and track 
them to confirm that we performed all required 
reviews. Additionally, our designers will confirm 
there are no conflicts in design between the different 
design teams. The Design Quality Assurance 
Manager and the Design Manager will review the 
plans to confirm agreement and that the design 
complies with Project intent. The Design Quality 
Assurance Manager will audit this process. This 
collaborative process will occur at each design 
development stage. 

During the proposal phase, our co-located design and 
construction teams held numerous design studies 
and discussions to resolve key constructability 
issues. The decisions reached in these sessions are 
the starting point for STP’s design. The process 
helped us develop a respect for and understanding of  
each other. 

Constructability issues we considered in our proposal 
and bid include:

• Using an EPB TBM instead of a slurry 
machine. Dragados’ extensive experience 
on large bore EPB machines, including 
the M-30 South Bypass South Tunnel in 
Madrid, results in a minimum learning 
curve on the TBM for the SR 99 Bored 
Tunnel Project and reduced risk to WSDOT. 
See Figure 2.1-4. An EPB machine offers 
a high level of control to monitor ground 
activity and subsurface conditions, allowing 
tunnel construction to advance without 
damaging utilities and structures above the 
tunnel. In addition, the EPB neither requires 
treatment or disposal of slurry – a costly 
process –or on-site slurry treatment.

• Installing secant piles instead of 
slurry walls. Secant piles do not require 
the treatment or disposal of slurry. This 
minimizes environmental and transportation 
risks related to spoils.

• Installing permanent support of our 
excavation instead of temporary 
support. Our design to use the support of 
excavation for the cut-and-cover portion of 
the tunnel as part of the permanent structure 
not only contributes to the viability of our 
proposed South Approach realignment but 
also reduces construction costs and allows 
us to complete the Project early.

Figure 2.1-4. TBM Operation on the M-30 South 
Bypass South Tunnel Project. Selecting the proper 
EPB TBM for the ground conditions in Madrid 
resulted in Dragados achieving a daily production 
rate of 60 feet and a maximum daily production rate 
of 150 feet.
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• Using a start-up section prior to full 
tunnel boring. Considering the dimension 
of the TBM, we will use the start-up section 
to test the machine and fully train our 
personnel on its operation prior to boring 
north of King Street. This will ensure 
a smoother operation of the TBM as it 
progresses northward into the deformation 
critical areas under the City.

• Preparing a Space Allocation and 
Verification Study. Our systems team, 
including both design and installation 
professionals, refined the mechanical 
and electrical systems and completed a 
conceptual space allocation and verification 
study.

Durability
A durable tunnel is the result of a well-thought out 
design concept with proper design details, quality 
materials, and construction methods appropriate 
for the constructed component. The Project design 
criteria, standards, and materials compare favorably 
to tunnel industry recommended practices, and with 
appropriate periodic maintenance will safely support 
a system life-cycle in excess of the cycles specified 
in the contract documents. 

STP includes designers and contractors with 
significant hands-on experience in designing and 
constructing similar LEED-equivalent buildings. 
The use of design details, methods, and materials 
that minimize WSDOT’s life-cycle maintenance 
and rehabilitation costs will be incorporated into our 
Project specifications and criteria.

During the design process, QA/QC staff will 
concurrently review the design and planned 
maintenance program to confirm that the system will 
support the intended life-cycle. If staff discover a 
deficiency, they will recommend proper actions for 

remediation prior to release for construction. During 
construction, QA/QC staff will confirm the delivered 
system complies with project criteria by referencing 
approved design documents.

During our proposal phase, our durability discussions 
included:

• Secant pile waterproofing. By applying 
waterproofing to the secant piles, we 
will reduce the infiltration of water to the 
concrete structure ensuring a longer life 
cycle and durability for the concrete.

• Rebar. Epoxy coating on exposed top 
layers of steel and on mechanical and 
electrical support will prevent rust from 
accumulating on the material and improve 
its durability.

• Distribution power lines. By relocating 
the low and medium voltage distribution 
power line conduits in the tunnel from the 
bottom of the utilidor to the utilidor ceiling, 
the conduits will be less exposed to water  
and moisture. 

Maintainability
Since operating tunnels provide limited 
work windows for maintenance, we  
will develop a project design to allow  
WSDOT to complete routine maintenance 

within the available timeframes. STP will address 
maintainability in our design planning and task 
forces and we will evaluate materials and components 
that minimize maintenance. Our team has expertise 
in similar type structures and systems and will 
develop a design that results in reduced maintenance 
and optimizes life-cycle costs.

In our approved ATC No. 3, we replaced the 
programmable logic controllers at each node (17 in 
total) with remote input/output hardware connected 
by a redundant dedicated control network to refine 
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the Supervisory Control and Data Acquisition 
system. This ATC:

• Reduces the electrical equipment needed in 
each tunnel electrical room resulting in less 
maintenance

• Reduces repair and maintenance costs to 
just two sets of redundant programmable 
logic controllers rather than 17 sets

• Provides a more efficient use of equipment 
and space

• Requires less programming effort
• Divides WSDOT’s proposed single 

communications network into three distinct 
systems for data control, communications, 
and fire alarm network to increase data 
speed and capacity and provide flexibility 
for future additional communication 
systems without impacting system quality

In addition to ATC #3, we examined other 
maintainability issues during the proposal phase. For 
example, we propose:

• Relocating the traffic surveillance cameras 
closer to the shoulders to allow crews to 
work on them without shutting down two 
lanes of traffic

• Reconfiguring the electrical system and 
streamlining the electrical equipment 
requirements in the Tunnel Operations 
Buildings resulting in fewer pieces of 
equipment to maintain

• Moving conduit out of the tunnel ceiling 
so as to be more easily maintained and less 
vulnerable in a fire

During final design, we will focus on reducing 
maintenance of specific items within the tunnel that 
have proven to be maintenance intensive, including 
access to dampers, roadway lighting, and ductwork. 
Coordination with WSDOT maintenance personnel 
will ensure a tunnel design that is easily maintainable 
and optimizes life-cycle costs. 

Environmental Protection
Environmental protection begins with 
design. The environmental component of 
STP is a fully integrated and major partner 
of the design team. STP will implement an 

Environmental Compliance Program that will include 
a database inventory of environmental commitments, 
implementation responsibility assignment, timing 
requirements, verification responsibility assignment, 
and links to any work hold points. 

We will also include environmental awareness 
training for all project personnel so that every 
individual has the tools to recognize permit violation 
threats and to avoid violations. Quality staff will have 
training in environmental monitoring and awareness 
to provide constant oversight of the site.

Bill Jordan, STP’s Environmental Manager, 
will implement our Environmental Compliance 
Program. Additionally, the task force and design 
review process will verify that we comply with all 
commitments within the Record of Decision and the 
Environmental Impact Statement throughout design 
and construction.

STP’s approved ATC #5 reduced the footprint for the 
South Approach Area resulting in less stormwater 
runoff for collection, treatment, and release. Our 
reduced footprint also means less disturbed surface 
area in the South Approach Area and reduced risk of 
encountering cultural artifacts.

2.1.4 Design and 
Construction Organization 
Interfaces
Decisions are a daily aspect of every project. 
Construction decisions affect completed design, 
while design decisions affect preferred construction 
methods. All decisions ultimately affect schedule 
and cost. Therefore, decision makers must render 
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decisions based on accurate and factual information 
considering the effect of design and construction. 

The decision-making process is most effective 
when project leadership employs an integrated 
approach that ensures that the responsible design and 
construction staff provide input and perspective for 
each and every decision. This makes communication 
and online access to data critical to the decision-
making process.

STP began its integrating and coordination process 
in June 2010 when our design and construction 
teams co-located to develop this proposal and its 
technical solutions, schedule, and estimate. These 
established relationships coupled with our team 
members’ extensive experience on numerous design-
build projects will result in immediate and long-term 
benefits to WSDOT, including:

• Shorter construction schedules
• Reduced construction risk
• Improved constructability
• Reduced traffic
• Reduced community impacts
• Improved communications

STP will continue to integrate and coordinate the 
design and construction efforts through:

• Assigning a full-time Design Director
• Co-locating design and construction teams
• Adding a Structures Task Force
• Holding effective task forces and over-the-

shoulder reviews
• Holding formal constructability reviews by 

those who build the work
• Maintaining designer involvement  

during construction
• Establishing a resource-loaded design 

schedule

Full-Time Design Director
STP’s added value position of Design Director 
serves as the conduit between the design team and 
the construction team. The Design Director reports 
directly to the Engineering Office, who in turn 
reports directly to the Deputy Project Manager.

Co-Location
Our plan for the SR 99 Project is to co-locate 
our design and construction teams immediately 
following NTP 1 to WSDOT’s Third Avenue office 
in Seattle. STP Team members have had outstanding 
success with co-location on design-build projects 
as it allows individuals to work collaboratively to 
produce a higher quality final product. 

Construction superintendents will begin their 
preliminary planning to identify how we will 
perform the major elements of the work and to allow 
our designers to customize designs to account for the 
superintendent’s plan. This early involvement will 
give our designers a better understanding of features 
critical to the tunnel’s success. It also facilitates 
involvement by WSDOT in the design process so 
your input is addressed in real time.

We will carry the technical understanding we gain into 
the planning and execution of the work, providing 
for an increased focus on important elements and an 
overall higher level of quality.

Task Forces and Over-the-Shoulder 
Reviews
STP will use task forces and over-the-shoulder 
reviews to tightly integrate design and construction. 
We will compose task forces of team members, 
quality assurance leads, WSDOT, and third parties. 

Task forces are a creative force to empower the 
design-build process and integrate design with 
construction. Task force team members can present 
their ideas to the entire team and ensure that design 
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and operational planning moves forward correctly. 
We can discuss issues brought up and resolve 
them with the understanding of both the design 
and construction constraints. This formal interface 
with both design and construction personnel allows 
for effective resolution of issues or concerns that 
WSDOT or third-party stakeholders may have.

Figure 2.1-5 shows recurring task forces, teams, 
and committees that will meet regularly. We have 
assumed leaders (L) and participants (P) for designers, 
contractors, WSDOT, and other stakeholders.

Over-the-shoulder reviews will allow WSDOT to 
provide immediate input to design concepts and 
directions prior to formal submittal of the plans. 
These reviews are possible because of co-location of 
WSDOT and STP Team members in a shared office.

Since June, STP officials have been interfacing 
with WSDOT regarding the SR 99 Bored Tunnel 
Project. As shown in Table 2.1-1, we have held 
many meetings with WSDOT to discuss Alternative 
Technical Concepts and other issues.

DATe
meeTiNG 

TyPe loCATioN Time
meeTiNG 
leADeR DeSCRiPTioN

24-Jun-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

10:30	-	11:30	AM Bernardo	Palicio	
-STP

Discuss	South	Portal	and	
Settlement	Mitigation

8-Jul-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

10:00	-	11:00	PM Bernardo	Palicio	
-STP ITP	/	Contract

8-Jul-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

11:00	-	12:00	PM Bernardo	Palicio	
-STP Geotechnical	

8-Jul-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

1:00	-	2:30	PM Bernardo	Palicio	
-STP Civil

8-Jul-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

1:00	-	2:30	PM Terry	Bulfin		
-STP Architectural

4-Aug-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

9:30	-	11:30	AM Manuel	Pardo	
-STP

Discuss	South	Portal	and	
Deformation	Mitigation

11-Aug-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

10:00	-	12:00	PM Manuel	Pardo	
-STP Discuss	South	Portal	

17-Aug-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

1:00	-	4:00	PM Manuel	Pardo	
-STP

Insurance,	Permitting,	Bond	
and	Legal	Issues

24-Aug-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
Downtown	
Seattle

9:00	-	11:30	AM Manuel	Pardo	
-STP

Insurance,	Permitting,	Bond	
and	Legal	Issues

8-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 2:00	-	4:00	PM Manuel	Pardo	

-STP
Meeting	with	Brian	Nielsen	of	
WSDOT

Table 2.1-1. STP/WSDOT Proposal Phase Meeting Log.
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DATe
meeTiNG 

TyPe loCATioN Time
meeTiNG 
leADeR DeSCRiPTioN

9-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 1:00	-	2:00	PM Manuel	Pardo	

-STP
Meeting	to	discuss	STP's	DBE	
approach

9-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 2:00	-	4:00	PM Manuel	Pardo	

-STP Meeting	to	discuss	the	contract

13-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 1:00	-	3:00	PM Manuel	Pardo	

-STP
Meeting	with	WSDOT	to	
discuss	ATC	#5

17-Sep-10 Client	Meeting	
(WSDOT)

STP	Office	-	
Bellevue	 10:30	AM	-	3:00	PM Manuel	Pardo	

-STP
Meeting	with	WSDOT	to	
discuss	ATC	#5

20-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 10:30	AM	-	1:00	PM Manuel	Pardo	

-STP
Meeting	with	WSDOT	to	
discuss	ATCs

22-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 2:00	-	4:00	PM Manuel	Pardo	

-STP
Meeting	with	WSDOT	to	
discuss	ATC	#5

23-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 12:30	-	2:00	PM Jorge	Vañó		

-STP

Meeting	with	WSDOT	to	
discuss	ventilation	and	tunnel	
systems

28-Sep-10 Client	Meeting	
(Sec	of	Trans)

WSDOT	Office	
-	Seattle 10:00	-	11:00	AM Manuel	Pardo	

-STP

Meeting	with	the	State	
Secretary	of	Transportation	to	
discuss	Project

28-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle

11:00	AM	-	12:00	
PM

Manuel	Pardo	
-STP Meeting	to	discuss	ATC	#5

29-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle

11:00	AM	-	12:00	
PM

Manuel	Pardo	
-STP

Meeting	to	discuss	ATC	#5	
staging

29-Sep-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle

11:00	AM	-	12:00	
PM

Josh	Randall		
-STP Meeting	to	discuss	DMS

29-Sep-10 Client	Meeting	
(WSDOT)

STP	Office	-	
Bellevue	 1:00	-	3:00	PM Manuel	Pardo	

-STP

Meeting	to	discuss	ATC	#5	
staging	and	construction	
sequencing

1-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle

11:00	AM	-	12:00	
PM

Manuel	Pardo	
-STP

Meeting	to	discuss	ATC	#5	
Deviations

7-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 12:00	-	2:00	PM Jorge	Vañó		

-STP
Tunnel	Systems,	ATC	#6	and	
#7

8-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 8:00	-	10:00	AM Rich	Johnson	

-STP Meeting	to	discuss	DMS

13-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 8:00	-	9:00	AM Rich	Johnson	

-STP Meeting	to	discuss	DMS

20-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 8:00	-	9:00	AM Rich	Johnson	

-STP Meeting	to	discuss	DMS

20-Oct-10 Client	Meeting	
(WSDOT)

WSDOT	Office	
-	Seattle 9:00	-	10:00	AM Manuel	Pardo	

-STP High	Level	Contract	Issues
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Formal Constructability Reviews
Design-build projects provide a unique opportunity 
to perform constructability reviews of plans and 
specifications before they are issued for construction. 
Formal constructability reviews drive integration 
and coordination between design and construction. 
Constructability reviews will control quantity 
growth, ensure economical construction of the 
tunnel, and avoid delays associated with field design 
changes during construction.

Constructability reviews begin early in the design 
process to expose, evaluate, and address the variety 
of concepts available. In fact, our proposal team held 
numerous constructability reviews to prepare our 
ATCs and advance our proposal. Input in the early 
design phases has the greatest impact on price as 
design concepts are very difficult and expensive to 
change late in the design process. Our upfront work 
will limit changes.

To ensure integration and coordination, we will 
further discuss the information developed in 
constructability reviews in Task Force Meetings.

Designer Involvement During 
Construction
The involvement of design and construction is critical 
during the construction phase. Our designers will 
provide post-design services to the construction team 
that include resolving field design changes, review 
of shop drawings, maintaining as-built drawings, 
and a variety of other services. We will continue to 
co-locate through the Project’s completion. 

STP will also implement a request for information 
(RFI) process, a tool to document both questions and 
answers between construction and design teams. A 
team member will submit a question on a standard 
form, responses will be tracked, and approvals 
documented. We will incorporate these RFIs with the 
as-built files and within our document control system.

2.1.5 Plan for Completing 
Preliminary Engineering
Our approach to preliminary engineering is 
deliberate – deliver the products needed at the right 
time, to achieve the right results, and to pave the 
way for final design and construction. Preliminary 
engineering efforts will focus on the activities 
necessary to confirm the design STP has proposed 
and to identify and advance all activities that we can 
undertake prior to NTP 2. 

Following NTP 1, we will confirm our understanding 
of the limitations established by FHWA regulations 
with respect to allowable work prior to a Record 
of Decision (ROD). We recognize that staying 
within these limitations is of extreme importance 
to WSDOT and to STP, and we do not want to 
disrupt or prejudice the NEPA/SEPA process. We 
will update our list of design activities required to 
complete permit applications and incorporate them 
into the schedule.

Streamlining Permitting  
and Approvals

We will support WSDOT’s position by 
identifying environmental documents that 
require updating or modification and 
developing or providing the necessary 
information. Our proposed design for the 
South Approach Area reduces the Project’s 
footprint and, therefore, the environmental 
impacts. The design does not require a 
supplement to the environmental documents 
filed by WSDOT. 
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Tunnel Fire/Life Safety Committee Monthly P P P P L P P P P P

Environmental Task Force Weekly P P L P P P P P P P

Project Public Information Team Meetings Weekly P L ? P P L P P P P P

Risk Register Update Meetings Monthly L? ? P? L P P P P

ITS Task Force As required P L P P P P

Road/Traffic Task Force Weekly P/L L L P P P P

Structures Task Force (Value Added) Monthly P L P P P P P P P

MOT Task Force Weekly P P L L P P P

Quality Assurance Team Meeting Weekly P L P P P P

Carbon Monoxide Monitoring System Task Force Meetng Weekly P/L P P/L P P P P

Tunnel Fire Suppression Systems Meetings As required P/L P P/L P P P P

Electrical Task Force and Traffic Design/Tunnel System Team Weekly P P/L P P/L P/L P P P P P P

Security Task Force Weekly P/L P P/L P P P P P

Ground Improvement Task Force Daily P P P P P P P P P P P

Building Task Force Weekly P P P P P P P P P P P

Construction Monitoring Task Force Daily P P P P L P P P

Tunnel and Roadway Systems Allocation/Verification Task Force As required P P P P P P P P P L P P P P

Urban Design Task Force Monthly P P L P P P P

Bi-weekly Project/Stakeholder Coordination Meetings Bi-weekly P P P L P P P L L P P P P

Utility Task Force Periodic P P P P L P L P P P P P P

Bi-weekly Project/Utility Stakeholder Coordination Meetings Bi-weekly P P P P L L P P P P

Tunnel and Building Utility Services Meetings with Individual 
Utility Owners

Periodic P P P P/L P/L P P P P

Tunnel and Building Utility Services Meetings between WSDOT 
and Design-Builder

Periodic P P P P/L P/L P P P P

Commissioning Team ** P P P P P L P P P

4
6
0
5
5
_1
8
6

Figure 2.1-5. Recurring Task Forces. Task Forces are a creative 
force to empower the design process.

**Monthly during Design; Monthly during Construction, Weekly final 6 months of construction; (L) leaders; (P) participants**Monthly during Design; Monthly during Construction, Weekly final 6 months of construction; (L) leaders; (P) participants
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Because the environmental process occupies such 
an important position in the success of this Project, 
STP is committed to leveraging our knowledge 
and experience of the NEPA/SEPA process to 
successfully navigate the system. See Figure 2.1-6. 

Our Environmental Manager Bill Jordan will lead 
the environmental team in thoroughly defining all 
connections and links between the environmental 
and permitting processes to ensure compliance. 
We will update our database to reflect the permits, 
agencies, requirements, timeframes, and other critical  
tracking items.

Our relationships and past working histories with 
WSDOT and the City of Seattle, as well as the 
permitting agencies involved in the SR 99 Bored 
Tunnel, give our environmental staff a familiar 
presence in the permitting arena. During Preliminary 
Engineering, we will identify and meet with those 

individuals who will be reviewing permit applications 
for final approvals. Walking them through our draft 
applications and discussing the detail and effort 
required for approval will make the final process 
more efficient. 

We will shelve the applications until WSDOT issues 
NTP 2, at which time we can quickly update and 
submit them to a permitting team that is already 
familiar with the applications and has provided 
critical input to them. This will streamline the 
approval process and allow STP to jumpstart our 
work immediately following NTP 2.

STP will support WSDOT in those applications 
for permits and approvals that WSDOT will 
directly procure. We will develop and provide any 
necessary information to help WSDOT complete the 
application process.

STP’s NTP 1 objectives for completing Preliminary 
Engineering include:

• Supporting early acquisition of ROD
• Establishing baseline references for final 

design, deformation monitoring
• Readying all permit applications for review 

and approval immediately upon receipt of 
NTP 2

• Completing partnering and co-location 
process

• Supporting refined planning for construction 
phase

• Addressing temporary site developments
• Conducting preconstruction surveys
• Developing all prerequisite project plans
• Establishing task forces, teams, and 

committees — defining purpose, objective, 
leader, members, meeting frequency, and 
interrelationships

Figure 2.1-6. I-405 Corridor Program. NEPA/
SEPA environmental clearance documentation 
for the 195th to SR 527 improvement project was 
completed in 10 weeks – the only project in the state 
that went from concept to delivery in that short 
amount of time. 
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• Implementing a Task Force Participation 
Agreement — must participate in meetings 
to comment on submittals, establishing 
maturation process for group — for 
example, when is the objective complete? 
Will the group disband, shrink, or merge 
with another?

• Adding a Structural Task Force 
• Ensuring that WSDOT maintenance 

and operations staff will ultimately 
be responsible for the facility and be 
represented on appropriate task forces and 
committees

• Developing joint understanding of 
environmental commitments

• Outlining permit applications and required 
documentation support

• Conducting early reviews of permit 
applications with agencies

• Completing Preliminary Engineering Phase 
A: Design Definition Package

• Developing joint understanding of Basis of 
Bid Design and Assumptions

• Assessing ATCs from other proponents as 
requested by Owner

• Establishing design criteria application
• Conducting interdisciplinary and 

constructability reviews; modify design 
definition as required

• Advancing Preliminary Engineering Phase 
B: Design Development as needed to 
support permit applications and approval 
requests and provide deliverables required 
prior to NTP 2

• Advancing design based on design 
definition as required to achieve NTP 1 
objectives

• Conducting interdisciplinary and 
constructability reviews; modify design  
as required

• Prepare shelving memos

Managing Changes from the 
Environmental Process
We are committed to an environmentally sensitive 
Project. We consider archaeological sites avoidance 
and recovery; erosion control and protection of 
waterways; and control of noise and dust important 
in our design. We will comply with the ROD and 
mitigation plans developed for this Project. Bill 
Jordan has the responsibility of environmental 
compliance and change management. 

STP will work with WSDOT in our co-located office 
to identify any differences between our proposed 
design and the final ROD. Once we identify any 
differences, STP will develop potential alternatives 
to resolve the differences to determine the best 
solution for the Project with regard to cost, schedule, 
environmental impacts, and quality and durability. 
By working jointly with WSDOT, we will bring 
the right people together to identify and solve 
such problems, evaluate alternatives, and provide 
consistent cost analysis.

We will fully educate our team of designers on the 
environmental commitment and mitigation plans 
resulting from the ROD. We will develop our 
designs to comply with the mitigation plans. As part 
of the design quality control, our environmental 
compliance inspector will monitor the design to 
verify we properly adhere to the mitigation plan. 

2.1.6 Construction 
Management Concept
The Construction Management of a design-build 
tunnel project presents many challenges. This 
Project will require the systematic integration 
of work segments that are linked by design and 
construction interfaces, permit and phase timing, 
work resources, mitigation of existing conditions 
and structures, and safety objectives. 
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The construction management concept will include:
• Organizing the work into manageable 

sequence and systematic phasing
• Providing adequate and knowledgeable 

resources to support the organizational 
reporting structure

• Assigning individual authority and 
responsibility to each construction manager, 
engineer, and supervisor

• Instilling a level of independence and 
allowing individuals to act upon their 
prescribed authority and responsibility

• Auditing the effectiveness of the 
management structure, authority, and 
independence. Mitigate those functions 
that stumble and reinforce those effective 
functions

• Developing and issuing the Construction 
Quality Control Plan to the construction 
team and training all key supervisory and 
engineering staff upon its use

• Developing and issuing the System Safety 
Program Plan to the construction team and 
training all key supervisory and engineering 
staff upon the program; establish procedures 
and training to conduct regular tool box 
field reviews once production in the field 
commences

• Developing and issuing work procedures
• Establishing contacts and commencing 

coordination with all permit authorities.
• Setting up the necessary document control 

and drawing issue systems to document 
the receipt in the field of “issued for 
construction drawings” and the issue of 
these to the field for construction

• Setting up the necessary systems for 
documenting and managing the resolution 
of technical questions arising from the field 

• Conducting kick off meetings with 
subcontractors, including introduction to 
site quality and safety requirements

• Identifying and mobilizing all construction 
equipment

• Establishing all employment formalities 
to manage the recruitment and training 
of labor and craft journeymen, including 
medical and drug testing facilities and as 
necessary any special training requirements

• Conducting training programs for all Project 
staff and field employees, and ensuring the 
proper registration to enable all members of 
the Project team to access site

• STP will integrate a resident engineer 
oversight functions into our construction 
implementation, quality control, and 
safety functions. This provides a flat, more 
responsive organization. The Construction 
Manager has the authority to direct all 
construction activity in compliance with the 
Project’s mandatory documents in a safe 
and compliant manner

• The Project Quality Manager will 
implement the Construction Quality Control 
Plan and will have independent authority 
within STP to ensure we implement all QA/
QC recommendations and the contractor’s 
work meets all quality and other 
requirements of the mandatory document

• The Construction Manager will oversee all 
project engineering, expediting materials 
and equipment, installation of permanent 
work, and coordination of the quality 
control and safety initiatives. Construction 
Quality Control Manager (CQCM) will 
oversee a staff of engineers, inspectors and 
test labs that provide independent oversight 
of construction performance
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Coordination
Project coordination requires accurately identifying 
and assigning the work, mutually planning the work, 
and communicating events that affect team members.

Clear communication will be the vital link of our 
coordinated efforts. We will develop various forms of 
communication in the program development phase 
and re-enforce them in each successive work phase. 
Then, we will monitor processes for effectiveness 
and change them if necessary. Construction 
management will communicate through meetings, 
formal reporting, and written correspondence.

Meetings
We will properly structure meetings for each 
specific function. We will distribute an agenda 
to each participant prior to the meeting. A senior 
manager will chair each meeting. We will limit 
the meeting to the agenda. Minutes will validate 
meeting discussions, agreements, action items, and 
responsibility. Subsequent meetings will follow up 
and verify proposed action. We will establish regular 
meetings for specific functions.  

Task Force Meetings are an integral part of our 
communications process. 

Reporting
The Construction Manager will formally report the 
appropriate items on a monthly, weekly, or daily 
basis as necessary. We will provide a detailed listing 
upon award.

Written Correspondence
The Construction Manager will provide all formal 
direction in writing. A unique tracking number that 
classifies the type of correspondence, the origination, 
and sequential order will identify each correspondence. 
STP will communicate daily using the Project’s web-
based system that will link the team through a variety 
of communication options.

• The Construction Manager will have regular 
scheduled meetings with the CQCM to 
monitor construction quality control plan 
and procedures. The CQCM will conduct 
quality pre-planning meetings with the STP 
Team and subcontractor work forces

• The Safety Manager will develop the 
System Safety Program Plan and will 
have independent authority to enforce its 
provisions. The Safety Manager will have 
stop-work authority

Independence
The construction management, technical inspection, 
safety, and quality functions of the construction 
organization will have a high degree of independence 
to freely interpret, direct, and report within the limits 
described in the Management Plan. Our philosophy 
is to grant each function and level of management 
independence to act responsibly within their 
prescribed level of authority.

Construction Phasing
The Construction Manager, under direction of the 
Project Manager, will manage the construction 
phasing, testing, and placing into service of the 
project systems. The Construction Manager will 
plan the work in accordance with the Construction 
Phasing Plan and Preliminary Schedule. 

The Construction Manager will assess and implement 
sufficient resources to execute the work in accordance 
with our plan. As work proceeds, we will document 
progress and compare it to our construction plan in 
the form of schedule updates, reports, and progress 
meetings. The Construction Manager will act upon 
these findings subject to their relevant impact.

STP considers the management and coordination of 
all utilities to be a critical component of phasing the 
construction work.
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2.1.7 Integrating  
WSDOT Personnel
The STP Team members have a successful history 
of integrating with owners on complex design-build 
projects worldwide. See Figure 2.1-7. Some of the 
proven techniques we will use to integrate WSDOT’s 
personnel with our Project team include co-locating 
staff, implementing regular communication between 
peers in a zippered relationship model, and establishing 
work groups, task force groups, and issue resolution 
teams. We also will use a document control system 
that allows for real-time communications and access 
to Project documents.

One of the essential goals of our Project Management 
Plan is to make it easy for WSDOT to gather 
information from and provide input to our design-
build team. The STP Team is currently co-located in 
the Seattle area. 

Following NTP 1, core STP Team leaders will relocate 
to WSDOT’s Third Avenue office. This will enable 
day-to-day interaction and open communication 
with WSDOT. 

We may require a limited number of remote locations 
to progress the work prior to NTP 2. We will, 
however, use conference calls, video conferencing, 
face-to-face meetings, and other techniques to ensure 
these remote locations have direct communication 
with WSDOT.

Preliminary Design and Continuation 
of the Environmental Process
Task force meetings and co-location are tried 
and true ways to integrate with WSDOT during 
the preliminary design and continuation of the 
environmental process. STP understands the 
importance of achieving preliminary design and 
environmental permitting milestones on schedule, 
while respecting the NEPA process. The Project 
schedule will include all NEPA and permit support 

documents and deliverables. Providing this level of 
permit support requires a dedicated, integrated team.

Our environmental group, along with our design and 
construction groups, will work side by side to deliver 
the design in accordance with the contract. We will 
do this via weekly task force meetings. In addition, 
an environmental kick-off meeting and periodic 
coordination meetings will involve the entire Project 
staff and WSDOT.

Activities and input during the permitting phase, 
especially by third parties, have the potential to 
influence the process, thereby affecting the schedule. 
Third-party agency involvement has the potential to 
influence the process, thereby affecting the schedule. 
The best way to proactively manage these risks is to 
maintain active involvement in the process. 

Weekly task force meetings will begin immediately 
following NTP 1 and continue throughout the 
permitting process. This will enable us to better 
understand the outside agencies’ constraints, policies, 

Figure 2.1-7. Alameda Corridor-Mid-Corridor 
Design-Build Project. “…Noteworthy was the 
partnering relationship between the Tutor Perini 
team and the owner that enabled issues to be 
resolved expeditiously as they arose. ACTA is 
grateful to have had such a contractor.”  —John 
Doherty, Chief Executive Officer, Alameda Corridor 
Transportation Authority (ACTA)
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and expectations. Associated agencies will preview 
applications. We will then deliver applications after 
we have incorporated comments from drafts to 
ensure the applications are on target.

Regular interaction with task forces will move the 
preliminary and final design of the Project forward. 
As WSDOT is aware, the task force model brings 
together the experts from all organizations to work 
through the many details of a project on a real-time 
basis so as to quickly identify the best solutions for 
the Project. 

Completion of Design Efforts, 
including Field Generated Changes
The STP Team will integrate WSDOT throughout all 
phases of design and construction. As we complete the 
design of the tunnel, the North and South portals, and 
the North and South Tunnel Operations Buildings, we 
will work closely to incorporate any field generated 
changes into the Project documentation.

Final Design Process
We will finalize the coordination and planning efforts 
and conduct the management of the construction 
Project. Continuing our established relationships with 
WSDOT will provide an even stronger ability for us 
to make decisions quickly as construction progresses. 

The integrated personnel from STP and WSDOT 
will work together in task forces, committees, and 
teams to ensure that STP is completing the designs 

for the tunnel, the North and South Approach areas, 
and the Tunnel Operations Buildings on time and 
with high quality. These designs could include field 
generated changes. 

Design Director Dan Dixon and Design Manager Rich 
Johnson will ensure that we implement our normal 
quality control processes and that field-generated 
changes meet all safety, quality, and environmental 
commitments. Albert Dube, our Project Quality 
Manager, will ensure that we audit quality control 
processes in a timely manner. WSDOT will be part 
of the real-time discussions and reviews of changes 
to avoid surprises.

Field Generated Changes
STP will issue a request for a field design change 
when a change is necessary, for example when 
differing site conditions render the current plans 
or specifications invalid or impractical. Another 
potential change would be if STP establishes that a 
different design solution would be more efficient in 
terms of cost or schedule. We would initially review 
a field generated change with the construction 
organization to evaluate its merit and to determine 
compliance with or deviation from Project criteria, 
standards, or intent.

We will advise WSDOT of any proposed field design 
change. We will discuss field changes at the task force 
meetings to determine the most efficient solution 
available. The team will complete and verify all 
appropriate quality and contract compliance checks. 
We will insert all implemented design changes into 
the conformed set of construction plans or the as-
built plans as appropriate. 
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Our strategies to manage, reduce, or eliminate field 
changes include:

• Delivering accurate designs by applying 
strict design quality standards and audits — 
ensures that we consider technical integrity, 
constructability, maintainability, durability, 
and operability

• Minimizing conflicts by using integrated 
drawings — ensures that we make new 
design decisions within an informed drawing 
environment so that one change does not 
create another that we must remedy

• Seeking WSDOT involvement and approval 
on all changes — approvals become a form 
of chain of custody for the design; WSDOT 
will always know the status of design and 
construction changes

Construction of the Project
Following NTP 2, the size of our team and WSDOT’s 
counterparts will increase substantially. We will 
examine the need for Project construction trailer 
offices at both the North and South Approach Areas. 
We will require a limited number of remote work 
locations for specialty personnel.

This co-located team along with support staff will 
progress the Project to completion. Members from 
each organization will participate in a variety of 
activities, including preconstruction meetings, 
weekly schedule update meetings, daily safety 
meetings, plan-of-the-day meetings, and safety, 
quality, and environmental site walks.

2.1.8 Information Transfer 
Software System
During the Proposal phase STP implemented a 
Document Control System (DCS), ProjectWise, 
in accordance with TR, Section 2.1.4.4.1. This 
DCS will evolve for the construction phase. STP 
will use the DCS to track and manage all Project 
documentation. The DCS will ensure that all 
incoming and outgoing Project documentation is 
electronically and physically accounted for and 
filed. STP will establish and maintain a collaborative 
website DCS, accessible to WSDOT, and other 
Project stakeholders.  

2.1.9 Additional Project 
Management Elements

• STP will invite Ron Paananen, 
Administrator/Executive-in-Charge, and 
Linea Baird, Project Director, to participate 
in dedicated STP Executive Committee 
meetings, to provide client input, and to 
comment on their observations of Project 
progress

• Regular visits to the Project by Executive 
Committee

• Accessible on-line database with Issue 
NCRs and remedial actions

• Accessible database with daily environments 
data; noise readings, traffic, weather, working 
activities, pollution (air quality)

• Accessible database with safety records
• Monitoring Program
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Figure 2.2-1. A History of Working Together. Members 
of the STP Team have existing working relationships 
that will enable rapid mobilization upon NTP 1.

2.2 Organizational Structure 
and Key Personnel
The design and construction professionals of STP 
have assembled the most qualified design-build 
team. We stand as a group of experts with proven 
successful experience with large diameter bored 
tunnels and cut-and-cover construction. In this 
section, we have identified the various organizations 
and suborganizations and the key personnel that will 
yield success for the SR 99 Bored Tunnel Project. 

STP is dedicated to bring a superior level of 
commitment to partnering, communication, technical 
excellent, meeting schedules, and budgets, as well 
as to provide innovative design and technology 
to the Project. We make this commitment of 
superior service to WSDOT because the companies 
that form STP have successfully collaborated 
on numerous projects, including design-build.  
See Figure 2.2-1. 
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He will have overall authority and responsibility 
for meeting the contract obligations and the Project 
Goals. He will be accountable to STP’s Executive 
Committee for total Project performance inclusive 
of safety, quality, design, construction, cost, time, 
EEO/DBE compliance, and community relations. 
In addition, he will establish and maintain close 
working collaboration with Linea Laird, WSDOT 
Project Director. 

As the Dragados Project Manager for the 49.25-foot-
diameter M-30 South Bypass South Tunnel project in 
Madrid, Spain, Alvaro is one of the few individuals 
in the world who has successfully managed the TBM 
construction of a large diameter tunnel. See Figure 
2.2-3. Appendix B includes Alvaro’s resume.

Alvaro arrived in Seattle in August 2010 to analyze 
the requirements of the Project and the complexities 
of the site conditions. He has been integrally involved 
with our pre-bid planning efforts and ongoing 
communications and meetings with WSDOT. He 
also has contributed directly to all design-build 
ideas and processes for developing the proposal and 
managing the Project.

As part of his role and responsibilities, Alvaro must: 
• Ensure the safety and welfare of the 

personnel employed on this Project, 
including STP and subcontractors’ personnel.

• Ensure that assigned personnel raise, 
approve, issue, and revise the management 
procedures required for the Project and, 
when necessary, assign revisions to 
appropriate personnel.

• Ensure the Safety and Health, Quality, Risk 
and Environmental managers accept and 
agree on the contents of any complementary 
documentation.

• Verify STP approves procedures and 
complementary documents within the 
Project.

Dragados and Intecsa-Inarsa have worked together 
on major TBM tunneling projects in dense urban 
environments, including the M-30 South Bypass 
South Tunnel project, the Barcelona Metro Line 9 
Extension, the Madrid Metro Sur Line 10 Extension, 
and the Madrid MetroLine 7 Extension.

Tutor-Perini and HNTB have collaborated together 
for more than 15 years on large scale design-build 
projects, including the BART Extension to San 
Francisco International Airport; the Alameda Mid-
Corridor Design-Build project in Los Angeles; the 
Oakland-Alameda County Coliseum Renovation 
and Expansion; the Oakland-Alameda County Arena 
design-build renovation; and the Oakland Raiders 
Football Team Practice Field and Offices project. 

2.2.1 Proposer’s Organization
STP’s core management organization is based on 
a centralized decision-making authority consisting 
of the Project Manager, Alvaro Fernandez, and 
the Deputy Project Manager, Manuel Ruiz. The 
Administration & Finance, Commercial, and 
Engineering offices and the Project Quality and 
Construction managers will report to Alvaro and 
Manuel. These offices and managers will have 
varying degrees of autonomy. In addition, the 
Administration & Finance and Commercial offices 
and the Project Quality, Safety, and Environmental 
managers will have a direct line of communication 
to STP’s Executive Committee. 

STP’s Executive Committee will include a 
representative from each joint venture parent 
company. Antonio Nievas, Executive Vice President 
will represent Dragados-USA. Jack Frost, Executive 
Vice President and CEO of Civil Group, will represent 
Tutor Perini. Our Core Management Organization is 
shown in  Figure 2.2-2.

STP’s organizational approach establishes the 
Project Manager. Alvaro Fernandez will serve in this 
capacity as the single point of contact for WSDOT. 
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Tunnel Superintendent (4)

Field Engineer (2)

Shop Master

Chief Technician

Warehouse Manager

Field Engineer (4)

Subcontractor

Chief Mechanic

Field Engineer (2)

Subcontractor

Subcontractor

TBM Superintendent
Emiliano Rodriguez 

Buildings Superintendent

Equipment Superintendent

Interior Structure Superintendent

Utilities Relocation Engineer

Systems Engineer

Pier 46 Superintendent

Portals Superintendent

Construction Manager
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Materials Approval Engineer
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 Key Personnel
Stop Work Authority

Quality Assurance 
Inspection Technicians

Document Control Coordinator

Quality Testing Supervisors

Electrical/ITS Tunnel Systems Inspector

Design Quality Assurance Manager/

Traffi c Control Supervisor

Tunnel Rescue Team(s)

Trained Safety Representatives

Safety Manager
Ray Clouatre

Traffi c Patrollers/Flaggers/Spotters

QA Testing Technicians & 
Inspection Technicians

Clerks

Community Liaison
Jamie Strausz-Clark

Environmental Response Unit Offi cer

Environmental Compliance Inspector

Environmental Manager
Bill Jordan
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Fabrications QA Inspector

Fabrication Quality Assurance Manager

Construction Quality Assurance Manager
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Albert Dube

Commissioning Authority





Commercial Offi ce

Permit Specialists

Third Party Utilities
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Environmental Design Manager
Bill Jordan

Design Manager
Rich Johnson

Systems Design Manager

Building Design Manager

Civil Design Manager

Geotechnical Manager
Evelio Ferreiro 

Tunnel Design Manager
Samuel Estefania

Cut and Cover Structures Manager
Jerry Dorn

Tunnel Interior Structures Manager
Jerry Dorn

Design Director
Dan Dixon









Lab QC Manager

Lab QC Inspector

Monitoring Operator

CAD Operator

Systems Engineers (3)

Crew 2 (Exterior) 

Crew 2 (Tunnel)

QC Engineer

Crew 1 (Tunnel)

Crew 1 (Exterior) 

QC Testing Supervisor

Geologists (2)

Chief Geologist

Public Utilities Manager

Survey Manager

Chief Civil Engineer

Tunnel Systems Manager
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QC Testing Technicians

QC Testers

QC Inspector
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Figure 2.2-2. Project Management Organization. 
The STP Team is structured to streamline decision making.
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Figure 2.2-3. Project Management Experience. 
Project Manager Alvaro Fernandez successfully 
led the M-30 South Bypass Tunnel Project, a 
49.25-foot-diameter bored highway tunnel in 
Madrid, Spain.

M-30 PRojECT:  
aERIal vIEW oF SuRFaCE oPERaTIoNS

M-30 PRojECT:  
vIEW oF TBM WITHIN TuNNEl

M-30 PRojECT:  
vIEW oF CoMPlETED RoaDWay

• Ensure all personnel assigned to an area, 
department, or activity are adequately 
qualified and experienced in their relevant 
technical disciplines to perform the duties of 
their positions in a satisfactory manner. 

• Ensure, where we identify typical job titles 
in procedures, STP clearly identifies the 
specific delegated responsibilities to the 
appropriate personnel.

• Ensure that all personnel are familiar with, 
and have ready access to, all the relevant 
documents within STP’s project management 
system. Ensure that all personnel are 
adequately trained in the application of STP’s 
project management system.

• Ensure suitable and sufficient resources are 
available to carry out the Project.

• Report to STP’s Executive Committee and 
coordinate with its members all actions 
of relevance related to the progress of the 
Project. 

• Serve as the single point and primary point 
of contact between WSDOT and STP.

• Ensure STP delivers the Project to WSDOT 
on time and within budget, while meeting 
all the WSDOT Project Goals.

STP’s organization is designed to reflect WSDOT’s; 
each of STP’s Project discipline leaders aligns with 
a WSDOT counterpart. The STP and WSDOT 
counterparts will have an ongoing and daily 
communications for the life of the Project. 

In addition to the role of Project Manager, STP’s 
organization establishes a Deputy Project Manager.  
Manuel Ruiz will serve in this vital role that is 
designed specifically to support the efforts of the 
Project Manager in managing the Project per the 
established means and methods. The Construction 
Manager and Engineering Manager report to the 
Deputy Project Manager. 
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Table 2.2-1 provides the key qualifications of our 
Key Personnel.

Project Management Organization 
In addition to the project management organization, 
STP is also providing organization charts for the 
following sub-organizations:

• Design Organization
• Construction Organization
• Safety Organization
• Quality Organization
• Environmental Organization
• Public Information Organization
• Risk Organization

Design Organization Chart
STP’s design organization will be led by Design 
Director Dan Dixon. Dan will interface with WSDOT 
and third-party stakeholders through task forces, 
committees, and meetings and provide feedback 
directly to Design Manager Rich Johnson. 

The roles and responsibilities of the design 
organization include:

• Understanding and interpreting Project 
requirements as specified by WSDOT 
and as required by local, state, and federal 
standards

• Producing compliant design documentation 
that will meet the accelerated construction 
schedule and WSDOT will approve in a 
timely manner 

• Facilitating design reviews and approval of 
design packages

Figure 2.2-4 illustrates the structure of our design 
organization. Dan has direct authority over three 
responsible managers, each tasked with producing or 
integrating design deliverables for each discipline. 
Dan will report to the Engineering Manager.

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Permit Specialists

Third Party utilities 
Coordination Manager

Environmental Design Manager
Bill Jordan

Design Manager
Rich Johnson

Systems Design Manager

Building Design Manager

Civil Design Manager

Geotechnical Manager
Evelio Ferreiro 

Tunnel Design Manager
Samuel Estefania

Cut and Cover Structures Manager
Jerry Dorn

Tunnel Interior Structures Manager
Jerry Dorn

Design Director
Dan Dixon









Engineering office

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-4. Design Organization.
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Table 2.2-1. STP Key Personnel. (Resumes are included in Appendix B). c 
KEy PERSoNNEl KEy QualIFICaTIoNS

alvaro Fernandez 
Project Manager

• Served as project director for 8 tunnel projects with a total length of 25.3 tunnel miles ranging in 
diameter from 24 feet to 49 feet

• 18 years of experience working in seismically active environments and in varying soil conditions, 
including soft-ground, clay, sands, gravels, and noncohesive soil below the water table

• Developed tunneling methodologies to minimize deformations to historical buildings more than 
500 years old and aging utilities in the center of Madrid, a dense urban environment with a 
population of 2.9 million residents

• Supervised management and construction teams of more than 300 people

Manuel Ruiz 
Deputy Project 
Manager

• 28 years of experience in the construction of heavy civil infrastructure projects with an emphasis in 
large diameter bore tunnels (greater than 30 feet in diameter), including double-stacked tunnels

• Managed crews of more than 500 persons; expert knowledge in operating logistics and challenges 
that require a continuously evolving risk and mitigation program 

• Developed policies and procedures in ground settling occurrences and prevention and state-of-
the-art structure stabilization

Richard johnson 
Design Manager

• 28 years of tunneling and design experience serving in multiple roles as a contract lead, project 
director, and design engineer for 8 tunnel projects varying in length from 185 feet to more than 
9,300 feet

• Significant experience managing multidiscipline design teams with an understanding of structures 
and geology interaction and impacts

• Extensive familiarity with relevant Washington State and federal regulations and procedures

Samuel Estefania 
Tunnel Design 
Manager

• More than 35 years of experience in the design and construction of major civil works projects, with 
an emphasis in large bore (greater than 30 feet in diameter), including double-stacked tunnels for 
highways

• More than 70 miles of tunnels, many with segmental gasket linings and 8 constructed with EPB TBM
• Extensive experience in seismically active environments and in varying soil conditions; proactively 

addressed settlement issues; developed guidelines to ensure that historic and other buildings 
remain undisturbed

• More than 30 years of structural design experience, including tunnel interior structures, precast 
elements, post-tensioned boxes, prestressed girders, and cast-in-place concrete

• Led projects located in seismically vulnerable areas, addressing liquefaction, collapse prevention, 
and protection of life safety

• Extensive experience working with WSDOT in the Puget Sound Region, including the major cities 
of Seattle, Tacoma, and Bellevue

• 18 years of experience, including extensive design, development, installation, and commissioning 
of systems for more than 15 highway tunnels in Spain and other European locations

• In-depth understanding of intelligent transportation systems (ITS); ability to coordinate the multiple 
disciplines required for successful implementation of ITS

• Simultaneously managed multiple contractors with diverse backgrounds; skilled in supporting 
project and client management in the identification and resolutions of issues that could potentially 
affect the project cost and schedule

jerry Dorn 
Tunnel Interior 
Structures Manager

• More than 30 years of structural design experience, including tunnel interior structures, precast 
elements, post-tensioned boxes, prestressed girders, and cast-in-place concrete

• Led projects located in seismically vulnerable areas, addressing liquefaction, collapse prevention 
and protection of life safety

• Extensive experience working with WSDOT in the Puget Sound Region, including the major cities 
of Seattle, Tacoma, and Bellevue

jorge vañó 
Tunnel Systems 
Manager

• Design and integration of complete highway tunnel systems for 12 tunnels in Spain, including the 
M-30 South Bypass South Tunnel Project in Madrid

• Coordinated the successful completion of the M-30 tunnel installations under a compressed 
33-month schedule

• More than 15 years tunnel system design and integration experience, including the M-40 Tunnel 
El Pardo, two .56-mile-long, three-lane highway tunnels
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KEy PERSoNNEl KEy QualIFICaTIoNS

Francisco Trelles 
Construction 
Manager

• 36 years of experience in tunneling and underground projects, including 8 highway tunnels totaling 
29 miles in length and ranging in size from 18- 30.6-feet in diameter

• Experience working with various soil and structure stabilization techniques required for urban 
tunnel construction projects

• Supervised crews of up to 200 people constructing tunnels in heavily populated congested 
urban environments; intimately involved in establishing, implementing, and monitoring tunnel 
construction safety programs

Emiliano Rodriguez 
TBM and Equipment 
Superintendent

• 30 years of experience and more than 37 miles of tunnel excavation in soft soils, rock, clays, and 
gravel with EPB TBM and other technologies

• Experience includes constructing large bore, double-stacked tunnels in congested urban 
environments

• Expert in all types of tunnel boring machines

Evelio Ferreiro 
Geotechnical 
Manager

• 35 years of experience as geologist and project manager with an emphasis in highway and rail 
tunnels, including double-stacked large bores greater than 30 feet in diameter

• In-depth understanding of instrumentation systems and the means and methods to monitor and 
minimize settlements and deformations

• Experience with a variety of soils, including sands, clays, granite, gypsum, and soft soils with high 
water table

Ray Clouatre 
Safety Manager

• 28 years of safety management experience, including more than 5 years of progressively relevant 
experience in tunnels and open-cut excavations

• Trains tunnel rescue teams, plans safety compliance for all tunnel projects, observes work on 
tunnel projects to ensure safety and compliance, and serves as stand-by at critical work or work 
stoppages to ensure safety and provide rescue if needed

• Appointed by the Governor of Washington to the Tunneling, Mining and Aggregates Management 
Chair of the Washington Governor’s Industrial Safety and Health Advisory Board; also sits on the 
Construction Safety Panel of the same board

albert Dube 
Project Quality 
Manager

• 30 years of experience in construction quality assurance/quality control (QA/QC), including 8 
years developing and implementing QA/QC programs for large bore tunnel projects

• Experience in congested urban construction projects adjacent to sports stadiums and historic 
downtown structure

• Established on-site testing laboratories and monitored the daily activities of the QC engineer 
performing the testing

Bill jordan 
Environmental 
Manager

• 16 years of experience in environmental clearance, permitting, mitigation, and construction 
compliance; expertise in NEPA and SEPA planning and processes

• Delivered environmental assessments and associated permitting and ESA documentation for the  
$1.5 billion I-405 Corridor Program

• Coordinated and interacted extensively with local tribes regarding treaty fishing rights and cultural 
resources

jamie Strausz-
Clark 
Community Liaison

• More than 15 years of experience in public affairs and outreach, environmental, justice, and 
transportation demand management

• Designed and led award-winning community-based transportation management outreach program 
for King County Metro Transit

• Partnered with WSDOT to create or update social media tools, blogs, photos, websites, fact 
sheets, and email updates

Tony johnson
Subcontractor and 
Labor Manager

• 25 years of experience working as a Project Manager, Superintendent, and as an Owner’s 
Representative

• Mentors small and disadvantaged businesses to succeed in the construction industry 
• Seattle Vocational Institute gain membership into trade unions and into construction job

Table 2.2-1. STP Key Personnel. (Resumes are included in Appendix B).(Continued)
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Construction Organization Chart
Because of the size and complexity of the SR 99 
Bored Tunnel Project, STP will incorporate Manuel 
Ruiz as Deputy Project Manager and Josh Randall 
as Assistant Deputy Project Manager. Both Manuel 
and Josh will support the Project Manager and assist 
in managing the Project per the established means 
and methods. 

The Deputy and Assistant Deputy Project Managers 
will oversee the Construction Office and the 
Engineering Office. Figure 2.2-5 illustrates the 
structure of STP’s Construction Oginization.

Construction Manager Francisco Trelles will lead 
STP’s construction organization. Francisco will 
report to the Deputy Project Manager and has direct 
authority over eight specialized area superintendents. 

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Tunnel Superintendent (4)

Field Engineer (2)

Shop Master

Chief Technician

Warehouse Manager

Field Engineer (4)

Subcontractor

Chief Mechanic

Field Engineer (2)

Subcontractor

Subcontractor

TBM Superintendent
Emiliano Rodriguez 

Buildings Superintendent

Equipment Superintendent

Interior Structure Superintendent

utilities Relocation Engineer

Systems Engineer

Pier 46 Superintendent

Portals Superintendent

Construction Manager
Francisco Trelles



leGend

 Key Personnel
Stop Work Authority

Figure 2.2-5. Construction Organization.
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Primary roles and responsibilities of both Deputy 
Project Managers include:

• Develop and implement the overall  
site security

• Develop and implement the construction 
phasing plan

• Coordinate constructability reviews  
with engineering

• Provide qualified personnel for the 
construction organization

• Train and develop construction 
 staff personnel

• Conduct labor relations with the assistance 
of the Subcontractor and Labor Manager

• Plan and organize the construction 
manpower requirements for joint 
venture review

• Maintain effective relations with the 
designated WSDOT representatives

• Enforce the Safety Plan

The Engineering Office augments the Construction 
Organization. One of its principle functions will be 
to link construction and design. To facilitate this link, 
the Engineering Office will have an ongoing line of 
communication with Dan Dixon, Design Director.  

The co-location of the STP Team will facilitate the 
exchange of information among all participating 
parties, including WSDOT, for the benefit of the 
Project. This office will include the STP peers of 
Susan Everett P.E., AWV Program Design Manager, 
and Jim Struthers, AWV Program Geotechnical 
Manager.

Safety Organization Chart
Safety Manager Ray Clouatre will report to the 
Project Quality Manager. See Figure 2.2-6. Ray 
will be responsible for monitoring STP effective 
implementation of safety procedures and health and 
safety policies. Appendix B includes his resume.

In addition, Traffic Control Supervisor and the 
Traffic Patrollers support the Safety Manager. These 
traffic specialists are fully dedicated to traffic control 
with the sole mission of maintaining worker safety.

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Traffic Control Supervisor

Tunnel Rescue Team(s)

Trained Safety Representatives

Safety Manager
Ray Clouatre

Traffic Patrollers/Flaggers/Spotters

Project Quality Manager
Albert Dube

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-6. Safety Organization.
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Primary roles and responsibilities of the Safety 
Manager include:

• Assisting in the coordination, development, 
and improvement of the safety aspects of 
STP management system, including any 
complementary Project Specific Safety 
Plans or other system documents

• Assisting in the preparation of the Project 
Management Plan

• Implementing and effectively scheduling 
safety audits and inspections, reporting 
any findings to the auditee, and reporting 
relevant project management issues to the 
Project Manager

• Ensuring that STP implements an effective 
program to raise the awareness of health 
and safety on the Project

• Developing a System Safety Program Plan 
• Promoting and actively participating in 

STP’s Zero Accidents Policy
• Coordinating safety activities with  

the WSDOT
• Conducting safety orientations to acquaint 

employees with Project conditions, safe 
work practices, and procedures

• Conducting Project safety inspections; 
monitoring employee/contractor compliance 
with the applicable environment, safety, and 
health requirements

• Educating, advising, and coaching 
personnel on environmental, safety and 
health regulations; informing employees 
on safety, inspections, and activities; 
and providing information to employees 
regarding their emergency response 
responsibilities

• Reporting safety performance

Quality Organization Chart
Project Quality Manager Albert Dube is responsible 
for ensuring that STP establishes, implements, and 
reviews the Project Management Systems required 
for the SR 99 Bored Tunnel Project See Figure 
2.2-7. Appendix B includes Albert’s resume. The 
Project Quality Manager will report to the Executive 
Committee. Primary roles and responsibility of the 
Project Quality Manager include:

• Assisting in the coordination, development, 
and improvement of STP’s management 
system, including any complementary 
project-specific Procedures and Manuals

• Assisting in the preparation of the Project 
Management Plan

• Implementing an effective program of 
quality system audits on the Project and 
reporting the findings to the auditee, and 
reporting relevant project management 
issues to the Project Manager

• Ensuring, through Project line management, 
STP implements and maintains its Project 
Management System 
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Albert will be responsible for ensuring that the Project 
management team periodically reviews the standards 
manual and associated documents to re-affirm their 
adequacy and conformity to the requirements of EN 
ISO 9001, ISO 14001, ISO 31000, OHSAS 18001, 
and to ensure they remain consistent with the Project 
objectives. The Project Manager will approve any 
additions or amendments to the Project Management 
System prior to issue. 

STP will issue two types of hard copies of management 
system documents: controlled and uncontrolled. We 
will keep controlled copies up to date. Controlled 

copies will receive every revision and amendment. 
We will issue uncontrolled copies on a one-time 
basis only. We will not maintain uncontrolled copies.

Albert will distribute controlled copies and the 
Document Controllers will maintain a register of 
copyholders. He may issue controlled documents 
separately and hold them as personal copies, or he 
may issue a compiled set of documents that a section 
or department may use as a reference copy. 

The management system documents will also be 
available electronically via the STP network. All 
files will be read-only access.

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Materials approval Engineer

Quality assurance  
Inspection Technicians

Document Control Coordinator

Quality Testing Supervisors

Electrical/ITS Tunnel Systems Inspector

Design Quality assurance Manager/

Qa Testing Technicians &  
Inspection Technicians

Clerks

Fabrications Qa Inspector

Fabrication Quality assurance Manager

Construction Quality assurance Manager

Project Quality Manager
Albert Dube

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-7. Quality Organization.
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Environmental Organization Chart
Environmental Manager Bill Jordan has under his 
authority an Environmental Compliance Inspector 
and an Environmental Response Unit. See Figure 
2.2-8. This unit is responsible for the mitigation of 
any environmental risk that materializes. We will 
motorize and equip this unit with contention pads, 
bails, contention tanks, and other similar trade tools. 

The Environmental Manager will be responsible 
for monitoring that we effectively implement STP’s 
environmental procedures and environmental 
policies and that the manner in which STP operates 
does not contravene any statutory regulations with 
respect to environment. He will report to the Project 
Quality Manager. 

Primary roles and responsibilities of the 
Environmental Manager include:

• Assisting in the coordination, development 
and improvement of the environmental 
aspects of STP’s management system, 
including any complementary project- 
specific Safety Plans or other  
system documents

• Assisting in the preparation of the Project 
Management Plan

• Implementing an effective schedule of 
environmental audits and inspections, and 
report any findings to the auditor, relevant 
project management issues to the 
Project Manager

• Ensuring that STP implements an effective 
program to raise the awareness of 
environment on the Project

• Acting as liaison point for environmental 
specialists involved with the Project

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Environmental Response unit officer

Environmental Compliance Inspector

Environmental Manager
Bill Jordan

Inspectors

Project Quality Manager
Albert Dube

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-8. Environmental Organization.



TUNNEL

SECTION 2.2, PAGE 14

ProPosal – sr 99 Bored Tunnel alTernaTive 

Public Information  
Organization Chart
Community Liaison Jamie Strausz-Clark leads 
STP’s public information organization. See 
Figure 2.2-9. She will report to the Quality 
Manager. STP gives a great degree of importance 
to using communication for enhanced quality  
and safety. 

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Community liaison
Jamie Strausz-Clark

Project Quality Manager
Albert Dube

The primary roles and responsibilities of the 
Community Liaison include:

• Continuing the community, business, and 
public information program throughout the 
life of the Project

• Keeping WSDOT and all Project 
stakeholders informed of developments

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-9. Public Information Organization.
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Risk Organization Chart
The Risk Manager is responsible for maintaining 
close control of the schedule and costs. See Figure 
2.2-10. Additional duties include identifying  
monthly potential risks, and researching and 
implementing mitigation measures. This Risk 
Manager will have a full-time scheduler and a full-
time cost controller who will verify the estimates 
of the Engineering Office. The Risk Manager will 
report to the Project Quality Manager.

Primary roles and responsibilities of the Risk 
Manager include:

• Requiring managerial and supervisory staff 
to be familiar with the requirements of the 
system and that STP integrates these into 
our regular working methods

• Ensuring managerial and supervisory 
staff to carry out planned, controlled, and 
completed work under their control in 
accordance with the specified requirements, 
including works undertaken by 
subcontractors and suppliers

• Ensuring employees under the jurisdiction 
of managerial and supervisory staff 
aware of and work in accordance with the 
requirements of system that are relevant to 
their assigned duties

• Ensure employees under the jurisdiction of 
managerial and supervisory are adequately 
qualified, trained, and experienced in their 
relevant discipline to perform their assigned 
duties satisfactorily

• Requiring managerial staff to assess, 
investigate, and report all incidents of 
failure to meet requirements and ensuring 
STP takes appropriate corrective action to 
prevent recurrence

• All employees have a duty to operate within 
the Project Management System and to 
ensure that STP achieves the specified 
requirements 

Project Manager
Alvaro Fernandez

Deputy Project Manager
Manuel Ruiz

asst. Deputy Project Manager
josh Randall

Antonio Nievas      Jack Frost

Executive in Charge

Executive Committee





Cost Control Engineer

Scheduler

Risk Manager

Project Quality Manager
Albert Dube

leGend

 Key Personnel
Stop Work Authority

Figure 2.2-10. Risk Organization.
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STP places a significant value on the contributions 
made by subcontractors and labor members. STP 
views their participation and work as a fundamental 
component to a successful Project. STP’s 
Subcontractor and Labor Manager, Tony Johnson, 
will be responsible for managing subcontractors 
until subcontract award and will verify that we 
have adequately assisted subcontractors, so that we 
use their best and appropriate skills on the Project. 
Additionally, Tony will also be the EEO Officer and 
DBE Manager and will report to the Commercial 
Office Manager.

DBE  
STP will provide assistance and encourage 
qualified, certified Disadvantaged 
Business Enterprises (DBEs) to participate 
in the Project execution process to the level 

of their expertise, experience, and qualifications, 
consistent with the requirements of the Project and 
Project stakeholders, STP, and WSDOT. This way 
DBEs can compete fairly, procure, and perform 
work on the Project. 

Our experience and expertise has taught us that 
each bored tunnel design-build project is unique 
and requires significant due diligence to develop 
and implement an appropriate DBE Performance 
Plan (DPP) that not only meets project requirements 
and demonstrates our good faith efforts but is also 
effective at achieving participation. Thus, our team 
has worked diligently to develop a comprehensive 
DBE Performance Plan that aligns with the 
fiduciary, schedule, and participation requirements 
and outlines our approach to DBE subcontracting, 
including outreach, structuring bid packages, and 
monitoring DBE performance to confirm that their 
work is integrated into our overall program.

Our team embraces diversity in subcontracting as 
a core value and understands that contracting with 
qualified, certified DBEs adds strength, talent, fixed 
assets, and local resources to our joint venture. STP 
has adopted the eight percent DBE participation goal 
established for the Project. We will provide analysis, 
outreach, instruction, and assistance to interested 
DBEs.  

Our team includes a DBE liaison who is responsible 
for managing the process and ensuring compliance 
with all contract requirements. Appendix A contains 
our DBE Performance Plan. 

STP’s DBE Performance Plan includes the following 
initiatives:

1. Understanding DBE requirements
2. Utilizing DBEs 
3. Managing subcontractor performance
4. DBE mentoring
5. Joining our team
6. Criteria for evaluating effectiveness  

of program

Program Goals for Mentoring on Design-
Build Projects. 
The main goal of our program is to provide all  
DBE firms working on the Project with an 
opportunity to understand the overall framework 
of a design-build project, from inception to 
completion, so that they can see where and how 
they fit within the complex fabric of the Project as 
well as understand the potential opportunities that 
work on this Project may bring to them. 

2.3 Subcontractor and Labor 
Management Approach
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Some of the benefits of mentoring DBEs include, but 
is not limited to, technology transfer, equipment and 
systems sharing, shadowing, and networking with 
large firms such as Dragados and Tutor Perini.  

We will schedule workshops led by our own 
managers and task leaders that will focus on:

• how a design-build Project may come about
• how the design and construction of the 

Project mesh together as a combined effort 
of the contractor and the designer

• how we see a DBE firm growing from its 
experience on the Project

Mentoring Program for Educational 
Workshops. 
Our mentoring program for educational workshops 
will include:

• Targeting disciplines
• Identifying specific audiences
• Developing short-term and long-term plans
• Identifying workshop administrative 

procedures
• Scheduling frequent workshops
• Providing educational workshops for 

bonding and insurance requirements

Joining Our Team
The DBE Performance Plan will detail our efforts 
to assure that DBE firms have ample opportunity to 
compete along with large businesses for subcontract 
work. See Figures 2.3-1 and 2.3-2. 

We will notify the DBE community of Project 
opportunities in design and construction and 
disseminate that information as widely as possible. 
As part of that effort, our DBE subcontracting 
methodology includes the following steps:   

 Step 1. Meet and greet with certified 
 DBE firms

 Step 2. Procedures and methodologies for
 dividing work into economically 
 feasible units to encourage  
 DBE participation

Figure 2.3-1. DBE and Small Business Outreach. 
STP held two outreach meetings in downtown 
Seattle on August 3, 2010, to discuss DBE and 
small business opportunities on the SR 99 Bored 
Tunnel Project.
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 Step 3. DBE outreach and community
  awareness

 Step 4. Advertising
 Step 5. Create a short-list of DBEs to

 whom we will provide a  
 written notice

 Step 6. Solicitation of DBEs for proposal
 Step 7. Send written notices 

 short-listed DBEs
 Step 8. Provide additional information to

 interested DBEs and record 
 exchange on DBE contact record 

 Step 9. Record DBE interest
 Step 10. Fairly evaluate and compare all DBE

 quotes to competition
 Step 11. Technical assistance

Criteria for Evaluating Effectiveness 
of Program

1. Attracting a sufficient number of DBEs  
and small business concerns

2. Meeting the Project goals
3. Actual data on responsiveness, quality  

of work, and safety record

On August 3, 2010, STP held two outreach meetings 
for local small and disadvantaged subcontractors to 
learn about the Project and the how they may be a 
part of our subcontracting team.

Project Labor Agreement (PLA) 
STP has signed a Project Labor Agreement 
(PLA) with the local unions. See Appendix 
D for the PLA. Since July 2010, STP has 
met and communicated with the Labor 

Representatives on multiple occasions to establish a 
mutually beneficial agreement for the Project and the 
unions. STP has devoted much time and effort into 
proactively seeking a positive working relationship 
that includes a total of approximately 25 union 
trades. See Figure 2.3-3.

This PLA will substantially benefit WSDOT and 
ensure labor harmony for the duration of the Project. 

A PLA negotiated by STP fundamentally includes 
more beneficial terms than an agreement negotiated 
by WSDOT. We will implement the PLA after 
notice of award. The signature of the PLA during 
the pre-bid phase has been a first step in outreach 
to local subcontractor labor and a means to avoid 
labor disputes. The second portion described within 
the PLA establishes a dispute resolution procedure 
that avoids work stoppages and incorporates a  
no-strike policy.

Throughout the duration of the Project, this agreement 
will produce labor harmony. Our agreement also 
establishes the mechanisms to recruit skilled and 
craft labor to the Project. A specific advantage with 
our PLA is provided in the following, per Clause 5.2:

Figure 2.3-2. Participation at STP’s DBE 
and Small Business Outreach Meeting. Vicky 
Schiantarelli, of the Seattle-King County Office of 
Minority and Women’s Business Enterprise, was a 
speaker at STP’s outreach meeting.
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“The greatest advantage in working with the Union 
is the ability of the Employer to acquire an immediate 
and continuous source of skilled applicants. Within 
the Union there exists the capability to activate a 
recruiting network throughout the United States to 
ensure a steady flow of skilled applicants to meet 
project schedules.” 
“In the event the local unions fail to refer a 
sufficient number of skilled applicants in accordance 
with Section D and Section F of this Article, the 
Employer may request assistance from the respective 
International Union, which shall then recruit 
applicants from other local unions or other sources 
in an effort to meet the workforce requirements of the 
Employer.”
Clause 5.3 continues:

“It is the intent of the parties to promote the use of 
locally available, and skilled craft labor provided 
through the local collective bargaining agreement.” 

“The Employer, by mutual agreement with the 
respective Union, may transfer construction 
employees represented by the signatory Local 
Unions to this Project to meet manning requirements 
of the job.”
The signatory unions and representative to the  
PLA include:

• Seattle Building and Construction Trades 
Council – Lee Newgent

• Washington State Building & Construction 
Trades Council – David Johnson

• Northwest National Construction Alliance – 
John Littel, Michael D’Antuono

• Bricklayers Local 1 – Steven Herrick
• Pacific Northwest Regional Council of 

Carpenters – Ed Triezenberg, John Littel, 
Cass Prindle, Ken Stroup, Raleigh Medeiros

• Cement Masons Local 528 – John Kearns, 
Roger Bettermann 

• Electrical Workers Local 46 – Elwood 
Evans 

Figure 2.3-3. Signed PLA. STP has signed a PLA 
with local unions to ensure labor harmony during 
the project.

Employers’ Advocate, Inc.

123 Street. Nowhere CA, 90210

Dear Sirs,

10/21/2010

Sincereley

Michael Walton

Employers’ Advocate, Inc.

Lorem ipsum dolor sit amet, consectetur adipiscing elit. Ut vitae placerat 

diam. Nam venenatis ipsum non neque tempor et tincidunt tortor tincidunt. 

Praesent sed consequat lorem. Cras et vestibulum lacus. Curabitur turpis 

odio, ultrices sit amet dapibus et, iaculis ut ipsum. Suspendisse potenti. 

Suspendisse faucibus malesuada augue, quis tempor mi malesuada vitae. 

Quisque sed fringilla nisl. Morbi vel erat eget magna molestie ornare sit 

amet sed nulla. Morbi ac risus in sem imperdiet accumsan non vel orci. 

Donec feugiat ultricies velit, eget sagittis orci accumsan sit amet. Fusce a 

dolor mi. Duis massa urna, faucibus id bibendum et, molestie adipiscing 

dolor. Nullam justo urna, molestie eget ullamcorper sed, porta non tortor. 

Curabitur feugiat, justo at aliquet vulputate, eros diam cursus velit, eu 

tristique libero arcu vitae eros. Duis fermentum, metus in pellentesque 

blandit, velit ipsum dapibus quam, sed scelerisque turpis nunc in nibh. Ut 

sodales risus vel nunc vestibulum commodo tincidunt tellus pharetra. 

Nullam sit amet tellus mauris.

Seattle Tunnel Partners retained Employers’ Advocate, Inc. 
to assist...in negotiating the Community Workforce 
Agreement for the WSDOT SR 99 Bored Tunnel Alternative 
Design Build Project with the Seattle/King County Building 
Trades and the Northwest Construction Alliance II and their 
affiliated unions…Negotiations commenced on 
July 30, 2010 and a tentative agreement was reached on 
October 13, 2010, subject to review of the final Project 
Labor Agreement language.” 

Michael Walton
Employers’ Advocate, Inc.

“
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• Iron Workers Local 86 – Steve Pendergrass, 
Greg Lachrie

• Washington and Northern Idaho District 
Council of Laborers – Bob Abbott, David 
Letinich

• Laborers Local 242 – Dale Cannon 
• Laborers Local 440 (Street Pavers) – Kim 

Williams, Alan Clune, Michelle Helmholz
• Operating Engineers Local 302 – Daren 

Konopaski, Marge Newgent, Eric Bellamy, 
Ron Dahl, Andy Snider

• Painters and Allied Trades District Council 
5 – Odriel Garcia, Tom Nikirk

• Plumbers and Pipefitters Local 32 – P. J. 
Moss, Steve Menne

• Roofers Local 54 – Steve Hurley 
• Sheet Metal Workers Local 66 – Tim Carter, 

Mark Riker
• Sprinkler Fitters Local 699 – Mike Dahl

Employment Plan 
Objective and Overview 
STP is committed to actively recruiting, training, 
and employing an ample supply of qualified labor 
and an uninterrupted supply of materials to complete 
the Project on time and within budget. Our goal is to 
employ a workforce that reflects the best available 
skilled and craft labor within and outside of the 
Central Puget Sound area to support these efforts. 
Through ongoing communication and community 
involvement efforts, STP will proactively encourage, 
recruit, train, and employ all individuals, including 
minorities and women, seeking employment on 
the viaduct project and the construction industry in 
general. Appendix A provides our Employment Plan.

To implement these recruitment efforts, STP and its 
subcontractors, including First–Tier and Sub-Tier 
firms, will make a maximum effort to contact public 
and private sector workforce training programs 
on employment opportunities associated with the 
Project. In addition, STP will require its managers, 
supervisors, subcontractors, and employees to be 
fully accountable for adherence to all WSDOT On-
The-Job Training Program goals, Equal Employment 
Opportunity, and Affirmative Action policies on 
the Project. These efforts will be in addition to any 
apprenticeship training requirements by WSDOT or 
the local labor unions.  

To meet these requirements, STP and its 
subcontractors will ensure local, state-registered 
apprentices in each apprentice applicable trade 
perform the minimum percent of labor hours. To 
fill the apprenticeship training positions, STP and 
its applicable subcontractors will work closely with 
local labor agencies to use all craft labor, including 
minorities and women, who are currently registered 
in an approved apprenticeship or training program. To 
document results, we will track the use of apprentices 
on a monthly basis from certified payrolls.

Ultimately, our goal is two fold: (1) to recruit, hire, 
and train a sufficient supply of qualified workforce 
from within and outside of the Central Puget Sound 
area to participate on the Project and (2) to ensure 
that we maintain an ample supply of skilled and craft 
labor for duration of this Project. Our team includes 
a Subcontractor and Labor Manager (who will 
serve as our EEO Officer and DBE Liaison) who is 
responsible for managing the process and ensuring 
compliance with all contract requirements. 
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Our Employment Plan includes the following 
initiatives: 
a)  Affirmative Action Policy Statement
b) Equal Employment Opportunity Policy 

Statement
c) On-The-Job Training Program  

(See Figure 2.3-4.)
d) Employment Plan Policies and Goals:

• Recruitment Initiatives
• Training Initiatives
• Union Agreements and Initiatives
• Records and Reporting Initiatives

e) Use Unions and Community Organizations 
to Recruit

f) Implementation of Employment Plan
g) Criteria for Evaluating Effectiveness  

of Program: 
• Records and reporting initiatives
• Meeting sufficient employment goals
• Actual data on workforce, training 

programs, and union labor agreement

STP Community Involvement
To maximize opportunities for positive community 
involvement, STP project executives have been 
proactive in seeking the input from local community 
leaders and organizations. Some of the community 
groups we have recently met with include:

• WSDOT, Ron Judd, Director of 
Community/Stakeholder Outreach 

• Urban League of Metropolitan Seattle, 
James Kelley, President/CEO and Thomas 
Benjamin, Executive Director 

• Urban League, Tanya Motta
• Seattle Chamber of Commerce, Dr. Skip 

Roland, Executive Director of Chamber’s 
Urban Enterprise Center and Charles 
Knutson, Senior Vice President

• King County Council, Larry Gossett, 
Councilmember, District 2  

• El Centro de La Raza, Estela Ortega, 
Executive Director 

• Michael W. Walton, Employers’ Advocate, 
Inc. (PLA negotiations)

• UBC Carpenters Union Local 131, John 
Littel, Secretary

• Washington and Northern Idaho District 
Council of Laborers, Bob Abbot, Assistant 
Business Manager

• Minority Suppliers Development Council, 
Fernando Martinez, Executive Director

• Sound Transit Community Development 
Agency and Minority Executive Directors 
Coalition, Jamie Garcia and Dorry Elias, 
Executive Directors

Figure 2.3-4. Alameda Mid-Corridor Jobs 
Training Program. As part of the owner’s jobs 
training program, Tutor Perini and other project 
contractors created construction industry-specific 
job training for 1,281 local residents and on-the-job 
training and education credits for more than 420 
young adults.
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2.3.1 Managing 
Subcontractors and Labor
STP places a high priority on properly skilled and 
informed individuals. STP anticipates at this time 
a full scale training program for all labor working 
with the TBM. To ensure worker safety, STP has 
developed a construction phasing plan that will begin 
excavation in a condition where TBM operations 
can take place in a controlled Start-up Section 
environment. 

This TBM Start-up Section is a unique value to 
mitigating safety risks. The proper training and 
safety precautions for the TBM labor staff and 
subcontractors can also increase productivity 
to the schedule. Additionally, through the STP 
training program, a large number of local labor 
and subcontractors will acquire a TMB skill and 
experience that will better position them for future 
employment. 

From subcontractors, STP will require shop 
and working drawings, product literature, and 
engineering calculations subject to the nature of 
the work that demonstrate the subcontractors intent 
to perform and comply in accordance with the 
contract and construction staging requirements. The 
Project Engineer and Lead Designer will review 
and certify compliance. The Project Engineer will 
be the subcontractor’s single point of contact for all 
engineering and material delivery issues and will be 
accessible to help subcontractors comply with the 
Contract’s engineering requirements.  

Capability
STP will require the submission of daily field reports 
from subcontractors. The report format, among 
other features, will indicate resource levels, weather 
conditions, work force(s) location, work delay 
comments, and future need comments. 

The Construction Manager, or his designate, will 
track subcontractor performance against the Project’s 
Baseline Schedule. He will meet with subcontractors 
if necessary, to plan and interpret the Project’s 
schedule requirements. 

The Tony Johnson will be the subcontractor’s single 
point of contact for all commercial issues and will 
assist the subcontractor’s reporting of such issues. For 
DBEs, STP is committed to supplying administrative 
support.

Progress
STP will require the submission of daily field reports 
from subcontractors. The report format, among 
other features, will indicate resource levels, weather 
conditions, location of work force(s), and work 
delay comments. The Construction Manager, or 
his designate, will track subcontractor performance 
against the Project Baseline Schedule. He will meet 
with subcontractors if necessary, to plan and interpret 
the Project’s schedule requirements. 

The Subcontractor and Labor Manager administers 
change orders, insurance claims, and statute 
requirements. He will be the subcontractor’s single 
point of contact for all commercial issues and will 
assist the subcontractor’s reporting of such issues. 
Subcontractors will report to the Construction 
Manager as it pertains to field productivity direction. 

The Construction Manager will routinely conduct 
planning and progress meetings with subcontractor 
designates and pertinent joint venture staff. The 
meetings shall clearly delineate subcontractor 
resource commitments, construction design 
deliverables, coordination, material delivery, and 
problem solving.
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Quality
STP will require subcontractors to submit for 
approval their Quality Plan for the Project. The 
subcontractor will be subject to the approved plan 
and the Quality Assurance Manager will audit the 
subcontractor as necessary to ensure compliance. The 
Construction Quality Control Manager will conduct 
preconstruction meetings with subcontractors that 
address resource requirements, material selection, 
testing requirements, staging requirements, and any 
unique requirements or objective of the work. 

Timeliness 
Subcontractors will report to the Construction 
Manager as it pertains to field productivity direction. 
The Construction Manager will routinely conduct 
planning and progress meetings with subcontractor 
designates and pertinent joint venture staff. The 
meetings will clearly delineate subcontractor 
resource commitments, construction design 
deliverables, coordination, material delivery, and 
problem-solving approaches.

Safety 
The subcontractor will be subject to the Project’s 
safety provisions and procedures. Provisions will 
include accident reporting, near miss reporting, and 
participation in the projects safety training program 
and daily job-briefing meetings. The Safety Manager 
will be available to assist the subcontractor’s 
compliance with the Project’s System Safety 
Program Plan.

2.3.2 Subcontractor and 
Labor Manager
Our Subcontractor and Labor Manager is Tony 
Johnson. His resume is included in Appendix B.
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2.4		Quality	Management		
Approach	
STP	will	implement	quality	management	approaches	
consistent	 with	 the	 principles	 of	 ISO	 9001:2000.		
Dragados,	 an	 ISO	 9000-certified	 organization,	
emphasizes	building,	monitoring,	and	tracking	high-
quality	 work.	 STP	 will	 incorporate	 these	 quality	
management	principles	to	ensure	we	develop,	design,	
and	 construct	 the	 Project	 in	 compliance	 with	 all	
WSDOT	requirements,	standards,	and	specifications	
and	local,	state,	and	federal	regulations.	

STP’s	quality	commitments	include:
•	 Ensuring	the	Quality	Organization	
focuses	on	the	compliance	of	the	QA/QC	
requirements	established	in	the	contract	
documents;	providing	the	schedule	and	
cost	of	the	project	do	not	influence	its	
performance	

•	 Providing	prompt	written	responses	to	
WSDOT	audits	of	our	Quality	Management	
System		

•	 Providing	sufficient	staff	to	ensure	timely	
response	to	quality	issues	to	meet	project	
priorities	and	obligations

•	 Implementing	lessons	learned	with	the	
Quality,	Safety,	Environmental,	and	
Construction	organizations	to	ensure	the	
nonconformance	will	not	reoccur

•	 Improving	our	processes	in	accordance	with	
contract	documents	and	ISO	9001

2.4.1	Quality	Policy
STP’s	quality	policy	requires	that	we	meet	
the	 quality	 requirements	 as	 defined	 in	
the	contract	documents	and	adhere	 to	 the	
corporate	 quality	 objectives	 of	 Dragados	

and	 Tutor	 Perini.	 Our	 policy	 designates	 that	 STP	
design	quality	into	the	Project,	not	use	quality	as	an	
inspection	measure	only	after	we	have	constructed	
the	Project.	

Our	principal	quality	objectives	direct	STP	to	meet	
or	exceed	WSDOT’s	expectations	and	to	eliminate	
rework	by	performing	our	work	right	the	first	time.	
For	STP,	quality	is	not	only	about	the	final	product,	
but	also	 the	 step-by-step	processes	and	procedures	
used	 to	 achieve	 the	 final	 results.	We	mandate	 the	
expectation	 to	 acknowledge	 and	 communicate	
quality	 requirements,	 measure	 performance,	 and	
continuously	 improve	 in	 all	 areas	 of	 our	 work,	
including	 safety,	 environmental	 compliance,	 and	
maintenance	of	traffic.

STP	will	have	a	Quality	Management	Plan	(QMP)	
in	 place	 during	 all	 phases	 of	 the	 Project.	We	will	
comply	with	all	contract	requirements	and	build	on	
our	team	members’	reputations	to	achieve	quality.	To	
fulfill	our	quality	commitments,	STP	will	implement	
a	QMP	where	we	 prioritize	 quality	 aspects	 before	
schedule	and	cost.	

STP’s	 Executive	 Committee	 will	 ensure	 that	 STP	
identifies	qualified	and	dedicated	staff	to	contribute	
to	the	Project	Quality	Organization.	In	addition,	the	
committee	will	grant	the	Quality	Organization	stop	
work	 authority	until	 the	STP	has	 implemented	 the		
appropriate	procedures.	
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STP Quality Organization
Quality	compliance	starts	with	our	Project	Manager,	
Alvaro	 Fernandez.	 Alvaro	 will	 ultimately	 be	
responsible	 and	 accountable	 for	 implementing	
and	 improving	 our	 Quality	 Management	 Plan.	
To	 accomplish	 the	 task	of	 compliance,	Alvaro	has	
developed	an	independent	Quality	Organization.

Our	 Project	 Quality	 Manager,	 Albert	 Dube,	 will	
lead	 STP’s	 Quality	 Organization.	 Albert	 will	
ensure:	 (1)	 STP	 communicates	 and	 implements	
the	 Quality	 Management	 Plan	 and	 (2)	 STP	 Team	
members,	 including	 subcontractors,	 suppliers,	 and	
manufacturers,	understand	this	plan.	All	employees	
and	new	hires	will	 receive	 a	Quality	Management	
Plan	orientation	and	permanent	training	in	the	latest	
versions	of	the	plan’s	processes.	

Albert	has	more	than	30	years	of	industry	experience,	
including	eight	years	developing	and	implementing	
QA/QC	programs	for	 large	bore	 tunnels.	He	 is	 the	
right	 choice	 to	oversee	STP’s	quality	management	
on	the	SR	99	Bored	Tunnel	Project.

STP’s	 QMP	 establishes	 a	 Quality	 Organization	
completely	 independent	 of	 our	 Design	 and	
Construction	 organizations.	 Section	 2.2,	
Organizational	Structure	and	Key	Personnel,	shows	
STP’s	Quality	Organization.	

Two	 divisions	 comprise	 our	Quality	Organization:	
(1)	 Quality	 Control	 and	 (2)	 Quality	 Assurance.	
Each	 division	 has	 independent	 staff,	 roles,	 and	
responsibilities.	 We	 have	 intentionally	 separated	
our	 Quality	 Organization	 from	 the	 influences	 of	
cost	 and	 schedule.	 This	 separation	 creates	 a	more	
reliable	system	of	checks	and	balances	that	not	only	
facilitates	but	also	ensures	quality	success.

Our	 quality	 team	 includes	 the	 following	 key	
management	 positions,	 all	 of	 which	 possess	 stop	
work	authority:

Project Quality Manager 
Albert	 Dube,	 a	 highly	 qualified	 and	 experienced	
Project	 Manager,	 will	 oversee	 the	 entire	 quality	
program.	For	the	Project,	this	includes	directing	the	
Quality	Management	Plan	for	design,	construction,	
environmental	 mitigation,	 and	 management	
functions.	 Albert	 will	 work	 with	 the	 Design	 and	
Construction	 Quality	 managers	 to	 execute	 the	
Quality	Management	Plan.

Design Quality Assurance Manager
This	quality	manager	will	 audit	 and	 certify	design	
submittal	packages	and	release	construction	plans	in	
conformance	with	the	Project	Quality	Management	
Plan.	

Construction Quality Assurance Manager
This	 quality	 manager	 will	 oversee	 the	 quality	
assurance	 testing	 and	 inspection	 for	 the	 Project’s	
duration	and	review	and	approve	all	inspection	and	
test	plans	prior	to	submittal	to	WSDOT.

Fabrication Quality Assurance Manager
This	 quality	 manager	 will	 direct	 the	 verification	
inspection	and	testing	of	all	off-site	fabrication	work	
and	 ensure	 QA	 inspection	 staff	 performs	 off-site	
inspections	per	contract	and	STP	requirements.



TUNNEL

SECTION 2.4, PAGE 3

ProPosal – sr 99 Bored Tunnel alTernaTive 

Materials Approval Engineer (MAE) 
The	 MAE	 shall	 report	 directly	 to	 the	 Project	
Quality	Manager,	and	will	be	an	employee	of	STP’s	
design	 firm.	 The	 MAE	 will	 review	 and	 approve	
all	materials	 submitted	via	 request	 for	 approval	 of	
material,	Qualified	Products	List,	proprietary	items,	
or	in	accordance	with	Section	9-1.3	of	the	WSDOT	
Construction	Manual.		

Quality Testing Supervisor 
These	supervisors	will	oversee	all	materials	testing	
on	the	Project,	including	quality	assurance	sampling	
and	testing	operations	as	well	as	schedule	tests	and	
then	review	and	verify	the	test	reports	performed	by	
the	QA	laboratory	comply	with	STP	requirements.

Environmental Manager
Bill	 Jordan	 is	 responsible	 for	 	 assuring	 the	quality	
of	 the	 environmental	 protection	 and	 compliance	
elements	 for	 the	 design	 and	 construction	 of	 the	
Project.

Safety Manager
Ray	 Clouatre’s	 safety	 management	 experience	
includes	 the	 Brightwater	West	 and	 Sound	 Transit	
Railroad	 tunnels	 in	 Seattle.	 He	 will	 develop,	
implement,	 and	monitor	 safety	 plans	 for	 all	work,	
with	particular	emphasis	on	all	tunneling	operations	
and	 the	 hyperbaric	 interventions	 required	 for	
maintenance	of	the	TBM.

Staffing Requirements
STP	 has	 evaluated	 the	 quality	 requirements	 and	
determined	 the	 staffing	 needs	 over	 the	 life	 of	 the	
project.	Table	2.4-1	illustrates	the	minimum	required	
QA/QC	staff	for	the	Project.

Table 2.4-1. Minimum QA/QC  
Staffing Requirements.

STP QA / QC PoSiTion number

Project Quality Manager * 1

Design Quality Assurance Manager * 1

Construction Quality Assurance Manager * 1

Fabrication Quality Assurance Manager * 1

Materials Approval Engineer * 1

Quality Testing Supervisor * 1

Environmental Manager * 1

Electrical/ITS Tunnel System Inspector 1

Quality Assurance Inspection Technician 2

Quality Assurance Testing Technician 2

Fabrication Quality Assurance Inspector 2

Quality Control Tester 2

Quality Control Inspector 2

Environmental Compliance Inspector 1

Environmental Permit Specialist 1

Document Control Coordinator 1

Document Control Clerk 1

Total QA/QC Staff 22

* Indicates Stop Work authority.
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Required Certifications and 
Accreditations 
Table	2.4-2	shows	the	required	certification	and	
accreditations	for	STP’s	Quality	Organization:

Table 2.4-2. Required Certifications and Accreditations.

TiTle/PoSiTion reQuired QuAlifiCATionS/CerTifiCATionS/exPerienCe

Fabrication Quality 
Assurance Manager (FQAM)

TR 2.27

• Must be a Professional Engineer licensed in the State of Washington under Title 18 RCW.
• Possess 5 years of experience in Fabrication Inspection and Fabrication Quality 

Assurance, including qualification in welding, structural coatings, precasting.

Fabrication Quality 
Assurance Inspector (FQAI) 

TR 2.27

• Possess sufficient education and on-the-job training or trade school training to properly 
perform the tests or inspection to which the person is assigned.

• Shall be AWS Certified Welding Inspector (CWI) qualified and certified in accordance 
with the provisions of AWS QCI, Standards for Qualification and Certification of Welding 
Inspectors OR qualified by the Canadian Welding Bureau (CWB) to the requirements 
of the Canadian Standard Association (CSA standard W178.2, Certification of Welding 
Inspectors, level II, or the level III requirements).

• Shall have documented training on all applicable codes and specifications applicable 
to the specific project for the inspections to be performed prior to performing any 
inspections. 

QA Testing Technicians 
Qualifications

QC Testing Technicians 
Qualifications

(FABRICATION)

TR 2.27 

• The Design-Builder and the Fabricator shall have testing performed by qualified QC and 
QA Testing Technicians, who shall be qualified in accordance with AASHTO R-18, using 
the procedural checklist in the WSDOT Materials Manual (M46-01) (Appendix D11). 

• The qualifications of the laboratory technicians employed by an AASHTO accredited 
laboratory will be accepted for performing AASHTO test methods only when confirmed by 
the laboratory’s training and evaluation records. The QC and QA Testing Technician shall 
be re-evaluated annually in all tests they perform, in accordance with the laboratory’s 
Laboratory Quality Systems Manual approved by WSDOT. 

• A testing technician currently qualified in concrete testing by the American Concrete 
Institute (Level I) will be considered qualified to perform concrete tests.

Project Quality Manager 
(PQM)

Addendum 7 Appendix Q2

• Must have 10 years of recent experience in management of quality processes.

Design Quality Assurance 
(QA) Manager 

TR 2.28

• Must be a licensed Professional Engineer in the State of Washington.
• Possess years of recent experience in the design or quality management of major urban 

transportation projects with significant bridge structures and/or tunnels.

Construction Quality 
Assurance Manager (CQAM) 

TR 2.28

• Must be a licensed Professional Engineer in the State of Washington.
• Possess 5 years of recent experience overseeing the inspection and materials testing 

on major highway and systems construction projects. Of the 5 years minimum, the 
Construction QA Manager shall have experience in construction materials acceptance 
administration and a minimum of 2 years of experience in construction inspection 
administration.
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TiTle/PoSiTion reQuired QuAlifiCATionS/CerTifiCATionS/exPerienCe

Materials Approval Engineer 

TR 2.28

• Must be a registered Professional Engineer in the State of Washington.

Environmental Manager (EM)

TR 2.8

• Maintain for the full duration of the Contract Time, a current Certificate of Training in 
Construction Site and Erosion and Sediment Control from a course approved by the 
Washington State Department of Ecology (Ecology). Copy of the course certificate or 
other material verifying completion of the certification course to be submitted within 30 
Calendar Days of NTP 1.

Environmental Inspector (EI) Qualifications not specified in contract ITP or TR.

Quality Testing Supervisor 
(QTS) 

TR 2.28

QTS shall meet at least one of the following qualifications:
• Professional Engineer license; an Engineer-In-Training; or a Bachelor of Science Degree 

in Civil Engineering, Civil Engineering Technology, Construction, or related experience; 
and at least 4 years of highway materials testing experience; or

• Certification by the National Institute for Certification in Engineering Technologies in the 
Construction Materials Testing field as an Engineering Technician (Level III) or higher, 
with at least four years of experience in the appropriate subfield in which sampling and 
testing is being performed; or

• Three years of highway materials testing and construction experience.

Electrical/ITS Tunnel 
Systems Inspector 

TR 2.28

• Administrator and Master Electrician certificate (AD-01) issued by the Department of 
Labor and Industries, and four years of experience supervising the installation of electrical 
systems and ITS systems; or

• 8 years of experience in engineering highway electrical systems, including ventilation, 
pump stations, illumination, traffic signals, and ITS systems.

QA Testing Technicians

QA Inspection Technicians 

 

TR 2.28

The QA Testing Technicians and QA Inspection Technicians shall have the following 
qualifications:
• Shall be qualified in accordance with AASHTO R-18, using the procedural checklist in the 

WSDOT Materials Manual (M46-01) (Appendix D11). 
• The qualifications of the laboratory technicians employed by an AASHTO accredited 

laboratory will be accepted for performing AASHTO test methods only when confirmed 
by the laboratory’s training and evaluation records. The competency of each QA Testing 
Technician shall be re-evaluated annually in all tests they perform, in accordance with the 
laboratory’s Laboratory Quality Systems Manual approved by WSDOT.

• A testing technician currently qualified in concrete testing by the American Concrete 
Institute (Level I) will be considered qualified to perform concrete tests.

• Have a minimum of 3 years of qualifying experience in roadway or tunnel construction 
inspection.

Commissioning Authority 
(CxA) 

TR 2.60.2

• Must be certified and registered by ACG or BCx at the time the Proposal is submitted.

Lead CxA Commissioning 
Agent

TR 2.60.2

• Must be certified and registered as a commissioning agent by the ACG or BCx at the time 
the Proposal is submitted.

Table 2.4-2. Required Certifications and Accreditations.
(continued)
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2.4.2	Quality	Process		
for	Design	
STP’s	 successful	 delivery	 of	 the	 SR	 99	 Bored	
Tunnel	Project	depends	on	collaborative	integration	
of	 the	 quality	 management	 processes	 into	 every	
aspect	of	the	Project	design	development.	We	began	
our	 design	 quality	 organization	 at	 the	 start	 of	 the	
proposal	development	and	will	continue	 it	 through	
during	preliminary	and	final	design	of	 the	Project.	
This	 quality	 organization	 proactively	monitors	 the	
design	 team’s	 support	 process	 through	 substantial	
completion	of	the	Project.	

We	 have	 seen	 from	 the	 Owner’s	 perspective,	 on	
the	 WSDOT	 I-405	 Project	 and	 the	 I-15	 Project,	
that	carefully	written	and	consistently	implemented	
Quality	 Management	 Plans	 improve	 the	 quality	
durability	 and	 maintainability	 of	 the	 Project.	
On	 the	 WSDOT	 SR	 520	 Pontoons	 Project,	 the	
implementation	 of	 the	 quality	 management	 plan,	
while	 time	 consuming,	 is	 ensuring	 preparation	 of	
consistent	 clear	 permit	 support	 and	 construction	
documents.				

The	 objective	 of	 the	 guidelines,	 requirements,	 and	
periodic	reviews	contained	in	STP’s	design	quality	
management	plan	is	to:

•	 Provide	consistent	lines	of	communications	
and	procedures	among	team	members

•	 Provide	clear	and	accurate	plans,	reports,	
calculations,	and	drawings	that	STP	has	
prepared	in	accordance	with	WSDOT	
standards,	policies,	and	the	approved	project	
design	criteria	

•	 Ensure	that	the	project	designs	are	
constructible	and	are	fit	for	their	intended	
use	

Our	quality	management	plan	includes	the	following	
critical	quality	measures:

•	 Checking	independent	of	the	design	work	
•	 Identifying	and	implementing	the	contract	
requirements,	including	design	requirements	
of	various	stakeholders	

•	 Identifying	and	implementing	the	
environmental	protection	measures	that	the	
Project	permits	will	require	

•	 Performing	constructability	reviews
•	 Performing	durability	and	maintainability	
reviews	of	all	project	designs	

STP	will	support	and	enforce	these	quality	processes	
from	the	highest	 levels	of	the	organization.	On	the	
WSDOT	 Tacoma	 Narrows	 Bridge,	 the	 Quality	
Manager	traveled	to	the	design	offices	and	audited	
all	 construction	 documents.	 STP	 will	 incorporate	
this	quality	process	measure	into	the	Project.				

QC/QA Process for Design
STP	 developed	 and	 rigorously	 implemented	 a	
Proposal	 quality	 management	 plan	 containing	
quality	 control	 and	 quality	 assurance	 procedures	
to	 ensure	 that	we	meet	 quality	 expectations	 on	 all	
design	 documents	 developed	 during	 the	 proposal	
preparation	 phase.	 Our	 ongoing	 internal	 audits	 of	
the	Proposal	 phase	 documents	 have	 reinforced	 the	
importance	of	checking	and	have	started	the	training	
of	 our	 design	 team.	 We	 will	 refine	 this	 Proposal	
Quality	Management	 Plan	 –	 based	 on	 the	 outline	
provided	in	ITP	Appendix	Q,	into	the	design	portions	
of	the	Project	quality	management	plan.	

The	design	portions	of	the	Quality	Management	Plan	
will	follow	the	organization	and	format	of	the	draft	
plan	included	in	ITP	Appendix	Q1.	We	will	tailor	it	
to	 address	 the	 unique	 construction	 techniques	 and	
multidisciplinary	nature	of	the	SR	99	Bored	Tunnel	
Project.	 We	 will	 include	 activities	 for	 checking	
design	work,	 including	 independent	checks,	 in	our	
schedule.	This	process	has	worked	well	in	the	past.	
See	Figure	2.4-1.	
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All	of	our	design	work	will	conform	to	 the	design	
requirements	 of	 the	 Project	 Quality	 Management	
Plan	and	we	will	train	all	design	team	members	in	the	
provisions	of	the	Project	plan.	Figure	2.4-2	shows	a	
summary	of	our	design	quality	process.	

Each	formal	review	will	include	the	following:	
•	 Incorporating	comments	from	the	task	
force,	committee,	and	team	meetings

•	 QC	auditing	of	the	color-coded	checking		
system

•	 Ensuring	interdisciplinary	review
•	 Ensuring	constructability	reviews
•	 Incorporating	interdisciplinary	and	
constructability	review	comments

•	 QA	auditing	of	the	corrected	documents
•	 Submitting	to	WSDOT	and	other	
stakeholders	for	review	and	comment

•	 Responding	to	WSDOT	and	other	
stakeholder	comments		

STP’s Formal Design Review Process
Each	package	will	go	through	the	following	formal	
review	process,	including	design	definition	submittal,	
preliminary	design	submittal,	final	design	submittal,	
independent	review,	and	Expert	Review	Board.	

Design Definition Submittal 
STP’s	 design	 definition	 submittal	will	 include:	 (1)	
a	 description	 of	 the	 package	 scope,	 (2)	 updated	
conceptual	level	plans,	and	(3)	the	design	checklists,	
including	 the	 design	 criteria	 for	 the	 package.	 The	
description	 of	 the	 package	 scope	 and	 updated	
conceptual	level	plans	will	document	updates	made	
since	the	submittal	of	the	proposal.	

Based	 on	 information	 generated	 in	 task	 force,	
committee,	and	team	meetings,	we	will	develop	the	
checklists	to	include:	(1)	specific	design	criteria,	(2)	
references	to	specific	contract	and	code	requirements,	
(3)	material	strengths	and	specification	designations,	
(4)	items	we	will	verify,	and	(5)	design	processes	we	
will	follow.	

STP	will	develop	 the	design	checklists	and	review	
them	 with	 WSDOT	 at	 over-the-shoulder	 review	
meetings.	 The	 Design	 Manager,	 the	 Engineer	 of	
Record,	and	the	Design	Quality	Assurance	Manager	
will	 date	 and	 sign	 each	 checklist	 prior	 to	 each	
submittal	of	each	design	package.	

This	 early	 review	 of	 each	 package	 will	 facilitate	
and	 document	 involvement	 of	 the	 whole	 team,	
including	 WSDOT	 reviewers	 in	 confirming	 the	
initial	approach	and	designs	are	consistent	with	the	
Project	requirements.	

Figure 2.4-1. Runway Status Lights Project. 
By including checking activities into the project 
schedule, fewer initial errors were made and a 
higher percentage of errors were corrected early, 
reducing the risk to the project schedule and cost.
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Preliminary Design Submittal
The	Preliminary	Design	Submittal	will	flow	through	
the	 same	 QC	 process	 as	 the	 design	 definition	
submittal.	 We	 will	 complete	 Interdisciplinary,	
Constructability	and	QC	reviews,	and	QA	audits.	We	
will	provide	the	submittal	to	WSDOT	for	review	and	
comment.	

If	WSDOT	has	not	issued	NTP		2,	then	we	will	prepare	
a	 shelving	memo	 for	 each	 package.	This	 shelving	
memo	will	document	the	status	of	the	package,	any	
outstanding	 interdisciplinary	 coordination	 issues,	
and	the	status	of	all	review	comments.	We	currently	
use	 the	 shelving	memo	 on	 the	WSDOT	 Pontoons	
Project	 and	 find	 it	 provides	 an	 important	 bridge	
between	pre-	and	post-	NTP	2.	

Final Design Submittal
Once	NTP	2	is	issued,	STP	will	modify	the	package	
as	 required	 to	 address	 outstanding	 issues	 included	
in	the	shelving	memo,	and	any	new	environmental	
commitments.	STP	will	finalize	 the	design	and	the	
package	will	 complete	 the	 Final	Design	Submittal	
process.	STP	will	 complete	a	QA	audit	 to	confirm	
that	we	have	 addressed	 all	 comments	 and	 that	 the	
package	 meets	 all	 contract	 requirements	 prior	 to	
submittal	to	WSDOT.	

Independent Review
Our	 Team	 is	 committed	 to	 independent	 design	
reviews	of	all	critical	elements	of	the	design.	We	have	
completed	these	reviews	during	the	development	of	
our	Proposal	and	will	continue	them	throughout	the	
design	 of	 the	 Project.	 For	 example,	 Intecsa-Inarsa	
completed	the	conceptual	design	of	the	tunnel	liner.	
HNTB	 completed	 an	 independent	 review	 of	 this	
design.	Then,	we	generated	comments	and	resolved	
them	prior	to	finalization	of	our	Proposal.	Our	team	
members	have	used	 independent	design	checks	on	
past	critical	structural	projects	and	have	found	that	
the	independent	reviewer	brings	a	fresh	perspective	
which	results	in	a	higher	quality	project.	

Expert Review Board 
In	addition	to	the	independent	checking	of	the	bored	
tunnel	design,	we	will	 establish	an	Expert	Review	
Board	to	confirm	technical	design	and	constructability	
of	the	design.	This	team	is	composed	of	senior	world-
class	tunneling	professionals,	including:	

•	 Gary Brierley, PE, PhD, President of 
Brierley Associates —	a	well-known	
expert	in	both	technical	and	nontechnical	
aspects	of	underground	engineering	and	
construction	management	who	has	focused	
his	career	on	the	design	and	construction	
of	tunneling	projects.	Gary	has	worked	on	
more	than	500	major	soil	and	rock	tunneling	
projects	involving	design,	construction	
management	and	consultation	for	owners,	
contractors,	engineers,	public	agencies,	and	
attorneys.

•	 Marco Boscardin, PE, PhD, President of 
Boscardin Consulting Engineers, Inc. —	
a	well-regarded	geotechnical	engineering	
advisor	with	an	extensive	background	
in	underground	construction,	excavation	
support,	and	shallow	and	deep	foundations.	
His	expertise	includes	rock	and	soil	
tunneling,	building	and	utility	response	
to	nearby	construction,	slope	stability,	
dewatering,	and	grouting.

•	 Ed Cording, PE, PhD, Professor 
Emeritus of Civil Engineering University 
of Illinois at Urbana-Champaign —	a	
respected	advisor	on	geotechnical	and	
soils	engineering	who	has	consulted	with	
design	teams	on	tunnel	linings,	ground	
control,	braced	excavations,	and	tunnel	
rehabilitation.	Ed	has	served	on	numerous	
Tunnel	Review	Panels	around	the	world,	
including	the	Alameda	Corridor	Project	
(experience	of	STP	members	Tutor	Perini	
and	HNTB)	and	the	Sound	Transit	Light	
Rail	Program.
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Figure 2.4-2. Design Quality Process. STP will implement a formal review process to 
ensure all design team members understand the provisions of the Project.
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•	 Jack Lemley, CEng, President of LAI 
Consulting —	renowned	for	his	leadership	
of	the	English	Channel	Tunnel	design-
build	team	and	direct	involvement	in	other	
major	tunnel	projects	around	the	world.	
Jack’s	firm	offers	project	management	and	
technical	support	services	for	organization/
planning,	cost	estimating,	procurement,	
safety	and	quality	assurance,	equipment	
selection/maintenance,	and	scheduling,	
particularly	for	underground	development	
and	tunneling.

•	 Ray McCabe, PE, Senior Vice President 
and Chairman of HNTB’s Bridge and 
Tunnel Service Group —	respected	for	
his	strategic	direction,	which	has	guided	
HNTB’s	Bridge	and	Tunnel	practice	to	its	
current	ranking	of	No.	5	in	Bridge	Design	
by	Engineering News-Record.	Ray	oversees	
the	firm’s	tunnel	group,	with	technical	
leadership	by	Samer	Sadek	and	Hugh	Caspe	
who	are	providing	design	quality	oversight	
of	the	SR	99	Bored	Tunnel	Project.

The	 Expert	 Review	 Board	 will	 meet	 once	 per	
quarter	 during	 the	 design	 phase	 to	 review	 key	
design	 assumptions	 and	 criteria,	 design	 approach,	
and	constructability	impacts	and	to	ensure	that	STP	
benefits	from	the	experiences	that	these	experts	have	
encountered	throughout	their	careers.	

The	Expert	Review	Board’s	meeting	will	be	formal,	
with	 agendas	 that	 incorporate	 issues	 the	 Expert	
Review	Board	members	think	need	discussion.	STP	
will	 prepare	 minutes,	 along	 with	 Expert	 Review	
Board	 recommendations,	 of	 each	 meeting	 and	
distribute	them	as	appropriate.	

We	will	regularly	update	the	experts	on	the	Project	
progress.	If	the	members	of	the	Expert	Review	Board	
should	have	concerns	with	any	comments,	they	will	
document	it.	We	will	then	immediately	transfer	these	
concerns	 to	 the	 appropriate	manager	 in	 the	 design	

group.	 The	 manager	 will	 respond	 to	 questions	 or	
concerns	or	discuss	the	issue	directly	so	as	to	satisfy	
the	Expert	Review	Board	member.	

During	construction	 the	Expert	Review	Board	will	
continue	 to	meet	 on	 a	 regular	 schedule	 to	 discuss	
technical	issues	that	may	arise.	The	members	will	be	
kept	abreast	of	all	construction	issues	with	frequent	
site	 visits	 (generally	 prior	 to	 a	 meeting)	 and	 field	
reports	that	will	give	them	a	clear	picture	of	progress,	
problems,	and	successes.	

Again,	 with	 these	 individuals’	 knowledge	 and	
experience,	 they	will	 be	 able	 to	make	 suggestions	
and	 recommendations	 that	 will	 reduce	 risk	 and	
improve	the	overall	construction	process.	The	Expert	
Review	Board	brings	the	highest	level	of	technical	
knowledge	and	experience	to	the	Project,	along	with	
a	 fresh	perspective	on	 the	design	 and	 construction	
process,	effectively	reducing	Project	risk.	

The Design Meets the  
Requirements of the Contract
STP	 will	 ensure	 adherence	 to	 the	 requirements	
through	the	implementation	of	the	formal	submittal	
process	 that	 includes	 the	 Design	 Definition	
Submittal,	Preliminary	Design	Submittal,	and	Final	
Design	 Submittals.	 The	 use	 of	 a	 shelving	 memo	
prior	to	NTP	2	will	ensure	that	critical	information	is	
not	lost	if	the	Project	must	wait	for	NTP	2.		

STP	 will	 confirm	 adherence	 to	 the	 contract	
requirements	 at	 the	 task	 force	 meetings	 that	 will	
include	 a	 discussion	 of	 quality	 issues	 and	 will	
include	 decision	 makers	 on	 both	 the	 construction	
and	design	side	at	every	task	force	meeting.	These	
regularly	scheduled	task	force	meetings	include	the	
Engineer	 of	 Record,	 (person	 responsible	 for	 and	
doing	the	design),	the	contractor’s	decision-making	
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Jordan	has	been	actively	involved	in	weekly	design	
engineering	 team	 coordination	 meetings	 and	 in	
discussions	 regarding	 environmental	 commitments	
and	various	aspects	of	the	design.	

To	 demonstrate	 our	 commitment	 to	 fulfilling	
environmental	 commitments	 and	 protecting	 the	
environment	following	NTP	1,	STP	will:	

•	 Hold	a	design	environmental	kick-off	
meeting	within	10	days	of	NTP	1	to	review	
our	environmental	commitments.	We	will	
invite	WSDOT	to	provide	an	update	on	the	
status	of	environmental	documentation	and	
permits	and	their	potential	impact	on	the	
preliminary	design.	We	will	also	discuss	any	
anticipated	support	for	environmental	and	
permitting	documents	that	might	be	needed.	

•	 Have	our	environmental	team	members	
attend	relevant	design	task	force	meetings	
and	over-the-shoulder	reviews,	especially	
pertaining	to	civil	design,	drainage,	shoring	
and	excavation,	tunnel	coordination	and	
construction,	and	settlement.	STP	will	invite	
WSDOT’s	environmental	representative	to	
these	meetings.	

•	 Have	the	Design	Director	for	the	design	
team	and	the	Project	Manager	for	the	
construction	team	attend	Environmental	
Task	Force	Meetings	when	required.

The	Environmental	Manager	will	update	the	design	
team	regarding	any	revisions	to	the	commitment	list	
as	permits	are	issued	and	as	NEPA	is	issued.	We	will	
communicate	 updated	 information	 at	 weekly	 task	
force	meetings	and	will	promptly	notify	design	leads	
through	e-mail	notification	when	updates	are	made	
to	the	commitment	lists.	

The	 environmental	 team	 will	 participate	 in	
the	 interdisciplinary	 review	 of	 all	 construction	
documents.	We	will	include	relevant	environmental	
commitments	 and	 constraints	 in	 the	 design	
criteria	 associated	 with	 each	 design	 package.	 The	
environmental	team	will	participate	in	the	review	of	

representative	who	will	discuss	how	the	design	will	
be	built	and	WSDOT	staff,	and	other	stakeholders.	
We	will	discuss	lessons	learned	and	current	quality	
issues	and	tracking	in	each	task	force	meeting.	This	
will	reinforce	the	integration	of	the	quality	goals	into	
the	design	and	construction	process.	

Over-the-shoulder	 reviews	 of	 design	 packages	
will	 follow	 immediately	 after	 task	 force	meetings.	
Members	 of	 the	 task	 force	 not	 directly	 involved	
in	 the	 review	 of	 the	 design	 packages	 can	 excuse	
themselves	from	the	over-the-shoulder	reviews.	

STP	will	ensure	quality	through	staffing	of	the	Design	
Quality	Assurance	Team	of	 licensed	engineers	and	
architects	 who	 will	 conduct	 all	 audits,	 focusing	
on	 their	 area	 of	 expertise.	 The	 Design	 Quality	
Assurance	Manager	will	verify	and	validate	that	STP	
has	administered	and	followed	all	required	QA	and	
QC	processes.	

We	will	use	2-	and	3-D	design	software	to	complete	
the	civil	structural,	architectural,	and	systems	design	
work.	 STP	 will	 check	 these	 designs	 using	 the	
HNTB-developed	QASSIST	software.	This	software	
validates	 manual	 checking	 practices	 and	 reduces	
errors	between	the	3-D	model	and	the	2-D	plans	by	
directly	reading	design	data	for	validation,	processing	
predefined	controls	in	seconds,	and	validating	data.	
In	addition	to	providing	an	added	check,	the	use	of	
this	software	helps	to	identify	design	conflicts	early	
during	the	design	development	process.	

Process to Ensure Environmental Protection 
We	have	trained	our	Proposal	design	team,	and	will	
train	our	full	design	organization	following	NTP	1,	
to	 understand	 the	 constraints	 of	 the	 environmental	
commitments	 list.	 Throughout	 the	 development	
of	 our	 Proposal,	 Environmental	 Manager	 Bill	



TUNNEL

SECTION 2.4, PAGE 13

ProPosal – sr 99 Bored Tunnel alTernaTive 

the	design	criteria,	 the	preliminary	design,	and	 the	
final	design	of	each	design	package.	

An	environmental	quality	auditor	will	be	a	member	of	
the	quality	auditing	team.	The	environmental	quality	
auditor	 will	 review	 all	 final	 design	 packages	 for	
compliance	with	the	environmental	commitments.	

Ensuring Constructability of the Design
We	have	built	into	the	design	quality	control	process	
numerous	 formal	 and	 informal	 opportunities	 to	
consider,	 review,	 and	 select	 design	 components	
and	 solutions	 that	 will	 deliver	 facilities	 that	 are	
constructable.	 STP	 is	 engaging	 our	 construction	
team	–	especially	those	who	will	build	the	tunnel	–	
throughout	the	design	process.	Their	participation	is	
critical	to	developing	designs	that	we	can	construct	
within	the	criteria	and	time	frame	established.

To	 ensure	 design	 constructability,	 we	 will	 use	 a	
variety	of	tools,	including	over-the-shoulder	reviews	
with	WSDOT	and	STP	construction	team	members,	
design	checklists	that	outline	specific	requirements,	
a	 clearly	 defined	 submittal	 process,	 and	 analytical	
evaluations	 using	 3-D	 technology	 to	 discover	
clashes	 between	 project	 components	 that	 could	
affect	construction	or	operation.

We	will	use	2-	and	3-D	models	of	the	interior	spaces	
that	include	the	architectural,	structural,	and	systems	
elements	of	the	Project.	Our	integrated	systems	team	
has	been	working	together	for	months	refining	our	
approach	to	systems	designs.	Following	NTP	1,	this	
team	will	confirm	its	approach	and	design	experience	
with	3-D	models	used	to	verify	the	space	allocation	
of	the	tunnel	systems.

A	stringent	and	thorough	review	occurs	prior	to	each	
design	submittal.	We	have	included	a	quality	control	
review,	interdisciplinary	review,	and	constructability	
review	in	the	overall	process.	We	submit	the	design	
package	to	WSDOT	for	review	and	comment	only	
when	STP	addresses	the	review	comments.

In	 addition,	 STP’s	 Expert	 Review	 Board	 will	
review	the	design	approach	and	status	regularly	or	
as	 necessary	 to	 enhance	 the	 quality	 and	 confirm	
the	 design	 product	 from	 both	 technical	 and	
constructability	perspectives.	

Process to Ensure All Elements of the 
Completed Project Will Be Fit for Use for 
the Intended Function

DURABIlITy AnD MAInTAInABIlITy
STP	 will	 assure	 durability	 and	 maintainability	
through	 the	 use	 of	 checklists	 that	 document	
implementation	 of	 vetted	 criteria	 in	 the	 project	
designs	 throughout	 development	 of	 the	 Project.	
	These	checklists	will	outline	the	specific	requirements	
that	we	will	 need	 to	meet	 for	 each	 element	of	 the	
Project.	This	will	 provide	 an	 early	opportunity	 for	
review	and	comment	on	 the	designs	and	a	method	
for	 tracking	 early	 assumptions	 through	delivery	of	
the	packages.

In	addition,	we	will	complete	a	functional	analysis	of	
all	major	components	of	the	Project	systems	at	each	
stage	of	the	design	process.	The	functional	analysis	
will	 confirm	 that	 each	 component	 type,	 size,	fit	 in	
the	proposed	location,	repair	history,	ease	of	repair	
and	 maintenance,	 anticipated	 design	 life,	 power	
requirements,	and	compatibility	will	be	compatible	
with	other	components	in	the	system.	

STP	will	assure	durability	of	the	concrete	elements	
through	 discussion	 of	 the	 proposed	 concrete	 mix	
designs,	 placement	 methods	 and	 reinforcement	 in	
the	 structural	 task	 force	 meetings.	 The	 Engineers	
of	Record	will	maintain	close	ties	with	construction	
throughout	 the	 life	 of	 the	 Project.	 Engineers	 of	
Record	 will	 approve	 all	 changes	 to	 proposed	
materials,	concrete	mix,	equipment	types	and	sizes	
prior	to	inclusion	in	the	Project.	
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STP	considers	quality	processes	an	integral	part	of	
our	daily	work.	We	check	our	approach	before	we	
start	work,	and	validate	our	work	as	we	go,	not	just	
at	 major	 submittals.	 The	 quality	 organization	 is	
independent	of	production	and	will	receive	support	
from	the	highest	levels	of	our	organization.	

2.4.3	Quality	Process		
for	Fabricated	Items	
The	fabrication	quality	process	starts	at	the	fabrication	
selection	 phase.	 The	 construction	 organization	
will	 contract	 only	 fabricators	 that	 are	 WSDOT	
approved	 fabricators	 from	 the	 Qualified	 Products	
List	 or	 fabricators	 with	 the	 capacity	 to	 establish	
approval	 from	 the	Construction	Quality	Assurance	
Manager	 (CQAM)	 and	WSDOT	 for	 conformance	
with	Division	6	of	the	Standard	Specifications.	We	
will	 require	 all	 fabricators	 to	 submit	 their	 current	
qualifications	 and	 certifications	 for	 the	 fabricated	
items	contracted	to	produce.

The	project	production	team	will	coordinate	with	the	
fabricators	to	develop	a	project	fabrication	schedule	
to	meet	the	project	demand.	The	fabrication	schedule	
will	 outline	 the	 activities	 for	 which	 we	 require	
inspections	and	 testing.	The	 fabrication	production	
teams	will	 then	 compile	 necessary	 shop	 drawings,	
specifications,	and	Quality	Control	submittals	for	the	
fabricated	items	and	submit	them	for	approval.	The	
shop	drawings	will	consist	of	the	technical	drawings,	
design	calculations,	and/or	data	that	the	design	team	
will	 review	 to	 ensure	 that	 the	 fabricated	 items	 are	
consistent	 with	 the	 designer’s	 intent,	 the	 Standard	
Specifications,	and	the	contract.	

The	 Quality	 Control	 submittals	 will	 include	 the	
Quality	Control	Plan,	Inspection	and	Test	Plan,	and	
the	 qualifications	 and	 certifications	 of	 the	 Quality	
Control	 Fabrication	 Testing	 Technicians	 that	 the	
Fabrication	 Quality	 Assurance	 Manager	 (FQAM)	
and	 the	 CQAM	will	 review.	We	 will	 develop	 the	
Inspection	 and	Test	Plan	 to	 describe	 the	 details	 of	

the	proposed	QC	inspections	and	to	perform	testing	
during	 the	 fabrication	 process.	 This	 process	 will	
ensure	that	the	production	team	interfaces	efficiently	
and	effectively	with	the	quality	procedures.
Upon	approval	of	the	fabrication	submittal	package,	
the	production	team	will	initiate,	a	minimum	seven	
days	prior	to	the	start	of	fabrication,	a	Prefabrication	
Pre-activity	Meeting	 for	 fabricated	 items	 requiring	
major	 inspections	 and	 approval.	 The	meeting	 will	
require	the	attendance	of	the	fabrication	production	
and	 quality	 control	 personnel,	 the	 FQAM,	 and	
WSDOT	Quality	Verification	(QV)	personnel.	
The	 meeting	 will	 ensure	 that	 the	 involved	
personnel	 have	 a	 thorough	 understanding	 of	 the	
work	 to	 be	 accomplished	 and	 will	 reinforce	 the	
approved	 fabrication	 procedures.	 For	 activities	
occurring	beyond	60	miles	 of	 the	Project,	we	will	
notify	WSDOT	in	writing	at	 least	14	days	prior.	A	
teleconference	will	be	available	for	required	parties	
that	cannot	physically	attend	the	meeting.	
The	 agenda	 for	 the	 Prefabrication	 Pre-activity	
Meeting	will	include	the	following	points:

•	 Fabrication	schedule
•	 Fabrication	procedures
•	 Applicable	shop	drawings,	contract	
specifications,	and	mix	designs

•	 Communication	flow
•	 Material	inspection	and	testing
•	 Curing	procedures
•	 Storage	and	stamping
•	 Loading	and	shipping	control

The	 Fabrication	 Quality	 Control	 (FQC)	 personnel	
will	 develop	 and	 propose	 an	 Inspection	 and	Tests	
Plan	 to	 ensure	 an	 end-product	 that	 is	 of	 uniform	
quality	 and	 meets	 the	 contract	 requirements.	 The	
plan	will	identify	the	Hold	Points	in	the	production	
process,	 define	 activity	 we	 will	 test/inspect,	 and	
define	 the	 acceptance	 criteria	 for	 the	 work	 at	 the	
Hold	Points.	
At	 these	 Hold	 Points,	 the	 QC	 personnel	 will	 be	
responsible	 for	 determining	 whether	 work	 is	
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acceptable	and	whether	the	item	will	proceed	to	the	
next	stage	of	fabrication.	We	will	mark,	document,	
and	 track	 items	 deemed	 unacceptable	 in	 a	 FQC	
nonconformance	 log.	 The	 log	 will	 detail	 why	 we	
did	not	 accept	 the	 item	and	 identify	 the	corrective	
actions	taken	and	preventive	actions	implemented	to	
avoid	future	nonconformance.	

The	FQC	team	will	be	the	responsible	authority	for	
performing	 inspections	 for	 materials	 received	 and	
during	 fabrication	 process,	 and	 final	 inspections.	
FQC	team	will	provide	documentation	and	evidence	
of	 compliance	 by	 the	 suppliers	 and	 subcontractors	
involved	 in	 the	 fabrication	 process.	 We	 will	 use	
this	 evidence	 to	 confirm	 compliance	 with	 the	
requirements	 of	 the	 Released	 for	 Construction	
(RFC)	documents,	Standard	Specifications,	and	the	
contract.	

STP	 will	 maintain	 sufficient	 FQC	 personnel	 at	
the	 fabrication	 facility	 on	 a	 full-time	 basis	 during	
fabrication	process.	The	FQC	staff	will	ensure	that	
we	achieve	the	required	quality	and	review	process	
procedures,	and	implement	them	at	all	stages	of	the	
production.	The	FQC	team	will	continue	to	monitor	
the	fabricated	item	as	it	is	delivered	to	the	worksite	
ensuring	that	we	properly	handle	and	store	the	item	
during	the	delivery	process.

We	will	 take	special	quality	control	considerations	
for	 the	 tunnel	 lining	 fabrication,	 the	 batch	 plant,	
and	 the	 Portland	Cement	Concrete	mix	 design.	 In	
addition	to	the	FQC	aforementioned	quality	control	
process,	the	fabricator	will	employ	the	services	of	a	
qualified	 independent	 testing	 laboratory	 to	 test	 the	
Portland	Cement	Concrete	trial	mixes	in	accordance	
with	WSDOT	Materials	Manual	 and	 the	 Standard	
Specifications.	

The	Tunnel	Lining	FQC	team	will	develop	and	submit	
a	Materials	Testing	Quality	Program	to	the	CQAM	
and	 FQAM	 for	 approval.	 The	 Materials	 Testing	
Quality	Plan	will	establish	the	sampling	frequency,	
characteristic	monitoring,	and	measurements	for	the	

fabricated	 items.	The	Quality	Assurance	 team	will	
continually	review	and	monitor	the	data	obtained	by	
FQC	to	ensure	that	the	data	is	statistically	verified.	
We	will	then	submit	the	Quality	Assurance	findings	
to	WSDOT	for	further	verification.

The	 CQAM	 will	 oversee	 the	 Quality	 Assurance	
for	fabricated	items	and	FQAM	will	manage	them.	
The	 FQAM	will,	 in	 collaboration	with	 the	 design	
team,	 identify	 fabricated	 items	 as	 requiring	minor	
or	major	inspections	and	approval.	The	Fabrication	
Quality	Assurance	Inspector(s)	(FQAI)	will	report	to	
directly	to	the	FQAM.	The	FQAI	will	be	responsible	
for	 ensuring	 that	 we	 perform	 QC	 inspections	 and	
tests	in	accordance	with	the	approved	QC	submittals	
and		materials	we	use	meet	the	requirements	of	the	
RFC	 documents,	 Standard	 Specifications,	 and	 the	
contract.	

The	 fabrication	 production	 team	 will	 provide	 the	
FQAM	a	one-week	look-ahead	schedule	on	a	weekly	
basis	 for	 the	 fabrications	 throughout	 the	 duration	
of	the	fabrication	process.	The	FQAM	will	use	the	
weekly	 look-ahead	 schedule	 to	 plan	 and	 organize	
the	QA	staff	ensuring	that	we	perform	all	inspections	
and	test	as	per	the	approved	procedures.

For	 fabricated	 items	 requiring	 minor	 inspections	
and	 approval,	 the	 FQAI	 will	 be	 responsible	 for	
collecting	 and	 reviewing	 all	 material	 certification	
documents	 and	 fabricator	 inspections	 reports	 for	
inspection	 for	 acceptance.	Additionally,	 the	 FQAI	
will	visually	inspect	and	perform	Quality	Assurance	
testing	on	each	 fabricated	 item.	We	will	document	
items	specified	as	a	nonconformance	and	log	them	in	
a	nonconformance	report.	Furthermore,	we	will	tag	
or	 stamp	 all	 approved	 fabricated	 items	 “Approved	
to	Shipment”	in	accordance	with	Section	9-2	of	the	
WSDOT	Construction	Manual.	

In	 contrast,	 for	 fabricated	 items	 requiring	 major	
inspections	 and	 approval,	 the	 FQAI	will	 be	 at	 the	
fabrication	 facility	enough	 time	 to	assure	 that	STP	
meets	the	requirements	of	the	RFC	documents	and	
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contract	specifications.	Similarly,	we	will	perform	a	
final	visual	inspection	and	Quality	Assurance	testing	
on	fabricated	item.	We	will	then	stamp	each	approved	
item	with	an	“Approved	to	Shipment”	prior	to	being	
sent	to	the	jobsite.	

The	 FQAI	 will	 maintain	 daily	 inspection	 reports	
detailing	the	description	of	the	inspections	and	use	
inspection	forms	and	checklists	as	specified	in	the	TR	
Section	2.28.5.11.	The	FQAI	will	 also	 sample	and	
test	the	materials	identified	in	TR	Section	5.27.4.12	
used	 by	 the	 fabricators	 prior	 to	 their	 use.	We	will	
identify	 materials	 that	 do	 not	 meet	 the	 specified	
requirements	as	such	and	we	will	not	use	them	in	the	
fabrication	items	for	the	Project.

2.4.4	Quality	Process		
for	Construction
The	Construction	Quality	Control	Program	(CQCP)	
and	the	Construction	Quality	Assurance	Management	
Program	 (CQAMP)	 compose	 the	 Construction	
Quality	Management	Plan	(CQMP).	We	will	subject	
both	plans	to	STP	revision	and	to	WSDOT	approval.	

As	 part	 of	 the	 QMS,	 STP	will	 implement	 proved	
Quality	System	Procedures	(QSP):

•	 Document	and	Drawing	Control	Procedure
•	 Purchase	Procedure
•	 Treatment	of	Non	Conformities	Procedure
•	 Field	Change	Request	Procedure
•	 Disposition	of	Defective	Material	Procedure
•	 Witness	and	Hold	Plan	for	major	activities
•	 Contract	Review	Procedure
•	 Internal	and	External	Audit	Procedure
•	 Lane	Closure	Request	Procedure
•	 Testing	Sampling	Request	Procedure
•	 Material	Approval	Procedure
•	 Hand-over	of	Work	Procedure

Construction Quality  
Control Program
The	Construction	Quality	Control	Program	(CQCP)	
includes	the	following:

•	 Management responsibility – 
	 Define	responsibility,	authority,	and	
communication	of	the	project	team,	with	
special	emphasis	on	STP’s	Quality	team.		

•	 Management review –	
	 Perform	semiannual	review	of	the	STP’s	
QMS	to	ensure	continuing	suitability,	
adequacy,	and	effectiveness	of	the	system.	

•	 Planning of product realization –	
	 Schedule	preconstruction	meetings	for	new	
major	work	element.

•	 Client-related processes – 
	 Identify	and	continue	review	of	the	
requirements	of	the	contract,	as	well	as	the	
means	for	an	effective	communication	with	
STP	and	WSDOT.

•	 Design and development – 
	 Involve	construction	in	the	constructability	
review	of	design	packages,	design	change	
process,	released	for	construction	drawings,	
and	as-built	information.

•	 Purchasing processes – 
	 Establish	procedures	to	document	the	
conformance	of	purchased	products	
with	requirements,	as	well	as	procedures	
for	approval	of	materials	received	and	
disposition	of	defective	materials.	

•	 Control of production and service  
provision – 

	 Establish	procedures	(checklists)	to	ensure	
that	STP	performs	the	construction	work	
in	accordance	with	the	requirements	of	the	
contract,	the	performance	specifications,	
and	approved	drawings.	
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•	 Identification and traceability – 
	 Establish	procedures	to	ensure	that	STP	
identifies	products	and	materials	from	
receipt	and	during	all	stages	of	production,	
delivery,	and	installation.	Establish	
procedures	to	ensure	that	STP	performs	
testing	and	sampling	in	compliance	with	
the	contract	requirements.	Perform	daily	
inspection	reports	and	tests	as	part	of	the	
maintained	documentation.	Interact	with	
the	CQCP	for	certain	materials	that	required	
production	under	an	approved	QC	Plan.

•	 Control of monitoring and  
measuring devices – 

	 Establish	procedures	to	ensure	that	STP	
maintains	tools,	gauge,	instruments,	and	
other	measuring	devices,	calibrated,	and	
adjusted.	We	will	also	include	procedures	
for	calibration	of	survey	equipment.

•	 Measurement analysis and improvement –
 Establish	procedures	to	define	the	method	
for	scheduling	and	undertaking	internal	
and	external	audits.	Establish	methods	
to	evaluate	client	satisfaction,	as	well	as	
establish	procedures	for	control	of	non	
conforming	product	and	corrective	and	
preventive	actions.	

Construction Quality Assurance 
Management Program 
STP	 will	 develop	 the	 Construction	 Quality	
Assurance	Management	Program	(CQAMP)	as	part	
of	the	STP’s	QMS	to	define	the	controls	aspects	of	
construction	 inspection,	 QC	 material	 testing,	 and	
certification	 of	 the	 Project.	 STP’s	 CQAMP	 will	
comply	with	the	requirements	established	in	Section	
2.28	of	the	Technical	Requirements.	

In	 accordance	 with	 the	 approved	 CQAMP,	 the	
CQAM	will	 manage	 QA	 issues	 for	 STP	 and	 will	
direct	the	QA	staff.	All	Quality	Assurance	Technician	
inspectors	will	 have	 all	 required	 certifications	 and	
experience	to	address	the	types	of	work	in	progress	
at	any	given	time.	The	certified	QA	testing	laboratory	
will	 support	 testing	 needs	 for	 concrete	 cylinders,	
soils	 analysis,	 water	 quality,	 and	 other	 required	
testing.	We	will	perform	all	tests	and	inspections	in	
accordance	with	referenced	standards.	

The	QA	program	includes	the	following	procedures:	
•	 Ensuring	on-site	inspection	and	test	
procedure—the	CQAM	or	designee	will	
develop	inspection	and	test	schedules	for	all	
major	activities	of	work

•	 Develop	inspections	plans	(IP)	for	specific	
work	activities	and	submit	and	approve	
them	before	start	of	the	activity	

•	 Specifying	the	notification	and	inspection	
frequency	requirements	in	the	IP,	and	
defining	each	activity	listed	as	either	a	
Witness	or	Hold	Point

This	will,	at	a	minimum,	include:	
•	 activity	
•	 contractor/subcontractor	performing	
the	work;	

•	 preparatory	and	construction	
characteristics	that	we	will	inspect	

•	 identification	of	Witness	and	Hold	
Points	for	each	characteristic	
described	

•	 document	requirement	or	inspection	
request

•	 submittal	requirement	
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The	CQAM	will	provide	the	contractor/subcontractor	
with	all	applicable	IPs	prior	to	start	of	work.	

Each	 level	 of	 the	 quality	 organization	 will	 use	
checklists	for	each	element	of	the	work	based	upon	
the	contract	requirements	and	standards.	Each	QA	and	
QC	inspector	will	provide	daily	reports	for	activities	
and	the	completed	checklists	will	supplement	them.	

The	 CQAM	 will	 audit	 the	 QA	 daily	 reports	 and	
require	clarifications	as	necessary.	We	will	provide	
monthly	 summary	 reports	 of	 all	 activities	 and	
disposition	of	any	nonconformance	reports	we	issue	
or	resolve	in	the	period.

QA/QC STP Subcontractors 
Subcontractors	will	work	within	the	CQMP	team	and	
will	be	responsible	for	contractually	defined	scopes	of	
work.	Subcontractor	principals	or	superintendents,	or	
both,	will	participate	in	preconstruction	conferences	
and	 progress	 meetings	 as	 required,	 follow	 STP’s	
safety	 and	 quality	 management	 programs,	 and	
coordinate	 with	 the	 General	 Superintendent	 or	
designated	Field	Superintendents	at	the	jobsites.	

We	 will	 require	 subcontractors	 and	 suppliers	 to	
submit	 their	 quality	 plans	 to	 the	 Project	 Quality	
Manager	 (PQM)	 for	 approval	 and	 include	 them	
in	 the	 Project	 QMP,	 which	 WSDOT	 will	 review	
and	 approve.	 We	 will	 require	 subcontractors	 to	
designate	a	QC	Representative	who	will	be	on-site	
during	 performance	 of	 their	 respective	 portions	
of	work.	The	Project	schedule	will	show	when	we	
require	the	various	subcontractors	and	suppliers’	QC	
representatives	on-site.

We	will	also	require	QC	representatives	to	prepare	a	
daily	report	that	documents	their	on-site	inspections	
and	 other	 QC	 activities,	 and	 submit	 the	 report	 to	
the	 PQM	or	 designee	 for	 inclusion	 in	 STP’s	 daily	
Quality	 Report.	 We	 will	 review	 all	 construction	
subcontractor	submittals	and	the	subcontractor	will	
certify	them	as	meeting	the	requirements	of	the	QMP	
and	Project	specifications.

Commissioning	will	 rely	on	 information	generated	
through	 the	 quality	 processes.	 We	 will	 transition	
Project	 close-out	 and	 the	 end	 of	 the	 construction	
phase	per	the	approved	plan.

2.4.5	Life-Cycle	Cost
STP	is	committed	to	providing	a	quality	product	not	
only	 during	 design	 and	 construction	 phases	 of	 the	
Project,	 but	 also	 after	WSDOT	 has	 commissioned	
the	 Project	 and	 turned	 it	 over	 for	 operation	 and	
maintenance.	

STP’s	approach	to	the	life-cycle	cost	is	reflected	in	
the	 alternative	 technologies	 and	 products	 we	 will	
use	 in	 the	 Project	 during	 design	 and	 construction	
phases.	 The	 design	 team	 will	 perform	 life-cycle	
cost	evaluations	of	alternative	technical	options	and	
concepts	 that	 will	 summarize	 the	 capital	 costs	 of	
installation	 cost,	 rehabilitation/replacement	 costs,	
safety	benefit,	reusability,	product-life	and	warranties	
of	the	products,	and	technology.	

We	 will	 analyze	 the	 life-cycle	 cost	 evaluations	
and	 best	 available	 option	 for	 the	 particular	 aspect	
we	 select	 for	 Project	 incorporation.	 During	 the	
construction	 phase,	 the	 Quality	 Organization	 will	
ensure	 that	personnel	with	 the	proper	certifications	
and	training	perform	the	manufacturing,	production,	
and	 installation	 of	 the	 products	 to	 ensure	 the	 best	
possible	end-product	for	WSDOT.



TUNNEL

SECTION 2.4, PAGE 19

ProPosal – sr 99 Bored Tunnel alTernaTive 

2.4.6	Commitments	
Exceeding	the		
RFP	Requirements
STP’s	 commitments	 exceeding	 RFP	 requirements	
include:

•	 Implementing	a	quality	management	
approach	that	is	consistent	with	ISO	
9001:2000

•	 Providing	an	Expert	Review	Board	
to	confirm	technical	design	and	
constructability	of	the	design

•	 Implementing	design	definition	submittal	
process	to	facilitate	and	document	
involvement	of	the	Project	team,	including	
WSDOT	reviewers,	in	confirming	the	initial	
approach	and	designs	are	consistent	with	the	
Project	requirements	

•	 If	NTP	2	is	delayed,	preparing	a	shelving	
memo	for	each	preliminary	design	package	
to	document	the	status	of	the	package,	any	
outstanding	interdisciplinary	coordination	
issues,	and	the	status	of	all	review	
comments
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2.5 Risk Management  
Plan Outline 
STP will use the ISO 31000 standard for managing 
risk. The Risk Assessment and Risk Mitigation 
(RA/RM) Plan is to describe the approach for the 
risk assessment and risk mitigation process to be 
utilized by STP for WSDOT’s SR 99 Bored Tunnel 
Alternative Design-Build Project. For a draft Risk 
Plan, see Appendix D.

The objectives of this RA/RM plan are:
• Document the process of risk assessment 

and risk mitigation (RA/RM)
• Describe the RA/RM process
• Convey Project objectives that lead to the 

accomplishment of the Project’s goals
• Identify RA/RM deliverables and milestone 

dates

Effective risk management is guided by a set of 
principles that represent current best practices.  
Although scalable by nature based on the size and 
complexity of the particular project or program, 
the risk assessment and risk mitigation plan should 
reflect a consistent set of principals as follows:

• Global Perspective: view each project 
phase as a means to the overall project 
success. View each project and its success 
in relationship to other projects.

• Forward-looking View: looking ahead in 
order to anticipate risks and their potential 
impacts. More importantly, anticipate 
potential problems in time to successfully 
address them.

• Open Communications: Encourage a free 
flow of formal and informal information 
in order to make each stakeholder a part of 
effective risk management.

• Integrated Management: Integrate risk 
management within the overall project 
management process. As part of integrated 
management stakeholder participation is 
critical with respect to buy-in of the process, 
and for timely concurrence with actions 
decided to mitigate risks.  

• Continuous Process: Identify and manage 
risks routinely through all phases of the 
project’s life-cycle.

• Shared Project Vision: Maintain a shared 
vision of the project’s definition of success.  
Collaboratively establish measurable 
parameters for success with regard to scope, 
schedule, cost and quality.

• Teamwork: Pool talents, skills, and 
knowledge to work cooperatively to identify 
and manage project risk.

Figure 2.5-1 illustrates the “hierarchy” of how risk 
assessment and risk management achieves distinct 
and measurable tasks or activities that are a direct 
antecedent to the foundation vision and goals of the 
program. To this end, Seattle Tunnel Partners must 
involve WSDOT at the earliest phase in the RA/
RM process to ensure that the mission is clear to the 
entire team.
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Figure 2.5-1. RA/RM Value Hierarchy.
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Benefits of Risk Management
The benefits of effectively identifying and managing 
project risk as early as possible in a project or 
program have been proven time and time again.  
For a program as large, complex and visible as the 
WSDOT SR 99 Bored Tunnel Alternative Design-
Build Project, the following benefits are particularly 
important:

• Systematically identify causes of risk and 
continually work to reduce the likelihood of 
occurrence and severity

• Active stakeholder participation facilitates 
mitigation buy-in

• Delay time for risk response is significantly 
reduced due to prior planning

• Effectively monitor and reduce the 
likelihood of schedule impact and delay

• Early identification of potential “cost 
drivers” allows focus on reducing potential 
cost overruns and escalated costs

• Communicated focus on critical elements 
of the project allows for commitment to 
maintaining level of quality of end product

• Identified risk issues and mitigation 
measures or responses can be archived as 
“lessons learned” and can become part of an 
overall continuous improvement process for 
the entire project team

Figure 2.5-2 shows the relationships between risk 
exposure, impact and ability to influence with 
preventive actions for any given project.  As the 
project advances through the development and 
design phases, the actions taken to recognize and act 
on the associated risks will ultimately form the level 
of certainty for success for the delivery phases of  
the project.
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The STP Team has the most influence over the Project 
at the onset of the Project.  At the very same time, 
the impact of Project risk is at its lowest.  Through 
time, the team’s ability to make adjustments without 
substantially impacting scope, schedule, quality, or 
budget decreases.  Simultaneously, the magnitude of 
adverse impacts to these components increases.

Because these adverse impacts can increase through 
time, on-going monitoring and response to eliminate 
or mitigate risk related events is the team’s best 
weapon against scope and budget creep, time 
extensions, and the erosion of quality.

The Project Risk Management Task Force  
(PRM – TF) will be comprised of a delegation from 
the Seattle Tunnel Partners in collaboration with the 
WSDOT leadership and management.  

The STP Project Manager’s responsibilities include:
• Providing overall direction of the Project
• Providing overall project management 

(scope, schedule, budget)
• Participating in Risk Management Task 

Force activities
• Providing resources to meet the 

commitment of the team 
• Engaging outside stakeholders in the 

process

The STP Risk Manager’s responsibilities include:
• Managing risk assessment and risk 

mitigation process, owner of the risk 
register, responsible for Monte Carlo 
analysis, responsible for implementing and 
managing risk response plan

We expect that the WSDOT task force representative 
will:

• Provide multi-disciplinary approach to 
identification of potential risks, including 
probability and severity; mitigation 
measures; and appropriate actions 

• Provide leadership and guidance during the 
entire process as needed to meet the goals of 
the Project

We expect that the Stakeholders task force 
representative will:

• Be aware of potential risks and impacts
• Identify red flags during the Project
• Participate in mitigation efforts

The risk management strategy employed by 
STP is intended to identify critical areas and risk 
events, both technical and non-technical, and take 
necessary action to handle them before they can 

ACHIEVES BENEFITS

Lower Risks

Saves Time

Reduces Cost

Obtain Quality

Risk
Management

Team

46
05
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36

8

Results of Risk Management

Figure 2.5-2. Lifecycle Risk, Impact and 
Mitigation Profiles.
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become problems, causing serious cost, schedule, 
or performance impacts.  Through the effective 
use of risk mitigation strategies derived from risk 
identification and analysis, and the application of 
the selected risk-handling options STP will reduce 
overall risk exposure.  The goal is to deliver the 
Project with the minimum impact on the community 
and the environment in accordance with the Project 
documents.

The several key areas of concern identified 
by WSDOT and STP are enumerated in the 
accompanying risk register.  Implementation of 
the appropriate risk-handling option and diligent 
monitoring of the success of the chosen strategy, 
as well as vigilant awareness of any potential new 
risk resulting from these, will be carefully studied to 
foster success.   

Risk Assessment and Risk Mitigation (RA/RM) for 
the Project is built on a general approach that:

• Begins with project planning
• Requires a work plan that includes Project 

concept, scope, and level of effort
• Identifies key uncertainties and risks 

associated with the Project
• Examines the identified risks to mitigate 

their impact or to build in risk allowances
• Expects risk monitoring and response to be 

an on-going part of the Project

Once the risks have been identified risk mitigation 
is accomplished by using integration of the Oracle 
Primavera P6 Professional Project Management 
developed Critical Path Method (CPM) schedule and 
cost data with the risk register into a comprehensive 
integrated risk model.  The resultant risk model can 
be analyzed for the potential impact of the risks on 
schedule and cost performance by applying stochastic 
data analysis in the form of Monte Carlo simulation, 
Latin Hypercube sampling, and statistical parametric 
data modeling to produce the probability distribution 
for the associated cost and schedule impacts. These 
results enable the RM, PM and other decision-

makers to make informed choices in preparing the 
risk-handling options. This post analysis is a very 
difficult to execute in practice and it is replaced by a 
simplified analysis. See Figure 2.5-4.

This process produces a comprehensive view of 
how the disparate risks potentially affect Project 
performance. From this, and in coordination with the 
STP Team, the RM develops a risk-handling profile 
with options to mitigate the risks and monitor the 
effectiveness of the selected risk-handling options.  
The various risk-handling options are presented to 
the STP Project Manager to determine final selection. 
Key to the success of this effort is the identification 
of the resources to implement the developed risk-
handling options.

Risk information will be captured by the RM in 
the risk register and distributed in accordance with 
the Project’s communications plan.  The RM will 
provide standard reports (e.g. tornado graphs and 
scatter plot), and ad hoc tailored reports required by 
the STP Team.  Risk information will be included 
in all program reviews, and as new information 
becomes available, the RM will conduct additional 
reviews to ascertain if new risks exist.  The goal is to 
be continuously looking to the future for areas that 
may impact the Project.

The basic steps in the RA/RM process are as follows:

• Identify Risk Events. Anticipate and 
locate sources of risks. It is imperative that 
all stakeholders participate to identify  
risk issues

• Risk Analysis. To transform risk data into 
decision-making information

• Risk Response. To translate risk 
information into decisions and mitigating 
action plans

• Risk Control. To correct for deviations 
from the risk mitigation plans and to 
provide information on risk activities, 
current risks, and emerging risks
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On the following page, Figure 2.5-3 illustrates the 
iterative and repetitive process for risk management.  
It is guided by a series of repeatable, predictable steps 
(listed above) that tie into the Quality Management 
process.  

Identify Risk Events
Communication among the STP Team members is 
a key contributing factor in early identification of 
risks.  The use of periodic integration of information 
from task force meetings, the use of occasional 
brainstorming sessions and other probative methods 
produces the basis for updates to the risk register, 
and identification of new risks.

Risk identification is an ongoing process as the Project 
progresses to completion. As Project dynamics 
and situations may change, and the occurrence, or 
non-occurrence, of previously identified risks may 
introduce new, secondary, or residual risks not 
previously identified.  

To capture these risks the STP Team will utilize a 
top-down approach to risk identification because it 
is an effective approach to achieving the following 
objectives:

• Provide a rational approach to the risk 
management process

• Identify the full spectrum of Project risks
• Reduce the possibility of missing significant 

risks
• Focus the risk identification process
• Rational categorization of the identified risk

• Establish potential risk categories
• Identify sources of risk
• Brainstorm comprehensive list of 

potential risk events

Risk Register
The risk register is a document that is used to 
systematically list all identified risks, provide a 
mitigation plan for each risk, and a status of the 

mitigation efforts. The Risk Manager is responsible 
for entering risks into the risk register, a live 
document updated regularly to reflect the addition of 
risks or changing mitigation plans and actions.

The risk register consists of three components:
• risks associated with the means to perform 

the work
• risks associated with performing the work
• risks to the Project budget and schedule

The risk register shall include the following fields, 
as a minimum:

• Risk category
• Risk description
• Risk owners
• Risk status
• Mitigation plan
• Action required
• Dates for action completion
• Party responsible for action
• Probability of occurrence
• Likelihood, consequence, and risk rating 

(unmitigated)
• Likelihood, consequence, and risk rating 

(mitigated)
• Estimated cost impacts, including 

maximum, most likely, and minimum
• Estimated time impacts, including 

maximum, most likely, and minimum

Figure 2.5-4. Risk Mitigation Approach.
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Figure 2.5-3. Risk Management Process. 
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Table 2.5-1. Risk Breakdown Structure.
  SR 99 BoRed Tunnel AlTeRnATive - RiSk BReAkdown STRucTuRe (RBS)
  env STG deS Row uTl RR PSP MGT cTR cnS

id#
enviRonMenTAl & 

HydRAulicS
STRucTuReS & 

GeoTecH  deSiGn / PS&e

RiGHT-of-wAy 
(includinG AcceSS And 

AcquiSiTion) uTiliTieS RAilRoAd
PARTneRSHiPS And 
STAkeHoldeRS MAnAGeMenT / fundinG

conTRAcTinG And 
PRocuReMenT conSTRucTion

10 NEPA/SEPA Documentation 
Completion (incl. Section 
4f,etc.) NEPA/SEPA 
Challenges

Potential Changes to 
Structures Design (Bridge 
Superstructure, Retaining 
Walls)

Potential Changes to 
roadway design (including 
vertical and/or horizontal 
alignment, earthwork, 
pavement, etc.)

Issues Associated with 
Development of ROW Plan

Utility Design Coordination 
and Agreements

Railroad Design 
Coordination and 
Agreements

Tribal Issues Change in Project Managers 
and/or other key Leadership

Change in Project Delivery 
Method

Traffic Control and Staging 
Issues (MOT/WZTC)

20 ESA Issues (incl. 
consultation, Biological 
Assessments/Biological 
Opinions, Fish Passage)

Potential Changes to 
Geotechnical Design 
Foundations, Liquefaction, 
Mitigation, etc. 

Challenging Geotech 
Conditions

Approval of Design  
Deviations 

Changes to roadway design 
criteria (i.e. shoulder width, 
sight distance, etc.)

Uncertainty in Future ROW 
Escalation Rate (Project-
Specific, including change in 
land use, urbanization, etc.)

Utility Relocations and 
Conflicts

Railroad Coordination during 
Construction (flagging, work 
restrictions, work windows, 
etc.)

Public Involvement Issues 

Other Interagency 
Agreements (i.e. Sound 
Transit, USFS, cities, 
counties, etc.)

Delayed Decision Making Issues Related to Contract 
Language (Contract 
Packaging, Warranties, 
Liquidated Damages, DBE, 
Insurance/Bonding, etc.)

Construction Permitting 
Issues (incl. work 
restrictions)

30 Environmental Permitting 
(incl. Appeals)

Changes to Structural 
Design Criteria (e.g., 
seismic)

Changes to Architectural, 
CSS, Landscape Design

Limited Access (Interchange 
Justification Report -IJR, 
Access Hearing, etc.)

 Contractor Right of Entry 
Requirements

Additional Scope in 
Response to Third Party 
Concerns (e.g., artwork, 
shared-use pathways, 
intersection improvements, 
etc.)

Availability of Funding/ 
Cash Flow Restrictions

Delays in Ad/Bid/Award 
Process (Addenda, Protests, 
etc.)

Work Windows (Weather, 
Fish, etc.)

40 Archaeological/Cultural 
Discoveries, Historic 
Property Impacts & 
Mitigation (Section 106)

 Projects by other agencies 
affected by or affecting this 
Project (design coordination)

Managed Access (Appeal 
Hearing, etc.)

   Political/Policy Changes Market Conditions (non-
competitive bidding 
environment) Lack of 
Qualified Bidders

Construction Schedule 
Uncertainty (general, 
including timing of award)

50 Hazardous Materials 
Groundwater and Soil 
Contamination (PE, RW, 
CN)

 Potential Changes to 
Design of Permanent Traffic 
Items (ITS, Illumination, 
Intersection, etc.)

ROW Acquisition Issues 
(condemnation, relocations, 
demolitions, etc.)

   State Workforce Limitations Delays in Procurement 
of Specialty Materials or 
Equipment and associated 
cost premiums

Marine/Over Water 
Construction Issues

10 NEPA/SEPA Documentation 
Completion (incl. Section 
4f,etc.) NEPA/SEPA 
Challenges

Potential Changes to 
Structures Design (Bridge 
Superstructure, Retaining 
Walls)

Potential Changes 
to roadway design      
(including vertical and/
or horizontal alignment, 
earthwork, pavement, etc.)

Issues Associated with 
Development of ROW Plan

Utility Design Coordination 
and Agreements

Railroad Design 
Coordination and 
Agreements

Tribal Issues Change in Project Managers 
and/or other key Leadership

Change in Project Delivery 
Method

Traffic Control and Staging 
Issues (MOT/WZTC)

20 ESA Issues (incl. 
consultation, Biological 
Assessments/Biological 
Opinions, Fish Passage)

Potential Changes to 
Geotechnical Design 
Foundations, Liquefaction, 
Mitigation, etc. 

Challenging Geotech 
Conditions

Approval of Design  
Deviations 

Changes to roadway design 
criteria (i.e. shoulder width, 
sight distance, etc.)

Uncertainty in Future ROW 
Escalation Rate (Project-
Specific, including change in 
land use, urbanization, etc.)

Utility Relocations and 
Conflicts

Railroad Coordination during 
Construction (flagging, work 
restrictions, work windows, 
etc.)

Public Involvement Issues 

Other Interagency 
Agreements (i.e. Sound 
Transit, USFS, cities, 
counties, etc.)

Delayed Decision Making Issues Related to Contract 
Language (Contract 
Packaging, Warranties, 
Liquidated Damages, DBE, 
Insurance/Bonding, etc.)

Construction Permitting 
Issues (incl. work 
restrictions)

30 Environmental Permitting 
(incl. Appeals)

Changes to Structural 
Design Criteria (e.g., 
seismic)

Changes to Architectural, 
CSS, Landscape Design

Limited Access (Interchange 
Justification Report -IJR, 
Access Hearing, etc.)

 Contractor Right of Entry 
Requirements

Additional Scope in 
Response to Third Party 
Concerns (e.g., artwork, 
shared-use pathways, 
intersection improvements, 
etc.)

Availability of Funding/ 
Cash Flow Restrictions

Delays in Ad/Bid/Award 
Process (Addenda, Protests, 
etc.)

Work Windows (Weather, 
Fish, etc.)

40 Archaeological/Cultural 
Discoveries, Historic 
Property Impacts & 
Mitigation (Section 106)

 Projects by other agencies 
affected by or affecting this 
Project (design coordination)

Managed Access (Appeal 
Hearing, etc.)

   Political/Policy Changes Market Conditions (non-
competitive bidding 
environment) Lack of 
Qualified Bidders

Construction Schedule 
Uncertainty (general, 
including timing of award)

50 Hazardous Materials 
Groundwater and Soil 
Contamination (PE, RW, 
CN)

 Potential Changes to 
Design of Permanent Traffic 
Items (ITS, Illumination, 
Intersection, etc.)

ROW Acquisition Issues 
(condemnation, relocations, 
demolitions, etc.)

   State Workforce Limitations Delays in Procurement 
of Specialty Materials or 
Equipment and associated 
cost premiums

Marine/Over Water 
Construction Issues
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Table 2.5-1. Quality Assurance. Risk Breakdown Structure. (continued)
  SR 99 BoRed Tunnel AlTeRnATive - RiSk BReAkdown STRucTuRe (RBS)
  env STG deS Row uTl RR PSP MGT cTR cnS

id#
enviRonMenTAl & 

HydRAulicS
STRucTuReS & 

GeoTecH  deSiGn / PS&e

RiGHT-of-wAy 
(includinG AcceSS And 

AcquiSiTion) uTiliTieS RAilRoAd
PARTneRSHiPS And 
STAkeHoldeRS MAnAGeMenT / fundinG

conTRAcTinG And 
PRocuReMenT conSTRucTion

60 Wetlands/Stream/Habitat 
Mitigation

 Design/PS&E Reviews 

Additional Scope Driven 
by Internal Considerations 
(e.g., Maintenance, Traffic 
Projections, Tolling, extend 
project termini, change to 
purpose and need, etc.)

Additional ROW is required 
(including full vs. partial 
takes): Temporary and 
Permanent Access Breaks 
-FHWA approval 

Construction/Subterranean 
Easements

    Contractor Non-
Performance

 

70 Stormwater, Potential 
Changes to Flow Control or 
Runoff Treatment/Hydraulic 
Requirements

       Availability of Specialty 
Labor/Labor and/or 
Productivity Disruptions

Earthwork Issues (re-use, 
haul, disposal, etc.)

80 Environmental Impacts 
during Construction 
(including water quality, 
TESC, etc.)

        Coordination with 
Adjacent Projects During 
Construction

90 Permanent Noise Mitigation         Contractor Access/
Staging Coordination and 
Constructability Issues

100          Construction Accidents

900 Other Environmental & 
Hydraulics

Other Structures & Geotech Other Design/PS&E Other Right-of-Way 
(including Access and 
Acquisition)

Other Utilities Other Railroad Other Partnerships and 
Stakeholders

Other Management/ 
Funding

Other Contracting and 
Procurement

Other Construction 
(including unanticipated 
change orders/claims)
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Risk Breakdown Structure (RBS)
In accordance with the Project documents the STP 
has utilized a Risk Breakdown Structure (RBS) as 
shown in Table 2.5-1 and described as follows.
Both WSDOT and STP have already performed one 
initial risk assessment and a draft risk register has been 
initiated by WSDOT and further developed by the STP. 
This draft risk register is presented later in this section.
Categories
STP had the first risk identification and evaluation 
task force meeting on August 17, 2010. The session 
was facilitated by risk assessment advisor, Mike 
Debiak, CSI, CDT, PSP, EVP.
This process was to indentify the likely categories of 
risks for this Project. Each risk category is a particular 
aspect of the Project which is likely to experience a 
risk during the life-cycle of the project. Examples of 
risk categories included:

• Requirements
• Benefits
• Schedule
• Budget
• Deliverable
• Scope
• Issues
• Supplier
• Acceptance
• Communication
• Resource

Figure 2.5-5 Risk Event Impact Analysis.

Risks
Identify the likely risks for each category provided 
above by completing the following table. Each 
risk identified was allocated a unique identifier  
(id) number.

Assess
Identified risks were assessed to determine their 
respective probability of occurrence, what triggers 
the risk to occur, and the values of potential 
impacts to the program’s cost and schedule. These 
characteristics once identified were integrated with 
the program schedule to facilitate risk event impact 
analysis. See Figure 2.6-5. Evaluating the total 
impact of a risk event on the program, should it 
occur, is an essential enabler to the program team 
in establishing an effective risk event response plan. 

Among the objectives of the Risk Management 
session was the desire to achieve cost and schedule 
certainty and also provide for a rational method for 
contingency development and schedule assessment. 
In order to realize this objective, it is first necessary 
to develop a document, referred to as a Probability 
Matrix, which is one-to-one correspondence with the 
Cost/Schedule risk register with regard to listing the 
risks and their respective likelihood of occurrence. 
With the data available, statistical methods may be 
applied to arrive at a set of confidence levels for 
the project cost estimate and schedule durations 
although these methods are not commonly used for 
civil construction. The difference between the cost 
estimate for any given confidence level and the base 
project cost (Cost without any contingency applied) 
represents the contingency. 
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A similar analysis was applied for the schedule 
float assessment. The objective was to understand 
the likelihood of needing certain level of float 
contingency. 

Further, a model could be developed to predict 
the Project cost or schedule with various elements 
of the Project treated as random variables. Once 
the distribution is determined, it is possible to 
compute the probability of cost overrun or schedule 
slippage.  By using a simulation risk analysis 
technique, a cumulative probability distribution 
curve can be constructed to provide the probability 
of not exceeding a specific cost. To account for the 
uncertainty and risk associated with a cost estimate, 
input variable distribution (Minimum, Most, Likely, 
Maximum) is estimated for key cost elements. As a 
minimum, the results of this type of analysis should 
accompany the Project Cost and Schedule Report.

Respond
There are four possible response categories, to a risk– 
accept, reject, assign, or defer.  The development 
of the response plan utilizes the outputs of the 
analysis and balances these in the context of possible 
secondary and residual risks are associated with each 
scenario.  The combination of best fit outcomes and 
prudent fiscal judgments balanced with practical 
business discussions guides the team in defining the 
response triggers and targets. In practice, advantages 
and disadvantages are balanced and final completion 
date and budget are determined.

Control
Communicating the risk response plan is essential 
to gaining and maintaining control of the events 
that can impact successful program outcomes.  The 
register and response plan are living documents 
and as such require active management to assure 
that not only are responses revised to adjust to 
changing circumstances, but also to incorporate 
newly identified items.  Monthly schedule and cost 

updates will be implemented by STP after the Base 
Line Schedule is defined and a budget revision 
is completed following Project award. Complete 
budget and schedule reviews will be performed 
every fourth month, starting from the current status 
of work.

2.5.1 Proactive Risk Planning
STP recognizes that the Alaskan Way Viaduct 
Replacement Program is one of the most 
transformational projects for the City of Seattle in 
the city’s 150-year history, a once-in-a-life-time 
opportunity for connecting some of Seattle icons 
such as Pike Place Market, the Seattle Aquarium, 
Pioneer Square, the sports stadiums and the Olympic 
Sculpture Park, thus creating a world-class waterfront 
with open public spaces.

STP also recognizes that the SR 99 Bored Tunnel 
Alternative Design-Build Project is the most 
important Project of the Alaskan Way Viaduct 
Replacement Program, being its most important 
feature the perceived level of risk associated with the 
bored tunnel itself. Therefore, we have summarized 
in seven points our approach to the Project from a 
risk mitigation perspective.

1.  Earth Pressure Balance (EPB) Tunnel 
Boring Machine (TBM)

After extensive analysis of the soil 
conditions to be encountered throughout 
the alignment, consideration of STP 
joint venture members’ experience, 
and consultation with renowned 
specialists and the world’s leading 

TBM manufacturers, STP has selected an EPB 
TBM. This technology on the bored tunnel 
is suited for the ‘mixed face’ conditions that 
will be encountered throughout the tunnel 
alignment, as it will be essentially impossible 
to predict in advance the exact thickness and 
lateral extent of any soil unit at any location 
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along the alignment. STP’s EPB TBM design 
and operation will provide the flexibility to deal 
with this uncertainty. Our EPB TBM, designed 
for the worst possible scenarios, features 
numerous redundant contingency systems to 
deal with every potential situation and ensures 
an adequate control of deformations under 
routine tunneling operations. Another advantage 
of the EPB TBM is that it does not require the 
installation and operation of a treatment plant 
for the excavated muck as does the slurry TBM. 
This feature eliminates environmental issues 
and the need to procure land for the plant. For 
details see Section 5.2.

 Finally, a state-of-the-art Maintenance Plan and 
Interventions Plan provides an increased level 
of reliability.

2.  South Portal Ground Improvement and 
Deformation Mitigation Plan

This Plan, one of the most important 
parts of the proposal, shows as no 
other, STP’s proactive approach to 
risk management, and incorporates 
all the lessons learned in the past 
decades by STP members to prevent 
deformation to the maximum extent 
possible. Prevention is the best policy 
with regard to risk. The starting point 
of the tunnel at the South end of the 
Project poses the biggest challenge as 
noted and discussed in the South Portal 
Ground Improvement and Deformation 
Mitigation Plan: 
• STP’s Plan includes methods to 

mitigate the risk of deformation 
caused by starting the tunnel drive 
with a small overhead cover, less than 
1 diameter of the bored tunnel, in an 
area known to potentially have the 
worst soil conditions, and eliminates 
the risk of schedule delays because of  
soil failures caused by the excavation.

• STP’s Plan calls for a controlled 
environment during the learning 
curve, which allows the crews to attain 
earlier optimum understanding of the 
performance and operation of the TBM, 
thus reducing the risk of unwanted and 
increased deformations to structures and 
buildings.

• STP’s Plan contains the vital of feature 
of each provision that call for the 
construction of a secant pile wall to 
isolate the Alaskan Way Viaduct from 
the deformation produced by the tunnel 
boring when both run parallel, making it 
unnecessary to perform any mitigation 
reinforcement on the viaduct. Our Plan 
also requires the construction of an 
inclined pile wall to avoid to the maximum 
extent possible the differential settlements 
of the bends under which the tunnel 
passes.

• STP’s Plan is based on a similar document 
and approach successfully proven in 
Madrid for the tunnel connecting the HSR 
section between the Atocha and Chamartin 
Stations, designed by Intesca Inarsa, 
currently under construction by Dragados, 
and at Antonio Gaudi’s Holy Family 
Church in Barcelona, a world heritage 
monument. See Figure 2.5-6.

• STP’s Plan addresses the buoyancy risk 
caused by water pressure.

• STP’s Plan calls for the use of safe 
havens to perform interventions in more 
controlled conditions, thus letting us 
gather first-hand information before going 
deeper into the ground. 

 In developing our Plan, STP has identified all 
the utilities that will have to be relocated before 
implementing the Plan.

 More detailed explanations can be found in  
Section 5.4.
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workers and the public exposed to 
an otherwise complex and hazardous 
operation.

• Reduces noise and traffic. This minimizes 
the impact to the community in general 
and to the surrounding neighborhoods in 
particular, which are already exposed to 
traffic congestion.

• Improve public perception of the Project.
• Keep away all traffic because of muck 

disposal, therefore, increasing public 
safety.

• Avoid a slurry treatment plant, which is 
known to pose serious environmental 
risks. The disposal of excavated muck by 
means of the barges, it also prevents other 
potential environmental issues.  

 For more detailed information about the muck 
disposal process, refer to the corresponding 
section in 5.2 TBM Design and Operations.

4.  South Approach Area
One consequence derived from our 
reconfiguration of the South Approach 
Area is that it permits us to move the 
launching pit of the TBM further south 
to provide more space before the bored 

tunnel reaches the structures and buildings 
subject to deformation. Our reconfiguration 
also facilitates implementation of our South 
Portal Ground Improvement and Deformation 
Mitigation Plan. In addition, our approach 
simplifies construction, reduces the footprint of 
the Project, provides additional land for open 
spaces, which benefits the public and the City 
of Seattle, and simplifies the operation and 
maintenance of the highway. For details see 
Section 5.

3.  Use of Barges
 STP has given much thought 

to the disposal of muck and the 
accessibility of equipment and 
supplies on a project of this scale in 
Seattle’s dense urban environment. 
One of our solutions calls for the 
combination of a system of conveyor 
belts and barges for muck disposal 
(see Figure 2.5-7), and the use of 
barges as means of transport for 

the delivery of heavy equipment and supplies 
such as the TBM and the precast segmental 
lining. This approach helps to mitigate risk. In 
addition, this approach will:

• Reduce and/or eliminate the exposure 
to traffic congestion and other potential 
situations of key day-to-day operations, 
such as muck disposal and delivery of 
construction materials. This will result in 
reduced schedule risk.

• Mitigate the risk of accidents of project 
personnel, especially traffic navigators, 
flaggers, and spotters. An automated 
system of muck disposal with an enclosed 
conveyor will reduce the number of 

Figure 2.5-6. Holy Family Church. STP brings 
proven experience from protecting this more 
than 100 year old historic church in the densely 
populated city of Barcelona, Spain. 
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5.  Increased Tunnel Diameter
STP is proposing a 57.4 feet diameter 
tunnel. One of our concerns has been 
to help WSDOT achieve its goal of 
having an 8 foot shoulder. In tunnel 
design, horizontal clearance tends to be 

more important in terms of safety than vertical 
clearance.

 Our Proposal leads to a significant 
improvement of the safety of the tunnel by:

• Maintaining two lanes of traffic while 
allowing emergency access for fire, safety, 
and first responder vehicles.

• Providing a uniform shoulder travelway to 
provide a greater horizontal stopping sight 
distance.

• Allowing disabled vehicles a wider 
shoulder refuge area without impacting 
ongoing traffic.

• Facilitating tunnel operations and 
maintenance activities without closing an 
active lane of traffic.

• Accommodating larger vehicles to transit 
and move goods and services throughout 
the tunnel.

• Widening egress pathways for individuals 
to evacuate the tunnel.

In addition, based on our experience, we have 
established a tolerance of 1 foot in the tunnel diameter, 
thus preventing the risk of not having enough space 
for egress or ventilation inside the tunnel.

6.  Tunnel and Project Complete
Completion by December 2015. STP’s 
accelerated schedule delivers the Project 
1,589 days in advance of the ITP’s 
proposed calendar, providing WSDOT 
with a tremendous opportunity to save 

time and money. Our accelerated schedule 
makes it possible for other projects in addition 
to the Alaskan Way Viaduct Replacement 

Program can proceed long before planned, with 
the consequent benefit to the public and the 
State of Washington.

7.  STP’s Tunneling Experience
One of the biggest assets of STP is the 
tunneling experience accumulated by 
our members. There is no equal to the 
experience and to proven successful 
performance record of Dragados in 
large diameter tunnels in similar soil 

conditions and with EPB TBM technology. 
See Figure 2.5-8. This achievement is 
complemented by the expertise of Intecsa 
Inarsa, which has unmatched worldwide 
experience in diameter large diameter bored 
tunnel projects with similar soil conditions. 
Intecsa Inarsa has worked with Dragados on 
tunnel projects in Madrid, Barcelona, and 
Seville. Our team includes our joint venture 
partner Tutor Perini, which has vast experience 
in the execution of large public projects. All 
STP members – Dragados, Tutor Perini and 
HNTB – share a common background in 
successful design-build projects.

Figure 2.5-7. Muck Disposal System. STP brings 
lessons learned from the Brightwater West  Project 
that moved 290,000 tons of swelled muck from the 
tunnel shaft to a barge loading dock facility.
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Opportunities to Deliver  
a Better Tunnel
During the process of risk assessment and with 
the input of all the members of our team, STP 
identified two significant opportunities, noted below, 
which WSDOT may want to implement during the 
construction phase of the Project by the means of 
Change Order. These opportunities haven’t been 
incorporated in our design-build proposal because of 
the constraint imposed by the RFP with regard to the 
upset amount price. 
1. Improve the Safety of the  

Tunnel and its Users
Safety is a crucial factor in tunnel 
design. The ventilation system, 
specifically the ability of this system 
to provide a segmental distribution of 
the ventilation exhaust duct throughout 
the tunnel, is a key element of such 
improved safety. 
We have identified a way to provide 
such segmental distribution by adding 
a separating wall and extra dampers at 

the plenum connection to the exhaust duct at 
the entrance of the operations buildings, there 
achieving a separation of the cut-and-cover 
sections of the tunnel from the bored tunnel.

 We have discussed this proposal with 
WSDOT’s experts Frank Nelson and Jay Sims 
during meetings held with WSDOT personnel. 
This additional work, combined with the 
separation of the northbound and southbound 
ventilation in the cut-and-cover sections, 
would result in a significantly safer tunnel, and 
improve WSDOT preliminary design.

2.  Deliver a More Environmentally  
Friendly Tunnel

A “Green Tunnel” is a concept we offer 
WSDOT that has been successfully 
implemented on Dragados’ M-30 Tunnel 
Project in Madrid. It is based on the 
installation of two sets of electrostatic 
filters placed ahead of the fans that 
extract and collect the exhaust particles 
from the vehicles in the tunnel. This 
would allow WSDOT to offer the City 
of Seattle an environmentally friendly 

tunnel while, at the same time, eliminating 
the surface traffic on the SR 99 highway and 
improving the air quality downtown. 

 We believe this environmental concept will 
contribute to greater acceptance of the Project 
by the public and key stakeholders, and add 
value to the future Waterfront Improvement 
Program. In terms of public relations, it is 
difficult to measure its impact. This concept 
would also allow removal of the chimneys at 
the operation buildings, which would improve 
the aesthetic appeal and the views to and from 
the city.

 These two additional proposals are the result 
of the experience and know-how of our team, 
our value-added ability, and our commitment 
to foster a mutually beneficial partnership with 
WSDOT. 

 We believe that STP’s Risk Mitigation Plan, 
as well as our mitigation measures and 
Project enhancement proposals will lower the 

Figure 2.5-8. M-30 South Bypass Tunnel. Dragados 
is one of the world’s most experienced large bore tunnel 
constructors, including the M-30 highway tunnel – the 
world’s largest diameter tunnel at the time. 
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project construction risk, improve the project 
feasibility, and provide an additional buffer 
against potential Project cost overruns.  

Risk Management Software
The Seattle Tunnel Partners proposes to use Oracle 
Primavera’s Risk Analysis as the primary software 
tool for risk management. See Figure 2.5-9. This 
software is the preferred best fit solution for the 
Project enabling the STP to not only manage risks 
by analyzing both schedule and cost impacts using 
Monte Carlo simulations, but also enables the us 
to implement risk management consistent with 
WSDOT’s processes, policies, and the Code of 
Practice for Risk Management of Tunnel Works.  
Oracle Primavera Risk Analysis is a full life-cycle 
risk analytics solution integrating cost and schedule 
risk management. Oracle Primavera Risk Analysis 
provides a comprehensive means of determining 
confidence levels for Project success together 
with quick and easy techniques for determining 
contingency and risk response plans. This provides 
the STP Team with an objective view of required 
contingency to account for cost and schedule 
uncertainty as well as analyzing the cost effectiveness 
of risk response plans. Combined, these form the 
basis of a “risk adjusted schedule.” 

Oracle Primavera Risk Analysis risk loading 
application allows us to apply uncertainty risk 
distributions to accurately model task uncertainty 
for risk response planning, preparation of mitigation 
plan scenarios, and to provide real-time feedback 
on alternate approaches and “what-ifs.” In addition, 
Oracle Primavera Risk Analysis enables STP to 
determine confidence levels, identify key risk 
drivers, analyze “what-if” scenarios on cost and 
schedule changes, and perform critical forecasting.

Oracle Primavera Risk Analysis helps the Project-
driven STP Team to ensure that the SR 99 Bored 
Tunnel Project comes in ahead of schedule and on 
budget.

Features
• Track and manage quantitative and 

qualitative project risks, impacts and 
responses

• Project risk register integrated with Project 
schedules and costs

• Comprehensive risk analysis graphics and 
reports 

• Use of Monte Carlo simulation to produce 
risk reports on probability and confidence 
levels

• Analyzes Primavera P6 Project files

Benefits 
• Identify common scheduling pitfalls that 

may result in misleading schedule or risk 
analysis results 

• Integrate pre-developed risk registers and 
define new risk registers 

• Address full life-cycle risk management 
through advanced Monte Carlo-based cost 
and schedule analytics 

• Report confidence levels with regards to 
finish dates, costs, float, internal rate of 
return and net present value 

• Provide a comprehensive means of 
reporting project confidence levels

• Provide techniques for determining 
contingency and risk response plans

Figure 2.5-9. Oracle Primavera Risk Analysis
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2.5.2 Project Risk Register
Tunneling, geotechnical design, and risk management 
are intimately linked. This is because the largest risk 
on a tunnel project is often cost and schedule impacts 
from unanticipated subsurface conditions. The 
largest area of scope risk is often related to differing 
opinions between the geotechnical and structural 
engineers’ requirements for more information and 
how much additional analysis or testing is required. 
During the proposal phase, STP began identifying 
quantifying and tracking major Project risks. As 
the Project progresses and after major risks are 
identified, the core tunnel team will ascertain the 
range and sensitivity of missing information as it 
pertains to tunnel, and the structural team will agree 
on design parameters, analysis methods, and impacts 
that parametric studies have on analysis outcomes.

STP’s draft risk register is presented at the end of this 
section. It identifies the nature of the risks and the 
proposed mitigation measures as required in the ITP.

Immediately following NTP 1 we will focus on 
finalizing our risk register with a workshop attended 
by STP leaders and WSDOT’s management team. 
From this workshop we will finalize a risk register 
that catalogues risks, their magnitude, probability, 
and impacts, which will be used to guide the design 
and formulate the basis for estimating contingencies.

2.5.3 Management of 
Environmental Risks
The STP Team’s management of environmental risks 
on a major construction project like the SR 99 Bored 
Tunnel Project will require a total team effort from 
the STP Team and WSDOT’s management group. 
To develop an Environmental Compliance Plan 
as part of our Quality Management Plan and then 
follow the plan. This is the framework to verify and 

document the construction procedures and ensure 
they conform to the contract, design drawings, 
project specifications and applicable environmental 
rules and regulations. STP will include the following 
methods and develop additional methods where 
needed to reduce environmental risks:

• Develop a customized Environmental 
Commitment Tracking Database of 
environmental commitments and train the 
design team on database content.

• Develop a Permit Tracking System to 
track permits, dates and regulatory agency 
responsible for issuance. 

• Dedicate a multi-disciplined team; including 
natural resource permit specialists, 
experienced construction sediment and 
erosion control leads, vibration, and 
acoustical specialists to address specific 
issues and provide additional field 
experience.

• Create an Environmental Task Force to 
regularly review upcoming activities, 
identify and anticipate potential non-
compliance events and discuss actions for 
regulatory compliance.

• Schedule Environmental Task Force 
meetings with key management persons 
who can make decisions, effect actions, and 
hold the team accountable for compliance. 

• Maintain a punch list that identifies and 
tracks compliance issues, potential problems 
and individuals responsible for corrective 
actions. The punch list tracking system 
focuses on accountability and incorporates 
contracting methods for continuous 
improvement.

• Conduct design reviews by the 
Environmental Compliance Inspector and 
the Environmental Task Force to encourage 
innovative ideas and designs that improve 
environmental compliance and reduce risk 
to WSDOT.
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• Assist the Risk Manager in identifying and 
analyzing new risks, developing mitigation 
and contingency plans as part of the 
continuous process of risk management 
during the life span of the Project.

During construction, the Environmental Compliance 
Plan will require superintendents and engineers 
to incorporate environmental commitments and 
training into the work plans developed as part of the 
Quality Management Plan.

STP will train all project personnel - STP employees 
and subcontractors alike - in the area of environmental 
compliance. This training will be documented as part 
of the orientation process. Employees will be trained 
to a level that is applicable to their specific duties. 

STP will conduct regular compliance inspections 
that exceed the inspection frequency required by 
permits, inspections will include photos when 
necessary to document the correction.  Inspections 
will be documented as part of our Environmental 
Compliance Plan and Quality Management Plan. 

Our environmental team will be led by Bill Jordan. 
Bill brings significant WSDOT specific design-build 
environmental clearance, permitting, mitigation 
and construction compliance experience to the SR 
99 Bored Tunnel Project. He is familiar with the 
WSDOT environmental clearance and environmental 
construction compliance methods, having worked 
on WSDOT design-build projects for the last four 
and half years.

During the proposal process, Bill and his team 
reviewed numerous environmental risks to the 
Project (fully detailed in the Project risk register) and 
provided the following narratives to further explain 
some of the key risks.

Construction Compliance
STP’s plan to reduce construction impacts will foster 
community support for the Project. All major urban 
infrastructure projects impact their communities. 
As members of the community, the STP Team 
understands and lives with these concerns. STP will 
partner with WSDOT and the affected communities 
and third parties to proactively minimize and 
mitigate the impacts of construction. Having a fully 
compliant construction project will be the best means 
of ensuring community support. 

All STP Team construction activities will be 
performed in strict compliance with all local, state and 
federal guidelines, ordinances and permits. We will 
ensure that environmental controls are in place prior 
to conducting the work and that they are maintained 
through the construction activity.  Contingency plans 
will be available for critical work items ready to be 
ordered and executed as needed. All reporting and 
monitoring will be fully carried out in accordance 
with applicable permits and contract requirements. 
Our goal is to reduce environmental risks to WSDOT, 
third parties, and above all, the environment. 
Led by Bill Jordan, our environmental team has 
extensive experience with design-build projects in 
Washington State. In 2007, Bill was appointed to 
succeed Allison Hanson, WSDOT’s I-405 Corridor 
Environmental Manager as the environmental 
manager for the I-405 Corridor Program. Since 
that time, he worked with WSDOT and has helped 
create a model environmental design-build approach 
for the corridor. Particularly successful was the 
Renton Stage 1 design-build project, which won the 
2010 Partnership for Environmental Excellence in 
Construction Management Award (Figure 2.5-10).  

Other successful design-build projects include the 
Renton Stage 2, the ongoing Bellevue Braids project, 
and the just completed 195th to SR 527 project. The 
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195th to SR 527 project was also notable for the swift 
manner in which it was environmentally cleared for 
construction. Bill led the effort from concept to a 
fully NEPA/SEPA cleared project in 16 weeks. The 
project was also permitted for construction in this 
same 16 week period. This track record on the I-405 
Corridor Program demonstrates the ability Bill brings 
to the SR 99 Bored Tunnel Project to complete the 
required environmental permits on time and ensure 
compliance.   

The STP Team will implement both standard and 
unique large diameter bored tunnel construction 
methodologies for the execution of the SR 99 Bored 
Tunnel Project. 

Construction activities include, oscillatory pile 
driving, surface excavation, dewatering, large-scale 
directional boring, grading, compacting, structural 
concrete forming and pouring, and paving. Most 
of these standard construction techniques have 
been successfully implemented along the I-405 
Corridor and in a fully environmentally compliant 

manner. For example, a massive slope excavation 
in Renton completed last year used a unique storm 
water collection technique that combined standard 
slope protection measures with a unique sump and 
sewer discharge application. As shown in Figure 2.5-
11, this unique design was reviewed and approved 
by the I-405 team and allowed slope excavation to 
proceed without any water quality violations.  

Water Quality Protection Plan
Protection of water quality will be a priority 
throughout our construction activities. Upland 
erosion and sedimentation into surface waters will 
be prevented through the use of approved Best 
Management Practices (BMPs) designed by some 
of the best hydraulic engineers, implemented by our 
Team’s certified erosion control leads, and maintained 
by a dedicated Temporary Erosion Sediment Control 
(TESC) team. The STP Team is unique in assigning 
a dedicated field crew whose only job is to install, 
inspect, and repair BMPs at the direction of the 
Environmental Compliance Manager (ECM). The 
ECM will have first priority over all production 
related activities so long as critical punch list items 
remain outstanding.    

Figure 2.5-10. 2010 Partnership for Environmental  
Excellence. Presented to Bill Jordan by Megan 
White, WSDOT Director of Environmental Services, 
this award was  
limited to only 
a few of the top 
performing  
environmental 
projects in the state.  

2010 Partnership for
Environmental Excellence

in Construction
Management Award

Northwest Washington
Winner

I-405 / I-5 to SR 169
Stage 1 Widening Project

Presented to:
Bill Jordan
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Figure 2.5-11. Environmentally Compliant Slope 
Excavation. A non-standard slope excavation 
design on the Renton Stage 2 project resulted in no 
water quality violations.
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STP will utilize BMPs, including silt fences, 
straw bales, and berms installed in engineered 
and hydraulically applicable locations based on 
observance of flow patterns and topography of work 
areas to control sediment entrained storm water from 
exiting and entering work areas. See Figure 2.5-
12. Silt fences may be installed around excavation 
areas and supplemented with straw bales and other 
measures in areas with a potential for increased 
erosion. Groundwater will be reused or recycled to 
the maximum extent possible either for reinjection to 
support excavation or for use in the TBM mucking 
out process.  

With a dedicated ECM, TESC manager, and TESC 
field crew, daily inspections will easily be completed 
to ensure all BMPs remain in place and functioning 
for the duration of construction. Deficiencies will be 
corrected rapidly and observations will be recorded 
on an Inspection and Maintenance Record, which 
will be maintained on site throughout the Project. 
Sampling of stormwater, groundwater, and other 
waters with the potential of reaching waters of the 
state will be undertaken in strict conformance with 
all permits.  

STP’s approach for minimizing stormwater collection 
in excavations will be accomplished by sequencing 
of excavation and placement of control devices, 
such as temporary curbs strategically placed up the 
gradient of excavations to divert off site stormwater 
flow away from the Project’s work areas thereby 
minimizing the need to manage addition water. 

We will implement dust control measures to 
minimize the potential for dust generation during 
excavation, staging, handling, and placement of 
backfill. Dust control devices may include water 
trucks, and coverage of potentially wind mobilized 
exposed soil areas. See Figure 2.5-13. Managing 
dust will be important to being a good neighbor to 
the citizens of Seattle, visitors, and others who will 
be near the South Approach Area construction site 
and the North portal areas.   

We will continuously monitor truck routes on and 
off site for excessive dirt or dust. We will examine 
the use of equipment tracking pads (grizzly plates) at 
the exits to clean truck tires prior to exiting the site 
to minimize dusty conditions on adjacent roadways. 

Figure 2.5-12. TESC Team. Dedicated TESC 
teams on the I-405 Corridor Program implementing 
a BMP to control sedimentation erosion.

Figure 2.5-13. Dust Control Measures. STP will 
use best management practices for controlling 
dust at work sites and from vehicles exiting the 
construction areas.
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Dewatering Plan
Prior to developing a construction dewatering plan, 
we will complete background and historical research 
to evaluate the potential for contamination from onsite 
and offsite sources that may impact construction 
dewatering activities. STP’s Interim Environmental 
Control Plan will be comprehensive in coverage 
allowing for completed geotechnical, environmental 
and contaminated soil and water investigations. By 
identifying all sources of potential contamination 
in advance of final design and construction, we can 
develop the means and methods to maintain schedule 
and reduce risk and costs. If we determine that 
contamination will impact construction activities, we 
will develop engineering controls and incorporate 
them into the plan to minimize the impact to offsite 
contamination sources and to treat contamination 
from onsite sources. See Figure 2.5-14.  

Fuel and Construction  
Material Management
Vehicle and equipment fueling will be performed 
using one or more fuel trucks. The use of fuel trucks 
will prevent the need to maintain a fuel storage tank 
onsite.  In addition, each truck will have adequate spill 
response materials. We will prepare and implement 
a spill contingency plan and ensure hoses, pumps 
and other related equipment is kept in good working 
order and replaced as needed. Most importantly, all 
fuel truck operators will be fully trained in BMPs 
for all types of equipment re-fueling operations. Any 
small hand-held equipment will be kept in secondary 
containment, small portable fuel can use will be 
minimized, and where their use is necessary, they 
will be stored in secondary containment when not 
in use.  

Refueling operations will be closely monitored 
by the fueling attendant(s) to prevent overfilling 
equipment. Refueling will be conducted over 
impervious ground; however, any discharges to the 
ground will be reported and appropriate clean-up 
actions will be implemented. Strategically located 

spill kits will be kept fully supplied and will be re-
stocked weekly.  

Oils, hydraulic fluid and other hazardous materials 
kept on-site will be stored in designated areas 
with appropriate BMPs and in compliance with all 
permits. Drums and bulk containers will be placed 
on impervious surfaces or pallets to prevent direct 
contact with the soil. Material safety data sheets 
will be maintained on-site within a comprehensive 
binder. Fire extinguishers, warning signs and spill 
response materials will be placed in the vicinity of 
the storage areas. The material storage areas will be 
inspected for staining and leaking containers daily. 

Construction Debris Capture  
and Control
We will continuously remove and dispose of 
construction site debris. Good housekeeping 
practices will be implemented and trash receptacles 
will be placed in break areas, staging areas and other 
locations where trash is generated. The STP Team 
will maintain a neat construction site in compliance 
with our good neighbor policy and construction 
debris will be placed into roll-off containers and 

Figure 2.5-14. Implementing a Stormwater 
Bypass System. Preventing stormwater runoff from 
reaching the construction sites will reduce the 
amount of onsite water that must be treated. 
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periodically removed. Keeping and maintaining the 
site in good order will help to ensure that WSDOT’s 
reputation for solid quality construction projects and 
visually appealing designs. 

Noise Management
STP is committed to optimizing construction 
activities while minimizing the risk of noise and 
vibrations to buildings and the general public. We 
will operate under a WSDOT-secured Major Public 
Project Construction Variance (MPPCV) that 
will govern noise and vibration requirements for 
the Project, including nighttime work. A primary 
construction concern is the potential for Project 
delays due to a temporary work stoppage imposed 
for non-compliance with noise restrictions outlined 
in either Seattle Municipal Code 25.08.425 or 
any MPPCV issued in accordance with Seattle 
Municipal Code 25.08.590.D. An additional risk is 
the one-year assessment of the MPPCV compliance 
record.  A history of non-compliance or delays in 
implementation of corrective action(s) could be 
cause for revocation of the MPPCV. 

Construction Noise Concerns
We have identified inherent risks with noisier 
activities and developed strategies to mitigate 
those risks to the Project. For example, 24-hour 
construction activities are expected at the South 
Approach Area, from South Royal Brougham Way 
to South King Street, and the North Approach Area, 
from Thomas Street to Mercer Street. Construction 
noise will occur during: 

• South Portal construction
• North Portal construction
• South Portal TBM assembly within the pit 

and staging area
• South Portal cut-and-cover structure and 

tunnel operations building construction 
(staging area to South King Street)

• North Portal cut-and-cover structure and 
tunnel operations building construction 
(Thomas to Republican streets)

• North Portal removal of TBM (Thomas to 
Mercer streets)

• Continuous tunneling and mucking
• Contingency staging of muck due to 

weather or other factors
• Demolition of the existing viaduct sections 

nearest the south portal and the Western 
building

The construction activities responsible for the noise 
includes:

• Excavation at portals  
• Haul trucks and construction equipment 
• TBM launch and removal
• Mucking out
• Conveyor noise
• Truck loading and hauling of hazardous and 

other materials
• Temporary tunnel ventilation

In addition to noise associated with the deep 
bore tunnel construction activities, STP will be 
responsible for addressing noise associated with 
the mechanical system at the completed Tunnel 
Operations Buildings. 

Table 2.5-2 identifies various activities that pose 
a delay risk because of noise or community 
dissatisfaction and our tools to minimize those noise 
risks.

3-D Noise Model 
We will develop a Supplemental Noise Management 
and Mitigation Plan prior to construction to ensure 
our Team’s construction means and methods 
comply with all provisions of the RFP. Using 3-D 
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computer-based noise models, we will perform an 
in-depth receiver-based noise analysis to identify 
areas of noise risk. This approach will save costs 
by using CAD drawings previously prepared by 
the STP Team. The model will provide flexibility 
in developing mitigation approaches or controls on 
construction activities as noise exposure throughout 
the community can be graphically depicted for 
multiple mitigation options. 
One benefit of using a noise model is in refining 
the design and construction of temporary noise 
walls. The RFP specifies 16-foot-tall noise walls 
constructed of two layers of three-quarter-inch 
plywood with absorption treatment on the side of the 
construction activity. Similar specification language 
was included on the Sound Transit U-Link project. 
Members of the STP Team used a noise model and 
found that in some cases, the height of the noise wall 
could be reduced and the thickness of the wall could 
be modified with no decrease in sound mitigation. 
See Figure 2.5-15. This information was graphically 
presented to the Seattle Department of Planning and 
Development illustrating the acoustic effect in the 

community from various heights, wall thickness, and 
surface finishes resulting in the department approving 
modifications to the noise wall configurations. 

Daytime Trials for Nighttime Work
We will stage a mockup of specialized operations, 
where noise data may not be available, during daytime 
hours when noise restrictions are less stringent. We 
will measure noise levels associated with the activity 
to determine compliance with MPPCV nighttime 
permissible levels. If additional mitigation is needed, 
we will explore more cost-effective approaches 
while complying with the daytime noise code. This 
approach reduces the risk of public noise complaints, 
ensures compliance with the MPPCV, and reduces 
the risk of exceeding variance noise levels.

Special Controls
Special controls include means and methods that 
use an alternate approach to achieve reduced noise 
levels rather than traditional mitigation methods. An 
example of a special control is developing load/haul 
protocols that reduce or eliminate the need for vehicle 
backing. This practice reduces the number of events 

Table 2.5-2. Noise Risk Activities and STP’s Mitigation Approaches.

Noise Risk

sTP MiTigaTioN aPPRoaches

3-D Noise 
MoDel aND 
associaTeD 
MiTigaTioN 
MeasuRes

DayTiMe 
TRials foR 
NighTTiMe 

WoRk
sPecial 

coNTRols
equiPMeNT 

MoDificaTioN
WoRkeR 

eDucaTioN

Demolition of the section of 
existing viaduct and the Western 
Building

  

Excavation at portals  

Haul truck noise    

TBM launch and removal 

Mucking out   

Conveyor noise    

Truck load and hauling of 
hazardous material    

Temporary tunnel ventilation  
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requiring back-up alarms, which historically are the 
dominant source of irritation for the community. The 
Project may also realize saving as specialized alarms 
or back-up observers required by the RFP may be 
reduced or eliminated during nighttime construction 
activities.    

Other examples of special controls include:
• Defining alternate haul truck routes for 

nighttime hauling
• Scheduling noise producing deliveries 

during daytime hours
• Staging storage of construction elements 

onsite to provide temporary noise control 
for other operations

• Locating truck wheel wash, if necessary, 
in an onsite area with stacked material to 
control noise

Equipment Modification
Treating noise at its source is the most effective 
form of mitigation.  For construction equipment 
that is frequently moving and relocating on the 
construction site, modifying the equipment reduces 
the risk of inadequate mitigation as the equipment 
moves beyond the effective limits of the shielding. 

Mitigation treatments are specified in the RFP. 
However, additional treatment options include: 

• Quieter equipment, such as temporary 
ventilation fans and enclosed generators 

• Conveyor treatments 
• Tunnel fan plant noise control 
• Special mufflers

Worker Education
We will train all construction site personnel in 
operational practices that reduce noise, including 
voice decibel levels, using rubber bed liners, keeping 
acceleration events to a minimum, and minimizing 
the need for backing-up vehicles on the site. 

Post-Construction Noise Concerns
Tunnel Operations Buildings 
The Tunnel Operations Buildings present unique 
noise risks. Noise levels must comply with Seattle 
Municipal Code 25.08.410 for exterior noise levels 
in the community and with WSDOT’s noise criteria 
for the tunnel ventilation system for both exterior 
and interior noise levels. Noise sources include the 
mechanical equipment on the rooftop, emergency 
generator sets and the tunnel ventilation fans. See 
Figure 2.5-16. For staff working inside the Tunnel 
Operations buildings, we will control noise through 
careful wall design and construction to provide 
adequate sound isolation in occupied spaces, such as 
offices. Reverberation and the resulting noise build-
up can be controlled through absorptive finishes on 
interior surfaces.  

Removal of a Portion of Alaskan  
Way Viaduct
STP will plan, stage, and carefully demolish the 
Western Building and the southern section of the 
Alaskan Way Viaduct. Demolition has the potential 
to be very noisy and dusty.  However, by carefully 

Figure 2.5-15. 3-D Noise Modeling. STP Team 
member Herrera Environmental built a 3-D noise 
model for the Sound Transit U-Link Tunnel Project 
to demonstrate sound wall thicknesses could be 
reduced without increasing sound levels.
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staging the demolition, most high noise and high 
dust activities can be significantly reduced.  

STP will monitor all construction activities 
throughout the 5-year construction period. A hands-
on effort will be used to include downloading data, 
resetting monitors, checking batteries, logging 
entries, and preparing reports per the requirements. 
In addition, during TBM operation, the vibration 
monitors will be moved frequently to follow the path 
of the TBM and get the most accurate data.  

Ground Vibration Risk Assessment
Ground vibration produced by construction activity 
can damage nearby structures and underground 
utilities, cause differential ground settlement, and 
create perceptible vibration and ground-borne noise 
that could trigger an adverse community response 
if adequate preparation, design, and appropriate 
responses are not implemented. To avoid unnecessary 
damage, service disruptions, and potential delays, 
STP will mitigate ground vibration to acceptable 
levels and continuously gather comprehensive 
vibration data throughout the life of the Project to 
improve our response to vibration concerns.

The potential for damage from vibration depends 
on the quality of construction materials used and 
the condition and age of the building. Similarly, the 
effects of ground and building vibration on human 
occupants depend on many factors, including the 
highly subjective sensitivity of humans to vibration 
and their response, which may be dependent on both 
the level and frequency content of the vibration. 
Vibration of building structural components can 
also re-radiate as audible noise in interior spaces. 
See Figure 2.5-17. The manner in which people 
respond to these disturbances depends greatly on 
their expectations of the situation.

We have examined the buildings most likely to be 
impacted by vibration associated with bored tunnel 
ancillary construction activities and have concluded 
that the most sensitive area is in the Pioneer Square 
neighborhood. The sensitivity is increased due to 
the age and historic nature of the buildings, and 
vibrations from construction of the South Portal.  
Demolition activities will occur within very short 
distances of some of these historic buildings. With 
proper mitigation measures in place, especially 
for demolition of the existing viaduct, we do not 
anticipate any vibration events exceeding the 
building damage criteria. Vibration from the TBM 
itself is not expected to exceed building damage 
criteria. Because the TBM may represent a temporary 
vibration source, an appropriate mitigation will 
likely be a proper public education campaign to allay 
people’s fear of building damage and increase their 
acceptance of the short-term noises and any vibration 
that may reach the level of being perceptible to some 
populations.

Figure 2.5-18. Reducing Noise at the North 
Tunnel Operations Building. STP’s design of the 
North Tunnel Operations Building includes tunnel 
ventilation stacks oriented away from populated 
areas to reduce noise. 
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Vibration Risk Categories and  
Potential Consequences
There are three types of vibration risk categories:

• Building Damage: Project would be 
required to repair damage. Damage could 
slow construction.

• Utility Damage: Project would be required 
to repair damage. If utilities are out of 
service for an extended time, there may be 
liability issues. Damage could slow or stall 
construction.

• Human Annoyance: Media or political 
pressure could slow or stall construction.

Table 2.5-3 shows potential construction vibration 
sources and mitigation measures. To proactively 
mitigate these concerns prior to construction, we will:

• Develop a detailed Vibration Mitigation 
and Monitoring Plan according to WSDOT 
requirements

• Identify and categorize potentially impacted 
receptors (building occupants), buildings 
(especially historic buildings in the Pioneer 
Square area), and underground utilities 

• Determine appropriate vibration 
measurement/monitoring locations

• Perform a baseline ambient vibration survey 
at selected locations

• Identify and quantify (reference levels) 
expected sources of vibration during 
construction activities, including the TBM, 
muck conveyor system, pile driving, and 
demolition of the existing viaduct

• Develop empirical site-specific ground 
vibration propagation model to improve 
accuracy of predictions as necessary

• Perform ground vibration propagation tests 
at selected locations along tunnel alignment 
in conjunction with geotechnical consultant

• Estimate ranges of expected vibration levels 
at potentially impacted receptors, buildings 
and underground utilities

• Compare predictions with specified 
criteria, summarize expected impacts, and 
recommend vibration mitigation measures 
where needed

During construction, STP will:
• Continuously monitor vibration at critical 

locations. 
• Vibration monitors will be acquired and 

dedicated to the project.  The primary 
vibration monitoring tool for this project 
will be the industry standard Instantel 
Blastmate. Supplemental measurements will 
be made using proprietary equipment as 
needed.

Figure 2.5-17. Example of Ground Vibration 
Propagation and Groundborne Noise in 
Buildings. Building on lessons learned from 
large bore tunnel construction, STP will mitigate 
noise and vibration concerns to minimize public 
concerns.
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• Daily review of vibration data according 
to the Vibration Mitigation and Monitoring 
Plan.

• Perform ongoing refinement of predictions 
of building vibration levels as directly 
measured ground vibration data becomes 
available, especially with regard to portal 
operations.  

• Support the public relations effort. Proper 
education and management of expectations 
of the public regarding vibration and noise 
issues in critical. 

• Respond to construction vibration issues 
and/or complaints quickly to re-assure the 
public that their concerns are being heard.

Muck Handling
STP has developed methods for excavating the 
tunnel, removing excavated material, and handling 
the muck that will reduce or completely eliminate 
risk to the environment. We will prevent storage 
and accumulation of excavated material on the 
construction site, which will allow us to reduce 
greenhouse gases by only moving the muck one 
time, and help reduce surface runoff of storm water 
that would hit stored muck. STP will use an earth 
pressure balance (EPB) tunnel boring machine 
(TBM) that uses an organic polymer to assist boring. 
Organic polymer will ensure muck compatibility 
with STP’s landfill of choice at Port Ludlow. The 
conditioners are composed of organic polymers to 

Table 2.5-3. Construction Vibration Source and Mitigation Measures.

coNsTRucTioN 
Task

Risk MiTigaTioN MeasuRes

BuilDiNg 
DaMage

uTiliTy 
DaMage

huMaN 
aNNoyaNce Physical oTheR

Soil compaction   
Restrict or eliminate vibratory 
compaction.

Viaduct 
demolition   

Closely manage removal 
near adjacent buildings.

Muck 
conveyance 

Resiliently isolated overhead 
muck conveyor system.

Soil excavation  Excavate less aggressively.

Debris hauling 

Change haul route to avoid 
especially large pavement 
buckles or pot holes.

Tunnel boring 
and all of the 
above



Manage the expectations of 
the public with respect to what 
they will feel and hear.  Educate 
the public about the difference 
between vibration that can be 
felt and vibration that can cause 
building damage.

All of the above   

Train construction crews to 
work using methods that 
minimize vibration.
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maximize environmental compatibility, limit landfill 
restrictions on oil-based polymers, and are consistent 
with STP’s sustainability goals. The polymers used, 
disposal sites selected, handling management plan, 
and other details associated with muck disposal will 
closely follow the muck disposal procedures of the 
Brightwater West Conveyance Project. See Figure 
2.5-18. Organic polymers ensure muck compatibility 
with STP’s landfill of choice at Port Ludlow.
An EPB TBM was used on the successful portions 
of the Brightwater tunnel project in northern King 
and southern Snohomish counties. The organic and 
biodegradable polymers, which we will use on the 
SR 99 Project, have made disposal easier than if 
oil-based polymers were used. On the Brightwater 
project, up to 25 percent of the native soil was found 
to be above 8.5 pH. If we find similar conditions 
on the SR 99 Bored Tunnel Project, the soil will be 

treated and neutralized prior to land fill disposal.
The EPB TBM has the capability of grouting sand 
lenses and voids encountered in front of the machine. 
Grouting at the face of the TBM can modify the pH 
of the muck; however, the volume of this material 
will be minimal compared to the total volume of 
non-pH modified muck such that dilution will help 
prevent high pH issues allowing us to dispose of the 
muck as planned.

Muck Removal and Disposal 
Our environmentally preferred method of muck 
management prevents storage and accumulation of 
muck on site, where it could receive rainwater and 
possibly cause disposal issues. We will transport 
muck produced by the TBM through and out of the 
tunnel on a conveyor system that runs along the 
ceiling of the completed tunnel sections. Once the 
conveyor exits the tunnel and reaches ground level, it 
will be covered to prevent accumulation of additional 
water from rain. The covered conveyor will cross 
over Alaskan Way at approximately and run to Pier 
46. See Figure 2.5-19. We will evaluate the muck 
in motion by using a laser system to determine its 
density and volume. 
Once at Pier 46, we will load the muck directly 
onto barges. Barging the muck further reduces 
environmental impacts by producing fewer 
greenhouse gas emissions than using less efficient 
truck loading and transport. Discussions with the 
prime barge and tug companies has been completed 
and these arrangements will be finalized before 
construction.  
STP will develop and implement an environmental 
contingency measure for muck management. Our 
conceptual design includes a muck staging area 
approximately 370 feet long, 200 feet wide, and 6 
feet deep. It is designed to hold in excess of 3 days 

Figure 2.5-18. Brightwater West Muck Disposal 
System. STP Team member Frank Coluccio 
Construction Company developed an effective 
conveyor system to move 290,000 tons of swelled 
muck from the tunnel shaft overland and out to 
a barge loading dock facility for transport to the 
disposal site.
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worth of muck, allowing tunneling to continue should 
direct to barge muck management not be possible 
due to weather or other conditions. The muck staging 
area will be water tight and retain any decant or 
rainwater that may accumulate. Additionally, there 
will be an approved and permitted wastewater outlet 
for the muck staging area to discharge into the sewer 
system, creating a triple environmentally redundant 
system for water and muck management, reducing 
risk to WSDOT and ensuring the construction 
schedule is met. 

Management of Contaminated Muck 
We will develop a management plan for handling 
and disposal of contaminated soils in the portal 
areas. We will remove those soils by truck directly 
to the Waste Management yard just south of the 
South Portal Area. This reduces risk to WSDOT 
by shortening the hauling distance that would exist 
with other facilities. In addition, STP will be able 
to maintain its aggressive construction schedule by 
having a pre-arranged hauling plan that fits easily 
within the Project’s timeline.  

Compliance with Section 402  
of Clean Water Act
While compliance with the clean water act 
requirements can be challenging, STP Team members 
have a successful history of coordinating such permits 
with local governmental entities. We bring design-
build experience from both the Owner’s side, through 
the I-405 Corridor Program, and the contractor’s 
side, through numerous projects, including the SR 
520 Pontoon Replacement Project. Most of the I-405 
projects have acquired and used sewer discharge 
permits to comply with the requirements of the 
clean water act. Acquisition of these permits have 
required coordination, compliance, and reporting Figure 2.5-19. Enclosed Muck Conveyor. STP 

Team lessons learned from successfully using 
enclosed conveyors to transfer muck across active 
roadways will eliminate loss of muck or any 
material onto Alaskan Way. 

to multiple entities. On the I-405 195th Street to SR 
527 Project, coordination involved King County and 
the Alderwood Water and Wastewater District. On 
the Renton projects, the permitting was coordinated 
through the City of Renton and King County. With 
the South Bellevue design-build job, the permit was 
acquired in coordination with the City of Bellevue 
and King County. And the sewer discharge permit 
for the SR 520 Pontoon Construction Design-Build 
Project will be coordinated through the County 
of Greys Harbor, the City of Aberdeen, and its 
wastewater treatment plant next door to the pontoon 
construction site.  

Stormwater discharges at the construction sites 
will come under National Pollutant Discharge 
Elimination System (NPDES) Permits, Section 402 
of the Clean Water Act if discharged to waters of the 
state. Our construction and staging plan calls for the 
majority of construction stormwater to be discharged 
to the King County system. Discharges from the 
construction site include portal work areas, staging 
areas, and temporary tunnel muck dewatering areas.   
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All discharges to the combined system will meet 
the King County discharge limits. Any discharges 
of water to the combined sewer system is subject 
to testing and flow rate limits See Figure 2.5-20. 
We have held preliminary discussions with King 
County and understand the permit requirements for 
the volume of flow anticipated to go to the County’s 
sewer system. We will submit the permit application 
to WSDOT for review and comment and then 
meet with King County and Seattle Public Utilities 
following NTP 1 to discuss the flow and treatment 
requirements to ensure compliance.

2.5.4 Third Party Risks 
The success of the SR 99 Bored Tunnel Project 
depends on balancing the requirements of third 
parties, the public, and the Project. The STP 
Team’s design, construction means and methods, 
and schedule management will reduce risks and 
minimize impacts to third parties and the public 
and will provide significant opportunities for the 
local communities and businesses. Third party 
impacts can cause a significant risk to the timely 
performance and completion of the Project. We have 
begun to identify third party issues along the tunnel 
alignment and opportunities to mitigate impacts 
through cooperative planning. Key third party 
entities include:

• Port of Seattle. The Port facilities, 
adjacent the South Approach Area, must 
remain secure and Port traffic must continue 
to move on and off the property in an 
efficient manner during construction. STP 
will mitigate Port concerns by minimizing 
our staging area footprint and coordinating 
our truck deliveries and hauling with the 
Port. 

• Washington State Ferries. The South 
Access Area will occupy Alaska Way, 
currently a vital link for vehicles using the 
Washington State Ferries. During peak 
commute times, there is significant traffic in 
the area and maintaining easy access to and 
from the ferries will be key to minimizing 
impacts. 

• Quest and Safeco fields stadium events 
and Key Center and Seattle Center 
events. The normal flow of traffic and 
pedestrian routes will be impacted at various 
times over the next several years, potentially 
inconveniencing the public and business 
operations.STP has identified safe traffic 
and pedestrian routes and will provide 
an on-site Traffic Control Supervisor to 
monitor the routes during stadium events.

Figure 2.5-20. Construction Water Discharges. 
STP has first-hand knowledge of meeting local 
governmental discharge requirements, including 
discharging directly to sewers.
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• Seattle City Departments, including 
Fire, Police, Department of 
Transportation, Seattle Public Utilities, 
and Seattle City Light. The City is a 
significant third party in the Project and 
each department will have a vested interest 
in the Project. STP has already initiated 
contact with many City departments to 
discuss coordination, permits, licenses, and  
approval processes.   

• Private utilities. WSDOT is requiring 
private utilities, including Puget Sound 
Energy, Qwest, Sprint, Comcast, AT&T 
and other communications companies, to 
accommodate the Project by relocating 
utilities at their own cost, putting our Team 
in a potential adversarial position with those 
entities. STP has identified many of the 
existing utilities that need relocation and 
has initiated contact with the private utility 
companies to discuss scheduling needs. 

• Building owners. Private building 
owners and tenants are unsure of how the 
tunnel construction methods could impact 
their facilities due to noise or ground 
deformations. STP proposes to support 
WSDOT with outreach to building owners 
and tenants to establish a dialogue, listen to 
their thoughts and concerns, update them 
on the tunnel construction activities and our 
schedule.

• Burlington Northern Santa Fe (BNSF) 
Railroad. The railroad signal yard 
operates just south of Atlantic Street and 
the tail track extends north of this yard and 
runs parallel to the South Approach Area 
excavations. There is a strong potential 
for conflict between the BNSF operations 
and our construction activities. In addition, 
the SR 99 Bored Tunnel alignment runs 

directly underneath the BNSF tunnel 
facility. Deformation of the BNSF tunnel is 
a potential risk. STP Team members have 
existing relations with the railroad and will 
build on those associations to ensure our 
activities do not interfere with ongoing 
operations.

Coordination Efforts
Two of the largest, ongoing stakeholders at the South 
Approach Area that could potentially be impacted 
by the Project are the Port of Seattle, including the 
Burlington Northern Santa Fe Railroad (BNSF), and 
the Washington State Ferries.

We will reduce construction impact risks to the port 
and ferries by: 

• Actively Plan and Lead the Applicable Task 
Force Meetings. STP will proactively plan 
and implement all construction activities 
to mitigate risks and provide the following 
innovations to the Project: 

• Minimizing the staging area footprint 
by providing a more steamlined and 
compact South Roadway approach 
to the tunnel, as described on our 
approved ATC #5.

• Using our milestone schedule to 
coordinate deliveries of construction 
materials and the hauling of 
contaminated spoils, if any, to non-
peak hours, to avoid port, BNRR, and 
peak ferry operational periods

• Utilizing a closed overhead conveyer 
system to load barges without any port, 
rail, or ferry disruptions 

• Completing the project by 2015
• Accurately Plan and Schedule Critical 

Construction Activities. STP will monitor 
the port’s major docking schedule activities 
and peak ferry operational periods and 
integrate these into our Project milestone 
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schedules. We will consistently monitor and 
update our milestone schedules, implement 
and coordinate delivery schedules, and plan 
hauling activities to minimize the impact 
on the port and the railroad’s peak hours 
and days. We will plan activities as to the 
extent possible to occur during the off-
peak periods while ensuring our aggressive 
schedule is met.  

• Contingency Planning of Risk Factors 
and Activities. As part of our monthly 
risk register update meetings, STP will 
proactively:

• Monitor and adjust access routes to 
and from the port through our Project 
and staging areas

• Monitor and adjust access routes to 
and from the ferries for motorists, 
pedestrians, and bicyclists (see 
Section 2.5.4.2 Management of Traffic 
Impacts)

• Monitor and adjust port and ferry 
workers’ access to the terminals 
through the newly constructed 
driveways and gates at Terminal 46 
and 48  

• Deploy a Traffic Control Supervisor on 
a daily basis to monitor and respond 
to the port or ferry system and provide 
input and lessons learned to our Traffic 
Management Plan 

• Implement a special events 
maintenance of traffic plan as shown in 
Section 2.5.4.2  

Management of Traffic Impacts
Maintenance of vehicular and pedestrian traffic 
during construction is crucial to local businesses 
and residents. In order to make the SR 99 Bored 
Tunnel Project a superior Project in the eyes of these 
businesses and the public, STP’s priority will be 
to monitor, minimize, and mitigate disruptions to 
traffic, business, and quality of life surrounding the 

Project’s work zones. As part of our plan to ensure 
a successful Project, we will develop an in-depth 
Traffic Management Plan (TMP) that will reduce 
the risks and impacts to mobility by providing 
for the efficient, effective, and safe movement of 
motorists, pedestrians, bicyclists, and goods and 
services through the Project area during tunneling, 
portal construction, and hauling operations. Our 
TMP will be built on lessons learned from successful 
construction work in congested urban areas (Figure 
2.5-21).
A key emphasis of our TMP will be accommodating 
vehicular and pedestrian traffic during stadium events 
at Qwest and Safeco fields and Qwest Exhibition 
Center in the south, Seattle Center venues in the north, 
and during major local and holiday season events. To 
reduce impacts to traffic and pedestrians, we will:

• Use a unique system of minimally invasive 
construction techniques, including compact 
work spaces, short durations of traffic 
disturbances, and smart planning to ensure 
that the operations will have adequate 
personnel, materials, and equipment to 

Figure 2.5-21. Alameda Mid-Corridor Design-
Build Project. A Traffic Management Plan was 
developed and implemented to successfully 
maintain vehicular and pedestrian traffic on each 
side of the 10-mile-long trench and at 29 street 
crossings.
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perform the work prior to beginning 
construction.

• Proactively provide early, often, and 
consistent communications to WSDOT 
to ensure stakeholders have the necessary 
information and input in the development 
of event traffic planning so that access 
throughout the construction zone is easily 
understood, safe and efficient.

• Deploy an on-site Traffic Control Supervisor 
on a daily basis and during major events to 
provide immediate response and attention to 
unforeseen traffic management issues, choke 
points, and bottle necks.  The Traffic Control 
Supervisor will communicate with WSDOT 
and the City of Seattle to make real-time 
changes to manage the real and significant 
need to move people, traffic and goods at the 
beginning and ends of events.   

Immediately following NTP 1, STP will convene 
and chair the Maintenance of Traffic Task Force that 
will meet weekly. The Task Force will review and 
provide input to the TMP with the goal of reducing 
or eliminating lane closures and vehicular and 
pedestrian traffic pattern changes.  A key strength 
of our team members is the ability to effectively 
manage traffic in challenging construction zones. 
For the seismic retrofit of the approach to the West 
Span of the San Francisco-Oakland Bay Bridge, the 
six stages of work included removing and replacing a 
one-mile, multi-level stretch of Interstate 80, and six 
on- and off-ramps in the original footprint (Figure 
2.5-22). 

Our proactive approach to minimizing traffic impacts, 
particularly during stadium events, includes: 

• Maintaining a Current TMP. STP will 
monitor traffic on a daily basis and deploy a 
Traffic Control Supervisor (TCS) and traffic 
patrols throughout the construction period. 
The TCS will direct the development and 
updating of our TMP to maintain mobility 

in the stadium areas. The TMP will be a 
living document where we will incorporate 
lessons learned to minimize the risk to 
pedestrians, commuters, visitors, sports 
fans, event attendees, and businesses, 
especially at Qwest and Safeco fields and 
the Seattle Center. We will coordinate with 
stadium and event planners and build each 
event into our schedule and work activities.

• Executing a Daily Work Plan. STP’s 
ability to overcome traffic management 
challenges stems from our proven ability 
to effectively plan and execute work. STP 
will review and coordinate work that could 
impact motorist, bicycle, and pedestrian 
traffic and schedule daily construction 
activities so that they can be completed 
in advance of an event. We will use the 
MOT Task Force, Project/Stakeholder 
Coordination, and Public Information Team 
meetings to discuss and plan for upcoming 
events well in advance to minimize risks 
and impacts. 

Figure 2.5-22. San Francisco-Oakland Bay Bridge 
West Approach. Extreme construction measures 
were taken to minimize impacts to the 280,000 
vehicles crossing the bridge each day, including 
scheduling work over weekends, at night, and 
sometimes working around-the-clock to complete 
work prior to the start of the heavy commute traffic.
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• Developing a Contingency Plan 
for Risk Factors and Activities. 
Unanticipated traffic incidents could 
potentially pose disruption during public 
events. STP will develop and implement 
a Traffic Incident Management Plan to 
supplement the TMP for the Project (Figure 
2.5-23). While we are not responsible 
for emergency response and clearing of 
incidents on any relocated segment of 
SR 99, we recognize that the location of our 
construction zone and staging areas places 
us in a position to provide support during 
an incident. We will assist and participate 
fully with the Washington State Patrol, City 
of Seattle Police and Fire Departments, 
emergency services, and SDOT Traffic 
Operations to minimize impacts to the 
traveling public. We will regularly update 
the TMP to capture any lessons learned 
from contingency activities.  

• Leaving the Footprint Safe. Our TMP 
will identify pedestrian routes that provide 
safe passage from the ferry system, the 
Seattle Waterfront, and Historical Pioneer 
Square areas to the stadiums and other 
public gathering places. Figure 2.5-24 
provides pedestrian access routes near the 
South Access Area, which we will properly 
sign, maintain, and ensure they are clear 
of debris. We will provide ADA-compliant 
detours and travel routes, including short-
duration sidewalk closures and ADA curb 
treatments.  

• Facilitating Access for Emergency 
Operations. Safety is our Team’s number 
one priority and we will ensure that 
emergency operations are not impacted 
during construction activities or during 
stadium events. We will coordinate and 
adhere to requirements of the Seattle Fire, 

Police, and Emergency Management 
departments to ensure they have unimpeded 
access to and around the Project work 
zones.

• Assigning a TCS. STP’s TCS and traffic 
patrols will be on site during stadium events 
to monitor the construction zones and make 
adjustments as necessary. The TCS will be 
responsible for directing and implementing 
additional traffic control and construction 
zone equipment to ensure safe conditions. 

• Implementing Comprehensive Safety 
Checklists. Our TMP will conform to 
WSDOT’s Work Zone Traffic Control 
Guidelines, the City of Seattle’s Traffic 
Control Manual, and the City’s Street Use 
Permit Process. We will augment these 
guidelines by conducting a rigorous review 
and developing comprehensive checklists 
for MOT plans, pedestrian, bicycle, and 
emergency operations for approval and 
deployment. 

In addition, STP brings directly relevant experience 
in communicating traffic control plans and 
construction schedules from the I-405 Corridor 
Program, where team members have assisted 
WSDOT in managing communications for major 
road closures, including both directions of I-405 for 
the Benson Road bridge demolition, southbound 
I-405 for the removal of the Wilburton Tunnel (see 
Figure 2.5-25), and numerous weekend lane closures 
for various construction activities, such as paving, 
electrical work, and traffic shifts. During these 
closures, proactive communications were initiated  
with organizers of major public events, including the 
Danskin Triathlon (more than 3,000 participants and 
a full closure of the I-90 express lanes), Renton River 
Days (40,000 expected attendance), and Seattle 
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Figure 2.5-23. Traffic Incident Management Plan.
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Mariner (27,000 average attendance), Sounder 
(31,000 average attendance) and Seahawk (67,000 
average attendance) share closure and alternate route 
information.

Working in conjunction with WSDOT on the SR 
99 Bored Tunnel Project, our Community Liaison 
will assist WSDOT to inform stakeholders and 
community at large.

Liaison with the City of Seattle
The City of Seattle is a vital member of the overall 
SR 99 Bored Tunnel Project. STP will work with 
WSDOT to address the City of Seattle’s concerns, 
including:

• Maintaining bicycle, pedestrian, rail, port, 
and vehicular routes 

• Providing unimpeded access for local 
businesses and residents and minimizing 
noise and dust 

• Involving Seattle City Light (SCL) and 
Seattle Public Utilities (SPU) to protect 
maintain-in-place critical utility services

• Conforming streets and sidewalks to Seattle 
Department of Transportation (SDOT) 
requirements

• Maximizing fire and life safety requirements 
during construction and in the final tunnel 
and building facilities

• Monitoring and minimizing settlements to 
the roadway infrastructure and buildings 
above the new tunnel bore

Figure 2.5-24. Pedestrian Access Routes near South 
Access Area.
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The SR 99 Bored Tunnel Project will require 
significant interface with various SDOT, SCL, SPU, 
fire department, and other City departments for 
coordination, permits, approvals, and licenses. We 
will leverage existing relationships established on 
the Mercer Corridor Improvement Project to meet 
the regulatory and permitting requirements that will 
be critical to completing the Project on time and 
budget. See Table 2.5-4.

We have been in contact with several City agencies, 
including SCL and SPU and will engage other City 
agencies early and often throughout the Project. In 
addition, we will implement lessons learned from 
STP Team member companies that have successfully 
completed large-scale infrastructure projects in 
major metropolitan areas. See Figure 2.5-26.

STP will participate in task forces involving 
City agencies, including the Utility Task Force, 
Environmental Task Force, Electrical Task Force, 
Building Task Force, Urban Design Task Force and 
the Tunnel and Building Utility Services meetings 
with utility owners and the Project/Stakeholder 
Coordination meetings.  Our Community Liaison, 
brings extensive experience working with city 
agencies around Puget Sound and will build on these 
relationships for this Project.   

Figure 2.5-25. Proactive Communication for 
the Removal of the Wilburton Tunnel. “I just 
wanted to extend my congratulations for a job well 
done over the past two weekends. It was great to 
watch the story unfold in the media over the last 
month to find, once again, that a well coordinated 
and communicated job gives the best results.  Your 
messages were clear, and understandable.  It was 
heartening to see how much the media participated 
in the telling 
of the story.” 
– Paula 
Hammond, 
Washington 
Transportation 
Secretary

Table 2.5-4. Existing Mercer Corridor  
Relationships with City Agencies.

NaMe DePaRTMeNT

Theresa Smith
Supervisor, SDOT Street Use 
Department

Jinny Green
Permit Issuer, SDOT Street Use 
Department

Marilyn Vancil Traffic Control Permitting, SDOT

Loren Raynes
Signal Construction and Maintenance 
Manager, SDOT
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Early Planning and Scheduling of Critical 
Construction Activities 
During the proposal phase, STP proactively met with 
several City departments. For example, on August 
2, we met with SCL representatives to discuss 
temporary power requirements for construction and 
availability of power in the overall system. From that 
meeting, SCL:

• Assured us that ample power will be 
provided to the South Approach Area where 
the TBM and associated machinery will be 
powered.  

• Provided a reference document for the 
application to provide construction power, 
including the necessary forms to establish 
electrical service connection to expedite the 
review and approval process.  

• Agreed on a path forward, including STP 
completing the early application to provide 
construction power; SCL will retain 
the application and immediately begin 
the process following NTP 2, ensuring 
an expedited and smooth start to the 
construction process.

We have also met with WSDOT’s Traffic/ITS group 
to coordinate systems designs to ensure compatibility 
among the existing tunnel systems, including the 
I-90 Mercer Island Lid, I-90 Beacon Hill Tunnels 
and Lids, and the I-5 Convention Center, with the 
Regional Control Center at the Northwest Region 
Dayton Avenue North Headquarters.  

Immediately following NTP 1, STP will begin several 
activities to prepare for the design and construction 
phase following award of NTP 2, including:

• Prepare a Construction Traffic Management 
Plan (Figure 2.5-27).  

• Coordinate with Seattle Fire Department to 
plan and implement construction emergency 
event table top exercises

• Crisis communication planning

Overall, the STP Team has significant experience 
working with local governments, and the City of 
Seattle in particular, to reduce risk to WSDOT, ensure 
our early schedule is met, and deliver the Project 
with the least disruption to this strategic partner.   

Coordination with Private Utility  
and Building Owners
Within the city street grid over the tunnel alignment 
there are numerous private utilities, including 
natural gas, steam, and telecommunication facilities. 
In addition, several building properties have been 
identified that exist within the tunneling influence 
zone. The risk for damage to these facilities due 

Figure 2.5-26. BART Extension to San Francisco 
International Airport. The 7.4-mile-long design-
build project required extensive coordination 
with five separate cities, two counties, the airport, 
numerous utilities, state and federal environmental 
agencies, Caltrain, and the California Department 
of Transportation.
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to excavation and tunneling operations will be of 
primary concern to STP and all other parties.  
Impacts to private utilities include facilities in direct 
conflict with the planned improvements and those 
that may be impacted along the tunnel alignment 
or impacted by ground deformations. At the North 
and South Approach areas and within planned 
excavations within the tunnel section, STP will 
identify relocations required by private utilities in 
our Utility Management Plan and begin the process 
of coordinating the relocation or abandonment of the 
facilities with each utility owner.  Category 1 private 
utilities include:

• Puget Sound Energy (PSE). PSE has 
extensive gas mains and services within 
the downtown street grid. Gas lines exist 
within the North and South Access area 
and will require removal from before 
excavation. STP investigations indicate 
PSE will abandon pipelines prior to the 
portal construction. Within the tunneling 
alignment, STP will coordinate with 
PSE, sharing deformation information, 
settlement mitigation efforts, and building 
and structures protection plans. Qwest. 
Within the downtown street grid there is 

Figure 2.5-27. Honolulu High-Capacity Transit 
Corridor Project. Prior to construction NTP, a 
draft construction traffic management plan was 
developed documenting roles and responsibilities; 
critical city, state, contractor, and emergency 
contact; and traveler information strategies.

an extensive network of telephone vaults 
and ducts. The North and South Approach 
areas appear to be free of conflict, however, 
Qwest facilities exist along the tunnel 
alignment.

• Sprint, Comcast, AT&T, 360 Network, 
Above Net, AllStream, Broadstripe, ELI, 
Global Crossing, Verizon, and Yipes are 
representative examples of other private 
telecommunications companies which own 
or lease underground or overhead facilities.  

Category 2 private utilities include Seattle Steam. 
Existing steam lines do not conflict with the North 
or South Approach areas, but existing lines cross the 
tunnel alignment.

STP will coordinate with these Category 1 and 
Category 2 utilities to avoid damage to facilities 
and allow ongoing operations to continue during 
construction.

STP has prepared the required independent 
deformation analysis predicting the surface 
settlement along the tunnel alignment and assessed 
the impact to existing private facilities based on 
predicted settlement. We conducted additional 
investigations of existing conditions as part of the 
assessment.

STP will prepare the required action plans, hold 
workshops with key utility representatives, and 
conduct ongoing task force meetings. Our risk 
mitigation strategy includes getting information to the 
utility owners, assessing facility conditions early in 
the project, taking necessary mitigation measures in 
areas in advance of construction, monitoring during 
construction, and readying protective measures. 

STP Team members have worked cooperatively with 
private utility owners in the Seattle area and will use 
these long-established relationships to coordinate 
with each entity immediately following NTP 1. STP 
brings lessons learned of working collaboratively 
with private utilities from its members’ work on the 
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I-405 Corridor Program in King and Snohomish 
counties, the South Holgate to South King section 
of the Alaskan Way Viaduct Program, and the 
construction of Safeco Field. See Figure 2.5-28.
There are 158 buildings within the tunnel zone of 
influence listed in TR Table 2.52.10. Buildings 
range from residential and commercial facilities 
which meet the latest building code requirements, to 
historic and heritage structures built decades ago that 
would not meet existing codes if constructed today. 
Coordination with building owners and tenants will 
be complicated due to the number of properties and 
the potential for impacting each property. There is a 
high potential for other third parties to be involved 
to represent the interest of the building owner. The 
need for information will be extensive and STP is 
ready to provide updated assessments and proposed 
building settlement mitigation measures as directed 
by WSDOT. 
STP will accomplish required pre-tunneling building 
mitigation and monitoring in advance of planned 
excavations. Immediately following NTP 1, STP will 
expand on WSDOT’s database of all property owners 
to include building tenants along the entire tunnel 
route. We will begin exterior surveys of structures 
along the route to populate our database with video 
and digital imagines of existing conditions. We have 
developed a strategy for preliminary design and 
established a building mitigation plan.  Working 
closely with the City of Seattle Building Department, 
we will craft a procedure for streamlining permit 
applications for defined modifications to structures 
along the route. In addition, we will develop an 
emergency permit procedure with the City in the 
event of an unforeseen incident. 
STP Team members will use their extensive and 
long history with downtown business and property 

owners to ensure their concerns are being heard. 
These established relationships include:

• Waterfront Business Association
• Tunnel + Transit Coalition
• Safeco, Quest, and Key Center stadiums 

and arenas
• Pioneer Square
• Belltown Neighborhood Association
• Downtown Urban Center Planning Group
• International District
• Port of Seattle
• Northwest Marine Business Coalition
• Pike Place Market

Figure 2.5-28. Relocating Private Utilities for 
Safeco Field. Massive numbers of private active 
fiber optic and cable telecommunications lines were 
successfully relocated on schedule and without 
interrupting services.

Quality Assurance
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• Seattle Art Museum (Sculpture Park)
• Waterfront Condominium Association
• Seattle Chamber of Commerce

Public Outreach
Understanding WSDOT’s Communications 
and Public Outreach Approach
STP will support WSDOT to share clear, concise, 
and timely information to all stakeholders so they 
know what to expect during construction. The 
STP Community Liaison, Jamie Stausz-Clark will 
lead STP efforts to assist WSDOT in a proactive 
community/business/public information program 
that will be continued throughout the life of the 
Project.  

STP will not communicate with Third Parties 
unless authorized by WSDOT, which will lead 
communication efforts. STP Community Liaison 
will conduct the following communications and 
public involvement approaches:

• Maintain frequent communications with 
WSDOT, partner agencies, the Seawall 
Replacement team, and other surrounding 
projects.

• Enable WSDOT’s “No surprises” 
communication approach.

• Ensure that WSDOT is satisfied with the 
quality, frequency, and accuracy of Project 
information from STP.

• Plan and coordinate communications and 
public involvement task force meetings 
as requested by WSDOT. The purpose is 
be to coordinate communications, Project 
schedules and construction activities.

• Be accessible in the office, by phone, or 
with remote computer access 24 hours a 
day, 7 days a week.

• Identify and monitor potential public 
information issues or public relations risks 
associated with STP’s work and share 
that information with WSDOT in a timely 
manner.

Partnering for Success
Jamie, has the unique ability to blend a keen 
understanding of downtown Seattle with extensive 
experience in every phase of capital project 
development. 

Jamie has supported all facets of communications 
and community relations for multiple design-build 
projects in the role of contractor and owner.  In 
addition to the Spokane Street Viaduct Project, 
design-build projects for WSDOT include I-405, 
I-90, SR 532, ATM/Smarter Highways and the 
SR 520 Pontoon Project.  Jamie has participated 
in emergency training workshops and emergency 
operations exercises with WSDOT and SDOT traffic 
and communications staff.  She has coordinated 
responses to crisis situations including late equipment 
pick-ups, damage to power lines, environmental 
spills, traffic incidents, a culvert collapse and a 
fatality in the work zone.  

Jamie has also coordinated successfully with 
adjacent projects. For example, during work on 
the Spokane Street Viaduct Widening Project, she 
coordinated communications with the adjacent 
project and worked together to accelerate parts of 
the adjacent project’s construction schedule to help 
maintain access to several local businesses when 
the Spokane Street Viaduct Widening Project had to 
trench in front of those businesses.

Awareness of Stakeholder Communication 
Needs and Issues
WSDOT has been communicating with the 
Project stakeholders for many years and has 
already established relationships and lines of 
communications. Before and during construction, it 
will be the STP Communication Liaison who will 
provide WSDOT with information support so they 
can maintain those relationships and open lines of 
communications.
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Table 2.5-5. Potential Risks and Opportunities.
PuBlic RelaTioNs Risk/

oPPoRTuNiTy coMMuNicaTioNs aPPRoach

Environmental incident

• The Design-Builder will notify WSDOT’s AWV Communications Manager, WSDOT NW 
Region Communicator, or NW Region 24-hour PIO immediately.

• WSDOT will take the lead on communicating with the media and the public regarding the 
situation. 

On-the-job accident or 
fatality

• Prior to a crisis situation, highlight efforts that STP is taking to prevent accidents in Project 
communications.

• WSDOT and STP safety officers will be notified of the event and will complete an 
investigation.

• WSDOT and/or Washington State Patrol will lead communications with the public and the 
media.

• If the accident involves an employee of a contractor or subcontractor, that contractor or 
subcontractor will be responsible for notifying the employee’s family.

• The STP Community Liaison will ensure that WSDOT has the most accurate and up-to-date 
information about the circumstances surrounding the accident and the mitigation.

Transients/illegal campers • STP will follow the procedures outlined in section 2.9.9.

Vibrations, effects of 
boring to historic buildings 
or buildings in marginal 
conditions

• STP partners will provide WSDOT with as much information as possible in advance of 
vibration effects, and about the timing and magnitude of the vibration.

• Early documentation and monitoring of existing building’s conditions.

Earthquake or other 
natural disaster

• STP and WSDOT will follow procedures outlined in the Crisis Communication Plan. 
• STP will summarize the emergency protocol used in the incident and submit it to WSDOT 

within five calendar days of the crisis.

Equipment failure or 
problems with tunneling

• STP will notify WSDOT immediately of any problems with the TBM.  WSDOT will notify 
appropriate executives.  

• STP will develop for WSDOT key messages about what happened, what the team is 
currently doing to fix the problem and a timeline of when the TBM will be fixed.

• STP will provide spokespeople as requested.

STP will identify additional Project stakeholders and 
establish a low profile communication procedure 
with each one of them. This communication 
procedure will be discussed with WSDOT prior to 
implementation.

The main characteristics of STP’s communication 
procedure will include:

• Listening to stakeholder concerns
• Providing WSDOT with the concerns 

received 
• Collaborating with WSDOT prepare 

specific responses to concerns

• Disseminating low profile response
• Assisting WSDOT to prepare institutional 

responses
• Assisting WSDOT to prepare meetings, 

outreach presentations, etc.

STP has analyzed potential public relations risks and 
opportunities associated with this Project. 

Table 2.5-5 describes those risks and our proposed 
communications approach.
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PuBlic RelaTioNs Risk/
oPPoRTuNiTy coMMuNicaTioNs aPPRoach

Traffic impacts, including 
effects to sidewalks or 
streets 

• Traffic impacts are identified in the Maintenance of Traffic task force meeting.
• STP will assist with WSDOT to outreach to impacted members of the community and update 

communication tools such as the WSDOT web site and e-mail updates.
• STP traffic control team will ensure proper signage is installed in the work zone to notify 

drivers and pedestrians of detours and lane closures.

Construction noise or dust

• Dust concerns are reported to STP’s Environmental Manager for resolution.  STP will report 
the resolution and steps to mitigate future concerns to WSDOT. 

• STP will provide information about work activities and steps to mitigate noise concerns to 
WSDOT and the Independent Noise Monitor as requested.  

Damage to utility lines

• Damage is immediately reported to WSDOT and the Owner.  9-1-1 is called if there is an 
injury or a gas line has been damaged.

• STP will assist the Owner and impacted parties of what happened and an estimation of how 
long they can expect to be without service.

Negative public 
perceptions of Project

• STP will develop key messages for WSDOT use, highlighting the Project’s progress and 
benefits.

• STP will develop for WSDOT use a communication plan for outreach to Project stakeholders.
• STP will prepare for WSDOT a communication plan to educate public on the benefits of the 

deep bore tunnel, progress of the Project and major Project milestones.

Bomb threats
• STP will notify WSDOT, law enforcement and local authorities.
• STP will evacuate the area.
• STP will assist WSDOT with media inquiries.

Structural collapse
• STP will follow procedures outlined in the Crisis Communication Plan.  
• STP will summarize the emergency protocol used in the incident and submit it to WSDOT 

within five calendar days of the crisis.

Labor strike or work 
stoppage (unlikely since 
STP has a Project Labor 
Agreement in place)

• STP will assist WSDOT with key messages and provide spokespeople. 
• STP will provide WSDOT with information to share with community leaders, agencies and 

elected officials. 

Table 2.5-5. Potential Risks and Opportunities. (continued)



TUNNEL

SECTION 2.5, PAGE 43

ProPosal – sr 99 Bored Tunnel alTernaTive 

Page 1 of 19

Pr
io

rit
y

St
at

us

R
is

k 
ID

 #

Pr
oj

ec
t P

ha
se

–D
at

e 
Id

en
tif

ie
d

Ph
as

e 
(p

re
 C

N
, C

N
, o

r R
O

W
)

Summary 
Description 

Threat and/or 
Opportunity

Detailed Description of Risk Event 
(Specific, Measurable, Attributable, 

Relevant, Timebound) [SMART]

R
is

k 
Tr

ig
ge

r

Ty
pe

Pr
ob

ab
ilit

y 
%

Im
pa

ct

Ex
pe

ct
ed

 V
al

ue
 R

is
k 

Im
pa

ct
s

R
is

k 
Pr

ob
ab

ilit
y

Sc
he

du
le

 Im
pa

ct

Sc
he

du
le

 Im
pa

ct

St
ra

te
gy ACTION TO BE TAKEN 

Response Actions including advantages and disadvantages 
include date Ac

tiv
ity

R
is

k 
O

w
ne

r

R
is

k 
R

ev
ie

w
 D

at
es

Date, Status and 
Review Comments 

(Do not delete prior comments, 
therefore providing a history)

(2) (1) (4) (5) (6) (7) (8) (9) (10) (14) $ M Mo. $ M (16) (17) (3) (18) (19) (20)

Threat VH

H

M

L

VL X

VL L M H VH

Threat

Threat VH

H

M

L

VL X

VL L M H VH

Threat

Threat VH

H X

M

L

VL

VL L M H VH

Threat

C
on

st
ru

ct
io

n

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

M
iti

ga
tio

n

C
on

tra
ct

or

Risk Identification Workshop

C
os

t

75%

Ve
ry

 L
ow

3

Ac
tiv

e

C
on

st
ru

ct
io

n

C
on

st
ru

ct
io

n

An event leading to stoppage of normal 
tunneling activities. Access to the head under 
hyperbaric conditions is required.

Work within TBM
head

1. Standard operation of the TBM includes a required shut-down schedule for 
maintenance, and a contingency allocation for unscheduled repairs. 
2.Accessing the head under hyperbaric conditions is part of the working 
conditions associated with this task and it will be performed with the most 
trained workers and professional divers when needed.
3. Employees will receive medical examinations and clearance prior to being 
allowed to enter compressed air conditions.
4. Employees will be monitored to prevent violation of hyperbaric table 
allowances.
5. Three separate five person locks will be located in the TBM for gradual, 
measured decompression.
6. A decompression chamber will be on site above ground next to the first aid 
station.
7. A physician will be on site at all times when personnel are under 
compressed air.
8. An attendant will operate the decompression chamber and will work under 
the physician's direction.
9. An ambulance or vehicle capable of accepting a litter will be on site and 
prepared to evacuate personnel requiring medical assistance.
10. South Portal Ground Improvement and Deformation Mitigation Plan 
provides for first interventions to be performed in Safe Havens.
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In the event of a catastrophic event, explosion, 
fire and/or serious accident, the job will be 
shutdown for some period with associated 
costs.

Consequences of
serious accident

Implementation of a comprehensive safety plan, TBM operations training, 
proactive O&M, and insurable cost program are part of the basic project work 
plan. 
Commitment to 0 accidents policy and involvement of STP's top management.
STP will provide basic training in safety awareness to all workers.
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Inadequate design of tunneling equipment 
(TBM) by the selected contractor leads to low 
productivity of the equipment and schedule 
delay.

Inadequate 
performance of TBM 
during construction
without any major

incident

1. Earth Pressure Balance TBM designed for worst scenarios possible.
2. Preventive Maintenance Plan & Interventions Plan.
3. EPB Machine operated by the most skillful crews.
4. Automatic Contingency Systems.
5. State-of-the-art monitoring system.
6. Cutterhead design.
7. Automatic Wear Detection System.
8. Digestion of 3 ft diameter boulders.

Risk Matrix

(15)

Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT
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Grout operation leads to environmental delays.
Grout operation is 
not contained as 

planned.

The STP Team represented WSDOT in addressing third party grouting 
operation mistakes on two separate I-405 design-build jobs. The lessons 
learned from the Forbes Creek incident, and the Renton Stage I incident will 
be incorporated on this project. These will substantially reduce the risk of a 
cost or schedule impact due to grouting. 
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n In the event of mechanical failure of the TBM, 
there will be significant cost and delay. 
Additional cost and delay is required for 
equipment repair and repair of permanent 
Work.

TBM equipment 
repair and repair of 
permanent work.

1. Earth Pressure Balance TBM designed for worst scenarios possible.
2. Preventive Maintenance Plan & Interventions Plan.
3. Experienced STP technicians and TBM manufacturer's technician on site 
(field service).
4. STP's spare parts program exceeds WSDOT's requirements.
5. EPB reliable technology and proven performance in similar soil conditions.
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n Constructability of systems installation, with 
accelerated schedule and construction of 
structures in a confined space. 
Coordination with multiple subcontractors 
doing work at the same time.

Compressed 
schedule and 
Subcontractor
coordination

1. STP's successful experience in similar projects (M30 Tunnel Project in 
Madrid).
2. Tunnel Systems Manager – Jorge Vano – participated in the M30 Tunnel 
Project and successfully coordinated multiple subcontractors.
3. Means & methods selected. 
4. Close schedule monitoring, preventing any deviation from STP's 
construction schedule.
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Compatibility issues between new bored 
tunnel ITS and existing WSDOT ITS 
standards.

Compatibility issues 
with existing ITS

1. Meetings with WSDOT staff and consultants to ensure that requirements 
and existing WSDOT ITS standards are understood.
2. Visit of our proposal team to the Dayton Traffic Systems Maintenance 
Center accompanied by WSDOT technical staff.
3. Design Team heavily involved in the I-90 HOT Lane facilities since these 
started.
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Construction traffic control is difficult.

 Maintenance of 
Traffic within the City 

of Seattle is 
important.

Active management of the MOT Plans and coordination with City, event 
facilities, and Port of Seattle and WS Ferries
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Submittal requirements in the technical 
requirements are not met by the Design-
Builder and the construction schedule is 
impacted.

Submittal
requirements and

review periods 
impact schedule.

1. Design will be complete by the time construction begins.
2. Commissioning Authority and Commissioning Task Force will monitor all 
submittals.
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Damages from ground settlement due to 
tunneling are more than expected.

 Instrumentation and 
monitoring indicate 

ground settlement is 
greater than 

expected

1. Two-component mortar back filling
2. State-of-the-art monitoring system
3. EPB Machine operated by the most skillful crews
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Stormwater management is inadequate.

Stormwater Best
Management
Practices are
insufficient or
ineffective.

Stormwater management risks include managing a large volume of water 
during a storm event given the volume limitations of the sewer disposal 
system. The STP Team will have Baker tanks and other temporary sediment 
ponds for some volume of storage during the highest rain events. High 
volumes of stormwater are unlikely to delay tunneling. 
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The riskiest part of the project is tunneling in 
the first 1,500 ft due to:
1. Complications (start-up) and intermittent 
mining during launch / TBM learning curve
2. Reduced cover over tunnel
3. Looser, weaker soils and manmade fill 
4. Tunnel runs parallel to the AWV

Deformation during 
the first 1,500 ft of 
the bored tunnel

Implementation of STP's Deformation Mitigation Plan ensures a continuous 
excavation process and isolates the effects of the TBM progress from the 
surrounding structures.
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n Mixed face conditions will be encountered 
everywhere and that it will be essentially 
impossible to predict in advance the exact 
thickness and lateral extent of any soil unit at 
any location along the alignment.

Mixed face 
conditions for the 
entire alignment

1. EPB TBM Choice.
2. Control of face support pressure (face pressure up to 10 bar).
3. Soil conditioning.
4. Two-component or mortar back filling.
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SR 99 Bored Tunnel will pass through a dense 
urban setting, making consequences of TBM 
problems and failure more significant.

Tunneling through a 
dense urban setting

1. EPB TBM designed for worst scenarios possible and redundant 
contingency systems.
2. Preventive Maintenance Plan & Interventions Plan.
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Delays associated with:
1. Design-Builder identifies additional private 
property for required ground improvements 
along Alaskan Way;
2. Design-Builder has difficulties obtaining 
permits; and
3. Work site restrictions.

Delays associated
with permits, work 

site access, 
additional work.

1. Additional properties may be found that need ground improvements. 
However, this probability is low. If additional properties are identified, the 
permitting team will have already been through the original permitting exercise 
and therefore, will know how to quickly get the additional permits needed. 
2. Sometimes permit acquisition can be challenging especially with local 
governments. However, the STP team has extensive experience working in 
the City of Seattle and will use the experience and established contacts to 
minimize any time delay. 
3. Work site restrictions will be negotiated to be as less invasive as possible. 
Unique work staging or work processes will be explored to minimize any work 
site restrictions that may be imposed on the STP Team. 
4. No additional property identified. Permits could be an opportunity.
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Anticipated presence of large boulders results 
in damage to Cutterhead.

Boulders seriously 
damage Cutterhead Cutterhead designed for digestion of boulders up to 3 feet in diameter.
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Risk that glacially consolidated soils cause 
significant wear and tear to Cutterhead could 
lead to slow or delayed TBM mining progress.

Excessive wear and 
tear in Cutterhead 

and tools

1. Soil conditioning reduces wear of cutting tools and Cutterhead structure.
2. Automatic Wear Detection System.
3. Proactive Maintenance and Interventions Plan.
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Ground support pressure is not properly 
maintained at the face of the TBM.

Difficulty of 
maintaining a stable 

ground support 
pressure

Soil conditioning achieves controlled support of the tunnel face by maintaining 
earth pressure and soil plug, which is key to control and minimize the risk of 
settlements and deformations.
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Over mining results in larger than expected 
deformation due to changes of ground 
pressure.

Deformation due to 
sub optimum 

operation

1. EPB TBM and its control systems allow control of support pressure all the 
time and immediate reaction to changes to the ground support pressure.
2. Automatic contingency systems.
3. State-of-the-art monitoring system.
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Risk Matrix
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Opportunity VH X

H

M
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VL L M H VH

Opportunity

Threat VH

H

M X

L
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VL L M H VH

Threat

Threat VH

H X

M

L

VL

VL L M H VH

Threat

Threat VH

H

M

L

VL X

VL L M H VH

Threat

C
on
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ru

ct
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he
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Pr
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C
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C
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5%

Lo
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tiv

e

C
on

st
ru

ct
io

n

A
ug

-1
0

C
on

st
ru

ct
io

n Potential for redundancy or overlapping 
coverage and compounding deductibles in 
utilization of insurance vehicles in coordination 
with project contractual requirements and risk 
mitigation. 

Insurance Program

Monitor balance of risk exposure with premium cost and implications of 
deductibles being applied via the potential outcomes of the risk response plan. 
Develop an insurance implementation program to minimize overlap and 
redundancy, and reduce impacts of compounded deductibles.
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n

Complex nature of comprehensive package of 
technical requirements.

Full integration of 
technical 

requirements

Compose a detailed matrix of technical requirements cross-referenced with 
key integration elements.

C
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n

C
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Risk that interface with other contracts 
potentially delays our Project or that our 
Project affects adjacent contracts in progress.

Interface with other 
contracts

1. Communication and coordination with WSDOT.
2. Dan Dixon as Design Director will play an important role in supporting this 
effort.
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n
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g

C
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n

Risk of labor instability (and Unions) 
uncertainty of escalation costs associated with 
labor costs

Labor Instability
STP has successfully negotiated a Project Labor Agreement with the Unions 
that provides certainty as to all labor costs for the entire duration of the 
Project.
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Risk Matrix

(15)

Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Threat VH

H X

M
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VL L M H VH

Threat

Threat VH

H

M

L

VL X

VL L M H VH

Threat

Threat VH X

H

M

L

VL

VL L M H VH

Threat

Threat VH

H X
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L
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VL L M H VH
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C
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he

du
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w27
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tiv

e
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l

C
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n

The south end of the project has a potential to 
expose archeologically significant elements 
that will require extraction before work can 
continue.

Archeologically 
Significant Findings

Starting project at south end enables the archeological excavation to occur 
early in the project should it be required, which provides an opportunity to 
recover schedule.

C
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M
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C
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C
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ct
io

n

Coordination and scheduling of third party 
entities (utilities), agreements not finalized with 
all entities.

Coordination and 
scheduling of third 

parties

Maintain vigilant communications and close accounting for scheduled 
activities, pursue early commitments for utility work and formalization of 
requirements.

D
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n/
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&E
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he

du
le

Impact
Pr
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C
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15%
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e-

co
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n

Complexity of establishing a LEED compatible 
design for facilities not otherwise readily 
adaptable to LEED requirements.

LEED Compatible 
Design

Assign a LEED AP to evaluate design options and criteria to establish 
achievement of points toward LEED compatible design requirements.

D
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&E
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M
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D
es

ig
n
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n

100% construction cost is based on 50% 
design challenging team to provide detail of 
project elements that are not fully 
evaluated/defined through the design process.

Financial exposure 
to phase of design 

for basis of estimate

Early identification of program elements that require additional descriptive 
definition (that would otherwise not be fully developed in design) to provide 
conclusive quantities and/or scope. 
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Risk Matrix
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Threat VH X

H

M

L

VL

VL L M H VH

Threat

Threat VH

H X

M

L

VL

VL L M H VH

Threat

Threat VH

H

M

L X

VL

VL L M H VH

Threat

Threat VH

H

M
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VL X

VL L M H VH

Threat

C
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M
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C
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C
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5%
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C
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n

Public Organizations find reason to become 
vocal.Public Organizations

1. Engage in proactive dialog with all stakeholders, businesses and 
organizations.
2. Provide sensitivity training for all Project workers.

C
on

st
ru

ct
io

n
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he

du
le

Impact

Pr
ob

ab
ilit

y

M
iti

ga
tio

n

C
on
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or

C
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t

20%

Ve
ry

 L
ow

30
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C
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st
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ct
io

n

Access to local businesses becomes an issue.Access to local 
businesses

Identify opportunities to communicate closures and proactively mitigate 
access issues.

C
on

st
ru

ct
io

n
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he

du
le

Impact
Pr

ob
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y

M
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n

C
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C
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tiv
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C
on
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Third party impacts (utilities; City request for 
traffic, work shift, noise, permits; 
cultural/historical findings) cause delays.

Third party impacts 

1. Identify activities affected by third parties.
2. Meet with third parties to align schedule and goals.
3. Monitor requests.
4. Develop work-around schedules.

D
es
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n/

PS
&E

Sc
he

du
le

Impact
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ob
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ilit

y

M
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n

C
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C
os

t

95%

Lo
w28
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D
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n

Pr
e-
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tru
ct
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n

Difficulty to guarantee that as a team all of the 
ITP requirements and Technical Requirements 
have been read, identified and taken into 
account in the Proposal Price.

Compliance of ITP 
and TR

Keep a list of the various documents and have all members identify what 
sections they have read and add notes about key information that could be 
useful to others.
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Risk Matrix
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Threat VH X

H

M

L
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VL L M H VH

Threat

Threat VH

H

M

L

VL X

VL L M H VH

Threat

Threat VH

H

M
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VL X

VL L M H VH

Threat

Threat VH
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VL L M H VH
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ilit

y

M
iti

ga
tio

n

C
on

tra
ct

or

C
os

t

5%

M
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tiv

e

C
on

st
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io
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C
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ru

ct
io

n

A fire causes severe damages to persons and 
materials.Fire

1. Fire extinguishers will be placed on each piece of equipment entering the 
tunnel, such as conveyor rollers.
2. TBM will be equipped with a deluge fire extinguishing system.
3. All underground workers will be trained in the use of and will be provided 
and carry on their person a self-rescuer for emergency evacuation.

C
on

st
ru

ct
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n
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he

du
le

Impact

Pr
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5%

H
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Ac
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C
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ct
io

n

C
on

st
ru

ct
io

n

An explosion causes severe damages to 
persons and materials.

Explosion

1. TBM and all tunneling equipment will be MSHA approved Class I, Division I 
explosion proof equipment.
2. TBM will be equipped with continuous air monitors which will automatically 
shut down the TBM in the event of encountering a gassy atmosphere.
3. Safety personnel will conduct pre-shift and scheduled monitoring of the 
atmosphere throughout the tunnel.
4. Continuous ventilation will be provided to remove potential accumulation of 
methane.
5. No smoking or open lights will be permitted in the tunnel.
6. Welding, cutting and grinding will be by-permit-only activities.
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ru

ct
io

n

C
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n

An earthquake causes interruption of power 
supply and threatens the lives of tunnel 
workers.

Earthquake

1. A standby generator set, capable of powering life support systems will be 
provided and available at all times in case of a catastrophic earthquake 
disruption of electric power. This generator set will power:
–ventilation system
–emergency lighting
–powered communications system
–water pumps
2. Each underground worker will be issued and carry an independent source 
of light.
3. First Aid Kits will be available at the TBM and the Portal.
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Theoretical design doesn't consider minimal 
deviations from the alignment due to actual 
mining. 

Confined space 
proves insufficient 
for all the program

The tunnel diameter takes into account real construction operations and 
considers a tolerance of 1 foot. This is consistent with previous experience of 
STP members.
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Threat VH

H

M

L

VL X

VL L M H VH

Threat
90%
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Crane work.Crane work

1. Cranes will be inspected by an outside source and approved for work at the 
time of erection. 
2. Cranes will be load tested at this time. 
3. Cranes will be inspected quarterly by an outside source.
4. Inspections will be conducted by project personnel daily and monthly 
according to 29 CFR 1926.1400.
5. Operators will be NCCCO certified.
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Exposure of pedestrians to vehicular traffic.Public safety is in 
danger

Occasional street closures or partial closures with extensive use of 
barricades/barriers to protect personnel working on street relocation and utility 
work.
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Excavation issues.Excavation 
accidents

Extensive use of shoring (trench boxes) will be utilized in the relocation of 
utilities to prevent trench cave-ins and injuries to personnel.
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Electrocution.Electrocution Qualified technicians will maintain all electrical equipment. GFCIs will be 
maintained on all outlets.
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Risk of muck compatibility with disposal sites 
and landfill regulations compliance.

Finding a landfill for 
the excavated muck Use of organic and biodegradable polymers as soil conditioners.
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Weather (storms) preventing barge 
movements.

Delays due to 
weather conditions

Designated staging areas for muck to be stockpiled for up to 3 consecutive 
days (contingency method).
Contingency plan on top of that in place to haul muck by means of trucks.
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Risks associated with traffic originated by the 
disposal of excavated material from the tunnel.

Disposal of 
excavated soil/muck

Dispose of muck by means of barges / water transportation. It is the most 
efficient and brings increased benefits to WSDOT and the public, by 
eliminating this truck traffic and thus avoiding complaints from neighbors and 
businesses.
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Flooding.Flooding 

1. Compressed air will be introduced at the head of the TBM to keep water 
from entering the TBM.
2. The precast concrete liner will have internal gaskets membrane to minimize 
water intrusion.
3. Grout will be injected between the liner and the existing soil.
4. Pumps will be available to remove any ground water entering the TBM.



TUNNEL

SECTION 2.5, PAGE 54

ProPosal – sr 99 Bored Tunnel alTernaTive 

Page 12 of 19

Pr
io

rit
y

St
at

us

R
is

k 
ID

 #

Pr
oj

ec
t P

ha
se

–D
at

e 
Id

en
tif

ie
d

Ph
as

e 
(p

re
 C

N
, C

N
, o

r R
O

W
)

Summary 
Description 

Threat and/or 
Opportunity

Detailed Description of Risk Event 
(Specific, Measurable, Attributable, 

Relevant, Timebound) [SMART]

R
is

k 
Tr

ig
ge

r

Ty
pe

Pr
ob

ab
ilit

y 
%

Im
pa

ct

Ex
pe

ct
ed

 V
al

ue
 R

is
k 

Im
pa

ct
s

R
is

k 
Pr

ob
ab

ilit
y

Sc
he

du
le

 Im
pa

ct

Sc
he

du
le

 Im
pa

ct

St
ra

te
gy ACTION TO BE TAKEN 

Response Actions including advantages and disadvantages 
include date Ac

tiv
ity

R
is

k 
O

w
ne

r

R
is

k 
R

ev
ie

w
 D

at
es

Date, Status and 
Review Comments 

(Do not delete prior comments, 
therefore providing a history)

(2) (1) (4) (5) (6) (7) (8) (9) (10) (14) $ M Mo. $ M (16) (17) (3) (18) (19) (20)

Risk Matrix

(15)

Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Threat VH

H X

M

L

VL

VL L M H VH

Threat

Threat VH

H X

M

L

VL

VL L M H VH

Threat

Threat VH X

H

M

L

VL

VL L M H VH

Threat

Threat VH X

H

M

L

VL

VL L M H VH

Threat

C
on

st
ru

ct
io

n

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

M
iti

ga
tio

n

C
on

tra
ct

or

C
os

t

95%

Lo
w47

Ac
tiv

e

Pa
rtn

er
 S

ta
ke

ho
ld

er

C
on

st
ru

ct
io

n

Construction Impacts to surrounding 
communities.Third Party Impacts

1. Partner with WSDOT and communicate to proactively minimize and 
mitigate impacts of construction.
2. Swift environmental clearance process.

C
on

st
ru

ct
io

n

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

M
iti

ga
tio

n

C
on

tra
ct

or

C
os

t

95%

Lo
w46

Ac
tiv

e

En
vi

ro
nm

en
ta

l

C
on

st
ru

ct
io

n

Risk of dealing with contaminated soils in the 
portal areas.Contaminated Soils Rapid removal of these soils by truck or rail directly to the Waste Management 

yard south of the Portal Area.
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Sediment danger due to rain / runoffs.Sediment Danger

1. Sealed muck storage to prevent stormwater from mobilizing turbid water 
from the site.
2. Safeguards in this area to allow for conveyance of water away from the 
muck pile.
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Risk of muck spilling and water decanted from 
belt.Muck Spills Covered Muck Handling Conveyor System. It also helps to reduce the noise 

level.
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control
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Risk of construction site debris, dust, etc. 
affecting or blemishing WSDOT's reputation 
for solid quality jobs and visually appealing 
designs.

Excessive site 
debris

STP Team will maintain a neat construction site in compliance with our good 
neighbor policy.
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Risk of maintaining a fuel storage tank onsite, 
which may cause a fuel spill.

Contamination due 
to fuel spill

1. Use of fuel trucks that have adequate spill response materials.
2. Implement a spill contingency plan.
3. Training of fuel truck operators in Best Management Practices (BMPs).
4. Minimize the use of small portable fuel can.
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Excessive dust generates complaints from the 
affected community.Dust generation

1. Optimize excavation, staging and handling, and placement of backfill.
2. Control measures such as water trucks, dust suppressants and tarps.
3. Cover stockpiled material with tarps or similar.
4. Monitor truck routes for excessive dirt or dust.
5. Clean truck tires before exiting the site.
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Erosion and sediment caused by extended 
amount of time excavations are allowed to 
remain open and the number of open areas at 
any given time.

Erosion and 
sediment

1. Proper sequencing of excavation and backfill activities.
2. Control devices such as berms and bay hales to keep out of active 
construction sites.
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Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control
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STP's Design Director Dan Dixon brings 
unparalleled experience in Design-Build 
projects and knowledge of local agencies

Experience of 
Design Director

The addition of Dan Dixon as our Design Director to liaise with WSDOT and 
third party stakeholders will: 
1. Allow the design team to focus solely on understanding design 
requirements,
2. Ensure all engineering and design is performed timely and in compliance 
with Project specifications, 
3. Facilitate design reviews and approval of design packages, and 
4. Provide design packages to construction to meet our fast-track schedule. 
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n STP's Project Manager Alvaro Fernandez 
brings more than 35 years of lessons learned 
from directly relevant projects, including 
managing the M-30 South Bypass South 
Tunnel Project in Madrid, the largest diameter 
EPB TBM in the world at the time.

Experience of 
Project Manager

The contribution of Alvaro's experience is significant. He participated in the 
team that developed the South Portal Approach (ATC 5) and created and 
developed the concept for the South End Deformation Mitigation Plan.

D
es

ig
n/

PS
&E

Sc
he

du
le

Impact
Pr

ob
ab

ilit
y

M
iti

ga
tio

n

C
on

tra
ct

or

C
os

t

50%

M
od

er
at

e

53

Ac
tiv

e

C
on

st
ru

ct
io

n

C
on

st
ru

ct
io

n The utilidor as in WSDOT's concept design 
can be full of water and provide drainage 
during a fire event or tunnel cleaning. This 
poses a danger to the conduits and systems 
that run through it.

Maintenance in 
utilidor

Conduit and cable have been moved out of the tunnel utilidor. The conduit and 
cable have been moved to keep them out of potentially flooded areas. This will 
increase system reliability, facilitate installation and decrease maintenance 
costs, as well as save time regarding troubleshooting in case of problems. 
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Risk of high levels of noise affecting the public.Excessive noise 

1. Develop load/haul protocols that reduce or eliminate the need for vehicle 
backing – advantage to WSDOT in improvement of safety, reduction of risk of 
noise annoyance and of cost, due to the lesser need of back-up observers 
required by the RFP.
2. Defining alternate haul truck routes for nighttime hauling.
3. Scheduling noise producing deliveries during daytime hours.
4. Appropriate staging storage of construction elements.
5. Treating noise at its source. 
6. Worker Training. 
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ATC 2 Integration of Support of Excavation 
and Permanent Structures.ATC 2

1. Reduces volume of excavated material hence is a betterment for project 
impact.
2. Reduction of excavated material results in a reduction of construction 
traffic, an added benefit to the neighboring community and the public.
3. Construction cost savings.
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STP has realigned the North Tunnel 
Operations Building.

North Tunnel 
Operations Building

1. Reduced risk of construction delays by TBM operation. By this simple 
operation, construction of the building can start before the bored tunnel is 
finished and not interfere with the extraction of the TBM.
2. Allows STP to achieve a fast track schedule with regards to tunnel systems 
installation, a critical path schedule item.
3. WSDOT will be able to access the building earlier to connect systems.
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Co-locating with WSDOT personnel sharing 
the same offices.

Co-locating with 
WSDOT

Co-locating with WSDOT during the Final Design Phase reduces WSDOT 
travel time costs, facilitates frequent and efficient communication, and 
promotes a cohesive team-building environment. 
It mitigates the risks of delaying completion of the Project and increasing 
project costs.
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STP’s Deputy Project Manager Josh Randall 
adds more than 30 years of lessons learned 
from directly relevant projects in the USA, 
including managing the most representative 
underground projects performed in California, 
such as Los Angeles Metro Red Line and 
Caldecott Tunnel Improvement project.

Experience of 
Deputy Project 

Manager

Josh’s experience and expertise is so relevant that we can just barely 
approximate such value. Josh has led the negotiation with all the local Unions, 
resulting in a PLA already signed for the Project. 
Josh has proposed and developed all our ATCs regarding South and North 
Portal approaches, such as ATC 2 SOE wall incorporated to permanent 
structure and realignment of South and North accesses.
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Optimization of the Electrical SystemDesign Optimization
Reconfiguring the electrical system and streamlining the electrical 
requirements in the Tunnel Operations Buildings results in fewer pieces of 
equipment to maintain and improves space allocation needs.
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ATC 6 Ventilation Exhaust Fan System 
Modification: This ATC allows the use 
centrifugal inlet box fans for the tunnel exhaust 
system. 

ATC 6

1. Better functionality, centrifugal fans react to ventilation conditions more 
effectively.
2. Only four fans will be needed, instead of five.
3. Better life cycle costs, repair and maintenance.
4. Same type of fans as used on I-90. 
5. All components requiring periodic inspection and maintenance including the 
motors are out of the exhaust air stream.
6. Better aesthetics; five axial fans will require five smoke stacks which could 
be less aesthetically acceptable to the design architects.
7. Fans are less noisy. Axial fan noise power levels are around 119 LwA; 
Centrifugal are around 110 LwA.
8. Fewer fans; more efficient system. Bearings will last longer because 
centrifugal fans will run at approx 750 rpm versus 1800 rpm for the axial fans. 
Smaller sound attenuators result in a lower pressure drop through the exhaust 
duct system.
9. Four fans will require less power to run, reducing operating costs.
10. Centrifugal fans can start with their dampers initially closed but fully open 
by the time the fan has accelerated to its full speed thus reducing the starting 
current imposed on the electrical system.
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ATC 5 Narrow South Portal Footprint.ATC 5

1. This ATC enhances the visual experience of the user by reinforcing a sense 
of entry into the City, softening the extensive hardscape.
2. This ATC creates increased opportunities for adjacent development.
3. This ATC offers a more streamlined roadway and a smaller footprint.
4. ATC 5 means less excavation in the South Approach Area resulting in less 
contaminated soil to dispose of and reduced risk of encountering cultural 
artifacts.
5. It simplifies the operation and maintenance of the highway.
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ATC 3 Scads System refinement.ATC 3

1. Robustness.
2. Cost-effective solution meeting WSDOT's requested functionalities.
3. Control and Networking redundancy at the operation buildings.
4. Reliability. 
5. Maintenance.
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STP’s Deformation Mitigation Plan (DMP) is a 
proactive approach to risk management and 
incorporates all the lessons learned in the past 
decades by STP’s members to prevent 
deformation to the maximum extent possible. 
The starting point of the tunnel at the South 
end poses the biggest challenges that are 
dealt with by our DMP.

Mitigation of 
Deformation

• The Plan mitigates the risk of deformation caused by starting with a scarce 
overhead cover. It avoids risks of schedule delays due to failure of soil caused 
by the excavation.
• It provides for a controlled environment during the learning curve, allowing 
the crews to attain earlier an optimum performance and operation of the TBM, 
thus reducing the risk of unwanted and increased deformations to structures 
and buildings.
• It isolates the AW Viaduct from the deformation produced by the tunnel 
boring.
• The Plan is based on a similar situation in Madrid in the tunnel connecting 
the HSR portion between the Atocha and Chamartin Stations, currently under 
construction by Dragados, and at Antonio Gaudi’s Holy Family Church in 
Barcelona, a world heritage monument, designed by Intecsa.
• It takes care of the buoyancy risk caused by water pressure.
• It provides Safe Havens to perform interventions in better conditions.
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An Earth Pressure Balance ( EPB) TBM is the 
right choice for the Project and the one that 
ensures the least risk exposure to STP and 
WSDOT.

Type of Tunnel 
Boring Machine 

(TBM) 

It is the type of material along the tunnel alignment that defines the most 
appropriate machine, and it is this factor that recommends an EPB TBM.
EPB machines are more simple, strong, tough and reliable; the perfect match 
to mine underneath downtown Seattle.
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Optimization of WSDOT's proposed single 
communications network.Design Optimization

We will divide WSDOT’s proposed single communications network into three 
distinct systems for data control, communications, and fire alarm network to 
increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. 
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Redesign of footprint of shoring for TBM 
assembly pit.

Redesign of staging 
areas at South 

Portal Area
This operation creates larger ancillary spaces, reducing space allocation risks.
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STP’s Deformation Mitigation Plan (DMP) is a 
proactive approach to risk management and 
incorporates all the lessons learned in the past 
decades by STP’s members to prevent 
deformation to the maximum extent possible. 
The starting point of the tunnel at the South 
end poses the biggest challenges that are 
dealt with by our DMP.

Mitigation of 
Deformation

• The Plan mitigates the risk of deformation caused by starting with a scarce 
overhead cover. It avoids risks of schedule delays due to failure of soil caused 
by the excavation.
• It provides for a controlled environment during the learning curve, allowing 
the crews to attain earlier an optimum performance and operation of the TBM, 
thus reducing the risk of unwanted and increased deformations to structures 
and buildings.
• It isolates the AW Viaduct from the deformation produced by the tunnel 
boring.
• The Plan is based on a similar situation in Madrid in the tunnel connecting 
the HSR portion between the Atocha and Chamartin Stations, currently under 
construction by Dragados, and at Antonio Gaudi’s Holy Family Church in 
Barcelona, a world heritage monument, designed by Intecsa.
• It takes care of the buoyancy risk caused by water pressure.
• It provides Safe Havens to perform interventions in better conditions.
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An Earth Pressure Balance ( EPB) TBM is the 
right choice for the Project and the one that 
ensures the least risk exposure to STP and 
WSDOT.

Type of Tunnel 
Boring Machine 

(TBM) 

It is the type of material along the tunnel alignment that defines the most 
appropriate machine, and it is this factor that recommends an EPB TBM.
EPB machines are more simple, strong, tough and reliable; the perfect match 
to mine underneath downtown Seattle.

D
es

ig
n/

PS
&E

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

En
ha

nc
e

C
on

tra
ct

or

C
os

t

95%

M
od

er
at

e

65

Ac
tiv

e

C
on

st
ru

ct
io

n

C
on

st
ru

ct
io

n

Optimization of WSDOT's proposed single 
communications network.Design Optimization

We will divide WSDOT’s proposed single communications network into three 
distinct systems for data control, communications, and fire alarm network to 
increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. 
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Redesign of footprint of shoring for TBM 
assembly pit.

Redesign of staging 
areas at South 

Portal Area
This operation creates larger ancillary spaces, reducing space allocation risks.
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Optimization of the Electrical SystemDesign Optimization
Reconfiguring the electrical system and streamlining the electrical 
requirements in the Tunnel Operations Buildings results in fewer pieces of 
equipment to maintain and improves space allocation needs.
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ATC 6 Ventilation Exhaust Fan System 
Modification: This ATC allows the use 
centrifugal inlet box fans for the tunnel exhaust 
system. 

ATC 6

1. Better functionality, centrifugal fans react to ventilation conditions more 
effectively.
2. Only four fans will be needed, instead of five.
3. Better life cycle costs, repair and maintenance.
4. Same type of fans as used on I-90. 
5. All components requiring periodic inspection and maintenance including the 
motors are out of the exhaust air stream.
6. Better aesthetics; five axial fans will require five smoke stacks which could 
be less aesthetically acceptable to the design architects.
7. Fans are less noisy. Axial fan noise power levels are around 119 LwA; 
Centrifugal are around 110 LwA.
8. Fewer fans; more efficient system. Bearings will last longer because 
centrifugal fans will run at approx 750 rpm versus 1800 rpm for the axial fans. 
Smaller sound attenuators result in a lower pressure drop through the exhaust 
duct system.
9. Four fans will require less power to run, reducing operating costs.
10. Centrifugal fans can start with their dampers initially closed but fully open 
by the time the fan has accelerated to its full speed thus reducing the starting 
current imposed on the electrical system.
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ATC 5 Narrow South Portal Footprint.ATC 5

1. This ATC enhances the visual experience of the user by reinforcing a sense 
of entry into the City, softening the extensive hardscape.
2. This ATC creates increased opportunities for adjacent development.
3. This ATC offers a more streamlined roadway and a smaller footprint.
4. ATC 5 means less excavation in the South Approach Area resulting in less 
contaminated soil to dispose of and reduced risk of encountering cultural 
artifacts.
5. It simplifies the operation and maintenance of the highway.
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ATC 3 Scads System refinement.ATC 3

1. Robustness.
2. Cost-effective solution meeting WSDOT's requested functionalities.
3. Control and Networking redundancy at the operation buildings.
4. Reliability. 
5. Maintenance.
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STP's tunneling experience is probably one of 
the assets of STP of greatest value to 
WSDOT. 

STP's Tunneling 
Experience 

There is no equal to the experience of Dragados in large diameter tunnels in 
similar soil conditions and with EPB TBM technology, with a proven successful 
performance record. This is complemented by the expertise of Intecsa, with 
worldwide experience also in projects with similar soil conditions. Our team is 
balanced with renowned local consultants, our lead designer HNTB and Tutor 
Perini, all – as Dragados – with vast experience with successful Design-Build 
Projects.
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STP' proposal contemplates a total of 1,589 
days from NTP2 until substantial completion, 
316 days in advance of WSDOT's date.

Early completion
1. Reduces WSDOT coordination and administrative costs.
2. Allows the State to begin collecting tolls earlier.
3. Helps to advance other projects that are dependent on tunnel completion.
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STP has proposed a 57.4 foot diameter tunnel 
that achieves WSDOT's goal of having an 8 
foot shoulder. 

Tunnel Diameter

This leads to a significant improvement of the safety of the tunnel by:
• Maintaining two lanes of traffic while allowing emergency access for fire, 
safety and first responder vehicles.
• Providing a uniform shoulder with greater horizontal stopping sight distance.
• Allowing disabled vehicles a wider shoulder refuge area without impacting 
ongoing traffic.
• Facilitating tunnel operations and maintenance activities without closing an 
active lane of traffic.
• Accommodating larger vehicles.
• Widening egress pathways for individuals to evacuate the tunnel.
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Use of barges for muck disposal and supply of 
materials.

Use of barges

• Reduces the exposure to traffic congestionsand other potential situations of 
key day-to-day operations such as muck disposal and delivery of construction 
materials. This results in reduced schedule risk.
• Mitigates the risk of accidents of project personnel. 
• Less noise and traffic; this minimizes the impact to the community.
• Improves the reputation of the Project before the eyes of the public.
• Keeps away all traffic due to muck disposal increasing the safety of the 
public.
• The disposal of the excavated muck by means of the barges also prevents 
some potential environmental issues. 
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STP's tunneling experience is probably one of 
the assets of STP of greatest value to 
WSDOT. 

STP's Tunneling 
Experience 

There is no equal to the experience of Dragados in large diameter tunnels in 
similar soil conditions and with EPB TBM technology, with a proven successful 
performance record. This is complemented by the expertise of Intecsa, with 
worldwide experience also in projects with similar soil conditions. Our team is 
balanced with renowned local consultants, our lead designer HNTB and Tutor 
Perini, all – as Dragados – with vast experience with successful Design-Build 
Projects.
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STP' proposal contemplates a total of 1,589 
days from NTP2 until substantial completion, 
316 days in advance of WSDOT's date.

Early completion
1. Reduces WSDOT coordination and administrative costs.
2. Allows the State to begin collecting tolls earlier.
3. Helps to advance other projects that are dependent on tunnel completion.
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STP has proposed a 57.4 foot diameter tunnel 
that achieves WSDOT's goal of having an 8 
foot shoulder. 

Tunnel Diameter

This leads to a significant improvement of the safety of the tunnel by:
• Maintaining two lanes of traffic while allowing emergency access for fire, 
safety and first responder vehicles.
• Providing a uniform shoulder with greater horizontal stopping sight distance.
• Allowing disabled vehicles a wider shoulder refuge area without impacting 
ongoing traffic.
• Facilitating tunnel operations and maintenance activities without closing an 
active lane of traffic.
• Accommodating larger vehicles.
• Widening egress pathways for individuals to evacuate the tunnel.
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Use of barges for muck disposal and supply of 
materials.

Use of barges

• Reduces the exposure to traffic congestionsand other potential situations of 
key day-to-day operations such as muck disposal and delivery of construction 
materials. This results in reduced schedule risk.
• Mitigates the risk of accidents of project personnel. 
• Less noise and traffic; this minimizes the impact to the community.
• Improves the reputation of the Project before the eyes of the public.
• Keeps away all traffic due to muck disposal increasing the safety of the 
public.
• The disposal of the excavated muck by means of the barges also prevents 
some potential environmental issues. 
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STP’s Deformation Mitigation Plan (DMP) is a 
proactive approach to risk management and 
incorporates all the lessons learned in the past 
decades by STP’s members to prevent 
deformation to the maximum extent possible. 
The starting point of the tunnel at the South 
end poses the biggest challenges that are 
dealt with by our DMP.

Mitigation of 
Deformation

• The Plan mitigates the risk of deformation caused by starting with a scarce 
overhead cover. It avoids risks of schedule delays due to failure of soil caused 
by the excavation.
• It provides for a controlled environment during the learning curve, allowing 
the crews to attain earlier an optimum performance and operation of the TBM, 
thus reducing the risk of unwanted and increased deformations to structures 
and buildings.
• It isolates the AW Viaduct from the deformation produced by the tunnel 
boring.
• The Plan is based on a similar situation in Madrid in the tunnel connecting 
the HSR portion between the Atocha and Chamartin Stations, currently under 
construction by Dragados, and at Antonio Gaudi’s Holy Family Church in 
Barcelona, a world heritage monument, designed by Intecsa.
• It takes care of the buoyancy risk caused by water pressure.
• It provides Safe Havens to perform interventions in better conditions.
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An Earth Pressure Balance ( EPB) TBM is the 
right choice for the Project and the one that 
ensures the least risk exposure to STP and 
WSDOT.

Type of Tunnel 
Boring Machine 

(TBM) 

It is the type of material along the tunnel alignment that defines the most 
appropriate machine, and it is this factor that recommends an EPB TBM.
EPB machines are more simple, strong, tough and reliable; the perfect match 
to mine underneath downtown Seattle.
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Optimization of WSDOT's proposed single 
communications network.Design Optimization

We will divide WSDOT’s proposed single communications network into three 
distinct systems for data control, communications, and fire alarm network to 
increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. 

D
es

ig
n/

PS
&E

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

En
ha

nc
e

C
on

tra
ct

or

Risk Identification Workshop

C
os

t

95%

H
ig

h

64

Ac
tiv

e

C
on

st
ru

ct
io

n

C
on

st
ru

ct
io

n

Redesign of footprint of shoring for TBM 
assembly pit.

Redesign of staging 
areas at South 

Portal Area
This operation creates larger ancillary spaces, reducing space allocation risks.



TUNNEL

SECTION 2.5, PAGE 61

ProPosal – sr 99 Bored Tunnel alTernaTive 
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STP's proposal could help WSDOT build a 
positive image for the public.

Positive Community 
Interaction

There are some significant opportunities for WSDOT in STP's proposal that 
can be used to build a more positive image of the Project:
–Use of Barges.
–Schedule.
–Risk approach of the Project and Deformation Mitigation Plan.
–South Portal reconfiguration.
–Increased Tunnel diameter.
–Possibility of having a "green tunnel."
–Possibility of increasing sectorization of tunnel ventilation.
–Less disturbance of surrounding community (less traffic impact).
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n Installation of Electrostatic Filters that allow to 
filter and clean the exhaust airflow of the 
tunnel.
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

"Green Tunnel"

We offer WSDOT a concept that has been successfully implemented in 
Dragados' M30 Tunnel Project in Madrid. It consists of a series of electrostatic 
filters placed before the fans that extract and collect all the cinders originated 
by the vehicles in the tunnel. This would allow WSDOT to offer the City of 
Seattle a true "Green Tunnel." It would really be an achievement to free 
Seattle of the surface traffic of the SR 99 Highway and in doing so to improve 
the air quality for the public. This would contribute greatly to an even greater 
acceptance of the Project by the public and stakeholders and an added value 
to the future Waterfront Project. 
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System in the tunnel. 
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

Sectorization of the 
Ventilation System

Sectorization of the ventilation system is the crucial safety factor in a fire 
event. We have identified a way of providing more sectorization by adding a 
separating wall and extra damper at the entrance of the operations buildings, 
achieving a separation of the cut-and-cover sections of the tunnel with the 
bored tunnel. This simple operation, combined with the separation of the 
northbound and southbound ventilation in the cut-and-cover sections, results 
in a significantly safer tunnel, improving WSDOT's preliminary design.
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STP's proposal could help WSDOT build a 
positive image for the public.

Positive Community 
Interaction

There are some significant opportunities for WSDOT in STP's proposal that 
can be used to build a more positive image of the Project:
–Use of Barges.
–Schedule.
–Risk approach of the Project and Deformation Mitigation Plan.
–South Portal reconfiguration.
–Increased Tunnel diameter.
–Possibility of having a "green tunnel."
–Possibility of increasing sectorization of tunnel ventilation.
–Less disturbance of surrounding community (less traffic impact).
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filter and clean the exhaust airflow of the 
tunnel.
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

"Green Tunnel"

We offer WSDOT a concept that has been successfully implemented in 
Dragados' M30 Tunnel Project in Madrid. It consists of a series of electrostatic 
filters placed before the fans that extract and collect all the cinders originated 
by the vehicles in the tunnel. This would allow WSDOT to offer the City of 
Seattle a true "Green Tunnel." It would really be an achievement to free 
Seattle of the surface traffic of the SR 99 Highway and in doing so to improve 
the air quality for the public. This would contribute greatly to an even greater 
acceptance of the Project by the public and stakeholders and an added value 
to the future Waterfront Project. 
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STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

Sectorization of the 
Ventilation System

Sectorization of the ventilation system is the crucial safety factor in a fire 
event. We have identified a way of providing more sectorization by adding a 
separating wall and extra damper at the entrance of the operations buildings, 
achieving a separation of the cut-and-cover sections of the tunnel with the 
bored tunnel. This simple operation, combined with the separation of the 
northbound and southbound ventilation in the cut-and-cover sections, results 
in a significantly safer tunnel, improving WSDOT's preliminary design.
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STP's tunneling experience is probably one of 
the assets of STP of greatest value to 
WSDOT. 

STP's Tunneling 
Experience 

There is no equal to the experience of Dragados in large diameter tunnels in 
similar soil conditions and with EPB TBM technology, with a proven successful 
performance record. This is complemented by the expertise of Intecsa, with 
worldwide experience also in projects with similar soil conditions. Our team is 
balanced with renowned local consultants, our lead designer HNTB and Tutor 
Perini, all – as Dragados – with vast experience with successful Design-Build 
Projects.
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STP' proposal contemplates a total of 1,589 
days from NTP2 until substantial completion, 
316 days in advance of WSDOT's date.

Early completion
1. Reduces WSDOT coordination and administrative costs.
2. Allows the State to begin collecting tolls earlier.
3. Helps to advance other projects that are dependent on tunnel completion.
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STP has proposed a 57.4 foot diameter tunnel 
that achieves WSDOT's goal of having an 8 
foot shoulder. 

Tunnel Diameter

This leads to a significant improvement of the safety of the tunnel by:
• Maintaining two lanes of traffic while allowing emergency access for fire, 
safety and first responder vehicles.
• Providing a uniform shoulder with greater horizontal stopping sight distance.
• Allowing disabled vehicles a wider shoulder refuge area without impacting 
ongoing traffic.
• Facilitating tunnel operations and maintenance activities without closing an 
active lane of traffic.
• Accommodating larger vehicles.
• Widening egress pathways for individuals to evacuate the tunnel.
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Use of barges for muck disposal and supply of 
materials.

Use of barges

• Reduces the exposure to traffic congestionsand other potential situations of 
key day-to-day operations such as muck disposal and delivery of construction 
materials. This results in reduced schedule risk.
• Mitigates the risk of accidents of project personnel. 
• Less noise and traffic; this minimizes the impact to the community.
• Improves the reputation of the Project before the eyes of the public.
• Keeps away all traffic due to muck disposal increasing the safety of the 
public.
• The disposal of the excavated muck by means of the barges also prevents 
some potential environmental issues. 
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STP's proposal could help WSDOT build a 
positive image for the public.

Positive Community 
Interaction

There are some significant opportunities for WSDOT in STP's proposal that 
can be used to build a more positive image of the Project:
–Use of Barges.
–Schedule.
–Risk approach of the Project and Deformation Mitigation Plan.
–South Portal reconfiguration.
–Increased Tunnel diameter.
–Possibility of having a "green tunnel."
–Possibility of increasing sectorization of tunnel ventilation.
–Less disturbance of surrounding community (less traffic impact).
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filter and clean the exhaust airflow of the 
tunnel.
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

"Green Tunnel"

We offer WSDOT a concept that has been successfully implemented in 
Dragados' M30 Tunnel Project in Madrid. It consists of a series of electrostatic 
filters placed before the fans that extract and collect all the cinders originated 
by the vehicles in the tunnel. This would allow WSDOT to offer the City of 
Seattle a true "Green Tunnel." It would really be an achievement to free 
Seattle of the surface traffic of the SR 99 Highway and in doing so to improve 
the air quality for the public. This would contribute greatly to an even greater 
acceptance of the Project by the public and stakeholders and an added value 
to the future Waterfront Project. 
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n Increase sectorization of the Ventilation 
System in the tunnel. 
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

Sectorization of the 
Ventilation System

Sectorization of the ventilation system is the crucial safety factor in a fire 
event. We have identified a way of providing more sectorization by adding a 
separating wall and extra damper at the entrance of the operations buildings, 
achieving a separation of the cut-and-cover sections of the tunnel with the 
bored tunnel. This simple operation, combined with the separation of the 
northbound and southbound ventilation in the cut-and-cover sections, results 
in a significantly safer tunnel, improving WSDOT's preliminary design.

Page 19 of 19

Pr
io

rit
y

St
at

us

R
is

k 
ID

 #

Pr
oj

ec
t P

ha
se

–D
at

e 
Id

en
tif

ie
d

Ph
as

e 
(p

re
 C

N
, C

N
, o

r R
O

W
)

Summary 
Description 

Threat and/or 
Opportunity

Detailed Description of Risk Event 
(Specific, Measurable, Attributable, 

Relevant, Timebound) [SMART]

R
is

k 
Tr

ig
ge

r

Ty
pe

Pr
ob

ab
ilit

y 
%

Im
pa

ct

Ex
pe

ct
ed

 V
al

ue
 R

is
k 

Im
pa

ct
s

R
is

k 
Pr

ob
ab

ilit
y

Sc
he

du
le

 Im
pa

ct

Sc
he

du
le

 Im
pa

ct

St
ra

te
gy ACTION TO BE TAKEN 

Response Actions including advantages and disadvantages 
include date Ac

tiv
ity

R
is

k 
O

w
ne

r

R
is

k 
R

ev
ie

w
 D

at
es

Date, Status and 
Review Comments 

(Do not delete prior comments, 
therefore providing a history)

(2) (1) (4) (5) (6) (7) (8) (9) (10) (14) $ M Mo. $ M (16) (17) (3) (18) (19) (20)

Risk Matrix

(15)

Risk identification qualitative display of Max impact Risk Response Plan Monitoring and control

PRoJecT RiSk MAnAGeMenT MATRiX — SR 99 BoRed Tunnel deSiGn-Build PRoJecT

Opportunity VH X

H

M

L

VL

VL L M H VH

Opportunity

Opportunity VH X

H

M

L

VL

VL L M H VH

Opportunity

Opportunity VH X

H

M

L

VL

VL L M H VH

Opportunity

C
on

st
ru

ct
io

n

Sc
he

du
le

Impact

Pr
ob

ab
ilit

y

En
ha

nc
e

C
on

tra
ct

or

Risk Identification Workshop

C
os

t

95%

H
ig

h

74

Ac
tiv

e

Pa
rtn

er
 S

ta
ke

ho
ld

er

C
on

st
ru

ct
io

n

STP's proposal could help WSDOT build a 
positive image for the public.

Positive Community 
Interaction

There are some significant opportunities for WSDOT in STP's proposal that 
can be used to build a more positive image of the Project:
–Use of Barges.
–Schedule.
–Risk approach of the Project and Deformation Mitigation Plan.
–South Portal reconfiguration.
–Increased Tunnel diameter.
–Possibility of having a "green tunnel."
–Possibility of increasing sectorization of tunnel ventilation.
–Less disturbance of surrounding community (less traffic impact).
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n Installation of Electrostatic Filters that allow to 
filter and clean the exhaust airflow of the 
tunnel.
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

"Green Tunnel"

We offer WSDOT a concept that has been successfully implemented in 
Dragados' M30 Tunnel Project in Madrid. It consists of a series of electrostatic 
filters placed before the fans that extract and collect all the cinders originated 
by the vehicles in the tunnel. This would allow WSDOT to offer the City of 
Seattle a true "Green Tunnel." It would really be an achievement to free 
Seattle of the surface traffic of the SR 99 Highway and in doing so to improve 
the air quality for the public. This would contribute greatly to an even greater 
acceptance of the Project by the public and stakeholders and an added value 
to the future Waterfront Project. 
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System in the tunnel. 
STP offers WSDOT this idea to be 
implemented after award of the contract as a 
change order.

Sectorization of the 
Ventilation System

Sectorization of the ventilation system is the crucial safety factor in a fire 
event. We have identified a way of providing more sectorization by adding a 
separating wall and extra damper at the entrance of the operations buildings, 
achieving a separation of the cut-and-cover sections of the tunnel with the 
bored tunnel. This simple operation, combined with the separation of the 
northbound and southbound ventilation in the cut-and-cover sections, results 
in a significantly safer tunnel, improving WSDOT's preliminary design.
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Item CalCulatIon totals
experienced Project leadership: 
STP Project Manager, Alvaro Fernandez: 
Alvaro brings more than 35 years of similar tunnel projects, including managing the M-30 South Bypass South 
Tunnel Project in Madrid – the largest diameter EPB TBM in the world at the time.

The contribution of Alvaro’s experience is significant. He is one of the few professionals in the world with tunneling experience of this type.
• Project Manager experience reduces possible TBM becoming lodged, requiring a work delay. 
• Potential delay: estimated 5 months = 180 days @ $100,000/day (per/WSDOT) = $18,000,000.

$18,000,000

experienced Project leadership: 
STP Design Director, Dan Dixon: 
Dan has extensive WSDOT experience and is included in addition to Key Personnel.

Significant value added. 
Dan developed ATC #5.This savings is valued at $50,000,000. $50,000,000

experienced Project leadership: 
STP Assistant Deputy Project Manager, Josh Randall: 
Josh brings more than 30 years of large transportation public works projects.

Josh’s significant experience will benefit productivity of the work. 
• He proposed and developed all our ATCs for the South and North Portals, including incorporating SOE wall into permanent structure and 

realignment., This has a huge savings and contribution to reducing risk.
• Josh lead the PLA negotiations with all the trade organizations and acheived an agreement of labor for a 24/7 basis will mitigate potential delays 

because of production stops and Union issues.
• Potential delay: estimated in 3 months = 90 days @ $100,000/day (per/WSDOT) = $9,000,000.

$9,000,000

early Completion: 
STP’s schedule completes the Project 316 days ahead of WSDOT requested deadline.

Completion 316 days ahead of schedule will save WSDOT a year of overhead costs.
• Valued at $3,000,000/month * 11months = $33,000,000. 
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.

$147,000,000

Community outreach: 
STP team members’ successful experience in assisting WSDOT with public outreach will mitigate the risk of public 
opposition to the project, which could slow the permitting process.

Meetings held: Urban League, El Centro de la Raza, Seattle Chamber of Commerce, King County Council and others.
• Opposition from these groups could have stopped the Project for 5 months = 180 days @ $100,000/day (WSDOT) = $18,000,000. $18,000,000

Co-location: 
Co-locating with WSDOT at its Third Avenue office reduces WSDOT travel time costs, facilitates frequent and 
efficient communication, and promotes a cohesive team-building environment. 

Assumes $1,000 travel costs per month and cost of additional offices. 
• Valued at $1,000,000. $1,000,000

safety - Zero accidents Policy: 
STP’s Executive Committee will appoint an Executive-in-Charge who will be required to make monthly unannounced 
site visits to observe ongoing safety practices and procedures.

• Complying with our “zero accidents” policy.

Quality:  
STP will provide extra quality assurance/quality control staff to ensure the SR 99 Bored Tunnel project exceeds 
WSDOT’s expectations.

Our quality organization will allow STP to solve issues efficiently and effectively. Assume, in a Project such as this, one issue per day at 1 hour for 
delay with crew of six. Total cost 1*1 hr *6 staff *$80 /h *365 day/year *5 years= $876,000. $876,000

STP’s ATC #3 reduces the electrical equipment needed in each tunnel electrical room resulting in less maintenance 
cost and provides improved accessibility and space allocation. (See Section 6) • ATC #3 will save $800,000. $800,000

Innovation: 
STP’s ATC #3 reduces repair and maintenance costs to just two sets of redundant programmable logic controllers 
rather than 17 sets. (See Section 5)

Included.

traffic management: 
Relocating traffic surveillance cameras closer to the shoulders allows maintenance crews to work on them without 
shutting down two lanes of traffic. (See Section 5)

Routine maintenance every month, traffic accommodation 3 staff, unit cost $80 /h. 
• Without escalation more than 50 years. $23,000,000

Innovation: 
We will divide WSDOT’s proposed single communications network into three distinct systems for data control, 
communications, and fire alarm network to increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. ( See Section 6)

Included

structures task Force: 
We will add a Structures Task Force to those required by WSDOT to reduce the risk to WSDOT. Avoids redesign. Value of structural design $19,000,000. $19,000,000

WsDot/stP Collaboration: 
By integrating with WDOT personnel throughout all phases of the Project, we mitigate risks of delaying completion of 
the Project and increasing Project costs.

Can reduce staff members from 120 to 80. At an average of $100,000 / month = 40*100,000=$4,000,000. $4,000,000

STP’s Estimated Value of Increased Benefit or Reduced Risk to WSDOT

Note: The following are conceptual estimates of benefits and risks to WSDOT. This list identifies possibilities based on a 
generalized cost based on assumed parameters. The calculations are not final costs, or burdened; they are ranges to indicate 
a general understanding of value costs resulting from the STP Proposal.

Section 2 – Proposer’s Approach to Management of the Project

Item CalCulatIon totals

Innovation - Deformation mitigation Plan: 
Installation of a South End Deformation Mitigation Plan to perform the necessary learning curve, to protect the 
operational portion of the viaduct, and to mitigate risks of sinkholes or heaves.

Without a SESMP, a failure at the beginning of the job without is very likely. A failure of this type would cause a delay of 5 to 8 months.
• Crew of 20 men*$80/h* 3 shifts*8 month *30 days* 8 h/day= $9,216,000.
• Overheads STP 8 moths *$1,500,000 /month= $12,000,000.
• WSDOT $100,000/day*8 months *30 days=$24,000,000.
• Viaduct repairs $35,000,000.

$80,216,000

Innovation: 
We have developed an earth pressure balance (EPB) tunnel boring machine (TBM), designed ad-hoc to meet 
the challenging geologic conditions of the site, facilitate settlement control, and reduce risk in the dense urban 
environment.

Based on STP’s experience, we believe a Slurry Shield TBM is the wrong choice. The cost of the selection of the wrong TBM is significant and difficult 
to quantify. 
Our design of the EPB machine is 20% faster = 0.2 *16 months*30 days/month*20 man* 3 shifts*$80/h*8h= $3,700,000. 
STP overheads = 0.2 * 16 months* $1,500,000 /month=$4,800,000. 
WSDOT overheads = $100,000*0.2*16 months* 30 days= $9,600,000.

$18,100,000

experience: 
Dragados has extensive successful experience using large diameter EPB TBMs on tunnels worldwide and brings 
lessons learned on how to operate and control these machines in various geologic conditions.

• The experience of Dragados will prevent a possible work stoppage and delay of TBM operation. 
• Assuming one stop per month of 100 hours = 1*16 months*100hours*20 men*$80/h= $2,560,000.
• STP overhead = 16moth*100 hours/24 hours/30 days*$1,500,000= $3,330,000.
• WSDOT overheads=16 month*100 hours/24 hours*$100,000=$6,660,000.

$12,550,000

Innovation: 
An EPB TBM has fewer environmental concerns with the disposal of muck compared to slurry machines. 

Assume two environmental incidents per month. 
• Fine $10,000 remedial action $25,000. $35,000*12 months* 5 years= $2,100,000. $2,100,000

Section 5 – Excavation and Support of the Bored Tunnel and Management of Ground Deformation Impacts
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Item CalCulatIon totals

north and south tunnel operations Buildings:  
STP has re-aligned both buildings to reduce the risk of construction delays by TBM operation. 

Schedule delay: 3 months.
• Crew = 3 months*30 days/month*20 man* 3shifts*$80/h*8h= $3,456,000.
• STP overheads = 3 months* $1,500,000 /month=$4,500,000.
• WSDOT overheads = $100,000*3 months* 30 days= $9,000,000.

$16,956,000

Design Innovation: 
STP’s ATC #5 for the South Approach Area offers WSDOT a more streamlined roadway and a smaller footprint, 
allowing a greater surface area to be used for public benefit.

• Residual developable land.
• 100,000 sf * $200/sf = 20,000,000. $20,000,000

Design Innovation: 
STP’s approved ATC #5 means less excavation in the south Approach Area, resulting in less contaminated soil to 
dispose of and reduced risk of encountering cultural artifacts. 

Reduced volume of excavation with the potential for cultural artifacts. unknown

Construction Innovation: 
The incorporation of the support of excavation walls into the permanent structure contributes to the viability of our 
ATC #5 South Approach realignment, reduces construction costs, and allows us to complete the project early.

• Without adding the SOE walls to the permanent structure, the schedule would be extended about 2 months.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction Innovation: 
Braced secant piles will be incorporated into the permanent construction, reducing risk of liquefaction induced 
seismic damage.

Significant Value added and reduced risk.
• The quanitificaton is very complex and is included as a component of our Cost Proposal unknown

Design Innovation: 
Reconfiguring the electrical system and streamlining the electrical requirements in the Tunnel Operations Buildings 
results in fewer pieces of equipment to maintain and improves space allocation needs.

The time and cost savings for WSDOT in terms of easier and faster maintenance and convenience for supplies of consumables, such as fuel.
• 20%. unknown

Construction methods: 
STP will barge the tunnel muck from Pier 46 to Port Ludlow, reducing the number of trucks on local streets by up to 
300 trucks per day and minimizing the likelihood of spoil spills on downtown streets.

Included in Section 5.

muck Removal: 
STP will use a covered muck conveyor system when moving muck from the South Approach area to Pier 46 to 
reduce noise and the risk of spilling tunnel spoils outside of the Project site.

• Complaints and lawsuits.
• Assume $300,000 cost. $300,000

Construction Innovation: 
Footprint of shoring for TBM assembly pit creates larger ancillary spaces, reducing space allocation risks.

Design Innovation: 
By moving the North Tunnel Operations Building foundation out of the TBM path, WSDOT will be able to access the 
building earlier to connect systems. 

Otherwise, up to 2 months delays in schedule may happen because of the interference between the building and the TBM excavation phase.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000.
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction methods: 
STP construction of the WOSCA detour reduces the construction cost of the H2K2 project. • Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of the WOSCA detour simplifies coordination between the H2K2 project, reducing WSDOT 
coordination costs.  

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of an additional 575 feet of northbound mainline, 630 feet of south mainline, 575 feet of NB-On 
Ramp and 550 feet of SB-Off Ramp reduces WSDOT costs on future projects.    

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs. unknown

Construction Innovation & methods: 
Conduit and cable have been moved out of the tunnel utilidor. The utilidor is designed to be full of water and provide 
drainage during a fire event or tunnel cleaning. The conduit and cable have been moved to keep them out of 
potentially flooded areas. This will increase system reliability and decrease maintenance costs.

• It is almost impossible to quantify the impact of this improvement. For instance, this replacement of the position of cables will prevent WSDOT from 
power failures in the event of fire.

• In addition, there will be a significant time savings for WSDOT regarding troubleshooting in case of problems.
• 20% due to this improvement.

unknown

Design/Construction Innovation: 
Permanent cables to be distributed and supported by tray instead of inside conduits, as depicted in Addendum #16.

Due to time savings of maintenance and troubleshooting. 
500% of improvement maintenance time for WSDOT, based on past experience. unknown

total added Value of Increased Benefit and Reduced Risk to WsDot $622,936,000

Section 6 – Design and Construction, Except Tunneling

Item CalCulatIon totals

early Completion: 
Schedule completes the Project 316 days ahead of WSDOT requested deadline.

• Completion 316 days ahead of schedule will save WSDOT a year of overhead costs, 
• Valued at $3,000,000/month * 11months = $33,000,000.
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.
• STP overheads = $1,500,000* 12 months= $6,000,000.

$6,000,000

Proactive Planning: 
STP has planned 19 preventive TBM interventions, together with a restrictive preventive maintenance plan to ensure 
that the machine operates as planned. Thus, the Project will be completed 316 days ahead of WSDOT’s schedule.

• Assuming that without proper maintenance, the productivity on average is 0.5, so we will have additional  cost of 8 months.
• Direct cost: $80/h*8h*3 shifts*30 days*8months=$460,800.
• STP overheads: 8 months *1,500,000=$12,000,000.
• WSDOT overheads: 8 months*30*$100,000=$24,000,000.

$36,460,800

Reduced truck traffic: 
STP’s tunnel precast segments will arrive to the South Access Area by barge, instead of by heavy trucks. In addition, 
our excavation spoils will be conveyed out of the jobsite by the sea through barges instead of by heavy trucks (up to 
300 trucks per day).

Assuming that with heavy mud loads and precast segments delivery everyday, the traffic increases an average of 1 minute to everyone, everyday due 
to the delivery trucks.
• Average cost per hour $200. Number of vehicles per day: 120,000. Only one person per vehicle. 
• 120,000*200*1/60= $400,000/day*16 months*22 working days=$140,000,000.

$140,000,000
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Baseline Schedules Comparison

tunneling  and cut-and-cover exPerienceearly comPletion successful on-time scheduling in urban environments

m-30 south byPass tunnel la metro wilshire tunnel

Large Bore Tunnels

madrid metro line 11

Cut-and-Cover Tunnel

IN THIS SECTION 
In Section 3
WSDOT can give its customers a reason to celebrate 
with a tunnel completion date of December 2015.   
Opening the tunnel one year early brings benefits in 
cost, safety, and positive impacts to the community, 
enabling WSDOT to focus on other projects and 
issues. 

STP’s Primavera P6 Preliminary Baseline Contract 
Schedule was created based on the two primary 
milestones of NTP 1 and NTP 2. It splits the 
project into three primary phases: South Approach 
Area, Bored Tunnel, and North Approach Area, 
each with its own intermediate milestones. 
Reasonable assumptions have been figured along 
the way to build in the time to mitigate risks  
during construction.

This section includes a narrative summary and a 
visual schedule that tells the story of how STP will 
complete your project on time.   

3	 Preliminary	Baseline	Contract	Schedule

ntP 1
jan. 25, 2011

 
ntP 2

aug. 15, 2011

oPen to traffic

ntP 1
jan. 25, 2011

 
ntP 2

aug. 15, 2011

tunnel comPlete

TUNNEL

2016 2015
DEC.	31, DEC.	21,

316
SAVIng

DAyS
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How STP Meets WSDOT Goals
maintain worKer and Public safety:
•	 By	opening	the	tunnel	early,	STP	will	minimize	
worker	and	public	exposure	to	construction	
activities.

•	 By	completing	the	tunnel	early,	WSDOT	can	close	
and	remove	the	existing	deteriorating	viaduct	
earlier	than	planned,	minimizing	safety	risks.

on time and within budget:
•	 STP	will	substantially	complete	the	tunnel	316	
days	ahead	of	WSDOT’s	allowed	completion	
deadline.

•	 Early	completion	can	be	translated	into	cost	
savings,	as	contracts	bid	less	than	1,905	days	
will	receive	added	Technical	Credits	at	a	rate	of	
50,000	Technical	Credits	per	day.

Proactive Planning and execution:
•	 STP’s	schedule	optimizes	design	and	
construction	activities	allowing	us	to	complete	the	
project	ahead	of	WSDOT’s	schedule.

•	 STP’s	ATC#5,	a	200-foot	extension	of	the	project	
limits,	will	shift	traffic	to	benefit	the	project’s	
progress.

•	 With	four	levels	of	scheduling	efforts,	STP	will	
communicate	schedule	management	to	all	levels	
of	the	team,	Owner,	and	other	stakeholders.

•	 During	nTP	1,	pre-arrangements	will		
be	made	for	procurement	of	key	long-lead	
equipment	and	material	that	are	linked		
to	nTP	2.
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summary of stP ProPosal and  
ProPosal reference

requirement 

met exceeded

WSDOT	prefers	to	have	
the	tunnel	open	to	traffic	by	
December	31,	2015.

•	 STP	will	substantially	complete	the	tunnel	in	December	2015		
(Proposal	Reference:	Page	1)  

Contract	bid	less	than	1,905	
days	will	receive	added	Technical	
Credits	at	a	rate	of	50,000	
Technical	Credits	per	day.

•	 STP’s	substantial	completion	date	of	1,589	calendar	days	is	316	days	shorter	
than	WSDOT’s	contract	bid	requirement.	316	days	x	50,000	=	15,800,000	
Technical	Points	(Proposal	Reference:	Page	1)  

Milestone	commitments	depicted	
in	Form	D.

•	 STP	has	completed	Form	D	and	included	it	in	Appendix	A.		
(Proposal	Reference:	Appendix	A)  

narrative	response	requested	
in	ITP	–	2,000,000	Technical	
Credits.

•	 STP’s	narrative	describes	how	we	will	advance	completion	of	the	tunnel	
providing	significant	safety	improvements	to	the	traveling	public  

Schedule	structure	consistent	
with	best	practices	and	
illustrates	a	thoughtful	and	
workable	solution	to	the	efficient	
sequencing	of	the	Work	with	
quality,	safety,	and	the	concerns	
of	Project	stakeholders.

STP’s	construction	schedule	is	fully	coordinated	among	the	following	elements:
•	 Final	design
•	 Design	reviews/approvals
•	 Permitting
•	 Bidding	and	contracting
•	 Product,	material	and	equipment	submittals	and	approvals
•	 Product,	material	and	equipment	fabrication	and	delivery
•	 Construction/field	installation
(Proposal	Reference:	Page	4)

 

Anticipation	and	allowance	
for	potential	delays,	such	as	
long-lead	time	materials,	critical	
approvals,	and	adverse	weather.

•	 During	nTP	1,	pre-arrangements	will	be	made	for	procurement	of	key	long-lead	
equipment	and	material	that	are	linked	to	nTP	2.	In	particular,	the	TBM	must	
be	ordered	immediately	after	nTP	2	is	issued	since	it	is	a	critical	path	item	
(Proposal	Reference:	Page	4)

 
A	schedule	consistent	with	and	
illustrative	of	the	Proposer’s	plan	
to	mitigate	risk	as	identified	in	the	
Project	Risk	Register.

•	 STP	developed	its	accelerated	schedule	to	mitigate	risks	identified	in	the	Risk	
Register  

Compliance Matrix
minimize ground deformation:
•	 Prior	to	major	civil	and	structural	work	activities	
taking	place,	STP	will	implement	the	project-wide	
mitigation/monitoring	program	to	ensure	that	
building	and	structure	settlement	is	minimized,	
controlled,	and	documented.	

meet or exceed environmental 
commitments:
•	 Completing	the	Project	early	will	reduce	dust	and	
noise	exposure	to	surrounding	businesses	and	
communities.

•	 STP’s	Start-up	Section	concept	will	control	risks	
associated	with	tunnel	operations	adjacent	to	
Elliott	Bay.		

quality:
•	 STP’s	creative	work	breakdown	structure	(WBS)	
and	project	coding	scheme	within	Primavera	P6	
enables	the	schedule	to	be	graphically	organized,	
summarized,	sorted,	and	filtered	in	various	ways	
to	help	communicate	the	big	picture	and	improves	
readability.		

maximize oPPortunities for Positive 
community imPacts and interaction:
•	 STP’s	proposed	early	opening	of	the	SR	99	
tunnel	alignment	affords	significant	public	
relations	advantages	by	benefitting	the	public		
with	a	less-congested	transportation	route.

•	 STP’s	proposed	early	opening	of	SR	99	will	
enable	the	City	to	advance	the	timeline	for		
follow-on	central	waterfront	project,	which	is	a	
public	benefit.
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3 Preliminary Baseline  
Contract Schedule
STP’s tunnel completion date of December 2015 
offers tremendous value to WSDOT. In addition 
to the direct cost savings associated with reduced 
administrative overhead, our proposed early 
opening of the SR 99 Tunnel affords significant 
safety and public relations advantages by providing 
an opportunity to demolish the remaining viaduct 
structure (Bents 120 northward) approximately one 
year earlier than anticipated. 

STP’s accelerated schedule advances the 
City’s timeline for follow-on central waterfront 
improvements. Additional benefits to WSDOT will 
be the agency’s ability to collect tolls and to save 
public money by paying down more quickly the 
community’s bond debt.

STP’s Preliminary Baseline Contract Schedule 
(PBCS) incorporates the key milestones contained 
in the Instructions to Proposers (ITP), the Design-
Build contract, and the Technical Requirements 
(TRs).  Using the specified dates for NTP 1 and NTP 
2, STP proposes to achieve substantial completion 
by December 21, 2015 (see Proposal Form D). 

STP’s Project duration from NTP 2 to substantial 
completion is 1,589 calendar days. The Project will 
be completed 316 days sooner than the 1,905 day 
completion deadline maximum duration the RFP 
allows.  

STP has linked contractually specified intermediate 
milestone dates, in particular, S8, S9, S10, and N4, 
N5, N6, to our proposed substantial completion date. 

This link ensures that we fully coordinate both the 
South Approach and North Approach Areas with 
the design-build tunnel. Our coordination will start 
the approach areas early enough to achieve a tunnel 
opening by the end of 2015.

STP’s schedule is based on reasonable 
and conservative calculations. These 
estimates provide confidence that we 
will finish the tunnel and open SR 99 to 
traffic by the end of 2015. STP’s PBCS (1) 
communicates clearly our intent regarding 
project implementation; (2) addresses the 
requirements of the ITP; and (3) establishes 
an early completion date that exceeds 
WSDOT’s goals. Upon receipt of NTP 1, 
STP will leverage the superior technical 
framework contained in the PBCS as the 
source for subsequent development of the 
Project’s Baseline Contract Schedule.
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STP will substantially 
complete the SR 99 
Bored Tunnel Project by 
December 21, 2015 – 
316 days sooner than 
WSDOT’s completion date.
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STP has provided in a separate 11x17 binder, the 
following schedules:

• Milestone Schedule
• Critical Path Schedule
• Tunnel Schedule
• Overall Schedule with Design Summary

Contract Compliance
STP’s scheduling effort is using Primavera P6 and 
is fully compliant with the provisions of the ITP 
and the applicable TRs. We will refine and expand 
on the developed PBCS and submit a Baseline 
Contract Schedule during the interval from NTP 1 
to NTP 2 (per TR 2.1.6.2.2) to meet the full contract 
requirements.

Schedule Management
STP is committed to effective and efficient schedule 
management at all levels of the design-build 
organization. We understand the critical nature of the 
schedule on the Project and will manage and control 
our activities through four scheduling efforts: (1) 
Baseline Contract Schedule and updates; (2) 90-
Day/Critical Milestones Schedule; (3) Five-Week 
Look-Ahead Schedule; and (4) Daily Schedule.

1. Baseline Contract Schedule. 
 The Baseline Contract Schedule is the 

master schedule for the Project. STP’s 
scheduling philosophy is centered on a 
unified single-source of data to ensure that 
all schedule communication is clear, concise, 
and coordinated. Considering the scope, 
magnitude, and technical nature of the 
Project, the Oracle/Primavera P6 system is 
well-suited to serve as the central repository 
for all project schedule information. 

 Under the direction of the Project Manager, 
Deputy Project Manager, Construction 
Manager, Engineering Manager, and the 
Design Director, STP will produce and update 
the contract schedule. The Project Quality 
Manager, Safety Manager, Environmental 
Manager, and Community Liaison will also 
provide input to the master schedule. On-
site scheduling support staff will update the 
schedule on a continual basis with formal 
update releases occurring at least monthly. 

 We will distribute to STP managers, WSDOT, 
subcontractors, regulatory agencies, and 
other principal stakeholders monthly contract 
master schedule updates and key interim 
update versions. During the baseline schedule 
development effort and throughout the 
periodic updating phase, STP will use proven 
and innovative schedule management 
processes and procedures to ensure that the 
master schedule conforms with the 
requirements of the contract, adheres to 
accepted industry and professional standards, 
and meets the needs of those who are 
responsible for tactical and strategic project 
management.

2. 90-Day/Critical Milestones Schedule.
 For mid-range planning, STP utilizes a 90-

Day/Critical Milestones Schedule which 
is derived and extracted from the contract 
master schedule (baseline or update). 
This schedule shows important upcoming 
milestones and activities on the Project 
covering a 90-day time period. As these 90-
day intervals come into focus and as specific 
information becomes available, details may 
be added to the contract schedule, including 
confirmed equipment delivery dates, street 
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closures or openings, and coordination with 
adjacent projects. The Construction Manager, 
Engineering Manager, Design Director, 
and Design Manager are responsible for 
providing the input to the 90-day scheduling 
exercise. The 90-Day/Critical Milestones 
Schedule is updated monthly and distributed 
to WSDOT, subcontractors, and other SR 99 
projects. 

3. Five-Week Look-Ahead Schedule. 
 STP will generate the tactical/operational 

five-week look-ahead schedule from the 
contract master schedule or produce it 
independently. We will use the five-week 
look-ahead schedule as the principal 
feedback loop for schedule updates. This 
schedule includes a one-week look-back and 
a four-week look-ahead schedule. 

 This schedule is the responsibility of the 
Construction Manager, Design Manager, 
and the site or trade Superintendents. We 
will use the five-week look-ahead achedule 
for planning the Project’s execution and 
driving the work. STP will produce and 
update and distribute the schedule weekly 
to subcontractors, the project management 
team, WSDOT, the City, and other SR 99 
stakeholders as required.

4. Daily Schedule. 
 STP’s daily project schedule is the 

responsibility of the superintendents and 
foremen with input from field personnel. 
We will discuss this schedule at foremen 
and inspector meetings. We will distribute 
daily the updated schedule to foremen, crew, 
inspection, and testing staff.

Schedule Layout /Work Areas
STP has set up and organized our schedule by the 
three primary work areas that comprise the SR 99 
Bored Tunnel Alternative Design-Build Project:

• South Approach Area (Sta. 182-200)
• Bored Tunnel (Sta. 200-300)
• North Approach Area (Sta. 300-304+50)

South Approach Area
The following primary elements compose the South 
Approach Area:

• Cut-and-cover and U-section roadways (Sta. 
182 north to Sta. 191+50)

• TBM launch pit (Sta. 191+50 to 194+50 – 
double-deck cut/cover roadway section)

• Start-up Section (Sta. 194+50 to Sta. 200)
• South Tunnel Operations Building (STOB) 

adjacent to the TBM launch pit

Bored Tunnel
The bored tunnel starts at Sta. 194+50 (South 
Approach Area start-up section) and extends to Sta. 
288/300 at Thomas Street (North Approach Area). 
Bored tunnel construction includes TBM mining; 
interior structure work; mechanical, electrical, and 
plumbing; systems installation; roadway lighting; 
signage; and striping. Tunnel systems must be fully 
integrated with the control nodes in the North and 
South Tunnel Operations Buildings.

North Approach Area.
The North Approach Area begins at Sta. 300 and 
serves as the TBM receiving pit. Similar to the 
launch pit at the South Approach Area, the North 
Approach Area includes a 450-foot long cut-and-
cover structure that supports a portion of the North 
Tunnel Operations Building (NTOB) foundation. 
The south portion of the NTOB foundation (fan 
plenum) extends below grade and is integral with the 
cut-and-cover concrete structure.
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Milestones and Project Phases
Two key milestones for the Project are as follows:

• NTP 1 (January 25, 2011) – release for 
continuation of preliminary design (build 
upon conceptual proposal) and provide 
engineering/management support to the 
Federal Environmental Impact Statement 
(FEIS) process

• NTP 2 (August 15, 2011) – release for final 
design and construction

Based on these two milestones, STP will split the 
Project into the following primary phases:

• Phase I – from NTP 1 to NTP 2 (consisting 
of preliminary design and FEIS support 
activities)

• Phase II – from NTP 2 to substantial 
completion (encompassing final 
design, settlement monitoring program, 
construction, and systems commissioning)

Phase I/NTP 1
Starting with NTP 1 and continuing for approximately 
6.5 months (202 calendar days) until WSDOT issues 
NTP 2, STP will continue to refine the conceptual 
design (preliminary design) and provide engineering 
support to the FEIS process. Project planning and 
report development are the primary components of 
the preconstruction effort. Preparation of preliminary 
design deliverables during this phase include:

• Environmental Compliance Plan 
• Maintenance of Traffic Plan Draft and 

Final Construction Communications Public 
Information Plan

• Quality Management Plan
• Utility Management Plan and Utility Work 

Plan
• Risk Management Plan 

Based on a thorough review of the TRs and 
related information, STP has identified the specific 
requirements associated with these deliverables, 
along with the applicable due dates.  STP’s document 

control system and active monitoring program 
will ensure that we will develop and deliver these 
work products in a timely fashion. We will develop, 
submit, and approve the Baseline Contract Schedule, 
with full cost and price loading, during this phase. 

The Baseline Contract will evolve from the 
Preliminary Baseline Contract Schedule that is 
included with this proposal. Also during this phase, 
pre-arrangements will be made for procurement of 
key long-lead equipment and material that are linked 
to NTP 2. In particular, the TBM is a critical path 
item and we must order the machine immediately 
after WSDOT issues NTP 2. During Phase I, we 
will secure utility franchise permits and adjustment 
agreements to provide a rapid start for utility 
relocation activities once WSDOT issues NTP 2.

Phase II/NTP 2
Once WSDOT issues NTP 2, STP will initiate final 
design, implement the mitigation and monitoring 
program, begin the procurement process for long-
lead equipment and material, including ordering of 
the TBM, and begin on-site construction activities. 
STP’s has coordinated the construction schedule 
among the following elements:

• Final design
• Design reviews
• Permitting
• Bidding and contracting
• Product, material, and equipment submittals 

and approvals
• Product, material, and equipment 

fabrication and delivery
• Construction/field installation

Immediately after WSDOT issues NTP 2, we will 
build out and occupy the joint STP and WSDOT 
field offices.

Schedule Overview
Refer to the accompanying staging plans for a visual 
representation of the narrative overview.
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TBM Design and Procurement
Upon receipt of NTP 1, STP will engage in pre-
procurement engineering and preliminary design 
activities with potential TBM manufacturers. 
Immediately after WSDOT issues NTP 2, STP will 
issue a contract for procurement of the TBM. At 
that point, we will begin final engineering/design 
and shop drawing production (approximately one 
to two months). When we have completed the final 
design and shop drawings, WSDOT will review the 
documentation (14 calendar days per specification), 
which triggers the release for TBM manufacturing 
(approximately 13.5 months). 

After the TBM manufacturer has completed 
fabrication, STP will begin the designated acceptance 
testing period (one month) at the vendor’s facility. 
Upon completion of the acceptance testing, the TBM 
is packaged and shipped to the construction site 
(three months). 

We estimate the overall TBM procurement duration 
to be approximately 18.5 months – from mid-August 
2011 (NTP 2) until March 1, 2013 (TBM delivery).

South Approach Area (S-NB99 Sta. 
182+00 to S-NB99 Sta. 194+50)
Following NTP 2, site preparation at the South 
Approach Area will begin, including mobilization 
activities, field office setup, traffic control and 
maintenance of traffic, temporary erosion control 
measures, and selective demolition. 

When the site preparation is complete, utility 
relocations will begin, including the water line along 
Alaskan Way, storm sewer at King Street, and Seattle 
City light’s 115 kV electrical relocation.  Following  
utility relocations, early support of excavation 
(SOE) secant piling can begin on the west side of 
the TBM launch pit (Sta. 191+50 to 194+50) as 
well as the west side of the Start-up Section    (Sta. 
194+50 to 200).  The extent of the SOE that can 

be installed is limited because of the location of 
the existing Alaskan Way Viaduct (which must be 
demolished).  Demolition of the existing viaduct 
is dependent on opening the Washington Oregon 
Shippers Cooperative Association (WOSCA) detour 
constructed by the H2K (South Holgate to South 
King Street Viaduct Replacement) project that is 
currently underway. The current estimated start date 
for viaduct demolition (Bents 121-139) is May 2012 
after the H2K project shifts traffic to the WOSCA 
detour.

Prior to major civil and structural work 
activities taking place, STP will implement 
the projectwide mitigation and monitoring 
program to ensure that building and 

structure settlement is minimized, controlled, and 
documented. 

After the viaduct demolition is underway, 
(approximately 1 month lag) the remaining secant 
piling SOE can be installed.  Operations will occur 
in the following order:

• TBM launch pit
• Start-up Section
• South cut-and-cover structure
• South Portal Ground Improvement and 

Deformation Mitigation Area
• South Tunnel Operations Building

We anticipate two drill rigs will be required for 
the initial piling work with a peak of four drill rigs 
needed between August 2012 and February 2013.

After SOE is complete, dewatering wells 
will be drilled and excavation of the shoring 
areas will begin, starting with the TBM 
launch pit. Archaeological monitoring will 

occur in the affected excavation areas, which has 
been factored into the activity durations. 
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It is important for the TBM launch pit be excavated 
by the end of 2012 in order to begin placing the 
mat slab and prepare the pit trough for delivery and 
assembly of the TBM (estimated TBM delivery date 
is March 1, 2013). After the TBM is assembled in 
the launch pit and the SOE work associated with the 
Start-up Section to the north has been completed, 
TBM operations can begin (estimated start date for 
tunnel boring is June 2013). Support facilities for 
the TBM, including tunnel spoils conveyor, spoils 
barging, and transport of precast ring segments, will 
be set-up prior to beginning TBM operations. Once 
the TBM has progressed northward and vacated the 
launch pit, the southern half of the launch pit can be 
built-out (two-level concrete structure). This work is 
estimated to start in September 2013.

Excavation for the south cut-and-cover 
structure will occur after the excavation 
of the TBM launch pit and the top portion 
of the Start-up Section. Upon completion 

of the excavation for the south portal cut-and-
cover segment, building of the concrete tunnel and 
U-section structure from Sta. 184 to 191+50 can 
begin (March/April 2013). 

When we complete the south cut-and-cover structure 
and U-section roadway, we will open a revised 
detour to shift Northbound and Southbound traffic. 
This will allow for the existing WOSCA detour to 
be demolished and the cut-and-cover structures for 
the northbound onramp at the South Approach Area 
between Sta. 182 and 184 to be built. This 200-foot 
extension of the project limits is associated with ATC 
#5 and we have coordinated it with the South Access 
work scope and associated hand-back milestones. 

The South Tunnel Operations Building (STOB) 
foundation will be the last area for SOE installation 
due to the need for maintaining site access along 
the west side of the Railroad Way ramps. This is 
necessary to accommodate TBM assembly logistics. 
Once TBM assembly has sufficiently progressed, 

SOE for the STOB foundation can begin followed 
by excavation. Concrete foundation work for the 
STOB is anticipated to start in mid-2013 with 
building interior and systems completion forecast 
by mid-2015. This completion date will provide 
for seamless testing and integration with the tunnel 
systems and also NTOB commissioning process.  

A key critical path element toward the end of the 
Project is filling in the north portion of the TBM 
launch pit after TBM operations have ceased. This 
work is scheduled to start in early 2015 with the 
concrete structure completed no later than mid-
2015. This enables us to make the final mechanical, 
electrical, and plumbing and systems connections 
between the tunnel and the STOB in support of the 
final testing and commissioning effort.

Bored Tunnel (S-NB99 Sta. 194+50 
(195+46) to BT99 Sta. 288+20)
As described earlier, TBM procurement and 
development of the TBM launch pit at the South 
Approach Area are critical path elements. The 
schedule estimate for both of these independent 
sequences creates a fluid merge in the February to 
March 2013 timeframe. Upon delivery in March 
2013, the TBM will be assembled in the launch pit 
(approximately a four-month operation) and mining 
will begin in June 2013.

TBM mining operations are conservatively estimated. 
We have segregated them into four phases that 
reflect the operational and technical aspects related 
to this work. Tunneling from Sta. 194+50 to Sta. 200 
(through the start-up box) has been conservatively 
estimated with a relatively low advance rate (6 feet 
per day). An extended box section from Sta. 200 
to 212 is envisioned with a slight increase in TBM 
production (11 feet per day). 
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The intent of the combined 1,650-foot Start-up 
Section is to control risks associated with tunnel 
operations adjacent to Elliott Bay and to define a 
conservative production schedule for the TBM. 
Once the TBM leaves the waterfront area and crosses 
under the existing Alaskan Way Viaduct, production 
increases to 27 feet per day and ultimately to 38 feet 
per day. The TBM reaches the north portal in early 
2015.

Interior tunnel structure work will follow the TBM’s 
progress. With an anticipated average production 
rate of 35 linear feet per day, the interior tunnel cast-
in-place concrete structure will start roughly seven 
months after the TBM launch when the machine 
is approximately 1,850 feet up-station. We will 
develop special formwork systems and for the cast-
in-place portion of this work. The interior structure 
work consists of six major operations:

• Casting the lower roadway corbel
• Casting the lower roadway walls and upper 

roadway lid, including fireboard
• Setting precast corridor deck segments
• Casting the upper roadway barrier
• Placing shotcrete walls for the upper roadway
• Setting the lower level precast roadway 

deck planks

The wall and ceiling fireproofing material will be 
integral with the concrete formwork system for the 
lower roadway walls and the underside of the upper 
roadway deck (lower roadway lid). Fireproofing 
linerboard for the upper roadway walls and ceiling 
will be mechanically attached to the appropriate 
tunnel surfaces prior to mechanical, electrical, and 
plumbing and systems installation.

We will begin installation of the lower roadway 
precast deck planks after the TBM reaches the 
north portal. This is necessary so as not to interfere 
with material logistics using the tunnel invert (i.e., 
transport of ring segments). Once we set the lower 
roadway planks, we will place the lower roadway 
topping slab and begin the mechanical, electrical, 
and plumbing and systems work in the utilidor. 

Similar to the relationship between tunnel mining 
operations and the tunnel concrete, there will be a 
lag/offset between the tunnel structure and follow-
on mechanical, electrical, and plumbing and systems 
installation. Although there is a substantial amount 
of mechanical/piping and electrical/systems work in 
the tunnel, the start date and production rate for the 
interior concrete structure will provide an adequate 
shadow duration for mechanical, electrical, and 
plumbing and systems installation. 

STP has analyzed the material quantities and assessed 
the potential labor requirements to complete this 
work during the indicated timeframe. Initially, MEP/
systems installation will begin in the corridors (after 
precast slabs are set) and also at the lid of the lower 
roadway from a traveler system. Once the upper 
roadway shotcrete walls have progressed up-station, 
mechanical, electrical, and plumbing and systems 
installation can proceed at the upper roadway. We 
will maintain and adjust temporary life-safety (fire 
sprinkler) and other support systems as the TBM and 
interior structure operations advance.

In general, we estimate tunnel structure work to start 
in early 2014 and continue into the first quarter of 
2015 (six months after we complete tunnel boring). 
We will start mechanical, electrical, and plumbing 
and systems installation in the spring of 2014 and 
complete this work by mid-2015, thereby providing 
a reasonably adequate duration for full systems 
testing, integration, and commissioning.
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North Approach Area (N-NB99 Sta. 
300+00 to N-NB99 Sta. 304+65)
Milestone N1 allows for utility relocation work to 
proceed in the North Approach Area immediately 
after WSDOT issues NTP 2. Construction 
mobilization into the North Approach Area for site 
preparation, demolition, shoring, and excavation of 
the cut-and-cover tunnel (receiving pit) and North 
Tunnel Operations Building (NTOB) foundation 
begins in April 2012. 

After site preparation and demolition are complete, 
SOE will begin at the North Approach Area (soldier 
piling) followed by excavation and lagging. 
Production rates for the north portal excavation are 
similar to the south. We recognize, however, that the 
potential for archaeological discovery is higher in 
this area. This potential is reflected in the excavation 
and lagging duration.

Once we have excavated the north cut-and-cover 
roadway (TBM receiving pit) and NTOB foundation, 
we will proceed with concrete structure work. The 
initial portion of the north cut-and-cover roadway 
work will begin at approximately Sta. 301 to allow 
for a TBM extraction point immediately north of the 
tunnel portal (Sta. 300).

Simultaneous with the construction of the north 
cut-and-cover roadway structure from Sta. 301 to 
304+50, concrete foundation work for the NTOB 
utilidor and fan room/plenum will start. We must 
complete the north cut-and-cover roadway section 
from Sta. 301-304+50, including the upper deck 
girders and deck slab, before we can construct the 
above grade portion of the NTOB.

We estimate that we will construct the cut-and-cover 
roadway structure (Sta. 301-304+50) and the south 
portion of the NTOB foundation (from Level -3 to 
grade) during 2013 with the upper foundation and 
steel erection for the NTOB to follow in 2014. Interior 
build out of the NTOB (mechanical, electrical, 
and plumbing rough-in, trim, and interior finishes) 
will occur during the mid-2014 to mid-2015 time 
frame. Note that construction of the North and South 
Tunnel Operations Buildings will progress roughly 
in-tandem with regard to work scope and timing.

Similar to the South Approach Area, there will be 
an infill portion at the north cut-and-cover structure 
which we must build after we have disassembled 
and removed the TBM from the receiving pit 
(approximately Sta. 300 to 301). We expect this 
work to start in early 2015 and finish by mid-2015 to 
enable final mechanical, electrical, and plumbing and 
systems tie-ins between the tunnel and the NTOB. 

Critical Path
The critical path shown in the Preliminary Baseline 
Contract Schedule is straightforward and intuitive.  
This path is chiefly comprised of the TBM 
procurement, liner procurement, tunnel bore, tunnel 
interior structure, tunnel systems installation, portal 
structure tie-ins, and commissioning. Please note, 
there will always be lower-order near-critical paths 
that could become critical as the project unfolds.  For 
example, near-critical paths in the network consist of 
activity sequences that flow through both the North 
and South Tunnel Operations Buildings.  This is due 
to the relationship between the construction and fit-
out of those buildings and systems commissioning. 
At the present time, however, the critical path is 
focused on the tunnel work and subsequent work to 
tie-in the cut-and-cover areas immediately adjacent 
to the north and south portals.
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Critical Path Elements

NTP 1 ISSuEd
• Final Environmental Impact Statement 

Support Deliverables
• Environmental Compliance Plan
• Fabrication pre-activity meeting
• Maintenance of Traffic Plan
• Develop Draft Construction 

Communications Public  
Information Plan

• Final Construction  
Communications PIP

• Develop Quality Management Plan
• Interior Structure Work Plan
• Utility Management Plan
• Utility locates for preliminary design
• Utility Work Plan

• TBM pre-design
• Tunnel liner pre-design

NTP 2 ISSuEd
• TBM Procurement

• Bid, contract, buyout - TBM (finalize)
• Prepare and submit TBM shop 

drawings and submittals 
• TBM shop drawings and submittals to 

WSDOT for review and approval
• Order and manufacture TBM 
• TBM customer acceptance
• TBM package and ship
• TBM delivery (March 1, 2013)

• Liner Procurement
• Bid, contract, buyout - tunnel liner
• Prepare and submit tunnel liner  

shop drawings 
• Tunnel liner precast yard set-up
• Tunnel liner fabrications and  

storage (initial)
• Tunnel liner just-in-time  

deliveries (initial)

• Demolish existing viaduct (Bents 121-139) 
(May 2012 through July 2012)

• SOE TBM Launch Box 191+50 to 194+50
• Install dewatering  in the TBM Launch Box
• Excavate TBM Launch Box 191+50  

to 194+50
• Grading and drainage at TBM Launch Pit 

191-194
• Prepare and place working slab at TBM 

Launch Pit 191-194
• Form, rebar, pour, and strip concrete mat 

slab at TBM Launch Pit 191-194
• Develop TBM assembly box
• Form, rebar, pour, and strip concrete grade 

beams for gantry crane
• Erect assembly gantry crane
• Assemble TBM and trailing gear  

(start March 1, 2013)
• Mining (start June 2013)

• TBM mining with interventions  
(450 LF; 6 ft/day)

• TBM mining with interventions  
(1400 LF; 11 ft/day)

• TBM mining with interventions  
(1900 LF; 27 ft/day)

• TBM mining with interventions  
(5520 LF; 38 ft/day)

• Remove linear plant, clean and  
prepare tunnel

• Tunnel Interior Structure (follows TBM 
start by approximately 6 months)

• Drill and bond dowels (haunch  
and corbel)

• Cast-in-place wall base (haunch  
and corbel)

• FRPS lower walls and upper deck, 
including fire board

• Set precast corridor slabs
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• Form, rebar, pour, and strip concrete 
upper roadway barrier

• Form 1-side, rebar and shotcrete  
upper walls

• Fireproofing - upper roadway lid
• Tunnel Systems Installation (follows start  

of interior structure by 3 months)
• Tunnel mechanical, electrical and 

plumbing and systems R/I - upper 
roadway lid

• Tunnel SCADA system wiring  
and devices

• Tunnel control system wiring  
and devices

• Disassemble and remove TBM
• North Portal concrete cut-and-cover 

structure infill Sta. 300-301
• South Portal concrete cut-and-cover 

structure infill Sta. 193-194
• Mechanical, electrical, and plumbing and 

systems rough-in and wiring at the north 
and south portal infills

• Tunnel systems start-up, testing, and 
precommissioning (Start July 2015)

• Tunnel commissioning (September 2015 
through December 2015)

• Design-builder Notice of Substantial 
Completion

• Final inspections
• Design-builder addresses correction notice 

per WSDOT response
• Tunnel substantial completion  

(December 21, 2015)

In essence, beginning with NTP 2, the critical path 
flows through the TBM procurement, TBM assembly 
in the launch pit, tunnel boring, tunnel interior 
structure, and tunnel MEP/systems installation.  Once 
the TBM has finished boring, there will be a 2 to 3 
month disassembly period after which subsequent 
construction of the cut-and-cover concrete structures 
adjacent to the tunnel portals must be constructed in 
order to facilitate final systems rough-in and wiring 
tie-ins to the North and South Tunnel Operations 
Buildings. This work sequence links to systems 
start-up and commissioning, forming an end-to-
end critical path through the critical path method 
network.

Schedule Risk Management – 
Contingency and Mitigation
STP’s schedule includes a reasonable allowance for 
anticipated delays to the critical path. The principal 
schedule risk element is tunnel boring, which is 
on the critical path. To reduce the schedule risk 
associated with tunnel boring, STP has included 
allowances for variable production rates as the TBM 
progresses from the launch pit to full production and 
incorporates the required intervention time in the 
tunneling durations. Durations for key work scopes, 
including TBM fabrication and procurement, tunnel 
boring, concrete structures, tunnel mechanical, 
electrical, and plumbing and systems rough-in, 
and construction of the north and south Tunnel 
Operations Buildings, have been solicited from and 
confirmed by the respective entities.

Production Assumptions for  
Key Critical Activities
Table 3.1-1 presents a list of assumptions used in 
preparing our schedule.
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Item ProductIon AssumPtIon(s)

TBM Boring/Mining 

• 6 feet per day for the first 400 lineal feet (LF) (initial start-up section)
• 11 feet per day for the next 1,400 LF (extended shoring area Sta. 200-214)
• 27 feet per day for the next 1,900 LF (TBM ramp-up)
• 38 feet per day for the next 5,570 LF (full production)
• We assume Tunnel boring to be a 24/7 operation.

Bored Tunnel Interior 
Structure

Cast-in-place tunnel interior structure will progress at an average rate of 35 feet per 
day using custom traveling formwork system. Production rate for shotcrete at the 
upper roadway walls is 2,000 square feet per day.

Bored Tunnel MEP/
Systems Installation

We will resource tunnel mechanical, electrical, and plumbing and systems installation 
to maintain pace with the interior concrete structure. We assume prefabrication. We 
anticipate labor resource requirements in the range of 10-30 persons for each major 
trade.

Bored Tunnel Precast 
Roadway Deck

We will install tunnel precast lower roadway planks at a rate of 128 feet per day with a 
20% factor for potential access or logistics contraints.

Bored Tunnel Roadway 
Topping Slabs

We will place lower and upper roadway topping slab paving (half-width) at 360 feet 
per day with a 1-day gap for set-up and cure time.

SOE (Secant Piling)

5-foot diameter pile at average depth of 80-90 feet. We assume production for SOE 
(secant and tangent piling) to be a minimum of 90-100 VLF per shift per rig (top-
drill unit; BG-28/BS-80 or similar).  Two rigs assumed over the entire SOE duration 
with up to four rigs operating simultaneously during a key six-month period from 
September 2012 to March 2013.

Soldier Piling 126 piles at the north cut-and-cover area and NTOB foundation.  Approximately 1.5 
piles per day per rig. (We assume two rigs.)

Mass Excavation

We assume excavation rates to be in the range of 1,000 to 2,000 cubic yards per day 
depending on the equipment and means and methods used. Approximate quantities 
are as follows:
• TBM launch pit: 95,000 cubic yards
• Start-up Section top excavation: 19,000 cubic yards
• South cut-and-cover: 92,000 cubic yards
• STOB foundation: 36,000 cubic yards
• South 184-182 northbound cut-and-cover ML and northbound off ramp at the South 

Approach Area: 35,000 cubic yards
• North cut-and-cover and NTOB foundation: 98,000 cubic yards with 1,300 tiebacks

Cut-and-Cover Tunnel 
Structures

We assume normal cycle times for cast-in-place cut-and-cover structures and building 
foundations, traditional concrete formwork, and rebar installation practices. We expect 
two-week cycle times for slabs, walls, and decks with surface areas in the range of 
8,000-10,000 square feet. We assume the production rate for shotcrete wall to be 
2,000 square feet per day.

Tunnel Operations 
Buildings

Durations for the above ground construction of the North and South Tunnel 
Operations Buildings are on par with similar structures although we have made an 
allowance for the specialized mechanical, electrical, and plumbing and systems work.

Table 3.1-1. Schedule Assumptions. 
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Intermediate Milestones
STP’s schedule properly reflects 
the critical milestone dates for 
South Access (M-S8, M-S9, 
M-S10) and North Access (M-
N4, M-N5, and M-N6). As shown 
on Table 3.1-2, we have adjusted 
these dates (highlighted below) 
per spec on a “day-for-day basis 
to conform to the Design-Builder’s 
Contract Time Bid on Form D of 
the Proposal.”

Id descrIPtIon dAte

MS01 M-S1 WOSCA Ductbanks Complete (by others) 01AUG11

MS02 M-S2 Site Possession - Stg.I 15AUG11

MS03 M-S3 Early Start Demo Exist. Bent 121-139 12MAY12

MS04 M-S4 Prelim Design S. Ops Pkg. Garage 04SEP12

MS05 M-S5 D-B Final Design Coord. w/SA 01JAN13

MS06 M-S6 Release for Const. S. Ops Pkg. Garage 08APR13

MS07 M-S7 Site Handback - Stg.I Relinquish S. WOSCA 01AUG13

MS08 M-S8 Site Handback Stg.II Relinquish WOSCA 19FEB15

MS09 M-S9 Site Handback Stg.III Allow Access 20JUN15

MS10 M-S10 Site Handback Stg.IV Turnover Remainder 21DEC15

MN01 M-N1 Access to 6th & Broad Triangle Staging 15AUG11

MN02 M-N2 Site Possession Stg 1: Tunnel Ops Bldg 01APR12

MN03 M-N3 Coord/Finalize Design Concept (N. Access) 01OCT12

MN04 M-N4 Site Handback Stg II: Complete SOE Walls 19JAN14

MN05 M-N5 Access to Tunnel through NA Contractor 19AUG14

MN06 M-N6 Allow Access to Ops Bldg & Cut/Cover 19FEB15

Item ProductIon AssumPtIon(s)

Systems Testing and 
Commissioning

Production rates and durations for systems integration, testing, and commissioning 
are difficult to estimate. STP’s goal of completing the bulk of the mechanical, 
electrical, and plumbing installations in all three key areas (South Approach Area, 
tunnel, and North Approach Area) by mid-2015 will help mitigate the schedule risk 
associated with systems integration and commissioning.

Need assumptions for 
non-workdays

We anticipate TBM operations to be continuous (24/7) and a normal five-day per 
week calendar with standard holidays for the non-tunnel work, including cut-and-
cover roadways and above ground structures such as the North and South Tunnel 
Operations Buildings.

Need assumptions for 
government approvals

Per the TRs and standard specifications, we assume a 14-calendar-day WSDOT 
review period for the various design and engineering report documents that we will 
submit. Permit reviews by the AHJ’s are variable and difficult to anticipate, but we 
assume a 90-calendar day period.

Table 3.1-2. Intermediate Milestones.
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P6 Data Framework
STP has developed a creative work breakdown 
structure (WBS) and activity coding scheme within 
Primavera P6 that enables us to graphically organize, 
summarize, sort, and filter the data in various ways 
to help communicate the big picture and improve 
readability. At the same time, this data structure 
affords the opportunity to segregate various work 
elements as needed for detailed analysis. We will use 
the WBS and activity codes for this purpose. The 
defined code categories include the following:

NOTE: STP will continue to refine and finalize the 
activity coding and WBS during development of the 
Baseline Contract Schedule.

• GRP1 PHASE
• GRP2 CAT
• GRP3 AREA
• GRP4 STAGE
• GRP5 TYPE

The GRP1/PHASE code consists of the following:
• Project-Wide Milestones
• NTP1 work activities
• NTP2 work activities

The GRP2/CAT code further classifies the PHASE 
data into the following breakdown:

• Permitting
• Preliminary Design
• Document Deliverables (FEIS)
• Final Design
• Mitigation/Monitoring Program
• Construction
• Start-up and Commissioning
• Record Documents, O&M, Training
• Clean-up and Demobilization

The GRP3/AREA code performs multiple functions 
depending on the nature of the activity. For design, 
the AREA code values are:

• Civil
• Heavy structures
• Geotechnical
• Architectural
• Environmental
• Systems electrical
• Systems mechanical

For the mitigation program, the AREA code 
categories are:

• Survey, Design, Reporting
• Settlement Mitigations and Monitoring

For construction, the AREA code categories are:
• Milestones
• Key Submittals and Procurement
• South Portal
• Bored Tunnel
• North Portal

Similar to the AREA code, GRP4/STAGE performs 
multiple functions depending on the nature of 
the activity. For construction, STAGE classified 
activities according to the staging drawings included 
with the proposal. To make the data scheme 
efficient, STAGE code values and descriptions for 
design and procurement activities are not related to 
a construction stage per se, but rather, are used to 
develop a logical grouping definition. 

For design, the STAGE code equates to a design 
package for a specific scope of work (i.e., Pkg.001 
for South Portal civil design). For mitigation and 
monitoring, STAGE equates to each particular 
building that will be undergoing structural upgrades.

Similar to the AREA and STAGE codes mentioned 
above, we use GRP5/TYPE to denote a variety of 
group elements depending on the nature of the 
activity.
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For key submittals and procurement, TYPE takes on 
the following values:

• Product or Procedural
• Equipment
• Materials

For construction, TYPE is used to denote the general 
nature of the work. For example:

• Site Preparation
• Utilities
• Dewatering and Ground Improvements
• Earthwork/Excavation
• Cut/Cover Roadways
• U-Section Roadways
• At-Grade Roadways
• Surface Street Work
• Site Restoration
• North and South Tunnel  

Operations Buildings
• TBM Assembly
• TBM Boring/Mining
• Tunnel Interior Structure
• Tunnel MEP/S

The intent of the WBS and coding approach 
described above is to create a compact and efficient 
data schema that minimizes or eliminates redundant 
(blank) grouping bands that often make a schedule 
difficult to interpret. We also provide additional code 
categories for sorting and selecting the data.

We have also embedded a moderate A semi-structured 
naming convention in the activity identification 
number (ID) to provide additional cues in those 
instances where the activity description may be 
somewhat generic. Once WSDOT awards the 
Project, we will develop further coding to identify 
specific subcontractor and supplier responsibilities, 
priorities, work packages, and the like, for enhanced 
management reporting.
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IN THIS SECTION 
In Section 4
Seattle Tunnel Partners is proposing a tunnel design 
with a 2 foot larger west shoulder and a 15 foot 6 
inch vertical clearance that will improve the safety 
of the motoring public and the operability of the 
tunnel – a top priority for WSDOT and STP.

Combining the global and national tunneling 
experience of Dragados with the national cut-and-
cover expertise of Tutor Perini Corporation and the 
local tunneling and infrastructure expertise of Frank 
Coluccio Construction Company, specifically on the 
Brightwater and Sound Transit projects, allows STP 
to offer WSDOT the world’s largest diameter tunnel 
with the highest level of technical and contractual 
confidence that our design is the right choice for the 
bored tunnel.  

4.1	 Tunnel	Clearances

4.2	 Tunnel	Cross	Sections

4
6
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STP INCREASED
ROADWAY TUNNEL CLEARANCES

SB AND NB ROADWAY WEST SHOULDER 
EXCEEDS REQUIREMENTS

SB AND NB TRAVELWAY VERTICAL CLEARANCE 
EXCEEDS REQUIREMENTS

oPtimized tunnel design tunneling  and cut-and-cover exPerience

2.25-mile, 49.25-foot-diameter, two-level, design-build highway 
tunnel

1.9-mile tunnel in central Madrid 15.4-foot-diameter utility tunnel successfully bored in similar 
ground conditions

$783 million, 10-mile long design-build transportation corridor

m-30 south byPass tunnel

madrid metro line 11

alameda corridor

brightwater west conveyance

Global Experience

Local Knowledge

National Design-Build Experience
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How STP Meets WSDOT Goals
maintain worKer and Public safety:
•	 8-foot-wide	west	shoulders	for	fire,	safety,	and	
first	responder	access.

•	 8-foot-wide	west	shoulders	for	disabled	vehicles	
to	move	out	of	active	traffic	lanes.

•	 Uniform	vertical	and	horizontal	cross	sections	
from	portal-to-portal	increases	driver	visibility	
and	provides	a	greater	horizontal	stopping	sight	
distance.

•	 Wider	shoulders	provide	more	egress	pathway	
clearance	for	emergency	evacuation.
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summary of stP ProPosal and  
ProPosal reference

requirement 

met exceeded
Minimum	30-foot	roadway	width •	 STP’s	design	increases	the	tunnel	diameter	to	provide	a	curb-to-curb	roadway	

width	of	32	feet,	amounting	to	15,000,000	Technical	Credits	(Proposal	
Reference:	4.1)

•	 STP	has	increased	the	west	shoulders	to	8	feet	while	retaining	the	2-foot-
wide	east	shoulders	for	both	northbound	and	southbound	roadways	(Proposal	
Reference:	4.1)

 

Minimum	vertical	clearance	
greater	than	15	feet

•	 STP	has	increased	the	northbound	and	southbound	tunnel	vertical	clearance	to	
15-feet	6-inches,	resulting	in	2,000,000	Technical	Credits	(Proposal	Reference:	
4.1)  

Compliance Matrix
Proactive Planning and execution:
•	 Taller	vertical	clearance	may	allow	WSDOT	
to	eliminate	the	need	for	over-height	vehicle	
detection	systems	at	the	north	and	South	
entrances.

•	 Higher	vertical	clearance	will	allow	larger	vehicles	
to	move	goods	and	services	through	the	tunnel.

•	 Wider	shoulders	allow	tunnel	operations	and	
maintenance	vehicles	to	park	without	closing	
active	traffic	lanes.

•	 The	greater	vertical	clearance	and	wider	
shoulders	reduces	the	severity	of	pre-approved	
roadway	deviations	1	and	2	and	eliminates	the	
“tunnel	system	encroachment	over	southbound	
shoulder”	deviation.
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4.1 Tunnel Clearances

STP offers WSDOT a tunnel clearance 
configuration that enhances vehicular 
safety and traffic operations and exceeds 
WSDOT’s baseline tunnel requirements. 
Our proposed 57-foot 6-inch diameter 
tunnel increases the curb-to-curb roadway 
width within the bored tunnel from 30 
feet to 32 feet and increases the vertical 
clearance from 15 feet to 15 feet 6 inches.  

The overall diameter is derivative of Dragados’ 
construction experience and includes a construction 
tolerance. Section 5 discusses this tolerance. 

In developing our tunnel configuration, we began 
with WSDOT’s basic configuration and then 
thoroughly evaluated options to improve the safety 
for the traveling public. Based on discussions with 
WSDOT, we looked to maximize the horizontal 
envelope of the roadway, thereby improving the line 
of site for drivers, providing a west shoulder wide 
enough for first-responder access or disabled vehicle 
parking, and allowing routine maintenance and 
repairs to take place without closing traffic lanes.

As shown in Table 4.1-1 our design expands 
the tunnel diameter to accommodate two 
11-foot-wide travel lanes and 8-foot-wide 
west and 2-foot-wide east shoulders in 

each direction, significantly improving tunnel safety 
and traffic operations by:

• Reducing the severity of the pre-approved 
vertical and shoulder deviations

• Maintaining two lanes of traffic while 
allowing emergency access for fire, safety, 
and first responder vehicles

• Providing a uniform shoulder travel way 
and provides a greater horizontal stopping 
sight distance

• Allowing disabled vehicles a wider shoulder 
refuge area without impacting ongoing 
traffic

• Facilitating tunnel operations and 
maintenance activities without closing the 
number of active lanes of traffic

• Accommodating larger vehicles to transit 
and move goods and services through the 
tunnel

Table 4.1-1. STP Tunnel Configuration.

Baseline Tunnel iTem
WsDOT RFP ROaDWay 
Tunnel CleaRanCe

sTP inCReaseD ROaDWay 
Tunnel CleaRanCe sTP BesT Value

Northbound Roadway 
Shoulder

6 foot west  
2 foot east

8 foot west 
2 foot east

2 feet of additional 
shoulder

Northbound Travel Way 
Vertical Clearance 15 feet 15 feet 6 inches 6-inch additional vertical 

clearance

Southbound Roadway 
Shoulder

6 foot west 
2 foot east

8 foot west 
2 foot east

2 feet of additional 
shoulder

Southbound Travel Way 
Vertical Clearance 15 feet 15 feet 6 inches 6-inch additional vertical 

clearance
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• WSDOT can evaluate potential reduction 
or elimination of the proposed over-height 
vehicle detection systems at both the north 
and south SR 99 portal approaches

• Widening egress pathways for individuals to 
evacuate the tunnel

In addition to the horizontal width increase, we 
evaluated impacts to the roadway, systems, and 
egress using 3-inch increments in the vertical 
clearance. At each 3-inch increment, we re-examined 
the design parameters for the roadway travel way, 
shoulder vertical clearance, and roadway shoulder 
widths and ensured that the egress pathways and 
protective enclosures, overhead signing, mechanical 
service systems, fire protection, exhaust air duct, 
utilidor, and maintenance access travel passages and 
clearance requirements met or exceeded WSDOT’s 
requirements.

In addition, we looked at the recent advances in TBM 
technology, which have significantly advanced in the 
past decade. This includes the M-30 South Bypass 
South Tunnel Project through downtown Madrid 
completed by Dragados in 2007. See Figure 4.1-1.

We developed our configuration after 
conducting a Tunnel and Roadway 
Systems Space Allocation, Coordination, 
and Verification Study. This study included 

an extensive interdisciplinary analysis of the space 
requirements inside the finished bored tunnel and a 
coordinated constructability review of construction 
space requirements. 

This study concluded that our tunnel will 
accommodate our proposed:

• Roadway lanes, shoulders, and vertical 
clearances

• Fireproofing and interior structural element 
thickness

• Wider egress pathway requirements
• Space for signage, tunnel ventilation, and 

the tunnel mechanical and electrical systems
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Figure 4.1-1. M-30 South Bypass South Tunnel. 
This 2.25-mile-long, 49.25-foot-diameter  
double-stacked highway tunnel —  
the largest bored tunnel in the world at  
the time — was completed in 2007.
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4.2  Tunnel Cross  
Sections

addition, by maintaining constant lane and shoulder 
widths from the portals through the bored tunnel, we 
increase safety in the event of emergency situations, 
including pedestrian egress.

Our tunnel clearance envelope features a consistent 
vertical and horizontal cross section from the cut-
and-cover sections through the bored tunnel. See 
Figure 4.2-1. A key advantage of this option, as 
previously discussed, is improved driver safety and 
standardization of interior structure elements. In 

4
6
0
5
5
_5

STP INCREASED
ROADWAY TUNNEL CLEARANCES

SB AND NB ROADWAY WEST SHOULDER 
EXCEEDS REQUIREMENTS

SB AND NB TRAVELWAY VERTICAL CLEARANCE 
EXCEEDS REQUIREMENTS
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STP INCREASED
ROADWAY TUNNEL CLEARANCES

SB AND NB ROADWAY WEST SHOULDER 
EXCEEDS REQUIREMENTS

SB AND NB TRAVELWAY VERTICAL CLEARANCE 
EXCEEDS REQUIREMENTS

Figure 4.2-1. STP Increased Tunnel  
Roadway Clearance Envelope. 
STP proposes a tunnel design with a 2 foot larger 
west shoulder and a 15 foot 6 inch vertical clearance 
that will improve the safety of the motoring public.
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ePb tbm  exPerience geotechnical exPertise

EPB TBMs are more reliable and minimize impacts to the ground, 
utilities, and structures.

All overland muck conveyor belts will be fully covered to minimize 
dust, noise, and the visual impacts to the community.

More than 50 deep excavation projects in downtown Seattle.

Proper wear control and maintenance activities prevented 
excessive wear on the cutterhead and tools.

Protecting the Temple expiatori de La Sagrada Familia prior to 
tunnel construction.

We held more than 20 technical assessment meetings with the 10 
largest TBM manufacturers and received five EPB machine proposals.

m-30 tbm

metro sur madrid

mucK removal

local Knowledge

barcelona metro line 9 historical Preservation

IN THIS SECTION 
Operation in Similar Ground Conditions

EPB vs. Slurry TBM

Muck Conveyance Control

Manufacturer Familiarity Successful Deformation Management

In Section 5
STP’s proposal is built around selecting the 
equipment that will best perform the Project while 
meeting WSDOT’s goals. For that reason, we 
have selected the earth pressure balance tunnel 
boring machine (EPB TBM). We have approached 
five manufacturers with our specifications for 
this machine, with the intent of getting the best 
machine at the best value. The EPB TBM will 
improve speed and safety while reducing risk to 
and minimizing impact on WSDOT and on the 
businesses, neighborhoods, environment, utilities, 
and structures in downtown Seattle. The sooner 
this tunnel opens to traffic, the fewer impacts the 
project will have on the travelling public. We have 
successfully used the EPB TBM on a number of 
tunnel projects with similar ground conditions and 
requirements, and will bring those lessons learned 
to this project. A decreased startup time and more 
expertise will make this project successful in 
meeting all of WSDOT’s goals.

5.0		 Excavation	and	Support	of	the	Bored	Tunnel	
and	Management	of	ground	Deformation	
Impacts

5.1	 geotechnical	Design	Assumptions	and	Design	
Parameters	for	the	Bored	Tunnel

5.2	 TBM	Design	and	Operations

5.3		 TBM	Maintenance	Plan

5.4	 Structures	and	Utility	Deformation	Assumptions	
and	Design	Parameters

5.5		 Measures	to	Manage	Deformation
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How STP Meets WSDOT Goals
maintain worKer and Public safety:
•	 STP’s	TBM	will	have	a	tunnel	shield	and	
separation	box	to	keep	workers	safe	during	
excavation.

•	 STP’s	tested	Hyperbaric	Procedure	includes	
professional	divers	and	specialized	trained	crews	
to	safely	repair	and	change	tools	on	the	TBM.

on time and within budget:
•	 Tunneling	delays	will	be	minimized	by	regulating	
pressure	at	the	shield,	cutterhead,	and	lining.

•	 STP’s	Start-up	Section	plan	provides	an	area	
and	sets	aside	time	to	adjust	and	confirm	the	
performance	parameters	of	the	TBM.

•	 STP’s	monitoring	plan	captures,	stores	and	
analyzes	the	TBM’s	progress	to	allow	for	
proactive	changes	to	enhance	progress	rates.

Proactive Planning and execution:
•	 EPB	TBMs	have	proven	more	reliable,	have	
proven	strength	in	similar	ground	conditions,	and	
have	fewer	environmental	issues	with	disposal	of	
muck	than	slurry	TBMs.

•	 STP	has	included	19	interventions	in	our	
schedule	to	ensure	the	reliability	of	our		
EPB	TBM.

•	 Our	Project	Manager	has	extensive	experience	
in	successfully	using	EPB	TBMs	on	tunneling	
projects,	including	the	M-30	South	Bypass	South	
Tunnel	Project.

•	 Dragados’	20	years	of	EPB	TBM	experience	
minimizes	our	learning	curve	on	this	project.

•	 STP	has	developed	innovative	design	
specifications	for	the	TBM	through	our	
extensive	understanding	of	geotechnical	and	
hydrogeological	conditions	in	the	area.
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minimize ground deformation:
•	 STP	Team	members	have	experience	on	more	
than	50	deep	bore	projects	in	the	downtown	
Seattle	area	lending	real	world	credibility	to	our	
geotechnical	knowledge.	

meet or exceed environmental 
commitments:
•	 STP	will	use	enclosed	conveyor	belts	for	
removing	tunnel	muck	beyond	the	project	site,	to	
minimize	dust	and	noise	and	reduce	the	visual	
impact	to	the	community.

•	 STP	will	barge	tunnel	muck	to	a	disposal	site,	
keeping	an	estimated	600	heavy	trucks	off	area	
streets	and	highways.

scoring  
element

summary of stP ProPosal and  
ProPosal reference

requirement 

met exceeded

Extent	Proposer’s	approach	
is	likely	to	reduce	risk	of	the	
Project	with	regard	to	the	
duration	of	the	Bored		
Tunnel	drive

•	 STP	has	held	more	than	20	assessment	meetings	with	10	of	the	world’s	largest	TBM	
manufacturers	and	has	five	options	to	meet	the	challenges	of	this	Project.

•	 STP’s	construction	approach	enables	us	to	refine	the	TBM	operations	in	a	protected	
zone	at	the	start	of	the	alignment	prior	to	reaching	at-risk	structures	and	utilities.  

Extent	Proposer’s	approach	
is	likely	to	reduce	risk	of	the	
Project	with	regard	to	the	
impacts	of	ground	conditions	
on	operations	of	the	TBM

•	 STP’s	anticipated	volume	loss	varies	along	the	alignment	based	on	a	realistic	empirical	
estimate	of	volume	loss	through	the	central	portion	of	the	tunnel,	resulting	in	reduced	
risk	associated	with	performing	unnecessary,	intrusive	mitigation	measures.

•	 STP’s	knowledge	of	local	geologic	conditions	results	in	reduced	risk	of	encountering	
unanticipated	conditions	during	tunneling,	and	will	enable	us	to	minimize	deformations	
that	could	result	from	TBM	operation	adjacent	to	or	beneath	at-risk	structures		
and	utilities.	

 

Extent	Proposer’s	approach	
is	likely	to	reduce	risk	of	the	
Project	with	regard	to	the	
effects	of	ground	deformation	
resulting	from	the	Bored	
Tunnel	drive

•	 STP’s	in-depth	analysis	of	geological	conditions	recommends	a	more	realistic	
approach	to	selecting	and	applying	values	to	reduce	the	risk	of	deformation.	The	
result:	less	risk	of	unanticipated	ground	deformations.

•	 STP	will	design	the	TBM	to	handle	the	maximum	estimated	pressure	to	ensure	we	will	
maintain	face	stability	along	the	alignment.	The	result:	less	risk	of	unacceptable	ground	
deformations	related	to	tunneling	means	and	methods.

 

Extent	Proposer’s	approach	
is	likely	to	reduce	risk	of	the	
Project	with	regard	to	other	
risks

•	 STP’s	excellent	understanding	of	hydrogeological	conditions	in	the	project	area	will	
reduce	the	risk	of	delays	caused	by	insufficient	dewatering	capacity	and	reduce	the	
risk	of	potential	dewatering-induced	settlements.	

•	 These	first	three	interventions	will	be	performed	in	Safe	Havens.	The	Safe	Havens	
consist	of	a	perimeter	of	secant	piles,	which	will	help	isolate	the	TBM	from	soil	and	
groundwater	outside	the	Safe	Haven	and	will	reduce	the	risk	of	potential	deformations	
due	to	soil	movement	during	these	initial	interventions.	

 

The	Proposer	will	earn	
Technical	Credits	by	
committing	to	design,	
operations	and	maintenance	
terms	that	reduce,	mitigate	or	
transfer	risks	to	the	benefit	to	
WSDOT

•	 STP	is	using	conservative	values	for	the	ESUs,	that	are	lower	than	those	the	gBR	
provides,	in	order	to	reduce	risks	to	structures	and	utilities.

•	 STP	chose	to	limit	KO	to	0.5	for	numerical	modeling	to	reduce	the	risk	of	potentially	
underestimating	deformation	and	distortion.	This	decision	will	reduce	risk	to	WSDOT	
and	stakeholders	involved	in	this	Project.

•	 STP’s	aggressive	schedule	enables	WSDOT	to	open	the	tunnel	sooner,	eliminating	the	
continued	risk	of	the	viaduct.

 

Proposer	may	also	earn	
Technical	Credits	for	
commitments	that	add	benefit	
to	WSDOT	above	and	beyond	
the	requirements	of	the	RFP

•	 STP’s	anticipation	of	higher	volume	loss	near	the	portals	will	lead	to	advance	
mitigation	measures	that	minimize	the	potential	for	damage	to	existing	structures	as	
well	as	any	contingent	deformation	mitigation	that	could	interrupt	operations	near	the	
portals	where	the	likelihood	of	such	risks	is	greatest.	The	result:	less	risk	of	delay	
resulting	from	contingent	mitigation	of	ground	deformations.

 
A	proposal	that	takes	an	
active	leadership	role	and	
effectively	manages	the	
risks	to	WSDOT’s	benefit	is	
preferred	and	will	likely	earn	
Technical	Credits.	

•	 The	STP	Team	brings	to	WSDOT	and	this	project	more	than	40	years	of	local,	
downtown	Seattle	geotechnical	experience,	lending	credibility	and	accuracy	to	our	
interpretation	of	data	and	influencing	our	design	of	the	TBM.	The	result:	less	risk	of	
surprise	conditions	and	delays.

•	 STP	expects	the	TBM	and	tunnel	liner	to	be	subject	to	hydrostatic	pressures	typical	
of	the	regional	aquifer.	This	approach	accommodates	variations	in	pressure	so	
face	stability	can	be	maintained	and	ground	loss	and	deformation	limited,	thereby	
minimizing	potential	risks	to	WSDOT.

 

Compliance Matrix



TUNNEL

SR 99 BoRed Tunnel AlTeRnATive
deSign-Build PRojecT

dRAgAdoS uSA — TuToR PeRini — HnTB

5
.1 – G

e
o

te
ch

n
ical D

esig
n

 A
ssu

m
p

tio
n

s an
d

 D
esig

n
P

aram
ete

rs fo
r th

e
 B

o
re

d
 Tu

n
n

e
l

5.1
geoTecHnicAl deSign 
ASSumPTionS And  
deSign PARAmeTeRS foR 
THe BoRed Tunnel



TUNNEL

SECTION 5.1, PAGE 1

ProPosal – sr 99 Bored Tunnel alTernaTive 

5.1	Geotechnical	Design	Assumptions	and	
Design	Parameters	for	the	Bored	Tunnel
5.1.1	Additional	Geotechnical	
Information
STP	 reviewed	 several	 sources	 of	 geotechnical	 and	
hydrogeological	information	beyond	that	contained	
in	the	GBR	and	GEDR.	This	information	helped	us	
develop	a	complete	picture	of	the	groundwater	and		
soil	conditions	that	we	will	encounter	in	the	tunnel	
bore,	as	well	as	soil	and	groundwater	conditions	above	
the	tunnel	that	could	impact	ground	deformations.

Specifically,	we	reviewed:	
•	 Geotechnical	and	hydrogeological	
information	from	other	projects	along	the	
SR	99	Bored	Tunnel	alignment,	including	
many	that	involved	STP	Team	members

•	 Information	collected	from	projects	in	the	
Greater	Seattle	Area	on	which	STP	Team	
members	worked	–	including	explorations,	
in	situ	geotechnical	testing,	and	
hydrogeological	measurements	–	to	further	
assess	and	validate	some	of	the	geotechnical	
characterization	the	GBR	provides

Local	geotechnical	and	hydrogeological	consulting	
engineers	 and	 geologists	 Hart	 Crowser,	 Inc.	 and	
Bender	Consulting,	LLC	and	their	senior	 technical	
staff	 are	 active	 participants	 in	 STP.	 These	 firms	
have	worked	extensively	in	downtown	Seattle	since	
1975.	Figure	5.1-1	shows	projects	completed	by	STP	
Team	members	(Hart	Crowser,	Bender	Consulting,	
Coluccio	 Construction,	 HNTB)	 along	 or	 near	 the	
proposed	tunnel	alignment,	and	in	the	same	or	similar	
soil	 deposits	 and	 groundwater	 conditions	 that	 we	
will	encounter	with	the	bored	tunnel.	The	knowledge	
collected	from	these	efforts	supplemented	 the	RFP	
information	in	our	analysis.

Based	on	our	extensive	local	experience	and	review	
of	 the	 GBR	 and	 GEDR	 data,	 STP	 is	 in	 general	
agreement	with	the	geotechnical	and	hydrogeological	
parameters	depicted	in	the	GBR	with	few	exceptions.	
STP	 found	 some	 of	 the	 GBR	 unload-reload	 shear	
modulus	data	to	be	too	high	based	on	our	experience,	
and	 investigated	 this	 data	 further.	 Additionally,	
to	 verify	 the	 GBR	 groundwater	 elevation	 along	
the	 tunnel	 alignment	 was	 representative,	 STP	
investigated	additional	hydrogeological	data.
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Table	5.1-1	lists	selected	projects	that	STP	reviewed	
to	obtain	further	understanding	of	 the	groundwater	
elevations	along	the	SR	99	Bored	Tunnel	alignment	

and	GBR	shear	modulus	values	for	similar	soil	units	
in	other	local	and	regional	projects.

Table 5.1-1. Additional Geotechnical and Hydrogeological  
Information Reviewed for Proposal Development. 

Project Location StP MeMber 
invoLveMent

IDX Tower Downtown Seattle Yes

Third Runway SeaTac Airport Yes

SR 520 Bridge Replacement and HOV Program: Medina to SR 202 Medina/Bellevue No

Confidential Project West Puget Sound Yes

505 1st Ave Downtown Seattle Yes

Alaskan Way S to 1st Ave S, S. Jackson St. to S. King St. Downtown Seattle Yes

Marion St. & 3rd Ave. Downtown Seattle No

1st Ave. and Seneca St. Downtown Seattle Yes

1st Ave. to 2nd Ave., Union St. to University St. Downtown Seattle Yes

2nd Ave. and Pine St. Downtown Seattle Yes

1st Ave. and Virginia St. Downtown Seattle No

2000 3rd Ave. Downtown Seattle Yes

2033 2nd Ave. Downtown Seattle No

87 Lenora St. Downtown Seattle No

2nd Ave. and Bell St. Downtown Seattle No

2301 6th Ave. Downtown Seattle Yes

2400 4th St. Downtown Seattle No

2501 4th Ave. Downtown Seattle No

Cornerstone Project PC2 Downtown Seattle No

1401 2nd Ave Downtown Seattle No

1st and Union Downtown Seattle No

Waterfront Center Development Downtown Seattle No

2nd and Spring Downtown Seattle No

2nd and Columbia Downtown Seattle Yes

Taylor Ave. and John St. Downtown Seattle No

Seattle Monorail Project Downtown Seattle No

Elliott Bay Interceptor Downtown Seattle No
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Figure 5.1-1. STP Team Member Local and Other Relevant Project Experience.
Local construction project experience lends real world credibility to our geotechnical knowledge.
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Projects with Other Subsurface Information Relevant to SR 99 Bored Tunnel
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The	STP	Team	also	includes	Intecsa-Inarsa,	a	tunnel	
design	consulting	firm	with	extensive	experience	in	
design	 and	 construction	 support	 for	 bored	 tunnels	
of	similar	scale	to	the	SR	99	Bored	Tunnel,	and	in	
glacial	deposits	similar	to	those	in	Seattle.	See	Table	
5.1-2	for	summation.

With	 the	 experience	 of	 these	 firms,	 STP	 brings	 a	
unique	 and	highly	 qualified	 store	 of	 knowledge	 to	
the	SR	99	Bored	Tunnel	Project.	In	particular,	STP’s	
familiarity	with	 the	characteristics	and	engineering	
behavior	 of	 Seattle	 soil	 deposits,	 combined	 with	
large-diameter	 bored	 tunnel	 experience,	 lends	

valuable	expertise	to	our	interpretation	of	available	
geotechnical	 and	 hydrogeological	 information	 for	
the	design	of	the	SR	99	Bored	Tunnel.

We	 have	 leveraged	 our	 familiarity	 with	 local	
conditions	 to	 select	 specific	 design	 values	 from	
the	 range	 of	 parameters	 the	 GBR	 presents	 or,	
accordingly,	selected	more	appropriate	design	values	
based	 on	 additional	 geotechnical	 information	 and	
STP’s	 tunnel	 design	 and	 construction	 experience.	
Section	5.1.2	describes	these	engineering	parameters	
and	explains	how	STP	used	them	in	our	design.

Table 5.1-2. Intecsa-Inarsa Similar Project Experience. 

Project contractor DiaMeter Length Machine
excavation 

environMent

average
grounD 

SettLeMent

Madrid M-30 
South Bypass 
South Tunnel

Dragados 49.25-foot 
twin-tube

2.25 miles EPB TBM Urban; soft ground Within contract 
specifications

Barcelona 
Metro Line 9

Dragados 39.4-foot 
double 
stacked

7 miles EPB TBM Urban; soft ground, mixed 
face, non-cohesive sand 
and gravel soils, under the 
water table

0.15 to 0.19 
inch average, 
less than 
anticipated

Madrid Metro 
Line 11

Dragados 30.9-foot 3.25 miles EPB TBM Urban; soft ground, non-
cohesive, clayey sands, 
saturated sands, under the 
water table

Within contract 
tolerances

Madrid Metro 
Sur Line 10

Dragados 30.9-foot 3.5 miles EPB TBM Urban; soft ground, clayey 
sands, saturated sands, 
gypsum/gypsy marls, 
Quaternary deposits

0 to 0.6 inch, 
less than 
anticipated, and 
within contract 
tolerances

Madrid Metro 
Line 7

Dragados 30.7-foot 6.2 miles EPB TBM Urban; soft ground, clay, 
plaster

0.4 inch, less 
than anticipated

Seville Metro 
Line 1

Dragados 20-foot twin 2 miles EPB TBM Urban; soft ground, fine 
sands, gravels, blue marls, 
water saturated ground 
under river

Less than 0.7 
inch, less than 
anticipated
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Our	 resulting	 design	 and	 construction	
approaches	 effectively	 and	 efficiently	
minimize	 risk	 and	 cost	 to	 WSDOT	 and	
to	 the	 property	 owners	 and	 communities	

along	the	alignment.	For	example,	our	knowledge	of	
local	geologic	conditions	for	design	results	in	reduced	
risk	of	encountering	unanticipated	conditions	during	
tunneling.	 See	 Figure	 5.1-2.	 Further,	 this	 geologic	
knowledge	 and	 our	 tunneling	 experience	 reinforce	
the	necessity	of	refining	our	means	and	methods	of	
TBM	operation,	 liner	installation,	and	tail	grouting	
in	 the	 field	 to	 minimize	 deformations	 that	 could	
impact	 at-risk	 structures	 and	utilities.	Accordingly,	
our	construction	approach	provides	the	opportunity	
to	 refine	 the	TBM	operations	 liner	 installation	and	
face	pressure,	 shield	 injection,	 and	 tail	 grouting	 in	
a	protected	zone	at	 the	 start	of	 the	alignment	 (i.e.,	
STP’s	 Start-up	 Section,	 discussed	 in	 Section	 5.2)	
prior	to	reaching	at-risk	structures	and	utilities.

Additional Data Collection to Support 
Design and Construction
Our	 data	 reviews,	 tunneling	 experience,	 and	
understanding	 of	 the	 local	 hydrogeology	 and	
engineering	 behavior	 of	 the	 soils	 convinced	 us	
that	additional	field	and	laboratory	investigation	or	
testing	were	not	necessary	to	develop	this	proposal.	
STP	 will	 collect	 additional	 hydrogeologic	 data	
during	design	that	may	be	needed	for	dewatering	the	
Safe	Havens	as	discussed	below.	See	Figure	5.1-3.

The	first	two	interventions	will	be	performed	
in	Safe	Havens.	The	Safe	Havens	consist	of	
a	perimeter	of	secant	piles,	which	will	help	
isolate	the	TBM	from	soil	and	groundwater	
outside	the	Safe	Haven.	

Based	 on	 our	 experience,	 we	 understand	
the	need	to	seal	the	annular	space	between	
the	tunnel	liner	and	the	soils	with	tail	grout	

before	 the	 TBM	 advances	 into	 the	 soil	 saturated	
with	groundwater.	Therefore,	the	Starting	Seal	Safe	
Haven	will	be	dewatered	 to	allow	 the	 tail	grout	 to	
be	placed	and	hardened,	before	the	TBM	transitions	
into	the	saturated	soil	as	it	advances	out	of	the	first	
Safe	Haven.
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Figure 5.1-2. South Bypass South Tunnel Project. 
For this $720 million highway tunnel, Dragados 
dimensioned the 49.25-foot-diameter EPB  
TBMs — the largest in the world at the time — in 
terms of thrust and torque capacity, especially to 
avoid horizontal ground deformations at the tunnel.

Figure 5.1-3. Madrid Metro Sur Line 10 
Extension. To bore through clayey and saturated 
sands near the Manzaneres River, the TBM was 
designed to maintain pressure inside the cutterhead 
chamber equal to the pressure of the groundwater 
and soil mass at the face of the machine.
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The	 second	 and	 third	 Safe	 Havens	 are	 provided	
as	 contingency	measures	 that	 allow	 us	 to	 perform	
interventions	in	less	demanding	conditions.	Although	
our	TBM	design	features	state-of-the-art	means	for	
interventions,	 we	 would	 like	 safer	 conditions	 in	
which	 to	 perform	 exhaustive	 inspections	 after	 the	
start-up	of	the	machine	and	to	train	our	crews.

Moreover,	 severe	 damage	 could	 happen	 to	 the	
Cutterhead	 because	 of	 the	 materials	 and	 debris	
excavated	 at	 the	 beginning	 of	 the	 alignment,	 if	
exhaustive	 interventions	 are	 not	 performed.	 The	
ultimate	goal	of	those	Safe	Havens	will	be	to	ensure	
that	 the	machine	 gets	 below	 downtown	 Seattle	 in	
perfect	condition,	as	a	contingency	method	for	 the	
project.

These	 Safe	 Havens	 reduce	 the	 risk	 of	 potential	
deformations	 because	 of	 soil	 movement	 or	
groundwater	 drawdown	 during	 these	 initial	
interventions.	Working	 within	 the	 Safe	 Havens	 in	
the	initial	reach	of	the	tunnel	with	low	overburden	
also	enables	STP’s	crews	to	gain	familiarity	with	the	
TBM	maintenance	procedures.	See	Figure	5.1-4.
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Figure 5.1-4. South Portal Ground Improvement and 
Deformation Mitigaton Plan. Interventions performed 
within Safe Havens reduce the risk of deformation.

We	 will	 perform	 the	 remaining	
interventions	after	the	crews	have	gained	
experience	from	the	first	three.

In	addition,	during	design	we	will	extend	the	record	
of	groundwater	fluctuations	along	the	SR	99	Bored	
Tunnel	 alignment	 by	 monitoring	 water	 levels	 in	
monitoring	 wells	 installed	 by	 WSDOT	 to	 better	
define	seasonal	groundwater	fluctuations	that	could	
affect	tunnel	construction.

This	additional	data	will	reduce	the	risk	of	any	data	
gaps	 on	 the	 proposed	 design	 and	 construction	
approach	 for	 the	SR	99	Bored	Tunnel	Project	 and	
further	 assess	 and	minimize	 risk	 to	WSDOT,	 STP,	
and	other	stakeholders.
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5.1.2	Engineering	Properties
Overall,	 STP	 affirms	 WSDOT’s	 grouping	 of	 the	
various	geologic	soil	units	into	the	eight	engineering	
soil	 units	 (ESU)	 presented	 in	 the	 GBR.	 Figure	
5.1-6	 shows	 the	 SR	 99	 Bored	 Tunnel	 profile	 and	
distribution	of	ESUs	along	the	alignment.

We	selected	specific	soil	parameter	values	to	use	in	
our	design	analysis.	STP	developed	and	performed	
sensitivity	analysis	to	assess	the	effects	of	variations	
in	 those	 parameters.	 In	 some	 cases,	 the	 design	
parameter	values	we	selected	differ	from	the	baseline	
values	 presented	 in	 the	 GBR.	We	 have	 described	
our	 thought	 process	 with	 respect	 to	 these	 on	 the	
following	pages.

While	STP	essentially	affirms	the	baseline	
range	 in	 engineering	 properties	 as	
representative	of	ground	conditions	that	we	
may	encounter	along	the	tunnel	–	with	the	

exception	of	 shear	modulus	discussed	below	–	we	
have	selected	specific	design	values	for	ESUs	based	
on	 the	 baseline	 range,	 ground	 conditions,	 and	 our	
tunneling	 design	 experience	 to	minimize	 potential	
risk	 to	WSDOT.	 Section	 5.1.3	 Design	 Parameters	
further	explores	our	decisions.

Engineering Properties –  
Shear Modulus 
STP	 affirms	 the	 baseline	 engineering	 properties	
assigned	to	the	ESUs,	with	the	exception	of	the	shear	
modulus	 provided	 for	 ESUs	 4,	 5,	 7,	 and	 8.	 Our	
analysis	 determined	 the	 baseline	 shear	 modulus	
values	presented	for	these	soils	were	based	on	data	
that	included	values	for	strains	that	were	too	small,	
resulting	in	shear	modulus	values	that	are	too	high	to	
use	 for	 tunnel	 design.	 Accordingly,	 STP	 is	 using	
conservative	 values	 for	 these	ESUs	 that	 are	 lower	
than	 those	 the	 GBR	 provides	 to	 reduce	 risks	 to	
structures	 and	 utilities.	We	 present	 these	 values	 in	
Table	5.1-3;	our	analytical	process	is	discussed	below.

We	base	this	approach	on	our	local	geologic	
experience	and	data	from	previous	projects	
in	similar	Seattle-area	glacial	soil	deposits.	
STP	determined	appropriate	shear	modulus	
values	on	an	analysis-by-analysis	basis,	with	
the	objective	being	to	provide	a	conservative	
design	 that	 reduces	 risk	 to	WSDOT.	See	
Section	5.1.3	for	additional	discussion.

Analytical Process
Table	 5.1-3	 compares	 the	 GBR	 values	 with	
additional	 shear	modulus	data	STP	compiled	 from	
other	projects	in	similar	Seattle-area	glacial	deposits.	
These	 data	 demonstrate	 that	 the	 baseline	 shear	
modulus	values	provided	in	the	GBR	include	values	
outside	the	range	commonly	measured	for	the	same	
soils	elsewhere	in	the	region.

Figure	5.1-7	shows	the	GBR	pressuremeter	unload-
reload	 shear	 modulus	 data.	 There	 appear	 to	 be	
clear	 outliers	 in	 these	 data	 that	 were	 included	 in	
determining	 the	 average	 shear	 modulus	 for	 the	
baseline	value	 in	 the	GBR.	 In	particular,	 an	 entire	
boring	 (TB-232A)	 appears	 to	 include	 outlier	 data.	
STP’s	 further	 investigation	 revealed	TB-232A	was	
predrilled	 and	 a	 center	 rod	 was	 grouted	 into	 the	
borehole.	 The	 rod	 was	 then	 drilled	 out	 after	 the	
grout	cured,	and	pressuremeter	tests	were	performed	
through	the	grouted	hole.

WSDOT’s	 consultants	 provided	 a	 rationale	 for	
performing	 and	 analyzing	 the	 test	 in	 this	 manner.	
Based	on	the	data	Figure	5.1-7	shows,	however,	STP	
has	 concerns	 about	 including	 this	 borehole	 in	 the	
shear	modulus	dataset,	because	the	modulus	values	
are	significantly	higher	than	test	results	in	adjacent	
borings	and	along	the	remainder	of	the	alignment	in	
similar	soils.

STP’s	 assessment	 of	 the	 pressuremeter	
modulus	 data	 provided	 in	 the	 GEDR	
has	 led	 us	 to	 conclude	 that	 all	 data	with	
pressuremeter	 unload-reload	 shear	
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Figure 5.1-6. Distribution of Engineering Soil Units.  
A thorough understanding of the ESUs along the project  
area guides tunneling design decisions.
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Engineering Properties –  
Piezometric Conditions
STP	 reviewed	 the	hydrogeologic	data	presented	 in	
the	GBR	and	the	GEDR,	as	well	as	from	additional	
sources.	 Figure	 5.1-8	 shows	 the	 distribution	 of	
groundwater	data	that	STP	collected	from	additional	
relevant	projects	discussed	in	Section	5.1.1.	Overall,	
STP	 affirms	WSDOT’s	 assessment	 of	 piezometric	
conditions	 along	 the	 tunnel	 alignment	 as	 the	GBR	
presented.

The	 tunnel	 alignment	 will	 be	 in	 or	 near	 ESU	 5	
nearly	the	entire	length.	From	about	STA	210+00	to	
the	north	end	of	the	alignment,	the	tunnel	will	be	in	
or	just	above	ESU	5,	which	is	the	regional	aquifer.	
Water	levels	in	this	aquifer	are	very	consistent.	There	
are	 no	 sufficiently	 continuous,	 low	 permeability	
layers	 that	could	reduce	the	groundwater	pressures	
between	 ESU	 5	 and	 the	 tunnel	 boring	 machine	
(TBM),	particularly	on	the	scale	of	the	machine.	As	

modulus	 above	200,000	psi	 is	 problematic	 for	 use	
in	 estimating	 tunnel	 deformations.	 Including	 these	
high	modulus	values	 in	 the	 average,	 as	 appears	 to	
have	been	done	in	the	GBR,	leads	to	high	interpreted	
baseline	modulus	values	for	the	ESUs.	

Using	 shear	 modulus	 values	 that	 are	 too	 high	 for	
numerical	 modeling	 of	 the	 SR	 99	 Bored	 Tunnel	
would	 lead	 to	 deformation	 estimates	 that	 are	 less	
than	the	actual	anticipated	deformation.	This,	in	turn,	
would	lead	to	underestimating	deformation	impacts	
to	 structures	 and	 utilities	 during	 design	 and	 could	
result	in	delays	when	field	deformation	monitoring	
reveals	more	than	anticipated	deformation,	triggering	
contingency	mitigation	 plans.	 STP	 re-analyzed	 the	
average	shear	modulus,	excluding	these	data,	and	the	
values	 determined	 are	much	more	 reasonable.	 See	
Table	5.1-3.

Table 5.1-3. GBR Average Shear Modulus Data,  
GBR Average Excluding Outliers, and Regional  
Shear Modulus Data.

eSu

gbr Shear MoDuLuS, 
 unLoaD-reLoaD Strain (ksi)

gbr Shear MoDuLuS, 
excLuDing outLierS, 

unLoaD-reLoaD Strain (ksi)

SeattLe-area Project  
Shear MoDuLuS –  

PreSSureMeter teStS (ksi)

(baSeLine 
range)

baSeLine 
vaLue baSeLine vaLue (range)

rePreSentative 
average

1 (N/P) N/P N/P (3-4) 3.5

2 (1 – 4) N/P N/P (>1) >1

3 (0.5 – 1.7) N/P N/P (0.3 – 2) 1

4 (50 – 500) 220 104 (2.5 – 110) 50

5 (20 – 500) 170 56 (10 – 15) 12

6 (30 – 70) 50 – (2 – 39) 10

7 Intact (25 – 350) 60 34 (4.5 – 11) 7

7 Residual (10 – 350) 60 34 (4.5 – 11) 7

8 (50 – 500) 220 120 (56) 56

notes:
N/P – Not Provided in GBR
– No outlier data
Representative Average – average excluding data in range deemed to be outliers.
Pressuremeter test modulus from unload-reload curves.
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a	result,	we	anticipate	the	full	hydrostatic	pressures	
as	measured	in	ESU	5	to	be	experienced	at	the	face	
of	the	TBM	throughout	the	alignment.

The	 TBM	will	 experience	 the	 full	 head	 pressures	
of	 up	 to	 4.3	 bar	 at	 the	 tunnel	 springline	 from	 the	
design	 groundwater	 elevation	 of	 20	 feet	 based	 on	
measurements	 in	 ESU	 5.	 Additionally,	 where	 the	
face	of	the	bored	tunnel	will	be	completely	or	nearly	
completely	within	ESU	7	clays,	the	ESU	5	contact	
will	only	be	5	to	15	feet	below	the	invert.	See	Figure	
5.1-9.	

Even	 while	 boring	 through	 these	 clays,	 the	 TBM	
may	experience	 the	 full	hydro	pressure	because	of	
the	 variability	 of	 the	 soil	 contacts	 (observed	 in	
exploratory	 borings)	 or	 the	 fractures	 in	 the	 clays,	
which	 can	 transmit	 full	 pressures	 to	 the	 face.	The	
effectiveness	 of	 fractures	 in	 cohesive	 soils		
(like	 ESU	 7)	 was	 demonstrated	 during	 successful	
dewatering	 for	 one	 of	 the	 Brightwater	 Tunnel	
interventions	that	was	designed	and	implemented	by	
members	of	the	STP.	We	have	also	been	involved	in	
other	 projects,	 shown	 in	Table	 5.1-4	 that	 involved	
pressures	similar	to	those	we	will	encounter	on	the	
SR	99	Bored	Tunnel	Project.	
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Figure 46055_YX.  GBR Pressuremeter Unload-Reload Shear Modulus Data

Figure 5.1-7. GBR Pressuremeter Unload-Reload 
Shear Modulus Data. Excluding outlier data generates 
more reasonable unload-reload modulus values.
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Figure 5.1-8. Local Groundwater Elevation Data from 
Additional Relevant Projects. STP’s additional groundwater 
data confirms GBR groundwater elevation.

Figure 46055_ZX. Local Groundwater Elevation Data from Additional Studies Identified by STP
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Table 5.1-4. STP’s Experience with Similar Pressures  
Strengthens our Response to those Anticipated on this Project.  

Project MaxiMuM Work Face 
PreSSure

FuLL hyDroStatic 
PreSSure

eMergency Face 
PreSSure

Barcelona Metro Line 9 5.6 bar 7 bar 10 bar

Madrid MetroSur Line 10 2 bar 3 bar 5 bar

Seville Metro Line 1 2 bar 5 bar 7 bar

SR 99 4.3 bar 5.6 bar 10 bar
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Our	 plans	 for	 design	 of	 the	 tunnel	 bore	
and	maintenance	 interventions	 reflect	 the	
hydrogeologic	conditions	the	GBR	depicts	
and	 that	 STP	 confirmed	 by	 review	 of	

additional	hydrogeologic	data.	STP	will	continue	to	
monitor	water	levels	following	NTP	1	and	NTP	2	to	
have	a	better	assessment	of	water	level	conditions	at	
the	time	of	construction.

5.1.3	STP	Design	Parameters
STP	has	selected	design	parameters	appropriate	for	
designing	 the	TBM,	 estimating	 the	 impacts	 of	 the	
bored	tunnel,	and	minimizing	the	risks	of	tunneling	
to	WSDOT.	STP	has	drawn	our	selection	of	design	
parameters	from	the	following	sources:

•	 Review	of	the	GBR,	the	GEDR,	and		
other	geotechnical	appendices	to	the	RFP

•	 Review	of	additional	geotechnical	
information	as	described	in	Section	5.1.1

•	 STP’s	collective	experience	with	the	local	
geology	and	engineering	behavior	of	the	soils

•	 STP’s	collective	tunnel	design	experience,	
including	large-diameter	tunnels	around		
the	world

Figure	 5.1-6	 in	 Section	 5.1.2	 shows	 the	 SR	 99	
Bored	 Tunnel	 profile	 and	 distribution	 of	 ESUs	
along	the	alignment.	Table	5.1-5	presents	the	design	
parameters	according	to	design	items.

We	used	different	parameters	for	different	
analysis	 methods	 based	 on	 STP’s	 local	
geotechnical	 expertise	 and	 worldwide	
tunneling	design	experience.	We	made	this	

differentiation	because	what	may	be	a	reasonable	or	
conservative	 characterization	 for	one	 analysis	may	
not	 be	 reasonable	 or	 conservative	 for	 another.	 For	
example,	the	anticipated	range	of	high	to	low	at-rest	
lateral	 earth	 pressure	 coefficient	 (KO)	 needs	 to	 be	

considered	during	 liner	design,	but	high	KO	values	
are	 unconservative	 for	 numerical	 modeling	 of	
deformations.	Therefore,	to	maintain	our	conservative	
approach	and	reduce	risk,	we	used	different	design	KO	
values	as	appropriate	for	different	analyses.	See	Table	
5.1-5	and	the	following	discussions	for	explanation.

Rationale for STP’s Selection of 
Design Parameters
The	 following	 discussions	 explain	 the	 design	
parameters	Table	5.1-5	presents.

Index Properties
STP	affirms	the	baseline	soil	unit	weights	the	GBR	
identifies	for	ESUs	4,	5,	6,	7,	and	8.	As	baseline	soil	
unit	weights	were	not	provided	in	the	GBR	for	ESUs	
1,	2,	and	3,	STP	has	adopted	 the	soil	unit	weights	
described	 in	Appendix	G4.F	 to	 the	 RFP	 based	 on	
our	 review	 of	 that	 data	 and	 our	 local	 experience	
with	the	geologic	units	these	ESUs	represent.	These	
soil	unit	weights	are	important	parameters	for	TBM	
face	 pressure	 and	 stability	 analyses,	 numerical	
deformation	analyses,	and	liner	design.

Soil Stress History Parameters
Soil	 stress	 history	 classification	 is	 important	 to	
STP’s	 methods	 for	 estimating	 volume	 loss,	 as	
described	later	in	this	section.	Based	on	our	review	
of	the	data	in	Appendix	G	to	the	RFP	and	our	local	
geotechnical	 experiences,	 STP	 classified	 ESUs	 as	
either	normally	consolidated	(i.e.,	recent	deposits)	or	
overconsolidated	(i.e.,	glacially	overridden).

KO	 is	 an	 important	 soil	 parameter	 related	 to	 soil	
stress	history	that	is	used	in	estimating	lateral	loads	
and	 the	 response	 of	 soil	 to	 stress	 relaxation	 (e.g.,	
because	of	the	excavation	of	a	tunnel).	Consequently,	
it	is	an	important	factor	for	predicting	soil	deformations	
as	a	result	of	tunneling	operations	and	for	designing	the	
tunnel	liner.	Lateral	earth	pressures	are	also	important	
to	determining	the	operating	face	pressure	of	the	TBM	
to	maintain	face	stability	and	limit	deformations.
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Figure 5.1-9. Groundwater Pressures.  
STP has designed the TBM to handle pressures higher  
than anticipated at the tunnel’s springline.



TUNNEL

SECTION 5.1, PAGE 16

ProPosal – sr 99 Bored Tunnel alTernaTive 

Table 5.1-5. Soil Design Parameters. 

SoiL DeSign 
ParaMeter SyMboL unitS

engineering SoiL unit

1 2 3 4 5 6 7 – 
intact

7 –  
reSiDuaL 8

Index Properties 

Moist Unit Weight γ pcf 120 120 115 145 130 125 120 120 145

Stress History Parameters 

At-Rest Earth 
Pressure 
Coefficient

KO —
0.5 – 
0.6

0.5 – 
0.6

0.5 – 
0.6

0.5 – 
1.3

0.4 – 
1.3

0.4 – 
1.3

0.5 – 
1.4

0.5 –  
1.4

0.5 – 
1.3

Overconsolidated 
(OC) / Normally 
Consolidated (NC)

— OC/NC NC NC NC OC OC OC OC OC OC

Overconsolidation 
Ratio

OCR — — — — 2 2 2 3 3 3

Strength Parameters

Effective 
Cohesion

c' ksf 0 0
0 – 

0.62
0 –  
3.1

0 0
0 –  
2.0

0
0 –  
3.1

Effective  
Friction Angle

φ' degrees
30 – 
34

30 – 
34

27 – 
30

37 – 
40

36 – 
39

36 – 
39

22 – 25 15
37 – 
40

Deformation Parameters

Shear Modulus G ksi 0.24 0.24 0.53
6.3 – 
50

5.3 – 
50

4.0 – 
50

7.9 – 
 50

7.9 – 
 50

5.3 – 
50

Poisson’s Ratio ν — 0.3 0.3 0.35 0.35 0.35 0.35 0.35 0.35 0.35

Hydrogeologic Parameters

Horiz. Hydraulic 
Conductivity

KHorizontal cm/s 5x10-2 1x10-2 1x10-4 1x10-5 5x10-3 1x10-4 1x10-5 1x10-5 1x10-4

Vert. Hydraulic 
Conductivity

KVertical cm/s 1x10-2 1x10-3 1x10-5 1x10-7 1x10-3 1x10-5 1x10-6 1x10-6 1x10-4

Material Type Parameter

Cohesive (C) / 
Granular (G)

— — G G C C G G C C G

Volume Loss Parameter

Volume Loss VL % Variable based on soil stress history and tunnel/overburden geometry.
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Normally	 consolidated	 soils	 have	 lower	
KO	 values,	 while	 overconsolidated	 soils	
have	higher	KO	values,	because	of	previous	
soil	 loading	 (e.g.,	 because	 of	 glacial	 ice	

more	than	a	mile	thick).	STP	used	different	values	of	
KO	 for	 different	 analyses	 to	 provide	 appropriately	
conservative	TBM	and	tunnel	designs.	We	based	the	
different	values	of	KO	used	for	different	aspects	of	
the	 design	 on	 our	 geotechnical	 and	 tunnel	 design	
experience.

We	discuss	below	STP’s	KO	values	for	liner	design,	
numerical	 deformation	 modeling,	 and	 TBM	 face	
pressure.

Risk Reduction Analytical Process –  
KO for Liner Design
STP	chose	values	of	KO	to	conservatively	estimate	
lateral	 loads	on	the	liner	for	designing	the	limiting	
tunnel	liner	cases.	We	used	KO	values	ranging	from	
0.6	in	low	overburden	cases	to	1.3	in	high	overburden	
cases	to	check	liner	design.	The	range	in	KO	values	
used	in	these	cases	results	in	the	liner	being	designed	
to	conservatively	withstand	the	limiting	liner	stresses	
along	the	alignment.

Risk Reduction Analytical Process –  
KO for Numerical Deformation Modeling
STP	chose	to	limit	KO	to	0.5	for	numerical	modeling	
to	 reduce	 the	 risk	 of	 potentially	 underestimating	
deformation	and	distortion.	This	decision	will	reduce	
risk	to	WSDOT	and	to	all	the	stakeholders	involved	
in	this	Project.	We	based	this	decision	on	a	sensitivity	
analysis	(described	below),	which	corresponds	with	
published	data,	supplemented	by	our	own	tunneling	
experience	 and	 consultation	 with	 other	 tunneling	
professionals.	 In	short,	using	a	KO	of	0.5	produces	
a	numerically	modeled	settlement	trough	that	more	
closely	mirrors	the	actual	deformations	measured	in	
the	field.

Comparisons	 of	 numerical	 model	 results	 and	
field-measured	 settlement	 troughs	 indicate	 that	
for	 high	 values	 of	 KO,	 numerical	 models	 yield	
settlement	 troughs	 that	 are	 too	 wide	 and	 with	
maximum	settlements	that	are	too	low.	(Reference:	
Addenbrooke,	1996;	Addenbrooke,	Potts,	&	Puzrin,	
1997;	Gunn,	1993;	Grammatikopoulou,	Zdravković,	
&	 Potts,	 2008;	 Guedes	 &	 Santos	 Pereira,	 2000;	
Doležalová,	2002;	Lee	&	Ng,	2002)	As	a	result,	STP	
was	very	careful	to	exclude	extreme	values	of	KO	in	
its	numerical	analysis	of	potential	settlement.

Accordingly,	STP	reviewed	a	sensitivity	analysis	of	
the	effects	of	KO	on	numerically	estimated	tunneling	
settlement.	 Table	 5.1-6	 and	 Figure	 5.1-10	 show	
the	 results	 of	 this	 sensitivity	 analysis.	 The	 results	
indicated	that	all	else	being	equal,	increasing	values	
of	KO	resulted	in	flatter	settlement	troughs	and	lower	
maximum	settlement.	This	would	increase	the	risk	of	
underpredicting	 deformations	 and	 underestimating	
impacts	 to	 structures	 and	 necessary	 mitigation	
measures.

Risk Reduction Analytical Process – 
KO for TBM Face Pressure
The	lateral	earth	pressures	exerted	on	the	TBM	face	
are	lower	than	the	in situ	at-rest	lateral	earth	pressures	
because	of	the	disturbance	and	stress	relaxation	that	
occurs	 as	 the	 TBM	 cutterhead	 excavates	 the	 soil.	
STP	has	estimated	a	 reduced	 lateral	 earth	pressure	
coefficient	for	granular	soils	based	on	our	interpreted	
overconsolidation	 ratio	 and	 soil	 friction	 angles.	
This	analysis	used	a	reduced	KO	for	estimating	the	
anticipated	 lateral	 earth	 pressure	 to	 be	maintained	
at	the	face	of	the	TBM	during	tunneling	to	preserve	
face	 stability	 and	 limit	 ground	 loss	 at	 the	 face	 for	
granular	 soils.	 The	TBM	 face	 pressure	 analysis	 is	
discussed	in	Section	5.2.1.
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Soil Strength Parameters
•	 STP	affirms	the	baseline	soil	cohesions	
the	GBR	identifies	for	ESUs	5,	6,	and	7	
(Residual).

•	 STP	has	estimated	our	own	values	of	soil	
cohesion	for	ESUs	4,	7	(Intact),	and	8.

•	 As	the	GBR	did	not	provide	baseline	values,	
STP	has	estimated	our	own	values	of	soil	
cohesion	for	ESUs	1,	2,	and	3.

•	 STP	affirms	the	baseline	soil	friction	angles	
the	GBR	identifies	for	ESUs	4,	5,	6,	7	
(Intact	and	Residual),	and	8.

•	 As	the	GBR	did	not	provide	baseline	values,	
STP	has	estimated	our	own	soil	friction	
angles	for	ESUs	1,	2,	and	3.

STP	has	based	our	estimates	on	our	review	of	the	data	
in	Appendix	G	and	Appendix	G4.F	to	the	RFP	and	
our	local	geotechnical	experience	with	the	geologic	
units	these	ESUs	represent.

Risk Reduction Analytical Process
STP	performed	tunneling	calculations	involving	soil	
strength	 based	 on	 effective	 stress	 parameters	 (i.e.,	
drained	analysis),	which	is	a	conservative	approach	
for	the	geologic	units	the	TBM	will	encounter	and	one	
that	minimizes	risk	to	WSDOT.	Undrained	analyses	
may	result	in	unconservatively	underestimating	face	
pressure	or	overestimating	face	stability	in	the	event	
the	TBM	stops	tunneling	(e.g.,	during	a	maintenance	
intervention).	As	a	result,	STP’s	analysis	did	not	use	
the	undrained	shear	strengths	that	the	GBR	identified.

Tunneling	 experience	 and	 professional	 judgment	
suggest	 it	 is	 appropriate	 to	 reduce	 the	 effective	
friction	 angle	 of	 the	 soils	 where	 the	 TBM	 will	
advance	 through	 saturated	 soils	 (i.e.,	 along	 most	
of	 the	 alignment)	 when	 analyzing	 for	 TBM	 face	
pressure.	The	effect	of	this	action	on	our	analysis	of	
TBM	face	stability	and	recommended	face	pressure	
reduces	risk	to	WSDOT,	STP,	and	other	stakeholders.	
We	 have	 designed	 the	 TBM	 for	 the	 higher	 face	
pressures	that	come	from	weaker	soil	strengths.	

Thus,	 STP	 used	 saturated	 friction	 angles	 typically	
three	degrees	 lower	 than	 the	 friction	angle	used	 in	
other	 analyses	 (e.g.,	 numerical	 modeling).	 These	
reduced,	 saturated	 friction	 angles	 generally	 fall	
within	 the	 conservative	 end	 of	 the	 baseline	 range	
of	effective	friction	angles	 the	GBR	and	Appendix	
G4.F	to	the	RFP	identify.

Additionally,	 STP	 conservatively	 neglected	 soil	
cohesion	 in	 the	 TBM	 face	 stability	 and	 pressure	
analysis	 methods.	 We	 included	 this	 cohesion,	
however,	 in	 the	 more	 advanced	 3-D	 numerical	
modeling	STP	performed	to	analyze	structures	with	
and	 without	 mitigation	 measures	 to	 avoid	 being	
overly	conservative	with	this	more	realistic	method	
of	analysis.

Deformation Parameters
STP	 has	 adopted	 conservative	 values	 for	
shear	modulus	based	on	our	tunnel	design	
experience	 and	 local	 experience	 with	
geologic	units.	As	previously	discussed	in	

Section	5.1.2,	we	concluded	that	the	shear	modulus	
values	the	GBR	provides	often	were	based	on	small	
strains	or	test	methods	that	resulted	in	anomalously	
high	 shear	 modulus.	 High	 shear	 modulus	 results	
in	very	high	baseline	values.	These	values	 are	not	
appropriate	for	modeling	real	ground	deformations	
in	response	to	tunneling.	Using	these	very	stiff	values	
of	 shear	 modulus	 in	 numerical	 modeling	 would	
result	in	underestimating	deformation.	Accordingly,	

Table 5.1-6. Sensitivity of KO on Numerically 
Estimated Tunneling Settlement. 

ko vaLue MoDeLeD reSuLt

KO ≥ 1.5
Some heave occurs over the tunnel 
because of the high horizontal stresses

KO = 1
Reasonable but very broad flat curve, 
typically too wide and shallow when 
compared to field measurements

KO = 0.5
More representative of the shape of 
settlement troughs typically observed
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STP	used	the	lower	values	of	shear	modulus	shown	
in	Table	5.1-5	for	the	numerical	modeling.

For	design	of	the	tunnel	liner,	STP	evaluated	a	range	
of	 soil	 stiffness	 (i.e.,	 modulus)	 in	 our	 analysis	 of	
the	 liner	 for	 the	 limiting	 design	 cases	 (i.e.,	 lowest	
overburden,	 highest	 groundwater	 pressure,	 and	
highest	 overburden).	 We	 chose	 the	 soil	 stiffness	
values	 used	 to	 analyze	 these	 cases	 based	 on	 the		
ranges	shown	in	Table	5.1-5	to	ensure	a	conservative	
liner	design.

In	 addition,	 Poisson’s	 ratio	 is	 another	 important	
soil	 deformation	 parameter	 that	 relates	 vertical	
deformations	 to	 horizontal	 deformations	 in	 soil	
models.	Because	the	GBR	baseline	did	not	include	
values	of	Poisson’s	ratio,	STP	estimated	these	values	
for	each	ESU	based	on	our	review	of	data	presented	in	
Appendix	G4.F	of	the	RFP	and	our	local	experience	
with	the	geologic	units	the	ESUs	represent.

Hydrogeologic Parameters
The	 hydraulic	 conductivities	 and	 hydraulic	 head	
are	the	significant	hydrogeologic	design	parameters	
related	 to	 tunneling.	 STP	 affirms	 the	 baseline	
hydraulic	 conductivities	 identified	 in	 the	GBR	 for	
ESUs	4,	5,	6,	7,	and	8	as	generally	appropriate	for	
design.	In	addition,	STP	has	adopted	 the	hydraulic	
conductivities	 described	 in	Appendix	 G4.F	 to	 the	
RFP	for	ESUs	1,	2,	and	3,	based	on	our	review	of	
that	data	and	our	local	experience	with	the	geologic	
unit	these	ESUs	represent.

For	 TBM	 design	 purposes,	 planning	 TBM	
maintenance	interventions,	and	designing	the	tunnel	
liner,	 STP	 has	 taken	 the	 conservative	 approach	 of	
assuming	 that	 the	 full	 hydrostatic	 pressure	 will	
be	exerted	on	 the	 face	of	 the	TBM	and	 the	 tunnel	
boundary.	We	have	 confirmed	 that	 an	 elevation	 of	
about	 20	 feet	 (NAVD	 88)	 is	 an	 appropriate	 upper	

Figure 5.1-10. Sensitivity of Numerically Modeled  
Settlement to KO. A KO of 0.5 produces a settlement trough 
that more closely mirrors the deformation.
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boundary	for	the	regional	groundwater	elevation	to	
be	used	for	tunnel	design.	

As	previously	discussed	in	Section	5.1.2,	
we	expect	the	TBM	and	tunnel	liner	to	be	
subject	 to	 hydrostatic	 pressures	 typical	
of	 the	 regional	 aquifer.	 This	 approach	

accommodates	 variations	 in	 pressure	 so	 we	 can	
maintain	 face	 stability	 and	 limit	 ground	 loss	 and	
deformation,	 thereby	minimizing	 potential	 risks	 to	
WSDOT.

Material Type Parameters (Soil)
STP’s	classification	of	each	ESU	as	either	cohesive	
or	 granular	 is	 important	 for	 selecting	 appropriate	
parameters	 for	 empirical	 calculation	 approaches	
to	 estimate	 tunneling	 deformation	 and	 TBM	 face	
pressures.	 We	 have	 based	 the	 classification	 of	
cohesive	versus	granular	(i.e.,	cohesionless)	material	
on	 a	 combination	 of	 fines	 content,	 measured/
estimated	 cohesive	 strength,	 and	 professional	
judgment	 founded	 on	 STP’s	 experience	 with	 the	
local	geology	and	on	worldwide	tunneling	projects.

Volume Loss Parameters
Appendices	to	the	RFP	generally	assumed	a	constant	
0.5	 percent	 volume	 loss	 (VL)	 for	 estimating	
deformation	for	all	soil	types	and	tunnel	geometries.	
Alternatively,	STP	has	empirically	evaluated	VL	along	
the	tunnel	alignment	with	an	approach	that	considers	
the	 effect	 of	 overburden/tunnel	 geometry,	 and	 the	
soil	 stress	 history	 of	 the	 material	 in	 the	 face	 and	
within	one	tunnel	diameter	above	the	tunnel	crown.

This	location-specific	approach	assures	that	we	will	
use	 appropriate	 deformation	 mitigation	 where	
needed	 and	 eliminate	 unnecessary	 mitigation	 that	
would	interrupt	the	use	of	–	and	could	even	potentially	
damage– existing	 structures	 along	 the	 alignment,	
and	enable	deformation	mitigation	 to	 focus	on	 the	
structures	and	facilities	where	it	truly	is	needed.

Risk Reduction Approach
STP	 has	 estimated	 volume	 loss	 to	 vary	 along	 the	
tunnel	alignment	using	well-established	relationships	
that	account	for	material	stiffness/overconsolidation	
and	the	 thickness	of	 the	overburden.	Figure	5.1-11	
shows	 the	 relationships	 STP	 adopted	 for	 the	 SR	
99	Bored	Tunnel	design	and	compares	them	to	the	
0.5	percent	volume	 loss	 assumed	by	WSDOT.	We	
based	the	relationships	on	shallower	relative	depths	
(i.e.,	the	ratio	of	tunnel	depth	to	diameter)	than	the	
proposed	SR	99	Bored	Tunnel	alignment.	As	a	result,	
STP	used	minimum	volume	 losses	of	0.45	percent	
for	normally	consolidated	soils	and	0.2	percent	for	
overconsolidated	soils	based	on	available	supporting	
data	for	these	relationships.

Although	 these	volume	 loss	 relationships	have	not	
yet	seen	widespread	use	in	the	U.S.,	we	base	this	method	
of	analysis	on	experience	from	more	than	90	miles	of	
tunnels	 and	measurements	during	a	 recent	15-year	
period	in	Europe.	Furthermore,	we	support	this	empirical	
approach	by	both	 theoretical	 (elastic)	analyses	and	
numeric	modeling,	 as	 detailed	 in	 the	Deformation	
Mitigation	Submittal	that	was	approved	by	WSDOT.

Figure	 5.1-12	 shows	 STP’s	 predicted	 volume	 loss	
along	 the	 SR	 99	 Bored	 Tunnel	 alignment.	 STP’s	
estimated	 volume	 loss	 is	 nearly	 double	WSDOT’s	
volume	loss	near	the	portals,	but	is	a	little	less	than	
half	 of	 WSDOT’s	 volume	 loss	 through	 the	 main	
portion	 of	 the	 alignment	 where	 the	 tunnel	 has	
significant	overburden	of	glacially	overconsolidated	
soils.	See	Figure	5.1-13.

As	 previously	 mentioned,	 we	 based	 the	
empirical	 methodology	 STP	 adopted	
for	 estimating	 volume	 loss	 on	 recorded	
observations	of	tunnels	constructed	during	
a	15-year	period.	Accordingly,	it	does	not	
account	for	subsequent	advances	in	TBM	
technology.	 For	 example,	 continuous	
bentonite	 injection	 along	 the	 shield	 was	
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not	 routinely	 practiced	 on	 the	 tunnel	 experience	
reflected	 in	 this	 empirical	 approach,	 and,	 as	 noted	
by	WSDOT,	40	to	50	percent	of	volume	loss	occurs	
along	the	shield.

Additional	 recent	 advances	 that	 improve	 volume	
loss	estimation	include	the	following:

•	 Screw	conveyors	that	function	to	fully	
contain	hydrostatic	pressures	up	to	10	
bar,	advances	in	electronic	belt	scaling	
technology,	and	the	use	of	electronic	
scanners	that	perform	continuous	volume	
calculations	as	materials	pass	through	the	
loading	conveyors

•	 Data	acquisition	and	continuous	data	
readout	technology	that	provide	real-
time	monitoring	and	allow	continuous	
adjustment	of	EPB	pressures	to	ensure	that	
overexcavation	does	not	occur

•	 Advances	in	face	stability	additives	and	soil	
conditioners.	

Figure 5.1-11. STP Methodology for Estimating Volume Loss.  
An approach that varies volume loss as conditions change along  
the alignment enables deformation mitigation to focus on  
structures and facilities where it is truly needed.

Figure 46055_112.  StP Methodology for estimating volume Loss
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Figure 5.1-12. STP Estimated Volume Loss. STP’s predicted VL 
is supported by our experience and research.

Figure 5.1-13. Monitoring Ground Settlements 
on the Madrid Metro Line 7. Monitoring during 
excavation revealed a maximum recorded settlement  
of 0.4 inch in the tunnel crown, which was 
significantly lower than what was calculated prior  
to construction.
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Variability of Geologic Conditions 
Along the Alignment
Assessment of Conditions.	 There	 is	 significant	
variability	 in	 soil	 properties	 and	 hydrogeologic	
conditions	 along	 the	 tunnel	 alignment.	 Based	 on	
the	 data	 provided	 by	 WSDOT,	 additional	 data	
reviewed,	and	STP’s	local	and	worldwide	tunneling	
experience,	we	have	evaluated	conditions	along	the	
tunnel	alignment	to	assess	volume	loss,	deformation,	
and	face	pressures.

While	we	anticipate	mixed	face	conditions	of	different	
ESUs,	and	anticipate	different	geologic	units	within	
ESUs,	 STP	 split	 the	 alignment	 into	major	 reaches	
consisting	of	 soils	with	 similar	 stress	histories	and	
other	characteristics.	We	focused	mainly	on	the	soil	
materials	 in	 the	face	of	 the	 tunnel	bore	and	within	
about	1	diameter	distance	above	the	tunnel	crown.	

Figure	5.1-14	depicts	STP’s	generalized	breakdown	
of	 the	 alignment	 for	 settlement	 and	 face	 pressure/
stability	 analyses.	 Various	 aspects	 of	 the	 tunnel	
design	 considered	 more	 detailed	 analyses	 of	 the	
geologic	 conditions	 at	 specific	 locations	 to	 design	
the	TBM,	 tunnel	 liner,	 and	mitigation	measures	 to	
account	for	the	variability	in	geologic	conditions	at	
critical	locations	along	the	alignment.

As	 discussed	 in	 Section	 5.1.3,	 based	 on	 regional	
groundwater	conditions	in	the	vicinity	of	the	tunnel	
bore,	 STP	 has	 confirmed	 that	 the	 groundwater	
elevation	 of	 about	 20	 feet,	 presented	 in	 the	GBR,	
envelops	 the	 expected	maximum	hydrostatic	head.	
Figure	 5.1-9	 (Section	 5.1.2)	 shows	 how	 we	 will	
account	for	the	upper	bound	hydrostatic	pressures	in	
the	design	of	the	TBM.

•	 Bicomponent	backfill	grout	materials	and	
placement	methodologies	that	enhance	
settlement	control	in	variable	soil	conditions

•	 PLC	technology	that	gives	the	TBM	
operator	greater	flexibility	to	control	face	
pressures,	conditioner	proportions,	material	
intake	rates,	backfill	grout	pressures,	and	
settlement	monitors

STP’s	experience	with	the	volume	loss	relationships	
described	 above,	 and	 these	 recent	TBM	advances,	
leads	us	 to	conclude	 that	actual	volume	 loss	along	
the	tunnel	will	be	less	than	estimated.

5.1.4	Design	Measures	to	
Mitigate	Geologic	Conditions
There	are	several	geologic	condition	risks	that	may	
threaten	 on-time	 completion	 of	 the	 SR	 99	 Bored	
Tunnel	Project	or	cause	adverse	impacts	to	existing	
structures	 and	 utilities.	 We	 have	 identified	 the	
following	conditions	as	the	most	likely	risks:

•	 Variability	of	soil	and	groundwater	
conditions	along	the	tunnel	bore	alignment

•	 Mixed	face	conditions	over	the	large	tunnel	
bore	diameter

•	 Soil	pressure	and	stability
•	 Abrasive	soils
•	 Clogging	potential	of	cohesive	soils
•	 Cobbles	and	boulders

In	the	following	discussion,	we	individually	address	
these	geologic	conditions,	the	anticipated	risks,	and	
our	 proposed	 mitigation	 measures,	 as	 well	 as	 our	
previous	experience	in	handling	similar	situations.
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attributabLe riSkS

Continually changing TBM operational requirements to 
prevent face instability, ground heave, or excessive volume 
loss because of continually changing geologic conditions

Mitigation MeaSureS

• STP will conservatively assess geologic conditions 
along the tunnel alignment (below the tunnel invert, in 
the face, and above the crown) for design to assess and 
monitor volume loss, deformation, face stability, and face 
pressure.

• STP will continuously monitor and adjust TBM 
operations based on monitoring of face pressure, 
excavation volume, rate of advance, and surface, 
subsurface, and building deformations.

• STP will calibrate TBM operations in an on-site protected 
Start-up Segment before tunneling under critical 
structures and utilities.

Project Experience in Variable  
Geologic Conditions
Barcelona Metro Line 9, Spain.	Two	TBMs	were	
used	 to	 successfully	 excavate	 through	 variable	
geologic	 conditions,	 including	 quaternary	 till	
materials	 (sands	 and	 gravels),	 Paleozoic	 igneous	
rock,	 and	 tertiary	Miocene	material.	Each	of	 these	
formations	affected	the	TBM	cutterhead	differently,	

depending	 on	 the	 ground	 characteristics	 such	 as	
gradation,	 presence	 of	 water,	 rock	 hardness,	 and	
fracturation.	See	Figure	5.1-15.	

Mixed Face Conditions
Assessment of Conditions.	 We	 anticipate	 mixed	
face	conditions	of	different	ESUs	and	even	different	
geologic	units	within	ESUs	along	the	tunnel	bore.

attributabLe riSkS Mitigation MeaSureS

Complex ground behavior 
because of interlayering 
of soils with diverse 
engineering properties

• STP will conservatively 
assess the anticipated 
conditions in the face and 
above the crown of the 
tunnel when assessing 
and monitoring volume 
loss, deformation, 
face stability, and face 
pressure for tunnel 
design.

Face instability or ground 
heave because of non 
uniform face pressures

• STP will use spoil 
conditioners to maintain 
appropriate pressure on 
mixed face.

Overmining of recent, 
looser soil deposits above 
dense, glacially overridden 
soils

• STP will implement 
ground improvement 
in the initial part of the 
tunnel bore to address 
loose alluvial over dense 
glacial soils.

Overmining of flowing or 
raveling soils interlayered 
with more competent soils

• STP will develop 
plans for monitoring of 
excavated volume and 
for operation to assess 
whether overexcavation 
is occurring and take 
corrective action.

Figure 5.1-15. Excavating Through Variable 
Geologic Conditions. The team proactively included 
additional interventions to check the cutterhead and 
change or repair parts.
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Figure 5.1-14. Generalized Tunnel Design Reaches. STP’s TBM design reflects 
our conservative assessment of the highly variable geologic conditions.
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Project Experience in Mixed  
Face Conditions
Barcelona Metro Line 9, Spain.	During	excavation,	
the	 team	 encountered	 a	 variety	 of	 geological	
conditions	 that	 affected	 equipment	 operation	 and	
maintenance,	including	mixed	face	conditions,	non-
cohesive	and	cohesive	soils,	and	rock	stretches	with	
various	characteristics.	See	Figure	5.1-16.	

Soil Pressure and Stability
Assessment of Conditions.	STP	analyzed	the	design	
requirements	 for	TBM	 face	 pressure	 to	 counteract	
soil	and	hydrostatic	groundwater	pressures,	maintain	
face	stability,	and	limit	ground	loss	at	the	face	along	
the	entire	tunnel	alignment.	This	analysis	considered	
limit	equilibrium	stability	methods,	conventional	soil	
mechanics,	 and	 tunneling	 experience.	 (Reference:	
Broere,	 2001;	 Jancsecz	 &	 Steiner,	 1994;	 Leca	 &	
Dormieux,	 1990;	 Aristaghes	 &	 Autuori,	 2003;	
Anagnostou	 &	 Kovari,	 1996;	 Kanayasu,	 Kubota,	
&	 Shikibu,	 1995;	 Jaky,	 1944;	 Lancellotta,	 1987;	
Jamiolkowski,	 Lancellotta,	 Marchetti,	 Nova,	 &	
Pasqualini,	1979;	and	Reda,	1994.)	

STP	 performed	 this	 face	 pressure	 analysis	 at	 200-
foot	 intervals	 along	 the	 bored	 tunnel	 alignment	 to	
address	 the	 entire	 range	 of	 anticipated	 conditions.	
Figure	 5.1-17	 shows	 STP’s	 estimated	 operating	
range	 of	 TBM	 face	 pressures	 required	 to	 limit	
deformation	 and	 maintain	 face	 stability	 along	 the	
bored	tunnel	alignment.	The	figure	also	illustrates	the	
potential	increase	in	TBM	face	pressure	if	the	TBM	
encounters	 a	 zone	 completely	 composed	of	 highly	
slickensided/fractured	clays	and	residual	strength	of	
ESU	7	governs.	Based	on	STP’s	review	of	the	GBR	
and	 additional	 data	 in	Appendix	G,	 however,	 it	 is	
unlikely	the	full	reduced	residual	strength	of	ESU	7	
will	govern	at	any	location	along	the	alignment.

attributabLe riSkS

Excessive ground loss and tunneling-induced 
deformations or soil instability

Mitigation MeaSureS

• STP will conservatively assess the anticipated 
conditions in the face and above the crown of the tunnel 
when assessing volume loss, deformation, face stability, 
and face pressure for tunnel design.

• STP will estimate appropriate TBM operating pressures to 
maintain face stability and limit ground loss and deformation.

• STP will design the TBM to handle lateral pressures in 
excess of the maximum estimated pressure to ensure 
that we maintain face stability under all potential 
circumstances along the alignment.

• STP will continuously monitor deformation and potential 
ground instability during construction and adjust 
mitigation response.

• STP will design and use appropriate soil additives to 
better mix the material in the chamber, which will result 
in a more homogeneous spoil mixture and better control 
of face pressures.

Figure 5.1-16. Excavating Through Mixed Face 
Conditions. Soft Ground Tools Excavating through 
Hardened Gypsum Layers, Inserted into Cohesive 
Sand. (Barcelona Metro Line 1, Spain).



TUNNEL

SECTION 5.1, PAGE 28

ProPosal – sr 99 Bored Tunnel alTernaTive 

Project Experience with  
Soil Pressure and Stability Issues
We	 have	 confirmed	 against	 other	 large	 diameter	
tunnels	the	approach	STP	used	to	estimate	the	normal	
operating	pressure	range	for	the	TBM.

Madrid Metro Line 11, Spain.	Geology	excavated	
was	 a	 transition	 between	 clayey	 sand	 (Tosco	

arcilloso)	 and	 saturated	 sands	 (arena	 de	 miga)	 so	
the	 TBM	 works	 maintained	 a	 pressure	 inside	 the	
cutterhead	 chamber	 equal	 to	 the	 pressure	 of	 the	
groundwater	 and	 soil	mass	 at	 the	 face.	See	Figure	
5.1-18.	 We	 anticipate	 similar	 non-cohesive	 soils	
below	the	water	table	along	most	of	the	SR	99	Bored	
Tunnel	alignment.	

Figure 5.1-17. Estimated TBM Face Pressures.  
Analysis at 200-foot intervals determined a  
recommended TBM face pressure operating range.
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Abrasive Soils
Assessment of Conditions.	The	soils	the	TBM	will	
encounter	along	the	SR	99	Bored	Tunnel	alignment	
are	composed	of	quartz	minerals	of	varying	amounts	
and	 differing	 size	 and	 angularity,	 creating	 various	
degrees	of	abrasiveness.	Based	on	STP’s	review	of	
the	GBR	and	additional	data	in	Appendix	G	to	the	
RFP,	granular,	sandy,	and	gravelly	soils	encountered	
along	the	alignment	will	be	highly	abrasive	(ESUs	
4,	5,	and	8),	and	fine	grained	silts	and	clays	will	be	
moderately	abrasive	(ESUs	6	and	7).

attributabLe riSkS

Excessive wear on TBM causing potential schedule delays

Mitigation MeaSureS

• STP will design the TBM with appropriate cutting tools 
for geologic conditions.

• STP will plan for an appropriate number of interventions 
to inspect, repair, and replace equipment to maximize 
efficiency of the TBM’s advance.

• STP will use appropriate soil conditioners and foaming 
agents to reduce abrasive wear on the TBM.

• STP will continuously monitor TBM performance during 
construction and adjust mitigation response.

Figure 5.1-18. Madrid Metro Line 11. The 
balancing pressure was continuously monitored by 
means of pressure sensors and the screw conveyor 
rotation speed was managed to have a controlled 
volume of material mucked out through the screw.

Project Experience with Abrasive Soils
Mercer Street Tunnel, Seattle.	Located	in	an	urban	
area,	the	tunnel	is	a	1.17-mile-long,	15-foot-diameter	
tunnel	 that	was	constructed	 through	saturated	hard	
clay	and	highly	abrasive	dense	sand	and	gravel	with	
groundwater	heads	ranging	from	32	feet	to	65	feet.	
See	Figure	5.1-19.	

Clogging Potential
Assessment of Conditions.	 The	 types	 of	 clays	
the	TBM	will	 encounter,	 particularly	when	 boring	
through	ESU	7,	will	be	sticky	when	excavated	and	
tend	 to	 stick	 to	 and	clog	 the	TBM	excavation	and	
spoil	removal	equipment.	

attributabLe riSkS

Cohesive materials stick to and clog the TBM

Mitigation MeaSureS

• STP will develop a testing program to determine the 
appropriate conditioners for use with the geologic units 
the TBM will encounter, and will determine optimized soil 
conditioner proportions.

Project Experience with Clogging  
in Cohesive Soils
Madrid Metro Line 11, Spain.	The	TBM’s	balancing	
pressure	was	 continuously	monitored	by	means	of	
pressure	 sensors,	 controlling	 the	 screw	 conveyor	
rotation	speed	to	have	a	controlled	volume	of	material	
mucked	out	through	the	screw.	The	screw	conveyor	
extracts	 the	excavated	material	 accumulated	 in	 the	
cutterhead	 chamber	 and	 discharges	 at	 atmospheric	
pressure,	after	passing	through	the	control	gate.	The	
main	feature	of	the	screw	conveyor	is	to	create	a	plug	
to	 prevent	 the	 water	 under	 pressure	 from	 flowing	
into	the	tunnel.	The	same	approach	is	applicable	to	
tunneling	 through	 glacially-overridden	 lacustrine	
silt	soils	along	the	SR	99	Tunnel	alignment.	Some	
anti-clay	agents	were	used	 to	 reduce	 the	stickiness	
of	 the	 soil	 increasing	 the	 consistency	 (torque	
reduction)	and	 foams	 to	 improve	 the	 soil	behavior	
(reduces	permeability,	reduces	abrasion,	and	reduces	
stickiness).	
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Cobbles and Boulders
Assessment of Conditions.	 STP’s	 review	 of	 the	
GBR	and	other	data	in	Appendix	G	to	the	RFP,	as	
well	 as	 our	 construction	 experience	 in	 the	 Seattle	
area,	suggests	that	we	will	likely	encounter	cobbles	
and	boulders	ranging	in	size	from	3	inches	to	8	feet	
in	diameter	with	the	majority	being	approximately	2	
feet	or	less	in	diameter.

We	will	design	the	TBM	to	easily	digest	cobbles	and	
boulders	3	feet	or	less	in	diameter,	and	will	be	capable	
of	breaking	up	larger	boulders	into	chunks	that	the	
TBM	can	digest.	Based	on	 the	historical	nature	of	
fill	soils	in	the	area,	we	also	anticipate	encountering	
timbers	 or	 other	 non-soil-based	materials	 near	 the	
crown	of	the	tunnel	within	the	Start-up	Segment	in	
the	South	Approach	Area.

attributabLe riSkS Mitigation MeaSureS

Interruption of mining • STP will consider size, 
quantity, and compressive 
strength of potential 
cobbles and boulders, 
and will design the TBM 
to break up or digest 
cobbles and boulders, as 
well as timbers.

• STP will provide enough 
means for the safe 
possibility of intervention.

Excessive ground loss 
during breakup of large 
boulders

• STP will carefully monitor 
TBM operations and 
conditioning of soils to 
maintain face pressures 
and reduce potential for 
overexcavation.

Project Experience with Cobbles  
and Boulders
Mercer Street Tunnel, Seattle.	During	design,	the	
feasibility	 of	 constructing	 the	 tunnel	 using	 either		
an	 open-face	 tunnel	 boring	 machine	 (TBM)	 with	
dewatering	or	an	earth	pressure	balance	(EPB)	TBM	
was	evaluated.	The	trade-offs	between	the	two	methods	
centered	 on	 the	 ability	 to	 handle	 boulders	 and	 the	
likelihood	of	encountering	running	sands.	Consequently,	
an	EPB	machine	was	specified	with	the	requirement	
that	it	have	the	capability	to	handle	boulders.	

Figure 5.1-19. Boring Through Abrasive Soils. 
The Mercer Street Tunnel was a successful 
application of earth pressure balance tunneling 
technology under challenging soil and  
groundwater conditions.
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5.2		TBM	Design	and	Operations

Selection of the Tunnel 
Boring Machine
The	SR	99	Bored	Tunnel	will	 be	 constructed	 in	 a	
complex,	 highly	 variable	 geological	 environment,	
comprised	 of	 a	 heterogeneous	 mixture	 of	 glacial	
and	 non	 glacial	 or	 inter-glacial	 deposits	 below	
groundwater	 table.	 These	 soils	 feature	 clays,	 silts,	
sands,	gravels,	cobbles	and	boulders,	as	indentified	
in	 the	 GBR	 and	 in	 the	 geotechnical	 profile.	
Therefore,	the	tunnel	face	is	not	anticipated	to	be	in	
homogeneous	soil	conditions	at	any	location.

The	 ground	 consists	 of	 over-consolidated	 soils	
underlying	 the	 recent	 deposits,	 such	 as	 loose	 soils	
and	man-made	fill	at	the	beginning	of	the	alignment.	
The	structure	of	these	soils,	as	well	as	their	stress-
strain	characteristics	rely	strongly	on	its	geological	
history,	as	identified	in	the	geotechnical	information	
provided	in	the	RFP.	(See	Figure	5.2-1.)

The	 soils	 along	 the	 alignment	 have	 been	 grouped	
in	the	GBR	depending	on	soil	type,	relative	density	
and	 behavioural	 characteristics	 into	 eight	 basic	
Engineering	Soil	Units	as	shown	in	Table	5.2-1.

ESU	1	is	engineered	and	non-engineered	fill.	ESUs	
2	and	3	are	shallow	Holocene	deposits.	These	three	
upper	soil	units	will	be	excavated	for	a	length	of	650	
to	750	feet	in	the	crown	of	the	Tunnel	at	the	southern	
end	of	the	drive.	ESUs	4	to	8	are	Quaternary	glacial	
deposits,	 which	 will	 be	 excavated	 throughout	 the	
length	of	the	bored	tunnel.

ESUs	1,	2	and	3	are	recent	deposits	and	considered	
normally	 consolidated	 materials	 while	 ESUs	 4	 to	
8	 are	 glacially	 overridden	 and	 considered	 over-
consolidated	materials.

All	 eight	 ESUs	 will	 be	 encountered	 in	 the	 zone	
between	 the	ground	 surface	 and	 the	 tunnel	 crown.	

Any	ground	loss	that	occurs	due	to	tunnel	excavation,	
may	 propagate	 through	 various	 combinations	 of	
these	 ESUs	 before	 reaching	 the	 overlying	 and/or	
adjacent	structures	and	utilities.

Our	 interpretation	 of	 these	 different	 Engineering	
Soil	 Units,	 together	 with	 their	 main	 geotechnical	
parameters,	is	shown	in	Table	5.2-1.

The	information	in	Table	5.2-1	was	used	to	develop	
the	Table	5.2-2	 showing	 the	portions	of	prevailing	
geological	conditions	for	each	reach	along	the	tunnel	
alignment.

Based	 on	 the	 existing	 geotechnical	 profile	 and	 on	
that	very	ground	condition	as	presented	on	the	GBR,	
an	EPB	machine	is	clearly	 the	most	recommended	
and	extended	solution	to	excavate	these	anticipated	
granular	 soils	 as	well	 as	 to	 operate	 in	mixed	 face	
conditions.

The	EPB	solution	 relies	on	 the	use	of	actual	 fresh	
excavated	ground	to	create	the	plug	in	the	excavation	
chamber	 and	 in	 the	 screw	 conveyor	 system.	 Face	
pressure	and	therefore,	face	stability	is	maintained	all	
the	time	by	simply	controlling	the	main	excavation	
parameters	while	mining,	such	as	penetration,	speed	
rates	 and	 spoils	 conveyed,	 together	 with	 a	 proper	
backfilling	of	the	excavation	gap.

Beyond	 the	 combination	 of	 our	 many	 different	
experiences	in	soil	tunneling	within	our	team	in	the	
greater	Seattle	area	 (i.e.,	EPB	 in	Brightwater	West	
Conveyance	Tunnel),	in	the	U.S.	(i.e.,	Los	Angeles	
Metro	Wilshire/Alvarado	Tunnel,	CA)	and	in	similar	
projects	 abroad	 (M-30	 South	 Bypass	 Tunnel	 in	
Madrid,	Seville	Metro	Line	1	and	Barcelona	Metro	
Line	 9	 in	 Spain),	 the	 technical	 assessment	 and	
collaboration	of	 the	 largest	TBM	manufacturers	 in	
the	world	has	been	requested.
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Table 5.2-1. Interpreted range of engineering parameters of ESU. Soil Design Parameters.

Soil DeSign 
Parameter Symbol UnitS

engineering Soil Unit

1 2 3 4 5 6 7 – 
intact

7 –  
reSiDUal 8

Index Properties 
Moist Unit Weight γ pcf 120 120 115 145 130 125 120 120 145
Stress History Parameters 
At-Rest Earth 
Pressure 
Coefficient

KO —
0.5 – 
0.6

0.5 – 
0.6

0.5 – 
0.6

0.5 – 
1.3

0.4 – 
1.3

0.4 – 
1.3

0.5 – 
1.4

0.5 –  
1.4

0.5 – 
1.3

Overconsolidated 
(OC) / Normally 
Consolidated (NC)

— OC/NC NC NC NC OC OC OC OC OC OC

Overconsolidation 
Ratio

OCR — — — — 2 2 2 3 3 3

Strength Parameters

Effective Cohesion c' ksf 0 0
0 – 

0.62
0 –  
3.1

0 0
0 –  
2.0

0
0 –  
3.1

Effective  
Friction Angle

φ' degrees
30 – 
34

30 – 
34

27 – 
30

37 – 
40

36 – 
39

36 – 
39

22 – 25 15
37 – 
40

Deformation Parameters

Shear Modulus G ksi 0.24 0.24 0.53
6.3 – 
50

5.3 – 
50

4.0 – 
50

7.9 – 
 50

7.9 – 
 50

5.3 – 
50

Poisson’s Ratio ν — 0.3 0.3 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Hydrogeologic Parameters
Horiz. Hydraulic 
Conductivity

KHorizontal cm/s 5x10-2 1x10-2 1x10-4 1x10-5 5x10-3 1x10-4 1x10-5 1x10-5 1x10-4

Vert. Hydraulic 
Conductivity

KVertical cm/s 1x10-2 1x10-3 1x10-5 1x10-7 1x10-3 1x10-5 1x10-6 1x10-6 1x10-4

Material Type Parameter
Cohesive (C) / 
Granular (G)

— — G G C C G G C C G

Volume Loss Parameter
Volume Loss VL % Variable based on soil stress history and tunnel/overburden geometry.

Table 5.2-2. Prevailing geological conditions along the tunnel alignment per Reach.

reach

From to length

Peat/ 
WooD

eSU 2 eSU 3 eSU 4 eSU 5 eSU 6 eSU 7 eSU 8

Sta. Sta. Ft granUlar coheSive till
SanD & 
gravel

Silt & 
SanD

clay 
& Silt

till-
like

P. Box 195+50 200+00 450 6% 16% 8% 41% 12% 0% 12% 4%

I 200+00 214+00 1,400 0% 2% 0% 13% 40% 6% 36% 2%

II 214+00 233+00 1,900 0% 0% 0% 1% 3% 0% 95% 1%

III 233+00 288+20 5,520 0% 0% 0% 4% 48% 6% 12% 30%

TOTAL 9,270 0.3% 1% 0.5% 7% 36% 5% 32% 19%



TUNNEL

SECTION 5.2, PAGE 3

ProPosal – sr 99 Bored Tunnel alTernaTive 

Figure 5.2-1. Distribution of ESUs: Engineering Properties of the SR 99 
Bored Tunnel Alignment. 
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All	 the	 possible	 companies	 were	 first	 requested	
to	 prove	 that	 they	meet	 and	 exceed	 the	 criteria	 of	
the	 Technical	 Requirement	 2.32	 Bored	 Tunnel	
Engineering	of	the	RFP	in	terms	of	experience	and	

knowhow.	This	process	ended	up	with	collaboration	
in	the	development	of	our	EPB	machine	with	the	10	
largest	TBM	manufacturers	listed	below.

Herrenknecht AG, Germany (Herrenknecht Tunneling 
Systems USA, Inc.) 

Hitachi Zosen Corporation, Japan (Hitachi Zosen USA, Ltd.)

IHI, Japan 

Kawasaki Heavy Industries, Ltd., Japan

Lovat Inc., a Caterpillar Company, USA

Mitsubishi Heavy Industries Mechatronics Systems, Ltd. 
(MHI-MS), Japan 

NFM Technologies, France 

The Robbins Company, USA 

S.E.L.I. Societa Esecuzione Lavori Idraulici S.p.A, Italy 

Terratec, Australia 
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It	has	been	a	long	process	but	it	has	led	Seattle	Tunnel	
Partners	to	achieve	our	ultimate	goal	of	developing	
the	best	machine	possible	for	this	project,	involving	
the	most	reliable	manufacturers	in	the	world.

This	 collaboration	 and	 development	 effort	 has	
brought	to	the	table	up	to	5	different	EPB	machine	
ad-hoc	proposals.	Each	of	these	proposals	complies	
with	both	WSDOT	technical	requirements,	and	with	
the	STP’s	design	philosophy,	 technical	criteria	and	
methods	of	construction.

The	5	EPB	machine	options	meeting	the	requested	
technical	 criteria	 are	 submitted	 below	 and	
illustrated	 on	 the	 following	 pages.	 Some	 of	 them	
are	 partnerships	 between	 manufacturers,	 which	
ensures	and	guarantees	the	completion	of	the	design	
and	 the	 delivery	 of	 the	 machine	 on	 time,	 as	 well	
as	the	performance	of	the	demanding	field	service,	
technical	assistance	and	spare	parts	and	components	
availability.
1.	 Herrenknecht	EPB	machine
2.	 Hitachi	Zosen	EPB	machine
3.	 IHI-Terratec	EPB	machine
4.	 Kawasaki-SELI	EPB	machine
5.	 Mitsubishi-NFM-Robbins	EPB	machine

Our	EPB	machine	selection	process	has	
been	long	and	involved.	As	a	result,	STP	
believes	positively	that	our	selected	EPB	
machine	 is	 the	 right	 choice	 to	 execute	
this	project	ahead	of	schedule	and	within	
budget,	minimizing	 the	 inherent	 risk	of	
this	mega	project.

Our	 machine	 will	 comply	 with,	 and	
exceed	all	project	requirements,	in	spite	

of	the	difficult	geology,	the	constraints	of	an	urban	
environment,	 the	 mixed	 face	 conditions	 and	 the	
settlement	control	constraints.

Some	of	the	main	specifications	chosen	by	STP	for	
the	 mixed	 face	 EPB	 selected	 for	 this	 project	 are	
explained	in	Table	5.2-3.

Operation of the Tunnel  
Boring Machine
The	Earth	Pressure	Balance	solution	is	based	on	the	
principle	of	maintaining	the	suitable	pressure	inside	
the	 Cutterhead	 chamber,	 or	 excavation	 plenum,	
equal	 to	 the	 hydrostatic	 pressure	 of	 the	 soil	 mass	
at	 the	 face,	 during	 excavation.	That	way	 a	 plug	 is	
created	 which	 prevents	 the	 water	 under	 pressure	
from	flowing	into	the	tunnel,	and	controls	 the	face	
pressure	at	all	times.

Table 5.2-3. Mixed Face Selected EPB Machine Specifications.
Diameter 57.4 ft Number of Disc Cutters 19"-20" 102

Length TBM ≤ 300 ft Number of replaceable Knife Bit Cutters 84

Weight TBM ~ 4,000 T Number of fixed Knife Bit Cutters 94

Length Back-up 210 ft Number of scrapers 645

Minimum Horizontal Radius 3,000 ft Number of Bucket Teeth 12+12

Minimum Vertical Radius 1,650 ft Number of Thrust Cylinders 56

Maximum Pressure in Chamber 10 bar Number of Articulation Cylinders 31

Maximum Thrust 377,000 kN Cutterhead Displacement (forward) 400 mm

Cutterhead Power 14,000 kW Central Agitator Diameter 15 ft

Maximum Torque at 1.0 rpm 135,000 kNm Screw Conveyor #1 Diameter/Type 1,200 mm/ribbon

Break-out Torque at 0.3-1.0 rpm 202,000 kNm Screw Conveyor #2 Diameter/Type 1,800 mm/shaft

Rotation Speed 0-2.5 rpm Total Power Installed 22,000 kW
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Herrenknecht EPB machine.
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Hitachi Zosen EPB machine.
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IHI-Terratec EPB machine.
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Kawasaki-SELI EPB machine.
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Mitsubishi-NFM-Robbins EPB machine.
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Our	 EPB	 machine	 has	 been	 designed	 to	 bore	 in	
mixed	face	conditions	through	a	wide	range	of	loose	
materials	 and	 glacial	 soils.	 It	 has	 been	 developed	
for	full	application	throughout	the	whole	alignment,	
adapting	 the	 Cutterhead	 to	 suit	 the	 changing	 soil	
conditions,	and	the	hard	tills	layers	and	big	boulders	
that	will	be	encountered.

The	 balancing	 pressure	 will	 be	 continuously	
monitored	by	means	of	pressure	sensors	in	both	the	
excavation	 plenum	 and	 the	 screw	 conveyors.	 The	
pressure	will	 be	 controlled	 at	 all	 times	by	varying	
the	 rotation	 speed	 of	 the	 screw	 conveyors	 system,	
as	 well	 as	 the	 opening	 of	 its	 discharge	 hydraulic	
gates,	 in	order	 to	constantly	control	 the	volume	of	
material	 coming	 out	 of	 the	 excavation	 chamber	
while	maintaining	the	earth	pressure	plug.	All	of	this	
is	related	to	the	proper	selection	and	control	of	the	
advance	rate	and	thrust	of	the	machine.

The	screw	conveyor	system	extracts	 the	excavated	
material	accumulated	in	the	excavation	chamber	and	
discharges	it	at	atmospheric	pressure,	over	the	TBM	
conveyor	 belt,	 after	 passing	 through	 the	 boulder	
removal	 gate.	 The	 first	 screw	 conveyor	may	 be	 a	
ribbon	screw	which	has	the	ability	to	digest	boulders	
up	to	3	ft	diameter.	The	second	screw	conveyor,	in	
line	with	the	first	one	if	necessary,	would	be	a	shaft	
screw	to	ensure	a	precise	face	pressure	control.

Since	 the	 fluidity	 of	 the	 excavated	material	 is	 not	
always	 enough	 to	 discharge	 it	 through	 the	 screw	
conveyor,	 the	 muck	 is	 normally	 conditioned	 with	
water,	 foams	and	polymers	 that	will	be	 introduced	
directly	in	front	of	the	Cutterhead,	into	the	Cutterhead	
chamber	and	in	the	screw	conveyor	system.

In	the	earliest	stages	of	the	Earth	Pressure	Balance	
TBM	development,	bentonite	was	the	main	additive	
to	be	used	to	condition	the	soils.	It	was	introduced	
to	the	excavated	material	in	volumes	relative	to	the	
quantities	of	fines	contained	in	the	excavated	soils.

Today,	 chemical	 products	 such	 as	 foams	 and	
polymers	are	more	widely	used,	as	these	can	be	used	
in	 much	 lower	 quantities,	 they	 are	 more	 effective	
and	above	all	 because	 foam	and	polymers	utilized	
are	 non-polluting	 and	 biodegradable.	 Thus,	 foams	
and	polymers	are	unlike	bentonite	and	slurries	which	
require	complicated	processes	to	decant	and	separate	
prior	to	disposal,	and	are	always	problematic	in	terms	
of	environment	protection.

The	Earth	Pressure	Balance	(EPB)	shield	is	based	in	
the	pressurized	Cutterhead	shields	with	compressed	
air	 as	well	 as	 in	 the	Slurry	 shield	machines.	From	
the	 first	 type	 it	 takes	 the	 heading	 support	 through	
the	pressure	balance	 that	will	be	maintained	 in	 the	
Cutterhead	chamber.	From	the	second	type	it	takes	

Conditioned soils excavated by an EPB 
machine over the TBM conveyor belt at 
atmospheric pressure.

Face pressure control diagram.
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the	 way	 of	 handling	 the	 muck	 through	 the	 screw	
conveyor	in	the	stage	where	the	atmospheric	pressure	
will	be	held.	As	a	result	of	this,	EPB	machines	bore	
in	 soft	 ground	 below	 the	 water	 table	 without	 the	
drawbacks	of	the	Slurry	shield	TBMs.

Our	 EPB	 has	 been	 designed	 to	 bore	 in	 unstable	
ground	 and	 in	 soft	 or	 low	 cohesive	 soil	 due	 to	 its	
high	Cutterhead	torque.

The	 same	 volume	 of	 excavated	 material	 entering	
the	 Cutterhead	 chamber	 (theoretical	 ground	 and	
additives	injected	at	front	face	and/or	in	the	excavation	
chamber)	should	be	extracted	by	the	screw	conveyors.	
The	 extracted	 volume	 is	 continuously	 monitored	
to	 avoid	 volume	 loss	 and	 over-extraction	 (over-
excavation).	The	extracted	volume	is	monitored	by	a	
redundant	monitoring	system	based	on	direct	weight	
and	volume	measurements.

The	TBM	production	 cycle	will	 be	 a	 sequence	 of	
two	steps:

•	 Excavation	of	a	defined	stroke	of	6	ft	6	in	
(with	backfilling	during	excavation)

•	 Ring	erection	(erection	of	a	lining	ring	of	a	
defined	length	or	stroke)

During	the	excavation,	the	shield	slips	out	of	the	last	
lining	ring	previously	erected	inside	the	shield.	The	
steering	gap	is	kept	automatically	filled	by	bentonite	

to	maintain	the	stability	of	the	surrounding	ground.	
Either	two-component	backfilling	material	or	mortar	
is	 longitudinally	 injected,	 with	 the	 appropriate	
pressure	and	volume,	to	fill	the	annular	gap	between	
the	surrounding	ground	and	the	liner	ring.

The	injection	nozzles	are	mounted	at	the	end	of	the	
tail	shield,	which	is	protected	against	mortar	return	
inside	the	shield	by	3+1	rows	of	wire	brushes,	which	
are	continuously	filled	with	special	sealing	grease.

All	 the	 parameters	 and	 phases	 of	 the	 tunnelling	
process	 are	monitored	 and	 controlled	 by	 the	 PLC	
(Programmable	Logic	Controller)	of	the	TBM	in	the	
operation	main	 cabin.	 Some	of	 these	 continuously	
monitored	and	controlled	parameters	are:

•	 Earth	pressure	(given	by	transducers	
mounted	on	the	bulkhead)

•	 Steering	gap	filling	pressure	(given	by	
transducers	mounted	on	the	perimeter	of	the	
shield)

•	 Backfilling	injection	pressure	behind	lining	
segments	(minimum	and	maximum)

•	 Cumulative	weight	extracted	by	screw	
conveyors	compared	with	theoretical	
cumulative	weight	(Excavated	volume	x	in 
situ	density)

•	 Steering	parameters	(given	by	VMT,	ZED	
or	TACS	system)

•	 Settlement	monitoring	system
Main EPB components 

 

1 cutting wheel 

2 shield 

3 tailskin 

4 excavation chamber 

5 screw conveyor 

6 air lock 

7 main drive 

8 thrust system 

9 erector 

10 TBM conveyor 

11 segment feeder 
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Key components of an EPB machine.
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Table 5.2-4. Tunnel liner specifications
Excavation Diameter 57.4 ft

Internal Diameter 52 ft

Segment Thickness 24 in

Grouting Thickness 8.4 in

Ring Length 6 ft 6 in

Number of Segments 9+1

4
6
0
5
5
_2
9
2

Inner face development of Concrete Ring designed.

Tunnel	Liner	
The	type	of	tunnel	precast	segments	lining	selected	
for	this	project	is	the	Universal	Ring,	consisting	of	9	
segments	plus	1	key	segment.	The	internal	diameter	
of	the	ring	is	52	feet	to	allow	mining	tolerance	and	
provide	 a	 32	 foot	 horizontal	 and	 a	 15	 foot	 6	 inch	
vertical	roadway	clearance.	The	roadway	clearance	
is	discussed	in	Section	4.

The	universal	ring	has	been	selected	for	
this	 project	 to	 ensure	 that	 there	 are	 no	
continuous	joints	between	ring	segments.	
This	 is	 an	 advantage	when	 considering	

water	 tightness	and	structural	strength.	In	addition,	
it	 will	 allow	 the	 TBM	 to	 negotiate	 sharp	 vertical	
curves	if	needed	to	respond	to	an	unexpected	change	
of	face	conditions.	This	ability	has	been	valuable	on	
past	projects.
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Transport of Materials in and  
out of the Tunnel
Precast	concrete	segments	and	most	of	 the	utilities	
and	 consumables	 demanded	 by	 the	 production	
process	 such	 as	 oils,	 foam	 agents,	 greases	 and	
eventually	mortar,	if	necessary,	will	be	transported	to	
the	back	of	the	machine	by	means	of	special	tunnel	
vehicles	 equipped	 with	 rubber	 tires	 and	 with	 two	
cabins	per	unit.

These	vehicles	are	powered	by	high	efficiency	diesel	
engines,	 specifically	 designed	 for	 underground	
performance,	 and	 equipped	with	 catalytic	mufflers	
and	Diesel	 Particle	 Filters	 (DPFs).	 These	 vehicles	
are	specially	designed	to	roll	along	the	curved	invert	
of	the	tunnel.	There	will	be	flat	spots	along	the	length	
of	the	tunnel	to	allow	two	vehicles	to	cross	in	safe	
manner	(one	loaded	incoming	truck	and	one	exiting	
truck).	This	rolling	configuration	provides	the	safest	
control,	traction	and	steering	flexibility.	

Production	 crews	 will	 utilize	 tunnel	 vehicles,	 as	
well	as	a	 temporary	sidewalk	 installed	 in	 the	 right	
hand	side	of	the	tunnel	interior,	out	of	the	path	of	the	
tunnel	vehicles.

Tunnel	vehicles	will	be	loaded	by	means	of	a	70	ton	
gantry	crane	on	the	top	of	the	shoring,	rolling	over	
rails	on	the	top	of	the	assembly	shaft	piles.

In	addition,	temporary	systems	and	some	other	TBM	
consumables	such	as	the	two-component	backfilling	
products	 and	 bentonite	 will	 be	 dry	 stored	 in	 silos	
outside	the	bored	tunnel.	These	will	be	mixed	in	our	
batch	plant	and	pumped	to	receiver	tanks	in	the	back	
up	 of	 the	 TBM	 machine	 through	 redundant	 slick	
lines	 extended	 during	 the	 TBM	 advance	 process.	
That	 way	 we	 ensure	 a	 sufficient	 and	 continuous	
supply	 of	 backfilling	 products,	 mitigating	 the	 risk	
of	settlement	due	to	a	lack	of	additional	backfilling	
mix	if	needed,	in	case	the	transport	of	that	grout	were	
performed	by	mixer	cars.

At	 the	same	time,	 it	will	 facilitate	our	 intervention	
process	 and	 the	 Automatic	 Emergency	 Pressure	
Recovery	System,	both	to	be	explained	in	detail	later	
under	Face	Stability.
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Tunnel vehicle configuration hauling one 
concrete ring to the heading.



TUNNEL

SECTION 5.2, PAGE 17

ProPosal – sr 99 Bored Tunnel alTernaTive 

Muck Removal and Disposal 
Disposal	 of	 the	 muck	 will	 be	 performed	 with	 a	
complete	 system	 of	 conveyor	 belts.	 The	 system	
begins	with	the	in-line	screw	conveyor	system	in	the	
TBM,	which	transfers	the	spoils	from	the	excavation	
chamber	 to	 the	 TBM	 conveyor	 belt.	 The	 TBM	
conveyor	 belt,	 in	 turn,	 transfers	 the	 spoils,	 now	at	
atmospheric	 pressure,	 to	 the	 continuous	 tunnel	
conveyor	belt.

The	 conveyor	 belts	 and	 the	 screw	 conveyors	 will	
have	a	conveyance	capacity	of	2,800	tons	per	hour	
per	system.

The	 TBM	 conveyor	 belt	 system	 will	 be	 over	 72	
inches	wide	and	will	run	at	a	speed	of	600	feet	per	
minute.	It	will	advance	concurrently	with	the	TBM,	
with	 its	 end	 or	 tail	 section	 attached	 to	 the	 TBM		
back-up.
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TUNNEL LINER 
DELIVERY TRUCKS

COMPRESSED AIR,
WATER, BENTONITE
AND WASTEWATER

TEMPORARY TUNNEL 
VENTILATION DUCT

Its	reel	or	belt	cassette	will	be	located	at	the	portal	
(conveyor	belt	head),	together	with	the	splice	stand.	
This	 will	 allow	 the	 tunnel	 excavation	 to	 advance	
without	 carrying	 out	 any	 additional	 operation	 to	
extend	the	belt.

The	band	 reserve	 is	 automatic	 so	when	 the	 tunnel	
advances,	the	tensor	car	will	allow	the	movement	of	
an	equivalent	belt	length.

The	tunnel	conveyor	belt	will	not	need	any	booster	
station	because	it	has	been	designed	to	convey	up	to	
2,800	tons	per	hour	only	with	the	double/triple	main	
drive	 in	 the	head,	once	curves	and	slope	along	the	
alignment	are	considered.

The	 conveyor	 belt	 will	 be	 hung	 up	 with	 chains	
anchored	to	the	precast	segments	in	the	tunnel	crown.	

Cross section Ø57.4 ft to hold a Ø52 
ft ID tunnel with temporary utilities, 
as proposed by STP.
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The	assembly	and	addition	of	conveyor	
structure	 will	 be	 done	 in	 the	 conveyor	
extension	 stand	 located	 in	 the	 back	
up	 of	 the	 TBM,	 specially	 designed	 to	
allow	 this	 operation	 to	be	performed	 in	

safe	 conditions	 while	 mining,	 not	 producing	 any	
interference	with	the	production	cycle.

A	sidewalk	will	be	mounted	to	the	conveyor	belt	to	
make	maintenance	and	inspections	easier.

Next,	a	fully	covered	overland	conveyor	belts	system	
will	convey	the	muck	from	the	entrance	of	the	tunnel	
to	our	barges	at	Pier	46.	The	muck	will	be	barged	to	
a	certified	quarry	as	requested.

For	that	reason,	STP	will	reduce	the	impact	that	the	
trucking	of	all	those	spoils	may	have	on	the	traffic.

There	will	be	three	transference	overland	belts	at	the	
Pier,	a	barge	stacker	and	an	emergency	radial	stacker.	
The	emergency	radial	stacker	will	place	the	spoils	in	

a	decant	facility	if,	for	whatever	reason,	there	is	no	
barge	available	to	receive	the	muck.		Conditions	that	
could	impact	barge	availability	include	bad	weather	
or	barge	replacement.	The	decant	facility	may	also	
be	 used	 for	 containment	 of	 contaminated	 soil,	 if	
necessary.

The	 selection	 of	 an	 EPB	 machine	
eliminates	the	need	for	a	massive	Slurry	
Treatment	Plant,	which	would	be	required	
if	a	Slurry	machine	were	selected.	This	is	
a	clear	schedule,	cost	and	environmental	
control	advantage	for	the	project.

In	 addition,	 barging	 the	 muck	 by	 water	 provides	
a	 clear	 advantage	 to	 the	vicinity,	 as	well	 as	 to	 the	
entire	city.	Without	barging,	STP	anticipated	that	an	
average	of	300	heavy	truck	loads	per	day	would	be	
necessary	to	truck	the	muck	out	of	the	jobsite.		This	
would	make	 traffic	 in	 that	 already	 busy	 area	 even	
more	complicated.

STP’s	South	Portal	work	areas	are	shown	in	Figures	
5.2-2	and	5.2-3.
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Belt tension and load diagram for our 
proposed tunnel conveyor belt.

Overland muck disposal in 
Brightwater West Conveyance 
Tunnel, a similar concept to what 
we are proposing for this Project.
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Figure 5.2-2. South Portal Staging Area: Tunnel Logistics. 
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Cobbles and boulders 
encountered in the face (Seville 
Metro Line 1 tunnel, Spain).

Cutterhead reparation and center disc 
cutters replacement resulting from big 
boulders in the excavation face (Barcelona 
Metro Line 9 tunnel, Spain).

Tunnel Specific Installations
In	 order	 to	 guarantee	 the	 dilution	 of	 diesel	 gas	
emissions	of	the	equipment	and	to	get	the	minimum	
velocity	 required	by	OSHA,	up	 to	240,000	cfm	of	
fresh	air	will	be	continuously	supplied	to	the	heading	
from	the	temporary	fans.

Fans	will	 be	 installed	 at	 the	 tunnel	 portal	 and	 the	
fresh	air	will	get	 the	excavation	heading	through	a	
continuous	bag	line	extended	in	the	machine	back-
up	while	mining.	These	fans	will	be	noise	 isolated	
and	encapsulated	with	isolation	panels.	The	air	flow	
will	be	continuously	increased	by	manipulating	the	
VFDs	along	with	the	advance	of	the	heading.

The	rest	of	the	TBM	supplies,	such	as	cooling	water,	
industrial	water,	pressurized	air	and	electrical	power	
will	be	supplied	from	the	facilities	outside	in	the	shaft,	
which	will	 include	cooling	tower;	compressors,	air	
dryers	and	air	receiver	tanks,	a	transformation	center,	
water	 treatment	 plant,	 settling	 tanks	 and	 industrial	
water	tanks	and	pumps.

In	 light	 of	 the	 anticipated	geotechnical	 profile,	 the	
information	provided	in	the	GBR	and	of	the	lessons	
learned	 in	 former	 projects	 either	 locally	 and	 in	

other	similar	projects	worldwide,	STP	has	planned	
and	 designed	 excavation	 means	 and	 methods	 to	
address	all	 the	 issues	 identified	for	 the	project	and	
to	be	flexible	to	react	immediately	in	any	unforeseen	
situation,	as	follows:

Boulders and Cobbles
To be encountered in all ESUs. Up to 500 boulders 
expected from 2 to 8 ft.

The	presence	of	boulders	in	non-cemented	faces	and/
or	in	a	Cutterhead	not	designed	to	digest	them	were	
the	main	cause	of	delays	in	the	schedule	because	of	
excessive	wear	and	severe	damages	in	the	Cutterhead	
in	former	projects.	

Therefore,	the	EPB	machine	design	for	this	project	
will	feature	the	valuable	lessons	learned	from	them,	
as	follows:

Cutting	 tools	 will	 be	 staggered	 in	 4	 levels	 to	 cut	
down	the	size	of	the	boulders	if	they	are	in	cemented	
ground	face.

•	 Level	#1:	19"	or	20"	disc	cutters	(hard	rock)
•	 Level	#2:	replaceable	knife	bit	cutters
•	 Level	#3:	fixed	knife	bit	cutters
•	 Level	#4:	scrapers
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If	 boulders	 appear	 in	 loose	 or	 in	 non-consolidated	
soils,	 Cutterhead	 openings	 (35-40%)	 and	 cutting	
tools	 configuration	 will	 allow	 boulders	 up	 to	 3	 ft	
diameter	to	get	in	the	excavation	chamber.

Our	2	 in-line	screw	conveyor	system	is	capable	of	
digesting	 those	 3	 ft	 boulders.	 Screw	 conveyor	 #1	
will	 be	 a	 Ribbons	 screw	 Ø1,200	 mm	 to	 swallow	
big	boulders	and	Screw	conveyor	#2	will	be	a	shaft	
screw	 Ø1,800	 mm,	 to	 ensure	 a	 proper	 control	 of	
the	pressure	in	the	face	and	of	the	flow	of	material	
coming	out	of	the	Cutterhead.

A	 separation	 box	 or	 breaking	 box	with	
a	hydraulic	gate	 to	chip	out	and	extract	
boulders	 will	 take	 them	 out	 of	 the	
conveyor	system,	mitigating	the	risk	for	
both	 the	crews	and	for	 the	status	of	 the	

system	itself,	to	make	sure	that	no	boulders	reach	the	
TBM	conveyor	belt	system.

Abrasiveness
Portions of abrasive minerals, including quartz, 
inserted in glacial and interglacial sands, gravel and 
till throughout all the alignment.

1)	 State-of-the-art	 soil	 carbide	 tools,	 staggered	 in	
the	cutting	profile	and	guaranteed	for	the	entire	
project,	 apart	 from	 impact	 with	 boulders	 and	
cobbles.

2)	 20"	heavy	duty	disc	cutters	to	break	down	those	
boulders,	spaced	3	½"	and	with	cutting	face	6"	
in	 front	 of	 the	Cutterhead	 structure	 (hard	 rock	
Cutterhead	configuration).

3)	 Redundancy	 of	 cutting	 tools	 per	 track	 (discs,	
scrapers,	knife	bits	and	bucket	teeth).

4)	 Hard	 facing	 plates	 (Hardox	 400,	 20	 mm	
thickness,	Creusabro	6000,	20	mm	or	Trimay,	40	
mm)	and	rim	protections	strategically	distributed	
throughout	 the	 Cutterhead	 structure	 face,	
perimeter	and	especially	in	tool	holders	and	disc	
housings.

5)	 Beyond	 that,	 automatic	 wear	 detection	 system	
at	 three	warning	 levels,	 covering	 cutting	 tools,	
tools	holders	and	finally	Cutterhead	structure.

6)	 Hard	facing	casing	for	screw	conveyors	and	also	
for	screws	rim.

7)	 Polymers	and	additives	(foam-soil	conditioners)	
to	reduce	the	friction	and	therefore,	the	wear	of	
exposed	surfaces.	To	be	developed	by	means	of	
laboratory	test	but	to	be	adapted	to	actual	ground	
conditions	on	site,	as	successfully	done	before.

8)	 Interventions	 plan:	 interventions	 are	 necessary	
and	appropriate	to	ensure	the	completion	of	the	
project	ahead	of	schedule	and	on	budget.

A	detailed	plan	of	interventions	has	been	developed	
as	 per	 our	 former	 experiences	 such	 as	 those	 plans	
developed	and	performed	in	Barcelona	Metro,	Seville	
Metro	or	locally	on	the	Brightwater	project,	together	
with	our	geotechnical	experts,	TBM	manufacturers	
and	professional	divers.	Thus,	we	have	anticipated	
the	frequency,	station	and	pressure	needed	to	execute	
interventions	 to	maintain	 a	 periodic	 control	 of	 the	
Cutterhead.	

A	minimum	of	19	interventions	have	been	envisaged	
to	 be	 performed	 to	 keep	 a	 proper	 control	 of	 our	
Cutterhead	and	excavation	tools	by	visual	inspection	
of	trained	operators	and/or	professional	divers.
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Conveyor screw specially reinforced and protected 
from abrasion (M30 South Bypass tunnel EPB 
machine, Madrid, Spain).
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Furthermore,	 STP	 is	 working	 together	
with	 our	 TBM	 manufacturers	 on	 the	
development	 of	 a	 hollow	 Cutterhead	
solution	 specially	designed	 to	minimize	
the	need	for	interventions.

Cutter	changing	devices	inside	the	Cutterhead	arms,	
at	 atmospheric	 pressure,	 have	 been	 successfully	
used	in	many	projects	before.	This	approach	works	
well	 in	 large	diameter	 soil	TBM	Cutterheads.	One	
set	of	these	replaceable	cutting	tools	may	be	enough	
to	 cover	 the	 full	 excavation	 section,	 providing	 a	
contingency	method	to	support	the	other	features	of	
our	Cutterhead	design.

In	addition,	our	Team	is	working	on	the	development	
of	 a	 Cutterhead	 that	 includes	 one	 set	 of	 Rescue	
Cutters.	 These	 cutters	 consist	 of	 a	 sufficient	
number	 of	 strategically	 distributed	 peaks	 that	 can	
be	 hydraulically	 extended	 in	 the	 event	 there	 is	 no	
possibility	of	intervention	or	cutters	replacement	from	
within	the	arms	of	the	machine.	This	system	has	been	
successfully	 utilized	 before	 in	 similar	 conditions,	
and	 offers	 another	 interesting	 contingency	method	
for	this	Project.

Hardox Grill bars protections (Barcelona Line 
9, EPB Ø39.4 ft, Spain) and Disc Cutter housing 
protections (High Speed Railway Girona, EPB 
Ø39.7 ft, Spain).

Cutter change device of an Ø12.47 m 
EPB machine.
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Shear Zones and Fractures
Discontinuities expected throughout the alignment, 
having random orientation and dip (sub-horizontal 
to sub-vertical) and spaced from 1/10 inch to 25 
inches.

1)	 Positive	 face	 pressure	 continuously	 guaranteed	
by	 means	 of	 the	 EPB	 excavation	 means	 and	
methods:	 suitable	 excavation	 parameters	
including	 soil	 conditioning	 and	 advance	 rate,	
together	 with	 a	 proper	 control	 of	 the	 spoils	
coming	out	of	the	screw	conveyors.

	 In	addition,	an	automatic	Face	Pressure	Recovery	
System	will	maintain	 positive	 pressure	 even	 if	
worse	case	scenario	occurs.	Continuous	flow	of	
fresh	bentonite	pumped	out	from	our	batch	plant	
in	the	surface.

2)	 High	thrust	(370	MN)	and	Torque	(135	MNm)	
as	learned	from	past	experiences	with	large	EPB	
machines	 in	 urban	 locations,	 not	 only	 to	 have	
enough	 power	 to	 ensure	 that	 the	machine	will	
not	get	blocked	under	any	circumstance,	but	also	
in	order	to:
•	 Avoid	horizontal	ground	deformations	at	the	
tunnel	face

•	 Compensate	the	horizontal	effective	ground	
pressure

•	 Compensate	the	interstitial	groundwater	
pressure

•	 Eliminate	vertical	ground	settlement	ahead	
the	TBM	if	required

3)	 Cutterhead	 displacement,	 together	 with	 its	
drive	 assembly,	 to	 allow	 the	movement	 of	 the	
drive	 and	 cutting	wheel	 in	 the	 direction	of	 the	
shield	advance	and	provide	a	proper	system	of	
indicating	 and	 limiting	 the	 axial	 thrust	 in	 the	
main	bearing.	In	turn,	this	minimizes	the	risk	of	
Cutterhead	 damages	 as	well	 as	 collaborates	 to	
maintain	face	stability.

4)	 High	 Spoils	 conveyance	 capacity,	 up	 to	 2,800	
T/h.

5)	 Structural	design	of	the	machine	considering	the	
unlikely	event	of	full	collapse	of	the	tunnel	in	the	
worst	location	along	the	alignment.

Sticky/Clogging Clays
Sticky clay will be present in roughly 35% of the 
ground to be excavated. That may cause severe 
clogging in front of the Cutterhead, in Cutterhead 
openings and spokes, in the excavation chamber 
and in the mucking system (screw conveyors and 
conveyor belts in the TBM, tunnel and overland).
This may result in a higher torque and power 
consumption demand to handle the excavation and 
spoils, together with a less accurate measure of the 
ground loss.

To	address	this	issue,	our	EPB	machine	will	feature:

1)	 Controlled	 injection	 of	 foam,	 polymers	 and	
high	 pressure	water	 in	 front	 of	 the	Cutterhead	
through	 its	 rotary	 coupling,	 as	 well	 as	 inside	
the	 excavation	 chamber	 through	 bulkhead	 and	
inside	of	the	screw	conveyors. 

2)	 Static	mixing	arms	plus	a	mobile	central	agitator	
to	achieve	a	solid	soil	agitation	inside	the	cutter	
chamber	in	the	event	that	the	relative	low	speed	
of	the	TBM	(0-2.5	rpm)	is	not	enough	to	make	
it	 happen,	 as	 successfully	 tested	 in	 our	 M-30	
project	in	Madrid	(Spain).

Tail skin shield structural calculation.
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3)	 High	torque	(135	MNm	maximum	work	torque	
at	 0-1	 rpm	 and	 202	MNm	 breakout	 torque	 at	
0.3-1	rpm)	by	means	of	at	least	33	electric	main	
drive	 plus	VFDs,	 to	make	 sure	 the	 excavation	
process	is	not	limited	at	all	for	a	lack	of	torque,	
as	well	as	to	overcome	the	shield	friction	during	
the	advance	of	the	TBM	and	the	friction	between	
ground	and	Cutterhead.

4)	 Over	killed	main	drive	units	for	every	conveyor	
system	 (hydraulic	motors	 for	 screw	 conveyors	
and	 electric	 drive	 units	 plus	VFD	 in	 conveyor	
belts).

Peat
Peat deposits were encountered in several borings. 
Peat deposits are known to have pH as low as 4.

1)	 Soil	conditioning	to	adapt	to	soil	type	encountered	
at	any	time,	including	low	pH	(replacement	and	
disposal	of	all	the	used	slurry	is	not	necessary	as	
it	would	be	if	a	Slurry	machine	were	selected).

2)	 Cutterhead	 openings	 (35-40%)	 and	 screw	
conveyors	dimensioned	to	swallow	materials	of	
different	shapes	and	compositions.

3)	 Interventions	 planned	 every	 450	 ft	 to	 inspect	
Cutterhead	 as	 well	 as	 to	 remove	 any	 possible	
obstruction	blocked	in	the	plenum.

Face Stability
Maintenance of face stability will be critical to 
reduce loss of ground resulting in settlements, 
flow of groundwater and soil into cutting chamber 
because of permeable soils, and release of locked-in 
stresses. Urban construction and the large diameter 
of excavation make this even more crucial. 

Pressure	 is	 permanently	 supported	 based	 on	 a	
controlled	 and	 continuous	 flow	 of	 excavated	 and	
conditioned	 ground	 through	 the	 screw	 conveyors,	
besides	maintaining	other	parameters	like	the	advance	
and	 rotation	 rates.	 The	 Automatic	 Face	 Pressure	
Recovery	 System	 will	 work	 out	 as	 contingency	
method	as	well,	refilling	and	pressurizing	the	plenum	
again	 with	 bentonite,	 should	 the	 face	 pressure	
suddenly	drop.

Our	 geotechnical	 experts	 anticipate	 a	
maximum	 face	 pressure	 of	 4.3	 bar	 (62	
psi)	to	5.6	bar	(82	psi),	without	and	with	
full	 hydrostatic	 (soil	 and	 groundwater)	
pressure,	 respectively.	 Despite	 this	
anticipated	face	pressure	range,	our	EPB	
machine	 has	 been	designed	 to	 excavate	
efficiently	 with	 a	 face	 pressure	 as	 high	
as	7	bar,	which	is	125%	of	the	maximum	
anticipated	face	pressure.

Foam system test in our Ø30.6 ft EPB machine 
(Madrid Metro Line 7, Spain).

Shop assembly of the center agitator of our 
Ø49.25 ft EPB machine (M30 Bypass South 
tunnel, Madrid, Spain).
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Furthermore,	 our	TBM	has	been	designed	 to	have	
the	ability	 to	continue	mining	 in	an	unlikely	event	
that	 face	 pressure	 higher	 than	 the	 hydrostatic	 is	
demanded	 (Face	 pressure	 ≥7	 bar).	 Our	 TBM	 has	
been	 designed	 so	 its	 features,	 components	 and	
systems	will	be	ready	to	mine	up	to	10	bar	even	on	
intermittent	mode,	as	a	contingency	method	for	the	
project.	Our	simulations	proved	that	one	ring	could	
be	excavated	in	105	minutes	working	in	this	manner.

In	addition,	our	design	will	feature	the	Cutterhead	and	
main	drive	displacement	(forward	and	backwards),	
successfully	proven	to	indicate	and	control	the	axial	
thrust	in	the	main	bearing,	crucial	to	maintain	face	
stability	all	the	time.

Our	design	features	an	Automatic	Pressure	Recovery	
System	as	requested	in	the	Technical	Requirements,	
provided	 to	 minimize	 ground	 movement	 by	

accurately	controlling	the	fluctuation	of	pressure	in	
the	mixing	chamber	and	as	a	contingency	method	for	
the	project.

The	 system	 consists	 of	 a	 bentonite	 reservoir	 tank	
(closed,	pressurized),	a	bentonite	slurry	agitator	tank	
(open,	 non-pressurized	 and	 continuously	 refilled	
from	our	batch	plant	outside),	one	air	reservoir	tank	
(accumulator)	and	a	pressure	monitoring	and	control	
system.

The	bentonite	slurry	reservoir	tank	is	connected	to	the	
crown	area	of	the	mixing	chamber	and	is	pressurized	
up	 to	 the	predetermined	pressure	and	 regulated	by	
compressed	air.
When	the	pressure	inside	the	mixing	chamber	drops	
below	 the	 predetermined	 lower	 limit	 pressurized	
bentonite	 slurry	will	be	automatically	 injected	 into	
mixing	chamber	to	recover	the	pressure.	

46
05

5_
30

2

Pressure recovery system diagram.
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The	bentonite	is	primarily	supplied	from	the	reservoir	
tank.	The	level	of	bentonite	of	that	tank	is	monitored	
by	the	control	system	and	maintained	by	the	slurry	
pump,	adding	bentonite	slurry	from	the	agitator	tank.	
Pressure	is	monitored	and	maintained	by	regulated	
compressed	air	supplied	from	the	air	reservoir	tank.
If	 the	 pressure	 inside	 mixing	 chamber	 does	 not	
recover	 in	 that	 way,	 bentonite	 will	 be	 pumped	
directly	 into	mixing	 chamber	 by-passing	bentonite	
slurry	 reservoir	 tank	 by	 operating	 ball	 valves	 for	
that	purpose.	At	the	same	time,	bentonite	slurry	will	
be	injected	into	mixing	chamber	by	pumps	through	
the	 line	 connected	 directly	 between	 the	 bentonite	
agitator	tanks	and	mixing	chamber.
These	 are	 to	 prevent	 malfunction	 of	 the	 system	
caused	by	line	clogging	or	any	other	problem.
When	 the	 pressure	 inside	 the	 mixing	 chamber	 is	
recovered,	the	lines	will	be	flushed	with	high	pressure	
water	using	the	ball	valves	installed	for	that	purpose.

Mixed Face Conditions
Mixed face conditions throughout the alignment will 
require frequent adjustment of tunnel operations 
to avoid ground loss, especially when tunneling 
through transitions. Positive face pressure must be 
maintained at all times.

The	 Cutterhead	 configuration	 is	 to	 mine	 through	
the	different	materials	and	soils	 to	be	encountered,	
including	hard	 rock	 tools	 as	well	 as	 soil	 tools	 and	
scrapers.The	opening	ratio	will	be	35-40%,	to	allow	
a	larger	range	of	material	coming	in	the	excavation	
chamber,	 even	 in	 different	 sizes	 because	 of	 the	
strategically	distributed	spokes	and	buckets.
The	 soil	 conditioning	 system	 will	 be	 adjusted	 to	
meet	 the	 actual	 face	 conditions,	 especially	 where	
ESU	transitions	happen.

Project	 conditions	 are	 expected	 to	 be	 of	 highly	
varied	 composition,	 from	 clay,	 sand,	 and	 silt	 to	
boulders	8	ft	in	diameter.	The	likelihood	of	a	mixed	
tunnel	 face	 is	 also	 increased	 because	 of	 the	 large	
machine	 diameter.	 During	 EPB	 tunneling,	 earth	

pressure	will	be	counterbalanced	by	the	pressure	of	
the	muck	and	additive	in	the	mixing	chamber.	The	
pressure	is	maintained	by	varying	the	rate	of	TBM	
advance	 vs.	 the	 rate	 of	 spoil	 removal	 through	 the	
screw	conveyor.	These	variables	are	easily	modified	
as	ground	conditions	vary.

In	 addition,	 the	 specific	 gravity	 inside	
the	Cutterhead	is	1.8-2.0,	that	of	natural	
earth	 pressure	 conditions,	 so	 no	 mud	
cake	is	needed	to	maintain	face	pressure.	

Therefore,	our	setup	is	ideal	for	changeable	ground	
with	boulders.

Conversely,	 when	 a	 Slurry	 TBM	 is	 in	 operation,	
face	 pressure	 during	 tunneling	 is	 maintained	 by	
counterbalancing	 the	 pressure	 with	 slurry,	 which	
forms	a	mud	cake	at	the	tunnel	face.	The	mud	cake	
must	be	formed	because	the	specific	gravity	inside	
the	Cutterhead	is	low,	around	1.2,	so	that	the	material	
must	be	compressed	to	transfer	pressure	to	the	face.	
The	 compressed	 bentonite	 becomes	 concentrated	
within	 the	 soil	 at	 the	 face,	 forming	 the	mud	 cake.	
The	slurry	pressure	itself	is	controlled	by	balancing	
the	ingoing	and	outgoing	slurry	volumes	and	the	air	
bubble	behind	the	bulkhead.

While	 this	 system	 is	 ideal	 in	 consistent	 ground,	
changeable	 conditions	 and	 mixed	 faces	 are	 very	
problematic.	 The	 formation	 of	 the	 mud	 cake	 is	
dependent	 on	 the	 density	 of	 the	 geology.	 If	 the	
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geological	 conditions	 change,	 the	 slurry	 pressure	
must	also	change.	 If	a	variable	 face	 is	present,	 the	
mud	cake	will	not	form	sufficiently.	In	addition,	in	
permeable	geology	and	reduced	density,	a	mud	cake	
may	not	 form	or	may	not	be	 adequate	 to	hold	 the	
earth	pressure	and	settlement	may	occur,	making	the	
mining	operation	impossible.

This	is	part	of	the	reason	STP	elected	to	use	the	EPB	
rather	than	a	slurry	machine.

Cutterhead and Cutterhead Tool Wear, 
Maintenance and Replacement
High potential exists for abrasion in cutting tools 
and exposed surfaces as well as in muck removal 
components.

1)	 As	learned	in	former	projects	developed	in	similar	
conditions,	the	TBM	excavation	parameters	will	
be	adapted	to	reduce	the	wear	of	the	cutting	tools	
and	 Cutterhead	 structure,	 as	 well	 as	 in	 screw	
conveyors	and	casings.	We	learned	that	we	can	
control	and	reduce	 the	schedule	anticipated	for	
the	 tunnel	 excavation	 if	 the	mining	parameters	
meet	 the	 criteria	 of	 preserving	 cutting	 tools.	
Otherwise,	severe	wear	and	eventual	Cutterhead	
major	repairs	could	happen,	resulting	in	schedule	
delays.

2)	 In	 addition,	 an	 excess	of	pressure	goes	 toward	
the	wear	rate	of	the	cutting	tools.	So	the	proper	
and	exact	face	pressure	will	be	maintained	all	the	
time.

3)	 The	design	of	the	Cutterhead	exceeds	the	norm	
in	terms	of	hard	facing	and	perimeter	protection	
to	face	this	variable	geology.

4)	 State-of-the-art	 cutting	 tools	 with	 carbide	 bits	
and	protection	successfully	tested	before	will	be	
utilized.

5)	 Furthermore,	 an	 automatic	 wear	 detection	
system	integrated	in	the	PLC	of	the	machine	will	
advise	of	the	status	of	the	Cutterhead	and	tools,	
eliminating	the	need	to	get	into	the	chamber	to	

execute	visual	inspection.	This	latest	technology	
utilizes	 the	 Three	 Warning	 System	 levels	 to	
provide	 the	 TBM	 operator	 with	 broad	 wear	
detection.

•	 The	first	two	warnings	will	be	incorporated	
within	the	bit	tools	at	different	levels	
and	sizes	to	cover	the	whole	Cutterhead	
distribution.	The	detectors	will	show	a	
pressure	loss	as	the	bits	wear	passes	a	
certain	limit.

•	 The	third	warning	will	cover	the	full	
Cutterhead	radius	by	a	hydraulic	pipe.

6)	 Finally,	 STP	 has	 developed	 a	 complete	
Interventions	 Plan,	 spacing	 the	 interventions	
based	on	a	conservative	criteria	(450	ft	average	
gap	 between	 interventions)	 coming	 from	 our	
previous	 experiences,	 locally	 and	 in	 other	
jobsites	in	the	U.S.	and	abroad.

No	 less	 than	 19	 interventions	 are	 anticipated	 to	
maintain	 a	 proper	 control	 of	 Cutterhead	 tools,	
holders	and	structure,	as	depicted	in	the	interventions	
plan	 explained	 in	 detail	 in	 Section	 5.3	 (TBM	
Interventions).

Wear detection system for fixed cutting tools by 
hydraulic pressure.
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Furthermore,	 our	 Team	 is	 working	
together	 with	 our	 TBM	 manufacturers	
on	 the	 development	 of	 a	 hollow	
Cutterhead	 solution	 to	 reduce	 the	
number	 of	 interventions	 needed	 along	
the	 Project.	 Cutter	 changing	 devices	
at	 atmospheric	 pressure	 inside	 large	
diameter	Cutterheads	of	soil	TBMs	have	
been	successfully	utilized	before	in	many	
projects.

We	 will	 also	 consider	 the	 addition	 of	 one	 set	 of	
Rescue	Cutters	in	our	Cutterhead	design,	consisting	
of	 a	 sufficient	 quantity	 of	 peaks,	 strategically	
distributed	to	cover	all	the	face	and	the	perimeter	of	
the	excavation	face.

These	 tools	 are	 normally	 retracted	 and	 would	 be	
pulled	 out	 only	 if	 severe	 Cutterhead	 damage	 has	
been	 detected	 and,	 for	 whatever	 reason,	 there	 is	
no	 possibility	 either	 of	 intervention	 or	 of	 cutters	
replacement	 from	within	 the	arms	of	 the	machine.	
This	would	allow	the	TBM	to	continue	mining	until	
it	reaches	a	better	place	to	stop	for	intervention.

Interventions
Ground is assumed to be unstable at all location 
along the alignment. Pressures in the range of 3 
to 4 bar will be needed because of the hydrostatic 
pressure.

STP	has	developed	an	Interventions	Plan	based	on	
our	 successful	 experiences	 locally	 and	 abroad	 as	
well	 as	 to	meet	 and	 exceed	 all	 the	 due	 legislation	
and	standards,	such	as	OSHA,	and	all	the	local	and	
state	 legislation	 relating	 to	work	 under	 hyperbaric	
conditions.

Interventions	will	be	executed	along	the	alignment	
as	 planned	 and	 as	 many	 as	 needed	 as	 per	 the	
interpretation	 of	 the	 excavation	 parameters,	which	
will	be	continuously	monitored.

Professional	divers	will	be	on	site	for	the	entire	project,	
as	full	members	of	our	team.	They	will	take	care	of	

training	our	crews	and	of	handling	the	sophisticated	
equipment	needed	for	those	interventions.

Our	 team	will	 have	 the	 top-of-the-line	 features	 to	
face	this	issue:

•	 Medical	room	in	the	surface,	with	medical	
doctors	to	cover	the	whole	intervention	
process.

•	 Hyperbaric	habitat,	in	case	long	intervention	
or	reparation	is	needed.

•	 Hyperbaric	shuttle,	capable	of	transporting	
6	divers	from	the	habitat/medical	room	in	
the	surface	to	man	locks	in	the	TBM.

•	 3+2	Man	locks,	5	people	each.
•	 2	Materials/tools	locks.
•	 Pre-plumbed	penetrators	with	all	the	
services	required.

•	 Guaranteed	breathable	air	supply	by	2	
independent	lines	(8	compressors	45	Nm3/
min	each,	4	air	driers	and	4	air	receivers	
tanks	4,000	gallons	each). 

To	get	access	to	the	Cutterhead	in	hyperbaric	mode,	
as	 prescribed	 in	 the	 Technical	 Requirements	 of	
the	RFP	and	as	anticipated	in	our	design,	a	special	
mixture	of	high	density	slurry	referred	to	as	“Filter	
Cake”	will	be	 injected	 into	 the	mining	chamber	 to	
seal	the	tunnel	face	and	to	close	open	structures.

The	 exchange	 of	 the	 slurry	 by	 compressed	 air	
according	the	confinement	pressure	calculations	for	
hyperbaric	interventions	will	be	executed	as	follows:

•	 Preparation	and	injection	of	the	Filter	Cake.
•	 Substitution	the	muck	inside	the	excavation	
chamber	by	Filter	Cake.

•	 If	Filter	Cake	fails,	a	Plug	may	be	formed	
in	front	of	the	TBM	using	a	mixture	based	
on	bentonite	and	additives	pumped	into	the	
mining	chamber.

•	 If	the	Mixed	Plug	also	fails,	Polyurethane	
Foam	Plug	will	be	formed	in	front	of	the	
Cutterhead.
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•	 Substitution	of	Filter	Cake/Plug	inside	the	
excavation	chamber	by	Pressurized	air	
(pressurized	bubble).

•	 Compressed	divers/laborers	get	into	the	
pressurized	bubble	(up	to	5/8	of	the	volume	
of	the	chamber).

•	 Compressed	divers	get	out	of	the	
pressurized	bubble	when	they	are	done	or	
when	they	have	reached	the	allowed	limit	
time,	depending	on	the	intervention.

•	 Air	bubble	is	replaced	by	bentonite/actual	
material	before	mining	resumes.

TBM	 resumes	 mining	 when	 the	 decompression	
process	is	over	for	the	last	crew	of	divers	and	when	
the	 Cutterhead	 has	 been	 filled	 up	 and	 pressurized	
with	 actual	 muck/bentonite,	 and	 never	 with	 just	
pressurized	air.

There	 will	 be	 3	 types	 of	 interventions,	 depending	
on	the	face	pressure	expected	and	the	type	of	work	
to	perform	once	inside	the	excavation	chamber:	Air	
interventions,	Trimix	 gas	 interventions	 and	finally,	
saturation	diving.

Air	 interventions,	 typically	 below	 50	 psi	 (3.45	
bar),	will	be	carried	out	by	our	own	trained	crews,	
together	 with	 professional	 divers.	 Laborers	 will	
breathe	just	the	surrounding	atmosphere	plus	oxygen	

only	at	a	certain	stage	of	the	decompression	process.	
In	fact,	all	the	19	anticipated	interventions	have	been	
planned	in	this	manner.

In	order	to	carry	out	safer	interventions,	
the	filter	cake	will	be	refreshed	regularly	
and	 as	 many	 times	 as	 needed.	 An	
automatic	excavation	filter	cake	and	refill	
system	may	be	utilized,	not	to	maintain	

the	face	pressure	by	pressurize	air	only	and	to	refill	
the	Cutterhead	with	 actual	material	 before	 resume	
mining,	after	the	intervention.

Should	 we	 need	 to	 perform	 interventions	 above	
50	 psi,	 Trimix	 interventions	 will	 be	 performed.	
Interventions	would	be	carried	out	by	professional	
divers	who	breathe	Trimix	gas,	a	mixture	of	helium,	
nitrogen	 and	 oxygen	 that	 combats	 the	 effects	 of	
nitrogen	 narcosis	 that	 may	 occur	 at	 that	 range	 of	
pressure.	No	interventions	are	expected	in	that	way	
but	 we	 will	 furnish	 our	 TBM	 and	 installations	 to	
execute	them	if	needed	at	any	stage	of	the	project.

Finally,	 if	 extremely	 long	 interventions	 were	
necessary	due	to	severe	damage	and	structural	repairs	
in	 the	 Cutterhead,	 then	 saturation	 interventions	
performed	by	professional	divers	will	be	utilized.	In	
that	way,	divers	are	kept	under	pressure	at	all	times,	
sometimes	for	several	weeks.	Note,	saturation	diving	

Bucket teeth as 
inspected during 
an intervention 
(Brightwater 
West Conveyance 
Tunnel, WA).

Hyperbaric habitat control in the top of the shaft 
(Brightwater West Conveyance Tunnel, WA). 
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interventions	are	not	expected	along	the	alignment.	
However,	we	will	furnish	our	TBM	and	installations	
to	execute	them	if	needed	at	any	stage	of	the	project	
with	features	such	as	hyperbaric	habitat	or	hyperbaric	
shuttle.	

Stability of Annulus
The annular space will be a source of ground loss if 
not continuously supported and its closure prevented.

To	avoid	settlements	throughout	the	alignment,	the	
annulus	will	 stay	filled	and	pressurized	 throughout	
the	 duration	 of	 the	 excavation	 phase	 as	 well	 as	
during	breakdowns	or	scheduled	stoppage.	Thus,	the	
excavated	tail-void	is	prevented	from	closure.

Our	design	addresses	this	issue	as	described	below:

MINIMUM voLUME oF ANNULUS
STP	 has	 designed,	 together	 with	 the	 best	 TBM	
manufacturers,	an	EPB	shield	57'	4"	diameter	with	
a	minimum	gap	possible	of	420	mm.	That	considers	
the	clearance	needed	to	place	the	concrete	ring	and	

the	 steering	 of	 the	 machine	 as	 per	 the	 minimum	
radius	anticipated	and	beyond	(1,650	ft)	but	still	on	
the	safe	side	in	terms	of	structural	behavior.

This	 comes	 from	 our	 former	 experience	 in	 M30	
project	 in	Madrid	 (Spain).	There,	we	designed	our	
49.25	ft	EPB	machine	with	a	minimum	gap	of	360	
mm	 to	 comply	 with	 the	 prescribed	 final	 interior	
diameter	of	the	tunnel,	while	the	other	machine	used	
on	the	same	project	had	a	430	mm	of	gap.	Despite	
the	fact	that	none	of	the	machines	had	major	issues	
in	terms	of	settlements,	our	solution	proved	that	we	
achieved	better	settlements	outputs	mainly	because	
of	the	selection	of	that	minimum	gap,	among	other	
reasons.

AUToMATIC SHIELd GAP INJECTIoN
Bentonite	mix	or	similar	gel	will	be	injected	though	
pipes	 arranged	 around	 the	 shield,	 to	 maintain	 the	
annulus	 between	 the	 excavated	 tunnel	 and	 the	
exterior	of	the	shield	filled	(37.6	yd3	in	our	design)	
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Line of settlement 
during TBM 
excavation in 
soils.

and	 as	 transition	 between	 the	 excavation	 and	 the	
backfilling	through	slick	lines	within	tail	skin	shield.

Longitudinally,	 that	annular	space	will	be	confined	
between	the	rim	of	the	Cutterhead	in	the	front	and	
the	spring	plates	attached	to	the	exterior	rear	of	the	
tail	skin	shield.

The	 amount	 of	 bentonite	 or	 gel	 to	 be	 injected	 to	
keep	that	gap	filled	will	be	controlled	by	volume	and	
pressure.	In	any	case,	the	target	level	selected	will	be	
controlled	automatically	all	the	time	by	the	PLC	of	
the	machine.

The	PLC	of	 the	TBM	will	 be	 programmed	 not	 to	
permit	 the	machine	 to	 start	 mining	 if	 the	 annulus	
is	 not	 filled	 and	 pressurized	 at	 the	 pre-established	
levels,	as	back-up.

This	 bentonite	 system	 will	 be	 common	 for	 this	
application	 as	 well	 as	 for	 the	 Automatic	 Refill	
System	of	the	Cutterhead	if	face	pressure	drops,	and	

for	the	preparation	of	filter	cake	and	refilling	of	the	
chamber	after	interventions.	That	way	the	bentonite	
is	continuously	refreshed	to	avoid	having	bentonite	
stored	 too	 long.	 Bentonite	 properties	 decline	 over	
time.

BACKFILL GRoUTING SySTEM
The	steering	gap	between	the	excavated	tunnel	and	
the	exterior	of	the	ring	will	be	filled	while	mining	so	
the	annulus	stays	filled	and	pressurized	all	the	time.

STP	has	envisioned	the	ability	of	having	
the	 two	 best	 known	backfilling	 systems	
to	eliminate	the	risk	of	settlement	in	the	
ring	gap.	For	that	reason	we	will	use	the	
two-component	 injection	 as	 a	 primary	
backfilling	 system,	 as	 well	 as	 a	 regular	
grout	injection	if	necessary,	to	make	sure	
we	 cover	 any	 possible	 situation	 when	
mining.
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Stability of segmental lining in the ground.

Since	there	are	solid	technical	reasons	to	support	the	
utilization	 of	 both	 systems,	 our	 approach	 consists	
of	having	the	two	systems	ready	to	be	used	on	the	
machine	at	any	time,	as	well	as	the	ability	to	stock,	
prepare	 and	 pump	 in	 the	 two-component	 products	
needed	from	proper	batch	plants	in	the	surface	and	
mix	mortar,	place	it	in	containers	and	send	them	to	
the	heading	to	be	used	if	needed.
The	 two-component	 grout	 uses	 liquid	A	 (cement,	
clay-sand,	water,	bubble	 forming	agent,	 stabilizing	
agent,	 entrained	 air)	 and	 liquid	 B	 (regulated	 set	
accelerator	 agent).	 After	 mixing	 the	 two	 liquids,	
they	 become	 semi-solid	 (plastic	 state)	 in	 a	 few	
seconds,	and	keep	this	state	about	half	an	hour	and	
then,	they	become	hard.	The	gel	and	hardening	time	
will	be	set	 to	meet	specific	project	requirements	at	
any	 time.	 Piping	 and	 the	 system	will	 be	 equipped	
with	two	extra	mechanisms:	one	for	mixing	the	two	
components	just	before	entering	the	void	and	one	for	
cleaning.

In	 addition,	 a	more	 traditional	 cement	based	grout	
will	be	used	if	needed.	This	solution	offers	a	slower	
hardening	 time	but	a	higher	final	 resistance	and	 in	
certain	 locations	 it	 might	 be	 recommended.	 Our	
batch	 plant	 outside	 and	mortar	 pumps	 and	mortar	
containers	 once	 in	 the	 back-up	 will	 be	 used	 if	
required	to	do	so.

In	 any	 case,	 the	 backfilling	 will	 be	 done	 through	
distributed	 ports	 within	 the	 tail	 skin	 shield	 (2x18	
ports,	Ø50	mm).	There	will	be	twice	the	quantity	of	
pipes	needed	within	the	tail	skin	so	if	any	pipe	gets	
clogged,	the	adjacent	spare	one	will	be	available	to	
keep	backfilling.

Quantities,	pressure,	volume	and	any	other	parameter	
will	be	controlled	and	continuously	registered	in	the	
PLC	of	the	TBM.

SECoNdARy BACKFILL GRoUTING SySTEM
In	the	event	that	voids	appear	even	after	the	whole	
backfilling	process	has	been	executed	as	planned	or	
as	 contingency	method	 in	 case	 of	 settlements,	 our	
machine	will	feature	a	secondary	injection	position	
in	the	back-up	for	both	the	two-component	system	
and	a	regular	system	to	inject	grout.

In	 this	 case,	 the	 backfilling	 will	 be	 done	 through	
injection	 holes	 on	 every	 segment	 or	 eventually	
through	holes	drilled	wherever	necessary.

Ground Improvement Alternatives
Additional ground improvement means may be 
necessary, such as: permeation grouting, jet grouting, 
soil mixing, compensation grouting, compaction 
grouting, ground freezing and dewatering or 
depressurization.

Our	 TBM	 has	 been	 designed	 to	 perform	 ground	
improvement	if	needed	ahead	of	the	machine,	i.e.	as	
a	contingency	method	as	included	in	our	Settlement	
Mitigation	Plan	submitted	and	approved	as	a	DMS.

To	 do	 so,	 two	 solutions	 are	 possible:	 drilling	 and	
grouting	 at	 the	 crown/perimeter	 of	 the	 tunnel	 or	
drilling	and	grouting	at	the	tunneling	face.
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PERIPHERAL UMBRELLA ARoUNd THE TBM 
SKIN IN FRoNT oF THE TBM
It	will	be	possible	to	perform	a	peripheral	umbrella	
drilling	pattern	with	a	drill	 rig	 installed	on	each	of	
the	two	vacuum	plates	of	the	segment	rings	erector.	
As	many	as	34	holes	Ø110	mm,	with	an	inclination	
of	about	17º	relative	to	the	shield	longitudinal	axis	
are	 evenly	 distributed	 around	 the	 tail	 skin	 shield	
diameter	for	this	purpose.

These	 injection	 holes	 are	 all	 equipped	 with	 the	
necessary	components	making	this	ground	treatment	
operation	safe.	To	achieve	the	complete	pattern,	the	
drill	rigs	are	turned	from	one	position	to	another	by	
using	the	erector.

The	 treatment	 could	 reach	 100	 feet	 ahead	 of	
the	 excavation	 face	 or	 more	 if	 special	 rigging	 is	
eventually	set	up.

INJECTEd BLoCK IN FRoNT oF THE 
CUTTERHEAd
Other	drilling	rigs	are	to	be	installed	attached	to	the	
drive	unit	 casing	of	 the	TBM	in	order	 to	drill	 and	
make	a	block	of	 injected	ground	 in	 front	of	TBM.	
This	rig	is	mounted	on	a	bracket	fixed	to	the	bolted	
front	flange	of	the	Cutterhead.	

The	 drill	 supports	 are	 provided	with	 an	 adjustable	
inclination	which	partly	permits	implementation	of	
the	pattern	required	for	completion	of	the	block.

The	design	of	the	Cutterhead	allows	the	drilling	rod	
to	pass	through	38	positions	Ø110	mm	swiveled	in	
the	bulkhead,	to	reach	the	required	locations.

The	 excavation	 heading	 will	 be	 conditioned	 with	
foam,	polymer,	water,	filler	or	bentonite	depending	
on	the	gradation	of	the	excavated	material	to	improve	
its	 characteristics	 to	 be	 transported	 by	 the	 screw	
conveyor	and	along	the	conveyor	belt.

In	 the	 same	 way,	 the	 excavation	 heading	 ground	
might	be	 improved	 in	order	 to	 reduce	 the	pressure	
needed	in	an	intervention.

Scale Effects
The large diameter of the tunnel, face and perimeter 
may cause unstable conditions, potentially causing 
the annular gap to collapse. 

STP	 recognizes	 that	 the	 election	 of	 a	 large	
diameter	TBM	as	 the	best	 solution	 for	 this	project	
implies	 an	 additional	 risk	 because	 of	 the	 massive	
excavation	 size.	 However,	 the	 large	 size	 is	 within	
the	technological	advancements	of	TBMs	and	fully	
within	 the	 capabilities	 of	 present	 day	 construction	
industry.Sample of drilling pattern from 

within the TBM shield.
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Structurally	both	the	TBM	shield	and	tunnel	lining	
have	been	calculated	for	the	worst	case	scenario	and	
even	for	an	unlikely	collapse	event.
The	soil	conditioning	system	will	be	flexible	enough	
to	adapt	to	any	composition	needed	at	any	time,	even	
if	it	is	not	previously	anticipated.
All	 the	TBM	parameters	have	been	selected	based	
on	the	experience	of	past	projects	and	going	beyond	
what	worked	well,	to	make	sure	that	technically	we	
will	be	covered	in	the	event	of		any	situation.
For	instance,	the	lessons	learned	in	the	performance	
of	our	49.25	ft	diameter	EPB	in	the	M-30	project	in	
Madrid	have	been	applied	to	the	design	of	the	EPB	
machine	for	this	project,	especially	in	terms	of	main	
parameters	 such	 as	 thrust,	 torque	 and	 Cutterhead	
openings.

In	 addition,	 all	 the	 potential	 risky	 positions	 like	
face	pressure,	backfilling	or	filling	of	the	shield	gap	
will	 count	with	Automatic	Systems	 to	 ensure	24/7	
operation,	with	or	without	crews	on	site	and/or	in	the	
event	of	power	shutdown	or	long	stoppage.

However,	 what	 we	 learned	 from	 our	 former	 large	
TBM	 experiences	 including	 the	 mentioned	 M-30	
project	and	Metro	Line	9	in	Barcelona	(EPB	Ø39.4	
ft)	was	that	to	comply	with	the	proposed	schedule	and	

to	achieve	a	proper	settlement	control,	maintaining	
it	within	 the	anticipated	 limits	 is	not	 related	 to	 the	
tunnel	 size	 but	 to	 the	 selection	 of	 the	 appropriate	
equipment,	in	accordance	with	the	ground	conditions.

In	addition,	the	operation	by	the	most	skillful	crew	
will	be	the	key	to	the	success	of	this	project,	as	was	
the	 case	 in	 our	 previous	 experience	 with	 similar	
projects.

Gas Conditions
Bored Tunnel is classified “Potentially Gassy” as 
per OSHA 29 Subpart S 1926.8.

Gas	reservoirs,	mainly	methane,	may	be	encountered	
along	 the	 alignment.	 For	 that	 reason,	 our	 TBM	
is	 equipped	 with	 a	 gas	 monitoring	 system	 to	
continuously	monitor	O2,	CO,	CH4,	S2H.

The	 gas	 sensors	 will	 be	 near	 the	 screw	 conveyor	
discharges	as	well	as	distributed	along	the	shield	and	
trailing	gear.

Explosive	 gas	 (Methane)	 is	 detected	 continuously	
and	data	(%	LEL)	shown	at	the	operator’s	monitor	
and	stored	in	the	surface	computer.	The	other	gases	
are	 also	 detected	 continuously	 and	 data	 (%	VOL)	
stored	in	the	surface	computer.

Execution of a peripheral umbrella from within an 
EPB machine (Seville Metro Line 1 tunnel, Spain).

Scale effects: Comparison of the EPB 
specifications for SR 99 vs. the EPB machine for 
M30 Bypass South tunnel (Madrid, Spain).
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If	 allowed	 levels	 are	 exceeded,	 a	 gas	 horn	 will	
sound,	the	alarm	will	display	on	the	gas	monitor	and	
all	 the	electric	motors	will	shutdown	or	eventually	
the	substation	on	the	main	circuit	breakers	will	trip	
if	needed.	This	will	be	carried	out	according	to	the	
Safety	Plan	of	our	project.

All	the	components	of	the	machine	and	specially	the	
electric	devices	have	been	selected	to	comply	with	
OSHA	29	Subpart	S	1926.8,	as	well	as	the	temporary	
ventilation	system.

Measurement of Excavated Quantities
Over-excavation or ground loss might produce 
settlements/sinkholes.

The	control	of	 the	extracted	material	 is	one	of	 the	
most	important	aspects	in	order	to	avoid	overcutting	
and	surface	settlement	and	therefore	it	is	crucial	for	
this	project.

Our	operation	method	consists	of	an	 instantaneous	
control	by	means	of	two	weigher	scales	mounted	on	
the	TBM	conveyor	belt	at	screw	conveyor	exit	point	
with	approximately	10	meters	gap	between	them.	

In	addition,	a	volumetric	measure	of	the	material	on	
the	conveyor	belt	based	on	a	 radar	 system	will	be	
continuously	taken.

Those	 three	 redundant	 systems	 will	 send	 data	 to	
the	 PLC	 of	 the	 TBM,	 which	 will	 compare	 that	
information	 with	 the	 water,	 foams	 and	 additives	
added	to	the	excavation	face	to	know	the	excavated	
volume	at	any	time	with	accuracy	as	close	to	0.5%	
as	possible.

Furthermore,	 the	 cumulative	 weight	 average	 will	
appear	on	the	TBM	operator’s	monitor	so	that	he	can	
react	instantaneously.	The	TBM	operator	will	extract	
materials	from	the	Cutterhead	chamber	keeping	the	
cumulative	weight	in	the	range	previously	described.

The	 extraction	 is	 immediately	 and	 automatically	
suspended	when	the	alarm	limits	are	achieved.

Muck Handling and disposal
Muck handling and disposal will comply with the 
specifications in the Environmental Baseline Report.

Because	of	the	heavy	loads	of	the	saturated	spoils	and	
the	large	excavated	volume	expected,	 the	 transport	
of	the	muck	coming	out	of	the	screw	conveyors	from	
the	excavation	chamber	will	be	done	by	means	of	a	
conveyor	belt	system,	working	based	on	the	principle	
of	the	cascade	system	successfully	used	before.	The	
system	has	been	designed	to	handle	up	to	2,800	T/h.

Muck	 cars	 inconveniently	 need	 powerful	
locomotives	to	move	the	train	along	the	tunnel	and	
this	will	cause	high	fumes	emissions	that	would	be	
an	additional	problem	to	the	design	of	the	temporary	
ventilation	system.	In	addition,	relative	low	capacity	
would	demand	several	trains	per	stroke,	making	the	
operation	unaffordable.

The	 TBM	 conveyor	 belt	 will	 transfer	 the	 spoils	
coming	out	of	the	excavation	chamber	through	the	
screw	conveyors	to	the	tunnel	conveyor	belt	system.

Muck Volume Measurement System.
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Figure 5.2-4. Muck handling and logistics in Pier 46.
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A	continuous	conveyor	belt	will	transport	that	muck	
from	 the	TBM	 to	 the	 shaft	 throughout	 the	 tunnel.	
Once	in	the	South	Portal,	an	overland	conveyor	belt	
system	 consisting	 of	 three	 transfer	 conveyor	 belts	
plus	one	barge	stacker	that	will	place	the	spoils	onto	
barges.

A	 decant	 facility	 with	 another	 radial	 stacker	 will	
be	 installed	 as	 back-up	 in	 case	 there	 is	 no	 barge	
available,	 as	 a	 contingency	 means	 for	 situations	
when	 inclement	 weather,	 barge	 replacement	 or	
contaminated	ground	are	encountered.

All	the	conveyor	belts	in	the	overland	will	be	fully	
covered	 to	 avoid	 dust	 and	 noise,	 and	 to	minimize	
visual	impact	to	the	vicinity.

In	 any	 case,	 a	 treatment	 location	will	 be	 set	 up	 in	
the	overland	conveyor	system	to	control	and	monitor	
spoils	and	to	add	any	additive	needed	to	adjust	pH	
automatically	or	any	other	property	of	the	soils.

All	 excavated	 materials	 will	 be	 environmentally	
screened,	classified	and	stockpiled	in	accordance	with	
the	Environmental	Baseline	Report.

Consistency	 and	 chemical	 properties	 will	 be	
considered	when	transporting	and	disposing	of	muck	
as	well.	

Removal	 of	 the	 spoils	 by	 barge	 and	
sea	 is	 a	 clear	 advantage	 to	 the	 adjacent	
neighborhood	 as	 well	 as	 for	 the	 entire	
city.	Otherwise,	our	Team	has	anticipated	
that	an	average	of	300	heavy	truck	loads	
per	day	would	be	necessary	for	removal	
of	 the	spoils	from	of	 the	jobsite,	adding	
more	vehicular	traffic	to	an	already	busy	
street	system.	(See	Figure	5.2-4.)

TBM	Features	to	Reduce	the	
Risk	of	the	Project
In	 the	 last	 30	 years,	 the	 choice	 of	 large	 diameter	
tunnels	 as	 the	best	 solution	 to	 integrate	more	 than	
two	lines	of	traffic	or	more	than	one	traffic	system	in	
one	single	tunnel	has	become	the	industry	standard	
and	common	place	around	the	world.

As	 a	 result,	 more	 challenging	 projects	 have	 been	
undertaken	due	to	this	large	diameter	solution.	Large	

Overland conveyor #2 and #3 (1,200 T/h) covered 
where crossing Northern Blvd. East Side Access, 
Long Island City, New York, NY.

Overland conveyor 1,250 T/h covered where 
crossing Highway (Guadarrama Tunnels in 
Segovia, Spain).
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diameter	tunnels	have	opened	a	whole	new	world	of	
possibilities	and	construction	benefits,	such	as:

•	 Having	plenty	of	room	to	set	up	and	operate	
systems	and	equipment,	e.g.,	to	mitigate	risk	
of	deformation.

•	 Having	larger	means	to	enable	safe	access	
for	maintenance	into	the	excavation	plenum.

•	 Significantly	reducing	the	impact	of	big	
boulders	in	the	excavation	face.

•	 Better	control	of	settlements	due	to	the	
tunnel	excavation	process.

Having	 learned	 some	 valuable	 lessons	 from	
past	 projects,	 locally	 and	 in	 similar	 conditions	
internationally,	STP	has	 included	TBM	 features	 in	
our	EPB	machine	design	to	reduce	the	risk	for	our	
Project.

Our	EPB	Machine	 features	 are	 explained	 in	Table	
5.2-5.

Selection of an Earth Pressure 
Balance (EPB) Machine
Based	on	the	several	risks	identified	above,	Seattle	
Tunnel	 Partners	 has	 selected	 an	 Earth	 Pressure	
Balance	TBM	as	one	of	the	most	important	features	
to	reduce	the	risk	of	our	project.	Some	of	the	criteria	
utilized	 to	 select	 that	 option	 vs.	 a	 Slurry	 shield	
machine	 in	 terms	of	 risk	mitigation	 for	 the	project	
are	depicted	in	the	Table	5.2-6.

Face Pressure up to 10 bar
TBM Normal Mode
In	 EPB	 machines,	 face	 pressure	 is	 permanently	
supported	based	on	a	controlled	and	continuous	flow	
of	 excavated	 and	 conditioned	muck/spoils	 through	
the	 screw	 conveyors,	 besides	 maintaining	 other	
parameters	like	the	advance	and	rotation	rates.	

Our	geotechnical	experts	anticipate	a	maximum	face	
pressure	of	4.3	bar	(62	psi)	to	5.6	bar	(82	psi),	without	
and	 with	 full	 hydrostatic	 (soil	 and	 groundwater)	

pressure,	 respectively.	Despite	 this	anticipated	face	
pressure	range,	our	EPB	machine	has	been	designed	
to	excavate	efficiently	with	a	face	pressure	as	high	
as	7	bar,	which	is	125%	of	the	maximum	anticipated	
face	pressure.

TBM Exceptional/Emergency Mode
Additionally,	our	TBM	design	has	been	designed	to	
have	the	ability	of	continuing	mining	in	an	unlikely	
event	 of	 face	 pressure	 higher	 than	 the	 hydrostatic	
is	demanded.	Our	TBM	design	and	all	its	features,	
components	and	systems	will	be	ready	to	mine	up	to	
10	bar	even	on	emergency	mode,	as	a	contingency	
method	to	the	TBM	becoming	lodged.

The	 STP	 design	 of	 the	 TBM	 allows	 us	 to	 keep	
progressing	forward	even	in	the	unlikely	hypothetical	
case	 of	 having	 to	 mine	 while	 supporting	 the	 full	
earth	 column	 over	 the	 excavation	 chamber	 in	 the	
deepest	section	of	the	alignment,	with	more	than	220	
ft	overburden.

The	Automatic	Face	Pressure	Recovery	System	will	
serve	as	 contingency	method	as	well,	 refilling	and	
pressurizing	the	plenum	again	with	bentonite,	should	
the	face	pressure	suddenly	drop.

Preventive Maintenance and 
Interventions Plan
STP	 is	 committed	 to	 the	 development	 and	
performance	 of	 scheduled	 preventive	maintenance	
of	the	TBM,	as	well	as	to	its	ancillary	equipment,	as	
the	best	means	 to	execute	and	deliver	 this	Project.	
This	 minimizes	 its	 inherent	 risk	 due	 to	 the	 large	
diameter	 TBM	 performing	 in	 challenging	 mixed	
ground	conditions	as	well	 as	preventing	additional	
risk	 because	 of	 either	 sub-optimum	 operation	 or	
equipment	failures.
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Table 5.2-5. TBM Features to Reduce the Risk of the Project

caUSeS
main riSk For 
the Project oUtcomeS

mitigation 
StrategieS

tbm FeatUreS to 
reDUce riSk

leSSonS learneD/
PaSt ProjectS

Tunneling in 
urban condition 
is the best option 
for the Alaskan 
Way Viaduct 
replacement

Potential TBM 
problems 
and failures 
could be more 
significant

Long delays

Higher cost for 
repairs

Third party 
impacts

TBM to be self-
sufficient not to 
depend from 
external means

• EPB solution 
designed for 
worst scenarios 
possible

• Preventive 
Maintenance 
Plan & 
Interventions 
Plan

• M-30 South Bypass 
South Tunnel, Madrid 
(EPB Ø49.25 ft)

• Barcelona Metro Line 
9 (EPB Ø39.4 ft)

• Madrid Subway 
(EPBs Ø24.2 & 30.6 
ft)

In the first 
1,500 ft of the 
alignment there 
will be:
• Looser and 

weaker soils
• Smaller cover
• Starting-up of 

the TBM
• Learning 

curve

Deformation 
due to normal 
operation

Deformations 
of ramps, 
structures and 
utilities

Potential 
sinkholes and/or 
heaves

Develop a 
plan to ensure 
a continuous 
excavation 
process and 
to isolate the 
effects of the 
TBM progress of 
the surrounding 
utilities and 
structures

South Portal 
Ground 
Improvement 
and Deformation 
Mitigation Plan

• AVE Atocha-
Chamartin, Madrid 
(EPB Ø37.7 ft)

• Over-
excavation

• Ground loss

Deformation 
due to sub-
optimum 
operation

• Deformations 
of buildings, 
ramps, 
structures and 
utilities

• Potential 
sinkholes and/
or heaves

• Constant control 
of support 
pressure

• Monitoring

• EPB machine 
operated by 
the most skilful 
crews

• Automatic 
contingency 
systems

• State-of-the-
art monitoring 
system

• M-30 South Bypass 
South Tunnel, Madrid 
(EPB Ø49.25 ft)

• Madrid Subway 
(EPBs Ø24.2 & 30.6 
ft)

• Glacial soils
• Large TBM 

forces and 
face pressure

• Boulders

Excessive 
wear and tear 
in Cutterhead 
and tools

Slow or delayed 
TBM progress

• Proper wear 
control and 
Maintenance: 
Interventions 
Plan

• Appropriate soil 
conditioning

• Cutterhead 
design

• Digestion of 
3ft diameter 
boulders

• Soil conditioning
• Interventions 

means
• Wear detection

• Barcelona Metro Line 
9 (EPB Ø39.4 ft)

• Seville Metro Line 1 
(EPB Ø19.25 ft)

• Brightwater West 
Conveyance Tunnel 
(EPB Ø15.4 ft)

Impossible 
to predict 
in advance 
thickness and 
extension of 
ESUs along the 
alignment

Mixed face 
conditions 
for the entire 
alignment

• Uncertainty
• Slow or 

delayed TBM 
progress

• Possible 
deformations

Flexibility of TBM 
systems and 
operations

• EPB solution
• Face pressure 

up to 10 bar
• Two-

components 
or mortar back 
filling

• Soil conditioning

• Madrid Metro Line 7 
(EPB Ø30.6 ft)

• Seville Metro Line 1 
(EPB Ø19.25 ft)

• Barcelona Metro Line 
9 (EPB Ø39.4 ft)

• AVE High Speed 
Train in Quejigares, 
Spain (EPB 30.7 ft)
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Table 5.2-6. Criteria Selection of TBM type regarding Risk Mitigation.
riSk ePb machine SlUrry machine

Face 
stabilization 
during normal 
operation

Face pressure is counterbalanced by pressure 
of muck consisting of conditioned actual ground 
inside mixing chamber.

Face pressure is counterbalanced by pressure of 
slurry inside mixing chamber, which is transmitted 
artificially via bentonite slurry.

Pressure of muck inside mixing chamber is 
controlled by balancing excavated muck volume 
and discharged muck volume.

Pressure of slurry inside mixing chamber is controlled 
by balancing the fed and return bentonite slurry 
volume.

Volume control is done manually by controlling 
screw conveyor speed and screw gate opening.

Volume control is done automatically by controlling the 
speed of the slurry pump.

Reaction 
during 
malfunction

If over-excavation occurs, the operator has time 
to react and initiate a remedy.

If over-excavation occurs, it happens quickly. Ground 
loss can occur before the operator realizes the failure.

Face 
Stabilization 
during 
malfunction

The same amount of muck which has been 
over-discharged will be over-excavated.

A maximum over-excavation will be the same size as 
the mixing chamber volume.

Potential 
Sinkholes/
Heaves

• The face pressure is constantly maintained 
by the operation of the speed of mining and 
speed of the screw conveyor.

• Even in the Shallowest portion of tunnel at the 
beginning and at the end of the alignment, 
the sink or elevation of ground surface during 
excavation can be avoided by controlling 
excavation chamber pressure.

• There is always possibility of ground collapsing at 
the stratum which large conductivity (above 1x10-2 or 
uniformity coefficient is less than 5).

• Normally, the controlled excavation chamber 
pressure shall be higher than the natural ground 
water pressure. At the shallow tunnel, the mud water 
may gush out on the ground.

Presence of 
Boulders

• Large size boulders, up to 3 ft diameter will be 
discharged by the ribbon screw-shaft screw 
conveyor configuration.

• Before that happens, larger boulders than the 
screw conveyor capacity are crashed by the 
disc cutters on the cutter head.

• Crushed boulders are discharged by the pipe line.
• The size of boulders is limited by the size of pipe 

line. Boulders are crushed to the limited size by the 
disc cutters on the cutter head and the crusher in 
the cutter chamber.

• Additional measures are will be necessary to 
eliminate the pressure fluctuation caused by the 
operation of the crusher in cutter chamber, which 
represents an additional risk.

Interventions

• Number of interventions will be reduced 
because larger boulders than the slurry shield 
can be digested.

• The wear of cutting tools can be reduced 
because of the soil conditioning and the 
flexibility of the excavation parameters.

• The risk of moving boulders in front of the 
cutter head while grinding it out will be 
reduced.

• Number of interventions will be increased because 
not so large boulders will be digested.

• Higher wear of disc cutters will be achieved because 
of the excavation conditions.

• The risk of moving boulders in front of the cutter 
head while grinding it out will be dramatically 
increased.

Environmental 
issues

• All the soil conditioners required to stabilize 
the face and to get the plug, basically foam 
agents and polymers, are biodegradable, with 
minimal environmental impact.

• No special provision is needed prior to final 
disposal of the excavation debris.

• Huge amount of bentonite needed to stabilize the face.
• The quantity of spoils generated would be twice or 

even more than if EPB is selected.
• This will be an Environmental issue and in any case, 

large Slurry Treatment Plant demanding massive 
room would be needed to mitigate the pollutant 
effect of that slurry mix.
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Proper	 preventive	 maintenance	 ensures	 a	 reliable	
and	 safe	 operation	 of	 the	 TBM	 as	 well	 as	 its	
ancillary	 equipment.	 In	 turn,	 a	 reduction	 of	
downtimes	 because	 of	 breakdowns	 and	 failures	 of	
equipment	 interrupting	 the	 production	 cycle	 will	
be	 obtained,	 improving	 the	 general	 schedule	 of		
the	project.

This	 procedure	was	 crucial	 for	 the	 success	 of	 our	
previous	projects,	such	as	our	many	Subway	Tunnel	
projects	 in	Madrid	between	1993	and	2005,	where	

production	records	where	achieved	by	our	two	Ø30.6	
ft	and	one	Ø24.25	EPB	machines,	due	to	a	rigorous	
Maintenance	 Plan	 implementation,	 resulting	 in	
highly	reliable	performance	of	the	TBM	throughout	
the	drives.

Our	 preventive	 maintenance	 will	 be	 carried	 out	
according	 to	 the	 instructions	 of	 the	manufacturers	
of	the	different	major	pieces	of	equipment,	together	
with	our	own	and	even	more	demanding	Maintenance	
Procedures	 and	 Protocols.	 These	 procedures	 are	

46
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Face Pressure Calculation.



TUNNEL

SECTION 5.2, PAGE 44

ProPosal – sr 99 Bored Tunnel alTernaTive 

enforced	on	all	our	projects,	not	limited	to	the	TBM	
but	to	the	ancillary	equipment	as	well,	to	reduce	and	
minimize	 the	 impact	 that	 any	 stoppage	 or	 failure		
could	have	in	the	performance	of	the	TBM,	such	as:

•	 Conveyor	belts	system:	tunnel	continuous	
conveyor	belt	and	overland	conveyor	belt	
system

•	 Rolling	Stock
•	 Gantry	crane	in	the	shaft
•	 Manlifts	and	small	cranes	to	execute	
maintenance

•	 Crawler	crane	to	unload	segments	from	
barges

•	 Temporary	fans
•	 Batch	plants
•	 Personnel	elevators	and	stair	towers
•	 Forklifts
•	 Water	pumps
•	 Cooling	tower
•	 Compressors	and	air	receiver	tanks
•	 Transformation	center
•	 Hyperbaric	Habitat	in	the	top	of	the	shaft
•	 Hyperbaric	shuttle

There	 are	 certain	 maintenance	 tasks,	 primarily	 on	
the	TBM,	 to	be	done	while	 the	machine	 is	up	and	
running,	 such	 as	 greasing,	 alignment	 of	 conveyor	
belt,	 temperature	 inspections	 and	 record,	 vibration	
or	simply	visual	inspection	of	the	equipment	while	
operating.	However,	most	of	 them	will	 require	 the	
equipment	to	be	out	of	operation.	So	to	make	sure	
we	comply	with	the	prescribed	maintenance	works	
all	 the	 time,	 STP	 has	 anticipated	 a	 Scheduled	
Maintenance	Plan,	as	follows:

TBM CUTTERHEAd ANd ExCAvATIoN 
CHAMBER: INTERvENTIoNS
Cutterhead	maintenance	will	be	done	in	hyperbaric	
mode	and	according	 to	our	 Interventions	Plan.	No	
less	 than	 19	 interventions	 might	 be	 executed	 as	
depicted	in	the	schedule	in	Section	5.3,	based	on	our	
Interventions	Plan.

REST oF TBM CoMPoNENTS ANd 
ANCILLARy EQUIPMENT
Our	ambitious	Preventive	Maintenance	Plan	includes	
shift,	daily,	weekly	and	monthly	maintenance	works,	
together	 with	 the	Maintenance	 Intervals	 requested	
by	 manufacturers	 and	 by	 our	 demanding	 internal	
maintenance	procedures.

The	 maintenance	 operations	 will	 be	 fulfilled	 by	
a	 multitask	 group	 of	 experienced	 professionals	
consisting	of:

•	 Field	service	technical	representatives	from	
the	different	manufacturers

•	 Field	service	technicians	from	our	
construction	companies

•	 Maintenance	operators	from	our	crews	on	
site

Furthermore,	STP	will	maintain	large	storage	of	spare	
parts	on	site,	which	will	exceed	the	recommendation	
of	the	Technical	Requirements,	based	on	our	previous	
experience.

Not	only	the	TBM	but	every	single	major	piece	of	
equipment	 as	 depicted	 above	 will	 have	 a	 proper	
stock	of	spare	parts,	as	follows:

•	 TBM	and	ancillary	equipment	main	
components

•	 Major	lead-time	components	to	be	on	site	in	
advance

•	 Minimum	spare	parts	list	stock,	as	
recommended	by	the	manufacturers

•	 Spare	parts	of	complementary	stock,	to	
ensure	redundancy	on	the	spare	parts	based	
on	our	former	experience
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South Portal and Ground 
Improvement Deformation  
Mitigation Plan
The	STP	approach	consists	of	shifting	back	the	TBM	
launching	pit	over	450	ft	as	a	special	precaution	and	
risk	mitigation	method	 for	 the	 project,	 for	 several	
reasons.	These	 include:	 the	 low	overburden	which	
currently	 exists	 (just	 25	 ft	 cover	 above	 the	 tunnel	
crown	 in	 the	 launching	headwall),	 the	 presence	of	
poor	ground	above	the	excavation,	the	lack	of	area	to	
place	ancillary	equipment,	utilities	and	installations	
of	 the	 tunnel.	 The	 start	 up	 of	 the	 TBM	 was	
previously	located	nearest	to	the	operational	portion	
of	 the	Alaskan	Way	Viaduct,	which	represented	an	
additional	and	significant	risk	to	the	Project.

To	mitigate	these	risks,	STP	has	developed	
a	plan	based	on	the	ground	improvements	
and	ground	treatments	needed	to	mitigate	
any	 possible	 deformation	 or	 settlement	
that	may	 damage	 any	 of	 the	 structures,	

utilities	 and	 buildings	within	 the	 influence	 area	 of	
the	 tunnel.	 This	 plan	 derives	 from	 the	 successful	
experiences	 and	 useful	 lessons	 learned	 in	 similar	
projects	 such	 as	 M-30	 South	 Bypass	 Tunnel	 in	
Madrid		AVE	Atocha-Chamartin	project	(High	Speed	
Railway	Tunnel)	in	Madrid	too	and	the	High	Speed	
Railway	 Tunnel	 from	 Sants	 to	 Sagrera,	 passing	
underneath	the	Expiatory	Temple	of	the	Holy	Family	
in	Barcelona,	Spain.

The	potential	risks	mentioned	above	are	as	follows:
•	 Reduced	tunnel	coverage	comprised	by	
poor	ground	(recent	granular	deposits	
including	peats,	woods	and	various	types	of	
fill	and	waste)	underneath	the	water	table.

•	 Heterogeneous	soils	and	materials	in	the	
excavation	face,	especially	in	the	upper	
layers,	together	with	a	large	array	of	human	
engineered	and	non-engineered	fillings.

•	 Artesian	ground	water	conditions	and	water	
levels	hydraulically	connected	with	the	
adjacent	seaside	or	even	tidal	variations.

•	 Mixed	face	conditions	with	stable	ground	
because	of	the	glacial	tills	in	the	bottom	of	
the	face	while	poor	material	in	the	upper	
layers	may	result	in	loose	ground	flowing	
down	to	the	excavation	chamber.

•	 Brand	new	large	diameter	TBM	that	will	
require	a	learning	curve	and	an	adaptation	
process	for	the	TBM	operators	and	for	
everyone	in	the	field	even	for	the	most	
skillful	and	experienced	operators	on	site.

•	 Load	tests	and	confirmation	in	the	field	of	
the	theoretical	compositions	and	formulas	
for	the	soil	conditioning,	previously	
developed	in	the	laboratory,	to	ensure	the	
anticipated	face	pressure	transmission	
through	the	earth	plug,	as	well	as	for	the	
backfilling	process.

Because	of	 this,	some	situations	may	occur	during	
the	 start	 up	 of	 the	TBM,	 leading	 to	 dramatic	 face	
pressure	 variations	 that	might	 end	 up	 in	 sinkholes	
or	heaves	if	the	proper	measures	were	not	taken	in	
advance.

Our	 design	 considered	 this	 and	 has	 developed	 a	
break-in	and	start-up	plan	for	the	machine	to	protect	
the	first	1,500	ft	of	the	alignment,	up	to	the	location	
where	the	tunnel	passes	underneath	the	Alaskan	Way	
Viaduct	and	gets	to	the	till	deposits	area,	with	a	higher	
coverage	(above	1	diameter	as	usually	requested).

Based	on	what	is	explained	above,	STP	is	considering	
two	different	possibilities	to	reduce	the	risk	of	starting	
up	 in	 those	 challenging	 conditions,	 developing	 an	
action	plan	consisting	of:

•	 Starting Seal Safe Haven	to	prevent	
spoils	and	muck	from	getting	out	through	
the	excavation	gap.
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•	 Protection Box Part I,	to	be	able	to	test	
the	performance	of	all	the	TBM	features	and	
means,	in	real	conditions	and	actual	soil,	but	
with	the	protection	of	a	structural	box.	This	
configuration	has	been	successfully	tested	
at	the	beginning	of	this	year	in	our	Ø39.4	ft	
EPB	machine	in	the	project	AVE	Atocha-
Chamartin	(High	Speed	Railway	Tunnel)	in	
Madrid,	Spain.

•	 Inspection Safe Haven #1,	to	execute	the	
first	complete	Cutterhead	inspection.

•	 Protection Box Part II, to	maintain	
hydrostatic	pressure	inside	the	box,	cutting	
through	any	possible	ground	movement.	
After	the	TBM	has	passed	through,	
decompressed	areas	will	be	filled,	if	any.

•	 Inspection Safe Haven #2,	to	execute	
another	complete	Cutterhead	inspection	in	
better	condition	before	getting	in	the	zone	
that	will	demand	the	highest	face	pressures	
along	the	alignment.

•	 Viaduct Protection Wall,	to	keep	
confining	deformations	within	the	
corridor	area,	cutting	through	any	possible	
settlement	or	ground	deformation	that	may	
affect	the	Alaskan	Way	Viaduct.

Ground	 freezing	 may	 be	 an	 alternative	 or	 a	
complementary	construction	method	in	this	project,	
especially	 in	 the	 start	 up	 of	 the	 machine	 in	 the	
challenging	South	portion	of	the	tunnel,	as	well	as	a	
part	of	our	settlement	mitigation	plan.

A	ground	freezing	system	could	provide	a	suitable	
alternative	to	our	South	Portal	Ground	Improvement	
and	Deformation	Mitigation	Plan	or	even	be	part	of	
it.	It	may	provide	distinct	advantages,	such	as:

•	 Freezing	could	be	used	for	nearly	any	soil	
type,	including	sand,	gravel,	clay	and	peat.

•	 It	is	excellent	where	dewatering	is	difficult	
or	just	not	achieved.

•	 It	is	a	less	invasive	system	that	reduces	
ground	vibration	and	noise	for	the	vicinity.

•	 It	may	need	less	utilities	relocation.
•	 Once	the	job	is	over,	the	ground	thaws	out	
to	its	pre-construction	condition.

•	 Frozen	soil	is	impermeable	and	very	
effective	cutting	off	groundwater,	reducing	
the	need	of	water	treatments.

However,	 possible	 situations	 may	 happen	 such	 as	
groundwater	 effect/tidal	 variations	 and	 the	 frozen	
block	heaving.	These	cause	our	Team	not	to	discard	
this	option,	but	 to	continue	our	 investigation	work	
until	we	determine	 the	real	potential	of	 this	option	
for	our	project.

EPB Machine Operated by the Most 
Skillful Crews
It	 is	 commonly	 assumed	 that	 realistically,	 single	
shield	TBMs	do	not	use	more	than	50%	of	the	total	
working	 time	 in	 production,	 at	 best,	 considering	
excavation	 and	 ring	 assembly	 as	TBM	production	
time.
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There	are	many	situations	that	could	occur	such	as	
geological	problems,	logistic	issues,	and	equipment	
breakdowns	 and	 sometimes	 even	 organization	
problems	on	site,	causing	most	of	the	real	time	lost.

However,	 in	our	past	projects	such	as	M-30	South	
Bypass	in	Madrid	(Spain),	when	a	Ø49.25	ft	mined	
and	lined	a	tunnel	of	a	similar	length	to	SR	99,	we	
achieved	an	average	production	 time	for	 the	entire	
project	above	60%.	This	happened	as	a	result	of	the	
execution	of	a	proper	maintenance	plan,	where	every	
part	of	our	organization	was	involved	and	engaged,	
among	other	reasons	explained	in	detail	throughout	
this	document.

Automatic Contingency Systems
Automatic Face Pressure  
Recovery System
Our	design	features	an	Automatic	Pressure	
Recovery	 System	 to	 minimize	 ground	
movement	by	accurately	controlling	 the	

fluctuation	of	pressure	in	the	mixing	chamber	if	for	
any	reason	pressure	drops	dramatically	at	any	time.

The	 system	 consists	 of	 a	 bentonite	 reservoir	 tank	
(closed,	pressurized),	a	bentonite	slurry	agitator	tank	
(open,	 non-pressurized	 and	 continuously	 refilled	
from	 our	 batch	 plant	 outside),	 one	 air	 reservoir	
tank	 (accumulator)	 and	 a	 pressure	monitoring	 and	
control	system.	The	bentonite	slurry	reservoir	tank	is	
connected	to	the	crown	area	of	the	mixing	chamber	
and	is	pressurized	up	to	the	predetermined	pressure	
and	regulated	by	compressed	air.

When	the	pressure	inside	the	mixing	chamber	drops	
below	 the	 predetermined	 lower	 limit	 pressurized	
bentonite	 slurry	will	be	automatically	 injected	 into	
mixing	chamber	to	recover	the	pressure.	

If	 the	 pressure	 inside	 mixing	 chamber	 does	 not	
recover	 in	 that	 way,	 bentonite	 will	 be	 pumped	
directly	 into	mixing	 chamber	 by-passing	bentonite	
slurry	 reservoir	 tank	 through	 operating	 ball	 valves	
for	that	purpose.	At	the	same	time,	bentonite	slurry	

will	 be	 injected	 into	 mixing	 chamber	 by	 pumps	
through	 the	 line	 connected	 directly	 between	 the	
bentonite	agitator	tanks	and	mixing	chamber.

TBM Programmed Not to Mine if Shield 
Gap/Ring Gap are Not Full
PLC	of	the	machine	will	feature	lock	devices	to	not	
allow	 the	machine	 to	move	 forward/mine	 if	 either	
the	shield	gap	or	the	steering	gap	are	for	some	reason	
not	full	enough	or	if	the	pressure	there	is	below	the	
setting	values	for	that	area.

Not Mining if Guidance System is out
STP	 will	 not	 excavate	 if	 for	 some	 reason	 the	
Automatic	Guidance	 system	 is	 not	 operative.	This	
statement	 will	 be	 included	 in	 our	 TBM	 Quality	
procedure.

Continuous operation
STP	 is	 committed	 to	 a	 continuous	
excavation	 method	 as	 the	 safest	 option	
to	 develop	 the	 project	 minimizing	 the	
additional	risk	of	stopping	and	restarting	
the	 excavation	 process	 on	 weekends	 or	
holidays.

STP	has	been	discussing	 this	 issue	with	
labor	 representatives	 and	 local	 Unions	

and	has	developed	a	Project	Labor	Agreement	that	
includes	work	on	a	24/7	basis,	by	means	of	4	 full	
crews	working	8	hours	per	work	day	(one	full	crew	
resting	while	the	other	3	are	in	operation),	to	ensure	
safe	 and	healthy	work	 conditions	while	mitigating	
additional	risk	for	the	project.

State-of-the-Art Monitoring System
A	 programmable	 logic	 control	 will	 monitor	 every	
control	and	TBM	function	by	means	of	a	main	PLC	
unit	 installed	 in	 the	 cabinets	 of	 the	 control	 cabin.	
It	 will	 be	 Siemens	 (S7),	Allan	 Bradley,	 Enzan	 or	
similar.

Connected	to	the	PLC	of	the	TBM,	our	TBM	data	
acquisition	 system	 will	 acquire,	 process,	 visualize	
and	store	data	on	per	ring	basis.	A	ring	in	this	context	
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is	defined	as	the	time	period	to	advance	the	TBM	one	
stroke	 while	 excavating	 material,	 the	 consecutive	
ring-erection	 period	 and	 related	 standby	 times.	
Default	 mode	 is	 standby.	 The	 operator	 triggers	
excavation	and	ring	build	modes	by	means	of	push	
buttons	on	 the	control	panel	 located	 in	 the	control	
cabin.

There	 will	 be	 three	 main	 TBM	 operating	 modes:	
excavation,	ring	building	and	stand-by.

The	acquisition	system	records	operating	parameters	
of	all	TBM	components,	such	as:
1)	 Earth	pressure	sensors
2)	 Thrust	system
3)	 Main	drive	and	main	drive	displacement
4)	 Tailskin	lubrication	system
5)	 Grouting	system
6)	 Ring	build	/	TBM	advance
7)	 Oil	temperatures
8)	 Gas	detection	system
9)	 Foam	generator
10)	Guidance	system
11)	Belt	conveyor

In	 addition	 to	 data	 recording,	 processing	 and	
visualization	on	the	TBM	itself	the	data	acquisition	
system	 will	 be	 configured	 for	 remote	 access	 via	
modem.	 This	 feature	 allows	 access	 to	 data	 for	
remote	storage	and	evaluation	and	provides	means	
for	remote	trouble	shooting.

In	 parallel,	 on	 each	 shift	 the	 TBM	 operator	 will	
complete	a	Tunnel	Boring	Report	form	on	a	foot-per-
foot	basis.	This	report	will	record	all	the	parameters	
requested	 in	 the	Technical	Requirements	 and	other	
Contract	Specification,	specifically	but	not	limited	to:

•	 Face	pressure
•	 Pressure	in	the	shield	gap	filled	void
•	 Pressure	in	the	tail	void	backfill	two-
component/grout	and	volume	of	backfilling	
injected

•	 Volume	of	excavated	material

•	 Operational	data	of	the	TBM	(including	
torque	and	rpm)

•	 Length	and	chainage	of	each	advancement	
stroke

•	 Operational	data	of	muck	removal	system	
(pressure,	torque	and	rpm	of	the	screw	
conveyors)

•	 Thrust	applied	to	the	propulsion	jacks,
•	 Backup	towing	loads
•	 Time	and	duration	of	every	stoppage	of	
the	TBM	(including	records	of	changes	of	
cutters	and	other	maintenance)

•	 Position	of	cutting	tools	changed
•	 Time	of	stop	and	start	on	the	TBM	clock	for	
each	tunnel	lining	ring	placement

•	 Survey	control	data
•	 Type	of	ground	encountered

All	data	log	files	are	stored	in	a	designated	location	
on	 the	 hard	 drive	 of	 both	 the	TBM	and	 the	 office	
computer.	All	data	log	files	are	stored	in	a	standard	
dBase	 format;	 these	 files	 can	 be	 opened	 using	
Microsoft	Excel	or	Lotus.

Cutterhead design
The	 Cutterhead	 has	 been	 specially	 designed	 as	
a	 closed	 type	 with	 two	 directions	 of	 rotation	 to	
accommodate	 the	 anticipated	 geologic	 conditions,	
with	35-40%	of	openings	to	allow	the	TBM	to	mine	
through	mixed	face.	The	basic	parameters	considered	
in	its	design	were	as	follows:

•	 State-of-the-art	carbide	back	loading	cutting	
tools	such	as	knife	bits,	scrapers	and	bucket	
lips	for	soils	excavation,	staggered	and	
guaranteed	for	the	entire	project,	apart	from	
impact	with	boulders	and	cobbles.

•	 19"	or	20"	heavy	duty	disc	cutters	to	
break	down	those	boulders,	spaced	3	½	
ft	and	with	cutting	face	6"	in	front	of	the	
Cutterhead	structure	(hard	rock	Cutterhead	
configuration).

•	 Redundancy	of	cutting	tools	per	track	
(discs,	scrapers,	knife	bits	and	bucket	teeth),	
up	to	8	cutting	tools	per	track	in	some	cases.
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•	 Hard	facing	plates	(Hardox	400,	15-20	
mm	thickness,	Creusabro	6000,	20	mm	
or	Trimay,	40	mm)	and	rim	protections	
strategically	distributed	throughout	the	
Cutterhead	structure	face,	perimeter	and	
especially	tool	holders	and	disc	housings.

•	 Static	mixing	arms	plus	a	mobile	central	
agitator	to	mix	the	excavated	soil	with	water	
and	conditioners.

•	 Possibility	of	having	a	Cutter	changing	
device	to	allow	our	crews	to	replace	
some	wear	tools	at	atmospheric	pressure,	
based	on	a	hollow	Cutterhead	design	and	
as	explained	earlier	in	the	subsection	on	
Abrasiveness.
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TBM data management sample:  
Robotec system diagram.

Mixed soils Cutterhead of our Ø19.25 ft EPB 
(Seville Metro Line 1 tunnel, Spain).
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•	 Option	of	including	one	set	of	Rescue	
Cutters	in	our	Cutterhead	design,	consisting	
of	sufficient	quantity	of	peaks	hydraulically	
extended	if	necessary,	as	a	last	contingency	
method	in	case	of	severe	damage	to	our	
TBM	Cutterhead.

Different	Cutterheads	are	shown	in	Figure	5.2-5.

Digestion of Boulders
The	presence	of	boulders	is	expected	in	all	ESUs	with	
up	to	500	boulders	from	2	to	8	ft	to	be	encountered	as	
per	the	geotechnical	information	available.

Our	 Cutterhead	 has	 been	 planned	 to	 cut	 these	
boulders	down	 to	no	 larger	diameter	 than	3	 ft	 and	
then	to	swallow	them	instead	of	moving	the	boulders	
forward	in	front	of	the	Cutterhead.

If	boulders	are	maintained	ahead	of	the	Cutterhead,	
they	cause	excessive	wear	and	severe	damage	in	the	
Cutterhead	tools	and	structure,	resulting	in	massive	
Cutterhead	repairs.

We	 encountered	 this	 problem	 on	 projects	 such	 as	
Barcelona	Metro	Line	9	and	in	Seville	Metro	Line	
1,	Spain.	Therefore,	we	will	apply	the	lesson	learned	
from	 those	 tunnels	 in	 the	 design	 of	 the	TBM	 and	
excavation	methods	for	this	Project.	

Cutting	 tools	 will	 be	 staggered	 in	 4	 levels	 to	 cut	
down	the	size	of	the	boulders	if	they	are	in	cemented	
ground	face.

•	 Level	#1:	disc	cutters	(hard	rock)
•	 Level	#2:	replaceable	knife	bit	cutters
•	 Level	#3:	fixed	knife	bit	cutters
•	 Level	#4:	scrapers

If	 boulders	 appear	 in	 loose	 or	 in	 non-consolidated	
soils,	 Cutterhead	 openings	 (35-40%)	 and	 cutting	
tools	 configuration	 will	 allow	 boulders	 up	 to	 3	 ft	
diameter	to	get	in	the	excavation	chamber.

Our	one	or	two	in-line	screw	conveyor	system	will	
be	capable	of	digesting	 those	3	 ft	boulders.	Screw	
conveyor	#1	may	be	a	Ribbons	screw	Ø1,200	mm	
to	 swallow	 big	 boulders	 and	 Screw	 conveyor	 #2	
may	be	a	shaft	screw	Ø1,800	mm,	to	ensure	a	proper	
control	of	the	pressure	in	the	face	and	of	the	flow	of	
material	coming	out	of	the	Cutterhead.

To	make	sure	that	no	boulders	reach	the	
TBM	conveyor	belt	system,	a	separation	
box	 or	 breaking	 box	 with	 a	 hydraulic	
gate	to	chip	out	and	extract	boulders	will	
take	 them	 out	 of	 the	 conveyor	 system,	

mitigating	 the	 risk	 for	 both	 the	 crews	 and	 for	 the	
status	of	the	system	itself.	
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Figure 5.2-5. Different Cutterhead Configurations Proposed for this Project. 

   iHi-TerraTec

HerrenknecHT MHi-roBBins

kawasaki-seli HiTacHi-Zosen
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What	we	 learned	 from	previous	 experience	 is	 that	
the	best	way	to	combat	the	presence	of	boulders	in	
the	face	is	making	sure	that	the	machine	can	swallow	
them	because	it	is	always	easier	chip	them	out	once	
inside	the	machine,	 in	atmospheric	conditions	than	
leave	 them	 in	 front	 of	 the	 Cutterhead,	 grinding	
out	 its	 structure	 and	 resulting	 in	 supplementary	
interventions.

Soil Conditioning
When	using	an	EPB	shield	the	ground	characteristics	
are	of	vital	importance,	since	the	excavated	ground	
serves	 also	 as	 a	 support	 medium	 in	 the	 EPB	
excavation	mode.	 In	order	 to	use	actual	soil	at	 the	
tunnel	face	as	a	supporting	medium,	that	soil	should	
have	good	ductility,	pulpy	 to	 soft	consistency,	 low	
inner	friction	and	low	water	permeability.

Whether	 or	 not	 the	 ground	 conditions	 along	 the	
alignment	meet	those	requirements,	the	ground	will	
be	conditioned	all	the	time	in	the	excavation	chamber	
and	 in	 the	 screw	 conveyor	 system	 by	 adding	 soil	
conditioning	agents,	polymers	and	foams.

The	SR	99	Bored	Tunnel	will	be	constructed	through	
a	 highly	 variable	 array	 of	 glacial	 and	 inter-glacial	
soils	such	that	the	tunnel	face	is	not	anticipated	to	be	
in	homogeneous	soil	conditions	at	any	location.

With	 that	 face	 soil	 condition,	 which	 varies	 in	
composition	from	tills	to	cohesionless	soils	(sands,	
gravels	 and	 silts)	 and	 cohesive	 soils,	 the	 ground	
will	need	 to	be	properly	conditioned	 to	be	used	as	
appropriate	support	for	the	tunnel	face.

Furthermore,	an	appropriate	soils	conditioning	with	
foam	 makes	 an	 active	 support	 of	 the	 tunnel	 face	
possible.	 The	 purpose	 of	 the	 injected	 foam	 at	 the	
cutterhead	 is	 the	 formation	 of	 a	 quasi-membrane	
sealing	 the	 tunnel	 face	 and	 transmitting	 the	
confinement	 pressure.	 Injection	 points	 are	 located	
in	the	cutterhead,	in	the	bulkhead	and	in	the	screw	
conveyors.

The	 use	 of	 additives,	 their	mixing	 ratios	 and	 their	
injection	rates	will	be	determined	by	experimentation	
for	 the	 prevailing	 ground	 conditions	 based	 on	 the	
geotechnical	 information	 provided,	 manufacturers’	
recommendations	 and	 previous	 experience	 in	 past	
EPB	and	soils	projects	presenting	similar	conditions.

As	a	summary,	 there	are	 two	main	 tasks	regarding	
the	conditioning	of	the	soils	to	be	encountered	by	the	
TBM	along	the	tunnel	path:

•	 Controlled	support	of	the	tunnel	face	by	
maintaining	earth	pressure	and	soil	plug,	
which	is	the	key	to	control	and	minimize	the	
risk	of	settlements	and	deformations.

•	 Reduction	of	wear	of	cutting	tools	and	
Cutterhead	structure,	which	characterizes	
the	main	problem	of	a	TBM	drive	in	mixed	
faces	and	historically	is	one	of	the	main	
reasons	for	slowing	down	and	eventual	
delay	of	the	soil	tunneling	projects.

The	 amount	 of	 foam	 injected	 during	 the	 boring	
process	 is	 monitored	 using	 Process	 Controlling	
Software.	This	control	is	important	also	because	of	
the	possible	loss	of	foam	due	to	the	migration	into	
the	subsoil.

The	 information	 provided	 by	 the	 PCS	 will	 be	
integrated	in	the	PLC	of	the	TBM,	so	the	operator	
can	 react	 in	 time	 to	 any	 situation.	 Therefore,	 the	
theoretical	 anticipated	 parameters	 of	 the	 soil	
conditioning	will	 adapt	 to	 the	 actual	 conditions	 in	
time.

Interventions Means
Ground	 is	 expected	 to	 be	 unstable	 at	 all	 locations	
along	 the	 alignment,	 with	 pressures	 at	 planned	
intervention	locations	in	the	range	of	3.45	bar	(50	psi)	
maximum	to	be	needed	because	of	the	groundwater	
pressure.	STP	has	developed	an	Interventions	Plan	
based	 on	 our	 successful	 experience	 locally	 and	
internationally	 as	 well	 as	 to	 meet	 and	 exceed	 all	
the	 OSHA	 regulation	 and	 all	 the	 local	 and	 state	
requirements	for	work	under	hyperbaric	conditions.
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To	 do	 so,	 our	 team	 has	 anticipated	 the	 need	 to	
incorporate	the	most	advanced	means:

•	 Medical	room	at	the	surface,	with	medical	
doctors	to	cover	the	whole	intervention	
process.

•	 Hyperbaric	habitat,	in	case	long	intervention	
or	reparation	is	needed.

•	 Hyperbaric	shuttle,	capable	of	transporting	
6	divers	from	the	habitat/medical	room	in	
the	surface	to	man	locks	in	the	TBM.

•	 3+2	Man	locks,	5	people	each.
•	 2	Materials/tools	locks.
•	 Pre-plumbed	penetrators	with	all	the	
services	required.

•	 Guaranteed	breathable	air	supply	by	2	
independent	lines	(8	compressors	45	Nm3/
min	each,	4	air	driers	and	4	air	receivers	
tanks	4,000	gallons	each).	

To	get	access	to	the	Cutterhead	in	hyperbaric	mode,	
as	 required	 in	 the	 Technical	 Requirements	 and	
anticipated	in	our	design,	a	special	mixture	of	high	
density	 slurry	 referred	 to	 as,	 “Filter	Cake”	will	 be	
injected	into	the	mining	chamber	to	seal	the	tunnel	
face	and	to	close	open	structures.

In	 order	 to	 carry	 out	 safer	 intervention,	 the	 filter	
cake	will	be	refreshed	regularly	and	as	many	times	
as	needed.	An	automatic	excavation	filter	cake	and	
refill	 system	may	 be	 utilized,	 to	maintain	 the	 face	
pressure	by	pressurized	air	and	to	refill	Cutterhead	
with	actual	excavation	muck	and/or	bentonite	from	
our	Automatic	Face	Pressure	Recovery	System,	after	
the	intervention.

Wear Detection
An	 automatic	 wear	 detection	 system	 will	 be	
integrated	in	the	PLC	of	the	machine	to	advise	of	the	
status	 of	 the	Cutterhead	 and	 tools,	without	 getting	
into	the	chamber	to	execute	visual	inspection.	This	
latest	technology	utilizes	a	Three	Warning	System	to	
provide	the	TBM	operator	with	broad	wear	detection.

•	 The	 first	 two	 warnings	 will	 be	 incorporated	
within	the	bit	tools	at	different	levels	and	sizes	
to	cover	the	whole	Cutterhead	distribution.	The	
detectors	 will	 show	 a	 pressure	 lost	 as	 the	 bits	
wear	past	a	certain	limit.

•	 The	third	warning	will	cover	the	full	Cutterhead	
radius	by	a	hydraulic	pipe.

Wear detection proposed for cutterhead structure 
(High Speed Railway Girona, EPB Ø39.7 ft, 
Spain).

Sample of man-locks on the bulkhead of a TBM.
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Cutterhead Structure Wear Detection System.

Two-Component or  
Mortar Backfilling
To	avoid	settlements	throughout	the	alignment,	the	
annulus	has	to	stay	filled	and	pressurized	all	the	time	
when	mining	as	well	as	during	breakdowns	or	TBM	
scheduled	 stoppages.	Thus	 prevents	 the	 closure	 of	
the	excavated	tail-void.

Since	 there	 are	 successful	 experiences	 with	 these	
two	systems,	our	design	will	 feature	both	of	 them,	
in	case	one	of	them	does	not	match	our	requirements	
at	any	time,	we	can	switch	to	the	other	system,	as	a	
contingency	method	for	the	project.

The	steering	gap	between	the	excavated	tunnel	and	
the	exterior	of	the	ring	will	be	filled	while	mining	so	
the	annulus	stays	filled	and	pressurized	all	the	time.

STP	 has	 envisioned	 the	 ability	 of	 having	 the	 two	
best	known	grouting	systems	to	eliminate	the	risk	of	
settlement	 because	of	 lack	of	 a	 proper	 backfilling.	
We	will	 use	 the	 two-component	 injection	 but	 also	
a	 complementary	 cement-based	 grout	 injection	
if	 necessary,	 to	 make	 sure	 we	 cover	 any	 possible	
situation	when	mining.

The	 two-component	 grout	 uses	 liquid	A	 (cement,	
clay-sand,	water,	bubble	 forming	agent,	 stabilizing	
agent,	 entrained	 air)	 and	 liquid	 B	 (regulated	 set	
accelerator	agent).	After	mixing	the	two	liquids,	they	
become	semi-solid	in	a	few	seconds,	and	keep	this	
state	about	half	an	hour	and	then	they	become	hard.

In	 addition,	 a	more	 traditional	 cement-based	grout	
will	be	used	if	needed.	This	solution	offers	a	slower	
hardening	 time	but	a	higher	final	 resistance	and	 in	
certain	locations	it	could	be	also	recommended.

.
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5.2.1 Tunnel Boring Machine
At this stage, STP has not yet finalized a decision 
on the manufacturer of the TBM. However, we have 
the clear intention of utilizing a newly manufactured 
Earth Pressure Balance Machine.

STP is confident about the EPB solution as the best 
and safest option for this Project to accomplish it 
ahead of time and within budget while minimizing 
risk to WSDOT.

For these reasons, STP is engaged in conversation 
with 10 largest TBM manufacturers in the world, 
listed in Section 5.2 TBM Design and Operations. 
During the last few months, STP has conducted no 
less than 22 meetings with these manufacturers, held 
at STP offices in Bellevue, WA. (See Table 5.2-7.)

After several revisions, our technical analysis has 
resulted in 5 firm TBM proposals for this Project; 
all of them meeting and exceeding the Technical 
Requirements of our contract. (Drawings of each 
TBM proposed are shown in Section 5.2 TBM 
Design and Operations.)

1. Herrenknecht EPB machine
2. Hitachi Zosen EPB machine
3. IHI-Terratec EPB machine
4. Kawasaki-SELI EPB machine
5. Mitsubishi-NFM-Robbins EPB machine

Manufacturers were required to address criteria of 
both WSDOT and STP technical requirements in 
design and operation of the machine and based on 
the many valuable lessons learned from past projects.

In theory, this Project could be executed by using 
either an EPB machine or a Slurry machine solution. 
Both systems are the most extensive options 

for mechanical face-pressure tunneling in soils. 
Obviously, the anticipated ground conditions and the 
fact of having the tunnel alignment almost entirely 
below the water table are absolutely critical to the 
best possible TBM selection.

Type of Pressure-Face TBM as 
Influenced by Ground Conditions
Our rationale of utilizing an EPB machine was 
influenced by the main parameters of the anticipated 
ground conditions as explained in Table 5.2-8.

Type of Pressure-Face TBM as 
Influenced by Water Pressures
Our calculations indicate a maximum face pressure 
of 4.3 bar (62 psi) and 5.6 bar (82 psi) is needed 
at the spring line to control settlement, without 
and with full hydrostatic (soil and groundwater) 
pressure respectively. Additionally, the anticipated 
face pressure of 5.6 bar is anticipated to occur only 
near a discrete location along the alignment (Station 
215+00) and is considered the worst case scenario.

However, STP has gone beyond this pressure in the 
design phase, and considers that the TBM will be 
capable of mining up to 7 bar as the maximum work 
pressure at the spring line to be maintained, working 
in Normal Mode.

Additionally, STP has designed the TBM to support 
a maximum emergency pressure of 10 bar at the 
spring line, in Exceptional Mode. Therefore, our 
EPB Machine will have the ability of continue 
excavating within a range of pressures between 7 
and 10 bar, as the most reliable contingency method 
for this project.
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Date Location time meeting LeaDer Description

cLient meetings

4-Aug-10 WSDOT Office Downtown Seattle 9:30 - 11:30 AM Manuel Pardo -CJV South Portal and Deformation Mitigation

4-Aug-10 WSDOT Office Downtown Seattle 9:30 - 11:30 AM Manuel Pardo -CJV South Portal and Deformation Mitigation

11-Aug-10 WSDOT Office Downtown Seattle 10:00 - 12:00 PM Manuel Pardo -CJV South Portal 

17-Aug-10 WSDOT Office Downtown Seattle 
Conf.23

1:00 AM - 4:00 PM Manuel Pardo -CJV Insurance, Permitting, Bond and Legal 
Issues

24-Aug-10 WSDOT Off. Downtown Seattle 
Conf.23

9:00 - 11:30 PM Manuel Pardo -CJV Insurance, Permitting, Bond and Legal 
Issues

8-Sep-10 WSDOT Off Seattle, 14th Floor 2:00 - 4:00 PM Manuel Pardo -CJV Brian Neilsen of WSDOT

13-Sep-10 WSDOT Office - Seattle 1:00 - 3:00 PM Manuel Pardo -CJV ATCs

20-Sep-10 WSDOT Office - Seattle 10:30 AM - 1:00 PM Manuel Pardo -CJV ATCs

22-Sep-10 WSDOT Office - Seattle 2:00 PM - 4:00 PM Manuel Pardo -CJV ATC #5

23-Sep-10 STP Off. Conf. 2- Bellevue TBD Jorge V. Ventilation and tunnel Systems

28-Sep-10 WSDOT Office - Seattle 10:00 AM - 11:00 PM Manuel Pardo -CJV State Secretary of Transportation

28-Sep-10 WSDOT Office - Seattle 11:00 AM - 12:00 PM Manuel Pardo -CJV ATC #5

29-Sep-10 WSDOT Office - Seattle 11:00 AM - 12:00 PM Manuel Pardo -CJV ATC#5 Staging

29-Sep-10 WSDOT Office - Seattle 11:00 AM - 12:00 PM Manuel Pardo -CJV DMS

1-Oct-10 WSDOT Office - Seattle 11:00 AM - 12:00 PM Manuel Pardo -CJV ATC #5 Deviations

thirD party meetings

8-Jul-10 STP Office 9:00 AM JL  Magro-CJV Robbins-MHI-NFM

22-Jul-10 STP Office 9:00 AM JL  Magro-CJV Robbins-MHI-NFM

11-Aug-10 STP Off. Conf. 1- Bellevue 9:00 - 10:30 AM JL  Magro-CJV Robbins

18-Aug-10 STP Off. Conf. 2- Bellevue 11:00 - 12:00 AM JL  Magro-CJV The Robbins Co.

8-Sep-10 STP Off. Conf. 2- Bellevue 9:00 - 10:00 AM JL  Magro-CJV Robbins about TBM Bid

23-Sep-10 STP Off. Conf. 2- Bellevue TBD JL  Magro-CJV Robbin’s to finalize proposal and bid

15-Oct-10 STP Off. Conf. 2- Bellevue 9:00 AM JL  Magro-CJV Robbins-MHI-NFM

16-Aug-10 STP Off. Conf. 1- Bellevue 1:00-2:00 PM JL  Magro-CJV Rick Gomez & Hitachi

9-Sep-10 STP Off. Conf. 2- Bellevue 9:00 - 10:30 AM JL  Magro-CJV Hitachi Zosen

1-Oct-10 STP Off. Conf. 2- Bellevue 9:00 AM - 10:00 AM JL  Magro-CJV Hitachi - Zosen

14-Oct-10 STP Off. Conf. 2- Bellevue 9:00 AM JL  Magro-CJV Hitachi - Zosen

7-Jun-10 Dragados-Madrid, Spain office 9:00 AM Equipment Dept. Herrenknecht

6-Jul-10 Dragados-White Plains, NY 9:30 AM JL  Magro-CJV Herrenknecht

21-Jul-10 STP Off Conf. 2 - Bellevue 9:00 AM JL  Magro-CJV Herrenknecht

17-Aug-10 Herrenknecht Kent Office Morning TBD JL  Magro-CJV Herrenknecht

22-Sep-10 STP Off Conf. 2 - Bellevue TBD JL  Magro-CJV Herrenknecht

7-Oct-10 Dragados-Madrid, Spain office 9:00 AM Underground Director Seli-Kawasaki

7-Oct-10 Dragados-Madrid, Spain office 9:00 AM Underground Director IHI-Terratec

Table 5.2-7. SR 99 WSDOT & TBM Meeting Log.
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Table 5.2-8. Type of Pressure-Face TBM as Influenced by Ground Conditions
groUnD 

conDitions earth pressUre BaLance tBm sLUrry tBm

1. Mixed Face 
Conditions

• The excavated soils are the supporting medium 
in the excavation chamber. Earth pressure is 
counterbalanced by the pressure of excavated and 
conditioned muck in the mixing chamber.

• The pressure is maintained by varying the rate of TBM 
advance vs. the rate of spoil removal through the screw 
conveyor system.

• These variables are easily modified as ground 
conditions vary.

• The specific gravity inside the Cutterhead is 1.8-2.0, 
that of natural earth pressure conditions, so no mud 
cake is needed to maintain face pressure.

• This setup is ideal for changeable ground with 
boulders.

• Face pressure during slurry tunneling is maintained by 
counterbalancing the pressure with slurry, which forms a 
mud cake at the tunnel face.

• The mud cake must be formed because the specific 
gravity inside the Cutterhead is low, around 1.2, so that 
the material must be compressed to transfer pressure.

• The compressed bentonite becomes concentrated within 
the soil at the face, forming the mud cake. The slurry 
pressure itself is controlled by balancing the ingoing and 
outgoing slurry volumes.

• While this system is ideal in consistent ground, 
changeable conditions are very problematic. The 
formation of the mud cake is dependent on the density 
of the geology. If the geological conditions change, the 
slurry pressure must also change.

• If a mixed face is encountered, the mud cake will not 
form sufficiently. In addition, in permeable geology and 
reduced density, a mud cake may not be formed or 
may not be adequate to hold the earth pressure and 
settlement will occur.

2. Face Stability

• Earth pressure is counterbalanced by the pressure of 
the muck and additive in the mixing chamber.

• Pressure of muck inside mixing chamber is controlled 
by balancing excavated muck volume and discharged 
muck volume.

• Volume control is done manually by controlling screw 
conveyors speed and screw gates opening.

• The same amount of muck which has been over-
discharged will be over-excavated.

• The face pressure is constantly maintained by 
controlling the excavation speed and the crew 
conveyor speed.

• Even in the shallowest portion of tunnel at the 
beginning and at the end of the alignment, the sink or 
elevation of ground surface during excavation can be 
avoided by controlling excavation chamber pressure.

• Face pressure is counterbalanced by pressure of slurry 
inside the mixing chamber, which is transmitted via mud 
cake.

• Pressure of slurry inside the mixing chamber is 
controlled by balancing the volume of fed slurry and 
returned slurry.

• Volume control is done automatically by controlling the 
speed of the slurry pump.

• A maximum over-excavation will be the same size as the 
mixing chamber volume.

• There is always possibility of ground collapsing at 
the stratum with large conductivity (above 1x10-² or 
uniformity coefficient is less than 5).

• Normally, the controlled excavation chamber pressure 
shall be higher than the natural ground water pressure. 
At the shallow ends of the tunnel, the mud and water 
may gush out on the ground (heave).

3. Ground Loss

• The same amount of muck which has been over-
discharged will be over-excavated.

• There is time to react and remedy malfunctions before 
they become severe.

• If over-excavation occurs, the operator has time to 
react and initiate a remedy.

• A maximum over-excavation will be the same size as the 
mixing chamber volume.

• If over-excavation occurs, it happens quickly. Ground 
loss may occur before the operator realizes the failure.

4. Sticky / 
clogging clays

• Soil conditioners (foams and polymers) will be utilized 
to mitigate the risk of stickiness and clogging.

• When clay is encountered it will be difficult to separate 
from Slurry, if possible.

• A large scale Slurry Treatment Plant will be required 
especially for silt and clays.

• Huge sound proof walls and vibration reducers will be 
needed. Otherwise the vicinity will be seriously impacted 
by the noise and vibrations.
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Summing up, our TBM will be capable of the 
following performance (Face Pressure values at 
spring line):

• Max. Work Pressure expected ...........4.3 bar
• Max. Hydrostatic Pressure .................5.6 bar
• Max. TBM Design Pressure (normal mode)  

 ...............................................................7 bar
• Max. TBM Design Pressure (emergency-

exceptional mode) ...............................10 bar

EPB machines utilize screw conveyors to discharge 
muck at atmospheric pressure onto the belt conveyor. 
It is known that the pressure inside the mixing 
chamber depends on the rate of muck removal by 
that screw conveyor.

In high pressure conditions, long or multiple 
screws are used to control the pressure. Under ideal 
conditions, a typical screw conveyor drops the 
pressure by 0.2 to 0.3 bar per pitch of the screw. This 
means that to drop the pressure down by 3 bar, a 
screw conveyor with 10 pitches or turns, is needed.

groUnD 
conDitions earth pressUre BaLance tBm sLUrry tBm

5. Boulders 
and cobbles: 
abrasion

• Up to 3 ft diameter boulders might come in the 
chamber and successive devices by means of a double 
screw conveyor in-line: ribbon screw and shaft screw 
plus a boulder removal gate between them.

• The number of interventions will be reduced because 
larger boulders than for the slurry shield can be 
digested.

• The wear of cutting tools can be reduced because of 
the soil conditioning and the flexibility of the excavation 
parameters.

• The risk of moving boulders in front of the Cutterhead 
while grinding it out will be reduced.

• Crushed boulders are discharged by the pipe line.
• The size of boulders is limited by the size of the pipe 

line. Boulders are crushed to the limited size by the disc 
cutters on the cutter head and the crusher located in the 
excavation chamber.

• Additional measures will be necessary to eliminate 
the pressure fluctuation caused by the operation of 
the crusher in cutter chamber, which represents an 
additional risk.

• That crusher will be another source of potential risk and 
will demand more interventions time.

• The number of interventions will be increased because 
not so large boulders as with EPB can be digested.

• Higher wear of disc cutters will be achieved because of 
the excavation conditions.

• The risk of moving boulders in front of the cutter head 
while grinding it out will be dramatically increased.

6. Peat

• Cutterhead and screw conveyor are designed to mine 
normally through peat layers.

• Soil conditioners to be adapted to moderate acidity.

• The high organic content alters the slurry so it may 
require slurry replacement with fresh slurry in order to 
maintain the needed slurry properties.

• Huge amount of high pollutant bentonite slurry will be 
needed.

Table 5.2-8. Type of Pressure-Face TBM as Influenced by Ground Conditions (continued)

In our case, a two in-line screw conveyors (ribbon 
screw Ø1,200 mm and shaft screw Ø1,800 mm) 50 
pitches long all together may be used to control the 
pressure.

If the soil contains high water concentrations, the 
muck flowing through the screw will be treated with 
additives to maintain the plug and avoid sudden 
pressure drops which could lead to settlement.

In the case of a Slurry TBM, slurry volume control to 
avoid over-excavation is maintained automatically 
by the slurry pump. In water-bearing ground, the 
system accurately measures the density and flow 
of slurry through the outgoing pipes to calculate 
the volume of muck removed. The enclosed system 
ensures there is no muck spillage.

However, accurately measuring the amount of 
ground excavated is not always straightforward. If 
over-excavation occurs during slurry tunneling, the 
void created by the over-excavated ground will be 
filled by an equal volume of slurry.
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Beyond that, our sealing system configuration for 
the main bearing, as well as the structural dimension 
of the machine has been done considering the 10 bar 
exceptional pressure.

The design and operating parameters of our mixed 
face EPB machine are summarized in Table 5.2-9.

Methodology for Conditioning 
Granular Soil
The ground characteristics are of vital importance 
when using an EPB shield, since the excavated 
ground serves also as a support medium for the earth 
pressure balance. In order to use the soil at the tunnel 

The volume of slurry and the volume of extra ground 
cancel each other out, and are not detected by the 
flowmeters. This scenario often creates a sinkhole 
under a shallow overburden. The crew may not 
realize that over-excavation has taken place until 
the sink hole occurs because of the automated 
monitoring process.

In addition, settlement with a slurry system is far more 
likely in variable ground with changing densities, as 
the formation of the mud cake to counterbalance the 
earth pressure is often inefficient.

 

 

Different main bearing 
sealing configurations to 
comply with our requested 
10 bar max. pressure.
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face as such a supporting medium, it should have the 
following characteristics:

• Good ductility
• Pulpy to soft consistency
• Low inner friction
• Low water permeability

Since the prevailing ground conditions will not meet 
those requirements throughout all the alignment, 
the ground will be conditioned in the excavation 
chamber by adding soil conditioning agents. For this 
purpose, water, suspensions on the basis of foams 
and polymers are commonly used.

The geologic history of the Puget Sound region 
indicates that the tunnel will be constructed through 
a highly variable array of glacial and inter-glacial 
soils such as that the tunnel face is not anticipated to 
be in homogeneous soil conditions at any location. 
During the excavation, numerous contacts between 
soils will be encountered, including:

• Permeability and low permeability soils 

• Non-cohesive flowing soils
• Hard cohesive soils
• Soils with and without boulders
• Sheared and intact soils

Therefore, the prevailing mixed face soils in 
downtown Seattle with varied composition from tills 
to non-cohesive soils (sands, gravels and silts) and 
cohesive soils are not an appropriate support for the 
face-pressure tunneling on its own in all tunneling 
sections.

Nevertheless, by a proper ground conditioning, the 
characteristics of this granular soil will be modified 
in order to assist the formation of a plug as well as the 
lubrication of the cutting tools and screw conveyors 
to reduce wear, friction, abrasion and the need of a 
high torque for the Cutterhead.

Also the adhesion tendency and stickiness of the soil 
will be significantly reduced by adding appropriate 
conditioning agents.

Furthermore, a solid soils conditioning with foam will 
make an active support of the tunnel face possible. 
The purpose of the injected foam at the Cutterhead is 
the formation of a quasi-membrane sealing the tunnel 
face and transmitting the confinement pressure.

Injection points are located in the Cutterhead, in the 
bulk head and in the screw conveyors.

The use of additives, their mixing ratios and their 
injection rates will be determined by experimentation 
for the prevailing ground conditions based on the 
geotechnical information provided, manufacturer’s 
recommendations and previous experience in past 
EPB and soil projects presenting similar conditions.

As a summary, there are two main tasks concerning 
the soil conditioning to be encountered by the TBM 
along the tunnel.

• Controlled support of the tunnel face by 
maintaining earth pressure and soil plug, 
which is the key to control and minimize the 
risk of settlements and deformations.

• Reduction of wear of cutting tools and 
Cutterhead structure, which characterizes 
the main problem of a TBM drive in mixed 
faces and historically has been one of 
the main reasons for slowing down and 
eventual delay of the soil tunneling projects.

Different Soil Samples of This Project (STP’S 
visit to Soil Samples Storage, April 15, 2010).
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Table 5.2.4. Tunnel liner specifications
excavation Diameter 57.4 ft

Internal Diameter 52 ft

Segment Thickness 24 in

Grouting Thickness 8.4 in

Ring Length 6 ft 6 in

Number of Segments 9+1

Design anD operating parameters
Max. Torque [kNm] 135,000 at 1.0 rpm (200,000 kNm break out)
Max. Thrust [kN] 377,000
Cutter head opening ratio [%] ~ 35-40
Design pressUres (at springLine)
Anticipated Max. Work Pressure bar 4.3 (Normal Mode)
Maximum Hydrostatic Pressure (Sta. 212+00) bar 5.6 (Normal Mode)
Emergency Pressure bar 7.0 (Normal Mode)
Exceptional Pressure bar Up to 10.0 (Intermittent Mode)
cUtter tooLs
Quantity of disc cutters Ea 102
Quantity of replaceable knife bit cutters Ea 84
Quantity of fixed knife bit cutters Ea 94
Quantity of scrapers Ea 645
Quantity of bucket teeth Ea 12+12
soiL conDitioning
Foaming agent Tenside
Injection capacity Nm³/min 60 (assuming 4.5 bar at 60 mm/min)
Foam guns ea 18
Foam stabilizer #1: Polymer Solution Nm³/min 0.8 (assuming 1% soil in 5% volume)
Foam stabilizer #2: Polymer Agent L/min 38 (assuming 0.2-0.8 L/m2)
mUck removaL system
Screw Conveyor #1

Type --- Ribbon/shaft

Diameter mm 1,200/1,800

Capacity m³/h 1,950 (100% fill rate)
Boulder maximum size mm 900
Screw Conveyor #2

Type --- Shaft/ribbon

Diameter mm 1,800/1,350

Capacity m³/h 1,950 (100% fill rate)

Boulder maximum size mm 900-450

TBM Conveyor Belt
Width mm 1,800

Capacity T/h 2,800

Tunnel Conveyor Belt

Width mm 1,800

Capacity T/h 2,800

Overland Conveyor Belt (transfer #1, 2, 3, emergency stacker and loading stacker)

Width mm 1,800

Capacity T/h 2,800

Table 5.2-9. Estimated and proposed TBM design 
and operating parameters.
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Soil conditioning with foam and polymers is planned 
throughout all the alignment. Figure 5.2-6 illustrates 
the parameters that play a role in maintaining earth 
pressure and soil plug within the screw conveyors, 
together with the cutter tool wear, which is controlled 
to the type by ground being bored, the machine 
parameters and the operational parameters.

Our 1,300 km of mechanical tunneling bored in the 
past in all kinds of granular soils have given us a 
proven soil conditioning procedure, which along 
with the recommendations of the most prestigious 
conditioner designers and manufacturers have been 
the guidelines for the procedure described below in 
detail.

Soil Conditioner Details
Soil conditioning agents improve the performance 
of EPB machines by introducing them at tunnel 
face, excavation chamber and screw conveyors. The 
improvement comes out by reducing permeability 
and by controlling the shear strength and the 
compressibility of the spoils.

A more compressible and plastic material 
in the pressure chamber behaves as a high 
viscosity fluid and, as a result, a better 
control of the face pressure fluctuation 
is attained. This, in turn, improves the 
stability of the tunnel and provides better 

control of ground movements, thereby contributing 
to safer work conditions for the personnel in the 
tunnel.

Granular soils conditioned with foam turns out to 
be advantageous, since high volumes can be used 
with little liquid. This distinct compressive behavior 
favors the active confinement pressure control. 
Regarding EPB shields, the ground conditioning 
with foam has proven to have an excellent past as 
well as a promising future.

Higher advance can be achieved due to the improved 
flow characteristics of the conditioned spoils through 
the Cutterhead and lubrication and wear protection 
of the cutting tools and spoil conveyance devices.

The major advantage of using foam 
instead of bentonite-based conditioning 
agents is that a significantly smaller 
volume of extra liquid is added to the 
natural water content of the soil. This 

results in a smaller volume of excavated material 
and eliminates the need of a slurry plant to process 
the slurry in the surface.

In addition, all the foam agents and polymers 
are biodegradable and therefore, with minimal 
environmental impact. 

Foam Specification
The physical description of foam is the dispersion 
of a gas in a foaming liquid. For the preparation of a 
foaming liquid two products are used:

• Foaming agent (tenside)
• Foam stabilizer (polymer)

Special tensides are used as foaming agents. Their 
particular characteristic is the bipolar molecular 
structure. Thus the surface tension is reduced and 
the liquid is able to produce fine, mono-cell and 
double-film bubbles, forming a coherent polyhedral 
network.

Figure 5.2-6. Influence of the Ground  
on the Cutter Tool Wear.
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The foam stability will be considerably increased 
by using polymers. As foaming agents, the anionic-
active tensides of the group of sodium-alkyl-
sulfate; and as foam stabilizer, the polymer sodium-
carboxymethyl cellulose (CMC) of an average 
degree of polymerization, proved to be particularly 
suited for this purpose.

Estimation of the Necessary  
Foam Injection Pressure
For the estimation of the foam injection pressure we 
consider the confinement pressure in the excavation 
chamber, which reflects the geotechnical and 
hydrological conditions. The upper limit value of the 
confinement pressure in the spring line of the tunnel 
has been estimated to be 5.6 (see the Confinement 
Pressure Calculation). Therefore, we have conceived 
the components of the foaming installation for an 
average excess pressure of 7 bar at tunnel axis, still 
within the TBM Normal Mode.

The grain-size distribution of the soil is always a 
primary criterion for the assessment of the suitability 
of an EPB shield. According to today’s developments 
in technology and as explained before, the use of 
an EPB shield is possible in a wide range of grain-

size distributions. The soil within the area of the SR 
99 Bored Tunnel consists mostly of heterogeneous 
layers of coarse and mixed grain silts, sands and 
gravels.

The foam penetrates in the water saturated granular 
structure of the subsoil and due to its high viscosity 
displaces the pore water when injecting foam on the 
tunnel face. Inside the penetration zone the mono-
cellular foam micro pores block the pore channels 
and thus reduce the permeability of the subsoil. Also, 
the capillary stresses create an apparent cohesion in 
the ground, which improves the internal stability of 
the tunnel face.

Quantification Method
The determination of the concentration and the 
proportions of ingredients were carried out based on 
the manufacturer’s recommendations and based on 
experience from many reference projects.

Before starting the excavation, those figures and 
formulas will be double checked in the laboratory, 
and again on site in the fully protected box after the 
breaking in of the machine.

The foam volume is determined considering the 
ground conditions, the drive speed and the measured 

Shop Test of the Foam and High Pressure Water 
System (Ø39.4 ft EPB for Barcelona Metro Line 
7 Project, Spain).

Shop Test of Foam Generators.
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confinement pressure. If the driving speed is high, the 
excavation volume per time unit is correspondingly 
high, so that the volume flow of the foam has to be 
adapted.

On the other hand, our need of soil conditioning will 
be flexible enough to adapt to any changing ground 
condition along the alignment.

The foam consumption can be estimated by the 
three parameters: FIR, FER and tenside content, as 
follows:

• The so-called FIR value stands for “Foam 
Injection Rate” and indicates the ratio of 
foam to soil.

 
FIR [%] =  foam flow volume
 excavated soil flow volume

• The FER value stands for “Foam Expansion 
Rate” and has to be seen as a measure for 
controlling the foam quality.

 
FER [-] =  foam flow volume
 liquid flow volume

• Liquid is the mixture of tensides (foaming 
agent) and water. The tenside content 
in the liquid mixture depends on the 
manufacturers’ instructions.

The foam must have a high consistency and viscosity 
for mixed face ground conditions that prevail in the 
tunnel alignment. We stand for injecting 70% to 90% 
through the cutter head and 10% to 30% through the 
bulk head. 

Quantification
For a preliminary dimensioning of the foaming 
installation, the following parameters were examined 
as upper limit values:

• Maximum confinement pressure ..................  
 ............................................7 bar (axis level)

• Maximum drive speed ............... 60 mm/min
• FIR .............................50%, 100% and 150%
• FER.........................................................10%

EPB tunneling with foam conditioning is planned 
throughout all the alignment. Table 5.2-10 shows a 
summary of the estimated consumption rate of soil 
conditioners under the expected conditions.

For a first, or preliminary estimate of the foam 
conditioner requirements, the following parameters 
were examined as foam injection values:

reaches fir fer

I and III 50 to 100% 8 to 12

II 0 to 50% 8 to 12

Table 5.2-11 gives an overview of the estimated 
conditioning measures with regards to the planned 
excavation sections in terms of prevailing ground 
conditions.

Conditioning Products and Quantification
Taking into consideration the geotechnical conditions 
to be encountered in the excavation of the tunnel, 
Table 5.2-12 shows estimated foam consumption 
rates for three more relevant manufacturers consulted 
by this Team. These are summarized below:

tensiDe poLymer

Product Anionic tenside Anionic tenside Anionic-active polymer

Characteristics Foaming agent for permeable 
ground

Produces the foam

Foaming agent for mixed 
ground, sands and clays

Produces the foam

Stabilizes the foam

Avoid stickiness and eventual water blow ups

Concentration 1.0 liter per m³ spoil 1.5 liter per m³ spoil 0.5 liter per m³ spoil

10.0 liter per m³ water 15 liter per m³ water 5 liter per m³ water

Table 5.2-10. Summary of the Consumption  
Rate of Soil Conditioners.
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CoNDat CLB F4/M, LaMBErtI FoaMEx EC 
or MEyCo SLF 47
This foaming agent will be used in reaches I and 
III, a mixture of cohesionless sands and glacial tills. 
Having beneficial properties when working with 
high expansion ratio, this foaming agent will treat the 
ground in order to get homogenization, malleability 
and to decrease the wear in cutting tools and exposed 
surfaces.

CoNDat CLB F4/aC, LaMBErtI FoaMEx EC 
or MEyCo SLF 127
This agent will be used in reach II, cohesive clays 
and silts, showing an important plasticity. This 
specific additive foaming agent will treat the ground 
in order to decrease the stickiness, enabling an 
improvement in the advance of the machine and 
preventing Cutterhead and screw conveyors from 
getting clogged.

The total consumption anticipated of foam agent 
may be of 525,000 liters between reaches I and III 
(Condat CLB F4/M) and of over 220,000 liters in 
reach II (Condat CLB F4).

In case we use Lamberti products, it will take 117 T 
plus 141 T of Foamex EC, meaning 258 T of foam 
agent Foamex EC.

Should we decide to go with BASF, it will take 
430,000 liters between reaches I and II of MEYCO 
SLF 47 and 444,000 liters of MEYCO SLF 127 for 
reach III.

Estimation and Quantification of  
Foam Stabilizer (Polymer)
There will be an increased risk of the tenside foam 
bubbles being destroyed by fine rock abrasion in case 
of pure tenside foam. Therefore a reinforcement of the 
tenside foam by adding polymers is recommended, 
thus providing a more solid and stable foam.

Furthermore, polymers will be added locally to 
reduce stickiness of the material and clogging of 
Cutterhead spokes and openings.

In the event truly high water pressure is communicated 
with the excavation chamber, water absorbent 
polymer will be used to whisk cohesionless sands, 
avoiding blowing out through screw conveyors by 
restoring cohesion and plasticity in the saturated 
ground.

The total consumption of those Polymers will depend 
on stickiness of the ground or excessive content 
of water, as a contingency method for the foams 
system. However, enough stock of polymer on site 
will be available at all times. (See Table 5.2-13.)

Table 5.2-11. Summary of the Consumption  
Rate of Soil Conditioners.

reach

i ii iii

from ~195+50 to ~214+00 from ~214+00 to ~233+00 from ~233+00 to ~288+20

Length 1,850 ft 1,900 ft 5,520 ft

ESUs 2, 4, 5, 6, 7 & 8 4, 5, 7 & 8 4, 5, 6, 7 & 8

Front Face Mixture of sandy and clay ground 
plus glacial tills

Cohesive clay and silt Cohesionless sands and glacial 
fillings

Conditioning Agent Foam Foam Foam

Additional Water No No No

Tenside FIR=50 to 100% FIR=0 to 50% FIR=50 to 100%

Polymer Only if stickiness Yes Only if stickiness

Bentonite Only if emergency, long breakdown 
or interventions

Only if emergency, long breakdown 
or interventions

Only if emergency, long breakdown 
or interventions
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manUfactUrer reach proDUct estimateD consUmption

CONDAT

I Foaming Agent CLB F4/M 1 liter per m³ of excavated spoil

II Foaming Agent CLB F4/AC 1.5 liter per m³ of excavated spoil

III Foaming Agent CLB F4/M or TM 1 liter per m³ of excavated spoil

LAMBERTI

I Foaming Agent FOAMEX EC 2.5% (FER 20:1, FIR 30%)

II Foaming Agent FOAMEX EC 3% (FER 10:1, FIR 20%)

III Foaming Agent FOAMEX EC 2.5% (FER 20:1, FIR 30%)

BASF

I Foaming Agent MEYCO SLF 47 1 liter per m³ of excavated spoil

II Foaming Agent MEYCO SLF 47 1.5 liter per m³ of excavated spoil

III Foaming Agent MEYCO FIX SLF 127 1 liter per m³ of excavated spoil

Table 5.2-12. Foam Consumption Rates per 
Tunnel Reach/Geological Section.

manUfactUrer Use proDUct estimateD consUmption

CONDAT
Prevent stickiness in clay Foam Additive TFA7 0.5 liter per m³ of excavated spoil 

(50,000 L)

Sands with high water pressures Cohesion Polymer TF A34C Depending on the amount of 
groundwater encountered (10,000 L)

LAMBERTI

Prevent stickiness in clay Natural Polymer CARBOCELL 
C190

0.2 to 1% (as needed to increase stability 
and strength of the foam)

Soil with finer particles does not 
allow to homogenize the spoils Liquid Polymer DRILLAM MV

2-5 Kg per m³ of water

1-3 Kg per m³ of foaming solution

BASF
Prevent stickiness in clay Polymer/Foam stabilizer MEYCO 

SLF P1 48,000 L

Sands with high water pressures Polymer/Foam stabilizer MEYCO 
SLF P2 15,000 L

Table 5.2-13. Polymers Anticipated and 
Estimated Consumptions.

Methods of Control
Control of Soil Conditioning
The amount of foam being injected during the boring 
process is monitored using Process Controlling 
Software. This control is important also because of 
the possible loss of foam due to the migration into 
the subsoil.

The information provided by the PCS will be 
integrated in the PLC of the TBM, so the operator can 
react in time to any situation. That way the theoretical 
anticipated parameters of the soil conditioning will 
adapt to the actual conditions in time.

Control of Confinement Pressure
The required confinement pressure will be 
permanently maintained and controlled adjusting the 
next parameters and TBM operations:

• Advance rate
• Screw conveyor rotation
• Opening of the screw conveyors gates

The face pressure will be surveyed by at least 14 
pressure cells in the bulk head plus additional 3 on 
each screw conveyor. The confinement pressure will 
be continuously monitored in at least four different 
levels with pressure cells in the excavation chamber 
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to reduce the 7 bar pressure inside mixing chamber 
to 1 atm, as follows:

TBM Normal Mode: Pressure up to 7 bar
• Screw conveyors #1 and #2 will rotate 

at same speed. The pressure drop of 0.2 
bar per screw pitch and utilizing screw 
conveyors with up to 35 pitches total, 
we will be able to discharge and handle 
excavated muck from mixing chamber with 
pressure up to 7 bar. 

TBM Exceptional Mode: Pressure higher than 7 
bar and plug already formed

• Option 1: By rotating screw conveyor #1 
faster than #2, a tight plug-zone will be 
formed between them. 

• Option 2: By limiting the opening of rear 
gate of screw conveyor #2, pressure in front 
of it can be increased.

When the characteristics of excavated muck 
are already improved, smooth, controlled muck 
discharge will be achieved by utilizing a combination 
of the options as described above.

However, in the rare event that a plug cannot be 
formed or the pressure becomes overwhelming, the 
rear gate of #2 screw conveyor can be closed while 
additives are injected into the screw conveyor. Once 
the muck is controlled and improved, the rear gate 
of screw conveyor #2 can be opened to achieve 
smooth muck discharge, again by working with the 
combination of control described above.

TBM Exceptional Mode: Pressure higher than 7 
bar and plug is not achieved

• In case smooth muck discharge and 
handling cannot be achieved, using 
the controls described above, the 
intermittent discharging sequence shown 
below can performed as an emergency 
countermeasure, allowing the machine to 
keep excavating up to 10 bar pressure in the 
chamber.

in the TBM pilots’ cabin. In parallel, all the pressure 
values will be observed by using the Process 
Controlling software.

The excavated ground will be continuously 
monitored in two different ways to have redundancy 
in the measures achieved:

• 2 scales that are mounted on the TBM 
conveyor belt at screw conveyor exit point 
and approximately 10 meters behind the 
first one.

• 1 volumetric measure of the material on the 
conveyor belt based on a radar system will 
be continuously taken.

Those two redundant systems will send data to 
the PLC of the TBM, which will compare that 
information with the water, foams and additives 
added to the excavation face to know the excavated 
volume at any time with accuracy close to 0.5%.

Based on this information, the amount of excavated 
soil will be evaluated automatically, the excavated 
material volume will be measured on the conveyor 
belt and continuously compared with the theoretical 
excavated volume and additionally the advance of 
the TBM is continuously monitored.

Method of Controlling Discharge  
of the Spoils
The proposed screw conveyors system will have 
over 35 pitches in total, which is more than enough 

Shop Test of Foam System of an EPB Machine.
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Step 1: Open intermediate gate between screw 
conveyor #1 and screw conveyor #2.

• To avoid muck bursting into screw conveyor 
#2, intermediate gate must be operated slowly 
and carefully.

• To minimize the risk of uncontrolled burst, the 
2 screw conveyors can be pressurized. 

Step 2: Excavate until #2 screw conveyors are 
nearly full.

• To avoid damaging seals due to unexpected 
pressure inside screw conveyor #2, do not 
excavate until the 2 screws are 100% full.

Step 3: Close intermediate gate between screw 
conveyor #1 and #2.

Step 4: Open rear gate of #2 screw conveyor.
• Empty the muck inside #2 screw conveyor 

Step 5: Close rear gate of screw conveyor #2 and 
open rear gate of conveyor screw #1.

Assuming time to close the gate as 15 seconds, and 
open the gate as 30 seconds, minimum required time 
to excavate one ring can be assumed as 105 minutes, 
mining in up to 10 bar in the face because of an 
exceptional situation such as to prevent the TBM 
from getting stuck, not in continuous operation.

Muck Handling with Double Screw Conveyor 
System Proposed (Exceptional Mode).
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Sample Earth Pressure Calculations 
and Calculation Model
It is a well known fact that settlements induced by 
tunneling are mainly caused by factors that depend 
on the type of TBM, the tunnel geometry and the 
ground characteristics. These factors are located at 
the front, along the shield and at the rear of the TBM. 
For this reason, working with an adequate pressure is 
an important tool to reduce the expected settlements 
and to mitigate the risk of deformation.

The external soil pressure is balanced by a counter 
pressure in the working chamber. Our approach for 
calculating the required face pressure is provided 
below and depends on the soil type.

Global stability models allow us to approximate the 
minimum and the maximum support pressure that 
should be applied during the execution of the tunnel.

The principal risks (or hazards) associated with face 
pressure design in urban tunnelling are as follows:

• Unforeseen or unexpected ground 
conditions.

• Variable and mixed face conditions.
• Ground loss/collapse at the face, causing 

flooding and/or large settlements.
• Man-made obstructions or hazards to 

tunneling, including utilities.
• Collapse of the completed tunnel.
• Human error.

analysis of the Face Stability
Earth pressure balance shields provide continuous 
support of the tunnel face using freshly excavated 
soil, which completely fills the working chamber 
under pressure. The supporting pressure is achieved 
through control of the incoming and outgoing 
materials in the chamber, i.e., through regulation 
of the screw conveyor rotation and the excavation 
advance rate.

Limit Equilibrium Methods
The study of the stability of the tunnel face is a 
complex problem. However, in many cases the limit 
equilibrium method (LEM) provides satisfactory 
solutions, and still represents an important and 
practical design tool. A comprehensive treatment 
of these subjects is furnished by W. Broere (2001). 
Table 5.2-7 shows some LEM calculations that are 
applicable to the general condition of cohesive-
frictional ground.

The static stability of the face is not a sufficient design 
criteria to avoid surface settlements, particularly 
for shallow tunnels in an urban environment. It is 
necessary to achieve excavation stability around both 
the shield and the lining (Aristaghes & Auturi, 2003), 
as well as to preserve hydrogeological conditions.

Practical application
Obviously, the aim is to exert at pressures in the 
working front which, more or less, equalizes the 
external pressure.

The external pressure is composed of ground 
pressure and the water pressure (if any).

Depending on soil type, the coefficient of pressure 
at rest (KO) and active coefficient (Ka) can be used to 
obtain the horizontal pressure.

Unfortunately, it is generally difficult to determine 
the coefficient of at-rest earth pressure, for granular 
soils. Ka is used for cohesive soils. The methodologies 
that will be applied are:

• An empirical rule for normal-consolidated 
soil (NC) was proposed by Jaky (1944) and 
the derived simplified form is: KO (NC) = 
1-sin Φ’.

• As reported by Lancellotta (1987), the 
following equation was proposed for over-
consolidated soil (OC): KO (OC) = KO 
(NC) * OCR * α, where OCR is the Over 
Consolidation Ratio and α=0.46±0.06 for 
low-sensitive clays (Jamiolkowski et al, 
1979).
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Figure 5.2-7. Selected Methods for Analysis of Face 
Stability in Cohesive-Frictional Ground.
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Furthermore, it is a common opinion (see for example 
Reda, 1994) that the stability of the excavation is 
controlled when the face support pressure is between 
the active and the at-rest ground pressure (i.e., σKa 
<σT< σ KO). The earth pressure becomes active or 
passive when the ground deforms plastically either 
towards or away from the Cutterhead. (i.e., the 
ground is pushed by the EPB), respectively. (See 
Figure 5.2-8.)

Kanayasu et al., collaborators of a survey on Japanese 
Shield Tunnelling, pointed out that in most cases the 
active earth pressure used is the lowest permissible 
level of face pressure. In general, there is currently 
no clear principle for defining the design face support 
pressure.

When tunnels are below the water table, it is 
necessary to consider seepage forces because of the 
destabilizing effect they introduce. Gravel, sand, silt 
or their combination become extremely unstable 
under the influence of seepage forces due to the 
rapid decrease in their shearing strength and their 
tendency for erosion.

Examples of face pressure adopted by EPBs in 
Japan are summarized in Table 5.2-14. A quoted 
rule of thumb (COB, 1996, in Broere, 2001) is 
σT=kaσ'v+σw+20kPa. Practical experience has 
shown that the following formula may also be used 
σT=σw+20kPa (see for example Leblais et al., 1996).

It can be seen that this reported experience suggests 
the highest support pressures are needed in sandy 
soils with permeability K = 10-3-10-1 cm/s. This 
correlates with the field observations by Mori, that 
the reduction in effective support pressure due to 
excess pore pressures, can become a major problem 
in soils with permeability within the indicated range.

Geotechnical Conditions
The geotechnical parameters considered are those 
indicated in Section 5.1.3 of the proposal.

tBM Face Pressure Calculations 
Methodology
Individual cross sections have been identified along 
the alignment that consider local ground conditions 
and soil layering.

Figure 5.2-8. Relationship Between Earth 
Pressure and Displacement.

Table 5.2-14. Examples of Face Pressure (EPBs) in Japan (Kanayasu et al, 1995).
oUter Diameter (mm) soiL type face pressUre

7,450 soft silt earth pressure at rest

8,210 sandy soil, cohesive soil earth pressure at rest + water pressure + 0.2 kgf/cm2

5,540 fine sand earth pressure at rest + water pressure + fluctuating pressure

4,930 sandy soil, cohesive soil earth pressure at rest + (0.3 - 0.5 kgf/cm2

2,480 gravel, bedrock, cohesive soil earth pressure at rest + water pressure

7,780 gravel, cohesive soil active earth pressure + water pressure

7,350 soft silt earth pressure at rest + 0.1 kgf/cm2

5,860 soft cohesive soil earth pressure at rest + 0.2 kgf/cm2
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We propose the following methodology:

1. Calculation of total vertical pressure (pv) at the 
axis level.
pv = (H-hw) γN + hw (γN-1) + hw

H = Tunnel axis depth

hw = water height over the tunnel axis

γN = natural density

2. Calculation of horizontal pressure at the axis 
level.

• Tunnel on a level of cohesive soil 
reaching at least a thickness of one 
diameter over the crown.

 pH =  [(H-hw) γN + hw (γN-1)]KA + hw

 With KA = tg2

 
45 - φ

2  (Active coefficient)

• Cohesionless ground.
 pH =  [(H-hw) γN + hw (γN-1)]Ko + hw  

 Distinguishing two cases for calculating 
the KO value.

• Non-consolidated materials
 KO = 1 - senθ (Coefficient at rest)
 In heterogeneous soil, both the 

density and the friction angle 
correspond to the conditions 
at the tunnel crown due, to its 
higher influence on the results.

 Where the tunnel lies below 
water table, that is to say, 
along most of the alignment, 
we decrease the cohesion and 
friction angle.

• Over-consolidated materials
 KO = 0,515.OCR0,508

 Approximated values for OCR 
are obtained from a regression 
analysis between KO and OCR

From at rest pressure coefficients 
listed in the GBR data, which were 
obtained from pressuremeter data, 
we obtain:
ESU 4, ESU 5 and ESU 6:  OCR=2
ESU 7 and ESU 8:  OCR=3-7
Then, KO (OC) = KO (NC)*OCR*α,
where OCR is the Over 
Consolidation Ratio and 
α=0.46±0.06

3. From the pH, value, the TBM working pressure 
should be within the following range.

• Maximum pressure: PM = 1.2 PH
• Minimum pressure: Pm = 0.29 PH

The recommended pressure in each case 
depends on the value of settlements obtained 
in greenfield conditions. When the settlement 
values are lower than 0.4 inch, the minimum 
pressure will be taken. When the settlement 
values are greater than 0.4 inch, the selected 
pressure will be the maximum, in order to 
decrease the settlement.

ProtoDyakoNov thEory
When the height of cohesive materials is higher than 
1 diameter over the tunnel crown, the ground pressure 
will be reduced following the Protodyakonov 
parabola theory.

According to Protodyakonov’s Theory, the volume of 
soil resting on the tunnel crown will be a paraboloid, 
and the vertical pressure will be:

Pv = γ . h, where:

h =  B 
2f 

;   B = b + m . tg
 

45 - φ
2  

b = D (tunnel diameter) = 57'-6"

m =D = 57'-6"

f = 1.0 (for clays and clayey sands)

f = 0.5 (for granular soils)
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The actual face pressure required will depend on 
the soils and hydrostatic (soil and groundwater) 
conditions encountered along the alignment. In any 
case, the capacity of the EPB TBM will be higher 
than the required face pressure in normal operation 
mode. 

Appropriate face pressure must be maintained at all 
times. Frequent adjustments to tunnel operations, 
i.e., face conditioning, are to be expected as a result 
of the mixed soil conditions encountered throughout 
the tunnelling drive. These adjustments will be 
more significant within transition zones, where soil 
units with different engineering characteristics are 
encountered at the face. Changes in the behavior of 
the face, and in the excavated material, will occur in 
the proportion the different ESUs are exposed at the 
face. This requires adjustments to tunnel operations. 
Care must be taken to avoid ground loss from over-
excavation of granular material when tunnelling 
through transitional conditions where more resistant 
material is being excavated in other parts of the face.

5.2.2 Segmental Lining
This section is intended to be read concurrently with 
a review of STP’s segmental lining drawings in 
Appendix D, sheets TS001 to TS059.

STP’s overall structural design philosophy for the 
segmental lining is to provide a single layer, precast 
concrete segmental tunnel liner that is flexible and 
ductile. This will allow the surrounding ground to 
mobilize its inherent strength and then stabilize with 
deformation limits of the liner. The deformation of the 
tunnel lining allows for the redistribution of strains 
within the tunnel lining. In this way, the primary 
stresses within the tunnel lining are compression 
stresses, rather than a combination of bending and 
compression stresses. We will use a single design 
throughout the entire length of the bored tunnel.

Consequently in granular soils with an overburden 
of more than 85 feet, a discharge vault will be 
formed. Therefore, a maximum height of 85 feet 
of submerged material will be used. Logically, the 
water column must be added to this vertical pressure.

WatEr PrESSurE CoNSIDEratIoNS
Two different scenarios have been considered 
regarding the impact of water pressure on the 
calculation of face pressures:

• Scenario 1: In cases where the height of 
cohesive materials is higher than 1 diameter 
over the tunnel crown, and the permeability 
of the soil is lower than 10-5 cm/s, only the 
water height existing on the soil levels of 
higher permeability is considered.

• Scenario 2: According to local experience, 
full hydrostatic pressure could develop in 
ESU 5 soils, which is the regional aquifer.

oPEratIoNaL CoNSIDEratIoNS
It must be noted that a high effective face pressure 
has considerable operational disadvantages such 
as excessive wear of the Cutterhead, high torque, 
or arching of the muck at the entrance to the screw 
conveyor.

tBM Face Pressure Calculation results
In figure Face Pressure Calculation of Section 5.2 
TBM Design and Operations, the face pressure 
along the alignment is depicted (pressures at tunnel 
axis level), showing:

• TBM capacity
• Normal Mode:  101.5 psi (7 bar)
• Emergency Mode:  145.0 psi (10 bar)

• Face pressure calculation results
• Scenario 1: Considers that water 

pressure is only developed in 
permeable soil layers. 
Maximum value = 62.4 psi (4.3 bar)

• Scenario 2: Hydrostatic pressure is 
considered. 
Maximum value = 81.5 psi (5.6 bar)
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Decision-Making Processes
ring type 
STP will use a universal tunnel liner ring for the SR 
99 Bored Tunnel Project, rather than a left and right 
tunnel liner ring system. This decision reflects the 
importance of:

• Erecting the liner quickly;
• Following the horizontal and vertical trend 

of the alignment without the use of special 
segments; and

• Being able to correct any deviations in 
tunnel alignment during advancement of the 
tunnel bore.

The universal ring is a truncated cylinder with conical 
shape, both in plan and elevation. This facilitates 
conformance with the bored tunnel geometry 
by rotating each tunnel liner ring with respect to 
previously placed rings. With the universal ring liner, 
the number and position of bolts in circumferential 
joints are oriented to allow the rings to be bolted 
together to conform to the bored tunnel geometry. 
We chose a total of nine production segments, plus 
the key segment, after consideration of handling 
constraints. This decision minimizes the number of 
longitudinal joints to the greatest extent possible, 
while remaining within weight limitations.

Each tunnel liner ring provides up to 28 individual 
adjustment locations to conform to the bored tunnel’s 
vertical and horizontal geometry requirements. (Nine 
production segments, each with three longitudinal 
bolt positions equals 27 locations, plus the key 
segment, equals 28 locations. See sheets TS001 and 
TS002 of the tunnel liner drawings in Appendix D.)

Two primary advantages of the universal ring 
include:
1. The tunnel will require only a single set of 

molds.
2. The tunnel will maintain a watertight condition 

because no continuous longitudinal joints 
exist between adjacent tunnel liner rings. This 
eliminates the intersection of four individual 
segments at a single location.

Materials
Concrete:  7000 psi compressive strength (f 'c) at 28 

days (in conformance with the Technical 
Requirements)

Steel:  Grade 60 or 75 deformed rebar or welded 
wire fabric (in agreement with Technical 
Requirements)

Deformed reinforcement bar material characteristics 
are specified on the reinforcement set of drawings.

Waterproofing
Waterproofing usually is achieved by use of two 
barriers:

• Primary waterproofing consists of 
neoprene gaskets (Ethylene Propylene 
Diene Monomer) at the joints (radial and 
circumferential).

• Secondary waterproofing consists of back 
filling the gap between the excavated 
ground and the external side of the tunnel 
liner. The back filling will be completed as 
TBM advances forward of the tunnel lining.

In accordance with the Technical Requirements, a 
third barrier will be provided by a hydrophilic seal 
placed in the inside of the segment, as shown in the 
sealing details drawings.
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Segment reinforcing Design

aNaLySIS SECtIoNS
For the design of the segmental liner, STP analyzed 
several sections along the length of the tunnel 
alignment to capture the widely varying loads 
imposed on the tunnel liner. The locations considered 
in the analysis include loads imposed at Station 
196+00 representing minimum overburden loading, 
and Stations 220+40, 224+00, 243+00, and 251+80 
representing varying soil units and hydrostatic 
conditions.

Software
Three modeling tools have been employed in the 
analysis: SAP2000, STAAD-III, and FLAC3D.

• SAP2000 is a structural three-dimensional 
analysis program.

• STAAD-III is a structural program in which 
ground-structure interaction is simulated 
by springs connected to the nodes with 
a spring constant k that is the subgrade 
modulus multiplied by the influence area of 
each node. For establishing the ground load 
acting in each section, Protodyakonov’s 
theory has been employed.

• FLAC3D is a numerical modeling code for 
advanced geotechnical analysis of soil, rock, 
and structural support in three dimensions. 
The program utilizes an explicit finite 
differential formula that can model complex 
behaviors such as: construction stages, 
large displacements and strains, nonlinear 
material behavior, and unstable systems.

LoaDS
We evaluated soil, hydrostatic, handling, form release, 
shipping, stocking, and TBM jack thrust loads, as 
well as seismic loads. The final reinforcement will 
be designed for the highest of these loads.

The final reinforcement will be defined by the largest 
load combinations. Form release loads (demolding) 
consider the actions (bending moments) arising when 
the segments are pulled out from the forms (molds), 
and considers the segment compressive strength at 
the time of release. The segments are stacked on top 
of each other and chocked with wooden blocks and 
wedges, comprising one ring. The highest bending 
moments occur when the segments are stacked in 
direct contact with ground. Placing the segments in 
their position on the ring, inside the shield, results in 
a similar situation to that of form release, with the 
favorable circumstance that the concrete compressive 
strength is higher.

The loads acting on joints due to the jack thrust 
(circumferential) and ground loads (radial) tend to 
produce bursting (tensions on the neighboring joints) 
and spalling (shear on the joint corners).

The ground loads correspond to the overburden 
weight (including water) for vertical loads and the 
pressure at rest for the horizontal loads. The axial 
forces and bending moments have been determined 
using STAAD-III and FLAC3D models.

Historically, underground facilities experience a 
lower rate of damage by seismic events than surface 
structures. The tunnel structures are constrained by 
the surrounding ground and, in general, cannot be 
excited independent of the ground or be subjected 
to vibratory amplification, such as the inertial 
response of a bridge structure. The seismic response 
of a tunnel is dominated by the surrounding ground 
response and not the inertial properties of the tunnel 
structure itself. The focus of underground seismic 
design, therefore, is on the formation of the ground 
and its interaction with the structure. The emphasis 
on displacement is in contrast to the design of surface 
structures, which focuses on inertial effects of the 
structure.
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STP’s seismic analysis of the tunnel liner using 
FLAC3D modeling addressed three issues:

• Axial deformations generated by seismic 
waves parallel to the axis of the tunnel

• Bending deformations generated by seismic 
waves perpendicular to the longitudinal axis 
of the tunnel

• Ovaling deformations generated by shear 
waves propagating normal to the tunnel 
axes at Stations 196+00, 224+00 and 
243+00.

We considered both circumferential and radial 
joints in addition to the segments themselves. STP’s 
seismic analysis concluded that strains are below the 
allowable deformation.

Proposed Reinforcement
Reinforcement design results in a total amount of 
9.54 lb/ft3 (153 kg/m3), which involves:

• As principal reinforcement, 16 #5 bars  
(4.96 in2), that represents 2.65 percent steel

• As secondary reinforcement, 3 #5 stirrups 
per foot (0.72 in2/ft)

• To resist the jack thrust, bursting 
reinforcement is placed on the 
circumferential side. It consists of 10 
#4 hoops at each jack and 4 #7 bars in 
circumferential direction.

• To resist spalling (due to jacks), C-shaped 
reinforcement consisting of 1 #4 bar per 
foot is connected with 2 #3 ties.

• In radial joints we provide the additional 
reinforcement of 17 # 4 hoops and 14 #3 
C-Shape ties.

Proposed Primary Support 
Installation
The tunnel lining (proposed primary support) will 
be installed using traditional single-pass precast 
concrete segmental tunnel liner techniques. Prior to 
installation of the tunnel liner segments, STP will 
verify the orientation of the universal ring of the 
particular segment using as-built survey data and 
compare it to baseline vertical profile and horizontal 
alignment.

A multiservice vehicle will transport the tunnel liner 
segments to the back-up, as well as other material 
from the south head wall to the TBM. The tunnel 
liner segments will be stacked in the order of segment 
installation, and transported to the ring erector using 
the mechanical systems within the back-up of the 
TBM.

The individual segments will be installed using the 
ring erector with vacuum or mechanical handling 
devices. The individual TBM thrust rams interfering 
with the specific segment being installed will be 
retracted, and the segment placed and bolted into 
place in both the radial and longitudinal directions. 
The TBM thrust rams will then be extended to bear on 
the just-placed tunnel liner segment, and the process 
will be repeated. Obviously, the key segment will be 
placed last. Segment positioning will be achieved 
using centering cones as shown in the tunnel liner 
drawings.

Estimated Bore Diameter
STP chose a maximum bore diameter of 
approximately 57.4 feet, based on the 56-foot 
outside diameter of the tunnel liner, an allocation of 
approximately 2 inches for the tail skin clearance, 
4 inches for the structural steel requirements of the 
TBM shield, 1 inch of taper in the TBM shield, and 
1.4 inches overcut forward of the front end of shield 
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for the cutting face and copy cutters. Thus, we have 
a 56-foot physical outside tunnel liner diameter, plus 
two times 8.4 inches, equals the approximate 57.4-
foot bore diameter.

The use of copy cutters, a tapered shield, and a 
TBM articulation joint minimize the estimated 
bore diameter, allowing the TBM to negotiate the 
horizontal and vertical geometry of the bored tunnel.

Internal Diameter of the tunnel
Three fundamental constraints control the internal 
diameter of the bored tunnel:

• The roadway vertical clearance envelope 
on the east side of the southbound roadway 
where the slope of the roadway is from the 
east to the west;

• The radial dimension between the curb line 
and the intrados of the tunnel liner on the 
east side of the northbound roadway where 
the slope of the roadway is from the west to 
the east; and

• The lateral dimension for the mid-level 
emergency corridor on the west side of the 
bored tunnel.

Because WSDOT values a larger roadway clearance 
envelope than identified in the Base Configuration, 
STP proposes a minimum roadway horizontal 
clearance of 32.0 feet in width and a minimum 
roadway vertical clearance over the travelled way 
of 15.5 feet. Both clearances exceed the respective 
minimum dimensions of 30.0 feet and 15.0 feet 
required by WSDOT.

The previously mentioned roadway configuration 
and controlling constraints listed above yield a 
minimum theoretical inside diameter of 51 feet. 
For construction tolerances, we added a +/- 0.5 foot 
deviation of the center of the tunnel to the minimum 
theoretical inside diameter of the tunnel. This results 
in a physical inside diameter of 52 feet.

Liner Dimensions
As previously mentioned, sheets TS001 through 
TS059 included in Appendix D depict the liner 
dimensions. The tunnel lining thickness will be 
2 feet. The key segment has a nominal minimum 
circumferential length of 4.7 feet, and the remaining 
nine segments have a nominal circumferential length 
of 19.6 feet.

We used a nominal shove width of 6.5 feet based on 
analysis of the pre-installation, installation, and in-
place loading conditions of the tunnel liner. This is 
approximately the same shove width that Dragados 
used on the 49.25-foot-diameter M-30 tunnel in 
Madrid, Spain.

5.2.3 TBM Advance Rates
In Table 5.2-15, the instantaneous penetration rates, 
the efficiency and the daily advance rates are given 
for the three main reaches of the tunnel identified 
in terms of “homogeneous” geological conditions. 
These values are consistent with ground conditions, 
segment rings placement, experience in reference 
projects, maintenance and efficiency.

For example, the pure driving time depends on the 
ground conditions, the ground conditioning and the 
personnel practice obtained. And being such a large 
TBM project, an especially important training period 
will be carried out for manufacturers, constructors 
and even for WSDOT, ending up a in a learning 
curve for all of us.

The time needed for ring placement could be 
lowered after some practicing period. The average 
ring placement time (9 segments plus “key”) is set 
to 60 minutes, when it could be lowered down to 
40 minutes, depending on the skillfulness of the 
operators.

Alternatively, a semi-automatic segment erector 
could be utilized instead of the regular remote 
controlled one. It may result in more consistent and 
accurate ring placement time.



TUNNEL

SECTION 5.2, PAGE 79

ProPosal – sr 99 Bored Tunnel alTernaTive 

Based on that, an anticipated daily advance rate is 
determined, corresponding to the aforementioned 
points, when it is well known that TBMs do not use 
more than 50% of the working time in production 
and more specifically in excavation and ring 
assembly. The remaining 50% of the working time 
is usually spent on maintenance, Cutterhead tools 
replacement and breakdowns of the TBM or of its 
ancillary equipment, adverse geology, surveying and 
other minor reasons.

The downtimes have to be reduced as much as 
possible, whereas one has to distinguish between 
regular and irregular downtimes. A regular downtime 
is for example the daily required maintenance to be 
done carried out every morning on a daily basis, 
which helps to reduce the irregular downtimes.

Based on experience from reference projects, the 
utilization coefficient of 15% to 65% as a load factor 
depends among others on the length and type of 
tunnel project. This is excluding the interventions 
time anticipated by our group and consisting of no 
less than 19 interventions from 48 to up to 90 hours 
each.

Finally, STP has identified the first portion of the 
tunnel as the most risky area of the entire project 
because in that section the TBM will excavate 
through the loosest and weakest soils and under the 
smallest overburden throughout the alignment. In 
this stretch the risk of intermittent mining is higher, 

taking into account that the crews will be training 
while breaking in the machine, resulting in potential 
risk of deformation even in normal operation.

For that reason, STP has developed an ambitious 
start-up plan, based on our analysis of the typical 
risk of these operations and on our former successful 
experiences, such as the start-up of our Ø39.4 ft 
EPB machine on our project AVE Atocha-Chamartin 
Tunnel (High Speed Railway) in Madrid, which 
happened successfully with no overburden and 
underneath a roadway in operation.

Our South End Deformation Mitigation Plan 
(SEDMP) will isolate the excavation of the TBM 
from the vicinity and closer structures and utilities, 
cutting through and detaining any potential 
deformation, sinkhole or heave while breaking in as 
well as during the learning curve.

This start-up process will come down to necessary 
learning curve, which is taken into consideration in 
the rates explained in Table 5.2-15.

The corresponding total cycle time ranges based on 
Table 5.2.3.1 are as follows:

Excavation time ............................65 to 163 minutes

Ring placement time .......................60 to 90 minutes

Average cycle time .....................125 to 253 minutes

total ..........405 Work Days+54 Intervention Days

reach
from
sta.

to
sta.

totaL 
Length

ft

chD 
rotation

rpm

penetration 
per rev.

in/rev

instant. 
penetration

in/min

DaiLy 
aDvance

ft/wd UtiLization

avg. 
Work 
Days

wd

ring 
BUiLD 
cycLe

min
Prot. 
Box 195+50 200+00 450 0.8 0.6 0.48 6.67 18% 67 90

I 200+00 214+00 1,400 0.8 1.0 0.80 12.27 25% 114 80
II 214+00 233+00 1,900 1.2 1.0 1.20 26.20 35% 73 60
III 233+00 288+20 5,520 0.8 1.2 0.96 36.45 55% 151 60

Table 5.2-15. TBM Daily Advance, Penetration, 
Utilization and Ring Building Cycle by Reach.
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Remarks:
• Our Team has considered, and agreed on 

with the Local Unions, a 24/7 work system 
based on four full crews working 8 hours 
per day, three of them in operation and the 
fourth one resting. In this way a continuous 
operation in the tunnel is ensured, which 
will result in less risk of deformation 
because of the clear reduction of continuous 
stops on weekends and holidays as well as 
in a most efficient production cycle and in 
healthy work conditions for the workers on 
site.

• The intervention time envisioned as per our 
Interventions Plan does not include major 
reparations should they occur. In fact, we 
consider that performing interventions 
based on that schedule developed as per 
the GBR, major reparations will not be 
necessary. However, means for them will 
be on site as a contingency method for the 
project.

Material Properties Influencing  
Machine Performance as a Basis for  
Selection of the TBM
The material properties as depicted in the 
geotechnical information available is clearly one of 
the key elements in the decision of the type of TBM 
selected for the project. The rationale of our Team 
for the selection of the proposed EPB machine based 
on those material properties is explained in Table 
5.2-16.

Material Properties Influencing  
Machine Performance as a Basis for  
Selection of the TBM Cutting Tools
Cutterhead
Our EPB Cutterhead has been specially designed 
as a closed type with two directions of rotation to 
accommodate the anticipated geologic conditions 
with as many as 35-40% of openings to allow the 
TBM to excavate through mixed face ground 
conditions along the alignment.

The outer segments are equipped with grill bars 
made from hard and wear resistant steel to reduce 
wear and friction.

Cutting Tool Profile Proposed for this Project 
by MHI-NFM-Robbins.

Cutterhead of EPB Machine Herrenknecht 
S-221, Ø39.4 ft (Barcelona Metro Line 1, Spain).
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materiaL 
properties earth pressUre BaLance tBm sLUrry tBm

Big Boulders • Large size boulders, up to 3 ft diameter 
will be discharged by the ribbon screw/
shaft screw conveyor configuration.

• Larger boulders than the screw conveyor 
capacity are previously cut down by the 
disc cutters on the cutter head.

• The risk of moving boulders in front of 
the cutter head, grinding it out will be 
reduced.

• Crushed boulders would be discharged by the pipe line.
• The size of boulders is limited by the size of that pipe line.
• Boulders are crushed to the limited size by the disc cutters on the 

cutter head and the crusher in the cutter chamber.
• A mechanical hydraulic crusher is therefore needed inside the 

excavation chamber, to crush down material before entering in the 
suction pipes.

• Additional measures will be necessary to eliminate the pressure 
fluctuation caused by the operation of the crusher in cutter chamber.

• The risk of moving boulders in front of the cutter head while grinding 
it out will be higher.

High Abrasivity • Appropriate soil conditioning will reduce 
the wear and abrasion of cutting tools and 
exposed face.

• The flexibility of the excavation 
parameters will help to reduce the wear in 
cutting tools.

• Higher wear of disc cutters would be achieved because of the rigid 
Mix shield excavation conditions.

Fractured Ground 
(shear zones)

• Positive face pressure continuously 
guaranteed through actual excavated 
ground by controlling the excavation 
parameters such as soil conditioning, 
advance rate and gate opening of screw 
conveyors.

• Reduced Cutterhead opening improves 
the control of the ground flowing into the 
excavation chamber when mining.

• Screw conveyors configurations allow 
large array of cobbles and different size 
materials get into the conveyor belt, 
previously conditioning and mixing them 
in the face.

• Positive face pressure is counterbalanced by the addition of artificial 
slurry into the excavation chamber.

• Large Cutterhead openings will allow uncontrolled flow of material 
filling the chamber, making the mixing operation more difficult and 
less accurate.

• The large variety of material sizes will go towards the efficiency 
of the inlet crusher and of the Slurry pumps, more effective in 
homogeneous materials.

Stickiness (clays 
and silts)

• Efficiently controlled and reduced by the 
addition of the proper soil conditioners, 
specifically polymers added to foams and 
water, if any.

• Separation of the clay from the necessary Slurry would be 
challenging and a potential environment issue.

• A large scale Slurry Treatment Plant will be required in any case, 
especially for silt and clays.

• Additional noise and vibration will be created because that large 
scale Slurry Treatment Plant will definitely impact the vicinity.

Peats, Loss Ground 
and Human Fillings

• The face pressure is constantly 
maintained by the operation of the 
excavation and screw conveyor speeds.

• In the shallowest portions of tunnel at 
the beginning and at the end of the 
alignment, the risk of sink or elevation 
of ground surface during excavation will 
be eliminated by controlling excavation 
chamber pressure.

• Cutterhead and screw conveyor are 
designed to excavate normally through 
peat layers.

• Soil conditioners to be adapted to 
moderate acidity.

• The excavation chamber pressure shall be higher than the natural 
ground water pressure. At the shallow tunnel stretch, the mud water 
may gush out on the ground.

• Face pressure is counterbalanced by pressure of slurry inside the 
mixing chamber, which is transmitted via mud cake.

• Therefore, pressure of slurry inside the mixing chamber is controlled 
by balancing the feed and return of slurry volume.

• Volume control is done automatically by controlling the speed of the 
slurry pump.

• The high organic content alters the slurry properties, so face 
pressure can vary quickly with no notice, resulting in heaves or 
sinkholes.

• In addition, it may require slurry replacement with fresh slurry in 
order to maintain the altered properties.

• Huge amount of highly pollutant bentonite slurry will be needed in 
any case.

Table 5.2-16. Material Properties Influencing Machine 
Performance as a Basis for the TBM Selection.
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materiaL 
properties earth pressUre BaLance tBm sLUrry tBm

Mixed Face • The excavated soils are the supporting 
medium in the excavation chamber.

• The pressure is maintained by varying 
the rate of TBM advance vs. the rate of 
spoil removal through the screw conveyor 
system. These variables are easily 
modified as ground conditions vary.

• The specific gravity inside the Cutterhead 
is 1.8-2.0, that of natural earth pressure 
conditions, so no mud cake is needed to 
maintain face pressure.

• This setup is ideal for changeable ground 
with boulders.

• Face pressure is counterbalanced by pressure of slurry inside 
mixing chamber, which is transmitted artificially via bentonite slurry

• Volume control is done automatically by controlling the speed of the 
slurry pump.

• The mud cake must be formed because the specific gravity inside 
the Cutterhead is low, around 1.2, so that the material must be 
compressed to transfer pressure.

• If the geological conditions change, the slurry pressure must also 
change.

• If a variable face is encountered, the mud cake may not be 
sufficiently formed.

• In permeable geology and reduced density, a mud cake may 
not form or may not be adequate to hold the earth pressure and 
settlement will occur.

• While this system may be ideal in homogeneous ground, 
changeable conditions are very problematic. The formation of the 
mud cake is dependent on the density of the geology.

Interventions • Interventions are necessary and 
beneficial.

• Number of interventions will be reduced 
because larger boulders than the slurry 
shield can be digested.

• Interventions are necessary and beneficial too.
• Number of interventions will be increased because large boulders 

will not be digested.
• The demanded crusher will be an additional source of interventions 

in terms of frequency and duration.
Stability of the 
Annulus

• If over-excavation occurs, the operator 
has time to react and initiate a remedy.

• The same amount of muck which has 
been over-discharged will be over-
excavated.

• There is time to react and remedy 
malfunctions before they become severe.

• If over-excavation occurs, it happens quickly. Ground loss can occur 
before the operator realizes the failure.

• A maximum over-excavation will be the same size as the mixing 
chamber volume.

Table 5.2-16. Material Properties Influencing Machine 
Performance as a basis for the TBM Selection. (continued)

Static mixing arms plus a mobile central agitator 
to achieve a solid soil agitation inside the cutter 
chamber are foreseen, since the relative low speed of 
the TBM may not be enough to make it happen. This 
configuration was successfully tested in our M-30 
project in Madrid (Spain).

The excavated material is guided to the screw 
opening on the bottom of the chamber with the help 
of the constructive design of the Cutterhead.

The Cutterhead is designed for the injection of 
conditioning agents such as foam, polymers and 
eventually bentonite, as well as high pressure water 
nozzles.

Some independent injection points are provided on 
the front face of the Cutterhead. Each injection point 
is supplied through an independent line installed 
through the rotary unit and equipped with a non-
return valve.

Other injection ports are in the bulkhead and even in 
the static mixing arms.

Cutting tools
The cutting tools used are basically discs, knife bits, 
scrapers and bucket lips.

The tool arrangement is adapted to the anticipated 
geological conditions as described in the GBR and 
reflects the latest experiences used for mixed face 
conditions.
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Three Lines of Carbide Knife Bits. Bucket Lips and Holder Protection with 
Hard-Facing Welding.

The tool arrangement is designed for two directions 
of rotation of the Cutterhead. The tool supports are 
integrated into the Cutterhead structure; the tool 
itself is the only component sitting forward of the 
Cutterhead front plate.

There is a redundancy of tools per track to avoid as 
many interventions as we can.

In addition, tool housings are protected with hard 
facing plates, as successfully proved in former 
projects.

The change of the tools is possible from inside the 
Cutterhead (back loading type). The personnel are 
always behind the steel structure and protected from 
eventual tunnel face collapse.

DISC CuttErS 
The TBM is equipped with state-of-the-art, Heavy 
Duty 17, 19 or 20" disc cutters. All functionally 
important parts of the housings and related parts are 
located in the inner part of the Cutterhead to protect 
them from wear. The cutter fixing system will be the 
wedge lock type.

kNIFE BItS aND SCraPErS
Soft ground teeth combine high wear resistant steel 
bodies with high quality carbide cutting edges. The 
rear face of the tool is protected by tungsten carbide 
inserts to prevent wear of the parent steel. The design 
of the fixation is such that there are no threaded items 
in the pick holder itself. The threads are in the tool 
itself and are effectively renewed with every change 
of tool and fixing. 

The design of the Cutterhead allows the density and 
redundancy of the soft ground teeth to increase with 
increasing track radius. In addition, the directionally 
non-active teeth are located immediately behind the 
active ones to limit passive wear.

BuCkEt tEEth
The proposed Cutterhead design employs bucket lips 
for ground excavation and for clearing spoil from 
the periphery of the excavation. The front face of the 
tool is hard faced over the cutting edge, while the 
rear of the tool is protected by carbide inserts. The 
mounting of the lip elements to the Cutterhead is a 
bolted configuration using a threaded insert in the 
Cutterhead that can be replaced in case of damage. 

Bucket teeth will feature tungsten carbide protection 
tiles all around.
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Material Properties Influencing Machine 
Performance as a Basis for Selection of the 
Other Features of the TBM
high Levels of Groundwater:  
Face pressure up to 10 bar
Our geotechnical experts anticipate a maximum face 
pressure of 4.3 bar (62 psi) to 5.6 bar (82 psi), without 
and with full hydrostatic (soil and groundwater) 
pressure, respectively. Additionally, the anticipated 
face pressure of 5.6 bar is anticipated to occur only 
near a discrete location along the alignment (Station 
215+00) and is considered the worst case scenario. 
Despite this anticipated face pressure range, our EPB 
machine has been designed to excavate efficiently 
with a face pressure as high as 7 bar, which is 125% 
of the maximum anticipated face pressure.

Furthermore, our TBM has been designed to have the 
ability to continue mining in an unlikely event face 
pressure higher than the hydrostatic is demanded. 
Our TBM design and all its features, components 
and systems will be ready to mine up to 10 bar even 
on emergency mode.

Mixed Face Conditions:  
automatic contingency systems

autoMatIC FaCE PrESSurE  
rECovEry SyStEM
Our design relies on an Automatic Pressure Recovery 
System to minimize ground movement by accurately 
controlling the fluctuation of pressure in the mixing 
chamber if for any reason pressure drops dramatically 
at any time.

When the pressure inside the mixing chamber drops 
below the predetermined lower limit pressurized 
bentonite slurry will be automatically injected into 
mixing chamber to recover the pressure. 

If the pressure inside the mixing chamber does not 
recover in that way, bentonite will be pumped directly 
into mixing chamber by-passing the bentonite slurry 
reservoir tank.

tBM ProGraMMED Not to MINE IF 
ShIELD GaP/rING GaP arE Not FuLL
The Programmable Logic Controller of the TBM 
will feature lock devices to prevent the machine 
from continue mining if either the shield gap or the 
steering gap are not sufficiently backfilled or being 
filled up, the pressure inside the annulus is below the 
setting value for that area.

Large Boulders to Be Encountered: 
Cutterhead and conveyor system design
Our EPB Cutterhead has been planned to cut these 
boulders down to no larger diameter than 3 ft and 
then, to swallow them instead of move the boulders 
forward in front of the Cutterhead.

If boulders are maintained ahead of the Cutterhead, 
they cause excessive wear and severely damage the 
Cutterhead tools and structure, resulting in massive 
and painful Cutterhead reparations.

Cutting tools will be staggered in four levels to cut 
down the size of the boulders if they are in cemented 
ground face (disc cutters, replaceable knife bit 
cutters, fixed knife bit cutters and scrapers).

If boulders appear in loose or in non-consolidated 
soils, Cutterhead openings (35-40%) and cutting 
tools configuration will allow boulders up to 3 ft 
diameter to get in the excavation chamber.

After that, either our one or two in-line screw 
conveyor system will be capable of digesting those 
3 ft boulders.

Cohesionless and Granular Soils:  
Soil conditioning
The ground will be conditioned and improved in 
the excavation chamber and in the screw conveyor 
system by adding soil conditioning agents, polymers 
and foams.

Since the proposed Tunnel alignment will be 
constructed through a highly variable array of glacial 
and inter-glacial soils, the tunnel face is not expected 
to be in homogeneous soil conditions at any location.
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Therefore, the ground will need to be properly 
conditioned to be able to be used as appropriate 
support for the tunnel face. An appropriate soils 
conditioning with foam makes an active support of 
the tunnel face possible.

The ultimate goal of our soil conditioning system 
will be to achieve a controlled support of the tunnel 
face by maintaining earth pressure and soil plug and 
the reduction of wear of cutting tools and Cutterhead 
structure.

hyperbaric operations: Interventions means
Since the ground is expected to be unstable throughout 
all alignment because of the hydrostatic pressure 
needed, our Team has developed an Interventions 
Plan based on our successful experiences locally 
and abroad as well as to meet and exceed all the due 
legislation and procedures.

Our team has anticipated the need of having the next 
top-of-the-line means:

• Medical room on the surface
• Hyperbaric habitat on the top of the shaft
• Hyperbaric shuttle
• 3+2 Man locks, 5 people each.
• 2 Materials/tools locks
• Pre-plumbed penetrators with all the 

services required.

• Guaranteed breathable air supply by 2 
independent lines (8 compressors 45 Nm3/
min each, 4 air driers and 4 air receiver 
tanks 4,000 gallons each). 

Furthermore, an automatic excavation filter cake 
and refill system may be utilized, not to maintain 
the face pressure by pressurize air only and to refill 
the Cutterhead with actual excavation muck and/
or bentonite from our Automatic Face Pressure 
Recovery System, after the intervention and before 
we resume mining.

abrasivity: remote wear detection system
A remote wear detection system will be integrated in 
the PLC of the machine to warn of the status of the 
Cutterhead and tools in advance, as supplementary 
method of control to the interventions.

This is a three-level warning system to provide the 
TBM operator with broad wear detection, where the 
first two warnings will be incorporated within the bit 
tools (the detectors will show the pressure loss as the 
bits wear pass a certain limit) and a third warning to 
cover the full Cutterhead radius by hydraulic pipes.

Mixed Face Conditions: two different 
backfilling systems
The annulus has to be maintained constantly filled 
and pressurized during TBM operation, as well as 
during breakdowns or weekend stoppage, to prevent 
its closure especially in non-cohesive soils.

Our design will feature the two top backfilling 
systems, so in case one of them does not match our 
requirements at any time, the other one could be 
utilized.

The steering gap between the excavated tunnel and 
the exterior of the ring will be filled while mining so 
the annulus is filled and pressurized all the time.

The primary system will be the two-component 
grout system, which uses liquid A (cement, clay-
sand, water, bubble forming agent, stabilizing agent, 
entrained air) and liquid B (regulated set accelerator Interventions Control Behind Pressure Bulkhead 

(Brightwater West Conveyance Project, WA).
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formulas for the soil conditioning, recommends an 
additional action in the area as per our South Portal 
Ground Improvement and Deformation Mitigation 
Plan below.

Our design has developed a special break-in and 
start-up plan for the machine to protect especially 
the first 1,500 ft of the alignment, as follows:

Based on what is explained above, our action plan 
consists of:

• Starting Seal Safe Haven to prevent spoils 
and muck from getting out through the 
excavation gap.

• Protection Box Part I, to be able to test the 
performance of all the TBM features and 
means, but in real conditions and actual soil.

• Inspection Safe Haven #1, to execute the 
first complete Cutterhead inspection.

• Protection Box Part II, to maintain 
hydrostatic pressure inside the box, cutting 
through any possible ground movement.

• Inspection Safe Haven #2, to execute the 
second complete Cutterhead inspection 
before burying the machine underneath the 
downtown.

• Protection Box Part III to keep confining 
deformations within the corridor area, 
cutting through any possible settlement or 
ground deformation that may occur.

In addition, ground freezing may be an alternative or 
a complementary construction method in that start-
up area, as well as a part of our settlement mitigation 
plan. It may provide distinct advantages, such as:

• Freezing could be used for nearly any soil 
type, including sand, gravel, clay and peat.

• It is excellent where dewatering is difficult 
or just not achieved.

• It is a less invasive system that reduces 
ground vibration and noise for the vicinity.

• It may need less utilities relocation.
• Once the job is over, the ground thaws out 

to its pre-construction condition.

agent). After mixing the two liquids, they become 
semi-solid in a few seconds, and keep this state about 
half an hour and then they become hard.

In addition, a more traditional cement based grout 
will be used if needed. This solution offers a slower 
hardening time but a higher final resistance and in 
certain locations it could be also recommended.

Poor Ground and Shallow tunneling at 
South Portal: South Portal and Ground 
Improvement Deformation Mitigation Plan
Our Team acknowledges that the most challenging 
part of the alignment is the South Portal because 
of the material properties. Several reasons such as 
the low overburden there and the presence of poor 
ground on the top of the excavation recommend an 
extraordinary intervention in the area to ensure a 
proper excavation process.

Based on former experiences, our Team has identified 
the next potential risks because of the properties of 
the ground:

• Reduced tunnel coverage comprised of poor 
ground (recent granular deposits including 
peats, woods and all sort of human fillings) 
underneath the water table.

• Heterogeneous soils and materials in the 
excavation face, especially in the upper 
layers, together with a large array of human 
engineered and non-engineered fillings.

• Artesian ground water conditions and water 
levels hydraulically connected with the 
adjacent seaside or even tidal variations.

• Mixed face conditions with sound ground 
because of the glacial tills in the bottom of 
the face while poor material in the upper 
layers may result in loose ground flowing 
down to the excavation chamber.

This, together with the learning curve demanded 
by a new large diameter TBM, the load tests to be 
performed and the confirmation in the field of the 
previously developed theoretical compositions and 
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• Frozen soil is impermeable and very 
effective cutting off groundwater, reducing 
the need of water treatments.

However, possible situations that may happen such 
as groundwater effect/tidal variations and the frozen 
block heaving all together suggest our Team not 
implement ground freezing as a primary option but 
continue our exploration until we can determine the 
real potential of this solution for our project.

Material Properties Influencing Machine 
Performance as a Basis for Estimating of 
TBM Advance Rates, Wear Rates for Tools and 
Shield Surfaces, and Machine Maintenance
tBM advance rates
Currently, models to estimate penetration and 
advance rates for soil machines are not common. 
However, a substantial amount of TBM performance 
data has been accumulated for past and present 
projects.

In light of that and because of the parameters and 
material properties of this project, our Team has 
anticipated that our EPB should be mining between 

0.6 and 1.0 rpm in sandy, mixed face and non-
cohesive soils and 1.0 and 1.5 rpm in cohesive clay 
and silts conditions.

Assuming that a penetration of 0.6 to 1 in/rev may 
be obtained at the beginning and in the second half 
of the alignment, including sands, clays and glacial 
tills and 1 to 1.4 in/rev might be achieved in the 
central portion of the alignment consisting of clays 
and cohesive materials and glacial fillings, the TBM 
advance rates anticipated may result as shown in 
Figure 5.2-9.

Wear rates for tools
Calculation of the life of cutting tools either in soft 
ground or in mixed face conditions is not common 
practice as the parameters that act on the cutter and 
affect its life are highly variable. There are two main 
factors that will control the life of cutting tools in 
mixed face conditions, and specially cutter discs: the 
characteristics of the geology at the tunnel face and 
how the TBM is operated through the mixed face, as 
explained previously.

South Portal Ground 
Improvement and Deformation 
Mitigation Plan. Alaskan Way 
Viaduct, Bent 107.
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Reaches I and III
Advance speed: 15 – 30 mm/rev x 0.6 – 1.0 rpm 
 = 9 – 30 mm/min
(7,370 feet)
RPM range and available
torque for excavation in silts, 
sand and glacial fillings

Reach II
Advance speed: 20 – 30 mm/rev x 1.0 – 1.4 rpm 
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Figure 5.2-9. Torque curve and estimated TBM 
advance speed based on penetration rate and 
torque prognosis in Soft Ground per alignment 
reach.
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Opening of the Man-Lock Gate to 
Perform and Intervention.

Tool Lock from the Atmospheric 
Side of the Bulkhead.

GEoLoGIC CharaCtErIStICS
The higher the contrast (hardness, rock strength) 
between the different types of ground at the face, 
the bigger will be the potential impact loading to the 
disc cutter. High, spontaneous loadings on the disc 
cutters, scrapers and knife bits are responsible for 
cutter ring cracks, blocked bearings or just broken 
tools. Consequently the distribution of different 
materials in the face is quite important.

In mixed face sections as expected in our project 
throughout most of the alignment, an unstable face 
is quite common, and big blocks and boulders can 
fall from the face to the Cutterhead, causing intense 
damage on the disc cutters.

The distribution of different material at the face is 
also quite important. A small percentage of a given 
material in the face can actually cause more damage 
than if it were present at higher concentrations.

tBM oPEratIoN IN  
MIxED FaCE CoNDItIoNS
Mixed face sections can appear without any 
previous indication and the TBM operator must react 
immediately to diminish damage to the cutting tools 
and to adapt the excavation parameters to whatever 
the new face status is. If the RPM is not reduced, 
the impact on the disc cutter and on the rest of fixed 
cutting tools by passing from one geological unit to 
the other can cause considerable tools damage.

In addition, the penetration rate has to be reduced 
dramatically as the TBM enters a harder unit that 
creates higher impact loading and causes cutter ring 
cracks, damaged bearings and broken picks and 
scrapers.

Calculation of the estimated life of the cutting tools 
in soft ground is not common practice since most 
of the calculation methods are for Hard Rock, even 
though some of the cutting features of our design are 
based on hard rock technology.
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However, according to the identified material 
properties and to our experiences in similar projects, 
our Team has estimated and summarized how the 
material properties may influence wear rates for the 
tools in Table 5.2-17.

aBraSIvIty
The SR 99 Tunnel will be excavated across 8 ESUs 
(Engineering Soil Units) per the GBR. The tunnel 
will be primarily excavated in the Quaternary Glacial 
Deposits of ESUs 4 to 8.

The geotechnical parameters values show that these 
soil materials range from cohesionless to cohesive. 
As a result, the resistant parameters used in abrasivity 
criteria for rock mass cannot be used in soil materials.

Furthermore, resistant parameters used for rock 
materials, such as UCS or BTS (unconfined 
compressive strength or Brazilian Tensile Strength), 

are not given for the ESUs that are characterized by 
the effective stress based shear strength parameters 
(friction angle and cohesion) and undrained shear 
strength.

We could state that the cohesive over-consolidated 
materials could behave like a soft rock with a UCS 
ranging from 0.7 to 1.2 MPa, but other characteristics 
are more appropriate for estimating the effects of 
soils on cutting tool wear.

The GBR indicates that, along the alignment, the 
soils are composed of a large percentage of abrasive 
materials such as quartz, ranging from sub-rounded 
to angular particles in glacial and interglacial sands, 
gravel and till. These granular soils are abrasive and 
could cause heavy wear on cutting tools. 

There are very few criteria applicable to abrasivity. 
The most widely used, because of its simplicity, is 
the quartz content obtained by x-ray diffraction. The 

Table 5.2-17. Soil Abrasivity Characteristics  
and Wear Rates for Tools and Shield Surface per  
Geological  Reach. 

reach

Length soil abrasivity

range

cutting tools Life

shield 
surfacefrom to total

Quartz 
mineral 
fraction

miller 
abrasion 
number

sat 
value2 abrasivity 

Disc 
cutters

picks-
Bits

Bucket 
teeth

sta. sta. (m) average1 average1 average1 ---
m³/

cutter
m³/
pick

m³/
teeth ---

Prot. 
Box 195+50 200+00 137 55% 170 23 Medium to 

High

Min. 1,500 200 4,000

HighØ 3,000 300 9,000

Max. 4,000 400 10,000

I 200+00 214+00 427 55% 130 23 Medium to 
High

Min. 2,000 200 5,000

HighØ 3,000 250 7,000

Max. 4,000 350 9,000

II 214+00 233+00 579 40% 60 19 Medium

Min. 3,500 300 5,000

Med.Ø 5,000 400 8,000

Max. 7,000 550 10,000

III 233+00 288+20 1,682 60% 170 26 High to 
Very High

Min. 2,000 200 5,000

HighØ 3,000 250 7,000

Max. 4,000 350 9,000
1Average values estimated based on distribution of ESUs within reaches.
2Soil Abrasion Test (Nilsen et al., 2007).  Based on SAT values provided in the GEDR.
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quartz mineral fraction for ESUs 4 through 8 are 
shown in Table 5.2-18.

In the U.S., we often use the standardized MILLER 
Test, which was originally developed in the oil industry 
for deep vertical borings, to interpret the relative 
abrasivity of soils. However, when interpreting 
Miller abrasion numbers for TBM cutting tool wear, 
it must be recognized that the Miller test uses a soil 
slurry and is intended to assess abrasivity as related 
to slurry pumps. The Miller abrasion numbers in 
GBR confirm the relative abrasivity expected based 
on quartz content as shown in Table 5.2-18.

Though not presented in the GBR, the GEDR 
contained soil test data based on the new Norwegian 
University of Science and Technology (NTNU) Soil 
Abrasion Test (SAT) method (Nilsen et al. 2007). 
The SAT was developed specifically to address TBM 
cutter tool wear in soft ground and was adapted from 
the NTNU abrasion test for rock. SAT values for 
ESUs 4 through 8 as interpreted by STP from data in 
the GEDR are also shown in Table 5.2-18.

tBM Maintenance
Since our Team has adopted a scheduled preventive 
maintenance for the TBM as well as its ancillary 
equipment, ground properties will not influence our 
already conservative approach.

On the other hand, proper Preventive Maintenance 
ensures reliable and safe operation of the TBM 
as well as of its ancillary equipment, reducing 
downtimes because of breakdowns and failures of 
equipment.

Table 5.2-18. Average Soil Abrasivity Characteristics for ESUs.

esU
QUartz mineraL 

fraction (%)
miLLer aBrasion 

nUmBer
miLLer aBrasion 

cLass sat vaLUes
sat aBrasion 

category

4 57 198 Very high 22 Medium

5 67 181 Very high 29 High

6 43 58 Moderate 13 Medium

7 36 51 Moderate 18 Medium

8 63 211 Very high 26 High

In addition, interventions will be necessary because 
ground is assumed to be unstable at all locations 
along the alignment, with pressures in the range of 
3-4 bar needed because of the hydrostatic pressure. 

Interventions will be executed along the alignment as 
planned and as many as needed  per the interpretation 
of the excavation parameters, continuously 
monitored.

Professional divers will be on site for the entire 
project, as full members of our team. They will 
take care of training our crews and of handling 
the sophisticated equipment needed for those 
interventions. Our team will have the top-of-the-line 
features to face this issue.

There will be three types of interventions, depending 
on the face pressure expected, ground conditions 
and the type of work to perform once inside the 
excavation chamber: Air intervention, Trimix gas 
interventions and finally, saturation diving.

Air interventions, typically below 50 psi (3.45 
bar), will be carried out by our own trained crews, 
together with professional divers. Laborers will 
breathe just the surrounding atmosphere plus oxygen 
only at certain stage of the decompression process. 
In fact, all the 19 anticipated interventions have been 
planned to be handled in this way.

Should we need to perform interventions above 
50 psi, Trimix interventions will be performed. 
Interventions would be carried out by professional 
divers who breathe Trimix gas, a mixture of helium, 
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nitrogen and oxygen that combats the effects of 
nitrogen narcosis that may occur at that range of 
pressure. No interventions are expected in that way, 
but we will furnish our TBM and installations to 
execute them if needed at any stage of the project.

Finally, if extremely long interventions were 
necessary because of severe damage and structural 
reparations in the Cutterhead are necessary, 
saturation interventions performed by professional 
divers will be utilized. In that way, divers are kept 
under pressure all the time, sometimes even for 
weeks. Again, saturation diving interventions are 
not expected along the alignment. However, we will 
furnish our TBM and installations to execute them if 
needed at any stage of the project with features such 
as hyperbaric habitat or hyperbaric shuttle.

5.2.4 Expected Tunnel 
Ground Loss
Expected tunnel ground loss (i.e., volume loss) was 
previously discussed in Section 5.1.3 because ground 
loss is the most significant parameter with respect to 
predicting tunneling induced ground deformations 
and their potential impacts on structures and 
utilities.  While ground loss can be estimated based 
on previous experience in similar conditions, ground 
loss for the SR 99 Bored Tunnel will be intimately 
related to STP’s project specific design and operation 
of the TBM.  

Extent of Tunnel Ground Loss Along 
Tunnel Alignment as Related to 
Ground Conditions
As discussed in Section 5.1.3, STP has performed its 
own evaluation of ground loss every 100 feet along 
the entire SR 99 Bored Tunnel alignment.  Whereas 
WSDOT assumed a constant ground loss of 0.5% 
for all ground conditions along the alignment for 

the RFP, STP’s ground loss assessment accounts 
for conditions specific to the SR 99 Bored Tunnel, 
including the 57.5-foot-diameter of the tunnel, the 
geologic conditions specific to the alignment, and 
the depth of the tunnel.  STP’s assessment estimates 
ground losses will continually vary with TBM 
advance along the alignment as shown in Figure 5.2-
10.

Table 5.2-19 summarizes the contributions of TBM 
operation and TBM and tunnel geometry to total 
ground loss.  STP’s methods of mitigation are also 
shown for the associated ground loss, which are 
detailed in the following subsections.

STP’s method of estimating the expected tunnel 
ground loss is based on experience from more than 
90 miles over a 15-year period in Europe. As a result, 
STP’s method accounts for real world experience and 
includes the effects of operating the TBM.  However, 
recent significant advances have occurred in TBM 
tunneling, such as continuous injection along the 
shield, which can result in obtaining even lower than 
predicted ground losses. In STP’s experience, ground 
loss predicted from our methodology can be reduced 
up to 50% via continuous shield injection. Based on 
these technological advances in TBM design and 
operation that will be incorporated into the design 
and operation of the STP’s TBM for the SR 99 Bored 
Tunnel, STP’s method of estimating ground loss is 
conservative, and the risk of experiencing ground 
loss in excess of that predicted is low.  

TBM Features Designed to Minimize 
Deformation
In recent years, the large diameter tunneling solution 
has become common in urban environments. This 
solution successfully integrates more than two 
lines of traffic or different traffic system into one 
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Table 5.2-19. Contributions to Ground Loss. 

Location groUnD Loss generator
mitigation throUgh stp’s gooD 

tUnneL constrUction practices
contriBUtion to 

voLUme Loss

TBM Cutterhead
Face Loss – Excavating a larger volume of 
soil through the Cutterhead of the TBM than is 
compensated for by advance of the TBM

Maintaining an appropriate level of pressure 
at the face of the TBM 10-20%

TBM Shield
Shield Loss – The annular excavation volume 
around the main part of the TBM where the 
Cutterhead has a slightly larger diameter than 
the remainder of the tunnel shield

Bentonite injection through the shield as the 
TBM advances 40-50%

Behind Tail of 
TBM

Tail Gap - The annular excavation volume 
around the installed concrete segment liner, 
where the diameter of the tunnel shield exceeds 
that of the liner

Backfill grouting through tailskin shield as 
the TBM advances 30-50%

Figure 5.2-10. STP’s estimated volume loss along tunnel 
alignment using location specific calculations.
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Figure 5.2-11. TBM Design Face Pressure.

single large tunnel. In turn, the potential impacts of 
deformation or settlement could be more relevant.

Our past experiences suggest that the best way to 
control deformations and prevent settlements from 
happening in this sort of large diameter tunneling 
project is selecting the right excavation equipment 
and methods, together with their proper operation.

To achieve our ultimate goal of 
mitigating the risk of deformations in 
this project, our TBM design will contain 
several technical features, all of them 

successfully tested in former projects and in similar 
conditions, as explained below.

Selection of the right tBM:  
the EPB Solution
Seattle Tunnel Partners has selected an Earth Pressure 
Balance TBM as one of the most important features 
to reduce the risk of deformation in our project.

In the excavation process of an Earth Pressure 
Balance machine, the face pressure, and therefore, 
the stability of the face, is counterbalanced by 
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pressurizing the actual excavation muck, improved 
by the utilization of environment friendly soil 
conditioners, inside the mixing chamber. The 
support pressure is achieved by synchronizing of 
TBM advance speed and rotation speed of the screw 
conveyor that control muck volume balance, and 
therefore, the stability of the face. This provides total 
control of the pressure ratios at the tunnel face and 
ensures that ground surface settlement is kept to an 
absolute minimum.

If over-excavation occurs, the operator has time to 
react and initiate a remedy and the same amount of 
muck which had been over-discharged may be over-
excavated.

With an EPB machine, even in the 
shallowest portion of the tunnel, at the 
beginning and at the end of the alignment, 
the sinking or elevation of ground surface 

during excavation will be avoided just by controlling 
the excavation chamber pressure.

In the excavation process of a Slurry machine 
however, the face pressure, and therefore, the stability 
of the face, is counterbalanced by pressurizing slurry 
inside the mixing chamber. The face pressure is 
transmitted artificially to the face by means of the 
addition of a highly pollutant bentonite slurry.

Pressure of the slurry inside the mixing chamber 
is controlled by balancing the feed and return of 
bentonite slurry flow and the volume control is 
performed indirectly by controlling the speed of the 
slurry pump.

This makes possible over excavation/ground loss far 
before the operator realizes the situation. A maximum 
over excavation/ground loss could be the same size 
as the entire mixing chamber volume.

With the large conductivity of a Mixshield/Slurry 
machine, there is always possibility of ground 
collapsing at the stratum.

Normally, the controlled excavation chamber 
pressure would be higher than the natural ground 
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water pressure. But because of the slow reaction 
and the type of slurry liquid needed for a Mixshield, 
the mud water may gush out on the ground at the 
shallowest portions of the alignment.

Face Pressure up to 10 bar
Our geotechnical experts anticipate a maximum face 
pressure of 4.3 bar (62 psi) to 5.6 bar (82 psi), without 
and with full hydrostatic (soil and groundwater) 
pressure, respectively. Despite this anticipated face 
pressure range, our EPB machine has been designed 
to excavate efficiently with a face pressure as high 
as 7 bar, which is 125% of the maximum anticipated 
face pressure. See Figure 5.2-11.

And if worse comes to worst, our selected EPB 
machine will be ready to excavate intermittently 
up to 10 bar in emergency mode, as a contingency 
method for the project.

automatic Contingency Systems

autoMatIC FaCE PrESSurE  
rECovEry SyStEM
Our design features an Automatic Pressure Recovery 
System to minimize ground movement by accurately 
controlling the fluctuation of pressure in the mixing 
chamber if for any reason pressure drops dramatically 
at any time.

If the pressure inside the mixing chamber drops 
below the predetermined lower limit, pressurized 
bentonite slurry will be automatically injected into 
the mixing chamber to recover the original pressure 
in the face, as well as in the shield gap.

tBM ProGraMMED Not to MINE IF 
ShIELD GaP/rING GaP IS Not ProPErLy 
BaCkFILLED
PLC of the machine will feature lock devices that 
will not allow the machine to move forward/mine if 
either the shield gap or the steering gap are for some 
reason not full enough or, because the pressure there 
is below the setting values for that area.
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CoNtINuouS oPEratIoN
Our Team stands for the continuous excavation 
method as the safest option to develop the project 
minimizing the additional risk of stopping and 
restarting the excavation process on weekends or 
holidays. We have been discussing this issue with 
labor representatives and local Unions. We have a 
Project Labor Agreement with the Local Unions to 
work 24/7 by means of 4 full crews working 8 hours 
per day (one full crew resting while the other 3 are 
in operation).

Measurement of Excavation Quantities
The control of the extracted material is one of the 
most important aspects in order to avoid overcutting 
and surface settlement and therefore it is crucial for 
this Project.
Our operation method consists of an instantaneous 
control by means of two scale weighers mounted on 
the TBM conveyor belt at screw conveyor exit point 
with approximately 10 meters between them. 
In addition, a volumetric measure of the material on 
the conveyor belt based on a radar system will be 
continuously taken.
Those three redundant systems will send data to the 
Programmable Logic Controller of the TBM, which 
will compare that information with the water, foams 
and additives added to the excavation face to know 
the current excavated volume at any time with an 
accuracy as high as 0.5%.
Connected to that PLC of the machine, our TBM 
Data Acquisition System will acquire, process, 
visualize and store data on a per ring basis. 

Soil Conditioning
The SR 99 Bored Tunnel will be constructed through 
a highly variable array of glacial and inter-glacial 
soils such that the tunnel face is not anticipated to be 
in homogeneous soil conditions at any location.
With that face soil condition, the ground will need 
to be properly conditioned to be used as appropriate 
support for the tunnel face.

An appropriate soil conditioning with foam makes 
an active support of the tunnel face happen. The 
purpose of the injected foam at the Cutterhead is the 
formation of a quasi-membrane sealing the tunnel 
face and transmitting the confinement pressure. 
Injection points are located in the Cutterhead, in the 
Bulkhead and in the screw conveyors.

The use of additives, their mixing ratios and their 
injection rates will be determined by experimentation 
for the prevailing ground conditions based on the 
geotechnical information provided, manufacturers’ 
recommendations and previous experience in past 
EPB and soils projects presenting similar conditions.

The ultimate goal of the conditioning of the soils to 
be encountered by the TBM along the tunnel path is 
to achieve a controlled support of the tunnel face by 
maintaining earth pressure and soil plug, which is the 
key to control and minimize the risk of settlements 
and deformations.

The amount of foam injected during the boring 
process is monitored using Process Controlling 
Software. This control is important also because of 
the possible loss of foam due to the migration into 
the subsoil.

Proper Backfilling: two-component or sandy 
mortar
The steering gap between the excavated tunnel 
and the exterior of the ring will be backfilled while 
mining so the annulus stays filled and pressurized all 
the time.

STP has envisioned the ability of having 
the two best known grouting systems to 
eliminate the risk of settlement because 
of lack of a proper backfilling. We will 
use the two-component injection but 
also a complementary cement-based 
grout injection if necessary, to make sure 
we cover any possible situation when 
mining.
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The two-component grout uses liquid A (cement, 
clay-sand, water, bubble forming agent, stabilizing 
agent, entrained air) and liquid B (regulated set 
accelerator agent). After mixing the two liquids once 
within the annulus, the mixture becomes semi-solid 
in a few seconds, maintains this state about half an 
hour and then, becomes hard.

In addition, a more traditional cement-based grout 
will be used if needed. This solution offers a slower 
hardening time but a higher final resistance and in 
certain locations it could be also recommended.

Both systems will be available on site for utilization 
in terms of materials stock, logistics and means. The 
decision to use either of them could be executed 
immediately anytime.

EPB Machine operated by the  
Most Skillful Crews
Having mentioned all the technical features of our 
TBM design previously, our Team wants to show 
our total commitment to have the best operators and 
technicians on site to operate the machine, as well as 
to train our laborers in the field, to ensure a safe and 
positive performance of our Tunnel Boring Machine.

One of the main lessons learned from the excavation 
of our Ø49.25 ft tunnel of the South By-pass on 
the M30 project in Madrid (Spain), is that the face 
stability as well as the continuous operation and the 
production rates in large tunneling is not only related 
to the tunnel size, but to the selection of proper 
equipment in accordance with the ground conditions 
and the operation by the most skilled crew.

As a result, over 60% productivity was achieved 
there and this was the essence of the success of the 
project in terms of completion of the schedule.

TBM Operational Parameters and 
Prescribed Limits
The technical specifications and operational 
parameters for the EPB machine selected by our 
team for this Project comply with and exceed what is 
specified in the Technical Requirements of the RFP. 
They are based on those from the similar projects 
in terms of ground conditions (Brightwater West 
Conveyance Tunnel, EPB Ø15.4 ft or Barcelona 
Metro Line 9, EPB Ø39.4 ft), urban environment 
(Madrid Subway EPBs Ø24.2 & 30.6 ft or Seville 
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Figure 5.2-13. Maximum Torque vs. Diameter 
in Former EPB Projects.

Figure 5.2-12. Maximum Thrust vs. Diameter 
in Former EPB Projects.
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TBM Operational Parameters and Prescribed 
Limits for the Ø57.4 ft EPB of our project in 
comparison with Ø49.25 ft EPB of our former 
M30 project in Madrid (Spain).

Metro Line 1 EPB Ø19.25 ft) and finally, large 
diameter tunneling (TBM M-30 South Bypass South 
Tunnel, Madrid EPB Ø49.25 ft).

These specifications and lesson learned from those 
projects were adapted to the particularities of the 
Seattle SR 99 Bored Tunnel. A reserve to guarantee 
the productivity and reduce the risk of breakdown 
was added.

Figures 5.2-12 and 5.2-13 show the high nominal 
torque of our EPB machine for the SR 99 Bored 
Tunnel compared with our previous ones.

Maximum thrust
The thrust is provided by a set of hydraulics cylinders 
reacting against the segment ring. These cylinders 
must be able to cope with the following stresses:

• Avoid horizontal ground deformations at the 
tunnel front.

• Compensate the horizontal effective ground 
pressure.

• Compensate the interstitial groundwater 
pressure.

• Eliminate vertical ground settlement ahead 
of the TBM if required.

• Overcome the shield friction during the 
advance of the TBM.

The EPB Ø49.25 ft TBM used on the M30 project had 
a maximum thrust of 285,000 kN. For this Project, 
the maximum thrust requested to the manufacturers 
has been increased to 377,000 kN, considering the 
ratio of Cutterhead areas and because sometimes 
higher thrust is required to face friction troubles.

Maximum torque
The torque estimated for the EPB Ø49.25 ft TBM 
used on the M30 project Metro Extension Plan was 
specified according to the formula T = (2/3) π τ R3 
where τ is the ground cohesion (100 kPa or 10 T/m2) 
was 2.175 mT but 2.000 mT.

To determine the minimum requirement for the SR 
99 Bored Tunnel, a ratio of excavated volumes was 
applied. T=2.000 (15.1/9.4) 3 = 8.240 mT. That way, 
the EPB selected for this project will have 135,000 
kNm vs. 85,700 kNmm in M30 project.

This torque will allow the following:
• Excavate the ground with bits and other 

cutter tools.
• Overcome the friction between ground and 

Cutterhead.
• Overcome radial and longitudinal forces on 

main bearing.
• Overcome the friction of the sealing system.
• Soil agitation inside the cutter chamber.

other requirements
Based on the geotechnical conditions of the SR 99 
Project, other requirements were requested to the 
manufacturers to be added to our EPB design, such as:

• Maximum working pressure on Cutterhead 
chamber as high as 10 bar.

• Open ratio on Cutterhead over 35%-40%.
• Excavation speed up to 80 mm/min, as 

contingency method.
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• Maximum boulder size able to pass through 
the screw conveyors: 3 ft diameter.

• Foam capacity for ground treatment over 
1.000 m3 /h.

• Two-component and sandy mortar pump 
flow over 80 m3 /h to fill the gap behind the 
precast segment rings.

• More than 3 rows of brushes on tail shield 
plus emergency seal to avoid water inflows.

• State-of-the-art interventions means with 3 
man-locks (5 men) and 2 tool locks.

• Safety chamber for 24 people and 12 hours 
survival.

In summary, all the TBM parameters and prescribed 
limits have been selected by learning from past 
projects and going beyond what was requested in 
TR2.32 of the Request For Proposers issued to make 
sure that technically we will be ready to face any 
situation that may occur during the excavation phase 
of the Project.

Other Methods to Minimize  
Ground Loss
STP’s primary means of preventing unacceptable 
ground deformation and potential damage to 
structures include:

• Maintaining adequate face pressure 
throughout the tunnel bore.

• Injection of bentonite-based grout through 
the TBM shield to fill the steering gap.

• Backfilling outside the precast segments to 
fill the excavation void with either two-
component or Portland-cement based grout.

STP will control the TBM face pressure and rate of 
advance as needed to accommodate the different 
types of soils and groundwater conditions that will 
be encountered along the alignment.

Our Team has thoroughly considered the range 
of anticipated ground conditions presented in the 
GBR, and designed the TBM so it has the range 
of mechanical capabilities needed to mitigate 
deformations to acceptable levels in different types 
of ground expected.

STP will also vary the procedures used for injection 
of bentonite grout along the outside of the TBM, 
including the pressure and rate of injection, and the 
grout mix and viscosity, to completely fill the shield 
taper void between the excavation diameter and the 
exterior of the TBM shield.

Similarly, STP will be able to modify the grouting 
parameters, including pressure, pumping rate and 
grout mix, to control viscosity and set time of the 
backfilling product used to fill the void around the 
liner segments immediately behind the tailskin 
shield of the TBM.

Primarily, a two-component backfilling mix (i.e., 
mixing a setting accelerator into a grout with high 
water/cement ratio) is selected. However, our design 
features the means and methods to backfill with a 
conventional sandy Portland cement-based grout. 
Our experience using a binary grout that can be 
adjusted to provide different set times indicates that 
a fast setting grout could be used where high early 
strength is needed; that is to say, in predominantly 
granular soils that would otherwise quickly cave 
into the voids. A delayed set time could be used to 
enable better grout flow in cohesive soils with longer 
standup capability.
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Contingency Plan for Responding to 
Excessive Ground Loss
In the unlikely event that the measures described 
above are unable to prevent excessive ground loss 
that would cause deformation outside of allowable 
values, STP is also able to implement the following 
types of mitigation measures:

• Grouting can be accomplished ahead of 
the TBM, by drilling through the shield to 
improve ground conditions in a particular 
area, prior to advancing the TBM through or 
below that area.

• Secondary compaction grouting can be 
accomplished radially through the liner 
segments behind the TBM, in addition to 
the primary grouting through the brushes 
at the tail of the TBM, as discussed in 
Section 5.2.6. This can be accomplished, 
for example, to densify ground that loosens 
over time in the event that primary grouting 
behind the shield is incomplete. 

• In some areas, additional compensation or 
compaction grouting can be accomplished 
to protect specific structures using vertical 
and/or inclined borings advanced from the 
ground surface.

5.2.5 TBM Monitoring 
System
A Programmable Logic Controller will monitor 
every control and TBM function by means of a main 
PLC unit installed in the cabinets of the control 
cabin. It will be Siemens (S7), Allan Bradley, Enzan 
or similar.

Connected to the PLC of the Tunnel Boring Machine, 
our TBM Data Acquisition System will acquire, 
process, visualize and store data on per ring basis. 
A ring in this context is defined as the time period 
to advance the TBM one stroke while excavating 
material, the consecutive ring-erection period and 
related standby times. Default mode is standby; the 
operator triggers excavation and ring placement 
modes by means of pushing buttons on the control 
panel located in the control cabin.

That way, there will be three main TBM operating 
modes:

• Excavation
• Ring Placement
• Stand-by

The acquisition system records operating parameters 
of all TBM components, such as:

• Earth pressure sensors
• Thrust system
• Main drive and main drive displacement
• Tailskin lubrication system
• Grouting system
• Ring Placement / TBM advance
• Oil temperatures
• Gas detection system
• Foam generator
• Guidance system
• Belt conveyor

In addition to data recording, processing and 
visualization on the TBM itself the data acquisition 
system will be configured for remote access via 
modem. This feature allows access to data for  Secondary injection set-up.
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Enzan control system.

Operator’s cabin of the M30 EPB machine. 

EPB TBM operator’s cabin.
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back analysisExample of control circuit of 
an EPB machine tunneling in 
urban ambient with integrated 
monitory survey system.

remote storage and evaluation and provides means 
for remote trouble shooting. 

In parallel, on each shift, the TBM operator will 
complete a Tunnel Boring Report form on a foot-per-
foot basis. This report will record all the parameters 
requested in the Technical Requirements and other 
Contract Specification, specifically but not limited to:

• Face pressure (all gauges).
• Pressure in the shield gap filled void.
• Pressure in the tail void backfill two-

component/grout and volume of backfilling 
injected.

• Volume of excavated material.
• Operational data of TBM, including torque 

and RPM.
• The length and chainage of each stroke.
• Operational data of muck removal system 

(pressure, torque and RPM of the screw 
conveyors).

• Thrust applied to the propulsion jacks.
• Backup towing loads.
• Time and duration of every stoppage of 

the TBM, including records of changes of 
cutters and other maintenance.

• Position of cutting tools changed.
• Time of stop and start on the TBM clock for 

each tunnel lining ring placement.

• Survey control data, including actual 
location of each lining ring relative to its 
theoretical, required location.

• Type of ground encountered.

All the parameters mentioned are automatically 
stored in digital format as well. The TBM is equipped 
with a PLC and data logging system to send all the 
data (excavation parameters; mechanic, hydraulic 
and electric parameters) by means of communication 
cable to the contractor office at the top of the shaft, 
as well as to the WSDOT office as requested. The 
data are visualized on a monitor into the office using 
dedicated software and stored in the PLC. 

All data log files are stored in a designated location 
on the hard drive of both the TBM and the office 
computer. All data log files are stored in a standard 
dBase format; these files can be opened using 
Microsoft Excel or Lotus. 

Equipment maintenance, with special regard to TBM 
and back up, will be carried out on a routine basis 
during the day maintenance shift, in accordance with 
a maintenance schedule and under the supervision 
of an experienced mechanical engineer. All the 
maintenance records will be filed in both formats 
hard copies and electronic files. Those maintenance 
records will be available to WSDOT at our office all 
the time.
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Method to Integrate System with 
Deformation Monitoring Systems
A monitoring plan will be carried out to protect 
buildings, utilities, ramps and other structures from 
the TBM underground works. According to the 
successful experience in former reference projects 
such as the Madrid Subway extensions (1993-2005) 
and M-30 South By-Pass Tunnel, a Monitoring and 
Technical Control Unit (MTCU) is proposed for 
this job. The MTCU main target is the monitoring 
and analysis of the instrumentation installed in an 
underground job, in order to avoid any damage to 
adjacent structures. This process has the following 
phases:

• Building characterization study.
• Monitoring plan.
• Installation of the instrumentation.
• Instrumentation reading frequency. 
• Data interpretation and report generation.

Control Software
The MTCU uses a very powerful software tool 
called Integrated Monitoring System (IMS), which 
includes the following units:

• Instrumentation Unit: Centralizes, stores 
and shows all the readings taken from the 
installed devices. It shows the state of the 
sensors in comparison with the adopted 
alarm thresholds.

• Building Unit: Centralizes, stores and shows 
all the information related to each inspected 
building. It also shows the registered 
movements by the instrumentation installed 
in them.

• Execution Unit: Allows visualizing, 
consulting and monitoring the job advance 
degree in its different areas.

• Documentary Unit: Centralizes, stores and 
shows the job most interesting information.

technical Control in urban areas
• Underground works influence area 

definition: in TBM tunnels usually 45º from 
inferior grade level

• Subsidence calculus
• Building preservation conditions

• Visual inspection 
• Building classification
• Building anomalies and damages

• Structural sensitivity evaluation
• Admissible movements and calculated 

movements comparison
• Protection measures and building 

contingency
• Monitoring plan design

• Area division (green, amber, red)
• Instrumentation placement
• Monitoring: Integrated Monitoring 

Survey System
Integrated Monitoring Survey System
We will install a computer application (Integrated 
Monitoring Survey System) specially designed for 
monitoring survey in underground construction 
works.

The advantages of this application are the following:
• It enables us to have access to up-to-date 

data of the instrumentation from anywhere 
and at any desirable moment, provided that 
we have a security registration to log in and 
available Internet connection. 

• The collected data come from varied 
instrumentation, connected to each other. 
The application enables us to make 
conclusions on analyses of the data 
collected during the execution of the works 
and also enables us to make any decision.

• All the readings taken during the 
development of the works will be registered 
and centralized to allow access and query 
by different users as well as to provide us 
with historic files.
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Generally, after entering into the application we 
can see a view of a plan with one or two current 
windows (longitudinal section and ground view of 
the project), a tool bar for manipulation of plan, a 
menu for different current functions, the legends 
corresponding to the elements of sensible data of 
the plan or a footprint of the plan, the information 
associated with UTM coordinates as well as the 
information on different elements of the plan 
(instrumentation, location, data proceedings, etc.).

With the help of the tools for GIS navigation and 
different filters the user has access to the data at the 
point of desirable query. Such queries can be the 

following:

a) Instrumentation: a code, type of the 
instrument, point of location, distance from 
the site, depth, maximum rise and settlement; 
last measurement, date, condition, thresholds, 
sketch of development of its behavior (in 
Excel or table of data, etc.)

b) Ground Treatments: procedure of each 
treatment, drawings of layout and sections, 
results of treatment and pictures.

c) Advance of tunnel (advance heading): 
section of tunnel, execution sketch, execution 
stages, existing geology, pictures, associated 
instrumentation, etc.
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5.2.6 TBM Tail Void 
Grouting System
The annular space will be a source of ground loss 
if it is not continuously supported and its closure 
prevented.

To avoid settlements throughout the alignment, the 
annulus has to stay filled and pressurized all the 
time when mining as well as during breakdowns or 
weekend stoppage. This prevents the closure of the 
excavated tail-void.

Our design will address this issue in three steps, 
described below: 

automatic Shield Gap Injection
Bentonite slurry or similar gel will be injected 
through pipes arranged around the shield, to maintain 
filled annulus between the excavated tunnel and the 
exterior of the shield (37.6 yd3 in our design) and as 
a transition between the excavation and the actual 
backfilling through slick lines within the tail skin 
shield.

The amount of bentonite or gel to be injected to keep 
that gap filled will be controlled by volume and/or 
pressure but in any case, the level selected will be 
controlled automatically all the time by the PLC of 
the machine.

3. Two Components Backfill Grout            
Injection

 Prevent the ground 
movement and surface 
settlement due to the 
volume loss at the tail 
void

 Stabilize the segmental 
lining in the ground

 Improve water tightness 
of the segmental lining

Backfill grouting is the construction method to fill up the gap between 
TBM excavation and segmental lining, which called “Tail Void”.

Backfill Grouting Diagram.

Backfill Grouting System 
The steering gap between the excavated tunnel and 
the extrados of the ring will be filled while mining so 
the annulus stays filled and pressurized all the time.

STP has envisioned the ability of having the two 
best known grouting systems to eliminate the risk of 
settlement because of the lack of a proper backfilling. 
We will use the two-component injection but also a 
regular grout injection if necessary, to make sure we 
cover any possible situation when mining.

The two-component grout uses liquid A (cement, 
clay-sand, water, bubble forming agent, stabilizing 
agent, entrained air) and liquid B (regulated set 
accelerator agent). After mixing the two liquids, they 
become semi-solid in a few seconds, keep this state 
about half an hour and then, become hard.

In addition, a more traditional cement-based grout 
will be used if needed. This solution offers a slower 
hardening time but a higher final resistance and in 
certain locations it could be recommended.

Secondary Backfill Grouting System
In the event that voids appear even after the whole 
backfilling process has been executed as planned or 
as a contingency method in case of settlements, our 
machine will feature a secondary injection position 
in the backup for both two-component system and a 
regular system to inject grout.

In this case, the backfilling will be done through 
injection holes on every segment or through holes 
drilled wherever necessary.

Planned TBM Tail Void  
Grouting System
two-Component Injection
A bi-component mortar (E-TAC or similar product) 
will be primarily used for grouting the tail void. 
The two components of the mortar are stored in the 
batching plant outside the tunnel and are pumped 
by two separate pipes into the TBM. Mixing and 
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hardening take place in the annular gap of the 
shield tail. As soon as mixing takes place, the 
two components react to form a gel (after 5 to 15 
seconds). The setting time can be varied by adding 
accelerator and retarder. 

The first component, i.e. the A-component, consists 
of cement, clay-sand-admixture, retarder, air bubble 
generator and water. The A-component alone will set 
after approximately 24 hours.

The B-component acts as hardener and consists of 
water glass.

The detailed composition of this grout, based on 
our former experiences in similar conditions are 
illustrated in the Table 5.2-20. With these components 
the bi-component mortar has a density between 1,135 
to 1,262 kg/m³. This mixture normally contains 
about 60 Nl/m³ of air.

The strength development of a typical E-TAC grout 
is indicated in Figure 5.2-14.

This grout has an advantage over conventional 
mortars because the bi-component type sets up faster 
than mortar grouts and provides immediate support 
to the tunnel liner and, thus, limits the potential for 
floatation or ovalization of completed sections of 
liner.

The required grout volume can be calculated from 
the Cutterhead diameter (57.4 ft) and the external 
diameter of the segmental ring (56 ft). With these 
values and a segment width of 6.5 feet, the volume 
of the annular gap is 869 ft³ (32.19 yd³).

A design value of 1.25 times the theoretical volume 
is assumed by STP to compensate the losses of 
grout through voids if any. Thus, a volume of 
40.24 yd³ of grout is expected to be injected during 
each excavation step. As the two components are 
delivered to the back up from the Portal by pumping, 
the continuous supply system will allow to grout the 
required amount anytime, controlled by pressure.

Injection pressure limits set at the control panel 
should not be exceeded. The quality of the backfill 
components used is significant in terms of restricting 
ring movement and distortion and in achieving 
complete filling of the annular gap.

Each of the bi-component grout lines in the tail skin 
is supplied by one eccentric screw pump for the 
grout (component A) and one eccentric screw pump 
for the accelerator (component B) resulting in good 
control over the filling process.

Speeds of pumps are controlled by VFD motors. 
The advantage of the eccentric screw pumps is their 
continuous supply of grout and accelerator. The bi-
component grouting system can be used in manual, 

Table 5.2-20. Detailed Bi-Component Grout Compositions.
components groUt mix Design option 1 option 2 option 3

a-component

E-TACment (cement) [kg/m³] 240 250 270

Fly ashes [kg/m³] --- 125 180

Bentonite [kg/m³] --- 25 22

E-TACb (clay-sand) [kg/m³] 130 --- ---

E-TAC RX (retarder) [kg/m³] 4.5 3.5 3.5

ir bubble creator [kg/m³] 0.5 --- ---

Water [kg/m³] 645 758 700

B-component

E-TAC 3S (water sodium silicate) [kg/m³] 115 74.34 86.99



TUNNEL

SECTION 5.2, PAGE 107

ProPosal – sr 99 Bored Tunnel alTernaTive 

semi-automatic and automatic modes controlled 
from the local control panel.

All relevant parameters for the grout injection system 
can be set via the dedicated parameter screens. The 
readings from all sensors in the system are recorded 
in the TBM data logging system.

The PLC of the two-component grouting system 
communicates with the TBM main PLC to retrieve 
information on TBM advance. Data is used to control 
drives of the progressing cavity pumps as well as for 
generation of warnings on the touch panel display.

Mortar Injection
In addition, our system will have the ability of 
injecting regular mortar instead of bi-component 
grout, if required.

The mortar will be a cement, sand plus fly ash 
basis ready mix mortar, mixed up in our batch plant 
outside in the shaft. The mix will be transported dry 
to the jobsite where the quantities and mixtures will 
be adjusted.

Retarder will be added for the transport and accelerant 
added on the TBM to get the mortar hardening as 
fast as desired.

Figure 5.2-14. E-TAC grout strength 
development.

Control panel of the two-component 
backfilling system.

Characteristics of two components backfill grout material

 A-liquid mainly consists of 
cement and bentonite

 B-liquid consists of sodium 
silicate

 Take 5 to 10 sec. after mixing 
A and B liquid, the material 
become to gel

 During 10 to 25 min. the 
material sustains plastic state

 Fluidizes easily when 
pressure is applied in plastic 
state

 Pass 30 min. the material  
harden quickly

Mortar will be transported forward to the heading by 
means of mixer cars pulled in by tunnel vehicles on 
site.

Once in the back up, mortar will be transferred to 
the storage container by transfer pumps (Schwing 
KSP45 or similar). Another set of pumps, type KSP 
20, will pump the mortar out through the very same 
ports of the bi-component injection.

The PLC system adjusts the flow rates of the pumps 
to keep the pressure in the annulus within pre-set 
limits. Key benefit of grouting through the tailskin 
is that settlement can be avoided because grouting 
coincides with TBM advance. The system can be 
operated in manual or automatic mode. In manual 
mode the operator can select each injection point 
individually and regulate the flow rate. In automatic 
mode all lines are fed with grout simultaneously. 
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Upper and lower pressure limits can be set for each 
line.

Pressure sensors are used to activate a line in the 
event that the pressure drops below the lower limit. 
The line is switched off when the pressure exceeds 
the upper limit selected.

Secondary Injection
A secondary injection with grout may be needed 
due to porous subsoil. It will be possible to inject 
the annular gap a second or a third time through the 
precast segments.

Secondary grouting if necessary will be carried out 
using an independent grouting setup. In order to 
ensure the quality of the bedding of the segmental 
lining the TBM is equipped with a second stage 
grouting plant.

The second stage grouting can be effected on the 
upper 120° of the segmental lining. The grouting 
plant consists of the mixer, the agitator, the grout 
pump and the hydraulic aggregate and control unit. 

The dry mortar is delivered to the second stage 
grouting plant in packs or pumped in from the 
batch plant in the surface and through the slick line 
extended in the tunnel while mining.

Details of Tail Void Grouting System
two-Component System

a CoMPoNENt
• 12 eccentric screw pumps 6.9 m3/h each, 

83 m3/h total
• 12 flowmeters
• 2 grout agitating tanks 18 m3 each, 36 m3 

total

B CoMPoNENt
• 12 eccentric screw pumps 0.8 m3/h each, 

9.6 m3/h total
• 12 flowmeters
• 2 grout agitation tanks 10 m3 each, 20 m3 

total
Mortar Injection

• 6 piston pumps 20 m3/h each
• 2 piston transference pumps 45 m3/h each
• 2 grout agitation tanks 18 m3 each, 36 m3 

total
Two Component Backfilling Diagram.
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Procedures and Materials to  
Ensure Complete Void Filling  
to Minimize Ground Loss and  
Ensure Ring Stability
The drive TBM system is equipped with dedicated 
software able to calculate the optimal position of 
the ring to keep under control the gap between the 
excavation diameter and center of assembled lining 
ring. The TBM computer will communicate the best 
position to the operator.

Before the assembly of any segment, the thrust jack 
located in the segment area will be retracted. Each 
segment will be picked up and placed in the correct 
position by the erector and after positioning, it will 
be bolted to the previous ring and then the pressure 
taken off the related jack. Following this first step, the 
erector will release the segment and will restart the 
same cycle with the second element of the ring; the 
same procedure will be applied to all the segments of 
a complete ring. Once the ring is complete, another 
excavation cycle will commence.

In addition, to avoid settlements throughout the 
alignment, the annulus has to be backfilled and 
pressurized all the time when mining as well as 
during breakdowns or weekend stoppage. This 
prevents the closure of the excavated tail-void.

Since there are successful experiences with these 
two systems, our design will feature both of them. In 
case one of them does not match our requirements, 
we can switch to the other system, as a contingency 
method for the project.

Backfill grouting is a critical operation in pressurized 
tunneling. Effective backfill grouting minimizes 
settlement, while holding the segmental lining in 
place during shield advance. Therefore, choice 
of grout is a critical issue for risk abatement. The 
annulus between the segment OD and the excavated 
diameter must be filled as soon as it exits the tail 
shield during TBM advance. To ensure this a 
continuous backfill system utilizing two-compnent 
grout is proposed.

The two-liquid type of grout system was developed 
in early 1980 in Japan. This method improved shield 
tunneling dramatically. The two-liquid type grout 
has a characteristic to have fluidity before injection 
and become thixotropic during or after injection. 
The main characteristics of this material are the 
following:

1) It can be injected at a fixed area from one or two 
injection ports without high pressure. Thixotropic 
material is easy to move, deform and fill up the 
tail void completely. 

Two Component Backfilling Process:  
Final mix at thte tailskin injection ports.
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2) It does not segregate so it is not affected by 
ground water. Especially under ground water 
conditions, thixotropic material does not flow 
out by ground water.

3) The gel setting time can be changed by adjusting 
sodium silicate amount. 

4) If necessary, early strength can be achieved using 
more cement and reducing sodium silicate. 

In addition, a more traditional cement-based grout 
will be used if needed. This solution offers a slower 
hardening time but a higher final resistance and in 
certain locations it could be also recommended.

The TBM will also be equipped with a second stage 
grouting plant. The second stage grouting can be 
effected on the upper 120° of the segmental lining.

Procedures and Materials that Will 
Be Utilized to Ensure Complete Void 
Filling in order to Minimize Ground 
Loss and Ensure Ring Stability.
STP’s approach to ensure a complete void filling 
to achieve the ultimate goal of minimizing ground 
loss, as well as to ensure the stability of the recently 
placed precast segments rings includes:

Shield Gap Injection
Injection of bentonite-based grout through the TBM 
shield will maintain the filled gap between the 
excavation diameter and the exterior of the shield.

The annular volume between the Cutterhead and the 
tailskin spring plates will be constantly filled and 
pressurized. This minimizes the potential settlement 
and void closure due to the transition between the 
larger pressurized excavation face and the smaller 
diameter of the EPB shield.

The volume and pressure of the bentonite mix will be 
controlled by flowmeters in the pump outlets and by 
pressure sensors (0-25 bar) strategically distributed 
around the TBM shield.

The system will be automatically controlled and 
monitored by the Programmable Logic Controller 
of the TBM. Should the pressure drop below the 
limit set for a certain location, the bentonite injection 
would start immediately to work.

Steering Gap Injection
Backfilling outside of the precast segments will 
be performed, as explained earlier in this section, 
through the injection ports located within the tailskin 
of the machine.

Backfilling by either two-component or sandy 
mortar, will be performed to ensure that there is no 
transition void between the excavated diameter and 
the exterior of the ring, while the TBM is advancing. 
This minimizes the potential settlement and closure 
of the void at the transition from the larger TBM 
shield diameter to the smaller diameter concrete ring.

The volume and pressure of the backfilling product 
will be controlled by flowmeters in the pumps and 
pressure sensors (0-25 bar), connected to the PLC of 
the machine.

The quality of the backfilling will be automatically 
controlled, monitored and registered by the PLC of 
the TBM.

In addition, all backfilling inspections required in the 
TR 2.32 will be performed throughout the back-up 

Grout Pressure Sensor System.
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of the machine. A secondary grouting system will be 
available at all times, in the event that any empty 
spot is found outside the precast lining, after the 
primary injection area.

Grout Pressure Sensor System
A back-up Grout Pressure Sensor System (GPSS) 
will be included as a redundant measure to ensure 
the complete filling of the excavation void.

During placement of the precast segmental lining, 
various natural forces like water and ground pressure 
affect the recently built rings. A GPSS will ensure 
that the annular gap between the segments and the 
ground has been properly filled and will record and 
control the grout pressure inside the annular gap, 
from the beginning of the injecting until the setting 
of the grout.

The grout pressure sensors may be placed on the 
individual segments of the rings that have to be 
observed to check whether the grout was injected 
with the required pressures and if it sets fast enough 
to ensure the stability and the impermeability of the 
tunnel. This information will be available in the site 
office at any time. 

tail Clearance Measure System
A tail clearance measurement system is an automatic 
system that determines the distance between the 
outside of a ring and the inside of the tailskin of the 
TBM. This system will be used in conjunction with 
the ring building software of the PLC of the machine 
to detect the actual position of the ring.

Measurement units will be installed at significant 
positions on the tailskin shield and the erector. The 
measurement is contactless and laser based. From 
these positions, the tailskin clearance is determined 

Tail Clearance Measurement Schematic. 
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and will be transferred automatically to the ring 
building software. All data and results will be stored 
in a database available any time.

ring holder Structure
Once the vacuum erector has constructed a ring, 
a ring holder structure may serve as a transition 
between the direct contact of the thrust jacks and the 
next rings to be installed, as a redundant method to 
ensure the ring stability.

During construction of the rings, the only hydraulic 
jacks that will be retracted are the ones that are 
needed to place the next ring segment. This limits 
ring deformation and misalignments.

However, the ring holder structure, located right 
behind the segment erector, provides an additional 
contingency measure in the unlikely event of ring 
deformation.

5.2.7 TBM Alignment 
Control
The tunnel lining is composed of 10 precast concrete 
segments; each segment will be 24" m thick and 
6.5 feet long. The universal tapered ring is used to 
permit curves with a minimum geometrical radius in 
this case of 1,650 ft. The length of the ring is variable 
in the philosophy of “universal ring” but it will be 
approximately 6.5 ft long. 

The ring can be rotated in 56 different positions to 
allow the tunnel to make curves as needed.

The control of the vertical alignment is an important 
item of shield tunneling. The devices planned to 
guarantee the resulting vertical alignment within the 
specified excavation tolerances include:

• Process control
• TBM steering
• Control of the vertical alignment

The whole tunneling process will be managed by a 
real time process controlling program. In the case 
that the process data shows signs of abnormalities 
countermeasures can be set up. 

The steering of the TBM itself is an important 
indicator for the TBM progress itself, but also for the 
resulting quality of the segmental lining.

For example, extreme steering activities in 
combination with an unfavorable load distribution 
of the thrust jacks to the segments can lead to cracks 
in the segments. Also a sudden drop in the vertical 
alignment can lead to reduction of the resulting 
quality of the segmental lining. 

Examples for process controlling activities of the 
steering of the TBM are as follows.

• Load distribution excavation jacks: crown, 
headwall, invert

• Position and forces of the articulation
• Excavation speed
• Vertical inclination of the TBM
• Horizontal inclination of the TBM
• TBM rotation
• Ring choice, position of key-segment
• Leveling of the ring joint of the segmental 

lining

TBM Guidance System
TBM operators need continuous information about 
how the machine axis is positioned and oriented with 
respect to its Designed Tunnel Alignment (DTA).

At the advance rates of several inches per minute that 
are common now, the driver must have immediate 
feedback about the consequences of his control 
actions in order to keep the machine as close as 
practical to the DTA.

The SLS-T APD Tunnel Guidance System with 
Automatic Position Determination and Tunnel 
Advance Software gives users continuously updated 
information about the spatial position and orientation 
of the TBM. Thus, through properly controlled 
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steering actions, the TBM can be kept within a 
narrow tolerance circle around the DTA. The main 
reference of the SLS-T APD system is supplied by a 
visible laser beam projected from a Laser Theodolite 
mounted on the wall or lining of the tunnel in an 
area that is relatively stable. This laser beam will 
typically project for a distance of between 100 – 
200 m depending on the atmospheric conditions 
in the tunnel and the amount of refraction that the 
laser beam is subjected to. The laser beam passes 
through the clear space in the machine and back-up 
equipment (laser window) to the Active Target Unit 
mounted on the forward part of the machine. The 
use of the laser to target distance is also dependent 
on the size of the laser window and the curvature of 
the tunnel. It is therefore necessary to periodically 
advance the laser to a new position.

The precise center of the beam relative to the center 
of the target is measured when the laser beam strikes 
the Active Target Unit. The horizontal angle at 
which the laser beam strikes the Active Target Unit 
is also determined. Installed within the Active Target 
Unit there is a dual axis inclinometer transducer to 
monitor its pitch and roll. Attached to the front of the 
Active Target Unit there is a retro-reflective prism. 
The distance between the laser reference position 
and the Active Target Unit is measured by the EDM 
(Electronic Distance Meter or Total Station) within 
the theodolite.

Therefore from the knowledge of the absolute 
position of the laser reference, the absolute position 
and orientation of the Active Target Unit and hence 
the position and orientation of the TBM can be 
established.

TBM Guidance System Diagram.
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This information is combined with the desired 
alignment of the drive to give the machine operator 
a simple indication of where the machine is, relative 
to where it should be during the course of a stroke.

This information is then used to steer the machine as 
close to the desired alignment as required. Steering 
corrections are necessary all the time, irrespective of 
whether the axis is straight or curved. 

The scope for control corrections is restricted, 
however, since the tunnel lining must follow the 
TBM excavation. Corrections must be adapted to the 
geometry of the rings but damage to the TBM and 
the lining are to be avoided.

The TBM must return tangentially to the Designed 
Tunnel Alignment (DTA) along a geometrically 
predetermined correction curve.

Operational Controls
Our approach is described below when the following 
conditions are encountered:

Change in Grade: Positioning of the tBM 
with guidance system
The guidance system to be used enables permanent 
monitoring of the TBM position. This is achieved 
when a laser guide beam strikes an active receiving 
system (ELS). 

A sensitive, two-axle inclinometer unit is integrated 
into the ELS and simultaneously determines the 
longitudinal inclination and the rolling of the TBM.

The exact yaw angle (deflection of the longitudinal 
axis to the laser beam) is determined by means of 
intelligent sensory analysis. The horizontal and 
vertical offsets of the piercing point of a defined 
laser guide beam on the target board are transferred 
to an industrial computer together with the rolling, 
pitch (longitudinal inclination) and yaw angles are 
used for the evaluation of the position and level 
recognition.

All values are transmitted from the ELS every 2 to 
3 seconds and evaluated by the computer. The result 
is always immediately graphically and numerically 
displayed in reference to the planned tunnel route or 
error correction curve on the monitor of the control 
cabin. The TBM operator is thus immediately aware 
to the reaction of the machine during the control 
procedure. This guarantees a control procedure 
which is adapted to the situation and avoids jerky 
and uncontrolled TBM movements.

Low overburden
In the case of a low overburden, buoyancy 
calculations and the design of the tunnel lining 
with respect to low cover areas are performed to 
ensure the vertical alignment is maintained. Possible 
additional measures to be taken as required by 
the design calculations include the use of ground 
treatment and ballasting and anchoring measures. 
It should be noted that when under structures the 
design and construction approach will be to follow 
the parameters for low cover.

Sample TBM Guidance System Screen in the 
Operator’s Cabin.
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In low overburden EPB tunneling, the risk of possible 
front face instabilities because of a blow out risk due 
to high confinement pressure values exists. For this 
reason calculations are performed, countermeasures 
are considered, and case histories are reviewed.

Confinement pressures with the lowest possible 
target confinement pressure to avoid blow out are 
computed. In addition to the classical wedge model 
calculations, more detailed finite element simulations 
are performed as required.

Shield tunneling excavations with a low soil 
overburden or below rivers are defined as state-
of-the-art and case histories are reviewed in detail. 
These case histories include our Team experience 
with low soil cover and underpassage of rivers or sea 
beds with a soil cover less than one diameter: 

• Madrid Metro L-10 (Spain) – 2 times
• Barcelona Metro L-9 crossing under Besos 

river (Spain)
• L-1 Sevilla Metro – crossing under 

Guadalquivir river (Spain)
• Aviles sewage tunnel, crossing under the 

estuary (Spain)
• Toulouse’s Metro Line A, crossing under 

Garonne river (France)
• Arroyofresno sewage tunnel (Spain)

Loose Sand and Silt Layer  
Below the tunnel Invert
Loose sand and silt layers below the tunnel may be 
critical for the tunneling works as well as for the 
tunnel lining itself. This risk is practically eliminated 
using the proposed parameters and operations, as 
follows:

1.  Active earth pressure control in all sections 
(tunnel face, shield gap, segment gap) together 
with real-time process controlling.

2.  Stabilize the TBM: Increase penetration rate in 
order to increase the pressure of the thrust jacks 
at the bottom.

• If 1 fails: Minimize resulting moment on 
TBM to move the center of gravity toward 
the back.

• If 2 fails: Grout injection through the TBM 
skin for soil improvement in the bottom 
area.

• Calculations for the segmental lining must 
consider:

• Loose soil layers in the invert to 
evaluate the impact on the stability and 
the forces in the segmental lining.

• Bedding modulus as well as the 
required stability of the segmental 
lining especially for proper tail gap 
grouting.

• Real time process control of the 
resulting quality of tail gap grouting 
process.

• The use of two component grouting 
technology to enable precise pressure 
and volume controlled grouting.

• The process controlling system 
deviances from the required design 
values of the grouting process.

• The triple phase grouting method to 
avoid unbalanced loads on tunnel 
lining and guarantee the required 
bedding modulus for the tunnel lining.

TBM Lining Selection
The VMT or similar ring sequencing software enables 
the primary geometrical alignment data to be input 
and converted to a DTA coordinate point table. This 
data is then used in the system software, or it can be 
easily exported into third party guidance systems. If 
the machine deviates from the theoretical alignment 
it will be necessary to calculate the correction curve 
required to guide the machine back to the desired 
alignment. Once the TBM manufacturer is known, 
the associated system, such as VTM or similar, will 
be selected.
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The correction curve must take into account the 
maneuverability of the tunneling machine, the 
geometry of the ring and will be based on bringing 
the machine and the tunnel lining tangentially back 
onto the DTA. Ideally the ring selection program 
forms part of the guidance system for the TBM and 
is closely integrated to it. Alternatively, the VMT 
or similar ring selection software and computer 
can be integrated with an existing guidance system 
(capable of suitable data output) or be supplied as 
a stand-alone package for use at the ring erection 
area. The optimum choice for the next ring types 
and key-positions can be predicted with the help of a 
ring selection program, which takes into account the 
actual conditions and proposes a ring sequence for 
the next few rings.

Whenever a ring sequence is calculated, the following 
input parameters must be taken into account: 

• Current machine position, horizontally 
and vertically, by position, offsets and 
orientation to the current drive tendency, 
tailskin geometry, tailskin clearance, in at 
least four reference locations e.g., TOP, 
RIGHT, BOTTOM and LEFT, type of 
next available ring, type of the last erected 
ring and its key position, location within 
the shield tail, actual clearances and the 
orientation of the last erected ring with the 
help of the push ram elongations, scheme of 
permitted and not-permitted ring sequences, 
with respect to nonaligned longitudinal 
joints and other local or temporary 
inclusions and exceptions.

• Available positioning options for the ring 
with respect to the steering of the machine

• Characteristics for the preferred drive 
corrections

• Length of the ring sequence selection 
required, e.g., 5...10, or up to the end of the 
project

As much data as possible should be gathered by 
electronic data collection from relevant sources and 
sensors to have a fully integrated system, such as the 
guidance system itself, thrust jacks, tail clearances, 
precedent computations, etc. The program then 
performs a comprehensive numerical computation, 
in order to:

• Select an optimum ring sequence and any 
related parameters for it.

• Warn the user where inconsistencies are 
detected and propose a remedy.

• Issue a Ring Sequence listing, for the shift 
engineer, the TBM driver and for the yard.

• Produce a LOG-file of the last stroke with 
more details for the surveyor for inspection 
and revision, if needed.  After having a 
print-out of the last stroke, the person 
responsible will assess the results, validate 
them and supply the information to all 
relevant personnel.

Survey Check Procedures
Continuous survey inspections will be carried out 
while tunneling. The laser stand will be relocated 
every 200-300 ft, depending on the alignment; it will 
be more distance if mining straight and less when 
negotiating curves.

In addition, periodic complete controls of the 
alignment will be performed, to double check the 
instantaneous readings achieved in the machine. 
If necessary, external reference might be obtained, 
such as the ones given by gyroscope or similar total 
station systems.



TUNNEL

SECTION 5.2, PAGE 117

ProPosal – sr 99 Bored Tunnel alTernaTive 

Beyond what is explained above, our survey system 
may include the next mechanism of control:

• ring Management Software. Given the 
nature of segmental lining systems this goal 
will be achieved by choosing the correct 
sequence of rings taking into account that 
tailskin clearance has to be maintained at 
any time. This not only applies to normal 
advance but also to steering corrections that 
might be necessary. Sequencing software 
can be used to determine optimum ring 
sequences previous to the delivery of the 
segment rings to the TBM.

• Laser Measurement of tail Skin 
Clearance. The tail skin clearance 
measurement system is an automatic system 
for measuring the distance between the 
outer face of the ring and the inner face of 
the tail skin, the tail skin clearance.

• Laser distance meters are mounted at five 
significant positions on the erector. From 
these positions, tail skin clearance will be 
measured and automatically communicated 
with the guidance system and recorded in a 
database. 

• Profile Measurement. System permitting 
the measurement of tail skin deformation 
caused by ground treatment mounted on the 
moveable section of the erector arm.

• Network and remote Display. 
Visualization systems for monitoring TBM 
advance on the on-site network or in remote 
locations via the internet. Update frequency 
might be configured for either time or 
process interval.

• ring Convergence Measurement. High-
performance system using inclinometers for 
data collection of convergence in segmental 
lined tunnels. Values measured are stored 
in databases and log files for evaluation and 
visualization.

Ring Convergence Measurement.
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Ø49.25 ft EPB TBM assembly (back up 
connections and Main Drive rotation) on M30 
project (Spain).

5.2.8 TBM Break-in and 
Break-out
TBM Break-in
First of all, our Team decided to bring/move back 
the TBM assembly and launching pit over 450 ft as a 
special precaution and risk mitigation method for the 
project, for several reasons such as:

• Low overburden: 25 ft overburden above 
the tunnel crown in the launching headwall 
when the normal practice recommends that 
in large soil machines, at least 1 diameter of 
overburden is needed to start up TBMs in a 
safe manner.

• Poor ground on the top of the excavation: 
predominant recent granular deposits (ESU 
2) including peats, woods and all sort of 
human fillings.

• Lack of room to place ancillary equipment, 
utilities and installations of the tunnel, as 
well as to perform the logistic operations 
needed to feed the TBM excavation process 
for the entire project.

• Starting up of the machine in the closest 
location to the operational portion of the 
Alaskan Way Viaduct, which represented 
an additional and supplemental risk for the 
project because of the inherent risk of the 
breaking in process and the learning curve 
for both the TBM itself and our crews.

In light of those reasons and considering that we had 
the ability of reducing the cut and cover excavation 
in that challenging south part of the Project just 
by modifying and improving the alignment of the 
roadways coming in and out of the new SR 99 
Bored Tunnel, STP developed and submitted the 
change of the location of the TBM launching pit 
and realignment of the South access as part of the 
ATC No. 5 - Narrow South Portal Foot Print, already 
submitted and approved. See Figure 2.5-15.

Our Team has developed a plan that consists of the 
ground improvements and treatments to mitigate any 
possible deformation or settlement that may damage 
any of the structures, utilities and buildings within 
the influence area of the tunnel and to mitigate the 
inherent risk of the breaking-in of the TBM and 
taking into account the special and challenging 
existing conditions in the South Portal area.
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Figure 2.5-15. Relocated TBM Launching Pit as 
proposed and approved as part of ATC #5.

TBM launching pit and break-in.
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This plan comes from the useful lessons learned 
in similar projects and start-ups in similar 
circumstances, such as:

• Ø49.25 ft EPB machine in the M30 South 
Bypass Tunnel in Madrid, where the TBM 
broke in with just 30 ft overburden.

• Ø30.6 ft EPB machine in the project AVE 
Atocha-Chamartin (High Speed Railway 
Tunnel) in Madrid, where the machine 
started up with no coverage, underneath of 
an operational roadway (Mateo Inurria St, 
Madrid).

• Ø34.3 ft EPB High Speed Railway Tunnel 
from Sants to Sagrera, passing underneath 
the Expiatory Temple of the Holy Family in 
Barcelona, Spain.

The protection of the Church most successfully 
demonstrates our approach to mitigating tunneling 
risks and represents the monitored settlement results 
for our most recent tunneling project. The church’s 
foundations are protected by a row of piles. This 
is very similar to our approach to protecting the 

Ground improvement performed in Barcelona to 
protect the Expiatory Temple of the Holy Family 
because of the construction of the High Speed 
Railway Tunnel from Sants to Sagrera, similar 
to our proposed plan to protect the operational 
Alaskan Way Viaduct while tunneling.

Launching Pit of Ø37.7 ft EPB Machine (High 
Speed Railway Tunnel, AVE Atocha-Chamartin, 
Madrid).

Alaskan Way Viaduct. The row of piles successfully 
protected the church and the actual settlements were 
significantly less than those anticipated in our design. 

This church, considered the masterwork of Catalan 
Architect Antoni Gaudi, will be proclaimed a 
basilica by Pope Benedict in November 2010. The 
high speed railway tunnel passes within 6.2 meters 
(20.34 feet) of the church’s pile foundations. Due to 
the importance of the monument, and its proximity 
to the tunnel, monitoring of the actual settlements is 
essential. 

The church’s foundation is protected by a row of 
piles, very much like the row of piles that we propose 
to protect the Alaskan Way Viaduct. The row of 
concrete piles has a diameter of 1.5 meters (5 feet) 
placed at 1.7 meters (5.6 feet) on center. The piles 
are 41 meters (135 feet) deep. The tunnel excavation 
diameter is 11.5 meters (37.73 feet) and the tunnel 
liner thickness is 38 cm (14.96 inches). The distance 
between the piles and the church façade is only 2 
meters (6.6 feet), while the minimum distance 
between the tunnel and the piles is just about 4.2 
meters (13.78 feet). 
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Figure 5.2-17. Transverse Section with 
Monitored Settlement Data from Expiatory 
Temple of the Holy Family, Barcelona.

Figure 5.2-16. Plan View of Monitored Sections 
of Expiatory Temple of the Holy Family, 
Barcelona.
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The soil in this area is recent quaternary deposits, 
with the water table located at ground surface. 
Figure 5.2-16 is a plan view of the monitored 
sections. The horizontal blue line represents the 
tunnel. The plan of the Church is shown adjacent to 
the tunnel in grey and light blue. The circled pink 
line represents the location of the transverse section. 
Figure 5.2-17 shows the transverse section with the 
actual monitored settlement data. These measures 
were taken October 18, 2010 when the TBM had 
passed the church and the face of the TBM was 172 
m (564.3 feet) beyond this transverse section. 

The gray line in Figure 5.2-X1 represents the 
anticipated settlements (mm) calculated by 
FLAC3D modeling. Notice how the pile wall cuts 
the settlement trough. Orange, blue and yellow 
dots represent monitoring data and the green line 
represents the adjusted Gaussian curve associated 
with this data. Additional data demonstrates that the 
actual volume loss (VL) was in the range of 0.00 
% and 0.05 %, and had an average VL of 0.02 %. 
Our design anticipated a VL of 0.3%. The reduced 
volume losses are due to proper operation of the 
TBM and the use of reasonably conservative design 
assumptions

In summary, several circumstances will be presented 
in the South Portal area of the alignment that 
recommend the development of a special protection 
plan to mitigate the risk of deformation while 
tunneling, as explained below:

• Low tunnel coverage comprised of poor 
ground (recent granular deposits including 
peats, woods and all sort of human fillings) 
underneath the water table.

• Heterogeneous soils and materials in the 
excavation face, especially in the upper 
layers, together with a large array of human 
engineered and non-engineered fillings.

• Artesian ground water conditions and water 
levels hydraulically connected with the 

adjacent seaside or even tidal variations.
• Mixed face conditions with sound ground 

because of the glacial tills in the bottom of 
the face while poor material in the upper 
layers may result in loose ground flowing 
down to the excavation chamber.

• Brand new large diameter TBM that will 
demand a learning curve and an adaptation 
process for the TBM operators and for 
everyone in the field, even for the most 
skilled and experienced operators.

• Load tests and confirmation on site of the 
theoretical compositions and formulas for 
the soil conditioning, previously developed 
in the laboratory, to ensure the anticipated 
face pressure transmission through the earth 
plug, as well as for the backfilling process.

Some situations may occur during the starting up 
of the machine, leading to dramatic face pressure 
variations that might end up in sinkholes or heaves if 
the proper measures are not taken in advance.

So our design will take into account and has 
developed a break-in and start-up plan for the 
machine to protect the first 1,500 ft of the alignment, 
up to the location where the tunnel passes underneath 
the Alaskan Way Viaduct and gets to the till deposits 
area, also with a higher coverage (above 1 diameter 
as usually requested).

STP stands for taking measures to limit and confine 
the effects of any situation as depicted above should 
they happen, as a contingency method for the project.

The portion of the tunnel where the TBM mines 
through the top layer of human fillings is considered 
the most challenging area. It has been extended until 
there is at least half diameter of overburden of the 
subjacent sound ground layer (ESUs 4 and 5) over 
the TBM, which happens at Sta. 212+00.

The protection measures taken to mitigate any risk 
of deformation as well as to confine any situation 
that may occur are shown in Figure 5.2-18.
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The assembly of the machine will happen in the 
launching pit. It has been designed to hold the entire 
machine, shield and back up, avoiding additional 
steps to partially assemble TBM components, 
gantries or auxiliary conveyor belts.

Large crawler/hydraulic cranes will lower the parts 
ready to assemble, following the instructions of the 
TBM manufacturer selected, whose field service 
personnel will supervise the whole assembly process.

Once the TBM has been assembled, fully tested, and 
commissioned, the jacking frame will be installed 
so that the first concrete rings are erected pushing 
against it. The jacking frame has been designed and 
will be manufactured to support the loads needed for 
that operation.

Since the TBM will be assembled over a horizontal 
slab, those first rings of the alignment will route 
downhill to generate the necessary curve (1,650 
ft radius) to encounter with the theoretical 4% 
downwards slope alignment.

Once the machine is in front of the headwall of 
the launching pit, it will break in through it, again 
pushing against the first recently installed rings and 
finally, against the jacking frame.

We are considering the possibility of assembling the 
machine over a steel cradle underpinned by large 
hydraulic jacks as well, which might incline the 
shield to the slope foreseen once it has been fully 
assembled and connected.

Based on what is explained above, our Team is 
considering two different possibilities to reduce the 
risk of starting up in that challenging South Portal 
area so that the final result may be any of them and 
even a combination of both. These are described 
below:

South End Settlement  
Deformation Plan (SESDP)
headwall
It is the front wall at the end of launching pit when the 
EPB begins the excavation. Located at Sta 195+50 
(internal side) and constituted by secant piles 5 ft 
diameter with one mortar pile between two structural 
reinforced piles.

Starting Seal Safe haven
After mining through the reinforced secant piles 
headwall, the TBM will get in the Starting Seal Safe 
Haven. The starting seal is a closed box of 70x50 ft 
made of 3 ft diameter secant piles walls reaching at 
least 10 ft below the tunnel invert as the wall must 
entirely contain the tunnel footprint. Inside, it will 
have the ground improved by means of mortar piles 
(5 ft diameter, 10x10 ft pattern), jet grouting or 
similar.

To avoid the potential that uplift forces due to 
buoyancy could break the ground at surface, a 
structural slab 5 ft thick will be placed, supported 
by both piled walls on the box sides. The box will 
be impervious to avoid water flow between the box 
and outside.

The ground inside the Safe Haven will be treated 
with mortar piles, jet grouting or similar ground 
treatment, to decrease the pressure against the 
headwall. Water will be pumped to decrease external 
pressure. This will ensure the box will be waterproof. 
The box bottom will not need special protection 
since the over-consolidated materials have such a 
low permeability, which will permit us to pump the 
water ingress.

The ultimate goal of the Starting Seal Safe Haven 
is prevent spoils and muck from getting out through 
the excavation gap so, when the whole TBM shield 
is within the Safe Haven, the annular gap will be 
definitely sealed by a custom made formwork and 
filled with concrete/mortar.
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First Section of the South End Deformation 
Mitigation Plan.

Figure 5.2-18. South End Deformation 
Mitigation Plan.
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From that moment on, the backfilling of the gap will 
be executed from within the machine, through the 
injection ports in the tail skin shield at the pressure 
demanded. This is when the machine is ready to 
leave the Starting Seal Safe Haven.

Protection Box Part I
After leaving the Starting Seal Safe Haven, the 
TBM will get into a 370 ft length corridor 70 ft wide 
consisting of 3 ft reinforced secant piles, tied by cap 
beams and with 10 ft depth below the tunnel invert.

It is evident that in this stretch with low overburden 
of recent materials, the effects of buoyancy as well 
as the occurrence of large settlements are to be 
expected. To avoid this, a structural CIP slab 5 ft 
thick is foreseen, supported by the piled walls on 
each side.

There will be mortar piles (3 ft diameter, 15x15 ft 
pattern) between the slab and the top of the excavated 
tunnel acting as springs to transfer any buoyancy 
effect over the TBM to the slab/piles as well as to 
limit settlements. A certain distance is proposed 
between the tunnel and the mortar piles to avoid 
point loads in the segments.

That way, we will be able to test the performance of 
all the TBM features and means, in real conditions 
and actual soil, but with the protection of a structural 
box. All that happens there will stay inside the 
box, isolating the excavation from the surrounding 
utilities and structures. Potential ground losses inside 
the box may be filled up from the surface through 
holes placed in the CIP slab. Those holes also protect 
the slab from breaking if overpressure happens in the 
face while testing.

The secant piles walls on the sides are there to 
prevent either blow outs from outside of the box or 
water flow taking up possible voids in the ground 
while mining.

This configuration has been successfully tested at the 
beginning of this year in our Ø39.4 ft EPB machine 

in the project AVE Atocha-Chamartin (High Speed 
Railway Tunnel) in Madrid, Spain. The machine 
started up with no coverage and right underneath of 
Mateo Inurria St, fully operational by that time.

Inspection Safe haven #1
At the Sta. 200+00 there will be another Safe Haven, 
similar to the Starting Seal Safe Haven depicted 
before (closed box 70x50 ft made of 3 ft diameter 
secant piles walls and with improved ground inside 
by means of mortar piles or jet grouting). However, 
its purpose is to let us execute a complete Cutterhead 
inspection.

After the first 450 ft excavation, a first Cutterhead 
inspection is necessary to see the status and the 
behavior of the planned cutting tools, replace some 
of them if necessary and review the status of the 
Cutterhead structure and hard facing protections.

The machine will be equipped with state-of-the-art 
means for Interventions and a complete Interventions 
Plan has been developed and submitted in this 
proposal, where interventions could be done up 
to 7 bar face pressure. However, our Team wants 
to handle this issue from the safe side, developing 
interventions spots with easier conditions to ensure 
that the cutting elements are responding as planned 
before burying the machine below downtown Seattle.

Protection Box Part II
After leaving the Inspection Safe Haven #1, the 
TBM will get into another 538 ft length corridor 70 
ft wide, consisting of 3 ft slightly reinforced isolated 
piles, tied by cap beams on the head, but now the 
ground cover over the tunnel crown is sufficient to 
balance the buoyancy, so the 5 ft thick structural slab 
of the Part I is no longer necessary.

In addition, there will be a secant pile headwall every 
100 ft after the next Safe Haven to cut the progression 
of a hypothetic cavern. The main purpose of that 
headwall is to cut through any settlement that may 
occur there, confining it into an isolated area.
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Section of the Protection Box Proposed at Bent 
118 of the Alaskan Way Viaduct.

Section of the Protection Box Proposed at Bent 
110 of the Alaskan Way Viaduct.
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In this area, hydrostatic pressure will be maintained 
inside the box while the piles headwalls will not allow 
the transmission of any deformation of the ground 
out of the box if it occurs inside the protection box.

Inspection Safe haven #2
There will be another Inspection Safe Haven at the 
Sta. 204+00. It will be the same concept as explained 
before (closed box 70x50 ft made of 3 ft diameter 
secant piles headwalls and with improved ground 
inside by means of mortar piles or jet grouting) to 
be able to perform another complete Cutterhead 
inspection, after 538 ft excavation from the last 
Inspection location.

Once again, the machine is equipped with state-of-
the-art means for Interventions up to 7 bar. However, 
our Team wants to handle this issue from the safe 
side, developing interventions spots with safer 
conditions to ensure that the cutting elements are 
responding as planned. If they are not, we will take 
measures to correct before getting down underneath 
the city.

In any case, this second Safe Haven is to be able to 
inspect Cutterhead before getting in the zone that 
will demand the highest face pressures along the 
alignment

viaduct Protection Wall
After leaving the Inspection Safe Haven #2, the TBM 
will get into the last portion of the protected area. It 
will consist of 414 ft length 3 ft diameter isolated 
piles in the right hand side direction of mining 
(East wall), up to Sta. 209+70, after Washington St. 
This is because in this stretch, the cover over the 
tunnel crown has increased and the whole section 
is into over-consolidated materials. Neither ground 
improvement nor top slab is necessary.

The goal of those isolated piles walls is to confine 
deformations within the corridor area, cutting through 
any possible settlement or ground deformation that 
may occur while mining and protecting the viaduct 
from any settlement or deformation.

Last Portion of the Protection Box.
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Pile wall peformed in Barcelona to protect 
the Temple of the Holy Family, based of our 
proposed protection for the Alaskan Way Viaduct.

This very same method using pile walls to cut the 
settlement trough due to tunneling was successfully 
tested in Barcelona in a Ø34.3 ft EPB High Speed 
Railway Tunnel passing next to the Expiatory 
Temple of the Holy Family, one of the most valuable 
landmarks in Barcelona (Spain). Soil in the area is 
formed by recent deposits with a high water level. 
A piled wall 4.9 ft diameter with a separation of 20" 
between adjacent piles was sufficient to protect the 
church foundations (separated only 6 ft from the 
piled wall). This real example, with the piled wall 
already performed today shows that the piled wall 
designed in our case will have at least the same effect 
concerning the AWV foundations.

Ground Freezing Option  
in South Portal
Ground freezing may be an alternative or a 
complementary construction method in this project, 
especially in the starting up of the machine in the 
challenging South portion of the tunnel. It may also 
be part of our settlement mitigation plan.

Eventually, ground freezing might also be utilized 
as part of our interventions plan in events like 
major Cutterhead reparations or long drive without 
Cutterhead inspections because of bad ground 
conditions.

For that reason, STP has been working on the 
many possibilities that this system may offer to our 
technical solution for this tunnel.

A ground freezing system could provide a cost-
effective alternative to our South Portal Ground 
Improvement and Deformation Mitigation Plan or 
even be part of it. It provides distinct advantages, 
such as:

• Freezing could be used for nearly any soil 
type, including sand, gravel, clay and peat.

• It is excellent where dewatering is difficult 
or just not achieved.

• It is a less invasive system that reduces 
ground vibration and noise for the vicinity.
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• It may need less utilities relocation
• Once the job is over, the ground thaws out 

to its pre-construction condition.
• Frozen soil is impermeable and very 

effective cutting off groundwater, reducing 
the need of water treatments.

However, possible situations that may happen such 
as groundwater effect/tidal variations and the frozen 
block heaving cause our team not to discard this 
option, but to continue our investigation work until 
we can determine the real potential of this option for 
our Project.

Ground Freezing Process Explanation
As explained before, frozen soil is strong (up to 1/3 
the strength of concrete under certain circumstances) 
and permeable. It is created by circulating chilled 
brine, liquid nitrogen or any other freezing product 
through a series of freeze pipes around the area where 
the TBM will mine through. The freeze pipes are 
usually installed vertically from the ground surface, 
even though this configuration may vary.

The pipes are usually 3" diameter Schedule 40 steel 
welded together in 20 or 40 foot sections. A steel 
plate is welded to the bottom to create a closed 
system. There is a smaller plastic interior pipe that 

extends to the bottom of the steel pipe and a special 
head that connects to the top of the freeze pipe. A 
manifold system is then attached to each freeze pipe 
and then to a pump and chillers.

The entire system is checked for leaks prior to filling 
with freezing product. The system is then charged 
and the product circulated evenly through each 
freeze pipe and chilled up to -15 F for brine or colder, 
depending on the freezing agent.

The soil around each freeze pipe immediately begins 
to freeze. The ring of frozen soil slowly grows over 
time until a continuous frozen wall is formed.The 
ground freezing may cut off groundwater coming 
from the low permeability soil layers below the 
tunnel. A soil plug could be formed.

Pipes would be vertical, horizontal, V pattern, 
angled or extended, depending on our needs and 
the preparation work, meaning the drill holes could 
be done in half of the roadway at a time, so there 
is always one line open to the traffic above the 
alignment.

A ground freezing deck may be created and covered, 
so the soil is freezing/handling as long as needed not 
interfering with the traffic in the roadway/walkways 
above that deck.

Ground Freezing Process Explanation.
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Sample of ground freezing evaluation at 200+58, 
where the TBM will pass underneath the 3 ft sewer.

We may want to freeze some of the portions of the 
human fillings and poor soils at the beginning of the 
alignment, maintaining operational any utilities in 
the ground and operations in the surface.

Ground Freezing in South  
Portion of the alignment
The ultimate goal of the soil freezing would be to 
limit the ground movement, including that caused 
by frost heave in the soils above the TBM during 

mining. To satisfy this goal we thought of freezing 
to a depth of 50 feet below ground surface, about 10 
to 20 feet into stable, dense soil, from the headwall 
in Sta. 195+00 up to Sta. 260+00. That freeze area 
could be extended south of that Station if needed.

The freeze pipes may be installed vertically from 
the ground surface on a grid pattern at a spacing of 
4 to 8 feet on center, based on preliminary thermal 
analyses.
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Since the proposed tunnel alignment runs beneath 
the operational portion of the Alaskan Way Viaduct, 
we might drill the freeze pipe holes in two stages 
to allow traffic on Alaskan Way South to continue 
during construction, as explained before. Freeze 
pipes would be installed in one or two lanes at a time 
on one side of the right-of-way while the traffic flows 
on the other side. After these pipes are installed and 
the manifold lines hooked up, we would move to the 
other side of the right-of-way and finish the freeze 
pipe installation.

In the pavement areas, we would recess the freeze 
pipes by roughly 2 feet to allow steel plates covered 
with asphalt to be constructed over the tops of the 
pipes.

Alternately, the freeze pipes could be installed at 
ground surface and a raised pavement section could 
be build over the top of the pipes.

If brine were selected as freezing agent, chilled 
brine (-15°F to -20°F) circulating through each pipe 
will result in a solid block of frozen soil that will 
extend from the ground surface to 50 feet below 
ground surface. Laterally, the frozen soil will extend 
approximately 7 to 8 feet beyond the outside edges 
of the TBM.

This process takes 3 to 6 weeks depending on soil 
type, pipe spacing, freezing agent temperature and 
other factors. In this case, our technical assessment 
and former experiences suggest 8 to10 weeks.

The steel freeze pipes within the TBM alignment 
could adversely impact the TBM cutters. So we 
anticipate deactivating the steel freeze pipes within 
the TBM alignment just prior to the start of mining, 
heat the pipe up for a few hours to melt the ice bond, 
and then pull them up to a level just above the top of 
the TBM. These pipes will be cut off near the ground 
surface and then hooked up to the freeze system 
again. They will then be re-activated with cold brine 
to maintain freezing above the TBM during mining 
if needed.

The freeze pipes on either side of the TBM will 
remain active in place the full depth to maintain 
sufficiently cold soil conditions during the mining. 
An alternate approach would be to manufacture the 
lower portion of the freeze pipes in the line of the 
TBM out of aluminum (the upper portions would be 
steel).

The freeze pipes may maintain cold ground 
conditions even with heat input from the TBM, as 
experienced before in similar circumstances.

In addition, the face pressure will need to be resisted 
by the strength of the frozen soil to prevent ground 
heave. The frozen block of soil, which will be 
reinforced by hundreds of welded steel freeze pipes, 
may act as a strong homogenous structure that 
may resist upward movement from the TBM head 
pressures by the weight of the frozen mass as well as 
the frictional component along each side.

Excessive frost heave is caused by the formation of 
ice lenses, which are created during moderate to slow 
freezing perpendicular to the direction for freezing. 
A proven method to reduce ice lens formation is to 
freeze quickly so that there is little time for water 
migration and ice lens formation at the frost front.

Extensive engineering analyses may be completed 
during the design phase to evaluate the rate of 
freezing, chiller capacity, and frozen soil strength, 
stability of the frozen soil mass during and after 
mining, frost heave and ground movement. We may 
perform a number of engineering tests on samples 
from borings, including index tests, tri-axial strength 
on frozen soil, thaw settlement and possibly frost 
heave potential tests.

Furthermore, temperature pipes with thermocouple 
strings inside will be installed at select locations 
over the site. These will allow us to measure ground 
temperatures at various depth intervals to verify that 
soil freezing is going as expected. Ground movement 
stakes may be installed as well especially where 
utilities are in operation.
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Ø30.6 ft EPB Machine Breaking Out Subway 
Station No 6, Madrid Subway Line 7 (Caslada, 
Spain).

Disassembly of a Shield Segment by a High 
Capacity Crawler Crane (Ø49.25 ft EPB for M30 
Project, Madrid).

TBM Break-out
After the completion of the excavation of the length 
of tunnel planned (9,273.22 ft) the TBM will break 
out at the end of the alignment, at Sta. 288+20.

The break out will occur mining through a secant 
piles/soldier piles/slurry wall headwall, reinforced 
with fiberglass or with any other means that allows 
the TBM excavation.

         This headwall will be also part of the disassembly/
extraction shaft shown in Figure 5.2-19, roughly 
70x70 ft, consisting of the following parts:

• Secant piles/slurry wall headwall at Sta. 
288+20 where the TBM will break out.

• Soldier pile walls in both sides, part of the 
final cut-and-cover excavation section that 
will contain the roadways north and south 
bound SR 99.

• A reinforced concrete cradle to hold the 
TBM, with steel beams and rails in the 
invert to reduce the friction between the 
TBM shield and the cradle while passing 
through. The TBM will move forward, 
out of the tunnel after breaking out, for its 
further disassembly and extraction.

After breaking out, the TBM will make its way 
forward by erecting rings and pushing against them 
until the whole shield is out of the tunnel and within 
the limits of the extraction shaft.

Behind the breakout headwall, the ground will be 
treated and improved for a total length of 40-50 ft. 
That way we prevent the spoils from getting out 
through the annular space between the excavated 
headwall and the shield and the concrete rings.

After breaking out, the TBM will continue pushing 
forward while assembling rings until the whole 
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Figure 5.2-19. TBM disassembly and extraction shaft.

Disassembly of Top Segment of the Front Shield and Gantry #3 
(Ø49.25 ft EPB for M30 Project, Madrid).
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shield is out of the tunnel and within the limits of 
the extraction shaft. The tunnel gap will be sealed 
thereby mounting a custom formwork between the 
intrados of the excavated tunnel in the headwall and 
the segment rings. Then the remaining gap will be 
backfilled, finalizing the excavation of the tunnel.

The backfilling of the gap will be carried out either 
by the grouting/backfilling equipment of the TBM or 
by auxiliary concrete equipment.

At the same time, a large capacity hydraulic crane 
will be set up in the surface to start the extraction of 
the disassembled parts, in the following order:

• Cutterhead
• Top sections of the front shield and tail skin 

shield
• Main bearing
• Bottom sections of the front shield and tail 

skin shield
• Erector
• Screw conveyors
• Gantries 1 to 4

Once the machine shield is in the extraction shaft and 
the seal has been formed, electrical and hydraulic 
connections will be shut down. After the shield has 
been extracted from the shaft, the gantries will be 
pulled forward by means of pneumatic tuggers/
hydraulic telescopic jacks and once there, they will 
be disassembled and extracted out up to the surface.

All the TBM sections and components will be 
trucked out of the jobsite by means of heavy load 
trailers, regular trucks and flat beds immediately 
after being extracted from the shaft.

At times, such as bearing disassembly, loading and 
hauling out of the jobsite, auxiliary cranes will be 
needed in the North Portal to coordinate with the 
main disassembly crane in rotating, extracting and 
loading the TBM components and sections.

The field service technicians of the TBM 
manufacturer will supervise the whole disassembly 
process.

5.2.9 Other Innovations
As mentioned before, the election of large diameter 
tunnels as the best solution to integrate more than 
two lines of traffic or more than one traffic system 
in one single tunnel is becoming more and more 
popular, especially in the last decade.

In turn, more challenging projects have been 
performed lately with this large diameter solution. But 
at the same time, a new whole world of possibilities 
and construction benefits has been opened, such as:

• Large room to set up and operate systems 
and equipment.

• The ability of having larger means for 
interventions and atmospheric maintenance.

• The impact of big boulders in the 
excavation face has been significantly 
reduced.

These advantages clearly allow a better control of 
settlements due to the tunnel excavation process 
and having learned some precious lessons from past 
projects, our team has included some innovative 
TBM features and approaches in our EPB machine 
to reduce the risk for our project.

Our design gives priority to risk mitigation, and 
at the same time maintains maximum efficiency 
by monitoring, evaluating and controlling all 
parameters of the machine during excavation.
Some of the innovative approaches to reduce the risk 
of this project are depicted next.

Face Pressure up to 10 Bar
Beyond the calculation of our geotechnical experts 
anticipating a maximum face pressure needed to 
control settlements of 4.3 bar (62 psi), our EPB 
machine has been designed to excavate efficiently 
with a face pressure as high as 7 bar. That is to say 
that our machine has been designed to be capable of 
mining while sustaining a face pressure above the 
full maximum hydrostatic pressure throughout the 
alignment (5.6 bar, 82 psi).
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However, since our machine was going to be 
structurally requested to support even more pressure 
than that, we decided to design it to be able not 
only to maintain that pressure but to keep moving 
forward between 7 and 10 bar, even in intermittent 
mode as a contingency method, i.e., not to get stuck 
in a shear zone or in the worst case scenario possible 
(keep pushing even in the unlikely hypothetical case 
of mining while supporting the whole earth column 
over the excavation chamber in the deepest section 
of the alignment, with more than 220 ft overburden).

Again, we do not expect that worst case scenario 
to happen but if it does, we want our means and 
methods on site to be ready for it.

South Portal and Ground Improvement 
Deformation Mitigation Plan
Shield tunneling excavations with a low soil cover 
or below rivers, above all at the starting up phase 
are defined as state-of-the-art; case histories have 
been reviewed in detail. Normal practice still says 
that at least one diameter overburden of sound 
ground is recommended. Therefore, our approach 
is a conservative one, consisting of bringing back 
the TBM launching pit over 450 ft as a special 
precaution and risk mitigation method for the 
project. The low overburden there (just 25 ft cover 
above the tunnel crown in the launching headwall), 
the presence of poor ground conditions on the top of 
the excavation, the lack of room to place ancillary 
equipment, utilities and installations of the tunnel, 
and starting up the machine in the closest location to 
the operational portion of the Alaskan Way Viaduct, 
all presented additional and supplemental risk for the 
project.

Our Team has developed a sucessfully proven 
plan to mitigate all those risks based on the ground 
improvements and treatments needed to mitigate any 
possible deformation or settlement that may damage 
any of the structures, utilities and buildings within 

the influence area of the tunnel. This plan comes 
from the successful experiences and useful lessons 
learned in similar projects such as M-30 South By-
Pass Tunnel in Madrid, AVE Atocha-Chamartin 
project (High Speed Railway Tunnel) in Madrid,  
and the High Speed Railway Tunnel from Sants to 
Sagrera, passing underneath the Expiatory Temple 
of the Holy Family in Barcelona, Spain.

The potential risks mentioned are as follows:
• Reduced tunnel coverage comprised of poor 

ground (recent granular deposits including 
peats, woods and all sort of human fillings) 
underneath the water table.

• Heterogeneous soils and materials in the 
excavation face, especially in the upper 
layers, together with a large array of human 
engineered and non-engineered fillings.

• Artesian ground water conditions and water 
levels hydraulically connected with the 
adjacent seaside or even tidal variations.

• Mixed face conditions with sound ground 
because of the glacial tills in the bottom 
of the face while there is poor material in 
the upper layers, which may result in loose 
ground flowing down to the excavation 
chamber.

• Brand new large diameter TBM that will 
demand a learning curve and an adaptation 
process for the TBM operators and all the 
personnel on site, even for the most skillful 
and experienced operators.

• Load tests and confirmation on site of the 
theoretical compositions and formulas for 
the soil conditioning, previously developed 
in the laboratory, to ensure the anticipated 
face pressure transmission through the earth 
plug, as well as for the backfilling process.

Some situations may occur during the starting up 
of the machine, leading to dramatic face pressure 
variations that might end up in sinkholes or heaves if 
the proper measures were not taken in advance.
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Our design will take into account and has developed 
a break-in and start-up plan for the machine to protect 
the first 1,500 ft of the alignment, up to the location 
where the tunnel passes underneath the Alaskan 
Way Viaduct and arrives to the till deposits area, also 
with a higher coverage (above 1 diameter as usually 
requested).

Based on what is explained above, our Team is 
considering two different possibilities to reduce the 
risk of starting up in those challenging conditions, 
developing and action plan consisting of:

• Starting Seal Safe Haven (70x50 ft) to 
prevent muck from getting out through the 
excavation gap.

• Protection Box Part I (370x70 ft), to be 
able to test the performance of all the TBM 
features and means, in real conditions and 
actual soil, but with the protection of a 
structural box. This configuration has been 
successfully tested at the beginning of this 
year in our Ø39.4 ft EPB machine in the 
project AVE Atocha-Chamartin Project 
(High Speed Railway Tunnel) in Madrid, 
Spain.

• Inspection Safe Haven #1 (70x50 ft) to 
execute the first complete Cutterhead 
inspection.

• Protection Box Part II (70x50 ft), to 
maintain hydrostatic pressure inside the 
box, cutting through any possible ground 
movement. After the TBM has passed 
through, the possible decompressed areas 
created will be filled.

• Inspection Safe Haven #2 (70x50 ft), to 
execute the second complete Cutterhead 
inspection.

• Protection Box Part III or Viaduct 
Protection Wall (414 ft) to keep confining 
deformations within the corridor area, 
minimizing any possible settlement or 
ground deformation that may occur while 
mining.

In addition, ground freezing may be an alternative 
or a complementary construction method in this 
project, especially in the starting up of the machine 
in the challenging South portion of the tunnel, as 
well as a part of our settlement mitigation plan.

A ground freezing system could provide a suitable 
alternative to our South Portal Ground Improvement 
and Deformation Mitigation Plan or even be part of 
it. It may provide distinct advantages.

Ground Freezing could be used for nearly any soil 
type, including sand, gravel, clay and peat. It is 
excellent where dewatering is difficult or just not 
achieved, and is a less invasive system that reduces 
ground vibration and noise for the vicinity.

Furthermore, it may need less utilities relocation 
and when the job is finished, the ground thaws out 
to its pre-construction condition. Frozen soil might 
be impermeable and very effective cutting off 
groundwater, reducing the need of water treatments.

automatic Face Pressure recovery System
Our design features an Automatic Pressure Recovery 
System to minimize ground movement by accurately 
controlling the fluctuation of pressure in the mixing 
chamber if for any reason pressure drops dramatically 
at any time.

The Automatic Pressure Recovery System is provided 
to minimize ground movement by accurately 
controlling pressure in the mixing chamber. The 
system consists of:

• Bentonite slurry reservoir tank (Closed, 
Pressurized) 

• Bentonite slurry agitator tank (Open, Non-
pressurized) 

• Air reservoir tank (Accumulator) 
• Monitoring and control system
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The bentonite reservoir tank is connected to the 
crown area of the mixing chamber and is pressurized 
up to the predetermined pressure and regulated by 
compressed air.

Pressurized bentonite will be automatically injected 
into the mixing chamber to recover the pressure if 
the pressure inside the mixing chamber drops below 
the predetermined lower limit.

If the pressure inside the mixing chamber does 
not recover in that way, bentonite will be pumped 
directly into the mixing chamber by-passing 
bentonite reservoir tank by operating ball valves 
for that purpose. At the same time, bentonite will be 
injected into the mixing chamber by pumps through 
the line connected directly between the bentonite 
agitator tanks and the mixing chamber.

Continuous 24/7 operation
Our Team stands for the continuous excavation 
method as the safest option to develop the project 
minimizing the additional risk of stopping and 
restarting the excavation process on weekends or 
holidays.

STP has been discussing this issue with labor 
representatives and local Unions and has developed 
a Project Labor Agreement draft with them to work 
in a 24/7 basis by means of 4 full crews working 8 
hours per work day (one full crew resting while the 
other 3 are in operation), to ensure safe and healthy 
work conditions while mitigating additional risk for 
the project.

We are aware that this methodology of work is not 
that common in the area, but former experiences 
prove that this is a very important feature to prevent 
our project from the risk of continuous start and stop 
which causes deformations in most of the cases.

Interventions Means
Since the ground is expected to be unstable at 
all locations along the alignment because of the 
high groundwater and water table levels plus 
communicated layers of materials, STP has 
developed an Interventions Plan based on our 
successful experiences locally and abroad. This 
plan will meet and exceed all the legislation, such as 
OSHA, and all the local and state legislation of work 
under hyperbaric conditions.

To do so, our team has anticipated the need of having 
the state-of-the-art means:

• Medical room on the surface, with medical 
doctors to cover the whole intervention 
process.

• Hyperbaric habitat, in case long intervention 
or reparation is needed.

• Hyperbaric shuttle, capable of transporting 
6 divers from the habitat/medical room in 
the surface to man-locks in the TBM. 

• 3+2 Man-locks, 5 people each.
• 2 Materials/tools locks.
• Pre-plumbed penetrators with all the 

services required.
• Guaranteed breathable air supply by 2 

independent lines (8 compressors 45 Nm3/
min each, 4 air driers and 4 air receivers 
tanks 4,000 gallons each and). 

To get access to the Cutterhead in hyperbaric mode, 
as prescribed in TR2.32 and anticipated in our design, 
a special mixture of high density slurry Filter Cake 
will be injected into the mining chamber to seal the 
tunnel face and to close open structures.

In order to carry out safer interventions, the cake will 
be refreshed regularly and as many times as needed.
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An automatic excavation filter cake and refill system 
may be utilized, not only to maintain the face 
pressure by pressurized air but also to refill with 
actual excavation muck and/or bentonite from our 
Automatic Face Pressure Recovery System, after the 
intervention and before resuming mining.

Cutterhead Design
The Cutterhead has been designed for mixed ground 
conditions. Therefore, it will have an opening ratio 
of 35-40%. Since the presence of boulders and 
difficult ground conditions are expected during the 
tunnel drive, our Cutterhead has been designed for 
the maximum flexibility to adapt to the changeable 
ground conditions. Features include the following:

• Equipped with hard rock disc cutters to 
minimize interventions.

• It may be fitted with twin center discs to 

achieve a higher penetration.
• The housings will be able to accept either 

knife bits or cutter discs.
• The bits will have wear detectors distributed 

in the Cutterhead. 
• It will be protected by wear plates in the 

face and rim in the Cutterhead. 
• The opening will allow the entrance of 

boulders of 900 mm.
• Equipped with three copy cutters of 50mm. 

We have designed the TBM specifically for the 
particular conditions of this Project. In order to 
mitigate its risk, we have incorporated innovative 
state-of-the-art technology to provide a complete 
tunneling system more than capable of safely 
achieving the advance rates needed to finish the 
project ahead of schedule.

Set-Up for Interventions in the Top of the Shaft.
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Hydraulic Wear Detection System for Cutterhead 
Structure.

Knife Bit with Tungsten Inserts in Cutterhead 
of EPB Machine Herrenknecht S-362 (Ø39.9 ft 
High Speed Railway Tunnel, Girona, Spain).

remote Wear Detection System
An automatic wear detection system will be 
integrated into the PLC of the machine to warn of the 
status of the Cutterhead and tools, without the need 
to get into the chamber to execute visual inspection. 
This latest technology utilizes a three level warning 
system to provide the TBM operator with broad 
wear detection.

• The first two warnings will be incorporated 
within the bit tools at different levels and 
are designed to cover the whole Cutterhead 
distribution. The detectors will show a 
pressure loss when the bits wear passes a 
certain limit.

• The third warning will cover the full 
Cutterhead radius with a hydraulic pipe.

Cutter Changing Device
STP is currently working together with our TBM 
manufacturers on the development of a hollow 
Cutterhead solution, especially designed to minimize 
the need of interventions and as a contingency 
method for the Project.

This kind of device is not a real innovation since 
it has been successfully utilized before in many 
projects in Europe and in Asia. It allows the crews to 
change certain cutting tools inside Cutterhead arms, 
at atmospheric pressure. Normally, the quantity of 

peaks able to be replaced covers the whole excavation 
face, depending on the final Cutterhead design.

This system demands a large diameter Cutterhead to 
be developed, which is one of the clear benefits of 
the TBM required for this project.

rescue Cutters
STP will work on the development of a Cutterhead 
design, including one set of Rescue Cutters, as a 
contingency method in the event severe Cutterhead 
damage occurs.

The Rescue Cutters system consists of certain 
number of peaks to be hydraulically extended just 
in case there is no possibility either of intervention 
or cutters replacement from within the arms of 
the machine. These cutter peaks are strategically 
distributed to cover all the face and the perimeter of 
the excavation face.

These tools are normally retracted and they would 
be hydraulically extended only in case severe 
Cutterhead damage has been detected, as a last barrier 
to protect the Cutterhead structure. Thus, the TBM 
could continue mining until finding a better spot to 
stop for intervention if there were no possibility of 
performing either intervention or cutters replacement 
from within the arms of the machine, where the TBM 
is when the grave damage has been detected.
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the Dual Backfilling System:  
two-component or sandy mortar available
To avoid settlements throughout the alignment, the 
annulus has to be filled and pressurized when mining 
as well as during breakdowns or weekend stoppage. 
Thus, the excavated tail-void will be prevented from 
closure.

Since there are successful experiences with the 
two-component system as well as with the regular 
cement-sand based mortar, our design will feature 
both of them. In case one of them does not match our 
requirements at any time, we can switch to the other 
system, as a contingency method for the project.

Backfill grouting is a critical operation in pressurized 
tunneling. Effective backfill grouting minimizes 
settlement, while holding the segmental lining in 
place during shield advance. Therefore, the choice 
of the suitable grout is a critical issue for risk 
abatement. The annulus between the outer diameter 
of the segment ring and the excavated diameter must 
be filled as soon as possible. The backfilling product 
has a number of important functions: 

1) To ensure that there is uniform contact between 
the lining and the ground. The backfill grout 
evenly loads the lining to control distortion. 
Continuous backfilling with fast setting and 
liquid grout will eliminate uneven loading that 
can affect the roundness of the lining. 

2) To reduce the surface settlement over the tunnel. 
If the void is not filled with grout, the ground 
will move into the void, resulting in settlement. 
Typically, the volume of the tail void is in the 
range of 3% of the internal volume of the tunnel. 
There can be high surface settlements if the 
grouting is ineffective and the tail void closes as 
a result. 

3) To hold the ring in place during shield advance. 
Soft ground and mixed face tunnel boring 
machines typically advance by thrusting off the 
installed lining. If the lining placed behind the 
TBM is surrounded by unconsolidated grout, it 
can float upwards. This can lead to stepping on 
the circumferential joint, called a “bird’s mouth” 
developed on the radial joints, or provoke other 
damage to the lining.

4) To distribute the load transmitted to the lining by 
the trailing gear and rolling stock. 

5) To reduce seepage and loss of fine particles where 
the gasket or hydrophilic seal is ineffective due 
to damage or because of a stepped lining. 

6) Backfill grouting will be done with the most 
suitable material and by the most suitable 
grouting method. Backfill grouting will be done 
simultaneously during the shield advancement or 
immediately after shield propulsion so that the tail 
void is completely filled and any ground losses 
and settlements should be prevented. Backfill 
grouting will be done immediately in order to 
prevent ground loosing and ground settlement. 
It also helps to prevent ground water inflows 
through the segment joints, stabilizes a segment 
ring faster and prevents snaky advancing.

 Backfill grouting material necessary properties 
of the material are as follows:
• No segregation 
• No loss of fluidity 
• Little loss of volume after injection 
• Early strength can be achieved over ground 

strength 
• Water tightness 

 One-liquid type:
• Mineral grout 

 Two-liquid type:
• A – Liquid - Mortar 
• B – Liquid - Accelerator 
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Connection of Two In-Line Screw Conveyors.

In the case of suitable ground (usually hard rock), 
one-liquid type of backfill grout is injected. 
However, in the case of unsuitable clay or soils or 
collapsible sand, it is necessary to inject the backfill 
grout concurrently with excavation. 

Furthermore, the TBM will be equipped with a second 
stage grouting plant. The second stage grouting can 
be effected on the upper 120° of the segmental lining. 
The grouting plant consists of a mixer, an agitator, a 
grout pump and a hydraulic aggregate and control 
unit. The dry mortar is delivered to the second stage 
grouting plant as packs if needed or pumped in 
through slick line from the batch plant located in the 
shaft.

Screw Conveyor System
Our TBM design includes two screw conveyors 
capable of dealing with pressures of up to 8 bar with 
constant and moderate flow. However, in the case of 
encountering sudden pressure bursts, a gate system 
has been considered that will be able to operate up to 
10 bar at a moderate TBM advance. 

The double screw system will incorporate a 
retractable ribbon screw as a primary screw with 
the capacity of 1950 m3/h and the ability to swallow 
boulders of 900mm. A hydraulically operated gate 
will be placed in the ribbon portion of the second 
screw conveyor to facilitate boulder removal.

Sample of Muck Volume sensor.

Emergency Tail skin seal design

Excavated Muck Weight &  
volume Control System 
One of the most important tasks in EPB tunneling is 
to continuously monitor that the volume of excavated 
muck passing through the screw conveyor does not 
exceed the theoretical quantity corresponding to the 
TBM advance.

For this reason the TBM has been equipped with a 
triple control system: two independent belt weighing 
systems on the transfer conveyor monitor the weight 
of the excavated muck and allow the calculation of 
the real excavated volume.
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Emergency Tail Skin Seal design.

The third control is a laser system that monitors the 
volume on the belt conveyor. The data accrued by 
these systems will be compared to the theoretical 
excavated volume and an alarm will warn the 
operator if discrepancies occur.

Emergency tail Seal 
The tail seal system will include 3 rows of wire 
brushes (250 mm), an additional row of wire brush 
(300mm), a spring plate and one emergency seal, as 
requested in the TR2.32.

This type of emergency/pressurized seal ensures 
total water tightness between the tail skin shield and 
the outer part of the ring even in the worst possible 
conditions throughout the alignment.
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5.3 TBM Maintenance Plan

The ultimate goal of our team is to execute and 
deliver this Project ahead of time and within budget, 
minimizing its inherent risk (large diameter machine 
in challenging mixed ground conditions) as well 
as preventing additional risk because of either sub-
optimum operation or equipment failures.

The best way to achieve this goal is to select the 
proper equipment in accordance with the anticipated 
ground conditions and to operate it with the most 
skillful and trained crews. However, this is not 
enough to guarantee success, so we have to ensure 
that the Tunnel Boring Machine and its ancillary 
equipment will perform at high efficiency levels for 
the entire Project by means of proper maintenance.

The main lesson our team has learned from our past 
projects, and particularly what Dragados has learned 
from over 1,300 Km tunneling with large diameter 
TBMs, 13 of them EPB Machines of our own, is 
that the only way to achieve proper production rates 
is to organize and carry out a scheduled preventive 
maintenance for the TBM as well as its ancillary 
equipment.

Our local experiences such as Brightwater West 
Conveyance tunnel and Mercer Street Combined 
Sewer Outflow confirm this direction. Prior Tutor 
Perini experiences performing similar Tunnel 
projects such as Los Angeles Metro Red Line (Los 
Angeles, CA) support this too.

It is well known that single shield machines do not 
use more than 50% of the working time in production 
and, more specifically, in excavation and ring 
assembly. However, in our past reference projects 
such as M-30 South Bypass in Madrid (Spain), when 
a Ø49.25 ft mined and lined a tunnel of a similar 
length to SR 99, we achieved an average production 
time for the entire project over 60%. This happened 

as a result of the execution of a proper maintenance 
plan, where every part of our organization was 
involved and engaged.

That is why STP stands for the execution of Preventive 
Maintenance as one of the keys of the success of the 
Project, ensuring a reliable and safe operation of the 
TBM as well as of its ancillary equipment. In turn, 
we will obtain a reduction of downtimes because of 
breakdowns and failures of equipment interrupting 
the production cycle.

This Preventive Maintenance will be carried out 
according to the instructions and recommendations 
of the manufacturers of the different pieces of 
equipment involved in the excavation of the tunnel, 
together with our own and even more demanding 
Maintenance Procedures and Protocols in force in 
all our projects.

Our Maintenance Plan is specially focused on 
ensuring the performance of TBM but it is not limited 
to it. Our plan will cover the rest of the equipment 
involved in the execution of the tunnel to reduce and 
minimize the impact that any stoppage or failure 
could have in the performance of the TBM and will 
be extended to cover:

• Conveyor belts system: over 12,000 feet 
of conveyor belt consisting of a tunnel 
continuous conveyor belt and an overland 
conveyor belt system with 3 transfer 
conveyor belts and 2 conveyor stackers

• Rolling Stock: Rubber tired tunnel 
vehicles to transport segments, utilities and 
consumables with flat cars and mortar cars

• Personnel vehicles to transport our crews up 
to the heading and back to the shaft

• Gantry crane to load segments and 
consumables over the tunnel vehicles
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• Manlifts and small cranes to execute 
maintenance within the tunnel

• Crawler crane to unload segments from 
barges in our portion of the port (Pier 46 
most likely)

• Temporary fans and bagline
• Batch plants to mix and pump two-

component gel, mortar, bentonite and grout
• Personnel elevators (Alimaks) and stair 

towers
• Forklifts to manipulate loads on the top of 

the shaft
• Water pumps (industrial water, TBM 

cooling system and dewatering)
• Cooling tower
• Interventions compressors, air dryers and air 

receiver tanks
• Transformation center and power 

distribution
• Emergency generators

Special attention will be paid to the maintenance of 
the equipment related to interventions and hyperbaric 
operations, such as:

• Hyperbaric Habitat in the top of the shaft
• Hyperbaric shuttle to transport divers up to 

Man locks in the TBM
• 3 Man locks in the TBM bulkhead
• 2 Tools locks in the TBM bulkhead

These pieces of equipment, together with the 
compressors system, cake preparation system 
components and the medical room on the surface 
will be tested and maintained under a special Plan, 
including a scheduled redundant test and drills plus a 
load test before every intervention.

There are certain maintenance works, basically in 
the TBM, to be done while the machine is up and 
running, such as greasing, alignment of conveyor 
belt, temperature inspections and record, vibration 
or simply visual inspection of the equipment while 

in normal operation. However, some others will 
require the equipment to be down. So to make 
sure we comply with the prescribed maintenance 
works all the time, STP has anticipated a Scheduled 
Maintenance Plan, as follows:

TBM Cutterhead and Excavation Chamber: 
Interventions
Cutterhead maintenance will be performed in 
hyperbaric mode and according to our Interventions 
Plan. No less than 19 interventions are planned based 
on the following criteria:

• Wear and breakage of cutting tools expected 
plus former experiences recommend not to 
keep mining any longer than approximately 
450 ft without Cutterhead inspection, to 
minimize risk for the Project.

• The best spots possible regarding ground 
conditions and structures above and near 
the station anticipated have been selected to 
perform those interventions.

• Professional divers will be permanently 
on site, to train our most skilled workers 
as well as to be an active part of our 
interventions.

Personnel vehicle to transport crews within the 
tunnel (24 seats and 2 stretchers).
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Rest of TBM Components and  
Ancillary Equipment
Maintenance will be performed according to our 
ambitious Preventive Maintenance Plan, including 
shift, daily, weekly and monthly maintenance works, 
together with the Maintenance Intervals requested 
by both manufacturers and our demanding internal 
plans.

Beyond that, our Maintenance is going to be a 
combination of the regular scheduled maintenance 
system, shutting down the TBM and its ancillary 
equipment at certain locations and according to our 
maintenance intervals, together with a continuous 
monitoring of the equipment status, maintenance 
activities to be done and boundary conditions. The 
best spots possible will be selected to shut down the 
machine with the minimum risk possible to stop and 
to resume mining, performing as much maintenance 
activity as possible to avoid unnecessary shut downs 
of the TBM.

STP plans to have a full Maintenance crew on every 
work shift, especially dedicated to the revision 
of the equipment while working and to cover any 
contingency that may happen during the normal 
production process. This will happen in the TBM 
and in the workshop in the shaft to cover the rest of 
the ancillary equipment.

The maintenance operations will be fulfilled by 
a multitask team of experienced professionals 
consisting of:

• Field service technical representatives 
from the different manufacturers. Some 
of them will be permanently on site for the 
entire Project such as TBM technicians, 
operators, mechanic/hydraulics and 
electricians/electronics. Others will come 
to the jobsite on scheduled basis as per our 
maintenance plan or beyond, such as rolling 
stock mechanics, cranes inspectors or batch 
plant operators.

 The manufacturers will train and certify our 
crews in the handling and maintenance of 
the equipment under their scope of work.

• Field service technicians from our 
companies. They will be on site all the time, 
including TBM operators, hydraulics and 
electricians technicians, shop mechanics, 
electricians and certified welders.

 Our own technicians will collaborate with 
the Manufacturers’ technicians to train our 
crews in the handling and maintenance of 
their respective equipment under their scope 
of work.

• Maintenance operators from our crews 
on site. They will be fully trained by the 
Manufacturers’ technicians and by our own 
skilled operators. Some of them will attend 
to the assembly, testing and commissioning 
of the pieces of equipment part of their 
scope of work and to the training to be held 
in the manufacturers’ facilities.

All of them will be approved and certified by the 
Manufacturers’ representatives before they take on 
their duties on the site. Only the most skilled local 
laborers will lead the more delicate operations.

Furthermore, STP will have a large storage on site of 
spare parts which will exceed the recommendations 
of the Technical Requirements, based on our former 
experiences.

Not only the TBM but every single major piece of 
equipment as depicted above will have a proper 
stock of spare parts, as follows:

1.  TBM main components such as main bearing 
or screw conveyors will be available in the 
manufacturer facility.

2.  Major lead-time components to be on site in 
advance, in quantity enough to reduce the risk of 
long stoppage because the lack of them on site.
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3.  Minimum spare parts list stock, as recommended 
by the manufacturer to be on site all the time. 
Because of our former experiences, STP 
commits to have any single must-have part 
available in stock for the entire Project, to ensure 
continuous production work.

4.  Spare parts of complementary stock, to ensure 
redundancy on the spare parts that based on our 
former experience will require several changes 
throughout the Project.

The stock of all these parts will be controlled and 
replenished after every use and it will be reviewed 
and updated on a monthly basis by means of a 
Warehouse Management program, to be developed 
together with every manufacturer. This was one of 
the keys for the success of most of our former similar 
projects.

STP commits to have on site enough spare parts 
during the production phase to not stop any operation 
because of the lack of them, to minimize the risk of 
delays of long shutdowns to the Project.

5.3.1 Plan for Routine 
Maintenance
STP stands for a Preventive Maintenance Plan as the 
only way to ensure the continuous operations of both 
the TBM and its ancillary equipment.

It goes without saying that the TBM is the most 
important component of the Project and to maintain 
it in good shape is as important as to maintain all the 
ancillary equipment, utilities and temporary services 
that feed and give support to the TBM all the times.

One of the most valuable lessons we learned from 
past projects is that TBM and ancillary equipment 
must work together as a factory, where everything 
should perform coordinately as in an assembly 
chain. Failure of the most insignificant part of the set 
may result in a shut down of the entire production 
process.

MAINTENANCE = PRODUCTION
A proper preventive maintenance will result in 
high production levels and a deficient maintenance 
or a lack of maintenance may lead the Project 
to low unacceptable production rates, together 
with an additional risk because of supplementary 
breakdowns and unforeseen stoppages.

In other types of projects, such as hard rock tunnels 
or soils tunneling not in urban conditions, we support 
the scheduled maintenance based on daily stoppage, 
i.e., stop every morning for Cutterhead inspection, 
utilities extension and consumables replenishment 
on the machine.

However, this is not our case. This is the largest 
TBM tunnel ever bored. It will proceed underneath 
downtown Seattle and despite the fact the machine 
is designed and ready to comply with our policy of 
“0 settlements”, there is no need to add risk to the 
project by implementing unnecessary stoppages.

It will require a huge effort of coordination for the 
JV, but our Team stands for the implementation of a 
maintenance routine to comply with our demanding 
Maintenance Plan, based on:

• Redundant maintenance crews: Every shift 
will have a full maintenance crew in the 
TBM as well as in the tunnel installation 
and in the shop, to take care of any issue in 
the ancillary equipment in the shaft. Thus, 
we will be able to carry out all the necessary 
maintenance work that does not demand a 
TBM shut down.

• Coordination and communication effort: 
Match all the mandatory stoppages with 
routine maintenance that requires the 
TBM shut down to be executed, such 
as Interventions, cable extension or belt 
addition to continuous conveyor belt.
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This methodology of work was crucial 
for the success of underground projects 
in urban conditions. Despite the fact 
that having additional people and means 
implies tremendous cost to our JV, we 

truly believe that reducing the quantity of planned 
and unforeseen stoppages of the TBM will reduce 
and mitigate the whole risk of the Project for both 
WSDOT and STP.

The routine maintenance will be carried out every 
shift, according to our schedule of maintenance 
operations of our Maintenance Plan. It will consist 
of the basic maintenance operations, such as:

• Lubrication and greasing.
• Visual inspection, noise and temperature.
• Oil samples will be collected for analysis 

after the first 50 hours and on a monthly 
basis to know the status of every drive unit 
and gear box in the machine.

• Filter elements replacement.

In addition, all the system regarding interventions 
will be checked and tested before any intervention 
is executed.

Table 5.3-1 depicts a draft of our maintenance 
schedule for the TBM and its ancillary equipment, 
including the frequency, duration and scope of 
planned maintenance stoppages.

All the maintenance reports will be filled out by our 
maintenance personnel responsible in the field and 
reviewed and signed by our Equipment Manager. 
Proper records of all the maintenance reports will be 
maintained in the Joint Venture office in the field, so 
electronic and hard copies will be available all the 
time as a powerful tool to determine the maintenance 
works to be done in the next scheduled stop plus 
verify that the Maintenance Plan is fulfilled. 

TBM Maintenance Activities
Our TBM Maintenance Plan contains all the 
activities to be carried out to ensure its reliable and 
safe operation and to reduce unexpected downtimes 
and failures that may interfere with the normal 
production operations.

At the same time, a continuous coordination effort 
will be needed to adapt the locations and times of 
the anticipated maintenance stops to comply with 
that plan to the existing boundary conditions. It goes 
without saying that any TBM stop implies a potential 
risk for the Project in terms of deformations and 
settlements.

For that reason, our Team has identified the quantity, 
spots and duration of the maintenance stops in 
advance as an effective mechanism to reduce the risk 
of the Project.

The TBM maintenance activities will consist of 
two main categories depending on where they are 
physically performed:

• Maintenance in free air: maintenance 
operations performed under atmospheric 
pressure (in any part and section of the 
TBM out of the excavation chamber).

• Interventions: maintenance works 
performed under hyperbaric pressure 
(maintenance operations performed inside 
the excavation chamber).

The maintenance activities that will occur under both 
hyperbaric and atmospheric pressure are included in 
our TBM Preventive Maintenance Plan.
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Main reason 
of TBM sTop sTa.

Gap DuraTion scope of work BeyonD rouTine MainTenance

(fT) (h) TBM
coMponenT/

Task
ancillary 

equip. coMponenT/Task

TBM Break-in 195+50 0 ---
Shield & 
back-up: all 
functions

Testing and 
commissioning 
prior to start up

All
Testing and 
commissioning prior 
to start up

Starting seal 196+00 50 48
Routine  
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop #1 196+50 50 8
Routine 
Maintenance

Weekly checks
Belt storage 
cassette

Grease pulley 
bearings, V-wheels, 
wire rope sheaves 
and rollers

Planned stop #2 197+00 50 8
Routine 
Maintenance

Weekly checks

All tunnel 
and overland 
conveyor 
belts pulley 
bearings

Grease bearings

Planned stop #3 197+50 50 8
Routine 
Maintenance

Weekly checks
Tunnel 
conveyor belt 
take-up

Grease bearings 
(pulley, flange wheel 
and sheave pins)

Planned stop #4 198+00 50 8
Routine 
Maintenance

Weekly checks

All tunnel 
and overland 
conveyor 
belts gear 
boxes (2 
months)

Grease bearings 
seals

Planned stop #5 198+50 50 8 Erector
First gear oil 
change (50 h)

Gantry crane
Structure and rigging 
inspection (50 h)

Planned stop #6 199+00 50 8
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #1

Scheduled 
maintenance (50 h)

Planned stop #7 199+50 50 8
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #2

Scheduled 
maintenance (50 h)

Intervention #1 
(Safe Haven #1)

200+00 50 82
Routine 
Maintenance

Weekly checks

All tunnel 
and overland 
conveyor 
belts gear 
boxes (100 
hours)

First oil change 
(samples)

Table 5.3-1. TBM and Ancillary Equipment Frequency,  
Duration and Scope of Planned Maintenance Stoppages.
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Main reason 
of TBM sTop sTa.

Gap DuraTion scope of work BeyonD rouTine MainTenance

(fT) (h) TBM
coMponenT/

Task
ancillary 

equip. coMponenT/Task

Planned stop #8 201+00 100 8 Cable drum

Change gear 
oil, cleaning 
connector 
and check 
tightening of 
bolts

Mortar batch 
plant

Check hoses, gear 
box oil level, mixer, 
compressor and air 
filters

Planned stop #9 202+00 100 8 Erector
First vacuum 
pump oil 
change (100 h)

2-component 
plant

Check hoses, gear 
box oil level, mixer, 
pumps and air filters

HV cable & belt 
addition #1

203+00 100 24 Main drive

Check 
Cutterhead 
flange 
connections 
(3,000 ft)

Bentonite 
Plant

Mixer, silos, pumps

Planned stop 
#10

205+00 100 8 Cable drum

Change gear 
oil, cleaning 
connector 
and check 
tightening of 
bolts (after 2 
months)

Tunnel 
vehicle #1

Scheduled 
maintenance (150 h)

Intervention #2 
(Safe Haven #2)

206+00 100 82
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #3

Scheduled 
maintenance (50 h)

Planned stop 
#12

207+00 100 8
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #2

Scheduled 
maintenance (150 h)

Planned stop 
#13

208+00 100 8 Main bearing
Change main 
bearing oil  
(200 h)

Cooling 
Tower

Manufacturer 
general inspection

Planned stop 
#14

209+00 100 8
Routine 
Maintenance

Weekly checks
Compressors 
and Air 
receivers

Manufacturer 
inspection and test. 
Filters, oil, levels

HV cable & belt 
addition #2

210+00 100 24
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop 
#15

211+00 100 6
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #1

Scheduled 
maintenance (250 h)

Planned stop 
#16

212+00 100 6
Back filling 
systems

Change 
gearbox oil and 
hydraulic filters 
(1/2 year)

Tunnel 
vehicle #3

Scheduled 
maintenance (150 h)

Table 5.3-1. (continued)
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Main reason 
of TBM sTop sTa.

Gap DuraTion scope of work BeyonD rouTine MainTenance

(fT) (h) TBM
coMponenT/

Task
ancillary 

equip. coMponenT/Task

Planned stop 
#17

213+00 100 6
Cranes and 
hoist

Check brake, 
clutch, torque 
support

Tunnel 
vehicle #2

Scheduled 
maintenance (250 h)

Intervention #3 214+00 100 52

Screw 
conveyors

Compressed 
air regulating 
system (man 
locks)

Oil change

Check by 
manufacturer 
(1/2 year)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop 
#18

216+00 200 6
Water 
circuits

Oil change of 
water pumps 
(300 h)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #4 218+00 200 61

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop 
#19

220+00 200 6
Main drive 
gear boxes

First oil change 
(250 h)

Gantry crane

Oil and filter 
change on engine, 
translation and 
elevation gear boxes 
(250 h)

Intervention #5 223+00 300 89
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #3

Scheduled 
maintenance (250 h)

HV cable and 
belt addition #3

225+50 250 20
Routine 
Maintenance

Weekly checks
Tunnel 
vehicle #1

Scheduled 
maintenance

Intervention #6 228+00 250 62 Main bearing
Check of 
toothing (500 h)

Tunnel 
vehicle #2

Scheduled 
maintenance

Planned stop 
#20

230+00 200 6
Routine 
Maintenance

Weekly checks
Compressors 
and Air 
receivers

Manufacturer 
inspection and test. 
Filters, oil, levels

Intervention #7 233+00 300 74
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop 
#21

235+50 250 6
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Table 5.3-1. (continued)
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Main reason 
of TBM sTop sTa.

Gap DuraTion scope of work BeyonD rouTine MainTenance

(fT) (h) TBM
coMponenT/

Task
ancillary 

equip. coMponenT/Task

Intervention #8 238+00 250 57
Routine 
Maintenance

Weekly checks
Cooling 
Tower

Manufacturer 
general inspection

HV cable and 
belt addition #4

240+50 250 18
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #9 242+00 150 66
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Planned stop 
#22

244+00 200 6
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #10 246+00 200 73
Back filling 
systems

Change 
gearbox oil and 
hydraulic filters 
(1/2 year)

Tunnel 
vehicle #3

Scheduled 
maintenance

HV cable & belt 
addition #5

248+00 200 16
Cranes and 
hoist

Check brake, 
clutch, torque 
support

Temporary 
fan

Supplier general 
inspection: 
calibration, greasing, 
impellers

Intervention #11 250+00 200 42
Hydraulic 
power 
station

Check 
lubrication of 
bearings of the 
motors (1 year)

All tunnel 
and overland 
conveyor 
belts gear 
boxes (100 
hours)

Oil change (samples)

Intervention #12 254+00 400 80
Backfilling 
systems

Bearing 
lubrication of 
drive units, 
replace 
pressure 
accumulator  
(1 year)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

HV cable & belt 
addition #6

255+50 150 16
Cranes and 
hoist

All systems 
and rigging to 
be checked by 
manufacturers

Compressors 
and Air 
receivers

Manufacturer 
inspection and test. 
Filters, oil, levels

Table 5.3-1. (continued)
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Main reason 
of TBM sTop sTa.

Gap DuraTion scope of work BeyonD rouTine MainTenance

(fT) (h) TBM
coMponenT/

Task
ancillary 

equip. coMponenT/Task

Intervention #13 258+00 250 60
Main drive 
Motors

Lubricate 
bearings (1,000 
h)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #14 262+00 400 76

Compressed 
air regulating 
system (man 
locks)

Check by 
manufacturer 
(1/2 year)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

HV cable & belt 
addition #7

263+00 100 16
Secondary 
ventilation

Lubricate 
bearings of 
motors (1 year)

Cooling 
Tower

Manufacturer 
general inspection

Intervention #15 266+00 300 66
Gas 
monitoring 
system

Inspection by 
manufacturer (1 
year)

Industrial 
water, 
dewatering 
and cooling 
system 
pumps

Supplier overall 
inspection: bearings, 
capacity, wear

Intervention 
#16+HV cable & 
belt addition #8

270+50 450 69
Emergency 
generator

Full inspection 
and filters 
replacement

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #17 275+00 450 69
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

HV cable & belt 
addition #9

278+00 250 16 Hose drums
Gear oil change 
(1 ½ year)

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention #18 280+00 200 45
Back filling 
system

Change joint oil 
of every pump

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

Intervention 
#19+HV cable & 
belt addition #10

285+50 550 25
Routine 
Maintenance

Weekly checks

Tunnel & 
overland 
conveyor 
belts

Weekly 
maintenance, 
greasing oil levels, 
flushing, wipers

TBM break-out 288+20 270 ---

Table 5.3-1. (continued)
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Maintenance in Free Air
Maintenance operations listed in our plan to be 
performed before starting up the machine, by 
shift, daily, weekly, and monthly as well as per the 
manufacturers’ recommended intervals, basically 
after 50 h, 100 h, 250 h, 500 h, 1000 h and or first 
month, first quarter, half year or every year.

Some of the maintenance activities to be performed 
in the main assembly groups and components of the 
TBM are described in Table 5.3-2.

Interventions
One of the main lessons our Team has learned from 
former similar projects is that beyond the state of the 
art means and methods implemented to minimize 
the need of interventions (such as the use of soil 
conditioners, automatic wear detection systems, 
ability to swallow big boulders, the best soil cutting 
tools possible and hard facing plates strategically 
distributed to extend the life of the exposed TBM 
components), the safest way to mitigate the risk of 
slowing down production and eventual delays in the 
schedule because of major damage in the Cutterhead 
is to execute visual inspections periodically of the 
Cutterhead and of the excavation chamber.

Assuming that the need of intervention has been 
reduced to the minimum possible because of our 

design based on our experience, interventions are still 
necessary and appropriate to ensure the completion 
of this project ahead of time and within budget.

Typically, there are two types of maintenance 
activities to perform in the excavation chamber either 
under hyperbaric conditions or under atmospheric 
pressure, as follows:

• Work from the plenum: maintenance 
operations within the excavation chamber 
between the pressure bulkhead and the 
cutting wheel.

• Work in front of the face of the TBM: 
maintenance activities performed in front 
of the Tunnel Boring Machine, between 
the cutting side of the Cutterhead and the 
excavation heading (usually, backing up 
the machine to leave room to perform the 
maintenance operation).

Once again, the maintenance activities that will 
occur inside the excavation chamber are included in 
our TBM Preventive Maintenance Plan, as depicted 
in Table 5.3-2.

WORk FROM ThE PlENUM
Maintenance operations during interventions 
(hyperbaric mode) from the plenum, as listed in 
our Preventive Maintenance Plan will be performed 
according to our Intervention Plan in terms of 
location, frequency, anticipated duration, and 
pressure demanded depending on ground conditions.

Basically, the maintenance activities demanding 
intervention and to be done from within the plenum 
will be as follows:

 Cutting tools inspection: visual inspection 
of all the back loading cutting tools and its 
hardware
• Disc cutters: check cutter spinning (not 

blocked) and wear measurement with gauge
• Replaceable knife bit cutters: check carbide 

bits and wear of base metalIntervention: Sealed face in the excavation chamber 
(Brightwater West Conveyance Tunnel, WA).
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TBM secTor asseMBly Group coMponenT MainTenance works anD checks

Shield

Main drive

Electrical Motors Status, vibration, temperature

Gear Boxes Cooling system, temperature, oil level (samples)

Lube system Pumps, oil level (sample), filters, magnetic filter

Greasing system (seals) Pumps, filters, pneumatic system

Front shield

Thrust cylinders Status, leaks, flange bolted connections

Skewing system Function, leaks, connections

Hydraulic blocks Check leaks

Gap injection Check ports, pressure/volume sensors

Man locks
Systems, penetrators, door seals, Samson system, 
compressed air, communications

Systems, penetrators, door seals, Samson system, 
compressed air

Screw conveyors

Hydraulic motors Status, temperature

Gear boxes Cooling system, temperature, oil level (samples)

Greasing system Pumps, oil level (sample), filters, magnetic filter

Earth pressure sensors Function, connections

Front gates Function, connections, leaks

Discharge gates Function, connections, leaks

Intermediate gate Function, connections, leaks

Breaking box (boulders) Visual inspection

Telescopic cylinders Status, leaks

Tail skin

Articulation cylinders Status, leaks, flange bolted connections

Hydraulic blocks Check leaks

Seals Check leaks, status

Brushes grease Pneumatic valves and pressure sensors

Grouting pipes Check ports, pressure/volume sensors

Dewatering pumps Function

Erector

Vacuum plate seals Leaks, status

Telescope cylinders Status, leaks, flange bolted connections

Head slewing cylinders Status, leaks, flange bolted connections

Head rotation cylinders Status, leaks, flange bolted connections

Head tilting cylinders Status, leaks, flange bolted connections

Roadway cylinders Status, leaks, flange bolted connections, clean up way

Vacuum pumps Vacuum level, filters, connections, valves, oil level

Energetic chain Hoses/cables status, connections

Remote control Check all the functions

Rotation Greasing

Table 5.3-2. TBM Maintenance Activities in Free Air.
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TBM secTor asseMBly Group coMponenT MainTenance works anD checks

Back-Up

Structure
Gantries Check bolted connections

Bogies Rubber status, grease, leaks in steering system

Segment feeder

Extension cylinders Status, leaks, flange bolted connections

Elevation cylinders Status, leaks, flange bolted connections

Wear plates/PVC bands Status

Wheels Grease, wear

Segments crane

Rigging elements Status

Drive units Temperature, oil level (samples)

Rolling elements Grease, wear

Foam system

Foam generators Status

Pumps Temperature, sensors

Flow meters Status

High pressure  
water system

Pumps Status, filters, consumption

Black grease Pumps Status, leaks, pneumatic system

Lithium grease Pumps Status, leaks, pneumatic system

Tail skin grease Pumps Status, leaks, pneumatic system

Hydraulic main station

Electrical motors Temperature, vibration, consumption, sensors

Hydraulic pumps Temperature, vibration

Tank Oils status (samples), filters

Cooling system Temperature, filters, leaks

Back filling two 
components

Tank Bearings, agitator

Peristaltic pumps Temperature, inner wear

Control Functions

Mortar
Tank Bearings, agitator

Piston pumps Temperature, inner wear, water box

Secondary Injection Hany pumps Status, Inner wear

Bentonite system

Tank Bearings, agitator

Pumps Status

Control Functions, automatic system

Transformers center

Main drive transformers Temperature, oil level

Auxiliary transformers Temperature, oil level

Breakers Tighten connections

Drilling

Face drill Hydraulic/pneumatic connection, flushing head

Control Check function

Perimeter drill Hydraulic/pneumatic connection, flushing head

Control Check function

Table 5.3-2. (continued)
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TBM secTor asseMBly Group coMponenT MainTenance works anD checks

Back-Up

Cooling system

Tank Levels, electro valves

Pumps Consumption, temperature, filters

Status, purge, filters

Industrial water
Tank Levels, electro valves

Pumps Consumption, temperature, filters

Cable drums Drive unit Function

Hose drums

Cooling water Rotary coupling, leaks, filter

Industrial water Rotary coupling, leaks, filter

Dewatering Rotary coupling, leaks

Two-components Rotary coupling

Bentonite Rotary coupling

Pressurized air Compressors Filter, purge, dryer

Emergency power Generator Start up every day, fuel level

Ventilation
Secondary fan Function

Extraction fan Function

Hoists and cranes
Materials, containers Inspection

Bagline cassette Inspection

TBM Conveyor Belt Conveyor belt

Belt Status, wear, holes

Primary wiper Tension, wear, adjust if needed

Secondary wiper Tension, wear, adjust if needed

Interior wiper Tension, wear, replace rubber band

Tension cylinders Flanges, leaks

Scale #1 Function

Scale #2 Function

Volume laser scale #3 Function

Main drive unit Temperature, oil (samples), filters

Rollers Check, replace, cleanup

Flushing Wear (replace if needed)

Emergency stops/pull 
cord

Test every shift

Drive pulley Grease, wear

Grease wear

Table 5.3-2. (continued)
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• Fixed knife bit cutters: check carbide bits 
and wear of base metal

• Scrapers: check wear
• Bucket teeth: check wear

	 Cutterhead structure inspection
• Check wear of main structure (ultrasound 

device), perimeter grill bars and hard facing
• Tightening of Cutterhead Dywidag 

connection bolts (CHD-Main drive)
• Tightening of Cutterhead connection bolts 

between segments, connection welding
• Check water/foam/polymers nozzles on the 

Cutterhead surface from rear registers
• Static mixers in the Cutterhead: check 

water/foam nozzles on them
• Static mixers in the Bulkhead: check water/

foam nozzles on them

	 Inner and outer sealing chambers of the main 
bearing
• Is there “black” grease coming out through 

all the ports distributed throughout the 
diameter?

• Is there “lithium” grease coming out 
through all the ports distributed throughout 
the diameter?

• Check possible oil leakages

 Heavy duty rotary coupling
• Is there grease coming out of the sealing 

system?
• Check leaks
• Check high pressure water/foam nozzles

 Earth pressure sensors
• Cleanup surface and check pressure sensors 

in the bulkhead (communication with TBM 
operator in the cabin)

 Active agitator
• Check wear of the paddles
• Check rotary coupling
• Check water/foam nozzles

 Visual inspection of the face
• Are there boulders out/in the excavation 

chamber? Our Cutterhead design allows 
boulders 3 ft in diameter to get in the 
chamber and to be digested by the screw 
conveyor system, to be removed and 
chipped out once out of the hyperbaric 
conditions. Should non-cemented larger 
boulders be encountered ahead of the 
Cutterhead, they will be chipped out by 
face drilling with the hydraulic drill and 
Cutterhead/Bulkhead ports included in the 
design.

• Is there ball-material in the center of the 
chamber?

• Is there ground water in the chamber?

WORk IN FRONT OF ThE FACE OF 
ThE TBM
To avoid any additional risk to our divers 
or trained laborers while performing 
interventions in the excavation chamber, 

no work will have to be done in front of the Cutterhead 
or between the Cutterhead front and excavation face 
because of our TBM design.

All the cutting tools, water/foam/polymer nozzles 
and any other feature to be maintained and inspected 
in front of the Cutterhead will be either back loaded or 
side loaded. Again, none of the Cutterhead elements 
will demand work in front of the face.

If the TBM encounters non-cemented large boulders 
ahead of the Cutterhead but they do not get into the 
excavation chamber, they might be chipped out by 
face drilling with the hydraulic drill of the TBM and 
through Cutterhead/Bulkhead ports.

Maintenance Activities for Other 
Critical Tunneling Equipment
As explained previously in the narrative describing 
our Maintenance Plan, the ultimate goal of our 
Team is to perform and deliver this Project ahead 
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of time and within budget, minimizing its inherent 
risk (large diameter machine in challenging mixed 
ground conditions) as well as preventing additional 
risk because of either sub-optimum operation or 
equipment failures.

The selection of a proper Tunnel Boring Machine in 
accordance with the anticipated ground conditions 
and its operation by the right professionals are both 
crucial. So is the execution of a proper preventive 
maintenance to ensure that our TBM performs at 
high efficiency levels for the entire Project.

However, our former experiences reveal that in most 
of the underground projects, a significant percentage 

of the total production downtimes are related to 
ancillary equipment failures and problems. So both 
the selection and the preventive maintenance of 
those installations and pieces of equipment, such 
as tunnel vehicles, ventilation, shaft gantry crane 
and dewatering system, are also important to the 
evolution of the Project.

Our Team stands for the execution of Preventive 
Maintenance to all the equipment and utilities in 
the project, directly related to or as part of the TBM 
logistics to achieve our target of getting 50% or more 
working production time (TBM excavation and 
ring assembly). Thus, we will significantly reduce 

Cutterhead Inspection Report of our 
EPB Ø37.7 ft in Madrid (AVE Atocha-
Chamartin Project).
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downtimes because of breakdowns and failures of 
equipment interrupting the production cycle.

This Preventive Maintenance will be carried 
out according to the instructions of the different 
equipment manufacturers, together with our own 
and even more demanding Maintenance Procedures 
and Protocols in force on all our projects.

Our Maintenance Plan will cover all the equipment 
involved in the execution of the tunnel, such as:

1.  Conveyor belts system: over 12,000 ft conveyor 
belt consisting of:
• Tunnel continuous conveyor belt and belt 

cassette out in the shaft
• Transfer conveyor belt #1
• Transfer conveyor belt #2
• Transfer conveyor belt #3
• Radial stacker (decant facility)
• Barges loader

2.  Rolling Stock:
• Rubber tired tunnel vehicles
• Rubber tires segments cars
• Rubber tires mortar cars
• Personnel vehicles

3.  Batch plant to mix and pump two-component 
back filling up to the TBM

4.  Batch plant to mix mortar and to mix and pump 
in grout

5.  Bentonite plant to mix and pump bentonite up 
to the heading at any time

6.  70 T Gantry crane on the top of the shaft
7.  Water pumps (industrial water, TBM cooling 

system and dewatering)
8.  Cooling tower
9.  Water treatment plant
10.  Compressors and air receiver tanks
11.  Manlifts and small cranes to execute 

maintenance within the tunnel

12.  Temporary fans and bagline
13.  Personnel elevators (Alimaks) and stair towers
14.  Crawler crane to unload segments from barges 

in our portion of the Pier 46
15.  Forklifts to manipulate loads on the top of the 

shaft
16.  Transformation center
17.  Hyperbaric Habitat in the top of the shaft
18.  Hyperbaric shuttle to transport divers up to Man 

locks in the TBM

As with the TBM, there are certain maintenance 
works that should be performed while the equipment 
is up and running, such as greasing, alignment 
of conveyor belt, temperature inspections and 
record, vibration or simply visual inspection of the 
equipment while operating.

In addition, our equipment list has 
been planned based on a safe approach, 
having redundant pieces of equipment 
as per our cycles calculation to ensure a 
24/7 operation with at least one piece of 

equipment of every kind being shut down because of 
maintenance as well as exceeding the design criteria 
to extend the life of our components almost for the 
entire Project.

Our Plan includes the maintenance activities to be 
performed per shift, day, week and month, together 
with the Maintenance Intervals requested by both 
manufacturers and our demanding internal plans.

The maintenance of the TBM ancillary equipment is 
going to be a combination of the regular scheduled 
maintenance stops, shutting down the TBM and 
its auxiliary equipment as foreseen in the attached 
General Maintenance schedule. Continuous 
maintenance will be done while operating and 
eventually shutting down any particular equipment 
when possible without affecting the production 
process.
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This will demand an extra coordination effort but we 
do consider that it will pay off, as per former similar 
experiences.
STP plans to have a full Maintenance crew on every 
production shift, especially dedicated to the revision 
of the equipment while working and to cover any 
contingency that may happen during the normal 
production process.
The maintenance operations will be fulfilled by 
a multitask Team of experienced professionals 
consisting of:

• Field service technical representatives 
from the different manufacturers. 
Manufacturer technicians will make it to 
the jobsite on a scheduled basis as per our 
maintenance plan or beyond, to do special 
maintenance operations.

 In addition, they will train and certify our 
crews in the handling and maintenance of 
the equipment under their scope of work.

• Field service technicians from our 
companies. This includes hydraulic and 
electrician experts, master mechanics or 
certified welders. Basically any special 
task beyond the regular operation will 
be performed by our most valuable 
professionals locally or abroad.

 In addition, they will collaborate with the 
Manufacturers’ technicians to train our 
crews in the handling and maintenance of 
their respective equipment under their scope 
of work.

• Maintenance operators from our crews 
on site. They will be fully trained by the 
Manufacturers’ technicians and by our own 
skilled expert operators. Some of them 
will attend to the assembly, testing and 
commissioning of the pieces of equipment 
as part of their scope of work and to the 
training to be held in the manufacturers’ 
facilities.

All of them will be approved and certified by the 
Manufacturers’ representatives before they take on 
their duties on the site. Only the most skilled local 
laborers will lead the more delicate operations.

Furthermore, STP will have a large storage on site of 
spare parts which will exceed the recommendation 
of the Technical Requirements. This is based on our 
former experiences, which suggest:

• Major lead-time components to be on site in 
advance, in quantity enough to reduce the 
risk of long stoppage because of the lack of 
them on site.

• Minimum spare parts list stock, as 
recommended by the manufacturer to be 
on site all the time. Thanks to our former 
experiences, STP commits to have any 
single must-have part available in stock for 
the entire Project, to ensure a continuous 
production work.

• Spare parts of complementary stock, to 
ensure redundancy on the spare parts that 
based on our former experience, will require 
several changes throughout the Project.

The stock of all these parts will be controlled and 
replenished after every use and it will be reviewed 
and updated on a monthly basis by means of a 
Warehouse Management program, to be developed 
together with every manufacturer. This was one of 
the keys for the success of most of our former similar 
projects.

5.3.2 TBM Intervention
Our TBM will excavate the SR 99 Tunnel through 
different kinds of materials along the alignment, 
such as glacial till, glacial sands and gravels. Each 
of these different formations will affect the TBM 
Cutterhead in its own way, depending on the ground 
characteristics (gradation, abrasiviness, presence 
of ground water, boulders and cobbles, stickiness, 
fracturing, etc.).
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These factors will cause wear in cutting tools and 
exposed parts in the excavation chamber, ending 
up in face interventions (work under hyperbaric 
conditions) to check the Cutterhead and change or 
repair tools among others. See Figure 5.3-3.

An Interventions Plan has been 
developed in advance, together 
with our geotechnical experts, TBM 
manufacturers and professional divers to 
anticipate and plan the frequency, station 

and pressure needed to execute interventions to 
maintain a periodic control of the Cutterhead.

In addition, sometimes the TBM excavates through 
an even higher abrasive material, which causes 
a forced intervention before arriving at the next 
planned station.

Since it is assumed that the first portion of the 
alignment is the most risky to perform interventions 
because of the low overburden as well as the poor 
soils and human filling above the alignment, STP 
will perform an ambitious ground improvement plan, 
including two Safe Havens (ground improved and 
confined blocks) to be able to execute interventions 
easily either at atmospheric pressure or at least at 
lower range of pressure than needed caused by the 
additional ground treatment.

The interventions will be carried out by a Hyperbaric 
procedure, which means that repair and tool change 
works will be done under air compressed pressure 
in any location along the alignment, despite the fact 
that the second portion of the tunnel path (ESU7, 
cohesive clay and silt) might be more beneficial than 
the sand and gravels present in ESU5, throughout 
the rest of the drive. See Figure 5.3-4.

Means of Interventions
• Medical room on the surface at the top of 

the shaft, with medical doctors to cover the 
whole intervention process with expertise in 
air pressure operations.

• Hyperbaric habitat, in case a long 
intervention or reparation is needed.

• Portable Hyperbaric Evacuation Chamber or 
Hyperbaric Shuttle, capable of transporting 
6 divers from the habitat/medical room in 
the surface to man locks in the TBM.

• 3+2 Man locks in the TBM, with capacity 
for 5 people each.

• 2 Materials/tools locks.
• Pre-plumbed penetrators with all the 

services required.
• Pressurized air control Samsun system, 

with state of the art monitoring and 
communication system.
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Bucket lip worn out because of performance in 
abrasive and mixed soils.

Sample of decompression chamber to be set up 
above the tunnel entrance.
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• Guaranteed breathable air supply by 2 
independent lines (8 compressors 45 Nm3/
min each, 4 air driers and 4 air receivers 
tanks 4,000 gallons each). 

Preparation of Interventions
The first step of an intervention is to stop the 
TBM and then all the conditioned muck inside the 
excavation chamber is smoothly replaced by what 
is called “filter cake” (a mixture of bentonite, water 
and additives), conveying it out through the screw 
conveyors as when mining but adding the pressurized 
bentonite at the top of the bulkhead at the same time 
(automatic Face Pressure Recovery System).

At the end of the process, the excavation chamber 
will be totally full of bentonite mix, pressurized at 
least 0.5 bar over the expected intervention pressure 
(excess of face pressure may cause heaves and loss 
of bentonite through potential holes).

The Face Pressure Recovery System keeps adding 
bentonite as long as needed until pressure is 
maintained for a certain period of time and no more 
bentonite is admitted in the chamber or demanded to 
maintain the pressure.

Once we stabilize the face with no more addition of 
bentonite for certain period of time planned, we could 
assume that filter cake is working and the ground 

is saturated enough. We can then start to replace 
the pressurized filter cake inside the chamber by 
pressurized air, at least 0.2 bar over the intervention 
pressure expected.

When the face pressure remains for the period of 
time required, we are positive that the seal in the face 
is correctly formed, so the intervention may start.

If the process fails at this time and the ground falls, 
intervention is aborted; the excavation chamber is 
automatically refilled with pressurized bentonite 
with higher pressure than before, as high as needed 
to maintain the stability of the face.

Our experience in similar projects tell us that the 
face seal is not always achieved on the first attempt 
and therefore, we may have to try several times 
before we get the desired conditions to perform the 
intervention in a safe manner. 

Then, the intervention may start within the air bubble 
that has been created. It will be large enough in size 
to check and maintain one Cutterhead sector at a 
time or as many as needed until the spring line of the 
tunnel is reached, but never beyond. This will allow 
performing the planned maintenance activities.

In the next inspection, after turning the Cutterhead, 
the other sector/half of the Cutterhead will be 
checked and repaired and so, the constant Cutterhead 
maintenance will be carried out. When laborers get 
back into the man lock, the Cutterhead is rotated and 
pressure conditions are checked as done before when 
preparing the seal or caking.

In addition, the cake will be refreshed regularly and 
as many times as needed by means of our automatic 
excavation filter cake and refill system, so as not to 
maintain the face pressure just by pressurized air 
only, and/or in the event the seal in the face starts to 
leak.

View of a man-lock from the atmospheric side  
of the bulkhead.
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INTERVENTIONS

STa.
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@ Sl
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cREw

cHD 
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cOmmENTSTImE 
Ea. TOTal TImE 

Ea. TOTal TImE 
Ea. TOTal

(ft) (PSI) (bar) JV 
cREwS PROS. OVER 

ESu
FacE 
ESu (ft) (PSI) (bar) # NamE STa. lOc. (ft) (h) (h) (h) # (h) (h) # (h) (h) # (h) (h) (h) (h) (h) (h) (h) (#) (gpm) (gpm)

1 200+00 0 40 2.8 X 2 (RGS) 5 (CSG) 29.4 47 3.3 A160
One Yesler/

Al Bocalino & 
AWV

212+46 East 1,246 48.0 2.5 7.0 0 1.3 0.0 0 2.0 0.0 0 0.17 0.0 0.0 7.0 3.2 24.0 82.2 3 150-
500 < 80

SAFE HAVEN #1: 
Preparation time 
will take longer

2 206+00 600 53 3.7 X 5 (CSG) 5 (CSG) 47.9 63 4.4 A160
One Yesler/

Al Bocalino & 
AWV

212+46 East 846 48.0 2.5 7.0 0 1.3 0.0 0 2.0 0.0 0 0.17 0.0 0.0 7.0 3.2 24.0 82.2 3 150-
500 < 80

SAFT HAVEN #2: 
Preparation time 
will take longer.

3 214+00 800 56 3.9 X 5 (CSG) 5 (CSG) 83.4 82 5.6 A160
One Yesler/

Al Bocalino & 
AWV

212+46 East -156 24.0 2.0 6.0 0 1.3 0.0 0 2.0 0.0 36 0.17 6.0 0.0 12.0 3.5 12.0 51.4 6 250-
650

100-
300

Professional divers. 
Learning curve.

4 218+00 400 29 2.0 X 7 (CCS) 7 (CCS) 101.2 60 4.1 A161

Commuter 
Parking/

Commuter 
Center Building

217+75 Partial 
over -25 18.0 5.0 8.0 9 1.3 12.0 0 2.0 0.0 90 0.17 14.9 0.0 34.9 2.6 5.0 60.5 7 1,300-

1,700
500-
700

Again interventions 
with STP crews. 

Still learning curve.

5 223+00 500 25 1.7 X 7 (CCS) 7 (CCS) 119 64 4.4 T243 Federal Office 
Building 221+76 Over -124 14.0 8.0 7.0 0 1.3 0.0 12 2.0 24.0 150 0.17 24.9 12.0 67.9 3.4 4.0 89.3 8 1,300-

1,800
700-
900

Still learning curve. 
Cleaning/replacing 

water/foam nozzles.

6 228+00 500 25 1.7 X 7 (CCS) 7 (CCS) 121 63 4.3 T230 Colonial/Grand 
Pacific Building 228+41 Over 41 10.0 8.0 6.0 18 1.3 23.9 0 2.0 0.0 90 0.17 14.9 0.0 44.9 3.4 3.3 61.5 6 1,300-

1,800
650-
800

7 233+00 500 15 1.0 X 4 (TD) 7 (CCS) 156 57 3.9 T216
Harbor Steps 

(Northeast 
Tower)

233+32 Partial 
over 32 8.0 8.0 6.0 27 1.3 35.9 0 2.0 0.0 90 0.17 14.9 6.0 62.9 0.9 2.5 74.3 8 1,200-

1,700
500-
700

Replacing earth 
pressure sensors.

8 238+00 500 12 0.8 X 4 (TD) 5 (CSG) 175 54 3.7 T205 South Arcade 
Condos 238+26 West 26 8.0 8.0 6.0 0 1.3 0.0 0 2.0 0.0 240 0.17 39.8 0.0 45.8 0.2 2.5 56.5 6 1,200-

1,600
450-
650

9 242+00 400 12 0.8 X 4 (TD) 5 (CSG) 192 52 3.6 T186
Déjà vu 

Showgirls & 
BNSF Tunnel

242+22 East 22 8.0 8.0 6.0 0 1.3 0.0 12 2.0 24.0 90 0.17 14.9 10.0 54.9 0.2 2.5 65.6 7 1,200-
1,500

450-
550

Cleaning/replacing 
water/foam 

nozzles.

10 246+00 400 29 2.0 X 5 (CSG)-6 
(CSF) 5 (CSG) 202 54 3.7 T184 Gatewood Hotel 244+29 East -171 10.0 5.0 6.0 18 1.3 23.9 0 2.0 0.0 115 0.17 19.1 0.0 49.0 2.6 3.3 65.0 10 1,200-

1,400
350-
500

11 250+00 400 29 2.0 X 5 (CSG)-6 
(CSF) 5 (CSG) 206 55 3.8 T146 Cristalla 

Condominium 254+88 Over 488 10.0 5.0 6.0 0 1.3 0.0 0 2.0 0.0 90 0.17 14.9 5.0 25.9 2.6 3.3 41.9 6 1,300-
2,200

450-
650

Replacing earth 
pressure sensors.

12 254+00 400 29 2.0 X 5 (CSG)-6 
(CSF) 5 (CSG) 210 53 3.6 T146

Cristalla 
Condominium & 

EBI Tunnel
254+88 Over 88 10.0 5.0 6.0 18 1.3 23.9 12 2.0 24.0 0 0.17 0.0 8.0 61.9 2.6 3.3 77.9 12 1,200-

2,100
300-
350

Cleaning/replacing 
water/foam 

nozzles.

13 258+00 400 40 2.8 X 5 (CSG)-6 
(CSF) 5 (CSG) 192 49 3.4 T146

Cristalla 
Condominium & 

EBI Tunnel
254+88 Over -312 12.0 3.0 6.0 0 1.3 0.0 0 2.0 0.0 210 0.17 34.9 0.0 40.9 2.6 4.0 59.4 14 1,400 

- 3,000
400-
800

14 262+00 400 36 2.5 X 5 (CSG)-6 
(CSF) 5 (CSG) 166 45 3.1 A120 314 Bell 267+15 Partial 

over 515 11.0 4.0 6.0 0 1.3 0.0 12 2.0 24.0 180 0.17 29.9 0.0 59.9 3.0 3.5 77.4 15 1,100-
2,400

150-
300

15 266+00 400 34 2.3 X 5 (CSG)-6 
(CSF) 5 (CSG) 141 42 2.9 A120 314 Bell 267+15 Partial 

over 115 11.0 4.0 6.0 0 1.3 0.0 12 2.0 24.0 90 0.17 14.9 4.0 48.9 2.6 3.3 65.8 12 1,000-
2,000 0 Replacing earth 

pressure sensors.

16 270+50 450 33 2.3 X 5 (CSG)-8 
(TLD) 5 (CSG) 126 40 2.8 T086

Seattle City of 
- FFD & Battery 

St. Tunnel
270+18 Over 18 11.0 4.0 6.0 12 1.3 16.0 0 2.0 0.0 180 0.17 29.9 0.0 51.8 2.6 3.3 68.7 13 900 - 

2,000 0

17 275+00 450 42 2.9 X 5 (CSG)-8 
(TLD) 5 (CSG) 106 45 3.1 T077

6th & Wall 
Building & 
Battery St. 

Tunnel

274+91 Over 9 12.0 3.0 6.0 0 1.3 0.0 12 2.0 24.0 120 0.17 19.9 0.0 49.9 2.9 4.0 68.8 17 800-
1,700 0

18 280+00 500 37 2.6 X 5 (CSG)-8 
(TLD) 5 (CSG) 86 37 2.5 A108 Walgreens 280+18 West 18 12.0 4.0 6.0 0 1.3 0.0 0 2.0 0.0 120 0.17 19.9 0.0 25.9 3.3 4.0 45.2 6 400-

800 0

19 285+50 550 39 2.7 X 5 (CSG)-8 
(TLD) 5 (CSG) 43 42 2.9 A104 233 6th Ave N 286+63 West 63 12.0 3.0 6.0 0 1.3 0.0 0 2.0 0.0 0 0.17 0.0 0.0 6.0 2.6 4.0 24.6 2 120-

240 0

288+20 220 18 1 297.0 119.0 102 135.7 72 146.0 1891 313.9 45.0 757.6 47.8 115.8 1218.2 160.2
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Figure 5.3-3. Planned Interventions.
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Figure 5.3-4. Generalized Subsurface Profile Centerline.



TUNNEL

SECTION 5.3, PAGE 25

ProPosal – sr 99 Bored Tunnel alTernaTive 

Once the intervention has come to its end, the inverse 
process is carried out. The air bubble is progressively 
replaced by bentonite mix or filter cake.

The TBM resumes mining when the decompression 
process is over for the last crew of divers and when 
the Cutterhead has been refilled and pressurized. The 
TBM will not start mining just with pressurized air 
in the Cutterhead, as a risk mitigation method for the 
Project. 

Types of Interventions
The activities to be performed in the face or 
Interventions will be carried out by either professional 
divers or some of the most skillful workers of our 
crews.

In that case, those workers will be specially trained 
and have passed a hyperbaric physical examination 
and they also will be tested and certified as requested 
by the most restrictive applicable standards.

There will be three types of interventions, depending 
on the face pressure expected and the type of work 
to perform once inside the excavation chamber: Air 
intervention, Trimix gas interventions and, finally, 
saturation diving.

AIR INTERvENTIONs
The laborers will breathe the surrounding atmosphere 
of compressed air during both their pressurization 
and during work at pressure up to 50 psi (3.45 bar) 
in the excavation chamber.

The procedure begins with stocking the man locks 
with the necessary tools and parts for the anticipated 
work (there will be two tools locks so as not to have 
to abort an intervention if something is missing once 
it is commenced) and also additional supplies for the 
workers, such as bottled water and food.

After a brief physical examination of the workers 
(professional divers and/or certified JV laborers) 
there will be a pre-intervention meeting, to ensure 
the workers understand the work planned and to 

Sample of intervention aborted; Filter 
cake level too high, to be lowered to allow 
intervention to start.

Sample of intervention in competent and 
homogeneous ground. Filter cake is not necessary 
to maintain the face pressure.
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discuss once again the possible hazards. The workers 
will next enter the man lock, get comfortable, 
and establish communications with the man lock 
operator.

When both the man lock operator and the workers are 
ready, the operator will begin to pressurize the man 
lock. Special attention will be paid to the workers 
during this time to ensure that no one is having a 
problem equalizing his ears as the pressure increases.

The man lock is pressurized until it reaches the same 
pressure as the excavation chamber. The workers 
will begin to open the hatch into the heading. 
Even though the air in the heading will have been 
already tested for safety, the workers will still be 
very cautious entering there. They will look for any 
hazard such as loose rocks or clumps of mud or soil 
that could fall on them and also pay close attention 
to the condition of the face.

The laborers only begin the work after 
they are sure it is safe to do so. During 
the work phase they continue to monitor 
conditions in the excavation chamber for 
developing hazards.

The workers will have a set bottom time, determined 
by the pressure they are under and the length of the 
decompressions previously determined.

Once they finish their task or reach the end of their 
bottom time, they will re-enter the man lock and 
close the hatch to the excavation chamber. The man 
lock operator will begin lowering the pressure in the 
man lock at a prescribed rate.

Following our decompression schedule, the operator 
will lower the pressure in the man lock until it 
reaches a certain point indicated by the schedule. At 
that pressure he will stop and hold the pressure for a 
set time as indicated by the decompression schedule. 
When that time is up, he will again start lowering 
the pressure until the man lock reaches the next 
scheduled decompression stop. At this pressure he 
will again stop and hold the pressure for a prescribed 
time.

This process, called staged decompression repeats 
until the workers reach atmospheric pressure. At 
some stops, the workers will breathe pure oxygen 
from a mask to help achieve both a quicker and 
better decompression.

The 19 interventions planned in our Interventions 
Plan are below 50 psi and, therefore, they may 
happen as depicted above.

TRIMIx INTERvENTIONs
In the unlikely event that interventions have to 
be performed at pressures over 50 psi (e.g., wear 
detection system detects level III, extreme danger 
indications in the Cutterhead, long periods of 
time with no interventions for whatever reason, or 
conditions force to stop in a high pressure and not 
planned location), Trimix gas interventions might be 
carried out.

In this type of intervention, the workers will breathe 
Trimix gas, a mixture of helium, nitrogen, and 
oxygen. This is to help lessen the effects of nitrogen 
narcosis.
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Sample of intervention in heterogeneous ground. 
Excavation face properly sealed by a filter cake, 
maintaining the pressurized air bubble during an 
intervention.
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Nitrogen narcosis is a type of lightheadedness or 
intoxication that can occur at higher pressures when 
breathing regular air.

The process of the Trimix intervention is very similar 
to the air intervention. The key difference is that 
when in the excavation chamber, the workers are 
breathing the Trimix through masks and are tethered 
by a hose.

Special decompression schedules for Trimix 
interventions will be used. 

sATURATION INTERvENTIONs
In the event that long interventions have to be 
performed, for reasons such as long cutting tools 
replacement or severe damage reparations in the 
Cutterhead, it may take a long time to accomplish 
them using conventional air or Trimix intervention 
techniques. Instead, saturation diving methods will 
be considered and eventually applied to reduce the 
total intervention time and therefore, the risk of 
having the machine shut down too many times.

Saturation diving is a technique where the workers 
are kept under pressure for long periods of time and 
they do a single decompression at the end of the job, 
sometimes after days or even weeks of being under 
pressure. Because the workers live and work under 
pressure and don’t need to decompress except at 
the end of the job, they can have very long working 
periods in the heading. The workers breathe a mixed 
gas, such as Trimix, during their time under pressure.

To accomplish saturation interventions, transfer 
trunks will be installed connecting the man locks to a 
hyperbaric shuttle chamber. The workers will move 
from the tunnel man locks, through the trunks, to the 
hyperbaric shuttles while staying under pressure.

The hyperbaric shuttles will then disconnect from 
the trunks and travel up the tunnel to a saturation 
hyperbaric habitat on the surface, near the tunnel 
entrance. This pressurized habitat is the living 
quarters for the crew.

The shuttle couples the habitat and the crew transfers 
into the habitat, always staying under pressure. A 
fresh crew can then transfer from the habitat to the 
shuttle and travel back to the heading to continue the 
work.

By this process the work can be ongoing in the 
excavation chamber nearly around the clock, with the 
only down time being the few times a day when the 
crews are being transferred back and forth between 
the heading and the saturation habitat.

Whenever the job is done and it is time to decompress, 
the hyperbaric workers will do so in the safety and 
relative comfort of the saturation habitat.

Our team does not expect to have to use this system. 
However, the equipment and the workers will be 
ready if this type of intervention is needed throughout 
the alignment.

 

Saturation divers to be pressurized in a man-lock 
to perform an intervention.
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Expected Impact of stoppage
During the TBM operation the machine may have 
to stop for several reasons, such as maintenance 
activities, breakdowns, interventions or just ground 
treatments ahead. There will be a TBM Stop 
Procedure for this case in which the steps to follow 
will be completely clear, where the most important 
fact is to maintain pressure in the excavation chamber 
to avoid any kind of ground instabilities.

It will obviously be better not to make long 
unexpected stops beneath buildings or with low 
overburden just to decrease possible risks, even if all 
works are carried out with high security measures 
and working with the excavation chamber always 
full.

Even though some unexpected or short notice stops 
will be carried out, this will not have any implications 
because STP will strictly follow the TBM Stop 
Procedure and appropriately execute the proposed 
Mitigation Plan.

Non-scheduled TBM stops
In the event that the TBM stops due to any unforeseen 
circumstance, the first action to be taken will be to 
troubleshoot and to find the source of the problem 
and try to correct it to resume mining as soon as 
possible.

However, this process may take either a few 
minutes or several hours and more. Because of this 
uncertainty, measures to prevent the ground from 
collapsing will be taken. There will be two main 
steps to follow if this happens:

FACE PREssURE sTABIlITy
Ensure that the face pressure stays above the 
minimum recommended pressure to be maintained 
according to the Face Pressures distribution along 
the alignment plan and the Station where the Tunnel 
Boring Machine is when the sudden stop happens.

• If mining is possible, maintain the pressure 
pushing TBM forward while rotating 
Cutterhead to compress the conditioned soil.

Sample of compressed air system for 
interventions: compressors, filters and air dryers 
and piping and air receivers.
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• If mining is not possible (e.g. the 
breakdown is linked to ring erection), the 
Cutterhead displacement cylinders may be 
utilized to keep pressurizing the excavation 
chamber, if necessary.

Finally, the Face Pressure Automatic Recovery 
System will be permanently in operation, in case the 
face pressure drops and none of the features above 
could be used.

GAP sTABIlITy
Backfilling of the steering gap and of the excavation 
gap will remain connected and in operation. Pumps, 
hoses, slick lines and ports in use are stopped and the 
whole operation will be shifted to the spare units, so 
the formerly operative components can be cleaned to 
prevent them from clogging.

scheduled-long TBM detentions
In the event a long TBM shut down, stoppage or 
stand-by period happens, apart from interventions 
that are explained earlier in this section, a specific 
Maintenance Procedure for Long Stoppages will be 
implemented and carried out by our crews, based on 
the following operations and actions:

FACE PREssURE sTABIlITy
Ensure that the face pressure stays above the 
minimum recommended pressure according to the 
Face Pressures distribution along the alignment plan 
and the location of the Tunnel Boring Machine in 
the alignment when the long term stoppage stop 
happens.

The Face Pressure Automatic Recovery System will 
be permanently in operation to maintain the pressure 
within the limits foreseen. The bentonite mix will 
be adjusted in terms of density and eventually, filler 
or even actual muck might be pumped into the 
excavation chamber to maintain the desired pressure 
above the target value.

All the components of the Face Pressure Automatic 
Recovery System, in the TBM and outside in the 
Portal, will be fed by the emergency generators on 
site, to protect them from any unexpected power 
outage.

GAP sTABIlITy
Backfilling of the steering gap and of the excavation 
gap will remain connected and ready to use. Pumps, 
hoses, slick lines and ports have been cleaned up 
and filled up with bentonite to prevent them from 
clogging.

The Face Pressure Automatic Recovery System, 
common to the gap injection system and permanently 
in operation, will maintain the pressure in the gap 
within the limits foreseen.

WATER TIGhTNEss OF ThE ROTARy 
COUPlING AND MAIN BEARING sEAls 
INsIDE ExCAvATION ChAMBER
Since the excavation chamber will remain pressurized 
all the time during the stop, the sealing system of the 
main bearing (inner and outer chamber) as well as of 
the rotary coupling (which transfers hydraulic, water, 
foam and instrumentation hoses to the Cutterhead) 
has to be maintained under pressure all the time. For 
that reason the Cutterhead would be rotated every 
day to ensure a proper distribution of grease and oils 
inside the sealing chambers as well as to prevent 
the seal from permanent deformation because of the 
weight of the main bearing.

The automatic greasing system will continue 
pumping out grease inside both sealing chambers 
in any case. The type of grease may vary in terms 
of density and fluidity to match with the special 
conditions required in any case.
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hyDRAUlIC, ElECTRIC, PNEUMATIC, 
INDUsTRIAl AND COOlING WATER AND 
DEWATERING sysTEM
For the benefit of all the TBM systems, the machine 
will be started up and every system will be started 
and tested (obviously unless they are the reason of 
the stop) according to the intervals anticipated in 
our Maintenance Procedure for Long Stoppages. 
Basically, this may occur on a daily basis, depending 
on the duration foreseen of the stoppage and its 
reason.

All these functions and parameters may be controlled 
by means of an action plan to be submitted, consisting 
of shift, daily and weekly inspections to be performed 
in the TBM and its ancillary equipment.

5.3.3 TBM Design Features
STP stands for the execution of 
interventions in the safest manner to keep 
proper control of the Cutterhead and, 
therefore, to improve the performance 
of the TBM by reducing downtimes 
and potentially extended shut downs to 
perform serious reparation of the cutter 
wheel structure.

All the means and methods for interventions such as 
hyperbaric conditions, shuttle, redundant man-locks, 
material locks, pneumatic system and emergency 
system have been designed and selected for the 
maximum pressure selected and beyond, with a safety 
factor that will allow us to perform interventions up 
to 7 bar, which means beyond the full hydrostatic 
pressure expected throughout the alignment.
However and despite this, our Team is envisioning 
a minimum of 19 interventions to ensure a 
proper control of the Cutterhead by means of our 
Interventions Plan, the design of the machine has 
been developed using our former experiences 
in similar projects plus the experience of the 10 
largest TBM manufacturers to reduce the need for 
interventions down to a minimum.
As a result of that, our EPB machine will mount the 
features described below to reduce and minimize the 
need of interventions:

TBM Design: EPB Machine 
Abrasivity-Proof and Large Boulders 
Digestion
Cutterhead structure and tools wear and breakage 
because of boulders is the main reason for 
interventions in a soft ground TBM. Lessons learned 
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Sample of Cutterhead profile designed to digest 
big boulders.

State-of-the-art wear protection: Hardox 400 
hard-facing bands to protect screw conveyor 
casing in our Ø39.4 ft EPB machine in Gerona 
(High Speed Railway, Spain).
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on projects such as Seville Subway (Seville, Spain), 
Barcelona subway (Spain) or Brightwater West have 
helped us to design our EPB Cutterhead, including 
these life-extending features:

• Hard-rock disc cutters to break down 
boulders, avoiding the need of getting in 
the plenum to break them down, especially 
designed to spin at low torque when mining 
through soft ground.

• 35-40% opening and buckets dimension 
to allow 3 ft diameter boulders get in the 
Cutterhead (instead of being pushed forward 
while mining, grinding out Cutterhead and 
breaking cutting tools).

• Staggered state-of-the-art carbide tools 
for soils, guaranteed for Project duration 
regarding wear.

• Double and triple redundancy of cutting 
tools per cutting track.

• Hard facing plates (Hardox 400, 20 mm 
thickness, Creusabro 6000, 20 mm or 
Trimay, 40 mm) and rim protections 
strategically distributed throughout the 
Cutterhead structure face, perimeter and 
specialty tool holders and disc housings.

• Wear detection system at Three Level 
Warning, covering cutting tools, tools 
holders and finally, Cutterhead structure, 
as back up plan to reduce quantity and 
frequency of interventions.

• Cutterhead displacement in the direction of 
mining to achieve a real control of the axial 
thrust in the main bearing, which in turn, 
minimizes the risk of Cutterhead damages 
and face instability.

• Soil conditioning has been developed 
together with the most reliable worldwide 
companies specifically to reduce the friction 
when mining and therefore, the wear of 
exposed surfaces.

Furthermore, our two in-line screw conveyor system 
will be capable of digesting up to 3 ft boulders.

• Screw conveyor #1 is a ribbons screw 
Ø1,200 mm to swallow up to 900 mm 
diameter boulders.

• Screw conveyor #2 is a shaft screw Ø1,800 
mm, to ensure a proper control of the 
pressure in the face and of the flow of 
material coming out of the Cutterhead.

To make sure that no boulders reach the TBM 
conveyor belt system, a separation box with an 
opening will separate those boulders with no risk 
either for the crews nor for the system itself. That 
way, there will be no need to get out to the pressure 
plenum to chip out boulders, reducing the quantity 
and frequency of interventions.

In addition, the election of an EPB machine as 
the most suitable machine for this Project releases 
us of the need to install a rock crusher inside the 
excavation chamber, necessary if a Slurry Machine 
option were selected. Our former experiences say 
that this kind of device set up inside the excavation 
chamber is an additional source of problems and 
additional intervention to perform maintenance and 
reparations, beyond the pressure fluctuation that 
those crashers may cause in the plenum.

Safe Havens at the Beginning  
of the Alignment
It is well known that the first portion of the alignment 
is the most risky to stop TBM production because of 
the shallow excavation as well as the poor soils and 
human filling above the alignment.

To mitigate that risk and to avoid the need of high 
pressure interventions in that challenging area, with 
plenty of utilities and even the existing portion 
of the viaduct in operation, STP will perform an 
ambitious ground improvement plan, including three 



TUNNEL

SECTION 5.3, PAGE 32

ProPosal – sr 99 Bored Tunnel alTernaTive 

Safe Havens (ground improved block) to be able to 
execute interventions either at atmospheric pressure 
or at least at a lower range of pressure than needed 
with no additional treatments. 

Other Features
Furthermore, other TBM design features, means 
and methods of operation that STP will employ 
to minimize schedule delays associated with 
maintenance and repair, most of them based on 
former experiences, will be as follows:

a)  The most skilled crews consisting of 
manufacturer mechanics, electricians and TBM 
operators, our own technicians and the best 
local crews’ expertise in tunneling with EPB 
machines and trained by manufacturers and our 
own personnel on site.

b)  A preventive maintenance policy listed in our 
Maintenance Plan as the only way to ensure the 
continuous operations of both the TBM and its 
ancillary equipment.

c) Interventions Plan: the safest way to make 
sure the project happens on time and budget 
according to our successful former experiences 

in similar projects. A minimum of 19 
interventions are anticipated to ensure a proper 
control of the Cutterhead, minimizing long 
TBM shutdowns to fix and eventually refurbish 
worn out Cutterhead structure.

d)  Large storage on site of spare parts which 
will exceed the recommendation of the 
Technical Requirements, based on our former 
experiences. Not only the TBM but every single 
major piece of equipment will have a proper 
stock of spare parts either on site or out in the 
Manufacturer facility to cut down lead times in 
the event those parts are needed.

Excavation of the recent projects in Spain, such 
as the South tunnel of the South by-pass on the 
M30 project in Madrid, (Ø49.25 ft EPB machine), 
Barcelona Metro Line 9 (Ø39.4 ft EPB machine), 
Seville Metro Line 1 (Ø24 ft EPB machine), Madrid 
Subway & MetroSur tunnels (3 Ø30.8 ft EPB 
machines) and local projects like Brightwater West 

Conveyance (Ø15.4 ft EPB machine) has 
confirmed that both the excavation speed 
and the wear of the cutting tools is related 
to the existing ground conditions, as well 
as the selection of proper equipment and 
the operation by the most skillful crew.

The main lesson learned in all those projects was 
that to perform and deliver the SR 99 Bored Tunnel 
ahead of time and within budget, the speed of mining 
of the TBM will have to be adapted at any time to 
the existing ground conditions, reducing the need 
of interventions and preserving the condition of the 
Cutterhead structure and tools holders for the entire 
Project.
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5.4 Structures and Utility Deformation  
Assumptions and Design Parameters
STP completed an independent evaluation of the 
potential impact of tunneling-induced ground 
deformations using the same empirical approach 
that WSDOT used, but with our own interpretation 
of soil parameters along the alignment. In addition, 
STP performed a more detailed analysis, using 
modified empirical and numerical methods, to further 
assess risk of tunneling on selected buildings and  
other structures.

The methods STP used include:
• Empirical analysis of free-field, tunneling-

induced ground movement, which assumes 
that (1) the surface deformation corresponds 
to a transverse settlement trough and 
(2) the transverse settlement trough can 
be described by a Gaussian distribution 
curve, where the total volume of ground 
displacement corresponds to an estimated 
volume loss coefficient, VL.

• Tunnel-pile interaction analysis that 
assesses the potential increased settlement, 
compared to free-field deformation, due to 
a redistribution of the skin friction along the 
pile and changes in the pile tip resistance.

• Numeric modeling using 3-D analysis 
(FLAC3D) that considers the effect of the 
advancing TBM and the effect of the TBM 
face pressure on the potential settlement of 
selected structures.

In some areas, STP found the analysis presented 
in the SR 99 Bored Tunnel Alternative, Design-
Build Project, Technical Requirements Appendices 
S1 to S14 did not adequately indicate the potential 
risk to buildings, utilities, and other structures. In 
other areas, STP predicted lower values of VL than 

WSDOT estimated and a corresponding lower risk of 
deformations that could damage buildings, utilities, 
and other structures.

These differences led STP to develop our own 
approach to analyze and mitigate potential settlement 
related damage. STP also developed estimates 
of face pressure required to reduce ground loss, 
considering different geotechnical conditions along 
the alignment, and has made sure that the proposed 
TBM has the capability of controlling ground 
movements that could lead to increased deformations. 
Sections 5.4.1 through 5.4.3 discuss the analysis 
and predicted deformations affecting structures and 
utilities. Section 5.5 discusses proposed mitigation 
to manage ground deformations.

5.4.1 Ground Deformations
The Geotechnical Baseline Report (GBR) presents a 
profile that shows the different types of soils WSDOT 
anticipates along the tunnel bore alignment. WSDOT 
based this profile on the results of soil borings 
detailed in the Geotechnical and Environmental Data 
Report (GEDR) and other information. Although the 
GBR indicates soils along the alignment will vary, 
WSDOT assumed a uniform volume loss parameter 
(VL) when assessing anticipated tunneling induced 
settlements.

STP reassessed geologic and engineering conditions 
along the profile using information provided in the 
GEDR, as well as results of soil borings, geotechnical 
field and laboratory tests, and groundwater 
monitoring for other projects near the alignment. 
Sections 5.1.1 and 5.1.2 discuss these reassessments.
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Summary of the Approach Used to 
Estimate Ground Deformations
Initially, STP divided the proposed tunnel alignment 
into reaches based on soil conditions and depth 
of cover considerations specific to the settlement 
analyses. We performed a subsequent, more detailed 
deformation analysis using selected soil parameters 
for sections taken every 100 feet along the tunnel.

STP based our ground deformation 
analysis on the process used to successfully 
predict the actual ground deformation 
for the Jubilee Line Extension Tunnel in 

London (Burland, Standing, & Jardine, 2001) and 
other successful tunnels. This analysis consisted of 
three phases: preliminary assessment, second stage 
assessment, and detailed evaluation and analysis.

Preliminary Assessment
We calculated ground surface settlements in 
greenfield conditions (the building’s stiffness is 
not considered) based on (1) volume loss and (2) a 
settlement trough estimated by an inverted Normal 
Gaussian curve (i.e., inverted bell shaped curve 
(Mair, Taylor, & Burland, 1996). The values of the 
volume loss used to estimate settlements are those 
given by the methodology explained in Section 5.1.3.

As an initial screening for all buildings along the 
alignment, we only considered buildings to be at 
risk if they fell within the estimated width of the 
settlement trough. Buildings that lie completely 
outside the settlement trough will not suffer damage, 
and we did not analyze them further.

For buildings with shallow foundations, we 
considered buildings to be at risk of potentially 
suffering significant damage, if the maximum 
settlement and building distortion estimated from 
the settlement trough exceeds 0.4 inch or 1/500, 
respectively (Jubilee Line Extension criteria). The 
maximum settlement and building distortion are 
based on the shape of the settlement trough and 
magnitude of maximum predicted settlements. These 

criteria are consistent with WSDOT’s deformation 
criteria for buildings not requiring advance 
mitigation. Buildings with shallow foundations that 
do not exceed these criteria will suffer negligible 
damage and we did not analyze them further.

For buildings with deep foundations, we consider 
buildings to be at risk of potentially significant 
settlements when the volume loss is anticipated 
to exceed about 0.5 percent, based on published 
research (Jacobsz, Standing, Mair, Hagiwara, & 
Sugiyama, 2004). Buildings estimated to exceed 
these criteria require further analysis (second stage 
assessment). Buildings with deep foundations that 
do not exceed this criterion will suffer negligible 
damage, and we did not analyze them further.

Second Stage Assessment
We calculated the vertical and horizontal deformations 
tunneling causes in greenfield conditions using the 
procedure proposed by Mair, Taylor, & Burland, 
1996 at the appropriate depth for shallow or deep 
foundations. We considered that ground settlements 
at foundation depth are transmitted directly to the 
building’s foundation, and the building’s foundation 
follows the ground settlements. This approach 
is conservative because it does not consider the 
building’s stiffness.

We calculated the angular distortion and the  
horizontal strains tunneling causes in greenfield 
conditions using the vertical and horizontal 
settlements at the appropriate foundation depth. We 
used these values to predict the damage suffered by 
the building using the same method WSDOT used 
for the RFP (Boscardin & Cording, 1989).

Detailed Evaluation and Analysis 
We analyzed buildings with shallow foundations using 
the equivalent beam method (adopted by Burland 
& Wroth, 1974), where the building is represented 
by a rectangular beam which is assumed to follow 
the foundation level ground displacements caused 
by tunneling. The displacements were calculated 
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in accordance with the greenfield site assumption 
(interaction with the building is not considered) 
and the estimated volume loss. The damage to the 
building is assessed relative to the limiting tensile 
strain obtained in the analysis. We also considered 
the approach by Potts & Addenbrooke (1996 and 
1997) in which the building’s stiffness is taken into 
account in the calculation of the point of inflection.

We numerically modeled buildings with shallow 
or deep foundations using the 3-D modeling 
program FLAC3D. We used these models to re-
evaluate potential damage to select at-risk buildings 
with and without mitigation measures. This 3-D 
numerical modeling is the most sophisticated 
analysis methodology available and accounts for 
TBM operation, lining installation, soil structure 
interaction, and foundation response. In this method, 
the actual tunneling and liner installation is modeled 
and, thus, volume loss is generated by the model 
itself. This volume loss was in general agreement 
with STP’s volume loss methodology used in the 
previous analyses.

STP estimated the amount of ground loss, VL, 
which could occur as part of our evaluation of 
settlement potential. Section 5.1.3 discusses STP’s 
analysis of VL. Section 5.5 discusses implementation 
of construction measures to control potential 
settlements.

Method Used for Initial Estimate of 
Ground Deformations
STP used our own estimated values of VL for 
different conditions along the alignment to provide 
an initial estimate of ground deformations. Section 
5.1.3 discusses these conditions and STP’s analysis 
of VL. STP’s analysis considered soil types at the 
level of the tunnel and within 1 tunnel diameter 
above the crown; as well as the ratio of soil cover 
over the tunnel crown, to the diameter of the tunnel. 
STP used site-specific values for VL taken every 100 
feet along the bored tunnel alignment to determine 
the maximum settlement.

STP estimated the geometry of the settlement trough 
using the same method as WSDOT, except where 
the depth of cover over the tunnel crown exceeded 1 
tunnel diameter. In this case, STP used an accepted 
method (Clough & Schmidt, 1981) that provides a 
more realistic estimate for a large diameter tunnel. 
This method estimates the settlement trough 
geometry as a function of depth of cover, tunnel 
diameter, and soil type (granular or cohesive).

Figure 5.4-1 shows the differences 
between the settlement trough width 
estimated by WSDOT and that estimated 
by STP. STP’s settlement trough width 

is similar to WSDOT’s at the south and north ends 
of the tunnel alignment, but generally narrower in 
the central portion of the tunnel. While a broader 
settlement trough may seem more conservative, a 
wider trough width for the same volume loss results 
in lower deformations and lower ground distortions. 
For the same volume loss, a narrower trough width 
results in higher deformations and higher ground 
distortions. Thus, STP’s method, which produced 
a similar or narrower settlement trough width 
compared to WSDOT’s baseline analysis, reduces 
risk to WSDOT. 

STP’s results show more deformation at the south 
and north ends of the tunnel, but less deformation 
through the central portion of the SR 99 Bored 
Tunnel alignment where the volume loss is lower. 
The results of STP’s analysis show the importance 
of using site-specific parameters to determine the 
volume loss parameter, VL, along the alignment. 
Figure 5.4-2 illustrates the impact of the VL value on 
the maximum settlement at the center of the trough. 
STP compared the VL values we developed to the 
uniform VL value assumed by WSDOT.

STP’s independent analysis of settlement indicates 
higher deformations at the south and north ends of 
the tunnel than anticipated by WSDOT’s baseline 
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analysis. Thus, STP anticipates a higher risk of 
damage to structures and utilities in these areas than 
anticipated by WSDOT. 

STP’s deformation analysis also anticipates less risk 
of damage to structures and utilities due to ground 
deformation through the central portion of the 
tunnel, where settlements are lower than anticipated 
by WSDOT. The STP analysis shows that fewer 
intrusive, advance mitigation measures, which 
carry their own risks to implement, are necessary in  
this area.

Figure 5.4-3 shows the contours of the estimated 
settlements determined by STP, and Figure 5.4-4 
shows the contours of horizontal ground deformation 
at the ground surface. Appendix D includes 
supporting information.

Evaluation of Potential Impacts 
to Buildings Due to Ground 
Deformations
STP screened all the buildings within the zone of 
potential settlement using industry recognized methods.

Preliminary Assessment
We identified the buildings with shallow foundations 
and other structures and utilities that (1) were 
estimated to settle less than 0.4 inch and (2) have 
an estimated angular distortion, because of ground 
deformations, of less than 1/500. These buildings, 
other structures, and utilities are not at risk of damage 
because of tunneling. 

We also determined buildings and other structures 
and utilities with deep foundations that would be 
impacted by volume losses of less than 0.5 percent 
not to be at risk of damage because of tunneling. 
We generally did not subject these structures and 

utilities to further analysis. These settlement and 
angular distortion criteria agree with WSDOT’s 
deformation criteria for buildings that do not require 
advance mitigation. Figure 5.4-5 shows the results of 
STP’s assessment of buildings. The results of STP’s 
initial screening indicated that potential risk of 
damage from ground deformation would affect 
47 buildings.

Second Stage Assessment
STP then proceeded to a second level of analysis 
for these 47 buildings. We calculated vertical and 
horizontal deformations at the foundation depth 
for shallow foundations and at 70 percent of the 
foundation depth for deep foundations (Dimmock, 

Mair, & Standing, 2002). In this second 
stage analysis it is important to analyze for 
the settlements at depth because the surface 
settlement trough at depth is narrower but 
has larger settlements.

By using ground deformations at the actual 
foundation elevation, STP’s analysis is more 
realistic and thus produces lower risk to WSDOT 
and other stakeholders. (The report included in 
Appendix D summarizes real case history data and 
centrifuge studies that have been accomplished 
to predict behavior of deep foundations subject to 
ground deformations due to tunneling.)

We used the buildings’ angular distortions and 
horizontal strain to estimate the risk of damage 
according to the same damage assessment 
methodology used by WSDOT for the RFP 
(Boscardin & Cording, 1989). Table 5.4-1 provides 
the risk categories and associated degree of 
building damage.
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Figure 5.4-1. Comparison of the STP and WSDOT 
Estimated Settlement Trough Widths along the SR 99 
Bored Tunnel Alignment.

Where greater than one tunnel diameter of cover, STP used method
appropriate for large diameter tunnels.*

.

*Clough and Schmidt, 1981

Figure 5.4-2. Comparison of the STP and WSDOT 
Estimated Maximum Ground Surface Settlement along 
the SR 99 Bored Tunnel Alignment.
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Figure 5.4-3. Contour of the STP Estimated Settlement 
at the Ground Surface along the SR 99 Bored Tunnel 
Alignment.

Contour of settlement in inches
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Figure 5.4-4. Contours of the STP Estimated Horizontal 
Deformation at the Ground Surface.

Contour of horizontal deformation
toward tunnel centerline in inches
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Figure 5.4-5. Results of the STP Preliminary, Secondary 
and Detailed Building Assessments for the SR 99 Bored 
Tunnel.
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STP determined that buildings with risk category 
2 (slight damage) or less (very slight to negligible 
damage) did not need further analysis. Buildings 
in category 3 (moderate damage) or higher (severe 
to very severe damage) were subject to further 
assessment using detailed analyses. Table 5.4-2 
presents the results of STP’s secondary assessment 
of buildings and shows only five buildings were at 
risk of damage and required detailed analysis.

Detailed Evaluation and Analysis 
STP performed detailed analysis of buildings T055 
and T057, which have shallow foundations and 
which are at risk of damage based on the secondary 
assessment, using the equivalent beam analyses. 
Equivalent beam analysis provides a more rigorous 
assessment of the response of the building foundation 
to ground deformation, accounting for the stiffness 
of the foundation. It also accounts for soil-structure 
interaction and yields a limiting tensile strain. We can 
use this analysis to assess risk categories and degree 
of damage. STP also performed a 3-D numerical 
analysis of building T055.

For the buildings with piled foundations the 
equivalent beam analysis is not applicable, and 
we performed only a 3-D numerical analysis. We 
performed a 3-D numerical analysis on buildings 
T251 and T252 (single model with both buildings). 
Because of the effort required to perform the 3-D 
analysis, we did not perform an analysis of building 

A161. Building A161, however, is adjacent to 
buildings T251 and T252, though at less risk of 
damage. We considered the results of the T251 and 
T252 model in final assessment of A161.

The results of the detailed analysis indicated a lower 
risk of damage than estimated in the secondary 
assessment. It is STP’s opinion, however, that we 
should conservatively interpret the results of the 
detailed analyses since the precise details of the 
existing state of the buildings cannot be accurately 
accounted for in the model.

In summary, STP’s analysis indicates five buildings 
are at potential risk of damage and should have 
advance mitigation: A161, T251, T252, T055, and 
T057. Additionally, STP qualitatively considered 
the location and historic status of building A160 and 
the proximity of building A159 to the potentially at-
risk building A161, and determined that these two 
buildings should also be mitigated in advance to 
reduce risk of potential damage to these structures.

Section 5.5 discusses proposed mitigation to protect 
these buildings from potential damage because of 
ground deformations.

Risk  
CategoRy

DegRee of  
Damage

DesCRiption of  
typiCal Damage

0 Negligible Hairline cracks.

1 Very Slight Fine cracks easily treated during normal renovation.

2 Slight Fine cracks easily treated during normal renovation.

3 Moderate Cracks easily filled. Several slight fractures inside building. Exterior cracks visible.

4 Severe Extensive repair involving removal and replacement of walls, especially over doors and 
windows. Windows and door frames distorted. Floor slopes noticeably.

5 Very Severe Major repair required involving partial or complete reconstruction. Danger of instability.

Table 5.4-1. Damage Risk Classification developed 
by Boscardin & Cording (1989).
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BuilDing 
Designation aDDRess tunnel  

station
HistoRiC 
status

footing 
style

seConDaRy 
assessment 
– at Risk of 

Damage?

DetaileD 
analysis –  
at Risk of 
Damage?

aDvanCe 
mitigation 
RequiReD?

A160 1 Yesler Way 212+19 Yes Shallow No No

T252 619 Western Avenue 214+65 Yes Deep Yes Yes Yes

T251 61 Columbia Street 215+70 Yes Deep Yes Yes Yes

A161 809 Western Avenue 217+75 No Deep Yes Yes Yes

T216 1301 1st Avenue 233+32 No Shallow No No

T218 1300 1st Avenue 233+74 No Shallow No No

T215 1315 1st Avenue 234+13 No Shallow No No

T217 1301 2nd Avenue 235+34 No Shallow No No

T205 98 Union Street 236+26 No Shallow No No

T209 110 Union Street 237+67 No Shallow No No

T208 1412 1st Avenue 238+86 No Shallow No No

A138 2132 2nd Avenue 260+07 No Shallow No No

T126 2133 3rd Avenue 260+65 No Shallow No No

A136 2316 4th Avenue 261+12 No Shallow No No

A135 2208 2nd Avenue 261+63 No Shallow No No

T116 2132 3rd Avenue 261+74 No Shallow No No

A134 2214 2nd Avenue 262+00 No Shallow No No

T106 306 Blanchard Street 263+03 No Shallow No No

A129 2221 3rd Avenue 263+26 No Shallow No No

T109 2201 4th Avenue 263+98 No Shallow No No

A128 2226 3rd Avenue 264+82 No Shallow No No

T108 2219 4th Avenue 265+01 No Shallow No No

A126 2230 3rd Avenue 265+32 No Shallow No No

T107 2225 4th Avenue 265+89 No Shallow No No

A123 304 Bell Street 266+34 Yes Shallow No No

A120 314 Bell Street 267+15 No Shallow No No

A122 2312 3rd Avenue 267+54 No Shallow No No

A119 2313 4th Avenue 268+05 Yes Shallow No No

T089 2302 4th Avenue 268+25 Yes Shallow No No

A118 2321 4th Avenue 268+49 Yes Shallow No No

T088 2306 4th Avenue 268+73 No Shallow No No

Table 5.4-2. Assessment of Buildings Exceeding 
Primary Assessment Criteria.
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Table 5.4-2. Assessment of Buildings Exceeding 
Primary Assessment Criteria. (continued)

BuilDing 
Designation aDDRess tunnel  

station
HistoRiC 
status

footing 
style

seConDaRy 
assessment 
– at Risk of 

Damage?

DetaileD 
analysis –  
at Risk of 
Damage?

aDvanCe 
mitigation 
RequiReD?

A116 2325 4th Avenue 268+96 No Shallow No No

T087 2316 4th Avenue 269+11 No Shallow No No

T086 2318 4th Avenue 270+18 Yes Shallow No No

T090 2335 5th Avenue 270+22 No Shallow No No

A114 2400 4th Avenue 272+67 No Shallow No No

T077 521 Wall Street 274+91 No Shallow No No

A110 500 Wall Street 276+72 No Shallow No No

A167 500 Wall Street 277+48 No Shallow No No

A108 566 Denny Way 280+18 No Shallow No No

T066 600 Denny Way 280+69 No Shallow No No

T065 120 6th Avenue N. 282+80 Yes Shallow No No

A166 567 John Street 282+48 No Shallow No No

A106 203 6th Avenue N. 284+80 No Shallow No No

A105 221 6th Avenue N. 285+20 No Shallow No No

T057 200 6th Avenue N. 285+20 No Shallow Yes Yes Yes

T055 605 Thomas Street 287+05 No Shallow Yes Yes Yes

 

Evaluation of Potential Impacts  
to Other Structures Due to  
Ground Deformations
STP reviewed the WSDOT analyses of the 
other structures performed for the RFP, giving 
consideration to the differences in volume loss 
estimated by STP and WSDOT. STP also used the 
methods described previously to further assess the 
potential ground deformations that could impact 
other structures along the alignment.

Through these reviews and analyses, we considered 
both the depth of various structures and utilities, 
such as the Elliot Bay Interceptor (EBI), and the 

depth (tip elevation) of pile foundations (e.g., 
the Alaskan Way Viaduct). The depths have a 
pronounced effect on magnitude of settlement and 
the width of the settlement trough, compared to the 
greenfield estimate of surface deformation. STP 
found both case history and model study results that 
demonstrate that the settlement trough is narrower 
and the magnitude of deformation is increased at 
the elevation of the buried structures. Conversely, 
the width of the settlement trough is wider and the 
deformations are smaller at the ground surface above 
the tunnel.
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Alaskan Way Viaduct 
STP’s analysis of the Alaskan Way Viaduct 
determined that even where overall settlements or 
angular distortion is not likely to cause damage to 
specific bents, there is some potential that differential 
settlement could induce non-uniform strains and 
lower the stiffness of the structure. The analysis 
considered portions of the Alaskan Way Viaduct 
that we know the Nisqually earthquake damaged, as 
well as potential for other portions of the structure 
having extreme sensitivity, but where WSDOT has 
not identified damages.

STP separated Alaskan Way Viaduct bents into 
categories based on pile geometry relative to the 
zone of influence (i.e., the area subject to potential 
ground deformations because of tunneling).

• Bents 101 through 116 have pile tips outside 
the zone of influence.

• Bents 92, 93, 94, 99, and 100 have the pile 
tips of one pile group within the zone of 
influence, but piles on the opposite side of 
the bent are outside the zone of  
ground movement.

• Bents 95 through 98 have the tips of the 
piles of both bents within the zone  
of influence.

STP then applied several analytical methods to 
better address the potential deformations because 
of tunneling, including a 3-D numerical analysis of 
Bents 92 to 104 to analyze the effects of the tunnel 
crossing under the Alaskan Way Viaduct. Based on 
our analyses, we anticipate maximum differential 
settlements between the east and west pile groups of 
each bent to be less than an inch where the Alaskan 
Way Viaduct parallels the proposed tunnel, including 
Bents 101 to 116. 

We expect differential settlements greater than an 
inch where the tunnel passes under the Alaskan Way 
viaduct, involving some or all of Bents 93 to 100. 
Based on the result of these analyses, STP developed 
mitigation plans to protect the Viaduct structure 

from differential ground movements, as discussed in 
Section 5.5. Structural reinforcement of the viaduct 
is considered by STP in Bents 93 to 100.

Other Structures
STP also addressed the potential for ground 
deformations to adversely impact the “Other 
Structures” that are located along the proposed tunnel. 
These include the Alaskan Way Seawall, various 
tunnels (i.e., Pike Street Adit, BNSF Rail Tunnel, 
Elliot Bay Interceptor (EBI), Battery Street Tunnel), 
and various elevated structures (i.e., Columbia St. 
On-Ramp, Marion Street Pedestrian Bridge, Seneca 
Street Off-Ramp, and the Monorail). We based our 
assessment on a review of the assessments WSDOT 
provided in the RFP for a volume loss of 0.5 percent, 
and on consideration of STP’s estimates of volume 
loss that are based on conditions at the location of 
each structure.

WSDOT found there is no risk of damage, because 
of tunneling, to the Alaskan Way Seawall and the 
various elevated structures noted above. For these 
structures, STP’s volume loss was 0.5 percent or 
less. STP, therefore, confirms WSDOT’s assessment.

For the tunnels the SR 99 Bored Tunnel will pass 
under, STP scaled the deformations predicted in 
WSDOT’s assessment for 0.5 percent, to the volume 
loss STP predicted based on conditions that vary 
along the alignment. Since the STP estimates of VL 
were less than the 0.5 percent assumed by WSDOT 
at these locations, STP found that settlement and 
potential impact on these tunnels would be negligible. 
As Section 5.5 describes, however, STP has provided 
contingent mitigation measures for these tunnels 
in the event monitoring indicates unanticipated 
deformations occur. Proposed mitigation for all of the 
other structures will include consistent construction 
practices and monitoring. Section 5.5 discusses  
these practices.

Table 5.4-3 summarizes STP’s analysis of ground 
deformations for these structures. Appendix D 
presents the complete analysis.
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Evaluation of Potential Impacts to 
Utilities Due to Ground Deformation
Similar to the analysis of Other Structures, STP 
reviewed the analysis of utilities that WSDOT 
performed for the RFP. We confirmed the 
methodology of WSDOT’s assessments. STP 
reanalyzed deformations of utilities WSDOT 
considered susceptible to damage, using our estimate 
of volume loss that varies based on specific conditions 
along the alignment. Based on our analysis, STP has 
identified a total of 41 water lines, 7 steam lines, and 
5 gas lines that are susceptible to potential damage 
at the north and south ends of the SR 99 Bored 
Tunnel alignment. Appendix D provides details 
on these utilities in the Deformation Mitigation 
Submittal. Section 5.5 discusses mitigation, repair, 
and replacement measures based on risk levels for 
these utilities.

5.4.2 Impacts of 
Deformations on Structures 
and Utilities
We expect the impacts of transient ground 
deformations on structures and utilities to be 
minimal along most of the bored tunnel alignment. 
Section 5.4.1 discusses the analyses STP performed. 
We expect, however, significant impacts near the 
south and north portals of the tunnel where project-
specific estimated VL values exceed 0.5 percent, and 
maximum settlements are on the order of an inch or 
more. See Figures 5.4-3 and 5.4-4 presented earlier 
in this section.

In relatively soft or loose soils, transient 
ground deformations may begin to occur 
when the TBM approaches within a 
distance of between 2 and 3 times the tunnel 

stRuCtuRe

appRoximate 
tunnel 
station

WsDot assessment
vl = 0.5%

stp site 
speCifiC vl (%) stp assessment

Alaskan Way 
Seawall

210+00 to 
213+00 No adverse impact 0.5 to 0.47 Confirmed

Pike Street Adit 241+00 > 1 inch settlement, potential 
overstress of concrete liner 0.2 <0.75 inch settlement,  

not at risk

BNSF Rail Tunnel 240+50 > 1 inch settlement, potential 
overstress of concrete liner 0.2 <0.75 inch settlement,  

not at risk

Elliot Bay 
Interceptor 256+50 > 1 inch settlement, potential 

overstress of concrete liner 0.2 <0.75 inch settlement,  
not at risk

Battery Street 
Tunnel 271+50 Risk of very slight damage 0.2 <0.75 inch settlement,  

not at risk

Columbia Street 
On‑Ramp 217+00 No adverse impact 0.45 Confirmed

Marion Street 
Pedestrian Bridge 219+50 No adverse impact 0.2 Confirmed

Seneca Street Off‑
Ramp 230+00 No adverse impact 0.2 Confirmed

Monorail 272+50 to 
274+90 No adverse impact 0.2 Confirmed

Table 5.4-3. Ground Deformations for Other Structures. 
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diameter. These soft or loose soils presently exist in 
the crown of the tunnel bore from the south tunnel 
portal to about Station 202+50. STP will mitigate 
these transient deformations, prior to tunneling, as 
part of the Start-up Segment at the south end of the 
SR 99 Bored Tunnel. Sections 5.2 and 5.5 discuss 
the Start-up Segment.

In very dense or hard soils, transient ground 
deformations may begin to occur within a 
distance of between ½ to 1 times the tunnel 
diameter ahead of the advancing TBM and 

within 1 diameter above in the advancing TBM. The 
tunnel will encounter very dense granular soils and 
hard, fine-grained soils over most of the alignment. 
STP will maintain adequate face pressure and grout 
around the tunneling shield and liner segments 
throughout the alignment. Stress release and strains 
will typically limit the transient deformations 
induced by the advancing TBM in these very dense 
or hard soils.

The stress relief in the ground will occur as the tunnel 
bore advances toward a particular location and will 
reach a maximum just past the rear of the tunnel 
shield. This illustrates the importance of timely 
placement of bentonite-derived grout around the 
shield, and timely placement of the Portland cement 
grout that fills the annular void around the liner 
segments behind the shield. Using these measures, 
as well as advancing the TBM with appropriate face 
pressure, STP expects that transient deformations 
will not affect utilities except possibly near the south 
and north portals. Section 5.4.1 describes these 
deformations and Section 5.5 discusses planned 
mitigation in detail.

In summary, we will mitigate potential adverse 
impacts of transient deformations on utilities through 
the following actions:

• Maintaining adequate TBM face pressure
• Grouting, both timely and effectively, 

around the tunnel shield and liner segments

• Monitoring TBM progress and effects
• Maintaining advance replacement of water 

mains as detailed in the ITP Appendix U-5
• Repairing gravity flow sewers to mitigate 

any sags that develop
• Addressing special requirements that PSE 

may develop based on its review of STP’s 
ground deformation analysis

• Implementing other measures, as needed

With the exception of the 3-D numerical modeling 
STP performed, our assessment of tunneling-induced 
ground deformations on structures and utilities 
discussed in Section 5.4.1 focused on estimates 
derived from the maximum settlements and the shape 
of the settlement trough transverse to the tunnel axis. 
These empirical analyses are conservative since 
they are based on the maximum ground deformation 
observed after the TBM is well past the structure or 
utility being analyzed. 

As discussed above, this settlement trough does not 
occur instantaneously but gradually develops, 
starting before the TBM reaches the structure or 
utility. The longitudinal deformations that develop 
ahead of the advancing TBM have a shallower slope 
and curvature and less than maximum settlements. 
Thus, STP’s analyses using the transverse settlement 
are conservative. In actual practice, lower values of 
settlement will likely be observed due to the effects 
of mitigation before the maximum deformations occur. 

5.4.3 Variations from 
WSDOT’s Assessments
STP has a refined approach to understand the risk of 
deformation and damage to adjacent structures. This 
refined approach is based on local soil conditions, 
national and international experience, and published 
procedures. 

Our approach yields a realistically conservative 
deformation mitigation strategy. The following is a 
summary of the key features of  STP’s analysis.
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Project-Specific Soils Information
STP’s analysis differs most distinctly from that of 
WSDOT in that STP uses project-specific information 
on soils that we will encounter at the tunnel face, and 
up to about 1 tunnel diameter above the tunnel face, 
to calculate the volume loss parameter VL along the 
alignment. Our estimated VL values vary with soil 
conditions and depth along the tunnel profile. We 
base these values on the experience of STP and other 
tunneling professionals with expertise in glacial and 
non-glacial soils. Section 5.1.3 discusses the method 
STP used to develop VL.

Shape of the Settlement Trough
STP used the methodology of Clough & Schmidt 
(1981) to estimate the shape of the settlement trough 
when the soil cover is greater than 1 tunnel diameter. 
STP’s assessment yielded a narrower settlement 
trough, which produces a trough with steeper slopes, 
higher curvature, and higher maximum settlements 
for a given volume loss when compared to the 
WSDOT approach.

Detailed Evaluation and Analysis 
STP performed a more detailed analysis than WSDOT 
did in preparing the RFP. The STP analysis included 
equivalent beam analysis to assess the potential 
risk of damage to buildings. Additionally, STP 
evaluated potential risk of damage to three buildings 
using state-of-the-art 3-D numerical models. These 
models account for TBM advance rate, tunnel 
liner construction, longitudinal development of the 
settlement trough, and soil structure interaction. 
(We also used these models to demonstrate the 
effectiveness of the proposed mitigation measures. 
See Section 5.5.) 

Selection of Soil Parameters  
to Reduce Risk
STP selected specific values of soil parameters to 
accomplish a ground deformation analysis that 
reduces risk to WSDOT and other stakeholders. 

In some cases, these design values differed from 
the baseline values the GBR presents, as discussed 
in Section 5.1. STP based these values on our 
engineering judgment and our extensive local 
experience. For example, STP limited values of 
the at-rest earth pressure in our 3-D numerical 
models based on a sensitivity analysis as well as our 
experience on other tunnels.

Additionally, STP used lower shear modulus values 
in 3-D modeling based on our tunnel modeling and 
local experience. Both of these modifications from 
the GBR values are specifically intended to avoid 
underestimating ground settlement. Section 5.1.3 
discusses the selected soil parameter values used in 
our analysis.

Conclusion
STP’s selection of site-specific geotechnical 
parameters and the additional ground deformation 
analysis are critical to the development of our 
design, construction operations plan, and settlement 
mitigation plans. Our VL approach is more 
conservative (and more realistic) than WSDOT at 
the north and south ends and is less conservative 
(but more realistic) in the central portion of the 
alignment. Our realistic yet conservative approach 
avoids potential delays and unnecessary risk of 
structural damage caused by unnecessary and 
intrusive structural mitigation.

Deformation Mitigation  
Submittal (DMS)
As stated previously in this section, STP conducted 
an evaluation of the potential impact of our proposed 
means and methods will have on adjacent structures 
and utilities. As a result, STP developed a set of 
structures and utilities requiring advance mitigation 
(i.e., Group A Structures/Utilities) and refined the 
mitigation concepts. WSDOT has approved STP’s 
DMS. Section 5.5 describes how our DMS will be 
the basis for STP’s mitigation plans.
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5.5 Measures to Manage Deformation

Three essential components act in concert to minimize 
the potential impacts of ground deformations caused 
by tunneling. These include:

• Maintaining adequate TBM face pressure;
• Grouting the annular spaces around the 

TBM and liner segments; and
• Continuous monitoring.

STP has determined that, by appropriately 
implementing these actions, only six 
buildings and a portion of the Alaskan 
Way Viaduct will need intrusive structural 

measures to minimize the potential effects of ground 
deformations.

Effective TBM Design and Operation
To effectively manage ground deformation, STP will 
select the appropriate TBM and operate the machine 
in a manner that accommodates expected ground 
conditions, as well as unanticipated variations in 
ground conditions. STP’s face pressure analysis 
defined the range of normal ground pressures that the 
TBM will need to maintain to minimize soil volume 
loss and control potential ground deformations. (See 
Section 5.1.4. for discussion on STP’s face pressure 
analysis.)

We will construct the TBM not only to 
accommodate these pressures as part of 
normal operations, but also to handle 
the much larger range of hydrostatic and 

earth pressures that we could possibly encounter. 
(See Figure 5.1-17 in Section 5.1.) We may also 
encounter these high pressures during maintenance 
interventions, although the effects of ground arching 
will typically prevent full, at-rest soil pressures from 
acting on the TBM.

STP Value: STP has specified technical requirements 
for the TBM and developed operational procedures 
that will reduce the risk of TBM complications 
during the tunnel bore. We based this on our analysis 
of the face pressure requirements and our thorough 
understanding of conditions along the alignment. 
Additionally, we added requirements for the TBM 
design to accommodate full hydrostatic and earth 
pressures, which will further reduce the risk for any 
potential ground settlement and minimize the impact 
of tunneling on structures and utilities.

Proactive Void Grouting
As explained in Section 5.3, tunneling 
causes annular voids around the tunneling 
shield and the liner segments immediately 
behind the tunnel shield, which can cause 
deformation and settlement if not properly 
addressed. STP will use a bentonite-based 
grout immediately behind the face of the 
TBM to reduce friction and to fill the 

annular void that results from the face of the TBM 
having a slightly larger diameter than the TBM shield. 
STP will use either a two-component or a Portland 
cement-based grout to fill the annular void around 
the liner segments just behind the TBM shield. In 
addition, secondary injection may be performed 
thoughout the TBM back-up to fill any empty spot 
detected during the inspections, if any.

STP Value: STP will continuously grout the annular 
void around the tunnel shield and the liner segments 
immediately behind the shield, reducing the main 
source of ground loss and subsequently the risk of 
ground settlement.
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Realistic, Continuous Monitoring
Monitoring tunneling operations and ground 
deformations will provide performance data that 
we can analyze in real time as tunneling proceeds. 
This will enable STP to adjust operation of the TBM 
to ensure that the advance rate corresponds closely 
with the muck removal rate. Potential adjustments 
will include modifying face pressure or adding water 
or conditioning agents to accommodate changes in 
the soil conditions.

Monitoring will also include pre-construction 
surveys, instrumentation, and post-construction 
surveys. STP will perform preconstruction surveys 
for all private and public structures, including utilities 
within the zone of influence of the tunnel bore and 
all other excavations. These surveys will include a 
photographic record of all preconstruction existing 
conditions, including cracks and other preexisting 
signs of distress or damage.

STP affirms the WSDOT requirements for the 
instrumentation and construction monitoring plan 
specified in the RFP. This plan will include monitoring 
all movements of the ground, groundwater level, 
buildings other structures, and utilities during and 

after construction. Specific monitoring locations for 
the SR 99 Bored Tunnel will include:

• Instrumentation for tunnel drive –  
Vertical Multiple Borehole Extensometer 
(MPBX), inclinometers, and near surface 
settlement points.

• Instrumentation at start of tunneling – 
Provide data pertaining to tunnel 
performance, tail void grout quantities, 
grout loss measuring, and resulting 
settlements. STP will evaluate and correlate 
this data.

• Instrumentation for buildings and 
structures – Structure monitoring points, 
crack gauges, tiltmeters, liquid level 
systems, and automated motorized total 
stations installed for specific buildings and 
structures.

• Utilities – Video inspection and utility 
settlement points for gravity sewers and 
drainage lines. Acoustic water main leak 
detection system and near surface settlement 
points for water lines.

STP will be responsible for the 
implementation of the instrumentation and 
construction monitoring program, which 
will be an integral part of the Construction 
Monitoring Task Force.
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Crews provided backfill grouting while the TBM 
was advancing during the Barcelona Metro Line 9 
project. After each precast segment lining ring was 
erected and bolted, the shield was slipped out and 
mortar was injected longitudinally to fill the annular 
gap, using the appropriate pressure and volume. 
The injection nozzles were mounted at the end of 
the tail shield, which is protected from mortar return 
by four rows of wire brushes filled with special 
grease. As an improvement on this method, STP will 
also inject pressurized bentonite between the TBM 
shield and natural ground, which will help us to keep 
volume loss values below the theoretical values.
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At the time of Substantial Completion, STP will 
perform post-construction surveys for all private 
and public structures, including utilities, within the 
zone of influence of the tunnel bore and all other 
excavations. Our Post-Construction Condition 
Survey Report will include a photographic record 
of all post-construction conditions, including cracks 
and other signs of distress or damage to document 
any changes in the condition of the structures.

If damage or change occurs to a structure or utility 
during construction, we will notify WSDOT 
immediately and STP will conduct additional 
surveys of the affected structure or utility.

STP Value: STP will continuously monitor and 
analyze performance data, which will enable us 
to quickly adjust or adapt our boring process to 
minimize risk to structures before it becomes an 
issue. Establishing pre-construction baselines and 
comparisons to post-construction reality assures 
WSDOT and stakeholders of the stability of our 
tunnel construction efforts.

Finally, STP will proactively manage 
deformations in specific locations as 
needed by compensation grouting, jet 
grouting for ground improvement, utility 
adjustments, and implementation of 
structural measures, including grade 

beams and micropile barrier walls. We discuss these 
measures more fully in the following sections.

STP Value: STP will proactively research, design, 
monitor, and adjust our efforts throughout the entire 
tunnel construction process, which will allow us to 
quickly identify and effectively manage and mitigate 
any issues. Our continual alertness will increase 
the effectiveness of our program and significantly 
minimize the risk of construction interruption or 
disruption to stakeholder operations.

5.5.1 Structures to Be 
Impacted by Tunnel Induced 
Deformation
STP has completed ITP Form T listing all Group A and 
Group B structures identified by WSDOT. WSDOT 
expects tunnel-induced deformation to impact only 
some of these structures. This form includes a 
description of our Deformation Mitigation Plan for 
each structure. Appendix E of this proposal, includes 
our Form T, along with other plans, sketches, and 
technical data.
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For the Barcelona Metro Line 9 project Dragados 
implemented a settlement alarm system to ensure 
that mitigation measures were applied if movements 
exceeded allowable tolerances. To date, the 
movements have never exceeded allowable 
limits. With the EPB TBM passing beneath several 
historical buildings, monitoring ground settlement 
was a high priority of the project. The tunnel was 
excavated in heterogeneous water bearing soil 
together with variable soil conditions that made 
predicting the behavior of the TBM face and ground 
consolidation-causing settlements a challenge.
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5.5.2 Advance Mitigation
We briefly describe our analytical process below as 
background to support our Deformation Mitigation 
Plan for the various structures. (See Appendix E, 
Form T.)

Buildings
WSDOT contract documents require mandatory 
mitigation to protect Group A structures and utilities 
at risk of damage from construction deformation, 
before and during construction. WSDOT also 
identified Group B structures and utilities that will 
require monitoring during construction and potential 
mitigation or repair. WSDOT provided allowable 
deformation tolerances, including limits for 
maximum settlement and angular distortion, when 
using compensation grouting and other mitigation 
methods.

STP performed an independent three-level analysis 
that evaluated the vertical and horizontal ground 
deformations to determine their impact on buildings 
within the influence zone of the tunnel bore. (See 
Section 5.4.) Our results differed from WSDOT’s 
0.5 percent estimated ground loss, VL, as discussed 
below.

• STP’s VL is generally higher near the south 
and north portals because of shallow ground 
cover and non-glacial granular soils. (See 
discussion in Section 5.1.3.)

 Accordingly, STP will provide a greater level 
of mitigation to protect the structures in these 
areas to minimize risk to WSDOT and other 
stakeholders.

• STP’s VL is much lower for the remaining 
stretches of the tunnel as a result of deeper 
ground cover and the glacially-overridden 
soils.

 Consequently, we anticipate less risk because 
of settlement in these areas.

Our conclusions:
• Severe to very severe damage (maximum 

tensile strain greater than 0.3 percent)
• Building T055 (Law Office / 

Lakeside Deli, Group B, east side of 
the alignment, north end)

• Moderate damage (0.15 < maximum tensile 
strain < 0.3)

• Building T057 (Travelodge Inn, 
Group B, east side, north end)

• Building T252 (Western Building, 
Group A, over the tunnel, scheduled 
to be demolished, south end)

• Building T251 (Polson Building, 
Group A, over the tunnel, south end)

• Building A161 (Commuter Parking 
Garage, Group A, partial over the 
tunnel, south end)

• Negligible damage (maximum settlement < 
0.4 inch; angular distortion < than 1/500)

• All other buildings within the 
influence zone

Based on our review of RFP documents 
and independent settlement analysis, STP 
proposes to reduce risk to WSDOT by using 
alternate mitigation measures for each of 
these buildings (except Building T252 that 
will be demolished), as described in Table 
5.1-1. The table also compares ground loss 

and maximum settlement estimates between the RFP 
and STP’s independent analysis.

Figures 5.5-1 and 5.5-2 show the plan view of the 
proposed mitigation measures. Figures 5.5-3 and 
5.5-4 show cross sections and typical details of the 
proposed mitigation measures.
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Figure 5.5-1. Plan View of the Proposed Mitigation 
Measures Near the South End of the Tunnel Alignment. 

Figure 5.5-2. Plan View of the Proposed Mitigation 
Measures Near the North End of the Tunnel Alignment. 
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Figure 5.5-3. Compensation Grouting Typical Section. Figure 5.5-4. Micropiles Wall Typical Section. 



TUNNEL

SECTION 5.5, PAGE 7

ProPosal – sr 99 Bored Tunnel alTernaTive 

Table 5.5-1. Proposed Alternate Mitigation Measures for Buildings.

BUILDING DESCRIPTION

VL (%) δMAX (")

MITIGATION MEASURES
ASSUMED  

IN RFP REVIEWED RFP REVIEWED

T252

Building at STA 
214+105;  
70.5' height

Founded on 
timber piles.

0.5 0.47 1.40 1.60

Assuming that pile cap follows the 
settlement caused at pile tip 
(conservative approach) the angular 
distortion would be: 

⇒ 1/5000.02
L
∆ Mitigation 

measures are 
necessary.

Due to the tunnel location under the 
building, a compensation grout shaft 
would have been necessary.

However, the building is severely 
damaged and will be demolished.

T251

Building at STA 
215+70;  
85' height

Founded on 
timber piles.

0.5 0.46 1.52 1.52

With the same assumptions:

⇒ 1/5000.02
L
∆ Mitigation 

measures are 
necessary.

Due to tunnel location under the 
building, a compensation grout shaft is 
necessary.

Located west to the tunnel, the shaft’s 
internal diameter will be 17' and its 
base will be at level –70' approximately. 
From this shaft, an array of drill holes, 
equipped with TAM every 2', covering 
a length between 150' – 200', will be 
performed at level –50'.

A161

Building at 
STA 217+75

Founded on 
timber piles, 
reinforced at 
the east side 
by longer 
micropiles. 

0.5 0.44 1.1 1.31

With the same assumptions:

∆ ⇒ 1/5000.0014
L

Mitigation 
measures 
are 
necessary.

Due to the building’s location over the 
tunnel, a compensation grout shaft will 
be performed on the west side taking 
into account the existing utilities.

The shaft will have an internal 
diameter of 17', will have its base at 
approximately level –70'. An array of 
drill holes 100' – 180' long, equipped 
with TAM’s every 2', will be performed 
at –50'.
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Table 5.5-1. Proposed Alternate Mitigation Measures for Buildings. (continued)

BUILDING DESCRIPTION

VL (%) δMAX (")

MITIGATION MEASURES
ASSUMED  

IN RFP REVIEWED RFP REVIEWED

A159

Building at STA 
218+85

Founded on 
timber piles, 
reinforced at 
the east side 
by longer 
micropiles.

0.5 0.2 0.8 0.37

Building A159 is just beside Building 
A161, and both buildings have a 
common wall founded on piles. The 
compensation grout shaft used for 
building A161 will also mitigate building 
A159.

T055

Building at STA 
287+05

Slab 
Foundation

0.5 0.77 2.2 4.28

∆ ⇒ 1/5000.004
L

Mitigation 
measures 
are 
necessary.

From the surface (east side), provide a 
micropiles wall (slope: 1:5) to the level 
25.

Approximate length: 80'. The micropiles 
installed with a drill of 6" (diameter) 
will have an external diameter of 4" 
and a wall thickness of 1/3. They will 
be separated by 1' and the caps will 
be connected by a reinforced beam 3' 
(width) x 2' (thickness).

T057

Building at STA 
285+20.

Slab 
Foundation

L shaped. It is 
not clear that 
the building 
will be affected 
due to its 
shape.

0.5 0.63 1.8 2.8

∆
⇒ 1/5000.002

L
Mitigation 
measures 

extended to building portion parallel to 
tunnel alignment.

Similar micropiles wall as described for 
T055 with a slope of 1:10 to level 110 to 
level 30, performed from the east side.
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BUILDING DESCRIPTION

VL (%) δMAX (")

MITIGATION MEASURES
ASSUMED  

IN RFP REVIEWED RFP REVIEWED

A160

Building at STA 
212+22

Foundation 
system 
unknown

Spread 
footings have 
been assumed 
for analysis 
purposes.

0.5 0.49 1.5 1.76

Although Building A160 will be included 
in the “Slight” damage category, 
mitigation measures will be provided 
due to its historic status.

From the surface (east side), perform a 
micropiles wall (slope: 1:5) to the level 
–60'.

Approximate length: 85'. The micropiles 
installed with a drill of 6" (diameter) 
will have an external diameter of 4" 
and a wall thickness of 1/3. They will 
be separated by 1' and the caps will 
be connected by a reinforced beam 3' 
(width) x 2' (thickness).

Table 5.5-1. Proposed Alternate Mitigation Measures for Buildings. (continued)
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The RFP includes Building A159 (Station 
218+64, Commuter Center Building) at 
the south end as a Group A building that 
requires the same level of mitigation 

as Building A161. STP’s analysis indicated that 
Building A159 will only suffer negligible damage 
and it would not require any advance mitigation 
measures. However, because the southeast corner of 
Building A159 is located directly above the tunnel 
bore, it shares a common wall with Building A161, 
and the building foundation is in poor condition, 
STP proposes to provide similar mitigation measures 
for Building A159 as for Building A161. In addition, 
STP proposes mitigation measures for Building 
A160 because of its historical status although the 
analysis indicated the building is in the “slight 
damage” category.

Among STP’s proposed mitigation 
measures, Buildings T251, A161, and 
A159 require compensation grouting at 
depths below the building foundation from 

a drilled shaft (which affirms WSDOT’s concept). 
Buildings T055, T057, and A160 require installation 
of a micropiles wall immediately adjacent to the 
buildings. The purpose of the micropile wall is 
to create a physical barrier to limit the settlement 
beyond the wall. STP performed a detailed FLAC3D 
analysis (Appendix D) for building T055 to confirm 
the equivalent beam analysis and to assess the 
deformation impact to the buildings using these 
mitigation measures. STP also performed a detailed 
FLAC3D analysis (Appendix D) for buildings T251 
and T252 that are pile supported. The analyses 
demonstrated that compensation grouting from shafts 
and the micropile wall are effective in mitigating 
settlement impact to these buildings.
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Alaskan Way Viaduct
In Appendix S8 of the RFP, WSDOT presented an 
analysis of potential differential settlement where 
the tunnel parallels or passes beneath the Alaskan 
Way Viaduct. In this vicinity Alaskan Way Viaduct 
foundation pile groups bear very close to or above 
the bored tunnel. WSDOT’s document also presented 
various potential settlement mitigation concepts 
to protect the Alaskan Way Viaduct, and potential 
imposed movements on the structural elements of 
the viaduct.

STP proposes to implement settlement mitigation 
measures, referred to as the South End Settlement 
Mitigation Plan (SESMP), described in Section 
5.2.8. The SESMP extends from Station 195+50 
north through Station 210+40. The SESMP consists 
of secant and isolated piles, ground improvement, 
Safe Havens, a structural slab to resist buoyancy 
and transverse isolation walls. These protective 
measures were chosen to protect the initial stretch 
of tunnel boring operations to safeguard the viaduct 
foundations and adjacent properties from potential 
ground movement.

The tunnel and the viaduct run approximately 
parallel between Bent 121 and Bent 102 of the 
Alaskan Way Viaduct. Near Bent 102 (located south 
of Washington Street) the alignment of the viaduct 
trends toward the west and crosses over the bored 
tunnel alignment. The alignment of the viaduct and 
bored tunnel begin to diverge near Bent 95. North of 
Bent 92 there is sufficient lateral distance between 
the viaduct and the bored tunnel to eliminate the need 
for consideration of bored tunnel induced ground 
movement on the viaduct.

Table 5.5-2  and Figure 5.5-5 outline our proposed 
mitigation plan for Alaskan Way Viaduct.
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Table 5.5-2. Alaskan Way Viaduct Ground Loss 
and Proposed Mitigation Measures.

NAME DESCRIPTION

VL (%)

MITIGATION MEASURES
ASSUMED 

IN RFP REVIEWED

ALASKAN 
WAY 
VIADUCT

Double decked 
viaduct located 
near portal south.

Ground constituted 
by recent granular 
deposits.

0.5

0.82 (B116)

0.82 (B115)

0.73 (B114)

0.73 (B113)

0.71 (B112)

0.71 (B111)

0.64 (B110)

0.63 (B109)

0.63 (B108)

0.61 (B107)

0.58 (B106)

0.58 (B105)

0.54 (B104)

0.54 (B103)

0.54 (B102)

0.54 (B101)

0.50 (B100)

0.50 (B99)

0.49 (B98)

0.49 (B97)

0.48 (B96)

0.47 (B95)

0.46 (B94)

• As can be seen, VL values are at the beginning higher 
than the assumed value (VL = 0.5%), decreasing with 
depth with i increasing.

• K is taken as 0.35, corresponding to granular 
materials.

• As mitigation measures:
• Bents 121 to 101: No remediation measures 

needed. Protected by the piled wall (secant or 
isolated piles) foreseen to increase safety in the 
first stretch of bored tunnel.

• Bent 100: No remediation measures needed. 
Protected by an extension 50' long of the East 
piled wall of South Portal.

• Bents 99 and 98: The tunnel is located East of 
these Bents. The remediation measures consist 
of performing micropile wall between tunnel and 
Bent in order to cut the settlement curve on AWV 
side.

• Bents 97-96: Due to the left curve of AWV, 
the tunnel locates between both bent piles, so 
affecting both in similar extent. As remediation 
measures, we propose 2 micropile walls 
V shaped in order to protect both footings. 
Moreover, both footings will be connected by 
a concrete beam to increase the structure 
stiffness.

• Bents 93, 94, 95: The tunnel is now located West 
of these bents. So, as remediation measure, 
a single micropile wall would be enough to be 
drilled from the West side of Bents. Although not 
strictly necessary, the connection beam between 
footings is maintained for safety reasons since 
bents 94 and 93 suffered large settlement in 
Nisqually earthquake.

• As structural reinforcement of the viaduct:
• External post-tensioning of the exterior 

crossbeams: Bent 94.
• Carbon Fibre-Reinforced Polymer (CFRP) 

wrapping to exterior longitudinal girders: Bents 
93 to 100.
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Bents 120 to 100 will be protected from tunnel 
induced ground movement by an isolated pile wall 
between the bored tunnel and Alaskan Way Viaduct. 
Bents 99 to 93 are positioned above or near the 
tunnel. Therefore, construction of an isolated pile 
wall is not possible due to the physical interference.

STP performed a FLAC3D analysis of Bents 104 
to 92, which considered the ground stratigraphy, 
to evaluate the effectiveness of several different 
settlement remediation measures for Bents 99 to 
93. This analysis, the results, and the conclusions 
are explained in STP’s Deformation Mitigation 
Submittal (DMS) which was approved by WSDOT 
on October 21, 2010.

In our analysis of the viaduct, STP took into 
account the demand to capacity ratios (D/C) defined 
by WSDOT to evaluate the need for structural 
reinforcement of the viaduct. Table 5.5.2 provides 
a summary of the ground loss and the proposed 
mitigation measures for the affected Bents which 
is shown in Figure 5.5-5. The conclusion of this 
analysis is summarized below:

• Bents 121 to 101. The proposed settlement 
mitigation structures at the south approach 

eliminate the need for reinforcement of the 
Alaskan Way Viaduct foundations or the 
structural elements of the viaduct in the 
stretch in which both tunnels and structure 
are parallel. The previously mentioned 
isolated pile wall on the east side of the 
tunnel will contribute to the reduction of 
tunnel induced ground movement between 
Bents 121 and 101. At these Bents the 
maximum anticipated differential settlement 
is almost negligible. (See Figure 5.5-6.)

• Bents 100 to 93. The pile caps of the 
east and west Bent foundations will be 
connected by a transverse reinforced 
concrete grade beam to increase the 
structure’s stiffness.

• Bents 99 to 94. Micropile walls will be 
used to isolate the pile supported Bent 
foundations from the effects of tunneling. 
(See Figure 5.5-7.)

• Structural reinforcement of the viaduct 
will consist of external post-tensioning at 
the cross beams of Bent 94 and application 
of carbon fiber-reinforced polymer to the 
exterior longitudinal girders of Bents 93 to 
100.Figure 5.5-5. Alaskan Way Viaduct Mitigation Plan. 

Grade Beam + Micropile Walls
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Figure 5.5-6. Alaskan Way Viaduct Protected By 
Isolated Pile Wall.
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Figure 5.5-7. Alaskan Way Viaduct Protected by Micropile Wall.
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Other Structures
In addition to Alaskan Way Viaduct, WSDOT 
evaluated settlement impacts to other structures in 
Appendix S, including the Battery Street Tunnel, 
Seattle Monorail, Seneca Street Ramp, Columbia 
Street Ramp, Marion Street Pedestrian Bridge, 
BNSF Tunnel, Elliot Bay Interceptor, Pike Street 
Adit Tunnels, Alaska Way Seawall, and Railroad 
Way Ramps. Based on a ground loss of 0.5 percent 
along the entire alignment, WSDOT concluded that 
grouting within tunnel would be required for the 
three Group A structures — BNSF Tunnel, Pike 
Street Adit and Elliot Bay Interceptor Tunnel.

STP performed an independent analysis that used 
varying values of ground loss along the alignment 
as described in Sections 5.1 and 5.4. Results of 
STP’s analysis indicated that no advance mitigation 
measures are necessary for these other structures. 
Table 5.5-3 provides a summary of ground loss and 
rationale used for the evaluation of settlement impact 
to these structures.

Utilities
WSDOT provided ground surface settlement limits 
for streets, sidewalks, and utilities, and identified 
maximum allowable levels of settlement. WSDOT 
designated as Group A utilities requiring advance 
mitigation measures. This includes 15 Seattle Public 
Utilities water lines that must be replaced with ductile 
iron pipes. Other utilities may require protection in 
place or adjustment following construction.

STP believes that WSDOT’s assumption of a 
single value of ground loss (0.5 percent) cannot 
adequately represent the varying conditions along 
the alignment. Accordingly, STP performed an 
evaluation of the settlement impact to the utilities 
using varying ground loss along the alignment. To be 
conservative, STP limited this evaluation based on 

volume loss values that are at least 0.2 percent, based 
on empirical data from other projects. (See Section 
5.1 for a description.) The results show an increase 
or decrease of the settlement with regard to the initial 
analysis by WSDOT.

Appendix S2 of the RFP considered that 
the following buildings will be susceptible 
to damage at the utility entry connection as 
a result of differential settlements between 
the building and the utility: T216, T222, 
T223, T234, and T243. STP’s analysis 
using the revised ground loss indicated 

differential settlements within an assumed allowable 
limit of 0.4 inch. Therefore, differential settlement 
for the utility connection at these buildings (Station 
221+00 to 233+00) would not be a concern. The 
expected differential settlement at Building T252 is 
higher than this assumed allowable deformation but 
WSDOT has decided to demolish Building T252.

Based on the risk level of the utilities defined 
in Appendix S2 of the RFP, STP proposes risk 
management actions as shown in Table 5.5-4.

STP’s analysis concluded that, for the most part, 
settlement mitigation consisting of maintaining 
appropriate TBM face pressures, grouting the annular 
voids around the tunnel shield and liner segments, 
and monitoring will adequately protect utilities along 
most of the alignment.  The King Street combined 
sewage outflow (KSCSO) is at Station 200+58 and 
will be temporarily re-routed. See Figure 5.5-7.

Tables 5.5-5a-d show STP’s estimated critical 
levels for each utility item. Critical level “0” means 
settlement values are within established limits of 
the damage criteria. All the utilities in the Start-up 
Section and the South Portal Ground Improvement 
and Deformation Mitigation Area will be temporarily 
re-routed and protected while the structure is 
constructed or while TBM is mining in the vicinity, 
regardless of the ground deformation calculated  
by STP.
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Table 5.5-3. Ground Loss and Proposed Mitigation Measures for Other Structures.

NAME DESCRIPTION

VL (%)

MITIGATION MEASURES
ASSUMED 

IN RFP REVIEWED

BATTERY 
STREET 
TUNNEL (BST)

21.00' long, 
constructed on 
1952 by C & C 
techniques.

Two exterior 
pile walls and 
a central one, 
supporting the 
roof beams.

Walls consisting 
of driven steel 
piles with varying 
depths.

Despite some 
corrosion signs, 
the structure 
is currently in 
a serviceable 
condition.

0.5 0.2 • When SR 99 tunnel crosses under BST, the 
overburden, mainly constituted by overconsolidated 
materials is, approximately 150' below grade till 
springline.

• The BST is an isostatic structure, which can 
assume differential settlements in the range of 1" 
without problems.

• Due to the low value of VL explained by the 
significant overburden of overconsolidated 
materials, the expected settlements would be in the 
range of 2.5 times less than the ones assumed in 
Appendix S-3.

• Consequently, as the settlement magnitude would 
be negligible, no mitigation measures are required, 
except those referring to a careful handling of TBM, 
which can be considered as a mitigation measure.

SEATTLE 
MONO-RAIL

Not continuous  
beams supported 
by columns 
spanned 68' to 
90', hammerhead 
shaped.

0.5 0.2 • Monorail is an isostatic structure which can 
undergo differential settlements of more than 1" 
without consequences.

• The impacts due to SR 99 tunnel are considered 
negligible in Appendix S-4 of RFP assuming a VL 
value of 0.5%. With the reviewed values, 2.5 times 
less, the settlements will be negligible.

• So, as in the S-4 analysis, mitigation measures 
are not required except those consisting of TBM 
handling.

SENECA 
STREET RAMP 
(SSR)

18' long approach 
span supported 
on a slab at 
grade and 
an abutment 
supported by 
10 augercast 
concrete piles.

0.5 0.2

• The movements caused by SR 99 bored tunnel will 
be negligible with the reviewed values of VL.

• As in the corresponding Appendix of RFP, 
mitigation measures are not needed.

COLUMBIA 
STREET RAMP 
(CSR)

Constituted 
by a series of 
simply supported 
spans, ranging 
between 60' to 
85'. Hammerhead 
shaped piers 
supported by 
40' and bearing 
concrete piles.

0.5 0.45 Given the values of assumed and reviewed VL the 
results will be nearly the same as obtained at RFP 
analysis where it was concluded that no mitigation 
measures are needed.
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NAME DESCRIPTION

VL (%)

MITIGATION MEASURES
ASSUMED 

IN RFP REVIEWED

MARION 
STREET 
PEDESTRIAN 
BRIDGE

Continuous 
structure.

0.5 0.2 • As the structure is continuous, theoretically it could 
be affected by differential settlements more than a 
discontinuous one.

• Despite this, the analysis made at RFP concluded 
that the structure can undergo the settlements due 
to SR 99 tunnel.

• In our case, with settlements 2.5 times less, it is 
evident that no mitigation measures are required.

BURLINGTON 
NORTHERN 
SANTA FE 
(BNSF)

Railway tunnel 
horseshoe 
shaped with a 
curved invert. 
All the structure 
is made of 
unreinforced 
concrete.

Construction 
joints exist along 
the tunnel which, 
consequently, 
cannot be 
considered as a 
continuous beam.

The BNSF tunnel 
is found to be in 
good condition 
with no signs 
of concrete 
deterioration.

0.5 0.2 • The analysis performed in RFP gives a maximum 
settlement value of 1.1".

• With the reviewed value of 0.2% (2.5 times less), 
this settlement is decreased till 0.44".

• Then, BNSF, which was found in good condition 
in RFP analysis, does not require any mitigation 
measures.

ELLIOT BAY 
INTERCEPTOR 
(EBI)

EBI is a round 
concrete tunnel 
with an inside 
diameter of 8'-6".

The thickness 
of the wall, and 
whether or not it 
is reinforced, is 
unknown.

Concrete is found 
to be in good 
condition with no 
settlement signs.

Construction 
joints.

0.5 0.2 • The maximum settlement found in RFP analysis 
is 1.7" which decreases till 0.68" with a VL value of 
0.2.

• The analysis based on a VL = 0.5 shows an 
overstress in tunnel lining (whether or not it is 
reinforced).

• However, with the settlement value obtained 
with the reviewed VL value, the stress increase is 
negligible and mitigation measures are not needed.

Ground Loss and Proposed Mitigation Measures for Other Structures. (continued)
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NAME DESCRIPTION

VL (%)

MITIGATION MEASURES
ASSUMED 

IN RFP REVIEWED

PÍKE STREET 
ADIT

Sewerage round 
concrete tunnel 
with an internal 
diameter of 8'-6" 
with a Techite 
pipe inside.

Thickness of 
wall is unknown 
as well as if it is 
reinforced or not.

Construction 
joints.

0.5 0.2 • The same as EBI, but with a maximum settlement 
of 1.3". With the reviewed VL value, the settlement 
is decreased till 0.52".

• Consequently, the stresses caused by bending 
are allowable by concrete, especially with the 
existing construction joints. Therefore, no mitigation 
measures are needed.

ALASKAN WAY 
SEAWALL

The southern 
section comprises 
2 types of 
construction.

The oldest, 161' 
of unreinforced 
concrete gravity 
wall supported on 
timber piles.

The second, 99' 
of pile-supported 
concrete 
sidewalk.

0.5 0.5 – 0.47 • RFP empirical analysis performed with VL = 0.5% 
(the same as the reviewed value) shows that the 
movements on the structures due to SR 99 tunnel 
“would not adversely impact the structural stability 
of the seawall structures.” Consequently, mitigation 
measures are not necessary.

Table 5.5-3. Ground Loss and Proposed Mitigation Measures for Other Structures. (continued)
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Table 5.5-4. Utility Protection Measures.
ALIGNMENT STRETCH UTILITY PROTECTION MEASURES

Begin Open Cut (SB-99) through  
195+50 (BT-99)

“U” SECTION, CUT-AND-COVER &  
TBM ASSEMBLY AND LAUNCHING PIT

The open cut excavations require relocation of all utilities within the 
footprint of the excavations. Public facilities will be adjusted as required 
by the contract in advance of secant pile installation.

195+50 (BT-99) through 210+35 (BT-99)

BORED TUNNEL 
SOUTH PORTAL  

GROUND IMPROVEMENT AND DEFORMATION 
MITIGATION AREA

The predicted settlement values are highest in this stretch of the 
alignment. A line of protection piles will be installed in this stretch to 
reduce the area subject to ground loss and resulting deformations. 
Structures and utilities on the outside of the line of piles are protected 
in place with this shoring concept. Utilities on the inside of the line of 
piles will be temporarily relocated or replaced with settlement tolerant 
materials in advance of tunneling activities. Utility protection measure 
required in RFP Appendix U5 will be implemented in conjunction with 
this pile protection plan. Protection of the large diameter SPU and 
King County sewer facilities will be accomplished through advance 
replacement with settlement tolerant materials using the piles for 
positive support.

210+35 (BT-99) through 218+00 (BT-99)

BORED TUNNEL

STP’s Smax:  
Varies from approx. 1.8 to 0.6 inch 

STP’s VL :Varies 0.5% to 0.2%

WSDOT’s Smax:  
Varies from approx. 1.6 to 1.2 inches 

WSDOT VL  = 0.5% 

Utility protection measures required in WSDOT’s RFP Appendix U5 will 
be implemented.

Utilities will be inspected prior to construction, monitored for settlement 
during the work, inspected during and after tunnelling and repaired or 
replaced as identified in the contract.

218+00 (BT-99) through 260+00 (BT-99)

STP’s Smax:  
Varies from 0.6 to 0.27 inch 

STP’s Minimum VL restricted to 0.2%

WSDOT’s Smax:  
Varies from approx. 1.6 to 1.2 inches 

WSDOT VL  = 0.5% 

Utility protection measures required in WSDOT’s RFP Appendix U5 will 
be implemented.

Utilities will be inspected prior to construction, monitored for settlement 
during the work, inspected during and after tunnelling and repaired or 
replaced as identified in the contract.

260+00 (BT-99) through 282+00(BT-99)

STP’s Smax:  
Varies from approx. 0.76 to 0.40 inch 
STP’s Minimum VL restricted to 0.2%

WSDOT’s Smax:  
Varies from approx. 1.5 to 0.55 inch 

WSDOT VL  = 0.5%

Utility protection measures required in WSDOT’s RFP Appendix U5 will 
be implemented.

Utilities will be inspected prior to construction, monitored for settlement 
during the work, inspected during and after tunnelling and repaired or 
replaced as identified in the contract.
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Deformation Mitigation Submittals
STP’s Deformation Mitigation Submittal was 
submitted and approved by WSDOT during the 
proposal development.

5.5.3 Plans, Sketches,  
and/or Technical Data
STP has accomplished a number of site-specific 
analyses during preparation of this proposal. We 
summarize our analyses in the text, tables, and 
figures of this proposal. In addition, we summarize 
this data below. Appendix E presents them as well.

Intecsa Document Transmitted June 30, 2010. 
Some Comments on Elasticity Modulus.
This document discusses values of Young’s modulus 
for various types of soils, the basis for the volume 
loss (VL) analysis used for estimating ground 
deformation, and presents preliminary estimates of 
VL for different engineering soil units (ESUs) that 
will be encountered in the tunnel bore.

Intecsa Document Transmitted July 16, 2010. 
Analysis of Face Stability.
This document discusses Intecsa’s analysis of face 
stability and presents both limit equilibrium equations 
and practical applications. The document discusses 
geotechnical conditions along the alignment and 
presents calculations for the range in TBM face 
pressures anticipated to control ground settlement.

Intecsa Document Transmitted July 21, 2010. 
Preliminary Settlement Assessment.
This document discusses the three stages of screening 
analysis that are used to determine the risk of damage 
to buildings and other structures caused by ground 
deformations. It explains the calculations used and 
tabulates predicted ground deformation conditions 
every one hundred feet along the tunnel alignment.

Intecsa Table Transmitted July 30, 2010. 
Buildings for Third Settlement Assessment.
This table summarizes results from the first and 
second level of screening and estimated degree of 
damage for buildings that are recommended for the 
third level of analysis.

ALIGNMENT STRETCH UTILITY PROTECTION MEASURES

282+00 (BT-99) through 288+00 (BT-99)

BORED TUNNEL

STP’s Smax:  
Varies from approx. 5.4 to 0.76 inch 
STP’s Minimum VL restricted to 0.2%

WSDOT’s Smax:  
Varies from approx. 2.85 to 0.55 inch 

WSDOT VL  = 0.5%

Utility protection measures required in WSDOT’s RFP Appendix U5 will 
be implemented.

Utilities will be inspected prior to construction, monitored for settlement 
during the work, inspected during and after tunnelling and repaired or 
replaced as identified in the contract. 

288+00 (BT-99)

CUT-AND-COVER

The open cut excavations require relocation of all utilities within the 
footprint of the excavations. Public facilities will be adjusted as required 
by the contract in advance of shoring wall installation.

Table 5.5-4. Utility Protection Measures. (continued)
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Figure 5.5-7. Proactive Meetings with Private Utilities. STP has 
met with many utility owners to review adjustment plans, become 
more knowledgeable about the operation and condition of the 
facilities, and discuss contingency plans. 
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SOuTh POrTAl GrOuNd ImPrOvEmENT ANd dEfOrmATION mITIGATION ArEA

6 SCl 26 kv Overhead Power

7 Port of Seattle Water Services

8 SPu Gravity Sewers

9 Private Gas facilities

10 Private Communication facilities

11 48” SPu, 30” & 42” King County Sewer

12 24” SPu Sewer

13 12” SPu Sewer

14 12” SPu Sewer

15 12” SPu Storm line

16 SPu Water main, Port Service

17 SCl 26 kv feeder line  
and vault #709

18 SCl 480 v Service

19 Private Gas facilities

20 Private Communication facilities

21 Not used

22 SPu Sewer

23 72” SPu Storm Outfall,  
24” CSO Outfall
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Intecsa Memorandum Dated August 5, 2010. 
Building Settlement Analysis.
This memorandum presents additional information 
used in the analysis of ground deformation along 
the alignment, and explains the basis for predicting 
impacts on buildings with deep, rather than shallow, 
foundations.

Intecsa Memorandum Dated August 16, 
2010. Alaskan Way Viaduct Settlement 
Analysis.
This memorandum presents the numeric analysis 
used to assess ground deformation and to design 
mitigation for specified bents where the viaduct is in 
close proximity to the proposed tunnel bore.

Intecsa Document Transmitted August 19, 
2010. Building Mitigation Measures.
This document consists of tables and supporting 
engineering drawings that present the proposed 
mitigation design for the buildings discussed in the 
August 5 memorandum.

Intecsa Memorandum Transmitted August 
22, 2010. “Other Structures” Proposed 
Mitigation.
This memorandum presents the ground deformation 
analysis and proposed mitigation measures to be 
used for structures including the Alaskan Way 
Viaduct: Battery Street Tunnel; Seattle Monorail; 
Seneca Street Ramp; Columbia Street Ramp; 
Marion Street Pedestrian Bridge; BNSF Tunnel; 
Elliot Bay Interceptor; Pike Street Adit; and Alaskan 
Way Seawall.

Intecsa Deformation Mitigation Submittal 
October 18, 2010.
The Deformation Mitigation Submittal (DMS) 
presents the approach used by STP to analyze 
ground displacements and expected damage in 
buildings, other structures and utilities induced by the 
construction of the tunnel, as well as the mitigation 
measures proposed when needed.
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UTILITY TYPE, SIZE AND LOCATION DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%, 56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE

Critical 
Level 

(variable 
VL%)Item No.

Utility 
Owner

Utility Runs On 
(Street)

Between Cross Streets Bored Tunnel Station

Length 
(Ft)

Relationship (// 
or X)

Utility Size 
(Diameter)

Material 
Type

Year of  
Construction

Joint Pull-Apart (in) Joint Deflection (deg) Tensile Strain Differential Movement (in Total Movement (in)
Critical 
Level  

(VL 0,5%)From To Begin Offset End Offset

Pull-Apart  
Deformation  

(in)
Pull-Apart 
Limit (in)

Deformation to 
Limit  
Ratio

Joint Deflection 
Deformation (deg)

Deflection 
Limit

Deformation  
to Limit  
Ratio

Tensile 
Strain

Tensile 
Limit

Deformation to 
Limit  
Ratio

Differential 
Movement (in)

Differential 
Limit  
(in)

Deformation  
to Limit  
Ratio

Total 
Movement 

(in)

Total 
Movement 
Limit (in)

Deformation to 
Limit  
Ratio

W1 SPU Alaskan Way S King 200+80 25.' LT 200+79 67.' LT 44 X 1'' Copper 1970 N/A N/A N/A N/A N/A N/A 0,0007 0,0004 1,88 N/A N/A N/A N/A N/A N/A 2 -
W2 SPU Alaskan Way S King Jackson 201+20 25.' LT 201+20 51.' LT 30 X 12'' CI 1906 0,573 0,042 13,76 0,48 0,34 1,41 N/A N/A N/A 0,91 0,42 2,18 2,72 0,83 3,27 1 -
W4 SPU Alaskan Way S King Jackson 201+97 50.' LT 201+97 77.' LT 27 X 10'' CI 1942 0,573 0,042 13,76 0,48 0,47 1,03 N/A N/A N/A 0,91 0,42 2,18 2,72 0,83 3,27 1 -
W7 SPU Alaskan Way S King Jackson 202+84 25.' LT 202+85 81.' LT 56 X 4'' CI 1959 0,538 0,042 12,92 0,42 0,57 0,74 N/A N/A N/A 0,8 0,72 1,12 2,55 1,43 1,78 1 -
W8 SPU Alaskan Way S King Jackson 203+18 25.' LT 203+20 82.' RT 108 X 6'' CI 1906 0,518 0,042 12,43 0,38 0,57 0,67 N/A N/A N/A 0,73 0,72 1,03 2,44 1,43 1,71 1 -

W10 SPU Jackson Alaskan East of Project 204+04 24.' LT 204+05 86.' RT 109 X 12'' CI 0,483 0,042 11,59 0,34 0,34 0,99 N/A N/A N/A 0,64 0,42 1,54 2,28 0,83 2,74 1 -
W12 SPU Alaskan Way S Jackson Main 204+44 25.' LT 204+45 40.' LT 15 X 12'' CI 1906 0,483 0,042 11,59 0,34 0,34 0,99 N/A N/A N/A 0,64 0,42 1,54 2,28 0,83 2,74 1 -
W13 SPU Alaskan Way S Jackson Main 205+19 25.' LT 205+19 90.' LT 65 X 1'' Copper 1986 N/A N/A N/A N/A N/A N/A 0,0004 0,0004 1,05 N/A N/A N/A N/A N/A N/A 2 -
W14 SPU Alaskan Way S Jackson Main 205+30 24.' LT 205+29 40.' LT 16 X 6'' CI 0,462 0,042 11,09 0,31 0,57 0,54 N/A N/A N/A 0,59 0,72 0,82 2,19 1,43 1,53 1 -
W15 SPU Alaskan Way S Jackson Main 205+99 24.' LT 205+98 94.' RT 118 X 1'' Copper 1905 N/A N/A N/A N/A N/A N/A 0,0004 0,0004 1,05 N/A N/A N/A N/A N/A N/A 2 -
W18 SPU Alaskan Way S Jackson Main 206+50 24.' LT 206+48 70.' LT 47 X 6'' CI 1925 0,44 0,042 10,56 0,28 0,57 0,49 N/A N/A N/A 0,53 0,72 0,74 2,08 1,43 1,45 1 -
W22 SPU Alaskan Way S Main 207+12 71.' LT 207+13 98.' LT 27 X 6'' CI 0,107 0,042 2,57 0,25 0,57 0,43 N/A N/A N/A 0,47 0,72 0,66 1,96 1,43 1,37 1 -
W24 SPU Main Alaskan 207+10 22.' LT 207+05 98.' RT 120 X 6'' CI 0,416 0,042 9,98 0,25 0,57 0,43 N/A N/A N/A 0,47 0,72 0,66 1,96 1,43 1,37 1 -
W30 SPU Alaskan Way S Main Washington 207+45 22.' LT 207+46 35.' LT 14 X 12'' CI 1906 0,416 0,042 9,98 0,25 0,34 0,73 N/A N/A N/A 0,47 0,42 1,14 1,96 0,83 2,36 1 -
W33 SPU Alaskan Way S Main Washington 208+51 67.' LT 208+54 104.' LT 37 X 6'' CI 0,165 0,042 3,96 0,23 0,57 0,4 N/A N/A N/A 0,43 0,72 0,6 1,87 1,43 1,31 1 -

W46A SPU Alaskan Way S Washington 210+61 58.' LT 210+70 25.' LT 35 X 12'' CI 0,326 0,042 7,83 0,19 0,34 0,57 N/A N/A N/A 0,37 0,42 0,9 1,74 0,83 2,09 1 1
W49 SPU Alaskan Way S Washington Yesler 211+83 62.' LT 211+71 97.' LT 37 X 4'' CI 0,242 0,042 5,81 0,18 0,57 0,31 N/A N/A N/A 0,34 0,72 0,47 1,65 1,43 1,15 1 1
W50 SPU Alaskan Way S Washington Yesler 212+37 85.' LT 212+31 100' LT 16 X 8'' CI 0,095 0,042 2,28 0,17 0,47 0,36 N/A N/A N/A 0,32 0,57 0,56 1,6 1,14 1,41 1 1
W52 SPU Alaskan Way S Washington Columbia 210+00 26.' LT 212+00 85.' LT 208 // 12'' CI 0,181 0,042 4,34 0,06 0,34 0,16 N/A N/A N/A 0,18 0,42 0,44 1,3 0,83 1,56 1 1
W53 SPU Alaskan Way S Railroad Jackson + 204+04 24.' LT 488 // 12'' CI 1906 0,406 0,042 9,74 0,18 0,34 0,53 N/A N/A N/A 0,68 0,42 1,65 2,9 0,83 3,5 1 1

W53A SPU Alaskan Way S Jackson Main 204+04 24.' LT 207+10 22.' LT 391 // 12'' CI 1906 0,222 0,042 5,32 0,08 0,34 0,25 N/A N/A N/A 0,29 0,42 0,71 1,59 0,83 1,91 1 1
W53B SPU Alaskan Way S Main Washington 207+10 22.' LT 209+55 21.' LT 244 // 12'' CI 1906 0,214 0,042 5,15 0,07 0,34 0,22 N/A N/A N/A 0,24 0,42 0,59 1,54 0,83 1,85 1 1
W59 SPU Yesler Alaskan 213+39 105.' LT 213+22 48.' RT 153 X 12'' CI 0,327 0,042 7,86 0,15 0,34 0,46 N/A N/A N/A 0,29 0,42 0,71 1,55 0,83 1,86 1 1
W63 SPU Western Yesler Columbia 216+64 94.' RT 217+11 78.' RT 50 // 20'' CI 1906 0,037 0,036 1,04 0,01 0,19 0,05 N/A N/A N/A 0,03 0,23 0,13 0,27 0,46 0,58 1 1

W63A SPU Western Columbia Marion 217+11 78.' RT 219+99 22.' LT 306 X 20'' CI 1906 0,284 0,036 7,94 0,06 0,19 0,3 N/A N/A N/A 0,11 0,23 0,47 0,94 0,46 2,03 1 1
W63B SPU Western Marion Madison 219+99 22.' LT 222+98 110.' LT 309 // 20'' CI 1906 0,167 0,036 4,69 0,02 0,19 0,1 N/A N/A N/A 0,06 0,23 0,26 0,84 0,46 1,82 1 1
W63C SPU Western Madison Union 222+98 110.' LT 224+57 150.' LT 161 // 20'' CI 1906 0,052 0,036 1,45 0,01 0,19 0,03 N/A N/A N/A 0,02 0,23 0,07 0,26 0,46 0,56 1 1
W75 SPU Western Yesler Columbia 215+41 131.' RT 215+30 104.' RT 29 X 6'' CI 0,056 0,042 1,34 0,13 0,57 0,22 N/A N/A N/A 0,24 0,72 0,34 1,4 1,43 0,98 1 1
W78 SPU Western Yesler Columbia 215+63 110.' RT 215+60 103.' RT 7 X 8'' CI 0,297 0,042 7,14 0,13 0,47 0,27 N/A N/A N/A 0,24 0,57 0,43 1,4 1,14 1,23 1 1
W81 SPU Western Yesler Columbia 216+29 109.' RT 216+11 71.' RT 42 X 6'' CI 1910 0,208 0,042 4,99 0,12 0,57 0,21 N/A N/A N/A 0,23 0,72 0,32 1,37 1,43 0,96 1 1
W82 SPU Western Yesler Columbia 216+31 108.' RT 216+39 130.' RT 22 X 6'' CI 1913 0,049 0,042 1,18 0,12 0,57 0,21 N/A N/A N/A 0,23 0,72 0,32 1,37 1,43 0,96 1 1
W84 SPU Columbia Western East of Project 217+11 78.' RT 217+24 115.' RT 40 X 8'' CI 0,284 0,042 6,81 0,06 0,47 0,12 N/A N/A N/A 0,11 0,57 0,19 0,94 1,14 0,82 1 1
W89 SPU Western Columbia Marion 217+32 70.' RT 217+37 84.' RT 15 X 20'' CI 1906 0,284 0,036 7,94 0,06 0,19 0,3 N/A N/A N/A 0,11 0,23 0,47 0,94 0,46 2,03 1 1
W91 SPU Western Columbia Marion 218+32 33.' RT 218+39 55.' RT 23 X 8'' CI 0,275 0,042 6,6 0,05 0,47 0,11 N/A N/A N/A 0,1 0,57 0,18 0,91 1,14 0,79 1 0
W93 SPU Western Columbia Marion 218+39 31.' RT 218+49 48.' RT 23 X 6'' CI 0,275 0,042 6,6 0,05 0,57 0,09 N/A N/A N/A 0,1 0,72 0,14 0,91 1,43 0,63 1 0

W100 SPU Western Marion 219+99 22.' LT 220+02 13.' LT 9 X 8'' CI 1906 0,269 0,042 6,45 0,05 0,47 0,11 N/A N/A N/A 0,1 0,57 0,17 0,89 1,14 0,78 1 0
W101 SPU Western Marion Madison 220+23 30.' LT 220+28 15.' LT 16 X 20'' CI 1906, 1992 0,259 0,036 7,26 0,05 0,19 0,25 N/A N/A N/A 0,09 0,23 0,39 0,85 0,46 1,85 1 0
W103 SPU Western Marion Madison 221+44 68.' LT 221+32 109.' LT 43 X 4'' CI 1905 0,25 0,042 6 0,04 0,57 0,08 N/A N/A N/A 0,08 0,72 0,12 0,82 1,43 0,58 1 0
W106 SPU Madison Alaskan Western 222+77 185.' LT 222+98 110.' LT 77 X 12'' CI 1906, 1907, 1923 0,245 0,042 5,88 0,04 0,34 0,12 N/A N/A N/A 0,08 0,42 0,19 0,81 0,83 0,97 1 0

W106A SPU Madison Western First 222+98 110.' LT 223+73 185.' RT 305 X 12'' CI 1906, 1907, 1923 0,245 0,042 5,88 0,04 0,34 0,12 N/A N/A N/A 0,08 0,42 0,19 0,81 0,83 0,97 1 0
W110 SPU Madison Western/1st Alley 1st Ave 223+45 70.' RT 223+63 66.' RT 18 // 6'' CI 0,107 0,042 2,57 0,01 0,57 0,02 N/A N/A N/A 0,03 0,72 0,05 0,53 1,43 0,37 1 0
W111 SPU Madison Western/1st Alley 1st Ave 223+50 92.' RT 223+62 88.' RT 13 // 6'' CI 1923 0,078 0,042 1,88 0,01 0,57 0,01 N/A N/A N/A 0,03 0,72 0,04 0,39 1,43 0,27 1 0
W112 SPU Madison Western/1st Alley 1st Ave 223+51 93.' RT 223+63 89.' RT 13 // 6'' CI 0,077 0,042 1,85 0,01 0,57 0,01 N/A N/A N/A 0,03 0,72 0,04 0,38 1,43 0,27 1 0
W117 SPU Western Madison Spring 223+19 115.' LT 223+20 101.' LT 16 X 20'' CI 1906 0,243 0,036 6,81 0,04 0,19 0,22 N/A N/A N/A 0,08 0,23 0,35 0,8 0,46 1,74 1 0
W120 SPU Western Madison Spring 225+33 166.' LT 225+41 146.' LT 22 X 6'' CI 1928 0,115 0,042 2,76 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,8 1,43 0,56 1 0
W121 SPU Western Spring Seneca 226+24 187.' LT 226+28 165.' LT 23 X 20'' CI 1906 0,077 0,036 2,16 0,04 0,19 0,22 N/A N/A N/A 0,08 0,23 0,34 0,79 0,46 1,71 1 0
W152 SPU Union West of Project 1st Ave 236+74 210.' LT 236+85 39.' LT 170 X 20'' CI 1906 0,185 0,071 2,59 0,02 0,37 0,06 N/A N/A N/A 0,05 0,46 0,1 0,6 0,92 0,65 1 0
W153 SPU Union 1st Ave East of Project 236+85 39.' LT 236+88 215.' RT 255 X 24'' CI 1908 0,185 0,063 2,96 0,02 0,27 0,09 N/A N/A N/A 0,05 0,34 0,14 0,6 0,68 0,88 1 0
W156 SPU 1st Spring Seneca 227+68 120.' RT 229+64 90.' RT 201 // 20'' CI 1906 0,075 0,036 2,11 0,01 0,19 0,04 N/A N/A N/A 0,02 0,23 0,11 0,38 0,46 0,82 1 0

W156A SPU 1st Seneca University 229+64 90.' RT 232+65 51.' RT 307 // 20'' CI 1906 0,126 0,036 3,54 0,01 0,19 0,06 N/A N/A N/A 0,04 0,23 0,18 0,63 0,46 1,37 1 0
W156B SPU 1st University Union 232+65 51.' RT 236+86 13.' LT 440 // 20'' CI 1906 0,129 0,071 1,81 0,01 0,37 0,03 N/A N/A N/A 0,03 0,46 0,07 0,64 0,92 0,7 1 0
W156C SPU 1st Union Pike 236+86 13.' LT 240+84 16.' LT 398 // 20'' CI 1906 0,121 0,071 1,69 0,01 0,37 0,02 N/A N/A N/A 0,03 0,46 0,07 0,59 0,92 0,65 1 0
W156D SPU 1st Pike Pike 240+84 16.' LT 241+38 16.' LT 53 // 20'' CI 1906 0,11 0,071 1,54 0,01 0,37 0,02 N/A N/A N/A 0,03 0,46 0,05 0,54 0,92 0,58 1 0
W156E SPU 1st Pike Pine 241+38 16.' LT 245+38 16.' LT 400 // 20'' CI 1906 0,109 0,071 1,52 0,01 0,37 0,02 N/A N/A N/A 0,02 0,46 0,05 0,53 0,92 0,57 1 0
W156F SPU 1st Pike Virginia 245+38 16.' LT 251+32 147.' LT 623 // 20'' CI 1906 0,103 0,071 1,44 0,01 0,37 0,02 N/A N/A N/A 0,02 0,46 0,05 0,49 0,92 0,54 1 0
W157 SPU Union Western 1st Ave 236+79 66.' LT 236+23 64.' LT 56 // 6'' CI 1925 0,098 0,083 1,17 0,01 1,14 0,01 N/A N/A N/A 0,02 1,43 0,02 0,48 2,86 0,17 1 0
W158 SPU Union 1st Ave 236+71 20.' RT 236+42 21.' RT 29 // 6'' CI 0,119 0,083 1,43 0,01 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,59 2,86 0,21 1 0
W159 SPU Union 1st Ave 2nd Ave 236+88 50.' RT 236+97 50.' RT 9 // 24'' CI 1908 0,107 0,063 1,7 0,01 0,27 0,03 N/A N/A N/A 0,03 0,34 0,08 0,52 0,68 0,77 1 0
W191 SPU 1st Ave Union Pike 237+30 14.' LT 237+29 40.' LT 26 X 4'' CI 1983 0,182 0,083 2,19 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,59 2,86 0,21 1 0
W192 SPU 1st Ave Union Pike 237+31 14.' LT 237+31 40.' LT 26 X 4'' CI 1983 0,182 0,083 2,19 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,59 2,86 0,21 1 0
W193 SPU 1st Ave Union Pike 238+66 17.' LT 238+66 42.' LT 25 X 20'' CI 1906 0,179 0,071 2,5 0,02 0,37 0,06 N/A N/A N/A 0,04 0,46 0,09 0,58 0,92 0,63 1 0
W195 SPU 1st Ave Union Pike 238+86 16.' LT 238+86 42.' RT 57 X 6'' CI 1891 0,179 0,083 2,15 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,58 2,86 0,2 1 0
W201 SPU Pike 1st Ave 2nd Ave 240+84 16.' LT 240+84 210.' RT 225 X 12'' CI 0,169 0,083 2,03 0,02 0,68 0,03 N/A N/A N/A 0,04 0,83 0,05 0,54 1,66 0,33 1 0
W202 SPU Pike 1st Ave 2nd Ave 240+84 45.' RT 240+66 50.' RT 22 // 12'' CI 0,102 0,083 1,22 0,01 0,68 0,01 N/A N/A N/A 0,02 0,83 0,03 0,5 1,66 0,3 1 0
W204 SPU Pike 1st Ave 2nd Ave 240+84 78.' RT 240+48 78.' RT 36 // 6'' CI 1905 0,085 0,083 1,02 0,01 1,14 0,01 N/A N/A N/A 0,02 1,43 0,01 0,41 2,86 0,14 1 0
W212 SPU 1st Ave Pike 241+18 16.' LT 241+19 42.' RT 58 X 20'' CI 0,167 0,071 2,34 0,02 0,37 0,05 N/A N/A N/A 0,04 0,46 0,08 0,53 0,92 0,58 1 0
W216 SPU 1st Ave Madison 223+26 190.' RT 223+22 177.' RT 14 X 20'' CI 1906 0,056 0,036 1,57 0,04 0,19 0,22 N/A N/A N/A 0,08 0,23 0,35 0,8 0,46 1,74 1 0
W221 SPU 1st Ave Madison Spring 224+51 190.' RT 224+34 117.' RT 75 X 4'' CI 1982 0,242 0,042 5,8 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,79 1,43 0,56 1 0
W224 SPU 1st Ave Madison Spring 225+20 175.' RT 225+25 196.' RT 21 X 4'' CI 0,056 0,042 1,34 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,8 1,43 0,56 1 0
W229 SPU 1st Ave Madison Spring 225+95 155.' RT 225+84 100.' RT 57 X 4'' CI 1978 0,243 0,042 5,84 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,8 1,43 0,56 1 0
W232 SPU 1st Ave Madison Spring 226+21 150.' RT 226+12 106.' RT 45 X 20'' CI 1906 0,24 0,036 6,72 0,04 0,19 0,22 N/A N/A N/A 0,08 0,23 0,34 0,79 0,46 1,71 1 0
W233 SPU Spring 1st Ave East of Project 226+56 81.' RT 226+71 158.' RT 78 X 8'' CI 1891 0,24 0,042 5,76 0,04 0,47 0,09 N/A N/A N/A 0,08 0,57 0,14 0,79 1,14 0,69 1 0
W234 SPU Spring 1st Ave East of Project 226+71 158.' RT 226+91 262.' RT 106 X 6'' CI 1891 0,24 0,042 5,76 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,79 1,43 0,55 1 0
W241 SPU 1st Ave Spring Seneca 227+77 117.' RT 227+68 66.' RT 51 X 4'' CI 1982 0,237 0,042 5,69 0,04 0,57 0,07 N/A N/A N/A 0,08 0,72 0,11 0,78 1,43 0,54 1 0
W246 SPU Seneca 1st Ave East of Project 229+64 90.' RT 229+78 185.' RT 95 X 8'' CI 1891 0,245 0,042 5,88 0,04 0,47 0,09 N/A N/A N/A 0,08 0,57 0,14 0,81 1,14 0,71 1 0
W253 SPU 1st Ave Seneca University 230+32 81.' RT 230+33 102.' RT 21 X 6'' CI 1929 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W255 SPU 1st Ave Seneca University 230+30 79.' RT 230+19 8.' RT 72 X 4'' CI 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W257 SPU 1st Ave Seneca University 230+50 78.' RT 230+53 99.' RT 21 X 6'' CI 1956 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W260 SPU 1st Ave Seneca University 230+79 74.' RT 230+82 95.' RT 21 X 6'' CI 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W261 SPU 1st Ave Seneca University 230+93 72.' RT 230+96 94.' RT 22 X 6'' CI 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W263 SPU 1st Ave Seneca University 231+00 71.' RT 231+01 92.' RT 21 X 6'' CI 1905 0,252 0,083 3,02 0,04 1,14 0,04 N/A N/A N/A 0,09 1,43 0,06 0,83 2,86 0,29 1 0
W264 SPU 1st Ave Seneca University 231+75 60.' RT 231+76 12.' RT 53 X 6'' CI 0,202 0,083 2,42 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,66 2,86 0,23 1 0
W265 SPU 1st Ave Seneca University 231+99 59.' RT 232+00 79.' RT 20 X 4'' CI 1905 0,202 0,083 2,42 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,66 2,86 0,23 1 0
W266 SPU 1st Ave Seneca University 232+06 58.' RT 232+08 79.' RT 21 X 4'' CI 0,199 0,083 2,38 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,65 2,86 0,23 1 0

Table 5.5-5a. Water Distribution Deformation, Critical Levels and Risk Management Actions Utility 
Items with “Susceptible to Damage” Conditions.
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UTILITY TYPE, SIZE AND LOCATION DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%, 56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE

Critical 
Level 

(variable 
VL%)Item No.

Utility 
Owner

Utility Runs On 
(Street)

Between Cross Streets Bored Tunnel Station

Length 
(Ft)

Relationship (// 
or X)

Utility Size 
(Diameter)

Material 
Type

Year of  
Construction

Joint Pull-Apart (in) Joint Deflection (deg) Tensile Strain Differential Movement (in Total Movement (in)
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Total 
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W267 SPU 1st Ave Seneca University 232+15 55.' RT 232+09 10.' RT 46 X 6'' CI 0,199 0,083 2,38 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,65 2,86 0,23 1 0
W269 SPU University 1st Ave East of Project 232+65 51.' RT 232+86 263.' RT 213 X 6'' CI 0,199 0,083 2,38 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,65 2,86 0,23 1 0
W271 SPU University 1st Ave 2nd Ave 232+64 79.' RT 232+87 76.' RT 23 // 6'' CI 0,091 0,083 1,1 0,01 1,14 0,01 N/A N/A N/A 0,02 1,43 0,02 0,45 2,86 0,16 1 0
W274 SPU 1st Ave University Union 233+18 44.' RT 233+12 17.' LT 61 X 6'' CI 0,196 0,083 2,36 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,64 2,86 0,22 1 0
W275 SPU 1st Ave University Union 234+06 38.' RT 234+07 51.' RT 13 X 6'' CI 0,193 0,083 2,32 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,63 2,86 0,22 1 0
W277 SPU 1st Ave University Union 234+35 34.' RT 234+31 23.' LT 57 X 4'' CI 1972 0,193 0,083 2,32 0,03 1,14 0,02 N/A N/A N/A 0,05 1,43 0,04 0,63 2,86 0,22 1 0
W280 SPU 1st Ave University Union 235+25 27.' RT 235+28 76.' RT 50 X 4'' CI 1926 0,189 0,083 2,27 0,02 1,14 0,02 N/A N/A N/A 0,05 1,43 0,03 0,61 2,86 0,21 1 0
W282 SPU 1st Ave University Union 235+31 27.' RT 235+36 47.' RT 29 X 8'' CI 1926 0,189 0,083 2,27 0,02 0,93 0,03 N/A N/A N/A 0,05 1,14 0,04 0,61 2,28 0,27 1 0
W286 SPU 1st Ave University Union 236+36 12.' LT 236+36 23.' LT 11 X 20'' CI 1903 0,185 0,071 2,59 0,02 0,37 0,06 N/A N/A N/A 0,05 0,46 0,1 0,6 0,92 0,65 1 0
W288 SPU Pike 1st Ave Western 241+38 16.' LT 241+38 130.' LT 115 // 8'' CI 1914 0,109 0,083 1,3 0,01 0,93 0,01 N/A N/A N/A 0,02 1,14 0,02 0,53 2,28 0,23 1 0
W294 SPU Pike 1st Ave Stewart 244+61 231.' LT 244+28 193.' LT 64 X 4'' CI 1977 0,101 0,083 1,21 0,02 1,14 0,02 N/A N/A N/A 0,03 1,43 0,02 0,51 2,86 0,18 1 0
W304 SPU 1st Ave Pike Pine 241+65 16.' LT 241+65 42.' LT 26 X 6'' CI 1903 0,167 0,083 2,01 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,53 2,86 0,19 1 0
W305 SPU 1st Ave Pike Pine 241+86 16.' LT 241+86 21.' LT 5 X 4'' CI 0,167 0,083 2,01 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,53 2,86 0,19 1 0
W306 SPU 1st Ave Pike Pine 242+06 16.' LT 242+07 58.' LT 42 X 4'' CI 1909 0,165 0,083 1,98 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,53 2,86 0,18 1 0
W310 SPU 1st Ave Pike Pine 242+42 16.' LT 242+42 21.' LT 5 X 6'' CI 0,165 0,083 1,98 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,53 2,86 0,18 1 0
W312 SPU 1st Ave Pike Pine 243+22 16.' LT 243+22 57.' LT 41 X 6'' CI 1940 0,162 0,083 1,94 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,02 0,51 2,86 0,18 1 0
W318 SPU Pine 1st Ave East of Project 245+38 16.' LT 245+38 225.' RT 240 X 16'' CI 1904 0,157 0,078 2,02 0,02 0,5 0,03 N/A N/A N/A 0,03 0,62 0,05 0,5 1,24 0,4 1 0
W319 SPU Pine 1st Ave 2nd Ave 245+38 50.' RT 245+42 50.' RT 4 // 16'' CI 1996 0,094 0,078 1,2 0,01 0,5 0,01 N/A N/A N/A 0,02 0,62 0,03 0,45 1,24 0,37 1 0
W328 SPU 1st Ave Pine Stewart 245+74 16.' LT 245+74 57.' LT 41 X 6'' CI 0,157 0,083 1,89 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,5 2,86 0,17 1 0
W329 SPU 1st Ave Pine Stewart 245+77 16.' LT 245+77 57.' LT 41 X 6'' CI 0,157 0,083 1,89 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,5 2,86 0,17 1 0
W330 SPU 1st Ave Pine Stewart 246+77 16.' LT 246+03 68.' RT 123 X 4'' CI 0,157 0,083 1,88 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,5 2,86 0,17 1 0
W332 SPU Stewart 1st Ave 2nd Ave 247+32 16.' LT 247+53 53.' RT 72 X 6'' CI 1891 0,156 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W333 SPU Stewart 1st Ave 2nd Ave 247+53 53.' RT 247+72 47.' RT 19 X 6'' CI 1891 0,156 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W338 SPU 1st Ave Stewart Virginia 249+52 81.' LT 249+76 13.' LT 71 X 4'' CI 1905 0,156 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W349 SPU Virginia Western 1st Ave 250+50 376.' LT 251+34 142.' LT 250 X 20'' CI 1891 0,148 0,071 2,07 0,02 0,37 0,04 N/A N/A N/A 0,03 0,46 0,07 0,49 0,92 0,54 1 0
W350 SPU Virginia 1st Ave 251+34 142.' LT 251+42 119.' LT 24 X 12'' CI 1891 0,155 0,083 1,87 0,02 0,68 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0
W351 SPU Virginia 1st Ave 2nd Ave 251+42 119.' LT 252+66 191.' RT 333 X 10'' CI 1891 0,155 0,083 1,87 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0

W351A SPU Virginia 2nd Ave East of Project 252+66 191.' RT 254+19 241.' LT 183 X 10'' CI 1910 0,156 0,083 1,87 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0
W354 SPU Virginia 1st Ave 2nd Ave 251+83 14.' LT 251+28 7.' RT 59 X 6'' CI 1952 0,155 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W358 SPU 1st Ave Virginia Lenora 251+63 132.' LT 251+74 102.' LT 32 X 10'' CI 1891 0,155 0,083 1,87 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0

W392B SPU 2nd Ave Virginia Bell 256+35 30.' RT 259+39 125.' LT 342 X 10'' CI 1890 0,173 0,083 2,07 0,02 0,93 0,02 N/A N/A N/A 0,04 0,83 0,05 0,55 1,66 0,33 1 0
W403 SPU 2nd Ave Stewart Virginia 250+25 215.' RT 250+21 206.' RT 10 X 10'' CI 1890 0,093 0,083 1,12 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0
W405 SPU 2nd Ave Stewart Virginia 250+51 270.' RT 250+21 190.' RT 85 X 6'' CI 1911 0,118 0,083 1,42 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W411 SPU 2nd Ave Stewart Virginia 251+72 226.' RT 251+41 147.' RT 85 X 4'' CI 1915 0,155 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W413 SPU 2nd Ave Virginia Lenora 252+87 182.' RT 252+95 200.' RT 20 X 10'' CI 1890 0,118 0,083 1,42 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,48 1,66 0,29 1 0
W414 SPU 2nd Ave Virginia Lenora 253+18 170.' RT 253+31 202.' RT 35 X 4'' CI 1905 0,155 0,083 1,86 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W417 SPU 2nd Ave Virginia Lenora 253+88 141.' RT 254+02 173.' RT 35 X 6'' CI 1913 0,156 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W418 SPU 2nd Ave Virginia Lenora 254+26 124.' RT 254+41 156.' RT 35 X 4'' CI 1924 0,156 0,083 1,87 0,02 1,14 0,01 N/A N/A N/A 0,03 1,43 0,02 0,49 2,86 0,17 1 0
W420 SPU 2nd Ave Virginia Lenora 254+54 112.' RT 254+26 48.' RT 70 X 10'' CI 1890 0,156 0,083 1,87 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,49 1,66 0,3 1 0
W427 SPU Lenora 2nd Ave 256+61 17.' RT 256+66 26.' RT 10 X 8'' CI 1890 0,16 0,083 1,92 0,02 0,93 0,02 N/A N/A N/A 0,03 1,14 0,03 0,51 2,28 0,22 1 0
W428 SPU Lenora 2nd Ave 256+66 26.' RT 256+68 30.' RT 5 X 6'' CI 1890 0,16 0,083 1,92 0,02 1,14 0,02 N/A N/A N/A 0,03 1,43 0,02 0,51 2,86 0,18 1 0
W429 SPU 2nd Ave Lenora Blanchard 256+81 7.' RT 256+90 25.' RT 20 X 10'' CI 1890 0,16 0,083 1,92 0,02 0,93 0,02 N/A N/A N/A 0,03 0,83 0,04 0,51 1,66 0,31 1 0
W432 SPU 2nd Ave Lenora Blanchard 258+13 59.' LT 257+75 135.' LT 85 X 4'' CI 1925 0,168 0,083 2,01 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,54 2,86 0,19 1 0
W434 SPU 2nd Ave Lenora Blanchard 258+37 72.' LT 258+53 41.' LT 35 X 6'' CI 0,168 0,083 2,01 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,54 2,86 0,19 1 0
W435 SPU 2nd Ave Lenora Blanchard 258+39 73.' LT 258+08 135.' LT 70 X 10'' CI 1890 0,168 0,083 2,01 0,02 0,93 0,02 N/A N/A N/A 0,04 0,83 0,05 0,54 1,66 0,32 1 0
W440 SPU 2nd Ave Lenora Blanchard 258+95 103.' LT 259+12 72.' LT 35 X 6'' CI 1946 0,173 0,083 2,07 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,55 2,86 0,19 1 0
W441 SPU 2nd Ave Lenora Blanchard 259+09 110.' LT 258+71 186.' LT 85 X 4'' CI 1972 0,173 0,083 2,07 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,55 2,86 0,19 1 0
W447 SPU 2nd Ave Lenora Blanchard 259+78 149.' LT 259+95 118.' LT 35 X 6'' CI 1956 0,173 0,083 2,07 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,55 2,86 0,19 1 0
W449 SPU 2nd Ave Blanchard Bell 260+53 192.' LT 260+62 174.' LT 20 X 10'' CI 1890 0,109 0,083 1,31 0,02 0,93 0,02 N/A N/A N/A 0,04 0,83 0,05 0,58 1,66 0,35 1 2
W475 SPU 3rd Ave Virginia Bell 260+95 140.' RT 265+46 142.' LT 532 X 12'' CI 1911 0,205 0,083 2,47 0,03 0,68 0,04 N/A N/A N/A 0,06 0,83 0,07 0,67 1,66 0,4 1 2
W481 SPU 3rd Ave Lenora Blanchard 258+86 252.' RT 258+52 188.' RT 72 X 6'' CI 0,095 0,083 1,14 0,02 1,14 0,02 N/A N/A N/A 0,04 1,43 0,03 0,54 2,86 0,19 1 2
W495 SPU 3rd Ave Blanchard Bell 262+10 74.' RT 262+27 102.' RT 33 X 12'' CI 1911 0,189 0,083 2,27 0,02 0,68 0,04 N/A N/A N/A 0,05 0,83 0,06 0,61 1,66 0,37 1 2
W497 SPU 3rd Ave Blanchard Bell 262+39 56.' RT 262+02 5.' LT 72 X 4'' CI 1978 0,189 0,083 2,27 0,02 1,14 0,02 N/A N/A N/A 0,05 1,43 0,03 0,61 2,86 0,21 1 2
W498 SPU 3rd Ave Blanchard Bell 262+57 45.' RT 262+20 16.' LT 72 X 4'' CI 1978 0,189 0,083 2,27 0,02 1,14 0,02 N/A N/A N/A 0,05 1,43 0,03 0,61 2,86 0,21 1 2
W499 SPU 3rd Ave Blanchard Bell 262+57 45.' RT 262+83 86.' RT 48 X 4'' CI 1925 0,189 0,083 2,27 0,02 1,14 0,02 N/A N/A N/A 0,05 1,43 0,03 0,61 2,86 0,21 1 2
W506 SPU 3rd Ave Blanchard Bell 264+77 95.' LT 265+04 55.' LT 48 X 6'' CI 1923 0,205 0,083 2,47 0,03 1,14 0,03 N/A N/A N/A 0,06 1,43 0,04 0,67 2,86 0,23 1 2
W507 SPU Bell 2nd Ave 3rd Ave 265+15 190.' LT 265+46 142.' LT 57 X 24'' CI 1934 0,205 0,063 3,29 0,03 0,27 0,11 N/A N/A N/A 0,06 0,34 0,17 0,67 0,68 0,99 1 2

W507A SPU Bell 3rd Ave 4th Ave 265+46 142.' LT 267+30 121.' RT 322 X 24'' CI 1934 0,217 0,063 3,46 0,03 0,27 0,12 N/A N/A N/A 0,06 0,34 0,19 0,71 0,68 1,04 1 2
W507B SPU Bell 4th Ave 5th Ave 267+30 121.' RT 267+70 180.' RT 70 X 24'' CI 1934 0,217 0,063 3,46 0,03 0,27 0,12 N/A N/A N/A 0,06 0,34 0,19 0,71 0,68 1,04 1 2
W512 SPU Bell 3rd Ave 4th Ave 266+07 51.' LT 266+35 71.' LT 35 X 6'' CI 1914 0,213 0,083 2,55 0,03 1,14 0,03 N/A N/A N/A 0,06 1,43 0,04 0,7 2,86 0,24 1 2
W516 SPU 3rd Ave Bell Battery 265+66 156.' LT 265+84 129.' LT 33 X 12'' CI 1911 0,164 0,083 1,97 0,03 0,68 0,04 N/A N/A N/A 0,06 0,83 0,07 0,67 1,66 0,4 1 2
W527 SPU 4th Ave Blanchard Bell 265+41 250.' RT 267+30 121.' RT 224 X 12'' CI 1911 0,217 0,083 2,6 0,03 0,68 0,05 N/A N/A N/A 0,06 0,83 0,08 0,71 1,66 0,43 1 2

W527A SPU 4th Ave Bell Wall 267+30 121.' RT 271+66 221.' LT 556 X 12'' CI 1910, 1911, 1954 0,237 0,083 2,84 0,04 0,68 0,06 N/A N/A N/A 0,08 0,83 0,09 0,78 1,66 0,47 1 2
W528 SPU 4th Ave Wall North of Project 272+53 299.' LT 272+56 302.' LT 4 X 10'' CI 0,242 0,083 2,9 0,04 0,93 0,04 N/A N/A N/A 0,08 0,83 0,09 0,79 1,66 0,48 1 2
W543 SPU 4th Ave Bell Battery 267+51 107.' RT 267+71 133.' RT 33 X 12'' CI 1911 0,217 0,083 2,6 0,03 0,68 0,05 N/A N/A N/A 0,06 0,83 0,08 0,71 1,66 0,43 1 2
W550 SPU 4th Ave Bell Battery 269+67 55.' LT 269+87 30.' LT 32 X 6'' CI 0,226 0,083 2,72 0,04 1,14 0,03 N/A N/A N/A 0,07 1,43 0,05 0,74 2,86 0,26 1 2
W553 SPU 4th Ave Battery Wall 270+58 130.' LT 270+41 155.' LT 35 X 12'' CI 1954 0,232 0,083 2,79 0,04 0,68 0,06 N/A N/A N/A 0,07 0,83 0,09 0,76 1,66 0,46 1 2
W554 SPU 4th Ave Battery Wall 270+91 138.' LT 271+05 125.' LT 22 X 6'' CI 1954 0,237 0,083 2,84 0,04 1,14 0,03 N/A N/A N/A 0,08 1,43 0,05 0,78 2,86 0,27 1 2
W556 SPU 4th Ave Battery Wall 270+92 156.' LT 271+03 137.' LT 26 X 8'' CI 0,237 0,083 2,84 0,04 0,93 0,04 N/A N/A N/A 0,08 1,14 0,07 0,78 2,28 0,34 1 2
W557 SPU 4th Ave Battery Wall 270+95 159.' LT 271+05 147.' LT 16 X 12'' CI 1954 0,237 0,083 2,84 0,04 0,68 0,06 N/A N/A N/A 0,08 0,83 0,09 0,78 1,66 0,47 1 2
W558 SPU 4th Ave Battery Wall 271+09 169.' LT 271+27 147.' LT 29 X 6'' CI 0,106 0,083 1,27 0,04 1,14 0,03 N/A N/A N/A 0,08 1,43 0,05 0,78 2,86 0,27 1 2
W559 SPU 4th Ave Battery Wall 271+10 170.' LT 271+28 148.' LT 29 X 6'' CI 0,106 0,083 1,27 0,04 1,14 0,03 N/A N/A N/A 0,08 1,43 0,05 0,78 2,86 0,27 1 2
W567 SPU 5th Ave Bell Vine 272+38 140.' RT 275+41 135.' LT 410 X 12'' CI 1913, 1954, 

1912, 2002
0,255 0,083 3,07 0,05 0,68 0,07 N/A N/A N/A 0,09 0,83 0,11 0,84 1,66 0,51 1 2

W571 SPU 5th Ave Bell Battery 271+99 172.' RT 271+62 129.' RT 56 X 6'' CI 0,237 0,083 2,84 0,04 1,14 0,03 N/A N/A N/A 0,08 1,43 0,05 0,78 2,86 0,27 1 2
W573 SPU 5th Ave Bell Battery 272+05 98.' RT 272+51 155.' RT 73 X 10'' CI 0,242 0,083 2,9 0,04 0,93 0,04 N/A N/A N/A 0,08 0,83 0,09 0,79 1,66 0,48 1 2
W574 SPU 5th Ave Battery 272+65 117.' RT 272+56 107.' RT 14 X 12'' CI 1954 0,242 0,083 2,9 0,04 0,68 0,06 N/A N/A N/A 0,08 0,83 0,09 0,79 1,66 0,48 1 2
W576 SPU 5th Ave Battery 272+05 98.' RT 272+53 56.' RT 64 // 8'' CI 0,119 0,083 1,43 0,01 0,93 0,01 N/A N/A N/A 0,04 1,14 0,03 0,6 2,28 0,26 1 2
W577 SPU 5th Ave Battery Wall 272+51 54.' RT 273+09 119.' RT 87 X 6'' CI 0,245 0,083 2,94 0,04 1,14 0,04 N/A N/A N/A 0,08 1,43 0,06 0,81 2,86 0,28 1 2
W578 SPU 5th Ave Battery Wall 273+03 85.' RT 273+17 97.' RT 17 X 12'' CI 1954 0,245 0,083 2,94 0,04 0,68 0,06 N/A N/A N/A 0,08 0,83 0,1 0,81 1,66 0,49 1 2
W580 SPU 5th Ave Battery Wall 273+25 65.' RT 272+87 23.' RT 56 X 6'' CI 0,245 0,083 2,94 0,04 1,14 0,04 N/A N/A N/A 0,08 1,43 0,06 0,81 2,86 0,28 1 2
W581 SPU 5th Ave Battery Wall 274+13 15.' LT 273+88 42.' LT 38 X 6'' CI 0,25 0,083 3 0,04 1,14 0,04 N/A N/A N/A 0,08 1,43 0,06 0,82 2,86 0,29 1 2
W582 SPU 5th Ave Battery Wall 274+44 43.' LT 274+19 70.' LT 38 X 6'' CI 0,25 0,083 3 0,04 1,14 0,04 N/A N/A N/A 0,08 1,43 0,06 0,82 2,86 0,29 1 2
W591 SPU 6th Ave Battery Denny 277+30 130.' RT 278+38 20.' RT 152 X 12'' CI 1931 0,279 0,083 3,35 0,05 0,68 0,08 N/A N/A N/A 0,1 0,83 0,13 0,92 1,66 0,55 1 2

Table 5.5-5a. Water Distribution Deformation, Critical Levels and Risk Management Actions 
Utility Items with “Susceptible to Damage” Conditions. (continued)
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UTILITY TYPE, SIZE AND LOCATION DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%, 56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE
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W592 SPU 6th Ave N Wall Harrison 278+38 20.' RT 288+00 1178 // 12'' CI 1931 0,351 0,083 4,21 0,08 0,68 0,12 N/A N/A N/A 0,25 0,83 0,3 1,76 1,66 1,06 1 2
W596 SPU 6th Ave Wall Vine/Denny 277+45 116.' RT 277+59 129.' RT 19 X 8'' CI 1931 0,169 0,083 2,03 0,05 0,93 0,06 N/A N/A N/A 0,1 1,14 0,09 0,89 2,28 0,39 1 2
W597 SPU 6th Ave Wall Vine/Denny 277+68 92.' RT 277+37 63.' RT 42 X 8'' CI 1948 0,271 0,083 3,25 0,05 0,93 0,06 N/A N/A N/A 0,1 1,14 0,09 0,89 2,28 0,39 1 2
W598 SPU 6th Ave Wall Vine/Denny 277+75 85.' RT 277+91 101.' RT 22 X 6'' CI 0,271 0,083 3,25 0,05 1,14 0,05 N/A N/A N/A 0,1 1,43 0,07 0,89 2,86 0,31 1 2
W600 SPU 6th Ave/6th Ave N Wall Vine/Denny 277+85 9.' LT 278+67 93.' LT 121 // 6'' CI 0,182 0,083 2,18 0,02 1,14 0,02 N/A N/A N/A 0,07 1,43 0,05 0,91 2,86 0,32 1 2
W601 SPU Denny Taylor Ave N 6th Ave N 279+25 135.' LT 279+20 20.' RT 155 X 12'' CI 1931 0,281 0,083 3,38 0,06 0,68 0,08 N/A N/A N/A 0,11 0,83 0,13 0,93 1,66 0,56 1 2

W601A SPU Denny 6th Ave N Wall 279+20 20.' RT 279+15 135.' RT 115 X 12'' CI 1931 0,281 0,083 3,38 0,06 0,68 0,08 N/A N/A N/A 0,11 0,83 0,13 0,93 1,66 0,56 1 2
W602 SPU Denny Vine 6th Ave N 279+25 93.' LT 279+57 93.' LT 32 X 6'' CI 1941 0,225 0,083 2,7 0,06 1,14 0,05 N/A N/A N/A 0,11 1,43 0,07 0,93 2,86 0,32 1 2
W607 SPU 6th Ave N Denny John 279+54 22.' RT 279+59 39.' RT 23 X 8'' CI 1931 0,281 0,083 3,38 0,06 0,93 0,06 N/A N/A N/A 0,11 1,14 0,09 0,93 2,28 0,41 1 2
W609 SPU 6th Ave N Denny John 282+19 24.' RT 282+20 31.' LT 54 X 6'' CI 0,325 0,083 3,9 0,15 1,14 0,13 N/A N/A N/A 0,29 1,43 0,2 1,53 2,86 0,54 1 1
W610 SPU 6th Ave N Denny John 282+25 25.' RT 282+26 41.' RT 16 X 6'' CI 1949 0,325 0,083 3,9 0,15 1,14 0,13 N/A N/A N/A 0,29 1,43 0,2 1,53 2,86 0,54 1 1
W611 SPU 6th Ave N Denny John 282+26 41.' RT 282+25 54.' RT 13 X 4'' CI 1949 0,325 0,083 3,9 0,15 1,14 0,13 N/A N/A N/A 0,29 1,43 0,2 1,53 2,86 0,54 1 1
W612 SPU 6th Ave N Denny John 282+26 41.' RT 282+27 54.' RT 14 X 4'' CI 1949 0,325 0,083 3,9 0,15 1,14 0,13 N/A N/A N/A 0,29 1,43 0,2 1,53 2,86 0,54 1 1
W616 SPU 6th Ave N Denny John 283+05 22.' RT 283+04 24.' LT 45 X 8'' CI 1931 0,343 0,083 4,12 0,17 0,93 0,18 N/A N/A N/A 0,32 1,14 0,28 1,62 2,28 0,71 1 1
W617 SPU 6th Ave N John Thomas 283+81 21.' RT 283+81 37.' RT 16 X 8'' CI 1931 0,343 0,083 4,12 0,17 0,93 0,18 N/A N/A N/A 0,32 1,14 0,28 1,62 2,28 0,71 1 1
W620 SPU 6th Ave N John Thomas 285+62 11.' RT 285+64 65.' RT 56 X 4'' CI 0,387 0,083 4,64 0,22 1,14 0,19 N/A N/A N/A 0,41 1,43 0,29 1,83 2,86 0,64 1 1
W622 SPU 6th Ave N John Thomas 287+05 1.' LT 287+09 32.' RT 33 X 2'' Copper 1955 N/A N/A N/A N/A N/A N/A 0,0004 0,0004 1,09 N/A N/A N/A N/A N/A N/A 2 1
W623 SPU 6th Ave N John Thomas 287+31 4.' LT 287+27 46.' LT 42 X 12'' CI 1931 0,469 0,083 5,63 0,32 0,68 0,47 N/A N/A N/A 0,6 0,83 0,73 2,22 1,66 1,34 1 1
W624 SPU 6th Ave N John Thomas 287+43 4.' LT 287+52 83.' RT 88 X 1'' Copper 1919 N/A N/A N/A N/A N/A N/A 0,0004 0,0004 1,09 N/A N/A N/A N/A N/A N/A 2 1
W625 SPU 6th Ave N Thomas Harrison 288+06 11.' LT 288+08 5.' RT 16 X 12'' CI 1931 0,531 0,083 6,38 0,41 0,68 0,6 N/A N/A N/A 0,78 0,83 0,94 2,51 1,66 1,51 1 1
W628 SPU 6th Ave N Thomas Harrison + + 58 X 2'' Copper 1983 N/A N/A N/A N/A N/A N/A 0,0005 0,0004 1,4 N/A N/A N/A N/A N/A N/A 2 1
W630 SPU 6th Ave N John Thomas 284+76 15.' RT 284+79 62.' RT 47 X 4'' CI 1959 0,365 0,083 4,38 0,19 1,14 0,17 N/A N/A N/A 0,36 1,43 0,25 1,72 2,86 0,6 1 1

Table 5.5-5a. Water Distribution Deformation, Critical Levels and Risk Management Actions 
Utility Items with “Susceptible to Damage” Conditions. (continued)
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UTILITY TYPE, SIZE AND LOCATION
DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%,  

56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE

Critical Level 
(variable VL%)Item No. Utility Owner

Utility Runs On 
(Street)

Nearest Cross Streets Bored Tunnel Station
Length (Ft)

Relationship (// 
or X)

Mainline or 
Service

Utility Size 
(Diameter) Material Type

Pressure 
 (HP, IP or LP) Depth

Access 
Structure

Year of 
Construction Reference

Tensile Strain
Critical LevelFrom To Begin Sta. Offset End Sta. Offset Tensile Strain Tensile Limit Deformation to Limit Ratio

STM2 Seattle Steam Alaskan Way Washington Columbia 209+97 11,33' LT 213+86 149,79' LT 410 // Main 8  in 16  log WI LP FUM 2S-5 0,00038 0,000121 3,16 1 1
STM3 Seattle Steam Alaskan Way Washington Yesler 212+03 66,16' LT 211+88 104,19' LT 41 X Service 4  in 7  Pipe Iron casing LP FUM 2S-5 0,00061 0,0004 1,52 2 2
STM20 Seattle Steam Western Columbia Yesler 215+44 101,44' RT 215+68 157,74' RT 61 X Main 6  in 16  log Wrought Steel LP MH 121 TH 60 Steam Map 9 0,00028 0,000121 2,31 1 1
STM22 Seattle Steam Western Columbia Yesler 215+41 102,32' RT 215+40 99,81' RT 3 X Service 4  in 16  log Wrought Steel LP FUM 1N-8 0,00028 0,000121 2,31 1 1
STM24 Seattle Steam Western Yesler Marion 215+49 110,09' RT 219+76 48,67' LT 458 // Main 6  in 16  log Wrought Steel LP MH 120 FUM 1N-7, 1N-8  Steam Maps 9  and 13 0,00012 0,000121 1,03 2 2
STM42 Seattle Steam Western Columbia Marion 217+64 25,05' RT 217+60 13,28' RT 13 X Service 4  in 8  log Wrought Steel LP FUM 1N-7 242-39C-031.JPG Steam Map 13 0,00028 0,000121 2,29 1 1
STM43 Seattle Steam Western Columbia Marion 217+65 21,49' RT 217+61 12,86' RT 9 X Service 2 1/2 Wrought Steel HP 242-39C-004.JPG 242-39C-031.JPG Steam Map 13 0,00028 0,000121 2,29 1 1
STM70 Seattle Steam 1st Ave Marion Madison 223+20 215,66' RT 223+07 163,66' RT 54 X Service 8  in 2'x2' log Wrought Steel LP 1932 FUM 1N-3 242-39C-032.JPG Steam Map 18 0,00015 0,000121 1,23 2 0
STM74 Seattle Steam Western/1st Alley Madison Spring 224+04 25,86' RT 223+96 8,76' LT 36 X Service 20  in 20  log Wrought Steel LP FUM 1N-4 0,00021 0,000121 1,71 2 0
STM75 Seattle Steam Western/1st Alley Madison Spring 224+06 20,51' RT 224+08 25,1' RT 5 X Service 4  in 8 x10  log Wrought Steel LP FUM 1N-4 0,0002 0,000121 1,66 2 0
STM77 Seattle Steam Western/1st Alley Madison Spring 225+42 6,73' LT 225+34 41,69' LT 36 X Service 4 Wrought Steel LP FUM 1N-4 Steam Map 22 0,0002 0,000121 1,68 2 0
STM79 Seattle Steam Western/1st Alley Spring Seneca 226+77 46,41' LT 226+74 60,93' LT 15 X Service 16 Wrought Steel LP 1974 FUM 1N-4 242-39D-096.JPG 0,0002 0,000121 1,66 2 0
STM80 Seattle Steam Western/1st Alley Spring Seneca 226+78 40,81' LT 226+79 36,06' LT 5 X Service 16 Wrought Steel LP FUM 1N-4 0,0002 0,000121 1,66 2 0
STM82 Seattle Steam Western/1st Alley Spring Seneca 227+46 53,02' LT 227+47 48,28' LT 5 X Service 4  in 14  log Wrought Steel LP 1930 FUM 1N-4 242-39B-156.JPG 0,00019 0,000121 1,6 2 0

STM124 Seattle Steam 1st Ave University 232+67 7,41' RT 232+75 50,72' RT 45 X Service 5 WI LP FUM 27N-1 0,00014 0,000121 1,12 2 0

UTILITY TYPE, SIZE AND LOCATION
DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%,  

56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE

Critical Level 
(variable VL%)Item No. Utility Runs On (Street)

Nearest Cross Streets Bored Tunnel Station
Length

Relationship (// 
or X)

Mainline or 
Service

Utility Size (Diameter) Material Type Pressure 
 (HP, IP or LP)

Year of 
Construction Reference

Tensile Strain
Critical LevelFrom To Begin Sta. Offset End Sta. Offset Gas Carrier Casing Pipe Gas Carrier Casing Pipe Tensile Strain Tensile Limit Deformation to Limit Ratio

G5 South Jackson Street Alaskan Way South Post Alley 203+79. 40.' LT 203+80. 142.' RT 182' X Mainline 6'' STW CI Gas Record 192,069D 0,0013 0,0007 1,95 2 -
G9 South Main Street Alaskan Way South Alaskan Way Viaduct 206+87. 44.' LT 206+83. 127.' RT 171' X Mainline 4'' STW 242-225-093.JPEG Gas Record 192,069D 0,001 0,0007 1,4 2 -

G14 Alaskan Way Viaduct South Main Street Yesler Way 209+93. 109.' RT 214+23. 27.' LT 458' X Mainline 12'' STW HP 1959 242-278-104.JPEG Gas Record 192,069B Gas Record 192,069D 0,0008 0,00069 1,09 2 2
G433c Sixth Avenue North John Street Harrison Street 283+09. 1.' LT +. .' RT 712' // Mainline 4'' STW IP Gas Record 189,068F 0,0008 0,0007 1,12 2 1
G445 Sixth Avenue North John Street Harrison Street 283+23. 3.' LT +. .' RT 698' // Mainline 6'' STW Gas Record 189,068D 0,0008 0,0007 1,13 2 1

UTILITY TYPE, SIZE AND LOCATION
DEFORMATIONS EVALUATED BY KPFF FOR GLF = 0.5%,  

56 FOOT DIAMETER & DECEMBER 23, 2009 PROFILE

Critical Level 
(variable VL%)Item No.

Utility Runs On 
(Street)

Between Cross Streets Bored Tunnel Station

Length
Relationship (// 

or X) Type

Utility Size

Material Type
Quality Level According 

to Survey Gravity Structure No.
Year of 

Construction

Joint Pull-Apart (in) Joint Deflection (deg)

Critical LevelFrom To Begin Sta. Offset End Sta. Offset
Nominal 
Diameter

Pull-Apart 
Deformation (in) Pull-Apart 

Deformation to 
Limit Ratio

Joint Deflection 
Deformation 

(deg) Deflection Limit
Deformation to 

Limit Ratio
S19 South King Street Alaskan Way South Post Alley 200+58. 52.' LT 200+57. 80.' RT 132' X Mainline 48'' Reinforced Concrete Pipe C 110309 110310 110330 1910 0,62 0,44 1,4 0,55 0,45 1,21 2 -
S25 South King Street Alaskan Way South Post Alley 200+89. 11.' RT 200+84. 106.' RT 96' X Mainline 42'' Reinforced Concrete Pipe C 110331 110329 1970 0,62 0,44 1,4 0,55 0,45 1,21 2 -
S26 South King Street Alaskan Way South Post Alley 200+66. 58.' LT 200+89. 11.' RT 72' X Mainline 30'' Reinforced Concrete Pipe D 110309 110310 110331 0,62 0,44 1,4 0,55 0,45 1,21 2 -
S27 South King Street Alaskan Way South Post Alley 200+99. 14.' LT 201+00. 20.' RT 33' X Mainline 12'' Reinforced Concrete Pipe C 110356 0,62 0,56 1,1 0,55 1,29 0,42 2 -

Table 5.5-5b. Steam Deformation, Critical Levels and Risk Management Actions 
Utility Items with “Susceptible to Damage” Conditions.

Table 5.5-5c. Natural Gas Distribution Deformation, Critical Levels and Risk Management Actions  
Utility Items with “Susceptible to Damage” Conditions.

Table 5.5-5d. Gravity Sewer Deformation, Critical Levels and Risk Management Actions  
Utility Items with “Susceptible to Damage” Conditions.
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Item CalCulatIon totals
experienced Project leadership: 
STP Project Manager, Alvaro Fernandez: 
Alvaro brings more than 35 years of similar tunnel projects, including managing the M-30 South Bypass South 
Tunnel Project in Madrid – the largest diameter EPB TBM in the world at the time.

The contribution of Alvaro’s experience is significant. He is one of the few professionals in the world with tunneling experience of this type.
• Project Manager experience reduces possible TBM becoming lodged, requiring a work delay. 
• Potential delay: estimated 5 months = 180 days @ $100,000/day (per/WSDOT) = $18,000,000.

$18,000,000

experienced Project leadership: 
STP Design Director, Dan Dixon: 
Dan has extensive WSDOT experience and is included in addition to Key Personnel.

Significant value added. 
Dan developed ATC #5.This savings is valued at $50,000,000. $50,000,000

experienced Project leadership: 
STP Assistant Deputy Project Manager, Josh Randall: 
Josh brings more than 30 years of large transportation public works projects.

Josh’s significant experience will benefit productivity of the work. 
• He proposed and developed all our ATCs for the South and North Portals, including incorporating SOE wall into permanent structure and 

realignment., This has a huge savings and contribution to reducing risk.
• Josh lead the PLA negotiations with all the trade organizations and acheived an agreement of labor for a 24/7 basis will mitigate potential delays 

because of production stops and Union issues.
• Potential delay: estimated in 3 months = 90 days @ $100,000/day (per/WSDOT) = $9,000,000.

$9,000,000

early Completion: 
STP’s schedule completes the Project 316 days ahead of WSDOT requested deadline.

Completion 316 days ahead of schedule will save WSDOT a year of overhead costs.
• Valued at $3,000,000/month * 11months = $33,000,000. 
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.

$147,000,000

Community outreach: 
STP team members’ successful experience in assisting WSDOT with public outreach will mitigate the risk of public 
opposition to the project, which could slow the permitting process.

Meetings held: Urban League, El Centro de la Raza, Seattle Chamber of Commerce, King County Council and others.
• Opposition from these groups could have stopped the Project for 5 months = 180 days @ $100,000/day (WSDOT) = $18,000,000. $18,000,000

Co-location: 
Co-locating with WSDOT at its Third Avenue office reduces WSDOT travel time costs, facilitates frequent and 
efficient communication, and promotes a cohesive team-building environment. 

Assumes $1,000 travel costs per month and cost of additional offices. 
• Valued at $1,000,000. $1,000,000

safety - Zero accidents Policy: 
STP’s Executive Committee will appoint an Executive-in-Charge who will be required to make monthly unannounced 
site visits to observe ongoing safety practices and procedures.

• Complying with our “zero accidents” policy.

Quality:  
STP will provide extra quality assurance/quality control staff to ensure the SR 99 Bored Tunnel project exceeds 
WSDOT’s expectations.

Our quality organization will allow STP to solve issues efficiently and effectively. Assume, in a Project such as this, one issue per day at 1 hour for 
delay with crew of six. Total cost 1*1 hr *6 staff *$80 /h *365 day/year *5 years= $876,000. $876,000

STP’s ATC #3 reduces the electrical equipment needed in each tunnel electrical room resulting in less maintenance 
cost and provides improved accessibility and space allocation. (See Section 6) • ATC #3 will save $800,000. $800,000

Innovation: 
STP’s ATC #3 reduces repair and maintenance costs to just two sets of redundant programmable logic controllers 
rather than 17 sets. (See Section 5)

Included.

traffic management: 
Relocating traffic surveillance cameras closer to the shoulders allows maintenance crews to work on them without 
shutting down two lanes of traffic. (See Section 5)

Routine maintenance every month, traffic accommodation 3 staff, unit cost $80 /h. 
• Without escalation more than 50 years. $23,000,000

Innovation: 
We will divide WSDOT’s proposed single communications network into three distinct systems for data control, 
communications, and fire alarm network to increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. ( See Section 6)

Included

structures task Force: 
We will add a Structures Task Force to those required by WSDOT to reduce the risk to WSDOT. Avoids redesign. Value of structural design $19,000,000. $19,000,000

WsDot/stP Collaboration: 
By integrating with WDOT personnel throughout all phases of the Project, we mitigate risks of delaying completion of 
the Project and increasing Project costs.

Can reduce staff members from 120 to 80. At an average of $100,000 / month = 40*100,000=$4,000,000. $4,000,000

STP’s Estimated Value of Increased Benefit or Reduced Risk to WSDOT

Note: The following are conceptual estimates of benefits and risks to WSDOT. This list identifies possibilities based on a 
generalized cost based on assumed parameters. The calculations are not final costs, or burdened; they are ranges to indicate 
a general understanding of value costs resulting from the STP Proposal.

Section 2 – Proposer’s Approach to Management of the Project

Item CalCulatIon totals

Innovation - Deformation mitigation Plan: 
Installation of a South End Deformation Mitigation Plan to perform the necessary learning curve, to protect the 
operational portion of the viaduct, and to mitigate risks of sinkholes or heaves.

Without a SESMP, a failure at the beginning of the job without is very likely. A failure of this type would cause a delay of 5 to 8 months.
• Crew of 20 men*$80/h* 3 shifts*8 month *30 days* 8 h/day= $9,216,000.
• Overheads STP 8 moths *$1,500,000 /month= $12,000,000.
• WSDOT $100,000/day*8 months *30 days=$24,000,000.
• Viaduct repairs $35,000,000.

$80,216,000

Innovation: 
We have developed an earth pressure balance (EPB) tunnel boring machine (TBM), designed ad-hoc to meet 
the challenging geologic conditions of the site, facilitate settlement control, and reduce risk in the dense urban 
environment.

Based on STP’s experience, we believe a Slurry Shield TBM is the wrong choice. The cost of the selection of the wrong TBM is significant and difficult 
to quantify. 
Our design of the EPB machine is 20% faster = 0.2 *16 months*30 days/month*20 man* 3 shifts*$80/h*8h= $3,700,000. 
STP overheads = 0.2 * 16 months* $1,500,000 /month=$4,800,000. 
WSDOT overheads = $100,000*0.2*16 months* 30 days= $9,600,000.

$18,100,000

experience: 
Dragados has extensive successful experience using large diameter EPB TBMs on tunnels worldwide and brings 
lessons learned on how to operate and control these machines in various geologic conditions.

• The experience of Dragados will prevent a possible work stoppage and delay of TBM operation. 
• Assuming one stop per month of 100 hours = 1*16 months*100hours*20 men*$80/h= $2,560,000.
• STP overhead = 16moth*100 hours/24 hours/30 days*$1,500,000= $3,330,000.
• WSDOT overheads=16 month*100 hours/24 hours*$100,000=$6,660,000.

$12,550,000

Innovation: 
An EPB TBM has fewer environmental concerns with the disposal of muck compared to slurry machines. 

Assume two environmental incidents per month. 
• Fine $10,000 remedial action $25,000. $35,000*12 months* 5 years= $2,100,000. $2,100,000

Section 5 – Excavation and Support of the Bored Tunnel and Management of Ground Deformation Impacts
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Item CalCulatIon totals

north and south tunnel operations Buildings:  
STP has re-aligned both buildings to reduce the risk of construction delays by TBM operation. 

Schedule delay: 3 months.
• Crew = 3 months*30 days/month*20 man* 3shifts*$80/h*8h= $3,456,000.
• STP overheads = 3 months* $1,500,000 /month=$4,500,000.
• WSDOT overheads = $100,000*3 months* 30 days= $9,000,000.

$16,956,000

Design Innovation: 
STP’s ATC #5 for the South Approach Area offers WSDOT a more streamlined roadway and a smaller footprint, 
allowing a greater surface area to be used for public benefit.

• Residual developable land.
• 100,000 sf * $200/sf = 20,000,000. $20,000,000

Design Innovation: 
STP’s approved ATC #5 means less excavation in the south Approach Area, resulting in less contaminated soil to 
dispose of and reduced risk of encountering cultural artifacts. 

Reduced volume of excavation with the potential for cultural artifacts. unknown

Construction Innovation: 
The incorporation of the support of excavation walls into the permanent structure contributes to the viability of our 
ATC #5 South Approach realignment, reduces construction costs, and allows us to complete the project early.

• Without adding the SOE walls to the permanent structure, the schedule would be extended about 2 months.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction Innovation: 
Braced secant piles will be incorporated into the permanent construction, reducing risk of liquefaction induced 
seismic damage.

Significant Value added and reduced risk.
• The quanitificaton is very complex and is included as a component of our Cost Proposal unknown

Design Innovation: 
Reconfiguring the electrical system and streamlining the electrical requirements in the Tunnel Operations Buildings 
results in fewer pieces of equipment to maintain and improves space allocation needs.

The time and cost savings for WSDOT in terms of easier and faster maintenance and convenience for supplies of consumables, such as fuel.
• 20%. unknown

Construction methods: 
STP will barge the tunnel muck from Pier 46 to Port Ludlow, reducing the number of trucks on local streets by up to 
300 trucks per day and minimizing the likelihood of spoil spills on downtown streets.

Included in Section 5.

muck Removal: 
STP will use a covered muck conveyor system when moving muck from the South Approach area to Pier 46 to 
reduce noise and the risk of spilling tunnel spoils outside of the Project site.

• Complaints and lawsuits.
• Assume $300,000 cost. $300,000

Construction Innovation: 
Footprint of shoring for TBM assembly pit creates larger ancillary spaces, reducing space allocation risks.

Design Innovation: 
By moving the North Tunnel Operations Building foundation out of the TBM path, WSDOT will be able to access the 
building earlier to connect systems. 

Otherwise, up to 2 months delays in schedule may happen because of the interference between the building and the TBM excavation phase.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000.
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction methods: 
STP construction of the WOSCA detour reduces the construction cost of the H2K2 project. • Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of the WOSCA detour simplifies coordination between the H2K2 project, reducing WSDOT 
coordination costs.  

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of an additional 575 feet of northbound mainline, 630 feet of south mainline, 575 feet of NB-On 
Ramp and 550 feet of SB-Off Ramp reduces WSDOT costs on future projects.    

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs. unknown

Construction Innovation & methods: 
Conduit and cable have been moved out of the tunnel utilidor. The utilidor is designed to be full of water and provide 
drainage during a fire event or tunnel cleaning. The conduit and cable have been moved to keep them out of 
potentially flooded areas. This will increase system reliability and decrease maintenance costs.

• It is almost impossible to quantify the impact of this improvement. For instance, this replacement of the position of cables will prevent WSDOT from 
power failures in the event of fire.

• In addition, there will be a significant time savings for WSDOT regarding troubleshooting in case of problems.
• 20% due to this improvement.

unknown

Design/Construction Innovation: 
Permanent cables to be distributed and supported by tray instead of inside conduits, as depicted in Addendum #16.

Due to time savings of maintenance and troubleshooting. 
500% of improvement maintenance time for WSDOT, based on past experience. unknown

total added Value of Increased Benefit and Reduced Risk to WsDot $622,936,000

Section 6 – Design and Construction, Except Tunneling

Item CalCulatIon totals

early Completion: 
Schedule completes the Project 316 days ahead of WSDOT requested deadline.

• Completion 316 days ahead of schedule will save WSDOT a year of overhead costs, 
• Valued at $3,000,000/month * 11months = $33,000,000.
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.
• STP overheads = $1,500,000* 12 months= $6,000,000.

$6,000,000

Proactive Planning: 
STP has planned 19 preventive TBM interventions, together with a restrictive preventive maintenance plan to ensure 
that the machine operates as planned. Thus, the Project will be completed 316 days ahead of WSDOT’s schedule.

• Assuming that without proper maintenance, the productivity on average is 0.5, so we will have additional  cost of 8 months.
• Direct cost: $80/h*8h*3 shifts*30 days*8months=$460,800.
• STP overheads: 8 months *1,500,000=$12,000,000.
• WSDOT overheads: 8 months*30*$100,000=$24,000,000.

$36,460,800

Reduced truck traffic: 
STP’s tunnel precast segments will arrive to the South Access Area by barge, instead of by heavy trucks. In addition, 
our excavation spoils will be conveyed out of the jobsite by the sea through barges instead of by heavy trucks (up to 
300 trucks per day).

Assuming that with heavy mud loads and precast segments delivery everyday, the traffic increases an average of 1 minute to everyone, everyday due 
to the delivery trucks.
• Average cost per hour $200. Number of vehicles per day: 120,000. Only one person per vehicle. 
• 120,000*200*1/60= $400,000/day*16 months*22 working days=$140,000,000.

$140,000,000
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reducing the footPrintreducing sPace requirements

4
6
0
5
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south tunnel oPerations building

north tunnel oPerations building

IN THIS SECTION 
Increased Floor-to-Floor Heights

Conceptual Plaza Area

Conceptual Design of South Portal Approach

In Section 6
STP’s concept for the South Approach Area will 
reduce the footprint of the Project, the settlement 
risk near the remaining portions of the Alaskan Way 
Viaduct, and the risk of schedule delay because of 
initial start-up of the TBM. Our approach enhances 
the visual experience of the user by reinforcing the 
sense of entry into the City.

We have optimized space allocations in the South 
and North Tunnel Operations Buildings and 
realigned the buildings so their construction and 
commissioning is not dependent on the progress 
of the TBM. In addition, we have maximized the 
North Tunnel Operations Building’s functionality, 
decreasing the building’s long-term energy needs.

6.1	 Proposed	Design	Plans	and	Details

6.2	 Construction	Phasing	and	Staging

6.3		 geotechnical	Design	Assumptions	and	Design	
Parameters	not	related	to	Tunneling

6.4	 Cut-and-Cover	Tunnel	Design	and	Construction

6.5		 Bored	Tunnel	Interior	Design	and	Construction

6.6		 Tunnel	Operations	Buildings
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How STP Meets WSDOT Goals
maintain worKer and Public safety:
•	 STP	will	barge	tunnel	muck	out	of	the	City,	
reducing	the	risk	of	trucks	impacting	traffic	in	the	
City	and	reducing	associated	congestion	related	
accidents.

•	 STP’s	familiarity	with	and	use	of	established	
shoring	methodologies	reduces	risk	of	accidents.		

•	 STP’s	Proposal	provides	ramps	and	wider	stairs,	
maximizing	the	space	available	for	the	traveling	
public	emergency	egress.	

•	 Access	to	the	Tunnel	Operations	Buildings	will	
be	simple	and	intuitive	and	the	design	principles	
incorporated	will	be	broader	than	those	of	
accessible	design.

on time and within budget:
•	 STP’s	location	of	the	north	and	South	Tunnel	
Operations	Buildings	reduce	risk	that	these	
buildings	could	be	delayed	by	the	operation	of	
the	TBM.

•	 STP	reduces	risk	of	project	delay	caused	by	
obstructions	(e.g.,	timber	piling,	boulders,	and	
debris)	by	applying	construction	techniques	
by	using	temporary	casing	advanced	ahead	of	
the	excavation,		oscillators,	and	grab-bucket	
excavating	equipment.

•	 STP	minimizes	schedule	risks	associated	with	
complex	shoring	systems	through	the	use	of	
standard	shoring	systems.	

•	 Our	shoring	design	experience	in	Seattle	
supports	the	activity	durations	in	the	project	
schedule,	reducing	the	risk	of	delay.
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scoring  
element

summary of stP ProPosal and  
ProPosal reference

requirement 

met exceeded
Commitments	that	add	benefit	to	
WSDOT	above	and	beyond	the	
requirements	of	the	RFP

•	 STP	will	incorporate	the	braced	secant	piles	into	the	permanent	construction,	
reducing	the	risk	of	seismic	damage	because	of	soil	liquefaction.

•	 STP’s	relocation	of	the	north	and	South	Tunnel	Operations	Buildings	
maximizes	the	time	for	construction	and	commissioning	and	minimizes	the	
risk	that	those	buildings	could	be	delayed	by	the	TBM	operation.

•	 STP’s	larger	diameter	bored	tunnel	creates	greater	ancillary	spaces	reducing	
space	allocation	risks.

•	 STP’s	significant	use	of	landscaping	will	soften	the	transition	from	community	
to	tunnel.

 

Reducing,	mitigating,	or	
transferring	risks	to	the	benefit	of	
WSDOT	

(Active	leadership	role	and	
demonstration	of	effective	
management	of	risk	to	WSDOT’s	
benefit.)

•	 STP’s	smaller	footprint	in	the	South	Approach	Area	means	less	excavation,	
reducing	the	chance	of	encountering	cultural	artifacts	that	could	delay	the	
Project’s	schedule.	

•	 STP’s	analysis	of	geological	conditions	recommended	a	more	practical	
approach	to	selecting	and	applying	values	to	reduce	the	risk	of	deformation.

•	 STP	will	barge	tunnel	muck	out	of	the	City,	reducing	the	risk	of	trucks	
impacting	traffic	on	nearby	streets	and	highways.

•	 STP’s	use	of	a	covered	conveyor	reduces	the	risk	of	public	complaints	and	
political	opposition.

 

Compliance Matrix
Proactive Planning and execution:
•	 STP’s	proposal	represents	an	advance	in	the	
planning	of	the	bored	tunnel	systems.	Co-located	
international	team	of	designers,	installation	
experts,	and	constructors	provides	confidence	in	
our	space	allocation	and	systems	coordination	
and	tunnel	dimension	verification	study.

•	 STP	has	met	with	utility	owners	to	review	
adjustment	plans,	to	become	more	
knowledgeable	about	the	operation	and	condition	
of	the	facilities,	and	to	discuss	contingency	plans.		

•	 STP	proposal	includes	3-D	modeling	of	
the	tunnel	systems,	reducing	conflicts,	and	
increasing	confidence	in	the	project	schedule.
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6.1	Proposed	Design	Plans	
and	Details
Appendix	 D	 contains	 the	 plan	 sheets	 and	 details	
necessary	to	convey	the	Proposer’s	approach	to	the	
design	and	construction	of	the	Project.	In	addition,	the	
appendix	 contains	 reference	documents	 supporting	
Section	6.3.	A	summary	of	the	documents	contained	
in	Appendix	D	is	shown	in	Table	6.1-1.	

Section title Document type

Cover and Title Sheet Drawing

Index of Drawings and Vicinity Map Drawings

Abbreviations, Symbols, and General Notes Drawings

Roadway Sections Drawings

Construction Sequencing Plans Drawings

Roadway Alignment Plans Drawings

Roadway Profiles and Superelevations Drawings

Drainage Drawings

Structures – Cut-and-Cover Tunnel Shoring Plans with Settlement Contours; Longitudinal Sections 
and Cross Sections 

Drawings

Structures – Bored Tunnel Liner Plans and Details Drawings

Structures – Bored Tunnel Interior Section, Pump Station Locations, and Structural Profile Drawings

Architecture – South and North Tunnel Operations Buildings Plans, Sections and Details; Cut-and-
Cover Egress Plans 

Drawings

Systems – Electrical, SCADA, Radio, ITS, and Combined Services Cross Sections Drawings

Temporary Site Power Drawings

Geotechnical Support Documents 
Technical Memoranda 
and Reports

Table 6.1-1. Summary of Appendix D Documents.
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6.2		Construction	Phasing		
and	Staging
The	NTP	milestones	define	the	major	phases	of	the	
Project:

•	 Project Phase I (from NTP 1 to NTP 2): 
preliminary	design	and	Final	Environmental	
Impact	Statement	(FEIS)	support

•	 Project Phase II (from NTP 2 to 
substantial completion):	final	design	and	
construction,	including	mitigation	and	
monitoring,	testing,	and	commissioning

Project	Phase	I	-	Preliminary	
Design	and	FEIS	Support
Immediately	 following	 NTP	 1	 and	 continuing	 for	
approximately	 6	 ½	 months	 until	 WSDOT	 issues	
NTP	2,	STP	will	provide	engineering	support	to	the	
FEIS	process	along	with	key	planning	and	document	
development	activities	as	part	of	the	preconstruction	
preparation	effort.	

Key	preliminary	design	deliverables	produced	during	
Phase	I	include:

•	 Environmental	Compliance	Plan
•	 Maintenance	of	Traffic	Plan
•	 Draft	and	Final	Construction	
Communications	Public	Information	Plan	

•	 Quality	Management	Plan	
•	 Utility	Management	Plan	and	Utility		
Work	Plan	

•	 Risk	Management	Plan
•	 Tunnel	and	Roadway	Systems	Space	
Allocation,	Coordination	and		
Verification	Study

STP	 must	 produce	 numerous	 reports,	 plans,	 and	
technical	analyses	prior	to	NTP		2.	Based	on	a	thorough	
review	 of	 the	Technical	 Requirements	 and	 related	
information,	 STP	 has	 developed	 a	 comprehensive	
list	of	all	required	document	deliverables	along	with	
their	applicable	due	dates.	STP’s	document	control	
system	and	 active	monitoring	program	ensure	 that	
we	will	develop	and	deliver	these	work	products	in	
a	timely	fashion.	

Also	during	Phase	I,	the	Baseline	Contract	Schedule	
development	effort	(with	full	cost	and	price	loading)	
will	evolve	from	the	Preliminary	Baseline	Contract	
Schedule	included	with	this	proposal.	The	Baseline	
Contract	Schedule	will	be	compliant	with	the	contract	
provisions	and	submitted	per	WSDOT	Design	Build	
Contract	Section	10.4.4.

Another	important	activity	in	Phase	I	relates	to	the	
pre-design	effort	 for	procurement	of	key	 long-lead	
equipment	and	material	that	are	linked	to	NTP	2.	In	
particular,	the	TBM	is	a	critical	path	item	and	STP	
will	need	to	order	the	machine	immediately	following	
NTP	2.	Between	NTP	1	and	NTP	2,	we	will	secure	
utility	franchise	permits	and	adjustment	agreements	
to	enable	a	rapid	start	for	utility	relocation	activities.

Project	Phase	II	-	Final	
Design	and	Construction
When	WSDOT	issues	NTP	2,	STP	will	initiate	final	
design,	 implement	 the	 mitigation	 and	 monitoring	
program,	 begin	 the	 procurement	 process	 for	 long-
lead	 equipment	 and	material	 (such	 as	ordering	 the	
TBM),	 and	 begin	 on-site	 construction	 activities	
(i.e.,	site	preparation,	utility	relocation,	and	advance	
archaeological	 investigation).	 STP’s	 schedule	 is	
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fully	 coordinated	 in	 regard	 to	 the	 design	 process,	
commissioning	 and	 related	 construction	 elements.	
Also,	immediately	after	WSDOT	issues	NTP	2,	STP	
and	WSDOT	 will	 build-out	 and	 occupy	 the	 joint	
field	offices.

Sequence of Work
Within	Phase	II,	each	of	the	three	major	work	areas	–	
South	Approach	Area,	the	Bored	Tunnel,	and	North	
Approach	Area	–	have	key	breakpoints	occurring	at	
roughly	the	same	time.	Figures	6.2-2,	6.2-3,	and	6.2-
4	present	 the	proposed	 sequence	of	work	 for	 each	
major	work	area	and	associated	dates,	including:

•	 Stage 1: From	NTP	2	(August	15,	2011)	to	
milestone	M-S3	(mid-May	2012)

•	 Stage 2: From	milestone	M-S3	(mid-May	
2012)	to	mid-2013

•	 Stage 3: From	mid-2013	to	December	2014
•	 Stage 4: From	December	2014	until	
October	31,	2015

Haul Routes for Excavation of the 
North and South Approaches
All	 truck	 route	 destinations	 are	 located	 south	 of	
the	Project	 site.	We	will	access	 these	 locations	via	
approved	City	of	Seattle	heavy	truck	route	streets.	All	
truck	route	travel	will	be	south	along	SR	99	Alaskan	
Way	and,	in	some	cases,	west	across	the	West	Seattle	
Bridge	and	south	along	West	Marginal	Way.

North Approach Area
•	 We	expect	the	first	20	feet	of	excavation	
of	the	North	Approach	Area	to	contain	
contaminated	soil,	including	petroleum	
contaminated	wastes.	We	will	haul	these	
materials	by	truck	on	approved	heavy	truck	
routes	to	Waste	Management’s	disposal	site	
shown	on	Figure	6.2-1.

Figure 6.2-1. Haul Routes. STP 
will use designated truck routes 
for vendors south of the Project.
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Figure 6.2-2. South Approach Area Stages 1 to 4 Milestones. Several 
concurrent activities will be underway during Stages 1 to 4.
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Figure 6.2-2. South Approach Area Stages 1 to 4 Milestones. (continued)
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Figure 6.2-2. South Approach Area Stages 1 to 4 Milestones. (continued)
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2014 2015
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Construct CIP concrete cut-and-cover north ½  
TBM launch pit sta. 193-194+50
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         South Tunnel Operations Building equip/systems  
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Surface streets and restoration at south portal vicinity
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Construct cut-and-cover structures Sta.182-184
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detour and 
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tuNNel: StAge 1  From NTP-2 (August 15, 2011) to milestone M-S3 (mid-May 2012)
TBM procurement; order and initial manufacturing

TBM 
acceptance

TBM package/ship

TBM 
delivery  

tuNNel: StAge 2  From milestone M-S3 (mid-May 2012) to mid-2013
    Temporary power  

   for TBM

Erect 
assembly 

gantry

Develop assembly floor  
(conc slabs/trough, jacking frame)

Set-up support plant and equipment  
(conveying/barging)

Assemble TBM 

Start TBM/
Mining

     

tuNNel: StAgeS 1 AND 2 from NTP 2 (August 15, 2011) to milestone M-S3 (mid-May 2012) and from milestone M-S3 (mid-May 2012) to mid-2013
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Figure 6.2-3. Tunnel Stages 1 to 4 Milestones. 
Several concurrent tunneling activities will be underway during Stages 1 to 4.
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Figure 6.2-3. Tunnel Stages 1 to 4 Milestones. (continued)

2013 2014 2015
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Figure 6.2-4. North Approach Area Stages 1 to 4 Milestones. 
Several concurrent activities will be underway in the North Approach area during Stages 1 to 4.
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Figure 6.2-4. North Approach Area Stages 1 to 4 Milestones. (continued)

North ApproAch AreA: StAge 2  From milestone M-S3 (mid-May 2012) to mid-2013
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Figure 6.2-4. North Approach Area Stages 1 to 4 Milestones. (continued)
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Figure 6.2-4. North Approach Area Stages 1 to 4 Milestones. (continued)
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South Approach Area 
•	 In	addition	to	the	North	Approach,	we	
expect	the	first	20	feet	of	excavation	
of	the	South	Approach	Area	to	contain	
contaminated	soil,	including	petroleum	
contaminated	wastes	and	creosote	
contaminated	wood	debris.	We	will	haul	
these	materials	by	truck	on	approved	
heavy	truck	routes	to	Waste	Management’s	
disposal	site.

•	 We	will	truck	clean	soil	off	the	site.

Bored Tunnel Muck Removal 
STP	will	 excavate	material	 from	 the	 bored	 tunnel	
using	an	earth	pressure	balance	(EPB)	tunnel	boring	
machine	 (TBM).	 See	 Section	 5.2	 for	 details.	 The	
TBM	will	use	conditioners	 to	achieve	a	controlled	
support	 of	 the	 tunnel	 face	 by	 maintaining	 earth	
pressure	 and	 soil	 plug.	 Section	 5.2	 provides	 a	
discussion	of	the	TBM	operations.	The	conditioners	
will	be	composed	of	organic	polymers,	thus	avoiding	
land	fill	restrictions	on	oil-based	polymers.	

The	 TBM	 may	 grout	 sand	 lenses	 and	 voids	
encountered	 in	 front	 of	 the	 machine.	 Grouting	 at	
the	 face	of	 the	TBM	could	 lead	 to	high	pH	muck.	
The	volume	of	 this	material,	 however,	 is	 expected	
to	be	minimal	so	that	dilution	with	other	soil	being	
disposed	 of	 will	 not	 require	 us	 to	 treat	 the	 pH	 or	

dispose	of	it	at	a	special	landfill.

We	will	use	a	conveyor	system	to	transport	
muck	 from	 the	 tunnel.	 The	 conveyance	
system	 will	 be	 enclosed	 once	 the	 muck	

leaves	the	bored	tunnel,	reducing	fugitive	dust	and	
noise	and	improving	the	visual	quality	of	the	work	
area.	The	use	of	barges	will	 reduce	 the	volume	of	
truck	traffic	on	city	streets.		We	will	dispose	of	the	
muck	at	the	Mats	Mats	Quarry	in	Port	Ludlow.

The	use	of	our	conveyor	system	and	barges	
will	increase	the	safety	of	on-site	workers	
and	the	public	as	well	as	eliminate	the	risk	
of	 a	 significant	 truck	 traffic	 operation	

(estimated	at	600	truck	loads	per	day).	Figure	6.2-7	
shows	 our	 muck	 handling	 system.	 Section	 5.2	
provides	 a	 more	 detailed	 explanation	 of	 our		
conveyor	sytem.

Haul Routes for Materials Delivery
Proposed	suppliers	for	concrete,	precast,	and	ready	
mix	materials	 are	 located	 south	of	 the	Project	 and	
include	Cadman,	Inc.;	Glacier	Northwest,	Inc.;	and	
LaFarge	North	America.	Precast	lining	segments	and	
other	precast	elements	for	tunnel	interior	structures	
will	arrive	by	barge.	See	Figure	6.2-1	shown	earlier	
in	this	section.

Minimizing Impacts to the Port, 
Stadiums, and Other Major 
Stakeholders

STP	understands	the	effects	of	construction	
on	 the	 community.	 The	 South	Approach	
Area	 is	 immediately	 adjacent	 to	 the	Port	
of	 Seattle	 facilities,	 two	 sports	 arenas,	

and	 a	 historic	 business	 and	 shopping	 area.	 The	
North	Approach	Area	is	directly	adjacent	to	the	new	
Gates	Foundation	headquarters	and	to	the	events	at	
the	Seattle	Center.	These	adjacent	areas	will	attract	
business	deliveries,	regular	commuters,	and	drivers	
who	occasionally	visit	the	area.	Our	muck	disposal	
method,	by	means	of	 the	conveyor	system	and	the	
use	of	barges,	provides	a	significant	opportunity	to	
achieve	 a	 positive	 community	 interaction	with	 the	
public	and	other	major	stakeholders,	such	as	the	Port	
of	 Seattle.	 It	 will	 result	 in	 eliminating	 all	 surface	
truck	 traffic	 required	 to	 dispose	 of	 the	 excavated	
muck,	with	the	subsequent	relief	of	the	surrounding	
neighborhood.	Also,	 the	 neighborhood	will	 benefit	
from	reduced	delivery	traffic	as	many	construction	
supplies,	such	as	precast	lining	and	structures,	will	
be	 delivered	 to	 the	 construction	 site	 by	 barges.	
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Additionally,	our	selection	of	an	EPB	TBM	means	
we	 will	 not	 need	 a	 muck	 treatment	 plant,	 which,	
in	 addition	 to	 causing	 a	 significant	 environmental	
impact,	 requires	 a	 large	 staging	 area.	 This	 would	
have	 posed	 a	 challenge	 to	 the	 Port	 of	 Seattle.	We	
will	provide	WSDOT	with	accurate	and	up	to	date	
construction	information	to	minimize	the	impact	of	
the	tunnel	construction	on	this	area.		
We	are	planning	efforts	to	minimize	the	impacts	of	
our	staging	and	haul	routes	on	nearby	stakeholders.	
We	 know	 that	 the	 Port	 Facilities,	 adjacent	 to	 the	
South	Approach	Area,	must	remain	secure	and	Port	
traffic	must	continue	to	move	on	and	off	the	property	
in	an	efficient	manner	during	construction.	STP	will	
mitigate	 Port	 concerns	 by	minimizing	 our	 staging	
area	footprint	and	coordinating	our	truck	deliveries	
and	hauling	with	the	Port.
The	Project	will	 impact	 the	 normal	 flow	of	 traffic	
and	pedestrian	routes	for	stadium	events	at	various	
times	 during	 the	 next	 several	 years,	 potentially	
inconveniencing	the	public	and	business	operations.	
STP	has	identified	safe	traffic	and	pedestrian	routes	
and	will	provide	an	on-site	Traffic	Control	Supervisor	
to	monitor	the	routes	during	stadium	events.	Section	
2.5	provides	details	on	our	Traffic	Management	Plan.
Our	team	member’s	experience	on	construction	near	
major	sporting	facilities	will	provide	lessons	learned	
for	minimizing	the	impacts	to	Seattle	facilities.	For	
example,	a	portion	of	the	M-30	South	Bypass	South	
Tunnel	Project	in	Madrid	was	constructed	next	to	an	
active	sports	stadium,	requiring	careful	scheduling	to	
minimize	impacts.	See	Figure	6.2-5.	On	the	Oakland	
Coliseum	 reconstruction	 and	 expansion	 project,	
Tutor	Perini	worked	within	an	11-month	 fast-track	
design-build	 period	 to	 upgrade	 the	 facility	 for	 the	
return	of	 the	Raiders	football	 team.	The	Coliseum,	
directly	 adjacent	 to	 the	Oakland	Arena,	was	being	
renovated	while	 the	NBA’s	Golden	 State	Warriors	
used	the	Arena.	Tutor	Perini	developed	haul	routes	
that	were	adjusted	for	Arena	events.	See	Figure	6.2-6.

Figure 6.2-6. Minimizing Impacts of Haul and 
Truck Routes. During renovation and expansion 
of the Oakland Coliseum, construction was staged 
around the adjacent Arena’s game and event 
schedule to minimize truck hauling and delivery 
impacts to traffic patterns and patrons. 

Figure 6.2-5. Minimizing Impacts to Sporting 
Events. Careful scheduling of construction traffic 
on the M-30 South Bypass South Tunnel resulted in 
minimal inconvenience to sporting event patrons.
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Figure 6.2-7. STP Muck Removal System. 
We will use a conveyor system to move muck to barges  
for disposal at Port Ludlow.
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Figure 6.2-7. STP Muck Removal System. (continued)
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Figure 6.2-7. STP Muck Removal System. (continued)
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Thoughtful	 refinement	 of	 the	 South	
Approach	Area	has	reduced	the	volume	of	
excavated	materials.	ATC	#5,	in	Appendix	
C,	discusses	this	refinement.	This	reduces	

the	duration	of	the	hauling	operations,	the	number	of	
trucks	on	the	City	streets,	and	the	impact	on	the	City	
streets.	 The	 North	 Operations	 Building	 has	 been	
moved	 off	 of	 the	 TBM	 extraction	 pit,	 permitting	
construction	of	the	North	Operations	Building	prior	
to	completion	of	the	TBM	disassembly	and	removal.	
This	provides	more	schedule	flexibility	in	the	North	
Approach	Area,	allowing	us	to	adjust	the	timing	of	
the	trucking	and	hauling	operations	to	avoid	conflicts	
with	the	local	events.	

STP	 will	 further	 minimize	 the	 impact	 of	 our	
construction	 activities	 on	 the	 local	 community	
through	refining	the	Project	and	working	closely	with	
WSDOT	on	implementing	a	successful	community	
outreach	program.		

A	successful	community	outreach	program	
will	 allow	 us	 to	 organize	 hauling	 routes	
and	 time	hauling	operations	 to	minimize	
impacts	to	the	local	neighborhoods	and	to	

communicate	our	plans	with	the	public.	Supporting	
our	 WSDOT	 counterparts,	 we	 will	 engage	 in	
conversations	with	local	residents	and	businesses	to	
gain	a	full	understanding	of	the	most	sensitive	issues	
for	local	residents	and	businesses.	

This	 understanding	 of	 community	
concerns	will	allow	us	to	time	our	hauling	
to	 minimize	 impacts.	 See	 Figure	 6.2-
8.	We	place	a	high	priority	on	 the	safety	

of	 pedestrians	 and	 our	 construction	 site	 plan	 will	
address	mobility-related	 issues	and	clearly	 identify	
accessibility	to	and	from	the	site.	We	will	install	and	
provide	traffic	demarcations,	flaggers	at	appropriate	
locations,	 and	 directional	 traffic	 control	 systems	
that	guide	and	alert	vehicular	traffic	in	the	affected	
Project	area.	

Installation, Testing, and 
Commissioning of the Tunnel 
Systems

STP	has	already	started	the	tunnel	systems	
analysis	process.		For	more	than	3	months,	
our	Tunnel	System	Manager,	Jorge	Vañó,	
who	 brings	 unparalleled	 experience	 in	

the	 design	 and	 installation	 of	 tunnel	 systems	 in	
international	 projects,	 including	 the	 M-30	 South	
Bypass	 South	Tunnel	 in	Madrid,	 and	 our	 team	 of	
systems	 designers	 have	 been	 working	 side-by-
side	validating,	 refining,	and	optimizing	 the	 tunnel	
systems,	 resulting	 in	WSDOT’s	 approval	 of	ATCs	
3	and	6.	Section	6.5	includes	a	complete	discussion	
of	 their	systems	development	processes.	This	 team	
evaluates	 the	 ease	 of	 installation	 and	maintenance	
of	 each	 system.	Team	members	 are	 reviewing	 the	
available	spaces	and	confirming	the	systems	will	fit.	

Figure 6.2-8. Los Angeles Metro Wilshire 
Alvarado Tunnel. Haul routes, approved by 
LADOT, were adjusted as needed to accommodate 
local traffic conditions, construction hours, and 
specific requirements to sustain local businesses.
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Because	 the	 installation	of	 the	 tunnel	 systems	 is	 a	
critical	path	activity	in	our	schedule,	our	systems	team	
is	coordinating	with	the	Project	schedulers	to	confirm	
that	 the	 schedule	 assumptions	 are	 realistic.	 We	
will	 integrate	WSDOT	engineers	 and	maintenance	
personnel	into	this	team	once	we	receive	NTP	1.	

STP’s	 planning	 process	 will	 continue	
as	 we	 develop	 the	Tunnel	 and	 Roadway	
Systems	 Space	 Allocation,	 Coordination	
and	Verification	 Study.	We	 will	 advance	

the	 space	 proofing	 process	 and	 test	 installation	
techniques	through	the	development	of	3-D	models	
of	the	tunnel	systems.	These	models	will	allow	the	
contractor,	 designer,	 installation	 engineers,	 and	
operations	 and	 maintenance	 personnel	 to	 see	 and	
adjust	 the	 systems	 installation	 prior	 to	 ordering	
equipment.		

Our	 team	 visited	 the	 Dayton	 Traffic	 Systems	
Management	Center	 to	 gain	first-hand	 information	
from	 WSDOT	 staff	 and	 understand	 the	 existing	
systems	to	ensure	compatibility	between	those	systems	
and	the	proposed	SR	99	Bored	Tunnel	project.

Our	 baseline	 schedule	 is	 based	 on	 a	
separate	 timeline	 for	 each	 system.	Three	
major	 steps	are	 involved	 in	each	 system,	
equipment	 supply,	 installation,	 and	

commissioning.	 We	 programmed	 equipment	 and	
material	 supply	 backwards	 to	 have	 everything	 in	
place	when	needed.	We	will	audit	the	factory	quality	
control	records	prior	to	accepting	any	equipment.	

Work Planning and Sequencing 
Tunnel Construction and Systems 

Installation 
The	 time-critical	 task	 is	 the	 tunnel	
construction.	 The	 North	 and	 South	
Operations	Buildings	and	building	systems	

must	be	complete	before	we	can	complete	the	tunnel	
interior	structure.	We	will	schedule	the		construction	
of	these	buildings,	and	installation	of	these	building	

systems,	so	they	do	not	delay	the	construction	of	the	
tunnel	interior	structure.		

Construction	of	the	Tunnel	Operations	Buildings	will	
follow	the	normal	building	construction	practices:

•	 Piping,	air	ducts,	and	electrical	conduit	
installation

•	 Electrical	lighting,	fire	protection,	and	
HVAC	devices

•	 Finishing	in	technical	rooms	and	machines	
for	the	building,	which	we	will	coordinate	
with	the	tunnel	equipment	installation:	fans,	
pumps,	electrical	transformers,	switchgears,	
and	generators.

Tunnel	 system	 installations	 will	 progress	 in	 sync	
with	 the	 interior	 structure	 construction.	 Since	 we	
will	complete	the	interior	structure	using	a	cyclical	
process,	installations	can	start	as	soon	as	necessary	
walls	and	decks	are	 ready.	We	will	 complete	most	
of	 the	 tunnel	 installations	 before	 completing	 the	
lower	 slab.	 This	 is	 conditional	 on	 completing	 the	
tunnel	boring	and	beginning	dismantling	the	TBM.	
Installation	of	the	systems	on	the	top	of	the	tunnel	
will	start	after	we	have	dismantled	the	conveyor	belt	
and	temporary	air	ducts.	We	will	construct	them	in	
parallel	with	the	lower	slab	construction.

After	 connection	 of	 the	 tunnel	 structures	 to	 the	
operations	buildings,	we	will	 proceed	with	 system	
connections	 (e.g.,	 wires,	 pipelines,	 ducts)	 between	
the	tunnel	installations	and	the	operation	buildings’	
equipment	rooms.	Commissioning	will	start	as	soon	
as	each	system	is	ready.	

To	 improve	system	commissioning	and	 integration	
times,	 we	 will	 start	 installation	 of	 the	 electrical	
systems	 in	 the	 equipment	 rooms	 so	 that	 we	 can	
distribute	electrical	power	for	the	rest	of	the	systems.	
Our	 experience	 on	 many	 tunnel	 installations	
demonstrates	 that	 having	 lighting	 and	 electrical	
power	distributed	across	 the	equipment	 rooms	and	
galleries	 improves	 the	 system	 installation	 team’s	
performances,	 simplifies	 communications,	 and	
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design	of	these	systems	and	including	these	systems	
in	 the	 Project	 schedule.	 This	 thoughtful	 approach	
to	project	delivery	supports	WSDOT’s	on	time	and	
within	budget	goal.

STP	 has	 analyzed	 and	 considered	 specific	 storage	
and	staging	area	peculiarities	 for	various	pieces	of	
equipment.	 Table	 6.2-1	 provides	 a	 representative	
example	of	equipment	storage	requirements.

control	 cabling	 tasks.	This	 avoids	 the	 use	 of	 local	
electrical	generators	and	the	installation	of	portable	
lights.	

Successful	 Installation,	 Testing	 and	
Commissioning	of	the	Tunnel	Systems	are	
essential	for	the	successful	delivery	of	this	
Project.	Our	international	team	of	design,	

schedule,	 and	 installation	 experts,	 has	 worked	
together	 for	 the	 last	 several	months	 advancing	 the	

Table 6.2-1. Equipment Storage Requirements.
EquipmEnt AccEptAncE StorAgE nEEdS

Tunnel Fans Factory Test/Commissioning Outdoor

Sound Attenuators Commissioning Outdoor

Fan Dampers Factory Test/Commissioning Outdoor

Tunnel Dampers Factory Test/Commissioning Outdoor

Egress Doors Commissioning Outdoor

Power Transformers Commissioning Outdoor

Switchgears Factory Test/Commissioning Indoor

Diesel Generator Commissioning Outdoor

Fuel Tank Commissioning Outdoor

UPS and Batteries Commissioning Indoor

Drainage Pumps Commissioning Outdoor

HVAC Machines Commissioning Outdoor

Deluge Valves Commissioning Outdoor

Sprinkler Pumps Commissioning Outdoor

Sprinklers Commissioning Outdoor

Tunnel Luminaries Onsite Previous Test/Commissioning Indoor

Variable Message Signs Factory Test/Commissioning Indoor

Environmental Monitoring Commissioning Indoor

Fire Detectors Commissioning Indoor

Cameras Commissioning Indoor

Traffic Control Equipment Commissioning Indoor

Fiber Optic Communication 
Equipment Commissioning Indoor

Emergency Phones Factory Test/Commissioning Indoor
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6.3		Geotechnical	Design	Assumptions	and	
Design	Parameters	Not	Related	to	Tunneling
6.3.1	Additional		
Geotechnical	Information
This	 section	 summarizes	 the	 geotechnical	
information,	 beyond	 that	 contained	 in	 the	
Geotechnical	Baseline	Report	and	Geotechnical	and	
Environmental	 Data	 Report,	 that	 STP	 collected	 to	
analyze	and	develop	the	Proposal.	

In	 addition	 to	 reviewing	 the	 geotechnical	
information	 in	 the	 Geotechnical	 Baseline	 Report,	
the	 Geotechnical	 and	 Environmental	 Data	 Report,	
and	 information	 provided	 by	 WSDOT,	 STP	 has	
collected	 and	 reviewed	 relevant	 geotechnical	 and	
hydrogeological	information	from	projects	listed	on	
the	pages	that	follow.

During	 the	 last	36	years,	Hart	Crowser,	 a	member	
of	 the	 STP	 Team,	 has	 developed	 a	 broad-based	
understanding	 of	 the	 complex	 geological	 and	
geohydrological	conditions	encountered	throughout	
the	 Project	 area.	 Hart	 Crowser	 has	 participated	
in	 more	 than	 50	 deep-excavation	 projects	 in	 the	
downtown	core,	many	of	which	exist	near	the	South	
and	North	Approach	areas.	See	Figure	6.3-2.	Figures	
6.3-3	 and	 6.3-4	 show	 the	 project	 locations	 and	
summarize	the	relevant	data	collected	and	reviewed	
by	STP	for	the	Project.	

Two	of	our	 recent	 projects	with	 specific	 relevance	
to	the	SR	99	project	are	the	505	First	Avenue	South	
Building	and	the	SR	519/I-90	to	SR	99	Intermodal	
Access	 Phase	 II	 (SR	 519)	 Design-Build	 Project.	
The	 design	 and	 construction	 of	 the	 shoring	 and	
foundation	systems	for	the	South	Tunnel	Operations	
Building	and	South	Portal	excavation	will	be	similar	
to	the	505	First	Avenue	Building	and	SR	519	project.	

505 First Avenue South Building
The	 505	 First	 Avenue	 Building	 constructed	 in	
2008-2009	 is	 relevant	 to	 the	 design	 of	 the	 South	
Approach	Area	excavations.	This	area,	also	known	
as	 the	 Starbuck’s	 site,	 was	 a	 deep	 excavation	 and	
dewatering/depressurization	 project	 of	 similar	
complexity	to	the	SR	99	Bored	Tunnel	Project.	See	
Figure	6.3-1.	In	addition,	it	has	proximity	to	critical	
structures,	 constructability	 issues,	 and	 similar	
performance	criteria.

The	project	called	for	construction	of	a	45-foot-deep	
excavation	adjacent	to	the	Alaska	Way	Viaduct	with	
water-tight	 shoring	 constructed	 using	 cutter	 soil	
mixing	methods	and	high	capacity	tieback	anchors.	
WSDOT’s	 performance	 requirements	 necessitated	
monitoring	 the	 performance	 of	 the	 dewatering	
system	and	measuring	the	deformation	of	the	shoring	
system	and	Viaduct	foundations.	

Figure 6.3-1. Starbuck’s Site. The project 
successfully depressurized the lower aquifer  
to avoid basal heave of the excavation, while not 
lowering the upper aquifer by more than 5 feet  
to avoid impacting the Viaduct.
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Material	was	excavated	using	conventional	hydraulic	
excavators	and	haul	 trucks;	 truck	access	was	 from	
Railroad	 Way	 South.	 Community	 impacts	 were	
minimal.

This	 excavation	 experience	 indicates	 that	STP	 can	
reduce	 risks	 and	 support	WSDOT’s	 goals	 because	
we	can:

•	 Construct	a	waterproof	shoring	system	
at	the	South	Approach	Area	

•	 Achieve	shoring	system	deformations	
less	than	1	inch	

•	 Accomplish	dewatering	of	the	
lower	aquifer	with	less	than	2	feet	
of	groundwater	drawdown	outside	
the	excavation,	reducing	the	risk	of	
deformation	of	adjacent	utilities	and	
structures			

•	 Install	tiebacks	into	glacially	
overridden	soils	to	support	the	
excavation	shoring	and	predict	their	
behavior		

•	 Counteract	buoyancy	forces	because	
of	the	high	groundwater	table	using	
vertical	tie-down	anchors

SR 519/I-90 to SR 99 Intermodal 
Access Phase II Design-Build 
The	 SR	 519	 project	 demonstrates	 the	 proven	
experience	of	the	STP	Team	members	in	the	design	
and	 construction	 of	 drilled	 shafts	 and	 secant	 piles	
at	 the	 South	 Approach	 Area.	 Hart	 Crowser	 was	
responsible	 for	 the	 geotechnical	 design	 of	 drilled	
shafts	 for	 the	 SR	 519	 project.	 The	 firm	 directly	
interacted	with	WSDOT	and	 the	 contractor	during	
design	and	construction.	The	SR	519	project	consists	
of	an	elevated	bridge	structure	supported	primarily	
on	a	series	of	large	diameter	drilled	shafts.	

STP	expects	that	the	drilled	shafts	and	secant	piles	
constructed	for	the	South	Approach	Area	will:

•	 Be	of	similar	diameter	and	length
•	 Encounter	similar	subsurface	soil	conditions
•	 Be	installed	using	the	same	or	similar	
construction	techniques	

The	 experience	 from	 the	 SR	519	 project	 indicates	
that	STP	will:

•	 Successfully	design	and	construct	
drilled	shafts	up	to	9.8	feet	in	diameter	
by	92	feet	deep	in	the	vicinity	of	the	
South	Approach	Area	and	reliably	
predict	their	behavior

•	 Reduce	risk	of	project	delay	caused	
by	obstructions	(e.g.,	timber	piling,	
boulders,	debris)	by	applying	
construction	techniques	using	
temporary	casing	advanced	ahead	of	
the	excavation	by	using	oscillators	and	
grab-bucket	excavating	equipment

Both	the	505	First	Avenue	Building	and	the	SR	519	
project	 encountered	 timber	 piles	 and	 other	 wood	
debris	 common	 to	 the	 South	Approach	Area.	 See	
Figure	6.3-5.	Based	on	our	Team’s		experience	with	
the	 SR	 519	 project,	 STP	 knows	 that	 constructing	
drilled	shafts	using	temporary	full-length	casing	and	
excavating	with	 a	grab-bucket,	 compared	 to	open-
hole	methods	using	rotary	drilling	equipment,	allows	
for	easy	removal	of	timber	piles	and	other	debris.

By	avoiding	open-hole	construction	techniques,	STP	
reduces	 the	 risk	of	degraded	 structural	 integrity	or	
water-tightness	of	the	drilled	shafts	and	secant	piles	
that	 obstructions	 and	 other	 debris	 interfering	 with	
open-hole	excavations	can	otherwise	cause.	
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Figure 6.3-2. Deep Excavation Projects Near Tunnel Alignment.
STP brings team member experience on more than 50 deep excavation projects 
in the Seattle downtown area.

Deep Excavation Project (Typical)
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Figure 6.3-3. Representative Deep Excavation Experience.
Our team members have worked on many deep excavation projects in 
the vicinity of the South and North Approach Areas.
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Figure 6.3-4. STP Team Member Local and Other Relevant Project Experience.
Local construction project experience lends real world credibility to our geotechnical knowledge.
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Silver Cloud Hotel
Hart	 Crowser’s	 experience	 from	 the	 Silver	 Cloud	
Hotel	Project	indicates	that	the	SR	99	Bored	Tunnel	
Project	can	use	ground	improvement	to	mitigate	the	
loose,	 compressible,	 non-glacial	 soils	 at	 the	 South	
Portal.	This	project	used	deep	soil	mixing	to	improve	
these	soils,	eliminating	excessive	settlement	and	the	
hazard	of	soil	liquefaction.	

Secant Pile Projects
STP	Team	members	 have	 used	 secant	 piles	 as	 an	
effective	shoring	system	on	complex	 infrastructure	
projects.	See	Figure	6.3-6.

For	 example,	 on	 the	 $810	 million	
Marquette	 Interchange	 in	 Wisconsin,	 a	
shallow	groundwater	table,	in	conjunction	
with	significant	lowering	of	the	road	grade,	
had	 the	potential	 to	 result	 in	groundwater	
lowering	 and	 to	 distress	 to	 adjacent	
structures	 and	 utilities.	 HNTB	 designed	
secant	 pile	 retaining	 walls	 to	 provide	

effective	 groundwater	 cutoff,	 resulting	 in	minimal	
effects	to	adjacent	groundwater	levels.	This	top-down	
method	of	construction	also	minimized	disruption	to	
the	local	community	during	construction	by	reducing	
the	size	of	the	excavation.	

Soldier Pile and Tieback Shoring 
Projects
STP	will	construct	the	North	Approach	Area	cut-and-
cover	 section	 using	 conventional	 shoring	methods	
common	within	 the	Downtown	 Seattle	 Core.	 STP	
has	 selected	 soldier	piles	with	 lagging	and	 tieback	
anchors	 as	 a	 shoring	 system	 for	 support	 of	 deep	
excavations	in	this	area.

STP	 understands	 this	 shoring	 system,	 which	 has	
been	 extensively	 used	 for	 deep	 excavations	 in	
Seattle	and	by	WSDOT	for	design	of	highway	cuts	
and	 excavations.	Hart	 Crowser	 has	 participated	 in	
the	 design	 and	 construction	 of	more	 than	 50	 deep	
excavation	shoring	projects	in	downtown	Seattle.	
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Figure 6.3-5. Debris at 505 First Avenue South 
Project. Excavation near the South Approach Area 
yielded wood debris, existing piles, and soil-water 
conditions.

Figure 6.3-6. Alameda Mid-Corridor Design-
Build Project. The project supported trench walls 
on this 10-mile-long, 51-foot-wide rail corridor by 
drilling more than 10,000 cast-in-drilled-hole piles, 
36- and 48-inch diameter, with reinforced concrete 
keyed into nonreinforced interlocking 15-inch 
diameter secant piles.
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Figure	6.3-2,	presented	earlier	in	this	section,	shows	
a	map	identifying	the	locations	of	deep	excavation	
shoring	 projects	 reviewed	 for	 the	North	Approach	
Area.	 Each	 of	 these	 projects	 used	 conventional	
soldier	and	tieback	shoring	systems.	

Shoring Deformation
Primary	 concern	 for	 the	 design	 of	 every	 deep	
excavation	in	Seattle	is	minimizing	subsidence	and	
impacts	 to	 adjacent	 structures,	 utilities,	 and	 rights	
of	 way.	 The	 Seattle	 Department	 of	 Transportation	
(SDOT)	mandates	that	for	deep	excavation	projects	
in	Seattle,	shoring	wall	movement	not	exceed	1	inch.	
WSDOT	established	similar	criteria	in	the	Technical	
Requirements	 (TR-2.52.7.4).	 According	 to	 the	
requirements,	the	project	must	limit	the	vertical	and	
horizontal	deformation	of	structures	and	utilities	to	
less	than	1	inch.	

STP	 has	 reviewed	 deformation	
measurements	 for	 deep	 excavation	
projects	in	the	Seattle	downtown	area.	The	
experience	of	our	Team	members	with	past	
deep	excavation	projects	allows	us	to	more	
accurately	predict	shoring	deformations	in	
the	Seattle	region	than	can	be	made	using	
only	analytical	methods.	

STP	 has	 effectively	 calibrated	 the	 analytical	
tools	 used	 to	 predict	 deformations	 by	 observing	
movements	 associated	 with	 each	 and	 every	 deep	
excavation	project	with	which	it	has	been	involved	
over	 the	 past	 35	 years	 in	 downtown	 Seattle.	 This	
benefits	WSDOT	by	providing	an	efficient	shoring	
design	with	reliable	prediction	of	deformations.	

The	 additional	 information	 we	 evaluated	
demonstrates	that:

•	 STP	has	successfully	designed	and	
constructed	drilled	shafts	up	to	9.8	
feet	in	diameter	by	92	feet	deep	in	the	
vicinity	of	the	South	Approach	Area.	

•	 STP	will	reduce	project	delay	risk	
caused	by	obstructions	(e.g.,	timber	
piling,	boulders,	debris)	by	applying	
construction	techniques	using	
temporary	casing	advanced	ahead	of	
the	excavation	and	by	using	oscillators	
and	grab-bucket	excavating	equipment.		

•	 STP	will	reduce	the	risk	of	degraded	
structural	integrity	and/or	degraded	
water-tightness	of	the	drilled	shafts	
and	secant	piles	that	can	otherwise	be	
caused	by	obstructions	and	other	debris	
interfering	with	open-hole	excavations.	

•	 STP	Team’s		experience	with	past	
deep	excavation	projects	allows	us	
to	more	accurately	predict	shoring	
deformations	in	the	Seattle	region	than	
can	be	made	using	only	analytical	
methods.	

•	 STP’s	familiarity	with	the	local	
conditions	and	the	proposed	shoring	
methods	will	lead	to	a	safer	work	
site	where	working	conditions	are	
anticipated	in	advance	of	construction.	

•	 STP’s	familiarity	with	the	local	
conditions	and	the	proposed	shoring	
methods	will	lead	to	a	realistic	project	
schedule,	where	adequate	time	is	
allowed	for	each	task.		This	promotes	
quality	workmanship	and	adherence	to	
schedule	goals.	
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The	 experience	of	STP’s	 team	members,	
therefore,	with	shoring	of	deep	excavations	
in	 Seattle	 is	 directly	 applicable	 to	 this	
Project.	 Our	 experience	 reduces	 risk	 of	
soil	 deformations	 exceeding	 the	 design	
limits.	In	addition,	our	experience	supports	
WSDOT	 goals	 of	 minimizing	 ground	
deformation	 and	maintaining	worker	 and	
public	safety.		

6.3.2	Engineering	Properties	
of	Soil	Units
In	 general,	 STP	 affirms	 WSDOT’s	 assignment	
of	 geologic	 soil	 units	 in	 the	 engineering	 soil	 units	
(ESUs)	 presented	 in	 the	 Geotechnical	 Baseline	
Report	 (GBR).	 STP	 also	 affirms	 the	 baseline	
engineering	properties	assigned	to	the	ESUs	except	
as	noted	below:	

•	 Where	not	provided	in	the	GBR,	we	will	
take	an	average	value	soil	property	from	
Table	5,	Interpreted	Range	of	Engineering	
Parameters	of	ESUs,	in	RFP	Appendix	
G4.F,	Interim	Letter	CT-6.

•	 At-rest	Earth	Pressure	Coefficient.	We	
used	the	lateral	pressure	diagrams	in	
the	Design-Build	Contract,	Chapter	2	
Technical	Requirements	Appendices	
G4.E	and	G4.L	to	back	calculate		
at-rest	earth	pressure	coefficients.	
These	back	calculated	earth	pressure	
coefficients	are	not	consistent	with	
the	at-rest	earth	pressure	coefficients	
in	the	GBR	or	Geotechnical	and	
Environmental	Data	Report	(GEDR),	
but	are	consistent	with	at-rest	earth	
pressure	coefficients	typically	used	in	
the	downtown	Seattle	area.	

•	 Table	6.3-1	includes	a	comparison	
of	at-rest	earth	pressure	coefficients.	
Our	experience	demonstrates	that	use	
of	these	back	calculated	coefficients	
provides	a	strong	correlation	with	
measured	shoring	deformations.	In	
summary,	we	will	not	use	the	at-rest	
earth	pressure	coefficients	presented	
in	the	GBR	or	GEDR	to	create	earth	
pressure	diagrams	but	will	use	these	
back	calculated	coefficients	and	
the	lateral	earth	pressure	diagrams	
presented	in	RFP	Appendices	G4.E	
and	G4.L.	
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Table 6.3-1. Comparison of at-rest earth pressure coefficients.

Layer eSU
GeoLoGic 

SymboL

back-caLcULated at-
reSt earth preSSUre 

coefficient a

at-reSt earth preSSUre 
coefficient from tabLe 5 of 

appendix G4.f and the Gbr

1 1 Hf 0.50 0.45

3 3 He 0.48 0.50

4 2 Hb 0.42 0.40

5 5 Qpgo 0.41 0.80

5 4 Qpgt, Qpgm 0.34 0.60

5 7 Qpgl 0.49 1.10

a Back-calculated from earth pressure diagrams presented in RFP Appendix G4.E.
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6.3.3	Design	Parameters
STP	 has	 selected	 geotechnical	 design	 parameters	
based	 on	 our	 review	 of	 the	 GBR,	 GEDR,	 the	
Geotechnical	 Appendices	 to	 the	 Design-Build	
Contract,	 Chapter	 2	 Technical	 Requirements,	 and	
our	Team’s	 experience	with	 the	 local	 geology	 and	
engineering	 behavior	 of	 the	 soils.	 STP’s	 selected	
design	 parameters	 are	 appropriate	 for	 designing	
temporary	 and	 permanent	 walls,	 secant	 pile	 wall	
shoring,	and	drilled	shaft	foundations.

STP	 discusses	 selected	 design	 parameters	 for	 the	
South	Approach	and	the	North	Approach	areas	in	the	
following	sections.

Drilled Shafts
STP’s	proposal	will	support	the	U-section	structures	
that	 have	 a	 height	 greater	 than	5	 feet	 and	 the	 cut-
and-cover	structures	on	drilled	shaft	foundations.	We	
have	used	the	design	values	listed	in	the	tables	below	
to	prepare	this	proposal.	

Unfactored Drilled Shaft Axial Resistances
Table	 6.3-2	 lists	 unfactored	 drilled	 shaft	 axial	
resistances	in	glacially	overridden	soils.

•	 STP	has	reproduced	the	ultimate	end-
bearing	and	side	resistances	for	individual	
shafts	from	Table	2	of	Design-Build	
Contract,	Chapter	2	Technical	Requirements	
Appendix	G4.E.	

Table 6.3-2. Unfactored Drilled Shaft Axial Resistances in Glacially Overridden Soils.

SoiL type 
(GeoLoGic cLaSSification)

Shaft 
diameter 

(ft)

toLerabLe 
SettLement 

(inch)

ULtimate 
Unit end 
bearinG 

(StrenGth 
Limit)a

(ksf)

ULtimate 
Unit Side 
friction 

(StrenGth 
Limit)a

(ksf)

Service 
Limit State 

Unit end 
bearinG 

reSiStance 
(ksf)

Service 
Limit State 
Unit Side 

reSiStance 
(ksf)

G
La

c
ia

LL
y 

o
ve

r
r

id
d

en
 

So
iL

S

Pre-Vashon Glacial Till 
(Qpgt)

6 1/2 100 3 20 2.9

Glacial Outwash, 
Glacial Diamict or 
Glaciomarine Drift 
(Qpgo, Qpgd, Qpgm)

6 1/2 80 2.5 16 2.4

Glaciolacustrine or 
Lacustrine Deposits 
(Qpgl or Qpnl)

6 1/2 70 2 14 1.9

G
La

c
ia

LL
y 

o
ve

r
r

id
d

en
 S

o
iL

S

Pre-Vashon Glacial Till 
(Qpgt)

6 1 100 3 40 2.9

Glacial Outwash, 
Glacial Diamict or 
Glaciomarine Drift 
(Qpgo, Qpgd, Qpgm)

6 1 80 2.5 32 2.4

Glaciolacustrine or 
Lacustrine Deposits 
(Qpgl or Qpnl)

6 1 70 2 28 1.9

a Reference:  RFP Appendix G4.E, Table 2.
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•	 STP	has	calculated	the	Service	Limit	
resistances	using	Figures	10.8.2.2.2-3	
and	-4	from	the	AASHTO	LRFD	Bridge	
Specifications	and	are	based	on	1/2	and	1	
inch	of	tolerable	settlement	for	a	6-foot-
diameter	drilled	shaft.	

•	 STP	has	not	considered	Holocene	soils	for	
compression	resistance	in	Table	6.3-2.	

Drilled Shaft Liquefaction Values
Table	6.3-3	lists	post-liquefaction	downdrag	values	
are	for	ESUs	1,	2,	and	3.	These	unit	values	are	based	
on	 representative	 liquefaction	 downdrag	 values	
developed	 for	 the	 design	 of	 the	 SR	 519	 (I-90	 to	
SR	99)	Phase	 II	project.	A	 resistance	 factor	of	1.0	
is	recommended	for	 liquefaction	downdrag	per	 the	
AASHTO	LRFD	Bridge	Design	Specifications.

Resistance Factors for Drilled Shafts
Resistance	factors	for	drilled	shaft	design	will	be	in	
accordance	with	the	AASHTO	LRFD	Bridge	Design	
Specifications.	

Group Effects for Axial Resistance  
of Drilled Shafts
STP	 will	 use	 group	 reduction	 factors	 axial	
compression	 of	 drilled	 shafts	 as	 presented	 in	 the	
AASHTO	LRFD	Bridge	Design	Specifications.	

LPILE Soil Parameters
Table	 6.3-4	 presents	 LPILE	 parameters	 based	 on:	
(1)	 Design-Build	 Contract,	 Chapter	 2	 Technical	
Requirements,	Appendix	G4.F,	CT-6,	Table	5	and	(2)	
our	experience	with	drilled	shaft	design	conducted	
for	the	SR	519	–	(I-90	to	SR	99)	Phase	II	project.	

We	used	the	p-multiplier	mp	to	reduce	the	static	P-Y	
curve	to	a	liquefied	curve.	A	p-multiplier	is	applied	
to	 geologic	 units	 (Hf)	 and	 (Ha)	 for	 liquefiable	
soil	 layers	below	 the	water	 table.	We	applied	a	30	
percent	reduction	in	strength	to	the	soil	parameters	
for	 the	predominantly	 silty	estuarine	deposits	 (He)	
when	 considering	 liquefied	 conditions.	 This	 is	
consistent	 with	 Design-Build	 Contract,	 Chapter	 2	
Technical	Requirements,	Appendix	G5	and	previous	
experience	with	the	SR	519	(I-90	to	SR	99)	Phase	II	
project.

The	resistance	factor	for	lateral	resistance	of	a	single	
shaft	or	a	shaft	group	is	1.0	according	to	GDM	Table	
8-11.

Group Effects for Lateral Resistance of 
Drilled Shafts
STP	will	determine	lateral	shaft	group	load	modifiers	
using	 Section	 8.12.2.3	 of	 the	 GDM	 and	 Article	
10.7.2.4	 of	 the	 AASHTO	 LRFD	 Bridge	 Design	
Specifications.	The	load	modifiers	are	for	use	in	the	
computer	program	LPILE.

Table 6.3-3. Drilled Shaft Liquefaction Downdrag.
parameter eSU vaLUe commentS

Liquefaction  
Downdrag

3 220 psf
Downdrag should be applied for the extreme limit state for Holocene soils following 
seismic shaking.

The unit side friction should be multiplied by the pile perimeter and the thickness of 
the liquefiable soil layer. 

Estuarine (He) deposits are assumed to lose 30 percent of static shear strength.
1, 2 100 psf



TUNNEL

SECTION 6.3, PAGE 14

ProPosal – sr 99 Bored Tunnel alTernaTive 

General Shoring Design Parameters
Secant and Soldier Piles
STP	 affirms	 the	 axial	 capacity	 parameters	 for	
ultimate	 unit	 side	 resistance	 and	 ultimate	 unit	 end	
bearing	 resistance	presented	 in	Table	2	of	Design-
Build	Contract,	Chapter	2	Technical	Requirements,	
Appendix	G4.E.	

We	have	determined	resistance	factors	for	the	axial	
loading	 of	 the	 wall	 system	 in	 accordance	 with	
Section	 10.5.5.2.4	 of	 the	AASHTO	LRFD	Bridge	
Design	Specifications	and	the	GDM.

Earth Anchors/Tiebacks
We	 have	 estimated	 tieback	 adhesion	 using	 the	
bond	 stresses	 presented	 on	 page	 17	 of	 Design-
Build	Contract,	Chapter	2	Technical	Requirements,	
Appendix	 G4.E,	 for	 normally	 consolidated	 and	
glacially	overridden	deposits,	including	both	coarse-	
and	 fine-grained	 soils.	 The	 values	 presented	 are	
ultimate	 bond	 stresses	 that	 assume	 single-stage	
pressure	 grouting.	 We	 will	 obtain	 input	 from	 a	
specialty	 tieback	 contractor	 to	 determine	 the	 area	
over	which	to	apply	the	bond	stress	to	calculate	the	
bond	adhesion.	

Table 6.3-4. Generalized LPILE Parameters.

GeoLoGic Unit eSU p-y SoiL type 2
totaL Unit 

WeiGht (pcf)
friction 

anGLe (deg) e50 m p1 SU (psi)

p-y 
modULUS 

(pci)

Hf – above water 1 Sand 120 34 1 90

Hf – below water 1 Sand 120 33 0.15 58

Hf – upper soft clay 1
Soft Clay - 
Matlock

116 0.015 1 4.17

Hf – peat Peat

Ha – liquefiable 2 Sand 115 30 0.1 32

Hb, Hrw, Qvri, 
Qvro, Qvat

2 Sand 125 36 1 192

He 3 Sand 115 32 [24] 1 48 [5]

Hrw 3 Sand 125 33 1 58

Qpgt, Qpgm, Qpgd 4 Sand 145 40 1 192

Qpgo, Qpnf 5 Sand 130 39 1 192

Qpgl 6 Sand 125 39 1 192

Qpgol, Qpgm, 
Qpnl, Qpns, Qpnp, 
Pqnm

7 - Intact
Stiff Clay With 
Free Water

120 25 0.007 1 50 500

7 –
Residual

Sand 120 15 1 20

Qpgt, Qpgm, Qpgd 8 Sand 145 40 1 192

Note: Liquefied conditions included in [ ], otherwise same as static conditions.
1 For liquefied conditions, the p-multiplier mp should be applied during analyses.
2 Reference: LPILE PLUS 5.0 Technical Manual
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The	no-load	zone	included	all	soils	within	ESUs	1,	
2,	and	3.	We	did	not	account	for	bond	resistance	in	
the	Holocene	deposits.

We	will	determine	resistance	factors	(RF)	for	earth	
anchors	 from	 the	AASHTO	LRFD	Bridge	Design	
Specifications,	Tables	11.5.6-1	and	3.4.1-2.	

Lateral Earth Pressure
In	general,	STP	affirms	the	lateral	pressure	profiles	
in	 Appendices	 G4.E	 and	 G4.L	 for	 predesign	 of	
temporary	and	permanent	retaining	structures.	

•	 STP	uses	an	active	earth	pressure	
diagram	for	temporary	unbraced	walls	
that	may	be	allowed	to	deflect	without	
adversely	affecting	adjacent	settlement	
sensitive	structures.	An	active	earth	
pressure	diagram	may	be	constructed	
by	dividing	the	equivalent	fluid	
unit	weight	from	the	apparent	earth	
pressure	diagrams	in	RFP	Appendices	
G4.E	and	G4.L,	by	dividing	the	
equivalent	fluid	unit	weight	by	0.65;	
multiplying	the	resulting	equivalent	
fluid	unit	weight	by	the	corresponding	
layer	thickness;	and	then	consecutively	
adding	the	earth	pressures	for	each	
soil	layer	starting	from	top	to	bottom.	
Mobilization	of	active	earth	pressure	
requires	deflection	of	the	top	of	a	wall	
that	is	approximately	0.001	times	the	
wall	height.

•	 STP	uses	an	apparent	active	earth	
pressure	diagram	for	temporary	braced	
walls;	however,	where	braced	shoring	
is	located	near	settlement	sensitive	
structures,	we	increased	the	apparent	
earth	pressure	by	using	a	truncated	
“apparent-at-rest”	earth	pressure	
diagram.	

•	 STP	calculated	the	apparent-at-rest	
earth	pressure	diagram	from	an	
apparent-active-earth	pressure	diagram	
by	multiplying	the	equivalent	fluid	
unit	weight	by	the	ratio	of	the	at-rest	
and	active-earth	pressure	coefficients.	
We	applied	this	method	to	earth	
pressure	diagrams	in	RFP	Appendix	
G4.E,	Figures	21-29	and	33-42,	
and	Appendix	G4.L,	Figures	11-38,	
excluding	seismic	and	post-earthquake	
cases.

•	 STP	will	design	the	permanent	
non-yielding	walls	using	at-rest	
earth	pressures.	We	will	design	the	
permanent	walls	considering	both	
a	truncated	apparent-at-rest	earth	
pressure	distribution	and	a	triangular	
at-rest	earth	pressure	distribution	to	
accommodate	both	the	temporary	and	
permanent	wall	conditions.	

Hydrostatic Pressure Considerations
We	calculated	the	lateral	hydrostatic	pressure	in	the	
North	Approach	Area	using	a	static	groundwater	level	
at	 elevation	+30	 feet.	We	will	 install	 a	 continuous	
drainage	mat	behind	the	walls	 to	 intercept	seepage	
from	 the	 perched	 water-bearing	 layers	 above	
elevation	 30	 feet,	 so	 that	 it	 does	 not	 contribute	 to	
hydrostatic	pressure	buildup	behind	temporary	and	
permanent	walls.	Section	6.4	contains	a	discussion	
of	these	tried	and	true	groundwater	control	methods	
that	we	have	used	on	many	projects.	We	calculated	
the	 lateral	 hydrostatic	 pressures	 in	 the	 South	
Approach	Area	using	a	 static	groundwater	 level	 at	
elevation	+18	feet.	
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Seismic Design Considerations
Seismic	design	for	 the	North	and	South	Approach,	
including	 the	 cut-and-cover	 structures,	 will	 be	 in	
accordance	 with	 RFP	 Technical	 Requirements	
Section	 2.6.5.1.1	 and	 RFP	 Appendix	 B8:	 SR	 99	
Tunnel	 Design-Build	 Project	 Seismic	 Design	
Criteria.	Section	6.4	and	6.5	contain	more	complete	
description	of	the	STP	seismic	design	approach.		

Shallow Foundations
Spread Footing Design
We	 recommend	 that	 shallow	 foundations	 bear	 in	
glacially	overridden	soils	(ESUs	5,	7,	and	8).	Based	
on	our	previous	experience	in	the	downtown	Seattle	
area,	 for	 foundations	 bearing	 in	 these	 glacially	
overridden	 soils,	 allowable	 bearing	 pressures	 for	
continuous	wall	and	spread	footings	 typically	vary	
from	 about	 8	 to12	 kips	 per	 square	 foot	 (ksf)	with	
settlements	less	than	about	1	inch.	

Base Slab Design
Base	 slabs	 founded	 below	 ESUs	 1,	 2,	 and	 3	
(Holocene	 deposits)	 may	 bear	 directly	 upon	 the	
excavated	 soil.	We	may	 use	modulus	 of	 subgrade	
reaction	 (K1)	 values	 from	 Design-Build	 Contract,	
Chapter	2	Technical	Requirements,	Appendix	G4.E,	
Table	2.	

6.3.4	Mitigation	of	Geologic	
Conditions
This	 section	 discusses	 the	most	 likely	 risks	 to	 the	
project	 because	 of	 geologic	 conditions	 and	 the	
measures	we	will	take	to	mitigate	for	those	risks.	

The	geologic	conditions	that	pose	the	greatest	risks	
to	the	project	include:

•	 Challenging	ground	conditions	
•	 Groundwater
•	 Boulders	and	cobbles
•	 Wooden	piles	and	other	debris
•	 Contaminated	soils	and	groundwater

The	 risks	 to	 the	 Project	 from	 these	 geologic	
conditions	include:		

•	 Construction	delays	
•	 Cost	overruns
•	 Excessive	deformation	of	existing	structures	
and	utilities	

The	 following	 narrative	 describes	 in	 detail	 the	
geologic	 conditions	 and	 mitigation	 measures.	 The	
narrative	addresses	the	South	Approach	Area	and	the	
North	Approach	Area	excavations	separately.

South Approach Area Excavations
The	 South	 Approach	 Area	 excavations	 will	 be	
supported	 with	 strutted	 and	 tied-back	 secant	 pile	
walls.	 Figure	 6.3-7	 illustrates	 this	 shoring.	 See	
Section	6.4	for	a	complete	description	of	the	South	
Approach	Area	support	of	excavations.

Challenging Ground Conditions
•	 Known Geological Conditions. The	
South	Approach	Area	is	situated	over	an	
area	of	land	that	the	City	reclaimed	at	
the	beginning	of	the	20th	century	as	part	
of	regrading	activities	in	the	upland	hills	
areas	of	Seattle.	The	area	was	part	of	the	
originally	developed	and	pioneered	areas	of	
Seattle.	Builders	constructed	businesses	and	
roadways	on	timber	pile	decks	over	what	
was	then	Elliott	Bay.	
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	 From	historical	maps,	the	pre-filled	
shoreline	is	near	South	King	Street.	
In	general,	soil	conditions	consist	of	
unconsolidated	fill	soils	(reclaimed	
land)	over	alluvial	and	marine	deposits	
(Duwamish	River	tide	flats)	that	consist	of	
loose,	fine-grained	sands	and	soft	silts	and	
clays.	We	will	encounter	these	highly	erratic	
and	interlayered	soils	and	a	wide	range	of	
grain	sizes	throughout	every	segment	of	
the	excavation	for	the	cut-and-cover	and	
retained	sections	of	the	alignment.

•	 Mitigation Measures.	We	will	
design	the	shoring	to	account	for	the	
non-uniform	lateral	earth	pressures	
based	on	the	soil	conditions	in	the	
nearest	borings.	We	selected	the	
type	of	shoring	system	based	on	the	
soils	conditions	and	the	proximity	of	
existing	structures	and	utilities.		

•	 Shoring System Approach. 
 See	proposal	Section	6.4	for	a	
description	of	the	shoring	systems.	

•	 Current and Past Construction 
Projects in Similar Conditions.

 These	include:	
•	 505	First	Avenue	Building.	
The	505	First	Avenue	Building	
(Starbuck’s	site)	was	constructed	
adjacent	to	the	proposed	South	
Tunnel	Operations	Building	and	
the	Bored	Tunnel	Start-up	Section.	
This	45-foot	deep	excavation	
project	required	shoring,	
dewatering,	and	control	of	ground	
deformation	in	the	same	soil	
conditions	that	we	will	encounter	
for	the	South	Approach	Area.	
The	shoring	walls	consisted	of	
water-tight	grout	panels	installed	

using	Cutter	Soil	Mixing	methods.	
We	retained	the	shoring	walls	using	
high-capacity	tieback	anchors.	The	
lower	aquifer	was	depressurized	to	
avoid	basal	heave	of	the	excavation.	
During	depressurization	of	the	lower	
aquifer,	the	upper	aquifer	was	not	
lowered	by	more	than	2	feet	avoiding	
impacts	to	the	viaduct.	The	excavation	
was	located	adjacent	to	the	Alaska	
Way	Viaduct.	The	performance	of	the	
dewatering	system,	the	deformation	
of	the	shoring	system,	and	the	
deformation	of	the	viaduct	foundations	
were	monitored.	Deformation	of	
the	viaduct	was	within	the	WSDOT	
specified	limits	during	construction	of	
this	building.		

•	 SR	519/I-90	to	SR	99	Intermodal	
Access	Phase	II	Design-Build	Project.	
The	SR	519	project	demonstrates	
the	proven	experience	of	STP	
Team	members	for	the	design	and	
construction	of	drilled	shafts	and	
secant	piles	at	the	South	Portal.	
Hart	Crowser	was	responsible	for	
the	geotechnical	design	of	drilled	
shafts	for	the	SR	519	project	and	
directly	interacted	with	WSDOT	
and	the	contractor	during	design	and	
construction.	The	project	drilled	shafts	
up	to	9.8	feet	in	diameter	and	92	feet	
deep	along	and	in	the	vicinity	of	Royal	
Brougham	Way,	First	Avenue	South,	
and	Atlantic	Street	using	temporary	
casing	installed	using	the	oscillator	
method.	A	spherical	grab	bucket	
easily	excavated	timber	piles	inside	
the	casing,	maintaining	the	project	
schedule.	
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Groundwater Control
Groundwater	 control	 is	 discussed	 in	 detail	 in	
Section	6.4	under	the	heading	Groundwater	Control	
Measures.	 As	 described	 in	 the	 section,	 the	 soil	
conditions	along	the	South	Approach	Area	consist	of	
loose	Holocene	deposits	overlying	very	dense	glacial	
deposits.	The	Holocene	deposits	are	about	35-65	feet	
thick,	exhibit	moderate	permeability,	and	will	drain	
when	dewatered.	The	estuarine	deposits	(He)	can	act	
as	a	hydraulic	barrier	for	vertical	groundwater	flow	
and	will	consolidate	when	drained	over	a	large	area.	

The	glacial	 soils	are	 typically	overridden	and	very	
dense.	We	consider	the	glacio-marine	drift,	till,	and	
lacustrine	soils	to	behave	as	aquitards	and	expect	to	
yield	typically	insignificant	volumes	of	water	over	a	
short	period	of	 time.	Glacial	outwash	is	a	granular	
unit	 that	 is	pervious	 and	can	be	 a	 regional	 aquifer	
when	 continuous.	 The	 505	 First	 Avenue	 South	
Building	 is	 underlain	 by	 a	 discontinuous	 layer	 of	
glacial	outwash	and	deep	dewatering	wells	provided	
a	limited	quantity	of	groundwater	over	the	long	term.	
Glacial	 outwash	 is	 a	 granular	 unit	 that	 is	 pervious	
and	can	be	a	regional	aquifer	when	continuous.

Boulders and Cobbles
As	presented	in	the	GBR,	the	Project	will	encounter	
boulders	 and	 cobbles	 during	 construction	 of	 the	
shoring	elements,	including	secant	piles	and	tiebacks	
as	 well	 as	 drilled	 shaft	 foundations.	We	 will	 also	
encounter	 boulders	 and	 cobbles	 within	 the	 mass	
excavation.	Boulders	and	cobbles	can	prohibit	full-
depth	 installation	 of	 vertical	 shafts	 and	 tiebacks,	
reducing	their	capacity.	In	some	cases,	capacity	may	
be	reduced	to	less	than	the	design	requires.

According	 to	 GBR	 Tables	 10	 and	
12,	 Baseline	 Quantities	 of	 Boulders-
Temporary	 Lateral	 Support	 Walls,	 90	
percent	of	boulders	are	less	than	2	feet	in	

size;	99	percent	of	boulders	 are	 less	 than	5	 feet	 in	
size;	and	1	percent	of	boulders	are	greater	than	5	feet	
in	size.	The	project	reduces	the	risk	of	encountering	
an	obstruction	 to	 secant	 piles	 and	drilled	 shafts	 by	
installing	secant	piles	using	large	diameter	casing.	

Most	 secant	 piles	 and	 drilled	 shafts	 in	 the	 South	
Approach	Area	will	be	no	less	than	5	feet	in	diameter.	
We	expect	that	most	boulders	will	not	obstruct	casing	
advancement	 or	 excavation	 within	 the	 casing;	 if	
necessary,	we	can	use	specialty	equipment	to	break	
apart	boulders	and	other	obstructions.	

Tiebacks that do not achieve design capacity
Based	 on	 the	 previous	 experience	 of	 our	 Team	
members,	 we	 can	 strengthen	 tiebacks	 that	 do	 not	
achieve	 design	 capacity,	 as	 determined	 by	 proof	
testing,	by	secondary	grouting	or	installing	additional	
tiebacks	at	reduced	load.	
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Wood and Debris
The	GBR	states	that	for	“baseline	purposes	concrete	
debris	will	comprise	15	percent	of	the	total	excavated	
volume	of	ESU	1:	ENF,	ESU	2:	RGD,	and	ESU	3:	
RCS	 within	 the	 mass	 excavation	 and	 temporary	
support	wall	for	the	South	Portal	excavation	and	will	
not	constitute	a	differing	site	condition.”

•	 Description. Of	particular	
significance	in	this	portion	of	
the	alignment	is	the	potential	for	
encountering	wood	waste	materials,	
wood	debris,	and	buried	wooden	(and	
other)	structures.	The	South	Approach	
Area	had	been	developed	during	
the	early	history	of	Seattle	and	was	
occupied	by	numerous	timber	and	
concrete	pile-supported	structures.	As	a	
result,	much	of	the	subsurface	contains	
substantial	amounts	of	wood	debris	
and	abandoned	structures	and	piling	
that	can	have	a	profound	impact	on	
the	constructability	of	the	subsurface	
portions	of	the	project.		Piles,	logs,	
and	trees	are	present	in	ESU	2:	
RGD	and	ESU	3:	RCS	(GBR).	The	
experience	with	the	505	First	Avenue	
South	Building	excavation	affirms	the	
presence	of	timber	piles,	mill	ends,	
horizontal	timbers,	sawdust,	and	other	
debris	to	depths	of	at	least	30	feet.	The	
buried	timber	and	piling	were	in	good	
to	fresh	condition.

•	 Risk and Mitigation Measures. 
Wood	and	other	debris	can	obstruct	
installation	of	shoring	and	foundation	
elements.	Additionally,	sawdust	and	
wood	can	intrude	into	concrete	and	
grout	placed	underground,	reducing	
the	structural	integrity	of	foundations	
and	water-tightness	of	shoring	
elements.	The	Project	can	partially	
mitigate	the	obstruction	of	tiebacks	

by	providing	for	secondary	grouting	
of	tieback	anchors	–	increasing	the	
bond	capacity	of	shorter	bond	zones.	
We	will	mitigate	obstructions	to	the	
installation	of	secant	piles	and	drilled	
shaft	foundations	by	using	a	casing-
oscillator	system	that	can	penetrate	
and	isolate	most	wood	and	debris.	
Excavation	using	a	spherical	grab	
bucket	will	easily	remove	most	wood	
and	debris.	

•	 Previous experience. STP	Team	
members	have	experience	using	the	
casing-oscillator	system	of	drilled	shaft	
construction	from	the	SR	519	project	
near	the	South	Approach	Area.	We	
consider	the	soil	conditions	at	SR	519	
similar	to	those	in	the	South	Approach	
Area.	See	Figure	6.3-8.	

•	 Our	experience	with	the	505	First	
Avenue	South	Building	indicates	that	
using	cutter-soil-mixing	or	similar	
methods	to	form	water	tight	panels	
will	require	pretrenching	to	clear	
obstructions.	Also,	sawmill	byproduct,	
particularly	sawdust,	can	intrude	
into	the	grout	or	concrete	decreasing	
structural	integrity	and	increasing	the	
risk	of	permeable	zones	where	a	water	
cutoff	wall	is	desired.	Our	experience	
in	the	vicinity	of	the	South	Portal	
using	both	cutter-soil-mixing	and	
oscillator-casing	techniques	indicates	
that	constructing	the	shoring	walls	
using	oscillator	casing	techniques	
will	provide	lower	risk	to	the	Project	
compared	to	open-hole	construction	
methods	such	as	cutter	soil	mixing	or	
slurry	wall.	Our	experience	supports	
the	activity	durations	in	the	project	
schedule.	
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Contaminated Soil and Groundwater 
As	 described	 in	 the	 Environmental	 Baseline	
Report,	excavations	and	 the	placement	of	high	pH	
materials,	such	as	grout	and	concrete,	will	generate	
contaminated	 soil	 and	 spoils	 that	 will	 need	 to	 be	
handled	 and	disposed	of	 in	 compliance	with	 state,	
federal,	 and	 local	 regulations	 pertaining	 to	worker	
health	 and	 safety,	 environmental	 protection,	 and	
landfill	treatment	and	disposal.	Section	2.5	contains	
a	 description	 of	 STP’s	 approach	 to	 minimizing	
environmental	risk.		

Adjacent Existing Structures  
As	 presented	 in	 the	 GBR,	 the	 South	
Approach	 Area	 excavation	 is	 in	 close	
proximity	 to	 the	 foundations	 for	 the	 SR	
99	 Viaduct	 and	 Railroad	 Way	 Avenue	

Ramp.	 To	 maintain	 full	 operation,	 we	 must	 limit	
deformation	of	these	structures.	

Deformation	 of	 existing	 foundations	 outside	
the	 South	 Portal	 excavations	 can	 be	 caused	 by	
deformation	of	 the	shoring	system.	The	magnitude	
and	 location	 of	 ground	 deformation	 outside	 the	
excavation	 depends	 upon	 many	 factors,	 including	
height	 of	 the	 excavation,	 rigidity	 of	 the	 shoring	
system,	and	the	stiffness	of	the	retained	soil.	

The	 proposed	 secant	 pile	 shoring	 systems	 are	
considered	 rigid	and	use	a	combination	of	 internal	
bracing	and	tiebacks	to	limit	shoring	deformation	to	
less	than	one	inch.	The	results	of	shoring	deflection	
analysis	were	used	 to	predict	ground	deformations	
behind	the	shoring	walls;	the	vertical	and	horizontal	
deformations	are	presented	in	Appendix	D	sheet	SD	
001.	We	can	mitigate	the	risks	of	geologic	conditions	
by	using	appropriate	material	properties	for	the	soil	
layers	retained	by	the	shoring.		

Consolidation	 settlement	 of	 soils	 can	 also	 cause	
deformation	 of	 existing	 foundations	 because	 of	
groundwater	drawdown	outside	the	excavation.	We	
discuss	groundwater	control	measures	in	Section	6.4.

North Approach Area Excavations
The	 North	 Approach	 Area	 excavations	 will	 be	
supported	 with	 tied-back	 cylinder	 pile	 walls	 and	
lagging.	 Figure	 6.3-9	 illustrates	 this	 shoring.	 See	
proposal	Section	6.4	 for	 a	 complete	description	of	
the	North	Approach	Area	excavations.

Challenging Ground Conditions
The	 soil	 conditions	 at	 the	 North	 Approach	 Area	
consist	of	loose	Holocene	deposits	overlying	dense	
glacial	deposits.	The	Holocene	deposits	are	less	than	
20	feet	 thick	at	 the	portal	entrance	and	 increase	 to	
40	 feet	 or	more	 at	 the	 end	 of	 the	 excavation.	The	
Holocene	 deposits	 include	 outwash,	 ice-contact	
deposits,	 lacustrine	 soils,	 and	 fill.	 The	 glacially	
overridden	soils	consist	predominantly	of	glacial	till,	
diamict,	glaciomarine	drift,	and	outwash	soils.

As	presented	in	the	GBR,	the	soils	within	the	ESUs	
are	variable	because	of	the	presence	of	interbedded	
lenses	and	dikes	of	differing	soils.	We	will	excavate	
in	 mixed-ground	 conditions	 along	 its	 full	 length.	
We	will	encounter	both	cohesive	and	cohesionless,	
loose-to-dense,	and	soft-to-hard	soil	throughout	the	
excavation.	

Figure 6.3-8. SR 519. All shafts were installed to 
design depth and debris, including timber piles, was 
easily removed using a spherical grab bucket.
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Figure 6.3-9. North Approach Area Excavations.
The North Area excavations will be supported with tied-back cylinder 
pile walls and lagging.
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Between	stations	300+00	and	302+70	the	Holocene	
soils	are	as	deep	as	20	feet	thick	and	as	shallow	as	
7	feet	thick.	The	thickness	of	Holocene	soils	rapidly	
increases	north	of	about	STA	302+70,	to	about	37-
51	 feet	 thick	at	 the	north	end	of	 the	cut-and-cover	
area.	 We	 will	 design	 the	 shoring	 to	 account	 for	
the	 nonuniform	 lateral	 earth	 pressures	 based	 on	
the	soil	conditions	in	 the	nearest	borings.	We	have	
selected	the	type	of	shoring	system	based	on	the	soils	
conditions	and	 the	proximity	of	existing	 structures	
and	utilities.	

The	 deep	 excavation	 experience	 of	 STP	
Team	members	in	the	North	Approach	Area	
indicates	that	conventional	soldier	pile	and	
tieback	shoring	can	accommodate	the	soil	

conditions,	 depth	 of	 excavation,	 and	 deformation	
requirements	of	the	project.	

Groundwater Control/Perched Water
We	discuss	groundwater	control	and	perched	water	
conditions	for	the	North	Approach	Area	in	detail	in	
Section	6.4.

Boulders and Cobbles
According	 to	 Table	 11	 of	 the	 GBR,	 Baseline	
Quantities	 of	Boulders-Temporary	Lateral	 Support	
Walls,	90	percent	of	boulders	are	less	than	2	feet	in	
size;	99	percent	of	boulders	are	 less	 than	5	 feet	 in	
size;	and	1	percent	of	boulders	are	greater	than	5	feet	
in	size.	

Boulders	 and	 cobbles	 can	 prohibit	 full-depth	
installation	 of	 soldier	 piles	 and	 tiebacks,	 reducing	
their	 capacity.	 In	 some	 cases,	 capacity	 may	 be	
reduced	to	less	than	the	design	requires.

We	will	 install	soldier	piles	 in	 rotary	drilled	holes.	
We	 anticipate	 that	 drilling	 will	 encounter	 cobbles	
and	boulders	and	will	implement	standard	practices	
for	 excavating	 through	 buried	 obstructions,	 which	
may	 include	 core	 barrels	 and	 equipment	 to	 break	
apart	obstructions.

Based	on	our	previous	experience,	we	can	strengthen	
tiebacks	 that	 do	 not	 achieve	 design	 capacity,	 as	
determined	by	proof	testing,	by	secondary	grouting	
or	additional	tieback	installed	at	reduced	load.	

Wood, Debris, and Peat
As	described	in	the	GBR,	we	expect	wood,	debris,	
and	peat	in	the	fill	soils	at	the	North	Approach	Area	
excavations.

Wood	 and	other	 debris	 can	obstruct	 installation	of	
shoring	and	foundation	elements.	During	soldier	pile	
installation,	we	will	implement	standard	practices	for	
excavating	through	buried	obstructions,	which	may	
include	 core	 barrels	 and	 equipment	 to	 break	 apart	
obstructions.	Tiebacks	will	likely	be	installed	using	
drilling	equipment	that	can	penetrate	most	wood	and	
debris.

Peat	 soils	 do	 not	 provide	 adequate	 strength	 for	
tieback	bonds.	STP	will	not	depend	upon	peat	zones	
to	provide	bond	resistance.

Contaminated Soil/Groundwater
As	described	in	the	Environmental	Baseline	Report	
(EBR),	 excavations	 and	 the	placement	of	 high	pH	
materials,	such	as	grout	and	concrete,	will	generate	
contaminated	 soil	 and	 spoils	 that	 will	 need	 to	
handled	 and	disposed	of	 in	 compliance	with	 state,	
federal,	 and	 local	 regulations	 pertaining	 to	worker	
health	 and	 safety,	 environmental	 protection,	 and	
landfill	treatment	and	disposal.	See	Section	2.5	for	a	
discussion	of	environmental	risk	mitigation.	
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Adjacent Existing Structures 
Deformation	 of	 existing	 foundations	 outside	 the	
North	Approach	Area	excavations	can	be	caused	by	
deformation	of	 the	shoring	system.	The	magnitude	
and	 location	 of	 ground	 deformation	 outside	 the	
excavation	 depends	 upon	 many	 factors,	 including	
height	 of	 the	 excavation,	 rigidity	 of	 the	 shoring	
system,	 and	 the	 stiffness	 of	 the	 retained	 soil.	
Deformation	 of	 existing	 foundations	 can	 also	 be	
caused	by	consolidation	settlement	of	soils	because	
of	 groundwater	 drawdown	 outside	 the	 excavation.	
We	 discuss	 groundwater	 control	 measures	 in		
Section	6.4.

We	 will	 mitigate	 the	 risk	 of	 excessive	
shoring	 deformation	 because	 of	 geologic	
conditions,	 by	using	 appropriate	material	
properties	for	the	soil	layers	retained	by	the	

shoring.	We	will	design	shoring	 to	 limit	deflection	
to	 1	 inch	 or	 less	 as	 specified	 in	 the	 Technical	
Requirements.	We	have	used	the	results	of	shoring	
deflection	 analysis	 to	 predict	 ground	 deformations	
behind	 the	 shoring	 walls;	 we	 present	 the	 vertical	
and	 horizontal	 deformations	 in	Appendix	D,	 sheet		
SD	050.	
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6.4		Cut-and-Cover	Tunnel	Design		
and	Construction
STP	has	made	value	added	changes	to	the	South	and	
North	Approach	Areas	 to	 reduce	 the	 construction	
schedule,	increase	efficiency,	and	allow	WSDOT	to	
open	the	tunnel	by	the	end	of	2015.		

South Approach Area 
STP’s	 proposal	 includes	 approved	ATC	 #5,	which	
modifies	 the	South	Approach	Area	bordered	by	the	
south	project	limits,	South	King	Street,	First	Avenue	
South,	 and	 the	Burlington	Northern	 Santa	 Fe	Rail	
Track.	 The	 conceptual	 design	 included	 a	 cut-and-
cover	 tunnel	 that	 transitioned	 from	 the	 surface	
roadways	to	the	stacked	roadway	tunnel	configuration	
of	 the	bored	 tunnel.	 It	placed	 the	 south	end	of	 the	
bored	tunnel	near	South	King	Street.	

STP’s	 proposal	moves	 the	 south	 end	 of	 the	 bored	
tunnel	550	feet	south	of	South	and	moves	the	portals	
of	the	cut-and-cover	tunnels	to	the	south.	Consistent	
with	 ATC	 #5	 and	 WSDOT	 Addendum	 #19,	 the	
limits	 of	 the	 south	 U-Section	 are	 also	 moved	 to	
the	 south.	An	 at-grade	 section,	 a	U-Section,	 and	 a	
cut-and-cover	tunnel	will	transition	between	the	at-
grade	section	and	the	beginning	of	the	bored	tunnel	
portal.	 Figure	 6.4-2	 compares	 the	 reconfigured	 of	
WSDOT’s	 conceptual	 plans	 with	 STP’s	 proposal.	
The	 South	Approach	Area	 also	 contains	 a	 launch	
pit	 to	assemble	and	launch	the	TBM	and	relocated	
South	Tunnel	Operations	Building,	which	 includes	
space	for	tunnel	operations,	systems,	and	ventilation.		

STP’s	South	Approach	Area:

•	 Maximizes	the	space	available	for	the	
traveling	public,	emergency	egress,	
and	tunnel	support	system	

•	 Minimizes	schedule	risks	associated	
with	complex	shoring	systems		

•	 Represents	an	advance	in	the	planning	
of	the	bored	tunnel	

•	 Provides	an	opportunity	to	start	up	the	
TBM	in	an	isolated	environment

•	 Reduces	risk	of	settlement	near	the	
remaining	portions	of	the	Alaskan	Way	
Viaduct

•	 Reduces	the	width	and	length	of	the	
excavation	and	the	risk	of	encountering	
cultural	resources

•	 Decreases	the	impervious	area	and	
total	roadway	footprint	producing	a	
smaller,	greener	footprint	solution	

•	 Enhances	the	visual	experience	of	the	
user	by	reinforcing	the	sense	of	entry	
into	the	City,	softening	the	hardscape		

Figure	 6.4-1	 and	 Figure	 6.4-2	 show	 this	
smaller	footprint.	The	reconfigured	footprint	
may	 allow	 WSDOT	 the	 opportunity	
to	 surplus	 land,	 improving	 the	 future	
development	potential	of	this	area.	

Section	5	contains	a	description	of	the	area	north	of	
the	beginning	of	the	bored	tunnel.

STP	 has	 developed	 this	 innovative	 approach	
by	 revising	 the	 horizontal	 and	 vertical	 roadway	
geometrics	 of	 SR	 99	Main	Line	 and	 ramps	 in	 the	
South	 Approach	 Area.	 This	 reduces	 the	 width	 of	
the	 U-section	 and	 cut-and-cover	 tunnel	 sections	
and	provides	a	650-foot-long	narrow	roadway	cross	
section	south	of	station	200+00.	We	optimized	our	
approach	by:		

•	 Holding	the	horizontal	and	vertical	
alignment	of	the	mainline	southbound	
lanes	and	by	tucking	the	northbound	
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mainline	lanes	under	the	southbound	lanes	
approximately	1,100	feet	south	of	the	
location	shown	in	the	basic	configuration.	

•	 Shifting	the	horizontal	alignment,	the	
vertical	profile,	and	the	northbound	on	ramp	
and	southbound	off	ramp	tie-in-points	to	
the	south.	The	ramp	tapers	are	tied	into	the	
mainline	shoulder	550	feet	south	of	the	
location	in	the	basic	configuration.	

•	 Shifting	the	northbound	off	ramp	gore	to	the	
south	of	the	Little	H	Bridge.

•	 Realigning	the	location	of	the	braid	of	the	
southbound	off	ramp	and	the	northbound		
on	ramp.

Since	 the	Project	only	 slightly	modifies	 the	access	
to	 the	follow	on	WSDOT	projects,	STP’s	proposal	
will	not	modify	the	environmental	document	for	the	
follow	on	projects.	For	additional	discussion	of	the	
details	and	benefits	of	the	STP	proposal,	see	ATC	#5	
included	in	Appendix	C.

North Approach Area 
The	 North	 Approach	 Area	 borders	
Harrison	Street,	Thomas	Street,	and	Broad	
Street	 and	 includes the	 transition	 to	 the	
stacked	roadway	tunnel	configuration.	 	A	
cut-and-cover	 tunnel	 will	 transition	 to	
depressed	 roadways	 that	 are	of	 sufficient	
depth	to	allow	tunneling	operations.

We	 propose	 locating	 the	North	Tunnel	Operations	
Building	 to	 the	 east	 of	 the	 TBM	 extraction	 pit	
to	 maximize	 the	 time	 available	 for	 construction	
and	 commissioning	 of	 the	 tunnel	 support	 system.	
The	 deep	 structural	 elements	 of	 the	 building	were	
combined	and	moved	to	the	southeast	corner	of	the	
building.	 The	 TBM	 Extraction	 Pit	 is	 located	 just	
north	 of	 the	 bored	 tunnel	 portal.	 This	 allows	 STP	
to	construct	 the	North	Tunnel	Operations	Building	
prior	to	completing	the	tunnel	boring	operation.	
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Figure 6.4-1. Conceptual Design  
of South Approach Area.  
A smaller footprint reduces the risk  
of encountering cultural artifacts  
that could delay the schedule. 
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6.4.1	Limits	and	Support	of	
Excavation	in	Each	Area
South Approach Area
Structural Systems for the  
Support of Excavation 
The	 South	 Approach	 Area	 contains	 the	 mainline	
at-grade	 sections,	 the	U-section,	 the	 cut-and-cover	
tunnel,	the	southbound	off-ramp,	the	northbound	on-
ramp,	the	South	Tunnel	Operations	Building,	and	the	
TBM	assembly	and	launch	pit	for	the	bored	tunnel.	
(We	discuss	 the	bored	 tunnel	 in	Section	5).	Figure	
6.4-5	shows	the	cut-and-cover	tunnel	is	constructed	
with	two	distinct	segments:	the	cut-and-cover	tunnel	
and	the	TBM	assembly	launch	pit.	We	also	discuss	
below	 the	 support	 of	 excavation	 for	 the	 building	
foundation.		

At-GrAdE ApproAchES And  
South u-SEctionS
The	 at-grade	 approaches	 and	 south	 U-sections	
contain	 the	 roadways	 for	 the	 northbound	 and	
southbound	 mainline,	 as	 they	 transition	 between	
at-grade	 roadways	 at	 the	 southern	 Project	 limits	
and	 the	 cut-and-cover	 tunnels.	 They	 also	 contain	
the	 southbound	 off-ramp	 and	 northbound	 on-ramp	
transitions	 between	 the	 intersection	 with	 South	
Royal	Brougham	Way	and	the	cut-and-cover	tunnel.	
As	these	roadways	descend,	retaining	walls	will	be	
required	 on	 either	 side	 of	 the	 roadways.	 Initially,	
the	retaining	walls	are	roadside	barrier	walls	and/or	
cast-in-place	cantilever	walls,	constructed	integrally	
with	the	bottom	slab,	supported	on	the	existing	soil.	
Once	these	walls	reach	a	height	of	5	feet,	the	walls	
consist	of	secant	pile	retaining	walls,	with	a	cast-in-
place	 roadway	 slab	 laterally	 supporting	 the	 walls.	
Section	6.4.5	contains	additional	description	of	these	
permanent	walls	and	slabs.	

cut-And-covEr tunnEl 
The	cut-and-cover	segment	contains	the	roadways	as	
they	 transition	 between	 the	 U-section	 and	 the	
underground	 structures.	 The	 permanent	 structure	
consists	 of	 secant	 pile	 retaining	walls	with	 cast-in-
place	slabs	bracing	the	walls.	Section	6.4.5,	Structure	
Design,	provides	additional	details	of	the	permanent	
walls	and	slabs.	

tBM ASSEMBly And lAunch pit  
The	TBM	assembly	and	launch	pit	will	serve	as	the	
assembly	 area	 for	 the	 TBM,	 the	 access	 point	 for	
materials,	and	the	connection	between	the	cut-and-
cover	 structures	 and	 the	 South	 Tunnel	 Operations	
Building	 basement.	 The	 pit	 floor	 will	 be	 level	 to	
facilitate	assembly	of	the	TBM.

BuildinG FoundAtion 
The	permanent	building	 foundation	will	 consist	 of	
a	 concrete	wall	 placed	 inside	 the	 secant	 pile	wall.	
We	will	place	a	waterproofing	membrane	between	
the	concrete	wall	and	the	secant	pile	wall.	Our	team	
members	have	extensive	experience	in	using	secant	
pile	walls	and	will	bring	those	lessons	learned	to	the	
Project.	See	Figure	6.4-3.

Figure 6.4-3 Alameda Mid-Corridor Design-Build 
Secant Piles. The impact of potential settlement 
to adjoining streets or structures was negated by 
designing a heavily concrete reinforced cast-in-
drilled-hole pile/secant pile wall that allowed a 
substantial depth of original ground excavation 
before the large precast concrete strut was placed 
and grouted.
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The	 launch	pit	 secant	pile	wall	has	 a	 cast-in-place	
concrete	cap	beam	along	the	 top	of	 the	secant	pile	
walls	 to	 support	 a	 rail	 for	 the	 gantry	 crane.	 The	
secant	piles	are	supported	with	one	row	of	struts	at	
75	feet	on	center.	

We	are	confident	about	using	secant	pile	walls	for	the	
South	Approach	Area	because	of	our	Team’s	recent	
experience	with	the	505	South	First	Street	(Starbucks)	
Building.	Of	key	concern	was	minimizing	the	risk	on	
the	four-story	below-grade	parking	structure,	which	
is	 located	 on	 a	 site	 where	 the	 groundwater	 table	
is	within	5	 feet	of	 the	ground	surface.	The	Project	
called	 for	 a	 watertight	 excavation	 shoring	 system	
using	cutter	soil	mixing	techniques,	which	excavate	
rectangular	slots	into	the	soil.	The	underlying	aquifer	
was	 then	depressurized	by	pumping	 from	wells	 so	
that	excavation	could	proceed.	The	excavation	was	
completely	sealed	using	a	structural	foundation	mat	
and	watertight	membrane	system.	See	Figure	6.4-4.	
Tiedown	 anchors	 below	 the	 foundation	 slab	 were	
designed	 to	prevent	uplift	of	 the	building	once	 the	
depressurization	system	was	turned	off.	

Figure 6.4-4. Starbucks Building Deformation 
Mitigations. A groundwater monitoring program 
was conducted to determine the impact of 
dewatering on adjacent utilities and structures and 
to evaluate effectiveness of the dewatering program. 

Water	 tight	 secant	 pile	 walls	 (overlapping	 drilled	
shafts)	 support	 the	 excavation	 for	 the	 cut-and-
cover	tunnel,	the	TBM	assembly	and	launch	pit,	the	
building	foundation,	and	the	U-section	that	are	more	
than	5	feet	tall.	The	benefits	of	using	secant	piles	in	
construction	include:	

•	 STP	will	dewater	the	excavation	
without	significant	drawdown	beyond	
the	excavation	because	secant	pile	
walls	provide	a	positive	water	cutoff.	
This	reduces	ground	deformations	
associated	with	a	lowered	water	level	
outside	the	excavation.	

•	 STP	will	use	limited	groundwater	
control	to	ensure	a	stable	and	dry	
excavation	and	to	mitigate	ground	
settlement	outside	the	excavation	
caused	by	groundwater	drawdown.	

•	 STP	will	construct	secant	walls	
through	the	significant	obstructions	in	
the	ground.	Our	experience	building	
facilities	at	the	Project	location	
enables	us	to	anticipate	obstructions	
and	include	time	and	methodologies	
for	dealing	with	them	in	our	Project	
schedule.	

•	 STP	will	support	the	secant	piles	by	a	
single	row	of	temporary	supports	and	
by	tiebacks.	Tiebacks	will	not	be	used	
at	the	south	end	of	the	U-section	where	
the	secant	piles	are	short.	This	rigid	
shoring	system	limits	deformation	of	
the	shoring	to	less	than	1	inch,	and	is	
designed	using	an	at-rest	earth	pressure	
condition.	

•	 STP’s	excavation	will	not	affect	
adjacent	structures	and	utilities	because	
the	struts	provide	soil	support	with	
minimal	displacement.	
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Sequence of Work to Accomplish  
the Excavations 
Section	 6.2	 provides	 a	 detailed	 discussion	 of	
construction	 phasing	 and	 staging.	 The	 following	
four	steps	outline	the	project’s	specific	construction	
methods:	

•	 Step 1. Relocate	utilities.	
•	 Step 2. Install	the	drilled	shafts	that	comprise	
the	secant	wall	and	the	cylinder	pile	walls	
along	the	west	side	of	the	alignment.	This	
installation	can	proceed	prior	to	demolition	
of	the	Alaskan	Way	Viaduct.	

•	 Step 3. Once	the	viaduct	is	demolished,	
install	the	drilled	shafts	that	comprise	the	
secant	wall	and	the	cylinder	pile	walls	along	
the	east	side	of	the	alignment.	

•	 Step 4. Excavate	the	launch	pit,	install	the	
struts	and	tiebacks,	construct	the	cap	beam	
and	gantry	crane	rail,	dewater	the	excavation,	
and	construct	the	TBM	assembly	rat	slab.	

Following	 completion	 of	 the	 TBM	 assembly	 and	
launch	pit,	 and	advancement	of	 the	TBM,	we	will	
excavate	and	construct	the	South	Tunnel	Operations	
Building,	the	south	cut-and-cover	structures,	and	the	
south	U-section	structure.	We	will	stage	construction	
operations	so	we	can	deliver	material	to	the	launch	
pit	for	tunneling	operations.	

Ground improvements Associated with 
open-cut Excavations
There	 will	 be	 no	 ground	 improvement	 outside	 of	
the	 shoring	 excavation.	 STP	 will	 not	 use	 ground	
improvement	 to	 mitigate	 liquefaction	 susceptible	
soils	 beneath	 the	 road	 structures.	 In	 the	 South	
Approach	 Area,	 we	 will	 support	 road	 structures	
by	 the	 secant	 pile	 walls	 and	 drilled	 shafts.	 The	
secant	piles	and	drilled	shafts	will	bear	within	non-
liquefiable,	 glacially	 over-ridden	 soils	 that	 do	 not	
require	 ground	 improvement.	 The	 portion	 of	 the	
U-section	 that	 is	 less	 than	 5	 feet	 tall,	 will	 not	 be	
supported	 on	 secant	 piles.	 See	 Section	 6.4.5	 for	 a	
discussion	of	the	seismic	design	of	these	short	walls.

identification of temporary and  
permanent utility diversions
Major	utility	work	required	in	the	South	Approach	
Area	includes	relocation	of	existing	utilities	within	
the	limits	of	excavations	and	protection	of	existing	
facilities	potentially	impacted	by	construction	or	ground	
deformations.	 Figure	 6.4-6	 shows	 the	 following	
utility	relocations	for	the	South	Approach	Area:
1.  Seattle City Light (SCL).	STP’s	proposal	

includes	relocation	of	an	existing	115	kV	
transmission	main	out	of	the	excavation	limits	
for	the	South	Tunnel	Operations	Building.	
Construction	of	new	ductbanks	and	vaults	will	
occur	just	south	of	South	King	Street,	beneath	
the	viaduct,	in	advance	of	cable	pulling.	
Appendix	U17g	describes	the	work.	We	will	
closely	coordinate	each	party’s	performed	work	
with	SCL	to	time	outages	for	the	circuit.	

2.  Seattle Public Utilities (SPU).	Water	lines	
that	conflict	with	this	section	of	the	excavation	
will	be	shut	down	prior	to	installation	of	the	
secant	piles.	SPU	has	confirmed	that	these	
water	lines	may	be	isolated	for	the	duration	of	
the	Project.	SPU	water	facilities	that	are	outside	
the	excavation	will	be	protected	in	place.	

3.  Seattle Public Utilities.	Gravity	sewers	are	
currently	located	within	the	excavation	limits.	
Work	completed	in	the	H2K2	contract	will	
allow	STP	to	remove	existing	sewer	lines	
within	the	open	cut	excavations.	STP	will	verify	
continuity	of	drainage	from	upstream	basins	
and	install	gravity	diversions	prior	to	the	start	of	
excavation.	

4.  Private Gas Facilities. We	will	coordinate	
the	removal	or	abandonment	of	private	gas	
facilities	that	exist	within	the	excavation	limits.	

5.  Private Communication Facilities. We	
will	coordinate	the	removal	of	overhead	power	
facilities	and	any	private	communication	
facilities	that	may	still	exist	when	the	South	
Approach	Area	is	turned	over	to	STP.	
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North Approach Area 
The	 North	 Approach	 Area	 consists	 of	 a	 cut-and-
cover	 tunnel	 section,	 the	North	Tunnel	Operations	
Building	and	foundation,	the	north	tunnel	portal,	and	
the	TBM	extraction	pit.	

Structural Systems for the  
Support of Excavation 
The	cut-and-cover	segment	contains	the	roadways	as	
they	 emerge	 from	 the	 bored	portion	of	 the	 tunnel.	
The	 permanent	 cut-and-cover	 structure	 consists	 of	
cast-in-place	 slabs	 walls	 and	 cover	 slabs.	 See	 the	
following	 discussion	 of	 the	 permanent	 structure	
design.	Figure	6.4-7	shows	the	support	of	excavation	
at	the	North	Approach	Area.	

The	TBM	extraction	pit	is	at	the	start	of	the	cut-and-
cover	section.	STP	will	support	this	excavation	with	
conventional	 tied-back	 soldier	 pile	 walls.	We	 will	
excavate	the	pit	and	it	will	remain	open	until	the	TBM	
machine	 breaks	 through	 the	 bored	 tunnel	 section.	
Once	 the	 TBM	 breaks	 through	 the	 bored	 tunnel	
section,	we	will	pull	it	out	of	the	bored	excavation	
and	disassemble	and	remove	the	machine.	Following	
removal	of	the	TBM,	we	will	complete	the	portion	of	
the	cut-and-cover	section	at	the	extraction	pit.	

The	permanent	building	 foundation	will	 consist	 of	
a	concrete	wall	placed	 inside	 the	shoring	wall.	We	
will	 place	 a	waterproofing	membrane	 between	 the	
concrete	wall	and	the	shoring	wall.	

STP’s	 proposal	 reduces	 schedule	 risk	 by	
careful	 selection	 of	 the	 location	 of	 the	
TBM	extraction	pit,	and	by	siting	the	North	
Tunnel	Operations	Building	to	the	east	of	the	

extraction	pit.	This	location	will	allow	us	to	complete	
the	north	portion	of	the	cut-and-cover	section	and	the	
majority	of	the	North	Tunnel	Operations	Building	in	
advance	 of	 the	 completion	 of	 the	 bored	 tunnel.	
System	 installations	 that	 support	 the	North	Access	
Project	will	not	depend	on	completion	of	the	tunnel	
bore.	

STP	will	support	the	north	approach	area	excavation	
with	 conventional	 tied-back	 soldier	 pile	walls.	We	
will	install	timber	lagging	between	the	soldier	piles.	
We	will	install	a	continuous	drainage	mat	behind	the	
wall	to	intercept	seepage	from	perched	water-bearing	
layers.	STP	will	design	the	lateral	earth	pressure	for	
the	wall	assuming	a	drained	condition.	

The	use	of	 tiedback	soldier	pile	walls	provides	the	
following	construction	benefits:

•	 This	method	is	a	traditional	
construction	method	for	open	
excavations	of	building	foundations	
and	the	STP	Team	is	very	familiar	with	
the	schedule	constraints,	construction	
methodologies,	and	cost	constraints,	
which	will	reduce	construction	risks.	

•	 This	method	reduces	overall	Project	
costs	because	no	water	table	issues	
exist.	

•	 This	method	provides	for	faster	
installation,	a	factor	in	our	proposed	
schedule.	

Sequence of Work to Accomplish  
the Excavations
The	 following	 overview	 outlines	 the	 specific	
construction	techniques	associated	with	shoring:		

•	 Step 1. Relocate	utilities.	
•	 Step 2. Install	the	soldier	piles	that	
comprise	the	solider	pile	wall.		

•	 Step 3. Excavate	the	north	approach	area,	
including	the	excavation	for	the	roadway	
structures,	the	building	foundations	and	the	
TBM	extraction	pit.	We	will	install	lagging	
and	tiebacks	as	we	excavate	this	area.	

•	 Step 4.	Install	the	waterproofing	to	provide	
watertight	interior	structures.	We	will	install	
the	soldier	pile	walls,	and	then	install	a	
layer	of	waterproofing	prior	to	installing	the	
concrete	walls	and	floor	slabs.	
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2 SPU Water Main

3 SPU Gravity Sewers

4 Private PSE Gas Facilities

5 Private Telecommunications Facilities (Overhead)

Figure 6.4-6. Schematic Utility Layout for the South Approach Area. 
STP has met with many utility owners to review adjustment plans, become more knowledgeable 
about the operation and condition of the facilities, and discussed contingency plans. 
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Figure 6.4-7. Support of Excavation for North Approach Area.
The TBM extraction pit is at the start of the cut-and-cover section.
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for SCL 26kV Relocation in  
Advance of Excavations

•	 Step 5.	Construct	the	perimeter	walls	and	
interior	slabs	of	the	cut-and-cover	structure	
for	this	entire	area,	except	in	the	TBM	
extraction	pit.	

•	 Step 6. Destress	tiebacks	as	workers	
complete	walls	and	slabs.	

•	 Step 7. Construct	the	lid	of	the	north	
cut-and-cover	section	so	it	can	support	
construction	of	the	North	Tunnel	Operations	
Building.	Complete	the	cut-and-cover	lid	
and	North	Tunnel	Operations	Building	
while	the	tunneling	progresses.

•	 Step 8. Extract	TBM	and	close	structures	at	
extraction	pit.

Our	 proposed	 sequence	 will	 complete	 the	 lid	 and	
building	work	prior	to	the	TBM	reaching	the	north	
end	of	the	bored	tunnel.	

Ground improvements Associated  
with open-cut Excavations
In	 the	 North	Approach	Area,	 the	 base	 slab	 of	 the	
road	 structures	 will	 bear	 directly	 upon	 glacially	
overridden	soils.	These	soils	do	not	require	ground	
improvement.

identification of temporary and  
permanent utility diversions
STP	 has	 reviewed	 the	 existing	 utility	 information,	
including	 the	 proposed	 utility	 adjustments	 in	
Appendix	 U5	 of	 the	 RFP.	 Our	 plan	 is	 to	 relocate	
the	existing	utility	services	outside	the	limits	of	the	
portal	excavation.	Figure	6.4-8	illustrates	the	North	
Approach	Area	Utility	Work.	

Figure 6.4-8 Temporary and Permanent Utility Diversions 
in the North Approach Area. Our plan is to relocate existing 
utilities outside the limits of the portal excavation. 
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The	major	utility	work	in	the	North	Approach	Area	
includes	 relocating	 significant	 electrical,	 water,	
and	 sewer	 facilities	 in	 Sixth	 Avenue	 North	 and 
clearing	Harrison	Street	of	the	facilities	crossing	the	
excavation	limits,	including:

•	 Adjusting	the	existing	SCL	power	service,	
and	maintaining	power	feed	to	adjacent	motel

•	 Maintaining	sewer	service	to	adjacent	motel	
•	 Adjusting	existing	150-inch	storm	sewer
•	 Adjusting	existing	SPU	8-	and	10-inch	
sewer	lines	

•	 Adjusting	an	existing	12-inch	water	main	on	
Sixth	Avenue	North

•	 Constructing	vaults	and	ducts	for	relocation	
of	SCL	26	kV	power

•	 Abandoning	utilities	crossing	Harrison	Street

6.4.2	Minimizing	the		
Impacts	of	Excavations	on	
Structures	and	Utilities
Deformation Management
South Approach Area 

STP’s	 design	 at	 the	 South	 Approach	
Area	 substantially	 minimizes	 the	 impact	
of	 major	 excavations	 on	 structures	 and	
utilities	 by	 reducing	 the	 width	 of	 the	

excavation	 and	moving	 the	 excavation	 away	 from	
the	existing	structures	and	utilities.	

We	have	minimized	the	risk	of	building	deformations	
by	selecting	a	stiff	shoring	system.	Drawing	SD	001	
in	Appendix	D	shows	the	deformation	contours.	The	
top	 of	wall	 vertical	 and	 horizontal	movement	will	
not	exceed	1	inch.	We	will	calculate	the	horizontal	
and	vertical	deformations	at	critical	locations	using	a	
FLAC	or	PLAXIS	soil-structure	interaction	analysis	
that	considers:	

•	 Wall	stiffness,	wall	bracing	system,	and	
sequence	of	construction,	including	timing	
of	support	installations

•	 Impacts	associated	with	using	of	at-rest	
lateral	earth	pressure	versus	active	lateral	
earth	pressures

•	 Effects	of	groundwater	drawdown	and	recharge
•	 Calibration	of	soil	properties	at	the	South	
Approach	using	existing	deformation	
measurements	from	the	adjacent	deep	
excavation	for	the	505	First	Avenue	South	
Building	

We	determined	preliminary	estimates	of	horizontal	
and	 vertical	 ground	 surface	 deformations	 outside	
the	 shoring	 walls	 using	 the	 methods	 presented	 in	
the	AASHTO	 LRFD	 Bridge	 Design	 Specification	
Article	11.9.3.1.	Figures	A	and	B.	

We	consider	the	estimates	preliminary	because	this	
method	 does	 not	 directly	 consider	 mixed-ground	
conditions.	 Final	 design	 will	 include	 site	 specific	
modeling	of	deformations	as	described	above.

STP	leverages	our	previous	experience	to	design	an	
instrumentation	plan	that	monitors	at-risk	structures	
in	 accordance	 with	 the	 Technical	 Requirements.	
See	 Figure	 6.4-9.	 Section	 5.5	 addresses	 the	
instrumentation	and	monitoring	plan	in	detail.	
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north Approach Area 
The	 North	Approach	Area	 shoring	 will	 consist	 of	
conventional	tieback	soldier-pile	walls	with	timber	or	
concrete	lagging.	We	will	install	drainage	behind	the	
walls	to	drain	perched	water.	Design	for	hydrostatic	
pressure	will	 begin	 near	 the	 regional	 groundwater	
level	provided	in	the	GBR.

STP	will	 use	 tiebacks	 and	 soldier	 piles	 to	 control	
wall	stability	and	deformation.	In	all	cases,	we	will	
design	 top	 of	 shoring	 wall	 vertical	 and	 horizontal	
movement	not	to	exceed	1	inch.

We	will	calculate	the	North	Approach	Area	shoring	
deflections	and	settlements	using	the	same	analysis	
approach	 as	 we	 will	 use	 in	 the	 South	 Approach	
Area.	 Drawing	 SD050	 in	Appendix	 D	 shows	 the	
deformation	contours.		We	will	design	the	shoring	to	
limit	deformation	and	reduce	impacts	on	structures	
to	within	tolerable	limits.	Where	deformations	may	
exceed	 the	 designed	 deformation	 limits,	 we	 may	
use	structural	or	ground	improvement	mitigation,	or	
both.	See	Figure	6.4-10.

STP	determined	preliminary	estimates	of	horizontal	
and	 vertical	 ground	 surface	 deformations	 outside	
the	 shoring	 walls	 using	 the	 methods	 presented	 in	
the	AASHTO	LRFD	Bridge	Design	Specifications,	
Article	11.9.3.1.	

We	 consider	 these	 estimates	 preliminary	 because	
this	method	does	not	directly	consider	mixed	ground	
conditions.	 Final	 design	 will	 include	 site	 specific	
modeling	of	deformations	as	described	above.

We	will	design	an	 instrumentation	plan	 to	monitor	
at-risk	 structures	 in	 accordance	with	 the	Technical	
Requirements.	 Section	 5.5	 Realistic	 and	 Regular	
Monitoring	 addresses	 the	 instrumentation	 and	
monitoring	plan.

Figure 6.4-9. Madrid Metro Sur Line 10. 
Minimal displacements and impacts were 
recorded on adjacent structures after successfully 
implementing multiple ground treatments to 
facilitate excavation and mitigate deformation.

Figure 6.4-10. Managing Deformation on  
the Mercer Street CSO Tunnel. The extensive 
application of soil conditioning foam and polymer 
additives resulted in little or no measurable surface 
settlement and chemical additives were used to 
reduce groundwater drawdown and loss.
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Supporting Documentation
Appendix	 D	 contains	 the	 technical	 data	 shown	 in	
Table	6.4-1	that	reinforces	the	design	of	the	support	
of	excavation	walls.	

6.4.3	Managing	
Archaeological	Investigations
The	 North	 and	 South	 approach	 areas	 might	
contain	archaeological	 artifacts.	Bill	 Jordan,	STP’s	
Environmental	Manager,	brings	a	unique	perspective	
to	 the	 SR	 99	 Bored	 Tunnel	 Project	 	–	 he	 has	
represented	 WSDOT,	 contractors,	 and	 consultants	
in	effectively	dealing	with	archaeological	situations	
on	complex	design-build	construction	projects	with	
extremely	 tight	 construction	 schedules.	See	Figure	
6.4-11.	

Bill	understands	the	State’s	archaeological	
regulations	 and	 has	 developed	 paths	
forward	 for	 critical	 construction	 projects	
that	 required	 additional	 investigations.	
He	is	highly	knowledgeable	of	WSDOT’s	
contracting	procedures	and	has	established	
a	 close	 working	 relationship	 with	 the	
State’s	archaeologists.	

Bill	 understands	 the	 importance	 of	
allowing	 investigations	 to	 be	 completed	
while	 maintaining	 a	 Project’s	 schedule.	
With	 Bill’s	 experience	 and	 other	 lessons	

learned,	 STP	 has	 developed	 an	 approach	 that	will	
reduce	the	risk	of	Project	schedule	slippage	due	to	
finding	historic,	archaeological,	or	cultural	resources.	
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Table 6.4-1. Technical Memoranda.
Date title

July 14, 2010
Preliminary Geotechnical Design Recommendations, Liquefiable Soil Delineation, Approach to South 
Portal Cut-and-Cover and U-Sections

July 16, 2010
Preliminary Geotechnical Design Recommendations, Approach to South Portal Cut-and-Cover and 
U-Sections

August 2, 2010 Preliminary Geotechnical Design Recommendations, Shoring Deformation

August 2, 2010 Preliminary Geotechnical Design Recommendations, P-Y Parameters for Lateral Pile Analysis

August 10, 2010 Preliminary Geotechnical Design Recommendations, North Portal Structures

August 12, 2010
Preliminary Geotechnical Design Recommendations, Axial Design of Drilled Shafts and Secant Pile 
Walls

August 12, 2010 Preliminary Geotechnical Design Recommendations, Earth Pressure

September 3, 2010 Draft Technical Memorandum, Active Earth Pressure Determination

September 3, 2010 Draft Technical Memorandum, Addendum:  Drilled Shaft Uplift

September 3, 2010 Draft Technical Memorandum, Addendum:  LPILE Parameters

September 3, 2010 Draft Technical Memorandum, Addendum:  Earth Anchor Adhesion and Resistance Factors

September 28, 2010 Draft Technical Memorandum, Passive Earth Pressure

October 6, 2010 Draft, Addendum Technical Memorandum, Shoring Movement – North and South Approaches
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Figure 6.4-11. I-405 Design Modifications in an 
Area Not Cleared for Archaeological Resources. 
Established WSDOT and tribal contacts were used 
to expedite involvement in the design modification, 
which allowed the design-build contractor to complete 
the construction work on schedule.

Figure 6.4-12. San Francisco-Oakland Bay Bridge 
Approach Reconstruction. Tutor Perini avoided 
schedule impacts following discovery of debris 
residue from the 1906 earthquake by following 
archaeological discovery procedures.

Our	Team	members	have	encountered	archaeological	
and	 historic	 material	 on	 numerous	 infrastructure	
projects,	 and	worked	with	 the	 environmental	 team	
to	 address	 environmental	 concerns	 and	 minimize	
schedule	impacts.	See	Figure	6.4-12.

STP	 Team	 members	 created	 and	 maintained	 an	
environmental	 database	 for	 a	 number	 of	 projects	
under	an	On-Call	Environmental	Services	contract	
with	 Sound	 Transit.	 Commitment	 tracking	 sheets	
were	 used	 to	 detail	 where	 each	 commitment	
was	 incorporated	 or	 where	 and	 how	 it	 would	 be	
incorporated	into	plans	or	specifications.

6.4.4	Groundwater	Control	
Measures
STP	will	perform	groundwater	control	to	eliminate	
groundwater	 seepage	 into	 the	 excavation	 during	
construction	 and	 to	 relieve	 groundwater	 pressures	
from	below	excavation	subgrade	that	could	promote	
softening	of	subgrade	or	other	excavation	instability.	
Our	 proposal	 includes	 a	 groundwater	 recharge	
system	as	a	component	of	the	groundwater	control	
systems.	This	system	is	illustrated	in	Figure	6.4-13.

The	following	section	provides	a	description	of	the	
general	soil	conditions	present	at	the	sites,	the	shoring	
systems	we	will	install,	the	zone	of	influence	of	the	
dewatering	 systems,	 and	 the	 estimated	 pumping	
and	 discharge	 rates	 from	 the	 portal	 excavation	
dewatering	 systems.	This	 section	 does	 not	 discuss	
groundwater	control	measures	for	utility	relocation	
or	tunnel	excavations.
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South Approach Area 
Soil conditions
The	 soil	 conditions	 along	 the	 South	 Approach	
Area	 consist	 of	 loose	Holocene	deposits	overlying	
very	dense	glacial	deposits.	The	Holocene	deposits	
are	35-65	feet	thick.	They	consist	of	hydraulic	and	
other	fill	(predominantly	granular),	estuarine	silt	and	
clay	 deposits,	 and	 limited	 alluvial	 and	 recessional	
outwash	granular	deposits.	The	loose	and	soft	soils	
are	 subject	 to	 consolidation	 and	 ground	 surface	
settlement	when	dewatered.	

Our	 experience	 in	 recent	 Alaskan	 Way	 Viaduct	
utility	 replacement	 projects	 indicates	 that	 the	 fill	
soils	 exhibit	moderate	 permeability	 and	will	 drain	
when	dewatered.	The	estuarine	silt	deposit	beneath	
the	fill	is	a	more	or	less	continuous	deposit.	The	unit	
acts	as	a	good	hydraulic	barrier	for	vertical	migration	
of	 groundwater,	 and	 as	 a	 groundwater	 cut-off	 for	
excavations	 that	 have	 water-tight	 shoring	 such	 as	
sheet	 piles.	 This	 unit,	 however,	 will	 consolidate	
when	drained	over	a	large	area.		

The	 glacial	 soils	 consist	 largely	 of	 a	 mixture	 of	
pre-Vashon-aged	 glacial	 till	 (Qpgt),	 glaciomarine	
drift	 (Qpgm),	 glacial	 lacustrine	 (Qpgl),	 and	
outwash	(Qpgo)	soils.	These	dense	soils	have	been	
overridden;	 soil	 permeability	 in	 these	 soil	 types	 is	
largely	a	function	of	the	percentage	of	silt	and	clay	
in	the	unit	matrix.

Glaciomarine	 drift,	 till,	 and	 lacustrine	 soils	 are	
considered	to	behave	as	aquitards;	these	units	restrict	
lateral	 and	 vertical	 groundwater	 flow.	 The	 units	
yield	only	small,	typically	insignificant,	volumes	of	
groundwater.	The	units	may	have	lenses	of	cleaner	
sand	and	gravel	within	them,	which	when	exposed,	
may	provide	more	significant	volumes	of	water	over	
a	short	period	of	time.	This	flow	will	decline	sharply	
as	the	lens	drains	and	seepage	will	be	by	the	overall	
unit	matrix.	

Glacial	outwash	is	the	primary	granular	unit	found	
beneath	the	site.	This	unit	is	pervious	and	can	be	a	
regional	 aquifer	 when	 found	 as	 a	 continuous	 unit	
(such	as	beneath	the	tunnel	alignment).	Our	design	
work	 for	dewatering	at	 the	adjacent	Starbucks	 site	
construction	included	installing	deep	wells	in	these	
soils	to	provide	and	maintain	a	stable	subgrade	for	
construction	of	the	deeper	levels	of	the	building.	In	
that	case,	the	outwash	unit	was	not	continuous	and	
provided	only	 limited	quantities	of	groundwater	 to	
dewatering	wells	in	the	long	term.

For	 the	 South	 Approach	 Area	 excavations,	 the	
Geotechnical	Baseline	Report	portrays	that	the	unit	
forms	a	more	regional	aquifer,	and	it	will	supply	a	
continuous	 source	 of	 groundwater	 where	 deeper	
groundwater	 control	 is	 necessary.	We	 concur	with	
this	report.

Shoring Elements
The	 shoring	 concept	 consists	 of	 installing	 parallel	
interlocking	secant	pile	walls	along	the	length	of	the	
cut-and-cover	section	and	the	TBM	launch	pit.	These	
sections	 of	 the	 excavation	 will	 have	 groundwater	
control	 to	 assure	 that	 the	 base	 of	 the	 excavation	
remains	dry	and	stable.	We	will	also	install	continuous	
water-tight	secant	pile	shoring	along	the	ends	of	the	
excavation	segments	discussed	above.

Groundwater control Approach
Secant	 piles	 are	 considered	 to	 be	 a	 water-tight	
shoring	 element.	 The	 interlocking	 piles	 form	 a	
continuous	 cutoff	 for	 lateral	 groundwater	 seepage.	
When	 sufficiently	 imbedded	 in	a	 low	permeability	
aquitard,	 both	 along	 the	 sidewalls	 and	 ends	 of	 an	
excavation,	 this	 shoring	 type	 forms	 a	 basin	 that	
experiences	little	groundwater	seepage	and	requires	
only	minor	groundwater	control.

We	have	been	 involved	with	a	number	of	projects	
where	secant	pile	cofferdams	have	been	constructed	to	
provide	structural	support,	to	minimize	groundwater	
seepage,	 and	 to	 prevent	 groundwater	 drawdown	
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and	 related	 ground	 surface	 settlements	 outside	 the	
excavation.	See	Figure	6.4-14.	This	shoring	method	
is	successful	for	all	of	these	purposes.	

We	have	 experienced	 times	when	 there	 have	 been	
weak	 points	 or	 voids	 in	 the	 secant	 walls	 because	
of	 soil	 conditions	or	 installation	methods.	 In	 those	
circumstances,	some	groundwater	inflow	did	occur	
when	the	excavation	exposed	the	voids.	The	voids,	
however,	 were	 quickly	 filled	 by	 grouting	 and	 the	
walls	provided	a	water-tight	barrier	for	the	remainder	
of	the	project.	Even	in	those	conditions,	we	consider	
this	method	as	an	extremely	reliable	groundwater	cutoff.

At-GrAdE And u-SEction
The	structure	of	the	U-section,	where	the	walls	are	
less	than	5	feet	tall,	will	consist	of	roadside	barrier	
walls,	or	 cast-in-place	cantilever	walls.	A	 roadway	
pavement	 section	 will	 be	 placed	 between	 these	
walls.		The	top	of	the	roadway	pavement	in	this	part	
of	 the	U-section	 is	 above	 the	water	 table.	Ground	
water	control	within	this	section	will	not	be	required.	

tAllEr u-SEction And  
cut-And-covEr SEction 
The	width	of	 the	 taller	U-section	 and	 the	 cut-and-
cover	section	will	range	between	70	and	90	feet.	The	
secant	 piles	will	 be	 between	 70	 and	 90	 feet	 deep.	
The	secant	piles	will	embed	10	 to	20	 feet	 into	 the	
low-permeability	 till,	 glaciomarine,	 or	 lacustrine	
soils.	 This	 depth	 of	 penetration	 will	 be	 sufficient	
to	 cut	 off	 any	 lateral	 or	 basal	 groundwater	 flow	
into	the	excavation.	This	condition	exists	along	the	
majority	of	 this	section	of	 the	alignment	as	shown	
in	Geotechnical	Baseline	Report	Figures	5,	6,	and	7.	

Groundwater	 control	 within	 this	 segment	 will	
consist	 primarily	 of	 installing	 wells	 inside	 the	
shoring	walls	 to	 the	depth	of	 the	 top	of	 the	glacial	
soils.	We	 will	 use	 the	 dewatering	 wells	 primarily	
to	 remove	 groundwater	 trapped	 in	 storage	 inside	
the	 excavation.	 After	 we	 have	 dewatered	 the	
excavation	 and	 excavated,	we	 could	 use	 the	wells	
to	discharge	the	minor	seepage	into	the	excavation	
from	the	underlying	low-permeability	glacial	soils.	
Alternatively,	 we	 can	 use	 trenches	 and	 sumps	 to	
collect	and	remove	water	from	the	site.	

Drawdown	effects	from	this	system	will	not	extend	
beyond	the	excavation	limits.

cut-And-covEr And tBM ASSEMBly  
And lAunch pit SEction 
There	is	one	section	of	the	alignment	where	the	till	
soils	do	not	immediately	underlie	the	Holocene	soils.	
In	this	section,	between	approximately	STA	188+75	
and	192+00,	the	till	soils	are	absent	and	Qpgo	outwash	
is	 in	 contact	 with	 the	 Holocene	 soils.	 Without	 a	
low	 permeability	 base	 to	 the	 excavation,	 active	
dewatering	 using	wells	will	 need	 to	 be	 performed	
to	maintain	 a	 stable	 subgrade,	 as	 the	outwash	will	
provide	a	continuous	source	of	groundwater	 to	 the	
excavation.	Assuming	 a	 subgrade	 elevation	 of	 -30	
feet,	and	a	static	water	level	of	elevation	+7	feet,	we	
will	require	about	39	feet	of	drawdown	to	maintain	
groundwater	levels	2	feet	below	subgrade.

Figure 6.4-14. Effective Groundwater Control 
Measures on Milwaukee’s Marquette Interchange. 
A secant pile retaining wall was designed to provide 
effective groundwater cutoff, resulting in minimal 
effects to groundwater levels away from the walls.
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We	will	install	dewatering	wells	to	depths	of	60-80	
feet	below	original	grade.	We	will	 install	 the	wells	
inside	 the	shoring	system	and	supply	power	 to	 the	
wells	by	line	power.	We	will	also	install	an	emergency	
generator	and	an	automatic	transfer	switch	to	ensure	
pump	operation	in	the	event	of	a	power	outage.

In	 this	 section	 of	 the	 alignment,	 the	 secant	 piles	
will	 have	 only	 a	 limited	 effect	 in	 reducing	 lateral	
groundwater	cutoff	to	the	excavation.	The	drawdown	
from	dewatering	inside	the	basin	will	also	draw	down	
the	groundwater	levels	outside	the	excavation.	Since	
there	 is	 a	 direct	 hydraulic	 connection	 between	 the	
glacial	outwash	soils	and	Holocene	soils,	drawdown	
will	occur	in	the	Holocene	soils	and	the	potential	for	
ground	surface	settlement	will	exist.	We	will	install	
a	series	of	recharge	wells	outside	the	excavation	to	
limit	drawdown	in	the	Holocene	soils.	

We	will	 locate	 recharge	 wells	 outside	 the	 shoring	
system;	 we	 will	 locate	 them	 at	 a	 distance	 where	
injection	will	not	overwhelm	the	dewatering	system.	
The	presence	of	other	structures,	the	Project	limits,	
and	existing	utilities	will	also	affect	the	spacing	and	
location.	We	will	install	the	recharge	wells	into	the	
glacial	outwash	soils	at	depths	of	50-65	feet	below	
grade.	We	will	supply	the	recharge	wells	by	a	direct	
pipeline	from	the	dewatering	wells.	

This	 approach	 is	 consistent	 with	 policy	 of	 the	
Department	of	Ecology.	The	policy	allows	recharge	
as	long	as	the	dewatered	and	recharge	aquifer	is	the	
same,	and	as	long	as	we	perform	no	treatment	of	the	
water.	This	policy	circulates	water	of	the	same	quality	
and	does	not	alter	its	chemistry	by	exposure	to	air	or	
other	constituents.	We	will	obtain	an	Underground	
Injection	Control	 permit.	Based	on	our	 experience	
with	 the	 previous	 Alaskan	 Way	 Viaduct	 utility	
relocation	 projects,	 we	 do	 not	 foresee	 a	 problem	
in	 acquiring	 the	 permit	 because	 the	 specifications	
required	 the	 same	 procedure.	 STP	Team	members	
have	 a	 dewatering	 and	 recharge	 system	 permitted	
and	operating	along	East	Marginal	Way	south	of	the	
site	under	the	same	guidelines.

We	 will	 design	 the	 recharge	 system	 to	 reduce	
drawdown	 outside	 the	 excavation	 to	 less	 than	 5	
feet.	We	have	assumed	that	the	recharge	wells	will	
be	located	about	50	feet	from	the	walls;	drawdown	
greater	than	5	feet	will	occur	between	the	wall	and	
the	recharge	well	alignment.

dewatering components and discharge rates
This	section	provides	the	number	of	wells	required	for	
the	South	Approach	Area	groundwater	control	system	
and	the	anticipated	seepage	rates	during	the	Project.

cut-And-covEr And tBM ASSEMBly  
And lAunch pit SEction 
STP	will	use	the	groundwater	control	system	for	this	
section	 to	 remove	 groundwater	 trapped	 in	 storage	
inside	the	shoring	system	and	above	the	glacial	soils.	
We	will	place	dewatering	wells	inside	the	excavation	
walls	on	about	100	foot	centers.	We	will	stagger	the	
wells	along	the	walls	such	that	there	will	be	a	well	
every	50	lineal	feet	along	the	excavation.	Well	depths	
will	be	50	to	70	feet	deep.

We	will	 not	 perform	 initial	 dewatering	 of	 the	 cell	
until	 we	 complete	 the	 shoring	 system.	 Assuming	
a	 two-week	 drawdown	 period,	 the	 wells	 could	
produce	about	20	gpm	each	if	run	on	a	continuous	
basis.	This	equates	to	a	total	of	about	320	gpm	for	a	
two-week	period.	There	are	many	options	available	
for	 dewatering	 the	 cell;	 we	 will	 base	 the	 actual	
rates	and	duration	on	sequencing	and	the	discharge	
conveyance	system.

We	 performed	 calculations	 to	 estimate	 long-
term	 seepage	 through	 the	 basal	 soils	 beneath	 the	
excavation.	Seepage	rates	may	be	on	the	order	of	1	
to	2	gpm	for	every	100	lineal	feet	of	the	excavation.	
Seepage	rates	through	the	walls	should	be	less.	To	be	
conservative,	we	estimate	a	total	area	discharge	rate	
of	less	than	50	gpm.
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StAtion 188+75 to 191+00
STP	performed	calculations	to	estimate	the	number	
of	dewatering	and	recharge	wells	required	to	dewater	
the	 smaller	 portion	 of	 the	 alignment	 that	 is	 not	
underlain	by	an	aquitard,	 and	 the	number	of	wells	
and	 rates	 required	 to	 maintain	 groundwater	 heads	
outside	the	excavation.	The	calculations	indicate	that	
we	can	use	dewatering	wells	installed	along	the	walls	
of	 the	 excavation	 to	 control	 the	 deep	 groundwater	
pressures.	 These	 would	 consist	 of	 wells	 installed	
on	about	50-foot	centers	along	each	wall.	Recharge	
wells	 will	 be	 necessary	 to	 maintain	 groundwater	
pressures	outside	of	the	excavation.	Well	discharge	
rates	would	be	between	15	to	80	gpm	per	well.	The	
recharge	wells	could	consume	most	if	not	all	of	the	
water	from	the	dewatering	system.		

Groundwater control Measures
Section	 6.1.3	 of	 the	 SR	 99	 Bored	 Tunnel	 Design	
Build	Project,	Technical	Requirements	Appendix	E1,	
Biological	Assessment	(BA)	states	“The tunnel and 
retaining walls associated with the cut-and-cover 
sections of the Project will be constructed to allow 
groundwater to flow unobstructed into Elliott Bay 
once the tunnel is complete. Therefore, the tunnel will 
not impede groundwater flows during operation.”	
To	comply	with	this	statement,	we	will	install	drains	
that	will	allow	the	groundwater	to	flow	through	the	
secant	pile	shoring	system.		Groundwater	flow	in	the	
Holocene	 soils	near	Elliot	Bay	 is	 relatively	minor.	
The	area	was	once	covered	by	salt	water,	but	has	now	
been	filled.		The	majority	of	fresh	water	flow	to	the	
bay	is	from	urban	runoff	and	leakage	from	utilities.	
As	the	native	soils	east	of	the	alignment	are	typically	
low	permeability,	there	is	not	a	major	groundwater	
discharge	zone	in	this	area.	Therefore,	the	soils	to	the	
east	and	west	of	the	alignment	may	be	connected	by	
passive	drains	that	will	provide	a	suitable	transfer	of	
groundwater	flow	and	pressures.

For	areas	south	of	about	STA	188+00	the	drains	will	
be	drilled	through	the	shoring	wall	after	excavation.	
They	 will	 be	 fabricated	 so	 that	 they	 will	 provide	
a	 conduit	 between	 the	 native	 ground	 inside	 and	
outside	of	the	shoring.	The	drains	will	be	located	in	
the	Holocene	soils	beneath	the	slab,	and	above	the	
deeper	glacial	soils.	The	drains	will	be	constructed	
every	80	feet	along	each	shoring	wall.		

For	 the	 section	 between	 about	 STA	 188+00	 and	
192+00,	no	drains	will	be	installed.	Since	the	secant	
piles	will	not	be	imbed	into	a	confining	layer,	there	
is	no	impedance	of	groundwater	flow	to	Elliot	Bay.

For	 the	 section	 of	 the	 alignment	 north	 of	 STA	
192+00	 to	 the	 bored	 tunnel	 portal,	 the	 alignment	
will	 be	 at	 a	 depth	 where	 it	 imbeds	 into	 the	 low-
permeability	glacial	 soils.	 	They	will	be	drilled	on	
about	50-foot	centers.	Drains	for	both	areas	will	be	
drilled	through	the	secant	pile	walls	above	the	cut-
and-cover	elements	on	both	sides	of	the	excavation	
during	 backfill	 operations.	 Construction	 of	 the	
drains	will	 be	 	 similar	 to	 the	well	 points	 installed	
for	dewatering	the	North	Portal;	they	will	be	nearly	
horizontal	pipes	with	well	screens	at	the	end	of	the	
pipes	drilled	and	installed	into	the	native	soils.	The	
drains	will	be	connected	to	PVC	piping	that	will	run	
up	the	inside	of	the	wall	to	ground	surface;	this	will	
allow	backfilling	and	compaction	of	the	excavation	
in	the	dry.		Once	completed	above	the	groundwater	
table,	the	riser	pipes	will	be	broken	or	punched	at	the	
elevation	of	 the	drain,	and	groundwater	 levels	will	
equilibrate.
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North Approach Area 
Soil conditions
Similar	 to	 the	 South	Approach	Area	 site,	 the	 soil	
conditions	 at	 the	 North	Approach	Area	 consist	 of	
loose	 Holocene	 deposits	 overlying	 dense	 glacial	
deposits.	 The	 Holocene	 deposits	 are	 less	 than	 20	
feet	 thick	at	 the	portal	entrance	and	 increase	 to	40	
feet	 or	 more	 at	 the	 end	 of	 the	 excavation.	 They	
consist	of	recessional	outwash,	ice-contact	deposits,	
lacustrine	soils,	and	fill.	The	soils	are	loose	and	soft.	
The	 lacustrine	 silt	 deposit	 is	 continuous.	 The	 unit	
will	 perch	 groundwater	 introduced	 largely	 from	
precipitation	and	leakage	from	utilities.

The	glacial	soils	consist	predominantly	of	glacial	till	
(Qpgt),	diamict	(Qpgd),	glaciomarine	drift	(Qpgm),	
and	outwash	(Qpgo)	soils.	Soil	permeability	in	these	
dense,	overridden	soil	types	is	largely	a	function	of	
the	 percentage	 of	 silt	 and	 clay	 in	 the	 unit	matrix.	
Glaciomarine	 drift,	 till,	 and	 lacustrine	 soils	 are	
considered	to	behave	as	aquitards;	these	units	restrict	
lateral	 and	 vertical	 groundwater	 flow.	The	 diamict	
soils	 are	 typically	 low	 permeability,	 but	 can	 have	
more	frequent	lenses	of	cleaner	more	pervious	soils.	

The	 units	 yield	 only	 small,	 typically	 insignificant,	
volumes	 of	 groundwater.	As	 previously	 discussed,	
pervious	 lenses	 in	 these	 soils	 may	 provide	 more	
significant	volumes	of	water	over	a	short	period	of	
time,	but	 this	flow	will	decline	sharply	as	 the	 lens	
drains	and	seepage	is	controlled	by	the	overall	unit	
matrix.	

The	 regional	 glacial	 outwash	 aquifer	 is	 found	
just	 below	 the	 North	 Approach	 Area	 excavation.	
Groundwater	 in	 this	 unit	 appears	 to	 be	 either	
confined,	 or	 partially	 confined,	 by	 the	 overlying	
diamict	soils.

Glaciomarine	and	till	soils	extend	beyond	the	limits	
of	 the	 work	 at	 and	 above	 the	 subgrade	 elevation.	
This	 unit	 is	 12-24	 feet	 thick.	 The	 unit	 acts	 as	 a	
perching	layer	for	water	that	infiltrates	from	ground	
surface.	 Groundwater	 accumulates	 and	 is	 perched	
in	 a	 discontinuous	 outwash	unit	 located	 above	 the	
Qpgm/Qpgt.

Shoring Elements
Shoring	 for	 the	North	Approach	Area	will	 consist	
of	standard	soldier	pile	and	wood	lagging	walls.	We	
will	 install	 a	 continuous	 drainage	 mat	 behind	 the	
wall	 to	 intercept	 seepage	 from	 the	 perched	water-
bearing	layers.

Groundwater control Approach
STP	will	need	to	perform	groundwater	control	in	the	
regional	 aquifer	 and	 in	 the	 perched	 water-bearing	
zone.	Though	the	confined	pressures	in	the	regional	
aquifer	 do	 not	 appear	 to	 pose	 a	 significant	 threat	
to	 the	 stability	 of	 the	 excavation,	 it	 may	 provide	
nuisance	water	softening	the	subgrade.	As	such,	we	
will	 install	 dewatering	 wells	 into	 this	 aquifer	 and	
pump	them	during	excavation.	At	the	subgrade,	we	
will	install	a	seepage	collection	system	and	connect	
it	to	a	series	of	sump	pumps.

The	 collection	 system	 may	 consist	 of	 a	 network	
of	 PVC	 piping	 that	 is	 routed	 to	 the	 sumps	 or	 the	
subgrade,	may	be	 sloped	 and	 ditched	 and	 covered	
by	 a	 gravel	 blanket	 with	 sumps	 installed	 to	 drain	
the	blanket.	We	would	temporarily	use	this	system	
only	for	removal	of	the	TBM	or	during	subsequent	
construction	below	the	piezometric	surface.

We	will	control	groundwater	in	the	perched	aquifer	
at	 about	 elevation	 20-30	 feet	 by	 well	 points.	 We	
will	 install	 well	 points	 during	 construction	 of	 the	
soldier	pile	and	lagging	wall.	Prior	to	reaching	about	
elevation	40,	we	will	install	well	points	at	an	angle	
through	the	wall	to	the	elevation	of	the	base	of	the	
perched	aquifer.	Figure	6.4-15	illustrates	this	system.
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We	will	install	a	row	of	well	points	on	both	the	east	
and	west	walls.	The	well	points	will	extend	from	the	
portal	 to	as	far	as	STA	303+00,	as	dictated	by	soil	
conditions.	We	will	operate	the	well	points	only	until	
we	 complete	 the	wall	 and	 install	 the	drainage	mat	
and	connect	it	to	sumps	for	discharge.

There	will	be	no	threat	of	dewatering	induced	ground	
water	settlement,	since	the	groundwater	table	for	the	
soils	to	be	dewatered	does	not	reach	the	elevation	of	
the	Holocene	deposits.	The	zone	of	influence	from	
each	of	these	systems	extends	to	less	than	100	feet	
from	the	excavation.

regional Aquifer System
The	 groundwater	 control	 system	 for	 the	 regional	
aquifer	 below	 subgrade	will	 consist	 of	 installing	 a	
total	of	four	deep	wells,	two	on	each	side	wall	of	the	
excavation.	We	will	drill	 the	wells	 from	inside	 the	
excavation	prior	to	reaching	subgrade	(likely	at	the	
same	time	the	well	point	system	discussed	below	is	
installed).	The	wells	would	be	about	50	feet	deep.

We	 will	 perform	 dewatering	 as	 the	 excavation	
approaches	 subgrade.	 We	 will	 then	 activate	 and	
operate	the	wells	until	the	drainage	mat	is	placed	and	
operated.	 The	 wells	 could	 produce	 about	 10	 gpm	
each	on	a	continuous	basis.	This	equates	to	a	total	of	
about	40	gpm.	

STP	 performed	 calculations	 to	 estimate	 long-term	
seepage	through	the	basal	soils	once	we	dewater	the	
excavation.	Seepage	rates	would	be	less	than	20	gpm	
for	the	excavation.

At	 this	 time,	 we	 assume	 that	 the	 well	 points	 we	
would	install	on	about	5-foot	centers	along	the	east	
and	west	walls.	For	a	250	foot	length	of	dewatering,	
this	would	equate	to	a	total	for	about	100	well	points	
for	the	entire	excavation.	We	estimate	that	less	than	
100	gpm	could	be	pumped	from	the	excavation	 in	
the	 first	week	 of	 operation;	 flow	 rates	would	 then	
rapidly	decrease	as	the	perched	water	zone	dries	to	
less	than	30	gpm	over	the	long	term.

Once	 constructed,	 the	 shoring	 systems	 will	 not	
impede	 natural	 groundwater	 flow	 patterns.	 	 The	
shoring	 system	 will	 be	 a	 lagging	 system	 that	
groundwater	will	flow	through.		The	pervious	soils	
at	 depth	 will	 allow	 groundwater	 flow	 through	 or	
around	any	constructed	elements.

6.4.5	Cut-and-Cover	
Structure	Design
South Approach Area 
u-Section, cut-and-cover Section and tBM 
Assembly and launch pit Section
StructurAl ElEMEntS 

The	structure	of	the	U-section,	where	the	
walls	are	less	than	5	feet	tall,	will	consist	
of	 roadside	barrier	walls,	or	cast-in-place	
cantilever	 walls,	 constructed	 integrally	

with	the	bottom	slab.	A	roadway	pavement	section	
will	 be	 placed	 between	 these	 walls.	 The	 ground	
under	these	walls	will	not	be	improved	to	reduce	the	
risk	of	liquefaction	related	deformation,	translation,	
or	rotation	since	these	walls	are	less	than	5	feet	tall.	
The	 WSDOT	 Geotechnical	 Design	 Manual,	 Page	
6-2	states:	“...walls that are less than 10 ft in height, 
or walls that are well away from the traveled way, 
are not likely to cause loss of life or severe injury to 
the traveling public. Therefore, the wall design may 
allow these lower height walls, or walls that are well 
away from the traveled way, to deform, translate, or 
rotate during a seismic event and overall stability 
of these lower height walls may be compromised.”	
Since	 STP’s	 proposal	 addresses	 liquefaction	 for	
walls	 as	 short	 at	 5	 feet	 tall,	 the	 proposal	 provides	
the	 traveling	 public	 with	 a	 reduced	 risk	 of	 injury	
associated	with	seismic	damage.

The	 structure	 in	 the	 cut-and-cover	 tunnel	 and	
U-section	that	is	more	than	5	feet	tall	will	consist	of	
the	secant	pile	shoring	walls	and	permanent	structural	
slabs	 spanning	 between	 the	 secant	 piles.	We	 will	
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design	the	secant	piles	for	seismic	and	liquefaction	
conditions	 and	 they	 will	 provide	 vertical	 support	
and	 buoyancy	 resistance.	 The	 slabs	 will	 be	 cast-
in-place	 concrete	 and	will	 be	 pinned	 to	 the	 secant	
piles	walls	as	shown	in	the	detail	below.	Figure	6.4-5	
shown	 earlier	 in	 this	 section	 illustrate	 the	 South	
Approach	Area.	

The	 incorporation	 of	 the	 secant	 pile	 walls	 in	 the	
permanent	 construction	 will	 provide	 positive	
foundation	 support	 for	 the	 structure,	 rather	 than	
relying	on	ground	improvement	or	the	massive	over	
excavation	of	poor	soils.	The	secant	pile	walls	will	
provide	 support	 during	 a	 seismic	 event,	 reducing	
the	risk	of	damage	because	of	liquefaction.	We	will	
place	a	waterproofing	membrane	along	the	interior	
of	the	secant	pile	wall.	We	will	minimize	the	number	
of	 steel	 reinforcement	dowels,	which	penetrate	 the	
waterproofing	membrane,	 to	mitigate	 the	 potential	
for	groundwater	penetration.

The	construction	sequence	for	the	permanent	
structure	includes:	

•	 Installing	secant	piles
•	 Excavating	using	temporary	struts	or	
tiebacks

•	 Constructing	the	base,	roof,	and	roadway	
slabs	that	will	serve	as	struts	

•	 De-tensioning	the	tiebacks	or	remove	
temporary	struts	

•	 Patching	holes	in	the	secant	piles	with	
an	epoxy	based	grout	suitable	for	wet	
applications	

•	 Applying	the	waterproofing	system
•	 Installing	the	interior	wall	slabs	in	front	of	
the	waterproofing	system.	Where	ties	are	
required	to	anchor	the	interior	wall	slabs	to	
the	shoring	wall,	the	waterproofing	would	
be	sealed	as	presented	in	approved	ATC	#2	
in	Appendix	C	Figures	1	and	2.		

•	 STP	is	adept	at	minimizing	and	managing	
the	risks	to	adjacent	structures,	utilities,	
and	neighborhoods	using	cut-and-cover	
structure	design	and	construction.		
See	Figure	6.4-16. 

WAtErprooFinG
STP	will	accomplish	waterproofing	of	the	cut-and-
cover	 tunnel	 and	 the	 taller	U-sections	 through	 the	
use	of	an	adhesive	blind	side	membrane	system	and	
a	system	of	waterstops.	The	system	will	be	placed	

Figure 6.4-16. Protecting Neighborhoods  
on the BART to SFO Extension. By using 
components of the substructure to aid in the 
support, and designing and installing effective 
temporary support systems, the existing 
neighborhoods were protected throughout the 
duration of the project.
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North Approach Area 
cut-and-cover and Building  
Foundation Area  
StructurAl ElEMEntS 
STP	will	construct	the	permanent	structures	for	the	
North	Approach	Area	 inside	 the	 temporary	 soldier	
pile	 wall.	 The	 structures	 will	 be	 constructed	 of	
reinforced	 concrete.	We	 will	 de-stress	 the	 shoring	
tiebacks	as	the	roadway	and	floor	slabs	are	cast	and	
cured.	 Figure	 6.4-7,	 shown	 earlier,	 illustrates	 the	
North	Approach	Area.

In	the	area	of	the	North	Tunnel	Operations	Building,	
the	 below	 grade	 structure	 will	 consist	 of	 cast-in-
place	concrete	walls	and	slabs.	We	will	de-stress	the	
shoring	tiebacks	as	the	floor	slabs	are	cast	and	cured.	
The	grade	level	slab	will	support	 the	steel	framing	
for	the	tunnel	operations	building	above.	

We	will	 configure	 the	permanent	 structures	 in	 this	
area	to	allow	for	a	delay	in	the	construction	of	the	
structures	inside	the	TBM	extraction	pit.	This	approach	
will	allow	the	teams	to	complete	the	building	systems	
to	the	north	and	inside	the	building	prior	to	completion	
of	the	tunnel	bore	and	extraction	of	the	TBM.	This	
approach	reduces	schedule	risk	to	WSDOT.	

WAtErprooFinG
The	waterproofing	for	the	North	Tunnel	Operations	
Building	 basement	 will	 consist	 of	 a	 continuous	
membrane.	 The	 installation	 of	 the	 waterproof	
membrane	steps	include:	

•	 Placing	a	rat	slab	or	layer	of	sand	and		
gravel	in	the	bottom	of	the	excavation

•	 Placing	the	waterproofing	membrane	on		
the	base,	lap,	or	seal	the	seams	and	wrap		
the	membrane	up	the	exterior	walls

•	 Casting	the	lower	level	slab
•	 Continuing	to	place	the	membrane	up	the	
side	of	the	shoring,	lapping,	or	sealing	the	
joints	in	the	membrane	

below	the	bottom	slab,	wrapped	up	the	side	of	 the	
slab	and	the	tunnel	walls,	and	over	the	top	of	the	roof	
slab.	

The	 reinforcing	 for	 the	 structural	 connections	will	
penetrate	 the	waterproofing	 system	when	 it	 wraps	
around	 the	 ends	 of	 the	 slabs.	 We	 will	 seal	 these	
penetrations	 by	 a	 combination	 of	 HDPE	 seals,	
sealing	gel,	and	water	stops.

See	 approved	ATC	 #2	 in	Appendix	 C	 for	 details	
and	 illustrations	 of	waterproofing.	The	 installation	
process	includes:

•	 Smoothing	out	the	face	of	the	secant	pile	
wall	with	shotcrete	

•	 Fastening	HDPE	sheet	to	shoring	wall
•	 Applying	sealing	poly-rubber	gel	membrane	
to	HDPE	sheet

•	 Pressing	HDPE	mesh	into	poly-rubber	gel	
membrane	

•	 Applying	water	soluble	protection	film,	
stopping	short	of	the	penetration	

•	 Applying	HDPE	patch	over	penetration,	
with	ploy-rubber	gel	bead	around	base	of	
penetration.	Press	patch	into	gel	membrane

•	 Sealing	around	patch	with	modified	
bituminous	tape	

•	 Applying	water	stop	around	penetration
Where	we	use	tiebacks	for	the	temporary	shoring,	we	
will	 provide	 additional	 waterproofing	 redundancy	
by	 restricting	 groundwater	 penetration	 through	 the	
tie	back	anchors.	We	will	case	and	grout	the	tiebacks	
tendons,	or	otherwise	seal	them,	within	the	unbonded	
zone	to	mitigate	migration	of	groundwater	into	the	
permanent	structure.	

We	 will	 de-tension	 the	 tiebacks	 and	 remove	 any	
surface	mounted	hardware	prior	to	application	of	the	
waterproofing	system.	We	will	not	use	tiebacks	for	
support	of	the	permanent	structure.
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The	systems	engineers	and	systems	commissioning	
experts	have	 refined	 the	 tunnel	 systems.	Structural	
and	geotechnical	engineers	and	shoring	contractors	
have	refined	the	shoring	and	wall	designs.	Architects	
and	civil	engineers	have	refined	the	egress	and	space	
planning.	Contractors	and	construction	experts	have	
refined	construction	methodologies.	

Drawing	 on	 their	 extensive	 experience,	 the	 STP	
Team	 members	 completed	 a	 Concept	 Level		
Interdisciplinary	 Tunnel	 and	 Roadway	 Systems		
Space	 Allocation,	 Coordination,	 and	 Verification	
Study.	 This	 study	 included	 an	 extensive	
interdisciplinary	analysis	of	the	space	requirements	
inside	 the	finished	bored	 tunnel,	 the	 cut-and-cover	
tunnel	 and	 the	 Tunnel	 Operations	 Buildings.	 It	
included	 a	 coordinated	 constructability	 review	
of	 construction	 space	 requirements.	 Section	 6.5	
discusses	this	process	in	greater	detail.	The	cut-and-
cover	sections	of	the	tunnel	and	the	maintenance	and	
operations	buildings	are	critical	to	this	study.	

We	have	refined	the	size	of	both	buildings	
through	examination	of	space	requirements.	
The	 result	 is	 greener	 buildings	 with	
smaller	more	efficient	spaces,	and	reduced	
of	 long-term	maintenance	and	operations	

costs.	See	Section	6.6	for	additional	information	on	
the	verification	of	the	building	spaces.	

On	 the	 south	 end	 of	 the	 Project,	 the	 added	width	
required	for	the	TBM	assembly	pit	provides	generous	
spaces	for	the	cut-and-cover	tunnel	systems.	On	the	
north	end,	the	conceptual	study	and	the	construction	
phasing	 and	 staging	 has	 carefully	 addressed	 the	
needs	of	the	North	Approach	Area.	

•	 Placing	the	concrete	exterior	walls	
•	 Smoothing	out	the	face	of	the	secant	pile	
wall	with	shotcrete	

•	 Fastening	HDPE	sheet	to	shoring	wall
•	 Applying	poly-rubber	sealing	gel	membrane	
to	HDPE	sheet

•	 Pressing	HDPE	mesh	into	poly-rubber		
gel	membrane	

•	 Applying	water	soluble	protection	film,	
stopping	short	of	the	penetration	

•	 Applying	HDPE	patch	over	penetration,	
with	ploy-rubber	gel	bead	around	base	of	
penetration;	press	patch	into	gel	membrane

•	 Sealing	around	patch	with	modified	
bituminous	tape	

•	 Applying	water	stop	around	penetration
•	 Providing	additional	waterproofing	
redundancy	by	restricting	grounding	
penetration	through	the	tieback	anchors	for	
the	temporary	shoring.	We	will	case	and	
grout	the	tieback	tendons,	or	seal	them	with	
the	unbounded	zone,	to	mitigate	migration	
of	groundwater	into	the	permanent	
structure.	We	will	de-tension	the	tiebacks	
and	remove	any	surface	mounted	hardware	
prior	to	application	of	the	waterproofing	
system.	We	will	not	use	tiebacks	for	support	
of	the	permanent	structure.	

Space Allocations, Systems coordination, 
and tunnel dimensions verification

STP	 Team	 members	 comprise	 an	 elite	
international	 group	 of	 tunnel	 specialists	
who	 understand	 that	 the	 success	 of	 the	
tunnel	design,	construction,	and	operation	

depend	 on	 careful	 and	 rigorous	 planning	 that	
involves	 systems	 designers,	 systems	 installation	
experts,	 structural	 and	 civil	 engineering	 experts,	
architects,	 and	world-class	 constructors.	The	Team	
has	 been	 meeting	 for	 several	 months	 in	 our	 co-
located	office	space.	We	hold	weekly,	and	at	 times	
daily,	collaborative	meetings.	
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6.5		Bored	Tunnel	
Interior	Design	and	Construction
Design	of	the	Bored	Tunnel	
Interior	Structure	

STP’s	 bored	 tunnel	 interior	 structure	
reduces	 risk	 to	 WSDOT	 and	 increases	
the	value	provided	to	the	traveling	public	
with	 an	 optimized	 configuration	 of	 the	

bored	tunnel.	Our	design	provides	8-foot-wide	west	
shoulders,	 instead	 of	 6-foot-wide	 shoulders,	 and	 a	
15-foot	6-inch	vertical	height	on	each	roadway	level.	
Section	 4	 includes	 a	 discussion	 of	 the	 roadway.	
Section	5	includes	a	discussion	of	the	bored	tunnel	
diameter.	

Tunnel and Roadway Systems 
Space Allocation, Coordination and 
Verification Study

Drawing	 on	 the	 extensive	 experience	 of	
our	team	members	in	tunnel	construction,	
STP	 implemented	 an	 interdisciplinary	
conceptual	 level	 Tunnel	 and	 Roadway	

Systems	 Space	 Allocation,	 Coordination,	 and	
Verification	Study.	This	study	included	an	extensive	
interdisciplinary	analysis	of	the	space	requirements	
inside	 the	finished	bored	 tunnel	 and	 a	 coordinated	
constructability	 review	 of	 construction	 space	
requirements.	

As	 designers	 and	 builders	 of	 some	 of	 the	world’s	
largest	 and	 most	 sophisticated	 bored	 tunnels,	 our	
experience	 in	 space	 allocation	 is	 unmatched.	 For	
example,	 the	 Barcelona	 Metro	 Line	 9	 Tunnel	
was	 designed	 and	 built	 to	maximize	 the	 available	
space	 for	 complete	 electrical,	 fire	 protection,	 and	
communications	systems	while	keeping	the	systems	
out	of	the	way	of	the	railcars.	See	Figure	6.5-1.	

STP	 Design	 Manager	 Rich	 Johnson	 led	 the	
interdisciplinary	design	analysis	 that	 included	STP	
Tunnel	Interior	Structures	Manager	Jerry	Dorn	and	
his	 structural	 design	 team;	HNTB’s	Patty	 Fordyce	
and	her	systems	integration	team;	Terry	Bulfin	and	his	
architectural	team;	and	Michael	Coward	and	his	civil	
design	team.	In	addition,	Tunnel	Systems	Manager	
Jorge	Vañó	 and	 his	 Dragados	 systems	 installation	
team	 worked	 hand-in-hand	 with	 Patty’s	 team	 to	
provide	value	engineering	that	resulted	in	ATCs	#3	
and	#6	refining	the	mechanical	and	electrical	systems.	
STP	has	discussed	at	length	our	analysis	and	ideas	
of	the	tunnel	systems	with	Jay	Sims	(WSDOT)	and	
Frank	Nelson	 (Parsons	Brinckerhoff)	 and	we	 look	
forward	to	continuing	this	partnership	in	the	future.	
Josh	Randall	 from	Tutor	Perini	 and	Manuel	Pardo	
from	Dragados	led	the	constructability	reviews	that	
included	both	design	team	members	and	international	
experts	in	the	construction	of	bored	tunnels.	

Figure 6.5-1. Maximum Available Space. 
The Barcelona Metro Line 9 Tunnel’s electrical 
systems included security systems, operations 
center, fan room, exhaust stacks, power and 
substation spaces, storage, and work rooms. 
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The	results	of	our	study	demonstrate	that	
a	 tunnel	with	an	 interior	design	diameter	
of	51	feet	can	accommodate	the	proposed	
roadway	 lanes,	 shoulders,	 and	 vertical	

clearance;	 the	 fire	 proofing	 and	 interior	 structural	
element	 thicknesses;	 egress	 requirements;	 and	
the	 space	 required	 for	 the	 tunnel	 ventilation	 and	
the	 tunnel	 mechanical	 and	 electrical	 systems.	We	
accommodate	 the	mining	 tolerance	 of	 6	 inches	 in	
either	 direction,	 the	 2-foot-thick	 tunnel	 liner	 and	
the	TBM	overcut	in	our	57-foot	6-inch	bored	tunnel	
diameter.		

Roadway Clearance Envelope 
STP	 calculated	 the	 roadway	 clearance	 envelope	
based	on	 a	width	 that	 accommodates	 two	11-foot-
wide	travel	lanes,	an	8-foot-wide	west	shoulder	and	
a	2-foot-wide	east	shoulder.	The	minimum	vertical	
clearance	above	the	travel	lane	and	shoulders	will	be	
15	feet	6	inches.	See	Section	4	for	a	further	discussion	
of	the	tunnel	roadway	clearance	envelope.	

Structural Systems
STP’s	goal	is	to	achieve	a	low	maintenance,	
high	quality	design	for	the	tunnel	interior	
structures	 that	 enables	 us	 to	 deliver	 the	
Project	as	close	to	WSDOT’s	desired	date	

of	completion,	before	the	end	of	2015.	Working	as	
an	 integrated	 team	 our	 structural	 engineers	 and	
construction	specialists	evaluated	several	structural	
systems	 for	 the	 tunnel	 interior	 structure.	 Important	
considerations	 included	 structural	 performance,	
compatibility	 of	 the	 interior	 structures	 with	 the	
mechanical	 and	 electrical	 systems,	 impact	 of	 the	
structure	 on	 the	 egress	 facility	 and	 roadways,	 fire	
protection,	 and	waterproofing	of	 the	 tunnel.	 In	 the	
selection	 of	 the	 interior	 tunnel	 structure,	 we	 also	
considered	quality	assurance,	worker	safety,	and	the	
movement	of	materials	in	and	out	of	the	tunnel.	

Our	 proposal	 provides	 WSDOT	 with	 a	 low	
maintenance,	 high-quality	 interior	 structure.	 The	
tunnel	 interior	 structure	 will	 be	 cast-in-place	
concrete	 corbels	 supporting	 cast-in-place	 lower	
roadway	walls	and	upper	roadway	slabs.	The	egress	
corridor	 slabs	 will	 be	 precast	 concrete	 or	 cast-in-
place	slabs.	The	upper	roadway	barrier	will	be	slip-
formed	concrete.	The	upper	roadway	walls	will	be	
either	precast	concrete	panels	or	shotcrete	concrete.	
The	lower	roadway	slab	will	be	either	cast-in-place	
concrete	or	precast	 concrete	panels	with	a	 topping	
slab.	Figure	6.5-2	 illustrates	our	 structural	 systems	
for	the	tunnel	interior	structures:	

•	 Gravity Support.
	 The	tunnel	interior	structure	will	be	
supported	on	the	precast	tunnel	liner	
segments.	The	lower	roadway	slab	and	the	
lower	roadway	walls	will	sit	on	the	cast-
in-place	corbels.	The	upper	roadway	slab	
and	upper	roadway	walls	will	be	supported	
by	the	lower	roadway	walls.	The	egress	
corridor	floor	slabs	will	be	pin	supported	
by	the	precast	tunnel	liner	and	the	lower	
roadway	walls.		

•	 Lateral Support. 
 In	the	transverse	direction,	the	lower	level	
walls	and	the	upper	level	floor	will	form	a	
moment	frame,	supported	on	the	corbels.	
The	moment	frame	will	be	laterally	braced	
by	the	upper	level	egress	floor	slab.	The	
lower	level	floor	slab	will	be	supported	on	
the	corbels.	In	the	longitudinal	direction,	
the	lower	roadway	walls	will	act	as	shear	
walls	transferring	loads	from	the	upper	
roadway	slab	diaphragm	into	the	cast-in-
place	corbels.	The	upper	roadway	walls	
will	have	slotted	connections	to	the	tunnel	
liner,	reducing	the	loads	transferred	from	
the	tunnel	liner	to	the	interior	structure.	The	
lower	level	floor	slab	will	be	supported	on	
the	corbels.		
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Following	NTP	2,	we	will	 complete	 a	 3-D+	finite	
element	analysis	of	 the	 tunnel	 liner	and	 the	 tunnel	
interior	structure.	This	analysis	will	 include	a	 time	
history	analysis	of	the	soil	structure	interaction.	The	
results	of	this	analysis	will	provide	a	more	accurate	

understanding	of	the	dead	load,	live	load,	and	seismic	
stresses	in	the	tunnel	interior	structure	and	the	tunnel	
liner.	

Appendix	 D,	 sheet	 SD180,	 provides	 additional	
drawings	of	the	tunnel	interior	structure.

Figure 6.5-2. Bored Tunnel Interior Structure.
Our proposed tunnel envelope includes structural 
elements for construction. 
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Tunnel Egress Design
Figure	6.5-3	illustrates	tunnel	egress	in	the	event	of	an	
emergency.	Pedestrians	will	exit	the	tunnel	roadway	
through	two-hour-rated	sliding	doors	to	an	enclosed,	
two-hour	 fire-protected	 emergency	 corridor	 access	
area.	This	 area	will	 include	 protected	 facilities	 for	
the	less	mobile	pedestrians.	Mobile	pedestrians	will	
continue	up	or	down	stairs	to	the	egress	corridor	that	
leads	to	either	end	of	the	bored	tunnel.	We	will	space	
the	doorways	a	maximum	of	650	feet	apart.	

We	designed	the	egress	corridor	to	accommodate	both	
emergency	personnel	and	emergency	evacuation	of	
tunnel	occupants,	 and	 to	accommodate	 routine	use	
by	 maintenance	 staff,	 maintenance	 vehicles,	 and	
patrols.	Using	3-D	software,	we	will	confirm	the	final	
tunnel	egress	requirements,	based	on	occupant	loads	
as	a	multiple	of	 the	number	of	persons	anticipated	
per	lane	of	roadway.	

During	 an	 emergency,	 there	 is	 a	 tendency	 for	
pedestrians	to	travel	 to	the	end	of	the	tunnel	along	
the	roadway,	instead	of	using	the	egress	corridor.	We	
can	mitigate	this	tendency	through	the	use	of	signing	
and	lighting.	STP	will	focus	on	this	messaging	and	
will	 prepare	 3-D	 models	 of	 the	 pedestrian	 egress	
facilities.	 These	 models	 will	 illustrate	 the	 exit	
signage	and	lighting,	permitting	stakeholders	to	see	
the	exit	messaging	and	to	evaluate	the	look	and	feel	
of	these	critical	facilities	prior	to	construction.	

At	 both	 south	 and	north	 ends	of	 the	bored	 tunnel,	
STP’s	 proposal	 improves	 the	 emergency	 exiting	
from	 the	 tunnel	 and	provides	 smooth	maintenance	
access	 to	 the	 egress	 corridor.	 The	 egress	 corridor	
transitions	 from	 the	 typical	 egress	 level	 (middle	
level)	to	the	southbound	roadway	level	with	a	series	
of	ramps	and	landings.	

Figure 6.5-3. Bored Tunnel Egress. 
The interior tunnel includes egress and holding 
areas in the event of an emergency. 
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The	ramps	are	wider	than	the	egress	corridor.	At	the	
top	of	the	ramp,	there	is	an	even	wider	stairway	to	
the	 surface.	 A	 maintenance	 elevator	 and	 elevator	
lobby	 are	 also	 located	 near	 the	 top	 of	 the	 ramp.	
This	provides	 access	 to	 the	egress	 corridor	 for	 the	
maintenance	 vehicles.	 Drawings	 AR101,	 AR102,	
and	 AR	 301	 in	 Appendix	 D	 illustrate	 the	 egress	
corridors	at	each	end	of	the	tunnel.			

The	benefits	of	wider	 ramps	at	 the	egress	corridor	
include:

•	 A	wider,	smoother	transition	for	a	large	
number	of	people	in	the	egress	corridor	
at	either	end	of	the	tunnel	exiting	
to	the	surface.	A	smooth	transition	
will	reduce	the	likelihood	of	a	slow	
down	near	the	exit.	The	egress	level	
transition	decreases	the	number	of	stair	
risers	to	get	to	surface	grade.	The	stairs	
from	this	level	to	surface	grade	are	
88	inches	wide.	In	addition,	we	have	
minimized	the	number	of	180	degree	
turns	in	the	egress	path.	

•	 An	increased	lower	level	floor-to-floor	
height,	in	the	vicinity	of	the	utilidor,	
to	provide	additional	clearance	for	
systems	routing.	Since	most	utilities	
originate	in	the	operations	buildings,	
they	need	to	transition	from	the	vertical	
utility	shaft,	through	the	horizontal	
utilidor	to	the	four	circulation	
areas,	including	the	tunnel	utilidor,	
northbound,	egress,	and	southbound	
levels.	The	increased	height	in	the	
access	utilidor	area	provides	additional	
clearance	for	systems	routing.	We	have	
also	added	a	utility	access	shaft	at	the	
southbound	level	to	facilitate	routing.		

•	 A	smooth	access	to	the	egress	corridor	
to	reduce	long-term	maintenance	costs.	
Maintenance	vehicles	will	travel	up	
the	maintenance	elevator,	through	
the	maintenance	elevator	lobby,	and	
down	the	ramp	to	the	egress	corridor.	
Fire	separation	will	be	provided	at	the	
maintenance	elevator	lobby.		

Fire Protection for the  
Interior Structures
We	 selected	 Promat	 fire	 protection	 board	 to	
provide	 fire	 protection	 for	 the	 tunnel	 interior.	We	
considered	the	thickness	of	the	tunnel	fire	proofing	
in	 determining	 the	 tunnel	 diameter.	 Since	 various	
methods	 of	 providing	 fire	 protection	 impact	 the	
diameter	 of	 the	 tunnel	 differently,	 we	 considered	
several	various	types	of	fire	proofing,	including:	

•	 Using sacrificial concrete and   
shotcrete concrete.	

	 We	evaluated	providing	a	layer	of	sacrificial	
concrete	on	all	exposed	concrete	surfaces,	
except	the	roadway	driving	surface.	

•	 Using Promat fire protection board. 
 We	evaluated	installing	Promat	TL	fire	
protection	board	to	the	exposed	face	of	
all	exposed	concrete	surfaces	except	
the	roadway	driving	surface.	Promat	
fire	protection	board	literature	indicates	
that	1.1	inch	of	Promat-H	will	meet	the	
requirements	of	the	Project.	We	will	assume	
a	thickness	of	1.2	inches	for	the	proposal	
stage	of	the	Project.	

•	 Using the tunnel ventilation system to 
meet the fire resistance requirements.

 Operation	of	the	ventilation	system	will	
reduce	air	temperatures	at	the	surface	of	
structural	components.	Good	engineering	
practice,	however,	does	not	rely	on	an	active	
system	to	provide	structural	fire	resistance.	
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Loss	of	power	from	the	utility	company	
could	compromise	structural	integrity	of	
the	tunnel.	Power	to	the	ventilation	system	
will	come	from	two	utility	sources	so,	in	
the	event	of	power	loss	from	one	source,	
all	loads	can	be	powered	by	the	remaining	
source.	This	ensures	that	power	will	be	
maintained	to	the	tunnel	fans	under	all	but	
extraordinary	circumstances.

•	 Using the tunnel fire suppression 
(sprinkler) system to meet the fire 
resistance requirements. 

 Operation	of	the	sprinkler	system	will	
reduce	air	temperatures	at	the	surface	of	the	
structural	components.	Good	engineering	
practice,	however,	does	not	rely	on	an	active	
system	to	provide	structural	fire	resistance.	
Loss	of	power	or	water	from	the	utility	
could	compromise	structural	integrity	of		
the	tunnel.	

Fire	protection	board	will	be	 installed	on	
the	 face	 of	 exposed	 concrete	 surfaces	 as	
required	by	the	contract.	In	addition,	it	 is	
the	thinnest	material	and	will	have	the	least	
impact	on	the	tunnel’s	design.	

Fire	 protection	 is	 a	 crucial	 element	 for	 enclosed	
transportation	 structures.	 See	 Figure	 6.5-4.	 STP	
Team	members	 have	 been	working	with	WSDOT	
to	 determine	 compliance	 of	 the	 existing	 I-90	 ITS	
tunnel	 fire/life	 safety	 systems	 to	 current	 standards	
and	 to	 make	 recommendations	 to	 enhance	 the	
systems	 and	 provide	 state-of-the-art	 technology.	
Existing	 ventilation	 and	 fire	 suppression	 systems	
were	assessed	for	current	operating	conditions,	and	
revisions	to	accommodate	traffic	modifica	tions	and	
code	compliance	are	underway.	

The	power	system	at	the	tunnel	has	been	evaluated	
to	determine	modifications	required	to	accommodate	
the	ventilation	revisions.	

Tunnel Ventilation Requirements 
The	requirement	 to	safely	 remove	smoke	from	the	
tunnel	was	of	primary	importance	when	determining	
the	 size	 of	 the	 bored	 tunnel.	 STP	 drew	 on	 the	
extensive	 knowledge	of	 tunnel	 ventilation	 systems	
design	 team	 members	 as	 we	 analyzed	 the	 tunnel	
ventilation	systems.	

We	 prepared	 preliminary	 calculations	 to	
verify	that	we	allocated	adequate	space	for	
the	tunnel	ventilation	plenum.	We	developed	
the	 conceptual	 level	 development	 of	 the	

tunnel	ventilation	fan	equipment	with	a	combination	
of	analytical	calculations	and	numerical	simulations.	
We	used	analytical	calculations	to	determine	tunnel	
velocity	requirements	for	prevention	of	smoke	back	
layering,	ventilation	duct	pressure	drop	evaluation,	
and	 egress	 corridor	 ventilation	 requirements.	 We	
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Figure 6.5-4. Safety Design is our Priority. 
For the $260 million, twin-bore Devil’s Slide 
Tunnel, emergency and fire components include 
providing (1) fire protection water from a new 
30,000 gallon underground storage tank located at 
the North Portal between the two bores and (2) a 
horizontal booster fire pump drawing water from a 
line routed from a nearby city to provide 500 gpm 
at the pressure needed to fight any fires.
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completed	 numerical	 simulation	 of	 system-wide	
operation	 parameters,	 including	 temperature,	 air	
flow	capacities,	and	tunnel	velocity	conditions,	using	
the	 Subway Environmental Simulation Computer 
Program,	Version	4.0,	typically	used	for	subway	and	
roadway	 tunnels.	We	used	 this	analysis	 to	validate	
fan	 sizes,	 power	 requirements,	 and	 the	 size	 of	 the	
tunnel	 ventilation	 shaft.	 STP	 Team	 members	 are	
thoroughly	 experienced	 in	 the	 latest	 technology	 to	
ensure	 tunnel	 safety	 for	 the	 traveling	 public.	 See	
Figure	6.5-5.	

Using	 these	 analytical	 calculations	 and	 numerical	
simulations,	STP	confirmed	the	size	and	shape	of	the	
tunnel	 ventilation	 shaft.	 The	 proposed	 ventilation	
area	meets	 the	requirements	 for	ventilation	of	heat	
and	smoke.	During	final	design,	we	will	complete	a	
more	detailed	evaluation	of	tunnel	interior	conditions	

during	 a	 fire	 incident	 using	 computational	 fluid	
dynamic	analysis	to	develop	final	equipment	sizing	
and	configuration.	See	Figure	6.5-6.

Mechanical and Electrical System 
Space Requirements  

STP’s	mechanical	 and	 electrical	 systems	
group	has	been	working	closely	 together	
in	 our	 co-located	 offices	 for	 months.	
This	 group	 includes	 nationally	 known	

architects,	 structural	 engineers,	 tunnel	 system	
designers,	 and	 national	 and	 international	 tunnel	
system	installation	experts.	

Patty	Fordyce’s	team’s	experience	included	systems	
upgrades	to	the	WSDOT	I-90	Tunnel,	the	St.	Louis	
MetroLink’s	 four	new	tunnels	 in	Minneapolis,	and	

Figure 6.5-5. St. Louis MetroLink. 
On this $625 million, 8-mile light rail extension, 
the ventilation system was analyzed and upgraded 
using analytical and numeric methods, including 
Computational Fluid Dynamic numeric methods.

Figure 6.5-6. Assessing the I-90 Tunnel  
Life Safety Systems. HNTB assessed the operating 
conditions of the existing I-90 Mt. Baker Tunnel 
ventilation and fire suppression systems and 
proposed recommendations to accommodate traffic 
modifications and code compliance.
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the	Devil’s	Slide	Tunnel	in	California.	Terry	Bulfin,	
our	 lead	 architect,	 also	 worked	 with	 Patty	 on	 the	
Devil’s	Slide	Tunnel	Operations	Building.	

Tunnel	Systems	Manager	Jorge	Vañó	and	his	team	of	
systems	 installation	 experts	 have	 installed	 systems	
in	 the	 M-30	 South	 Bypass	 South	 Tunnel,	 Juan	
Carlos	I	Tunnel,	and	the	Envalira	Tunnel.	The	team	
evaluated	space	and	power,	functional,	and	long-term	
maintenance	requirements	of	the	tunnel	systems.		

This	 established	 team	 will	 work	 closely	 with	
WSDOT	 on	 the	 design	 and	 installation	 of	 these	
tunnel	systems.	

The	 mechanical	 and	 electrical	 systems	 will	 be	
primarily	 housed	 in	 the	 North	 and	 South	 Tunnel	
Operations	 Buildings.	 Electrical	 rooms	 located	
at	 approximately	 650-foot	 intervals	 will	 provide	
interface	to	equipment	located	in	the	tunnel.	Pump	
rooms	 will	 be	 located	 at	 the	 tunnel	 portals	 and	
tunnel	low	points	to	house	pumping	equipment.	We	
have	identified	spaces	in	the	tunnel	for	housing	the	
valves	for	the	tunnel	sprinkler	systems.

There	will	be	conduit,	cable	trays,	and	piping	along	
the	west	side	of	the	tunnel	connecting	the	electrical	
and	 mechanical	 rooms	 with	 the	 systems	 in	 the	
buildings	and	the	mechanical/electrical	rooms	with	
the	devices	in	the	tunnel.	Our	proposed	bored	tunnel	
will	 provide	 ample	 space	 for	 the	 tunnel	 electrical	
and	 mechanical	 systems.	 The	 conduit	 and	 piping	
will	 have	 long	 straight	 stretches	 and	 there	will	 be	
more	 space	 between	 components.	 This	 additional	
space	will	reduce	the	risk	of	schedule	delay	due	to	
congested	working	areas.	It	will	also	reduce	future	
maintenance	costs	by	providing	more	work	space.		

STP	coordinated	the	location	and	size	of	the	conduit	
routing,	ventilation	dampers,	and	systems	equipment	in	
the	tunnel	with	the	egress	and	maintenance	pathways	
to	 confirm	we	 can	 provide	 appropriate	 clearances.	
We	 also	 considered	 monitoring,	 maintenance,	 and	
replacement	 of	 these	 elements	 in	 the	 conceptual	

space	 planning.	We	 reviewed	 the	 requirements	 for	
electrical	and	mechanical	service	rooms.

We	 also	 considered	 how	 conduit	 and	 ventilation	
ducts	 move	 through	 the	 utilidor	 spaces	 and	 into	
the	buildings.	As	a	result,	we	are	confident	that	our	
proposed	tunnel	diameter	drastically	reduces	the	risk	
of	 conflict	 between	 the	 mechanical	 and	 electrical	
equipment	and	the	egress	pathways.	

We	will	further	reduce	the	risk	of	conflicts	
through	the	use	of	3-D	modeling	during	the	
design	phase.	The	modeling	will	consider	
the	size	and	quantity	of	conduit	and	piping	

allowing	 for	 bending	 radius,	 mounting	 hardware,	
and	 junction	 boxes	 as	 applicable.	 Modeling	 will	
demonstrate	the	feasibility	of	using	a	cable	tray.

The	 3-D	modeling	will	 also	 consider	 the	 size	 and	
shape	of	ventilation	ducts	as	they	move	through	the	
spaces.	We	will	 locate	equipment	 in	a	manner	 that	
will	meet	code	clearances,	provide	ample	space	for	
maintenance	and,	where	applicable,	allow	people	to	
pass	in	a	safe,	unimpeded	manner.	

This	3-D	modeling	will	verify	the	egress,	mechanical,	
and	electrical	clearances	before	construction	starts.	It	
will	verify	that	all	systems	have	been	considered,	that	
no	overlaps	exist,	and	that	a	safe	environment	will	
result.	We	will	be	able	to	identify	and	resolve	areas	
of	conflict	prior	to	the	beginning	of	construction.	In	
addition,	this	3-D	modeling	will	permit	stakeholders,	
including	 WSDOT	 maintenance	 staff,	 to	 see	 the	
equipment	installations	prior	to	construction.	

These	measures	further	reduce	the	Project	
risks.	 The	 added	 value	 provided	 by	 this	
intensive	design	and	installation	planning	
study,	by	the	3-D	modeling	and	analysis,	

and	by	the	close	working	relationships	of	our	team	
supports	WSDOT’s	goal	of	proactive	planning	and	
execution.	 In	 addition,	 the	 expertise	 of	 our	 group	
reduces	 the	 risk	 of	 delay	 and	 supports	WSDOT’s	
goal	of	on	time	and	within	budget.				
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Tunnel	Systems
Due	 to	 the	 complexity	 of	 Transportation	 Tunnels	
many	demanding	scenarios	exist	due	to	the	life	safety	
risks	 in	 an	 enclosed	 environment.	 These	 risks	 are	
exacerbated	in	the	case	of	accidents.	The	SR	99	Project	
has	 exceptional	 tunnel	 systems	 complexities	 due	 to	
many	 factors	 such	 as	 urban	 context,	 volume	 of	
vehicular	travel,	large	diameter,	and	significant	length.	

STP	has	 extensive	 experience	with	 tunnel	 systems	
of	 similar	 complex	 challenges.	 Two	 examples	 of	
STP	projects	of	similar	type,	where	we	have	gained	
valuable	experience,	are	 included	in	 the	following.	
STP	will	leverage	this	experience	to	reduce	risks	on	
the	SR	99	Bored	Tunnel	Project.	

M-30 (Madrid, Spain)
Madrid	 Calle	 30	 (see	 Figure	 6.5-7)	 was	 a	
transformative	 project	 utilizing	 the	most	 advanced	
systems	technologies.		The	Dragados	systems	team	
was	 instrumental	 in	 the	 design	 and	 construction	
of	 the	 Calle	 30	 project.	 This	 project	 included	 the	
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Figure 6.5-7. Section View of the M-30 
Illustrating the Tunnel Systems.

construction	 and	 installation	of	more	 than	25	 total	
miles	of	tunnel	that	receives	an	average	daily	use	of	
more	than	330,000	vehicles.

Dragados	completed	this	project	with	an	accelerated	
schedule	of	one	year	between	award	of	the	contract	
and	inauguration	of	the	project.	The	project	involved	
design,	 construction,	 and	 commissioning	 of	 an	
extensive	 suite	of	 tunnel	mechanical	 and	electrical	
systems.	The	scope	included	hardware	architecture,	
software	applications,	and	a	communications	network	
and	control	system	distributed	throughout	the	tunnels.

There	is	a	main	control	center	and	a	backup	control	
center	that	coordinates	and	synchronizes	the	tunnel	
systems	and	also	facilitates	in	managing	the	interface	
between	 staff	 operators.	 See	 Figure	 6.5-8.	All	 the	
installations	are	monitored	and	controlled	from	these	
two	 centers.	The	main	 and	 backup	 control	 centers	
include	the	following	equipment:
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Security	Control	Center	(Main):
•	 2	clusters	and	12	servers
•	 10	workstations
•	 SCADA	system
•	 Video	wall	(18	modules	of	67	inches)
•	 Integrated	audio	communication	service
•	 Electrical	and	mechanical	systems

Traffic	Control	Center	(Backup):
•	 2	clusters	and	9	servers
•	 8	workstations
•	 SCADA	system
•	 Video	wall	(10	modules	of	67	inches)
•	 Integrated	audio	communication	service

On	the	M-30	project	Dragados	was	responsible	for	
the	control	and	integration	of:

•	 342	Programmable	Logic	Control	(PLC)	
units

•	 56.6	Megawatt	electrical	system
•	 57,200	luminaries
•	 26	storm	pumps
•	 521	longitudinal	jet	fans
•	 254	jet	fans	
•	 163	axial	fans
•	 976	closed	circuit	television	(CCTV)	
cameras

•	 533	variable	message	signs

•	 722	emergency	roadside	telephones
•	 Mass	notification	system	with	more	than	
3,500	speakers

•	 35	miles	of	linear	fire	detection	system
•	 35	miles	of	radio	broadcast	system
•	 68	miles	of	fiber	optics	communication	
network

The	bypass	tunnel	is	one	of	the	tunnels	of	the	M-30	
project.	 This	 section	 is	 a	 13,450-foot	 tunnel	 with	
11.5	 foot	wide	 lanes	 and	 two	5-foot	 shoulders,	 13	
interconnection	 passageways	 for	 pedestrians	 and	
five	 vehicle	 lanes	 as	 well	 a	 13.5-foot-wide	 egress	
utilidor	below	the	main	lanes.	See	Figure	6.5-9.
The	 SR	 99	 Bored	 Tunnel	 Project	 will	 be	 fully	
equipped	 with	 electrical	 and	 mechanical	 systems	
similar	 to	 those	 in	 the	M-30,	 including	ventilation,	
lighting,	Gigabyte	Ethernet	communication	network	
(level	2	and	3	network	equipment),	redundant	control	
network,	VoIP	emergency	roadside	telephone	system,	
licence	plate	number	readers,	radio	broadcast	system	
(AM,	FM,	VHS,	UHF,	and	800MHz),	fire	detection	
system,	fire	protection	system,	fluorescent	and	HPS	
lighting	 system,	 environmental	 system	 (i.e.,	 CO,	
NOx),	traffic	lights,	traffic	control	signs,	lane	control	
signs,	CCTV,	 automatic	 incident	 detection	 system,	
electrical	power	supply,	and	drainage	system.

Figure 6.5-9. M-30 Tunnel. This project included 
vehicular travel lanes, two shoulders, and an egress 
utilidor below the main lanes of traffic.

Figure 6.5-8. M-30 Control Center. The M-30 
project included a main control center and a 
backup control center.
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Via Expresso (Madeira, Portugal)
The	Via	Expresso	roadway	network	involves	a	large	
number	 of	 tunnels	 (52)	 on	 the	 island	 of	Madeira;	
from	 a	 total	 of	 50	miles	 of	 the	 network,	 27	miles		
are	tunnels.

To	achieve	 the	homogeneous	operation	criteria,	all	
of	the	tunnels	are	globally	controlled	and	monitored	
as	if	they	were	part	of	a	single	tunnel.	This	approach	
allows	a	more	efficient	operation	of	the	installations,	
optimising	 costs,	 and	 functionality.	 See	 Figure		
6.5-10.

The	Control	and	Surveillance	center	is	the	core	that	
centralizes,	manages,	and	monitors	all	the	systems,	
including:

•	 Redundant	control	system
•	 Emergency	roadside	telephone	system
•	 Traffic	surveillance	CCTV
•	 Video	incident	detection	system
•	 Mass	notification	system
•	 Roadside	equipment
•	 Servers	(audio,	video,	and	data),	
workstations,	video,	and	data	storage

•	 Video	wall	(12	modules	of	50	inches)
•	 SCADA	(Oracle	and	tunnel	control	
software)

•	 Lighting
•	 Communication	network
•	 Fire	linear	detection	system
•	 Traffic	lights
•	 Environmental	monitoring	system	(i.e.,	CO,	
NOx,	opacimenters,	weather	stations)

•	 Variable	message	signs

Lessons Learned
Scheduling	 is	 an	 important	 issue	 to	 be	 addressed	
not	only	as	a	general	matter	but	also	especially	with	
regards	the	tunnels	systems.	By	their	nature,	tunnel	
systems	are	some	of	the	last	elements	to	be	installed	
within	 tunnel	 projects.	 Our	 extensive	 experience	
suggests	 that	 to	meet	 the	project	milestones	and	to	
make	an	efficient	use	of	time	and	labor	it	is	necessary	
to	proactively	conduct	accurate	and	realistic	planning	
of	the	Project.

One	 of	 the	 lessons	 learned	 from	 previous	 tunnel	
projects	is	the	importance	of	the	commissioning	and	
testing	stage.	Even	though	this	is	one	of	the	last	tasks	
to	be	executed,	it	nonetheless	becomes	a	critical	path	
item	 and	 a	 key	 phase	 to	 provide	 an	 effective	 and	
reliable	system.	Initially	these	tests	are	done	locally,	
system	by	system.	When	 local	 tests	are	completed	
and	the	systems	are	ready,	 it	 is	 time	for	 the	global	
tests	conducted	from	the	operational	buildings.	

Figure 6.5-10. Via Expresso, Portugal. The 52 
tunnels on this island are controlled and monitored 
as if they were a single tunnel.
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The	 installation	 of	 all	 of	 these	 systems	 must	 be	
completed	 by	 skilled	 staff	 in	 order	 to	 effectively	
integrate	 and	 install	 the	 systems	 within	 the	
Project	 schedule.	 In	 order	 to	 achieve	 the	 critical	
path,	 the	 systems	 must	 be	 constructed	 in	 parallel	
tasks	 whenever	 possible;	 a	 careful	 plan	 must	 be	
implemented	and	monitored.	A	carefully	organized	
schedule	will	allow	STP	to	optimize	installation	and	
testing	of	all	system	elements.

Systems Design Process
A	design-build	project	requires	careful	and	proactive	
planning.	 For	 several	 months,	 the	 STP	 systems	
specialists	 have	 carefully	 studied	 the	 technical	
requirements	 and	 documentation	 provided	 by	
WSDOT.	 See	 Figure	 6.5-11.	 As	 a	 result	 of	 our	
experience	 and	 our	 understanding	 of	 the	WSDOT	
criteria	 and	 goals,	 our	 insight	 has	 given	 rise	 to	
several	suggestions	and	recommendations	that	have	
resulted	in	an	ongoing	dialogue	with	WSDOT.	This	
dialogue	 will	 produce	 a	 schedule-efficient,	 cost-
effective,	and	quality	project.	In	the	form	of	ATCs,	
STP	 has	made	 several	 technical	 recommendations	
for	the	betterment	of	the	SR	99	Bored	Tunnel	Project.	
Approved	ATCs	are	included	in	Appendix	C.

In	order	 to	best	understand	 the	WSDOT	goals	and	
the	WSDOT	existing	installations,	STP	participated	
in	 a	 site	 tour.	 On	 July	 27,	 2010,	 STP	 visited	 the	
Transportation	 System	 Management	 Center	
(TSMC)	 at	 Dayton	 and	 the	 I-90	 tunnel	 facilities	
where	valuable	 information	was	gathered	from	the	
personnel	working	there.	As	a	follow-up,	STP	with	
our	designers	HNTB,	 conducted	 several	 follow-up	
meetings	with	WSDOT.

Additionally,	 STP	 has	 dedicated	 several	 months	
interfacing	 with	 local	 contractors	 and	 sub-
contractors,	manufacturers	and	suppliers.	

Systems and Services
Systems	 are	 critical	 to	 provide	 the	 driving	 public	
a	 safe	 and	 satisfactory	 experience	 as	 they	 move	
through	 the	 tunnel.	 To	 provide	 motorists	 that	
experience,	 different	 services	 are	 provided	 by	
including	electrical,	mechanical,	safety,	surveillance,	
and	control	services.

The	successful	coordination	between	the	TSMC	in	
Dayton	and	the	Tunnel	Operation	Center	(TOC)	is	
key	to	managing	and	controlling	all	the	systems	and	
human	 resources	 involved	 within	 the	 tunnel	 in	 a	
synchronized	way.

Reliable	 hardware	 and	 software	 will	 facilitate	 the	
management	by	the	operation	crew.

With	 regards	 to	 systems,	 WSDOT	 has	 made	
a	 significant	 effort	 in	 providing	 guidance	 and	
information	 in	 the	 form	 of	 the	 Project	 Technical	
Requirements	 and	 other	 ancillary	 documentation	
(appendices,	 addendums,	 questions,	 and	 replies).	
STP	 and	 HNTB	 have	 developed	 a	 design	 and	
analyzed	 installations	 for	 the	 systems	according	 to	
the	documentation	provided	by	WSDOT.

In	addition	to	the	WSDOT	criteria	for	Systems,	STP	
and	HNTB	have	found	several	areas	where	the	systems	

Figure 6.5-11. Evaluation of WSDOT Criteria. 
STP has spent considerable time reviewing 
technical requirements and documentation provided 
by WSDOT to plan our systems strategy.
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could	be	improved,	our	recommendations	have	been	
proposed	in	the	form	of	technical	recommendations	
as	seen	in;	SCADA	System	Refinement	(ATC	#3),	
Ventilation	(ATC	#6)	and	Cabling	(ATC	#7)	systems.		
These	will	be	a	benefit	to	WSDOT.	

SCADA System Refinement (ATC#3)
This	 alternative	 technical	 proposal	 replaces	 the	
requirement	 for	multiple	 PLC’s	 at	 each	 node	with	
remote	 I/O	 hardware	 connected	 via	 redundant	
dedicated	control	network.

A	redundant	PLC	pair	using	redundant	fault-tolerant	
fiber	optic	communications	will	be	provided	for	each	
system,	 in	 each	 operations	 building,	 so	 that	 the	
system	will	still	be	protected	from	equipment	failure.

Three	communication	networks	will	be	installed	in	
the	tunnel:	one	converged	Ethernet	communication	
network;	 one	 fire	 alarm	 network;	 and	 the	 control	
network.	 Reliability	 is	 improved	 by	 dividing	
communications	 into	 these	 three	 networks.	 In	 the	
event	of	failure,	each	network	operates	independently	
of	the	others.	Failure	in	one	does	not	affect	the	others.	
(See	ATC	#3	in	Appendix	C).

•	 The	10	GB	ethernet	converged	network.	
This	fiber	optic	ring	will	be	used	for	the	
communication	of	the	video	(northbound,	
southbound,	corridors	and	electrical	rooms,	
CCTV),	audio	(emergency	VoIP	telephone	
system),	traffic	controllers	(vehicle	
detection),	variable	message	and	traffic	
control	signs,	and	security	(access	control	
and	intrusion	detection)	systems.	

•	 The	fire	alarm	communication	network.	
This	will	consists	on	a	bi-directional	
communication	fiber	optic	ring	that	
connects	the	fire	alarm	control	panel	from	
every	electrical	room.

•	 Two	control	networks.	Some	of	the	systems	are	
key	items	to	provide	safety	in	the	tunnel,	under	
any	circumstance.	Therefore,	STP	will	consider	
two	different	control	networks.	On	the	one	hand,	
one	of	them	will	control	just	the	ventilation	
and	CO	monitoring,	through	redundant	
Programmable	Automation	Controllers	(PACs).	
These	redundant	PACs	will	be	available	in	both	
North	and	South	Tunnel	Operations	Buildings	
so	it	can	be	considered	as	double	redundant	
network.	On	the	other	hand,	there	is	another	
redundant	media,	fault	tolerant,	ControlNet	
remote	I/O	network	to	control	and	monitor	the	
drainage,	electrical,	and	lighting	systems.	In	the	
same	fashion	as	before,	redundant	PCAs	are	in	
both	Tunnel	Operations	Buildings.

The	 SCADA	 and	 control	 system	 that	we	 envision	
considers	 the	 replacement	 of	 the	 PLC	 processors	
in	each	electrical	room	with	remote	I/O	racks.	Our	
proposed	 system	 meets	 all	 WSDOT	 criteria	 and	
requirements	under	all	scenarios.

This	 alternative	 design	 reduces	 the	 amount	 of	
possible	control	 failures	at	 the	Level	1	(see	Figure	
6.5-12),	and	leads	to	the	following	advantages.	
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The	modification	will	make	the	system	more	efficient	
by	 combining	 many	 processors	 into	 four	 pairs	 of	
processors,	resulting	in:

•	 Meeting	all	requirements	for	data	transfer	
and	I/O	points	will	be	met

•	 Increasing	reliability
•	 Reducing	repair	and	maintenance	costs
•	 Enhancing	use	of	equipment	and	space		
•	 Reducing	programming	effort
•	 Reducing	power	requirement

Segmented Exhaust Ducts in  
the Cut-and-Cover Tunnel
Transportation	 tunnel	 environments,	where	vehicle	
pollution	 and	 smoke	 can	 collect,	 present	 issues	
associated	 with	 safe	 ventilation.	 Dampers	 become	
one	of	 the	 key	 elements	 in	 the	 ventilation	 system,	
due	 to	 their	 operation	 criteria	 and	 the	 quantity	 of	
dampers	(more	than	200	along	the	tunnel).	

In	the	ideal	situation,	where	the	pollution	rate	is	low,	
all	 the	 tunnel	 dampers	 are	 closed.	 Eventually	 the	
pollution	rate	rises	over	the	threshold,	the	fans	start	
working	and	the	four	dampers	closest	to	the	portals	
open	until	the	pollutants	are	diluted.

In	 the	 event	 of	 fire,	 the	 ventilation	 system	 would	
operate	 in	 a	 similar	 way,	 with	 all	 the	 dampers	
closed	 except	 the	 four	 dampers	 downstream	 of	
the	fire	location.	If	any	of	the	dampers	is	damaged	
and	 remains	 closed,	 the	 airflow	 extraction	 would	
be	 seamlessly	 addressed.	 However,	 if	 any	 of	 the	
dampers	that	are	supposed	to	be	closed	remain	open,	
there	 would	 be	 an	 unexpected	 short-circuit,	 with	
the	 ventilation	 duct	 reducing	 the	 designed	 airflow	
extraction	during	emergency	operation.

Figure	 6.5-13	 illustrates	 the	 damper	 system.	
Maintenance	plays	an	 important	 role	 in	 the	proper	
operation	 of	 dampers.	 Nevertheless,	 unexpected	
failures,	 accidental	 damage,	 intended	 vandalism	
damage,	 or	 disrepair	 are	 factors	 for	 further	
consideration	and	planning.

Upon	award	of	the	contract	and	during	the	construction	
phase,	WSDOT	may	want	to	consider,	by	means	of	a	
change	order,	the	following	modifications:

1. Segmented Exhaust Ducts.
	 According	to	the	normal	operation	defined	

in	the	tunnel	conceptual	design,	polluted	air	
is	extracted	from	the	roadway	(northbound	
or	southbound)	to	the	ventilation	buildings	
through	the	ventilation	duct.	Jet	fans	will	be	
used	to	modulate	longitudinal	airflow	to	capture	
the	vehicle	emissions.	See	Table	6.5-1.

	 To	deal	with	the	unexpected	open	damper	
failures	that	would	reduce	the	extraction	
efficiency,	ventilation	duct	segmental	
distribution	at	the	portals	may	be	considered.	
This	sectorization	would	make	four	additional	
extraction	areas	available	rather	than	just	
one	(the	ventilation	duct)	as	in	the	original	
conceptual	design.	STP	and	HNTB	have	carried	
independent	calculations	in	order	to	define	the	
length	of	these	extraction	sections	and	be	sure	
that	the	tunnel	airflow	extraction	performance	
would	not	be	affected.

Figure 6.5-12. Controlling System Failures. Our 
alternative system design reduces the amount of 
possible control failures at the Level 1.
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	 To	implement	partial	sectorization,	the	sections	
1	and	4	may	be	equipped	with	section	dampers.	
These	dampers	could	be	located	at	each	
interface	between	the	ventilation	building	and	
the	tunnel	ventilation	duct.	Therefore,	it	will	
be	possible	to	control	the	airflow	extraction	in	
the	sector.	Using	section	dampers	could	reduce	
the	potential	risk	of	an	individual	damper	
remaining	open	and	therefore,	propagating	
smoke	dangers	and	dispersal	throughout	the	
tunnel.

	 Moreover,	the	installation	of	these	section	
dampers	could	allow	for	the	possibility	of	
addressing	maintenance	tasks	in	the	ventilation	
duct	while	the	tunnel	ventilation	system	is	
running	because	it	would	be	possible	to	isolate	
these	sections.

2. Protective Grills.
	 Either	intentionally	or	by	accident,	passing	

motorists	may	affect	and	damage	tunnel	
dampers.	For	example,	objects	thrown	from	
vehicles	might	get	into	the	exhaust	duct	through	
open	dampers	or,	even	worse,	get	stuck	in	the	
damper,	blocking	it	in	open	position	until	the	
object	could	be	removed.

	 Due	to	the	narrow	east	shoulder,	when	a	
damper	has	to	be	repaired	from	the	northbound	
or	southbound	roadway,	the	roadway	traffic	
would	be	affected.

	 To	reduce	these	risks	as	much	as	possible,	
protective	grills	for	the	tunnel	dampers	may	be	
considered.		

3. Electrostatic Filters for  
Tunnel Exhaust Cleaning.

	 The	tunnel	ventilation	system	requirements	do	
not	include	any	requirement	to	clean	the	tunnel	
exhaust.	The	polluted	exhaust	will	be	emitted	
to	the	urban	atmosphere	through	a	vertical	
duct	or	chimney	which	is	high	enough	to	dilute	
pollutants	and	to	ensure	the	proper	air	flow	
speeds.	

	 These	emissions	contain	toxic	gases	(CO,	NOx,	
hydrocarbons),	and	suspended	carbon	particles.	
While	toxic	gas	car	emissions	are	decreasing	
as	engine	technology	advances,	the	particle	
emissions	may	increase	because	of	a	growing	
presence	of	diesel	vehicles.	

	 Many	studies	have	demonstrated	the	
relationship	between	long	time	exposure	to	high	
concentrations	of	carbon	particles,	below	10	μm	
(PM10	index)	and	below	2.5	μm	(PM2.5),	and	
severe	pulmonary	pathologies.

	 Electrostatic	filters	systems,	which	remove	
particles	from	tunnel	exhaust,	are	increasingly	
implemented	on	urban	vehicular	tunnels.	
Electrostatic	filters’	typical	efficiency	in	
removing	particles	from	the	airflow	is	over	95	
percent.	This	helps	keep	the	environmental	and	
health	impact	of	the	new	road	tunnel	as	low		
as	possible.

	 The	M-30	Tunnel	Project	in	Madrid,	built	by	
Dragados,	and	in	service	since	May	2007,	
includes	both	electrostatic	filters	and	active	
carbon	filters	for	the	toxic	gas	nitrous	oxide.	

Table 6.5-1. Segmented Distribution.

Sector
AreA  
(sq ft)

Length 
(ft)

1 South 
Ventilation 
building

Southbound 12’x18’ = 
216 950

2 Northbound 12’x18’ = 
216 550

3 North 
Ventilation 
building

Southbound 12’x18’ = 
216 180

4 Northbound 12’x18’ = 
216 180
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	 The	STP	proposal	reconfigures	the	ventilation	
plenum	between	the	tunnel	and	the	operations	
buildings.		One	benefit	of	this	reconfigured	
ventilation	plenum	is	that	it	allows	WSDOT	to	
add	an	electrostatic	particle	filtering	system	in	
the	ventilation	plenums	of	both	buildings,	with	
only	minor	changes	to	the	design.	In	addition	to	
the	electrostatic	filter	itself,	a	mechanical	filter	
should	be	considered	to	eliminate	the	particles	
over	30	μm	with	high	oil	content.	

	 In	addition,	should	future	EPA	regulations	
require	filters	for	the	removal	of	suspended	
particles,	the	STP	configuration	of	the	
ventilation	plenum	provides	WSDOT	with	the	
option	of	adapting	the	plenum	and	fans	to	add	
an	exhaust	airflow	filtering	system.

	 WSDOT	may	choose	to	issue	a	change	order,	
following	award	of	this	Project,	to	implement	
an	exhaust	airflow	filtering	system	or	to	adapt	
the	plenum	for	future	addition	of	the	filtering	
system.		

4. Operation and Maintenance Plan.
	 STP	will	provide	a	maintenance	and	operations	

plan	for	the	tunnel	systems.	The	plan	will	
involve	damper	maintenance.	This	single-
point	extraction	ventilation	design	demands	an	
exhaustive	control	of	dampers	to	maintain	a	
100	percent	operational	ventilation	system.	

	 Damper	actuators	will	be	torque-limited	to	
prevent	mechanical	transmission	damage.	
Torque	limitation	alarms	can	occur	when	
opening	or	closing	the	damper.	This	is	more	
likely	during	the	closing	operation	due	to	the	
accumulation	of	vehicle	carbon	particles	on	the	
damper	springs.	In	order	to	minimize	the	false	
alarms	of	torque	limitation	devices,	a	special	

procedure	for	the	damper	control	systems	will	
be	implemented.	This	special	procedure	will	
consist	of	conducting	(open/close)	trials.

	 Before	issuing	the	torque-limitation	alarm,	
the	torque	must	be	above	the	maximum	level,	
for	a	programmable	time	(in	seconds).	Many	
open/close	trials	can	be	also	programmed	
before	considering	that	a	damper	has	failed.	
For	damper	closing	trials,	a	damper	partially	
opens,	and	then	tries	to	close.	According	to	
our	experience,	after	three	consecutive	failed	
close	trials,	the	damper	can	be	considered	
not	operative.	With	this	technique,	we	can	
get	the	maximum	operation	from	the	system,	
avoiding	stoppage	of	the	emergency	ventilation	
automatic	sequence,	because	of	a	damper	
closing	false	alarm.

	 Random	alarms	in	damper	closing	operations	
are	a	clear	indication	that	dampers	are	dirty	(full	
of	carbon	particles	or	roadway	debris)	and	must	
to	be	cleaned.	To	reduce	risks,	maintenance	
teams	must	be	ready	for	intervention	when	
testing.

	 Extensive	preventive	maintenance	tasks	will	
be	specially	considered.	Visual	inspections,	
cleaning	damper	actuators	and	repetitive	trial-
error	testing	tasks	will	be	scheduled	with	a	
frequency	that	avoids	malfunction.

	 STP	has	a	wide	experience	with	dampers	
installation	from	various	manufacturers	on	
projects.	For	this	proposal,	STP	has	contacted	
some	of	the	best	damper	providers	to	share	
our	concern	about	this	system	and	call	for	the	
solution.	Therefore,	in	support	of	WSDOT	
requirements,	STP,	in	cooperation	with	the	
manufacturers,	will	develop	the	best	and	most	
inclusive	operation	and	maintenance	plan	for	
the	ventilation	system.
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Ventilation System Modification 
(Approved ATC #6)
This	alternative	 technical	proposal	 is	 related	 to	 the	
ventilation	system.

Centrifugal Fans
The	 initial	 technical	 requirements	 and	 appendices	
(Appendix	B6)	provided	by	WSDOT	required	axial	
fans	for	the	exhaust	ventilation	system.	Addendum	
10	called	for	more	demanding	requirements,	where	
the	total	air	flow	must	be	achieved	even	with	one	fan	
out	of	service.	That	scenario	led	STP	to	a	different	
exhaust	ventilation	design.	This	criteria	require	the	
design	to	include	five	axial	fans	in	each	building.

After	 carefully	 considering	 the	 design,	 running	
calculations,	and	analyzing	different	solutions	from	
different	 manufacturers,	 STP	 decided	 to	 provide	
centrifugal	 fans	 at	 each	 ventilation	 building.	 Thus		
it	 is	 possible	 to	 meet	 all	 the	 requirements	 and		
provide	the	following	advantages	over	an	axial	fan	
ventilation	solution:

•	 Efficiency
•	 Less	power	than	the	equivalent	axial	fan	
ventilation	solution

•	 Less	noisy
•	 Less	stress	on	the	fans	than	the	equivalent	
axial	fan	ventilation	solution

•	 Lower	maintenance	costs
•	 Less	total	space	required	at	the	operations		
buildings

•	 WSDOT’s	maintenance	staff	have	
experience	with	centrifugal	fans	(the	I-90	
tunnels	are	equipped	with	centrifugal	fans)

Cable Trays in Tunnel Raceways 
(ATC #7 — Submitted But Not 
Approved)
Due	 to	 the	 complexity	 of	 the	 tunnel	 design,	 and	
the	 extent	 of	 the	 systems,	 a	 substantial	 amount	 of	
cabling	is	required.	The	cabling	location	must	meet	
a	set	of	requirements	to	be	protected	from	inclement	
weather,	the	public,	animals,	and	hazardous	events.

The	use	of	cable	trays	was	added	in	Addendum	16.	
Accordingly,	STP	will	provide	stainless	steel	cable	
trays	 for	 the	 exposed	 raceways	 that	 will	meet	 the	
physical	protection	requirements	equal	to	those	for	
exposed	conduit	duct	banks.	Low	voltage	power	and	
lighting	cables	will	be	 installed	in	cable	 trays	with	
dividers	 for	 separation.	 The	 system	 will	 revert	 to	
conduit	through	the	public	areas	as	required	by	the	
addendum.

With	 regards	 to	 the	 installation,	 they	will	 be	fixed	
to	 concrete	 tunnel	 walls,	 screwed	 to	 specially	
designed	steel	angle	brackets	with	steel	anchor	bolts	
in	the	concrete.	This	procedure	presents	significant	
construction	 time	 reduction	 compared	 to	 conduit	
duct	banks.

Cable	trays	present	significant	advantages	to	conduit	
duct	banks:

•	 Installation	time	reduction
•	 Space	required	reduction
•	 Easier	coordination	with	other	disciplines	
that	may	need	to	work	in	the	area

•	 Repair	flexibility	when	trying	to	detect	
damages

•	 Flexibility	for	future	cable	installation,	
making	it	easier	to	install	additional	cables

•	 No	water	condensation	inside
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STP	 will	 deliver	 materials	 moving	 into	
the	bored	tunnel	using	rubber	tire	vehicles	
running	at	the	bottom	of	the	ring	on	a	level	
surface	 constructed	 at	 the	 bottom	 of	 the	

liner.	We	will	also	provide	a	worker	egress	facility	
at	the	base	of	the	tunnel	bore,	as	illustrated	in	Figure	
6.5-14.

We	 will	 remove	 tunnel	 muck	 on	 a	 belt	 conveyor	
system	 located	near	 the	 top	of	 tunnel	 so	 the	muck	
will	be	closer	to	the	ground	surface	as	it	leaves	the	
tunnel	 and	 will	 not	 conflict	 with	 the	 construction	
of	 the	 interior	structure.	The	 top	of	 the	 tunnel	will	
also	 contain	 the	 approximately	 100-inch	 diameter	
ventilation	duct.	This	duct	will	 provide	ventilation	
for	the	tunnel	boring	operations.	

Construction	of	Bored	Tunnel	
Interior	Structures
Support for the Operation of the TBM 
As	the	TBM	moves	northward	excavating	the	tunnel,	
materials	will	flow	in	and	out	of	the	tunnel	interior.	
The	TBM	is	expected	to	advance	about	an	average	
of	 four	 to	 six	 rings	 per	 day	 with	 24-hour	 boring	
operation.	We	anticipate	the	average	progress	will	be	
around	30	feet	per	day,	accounting	for	maintenance	
down	time.	Grout	will	be	supplied	dry	in	containers	
and	mixed	at	the	TBM.		
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Figure 6.5-14. Bored Tunnel  
Interior During Construction. 
We will use both tunnel levels during 
construction to meet our 
fast-track schedule. 
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Construction of the Bored Tunnel 
Interior Structures
The	work	on	the	tunnel	interior	structure	will	begin	as	
soon	as	the	TBM	has	advanced	far	enough	to	assure	
the	 anticipated	 tunnel	 interior	 production	 will	 not	
overcome	 the	 boring	 operations.	 The	 construction	
sequence	of	the	interior	structures	is	as	follows:	

•	 The	first	operation	will	be	to	drill	and	
install	dowels	for	the	wall	corbel.	This	
will	be	done	without	interfering	with	the	
approximately	20-foot-wide	by	15-foot-tall	
tunnel	invert	area,	which	will	remain	clear	
for	a	steady	flow	of	workers	and	materials	
to	the	boring	operation.			

•	 The	second	operation	will	be	to	form	and	
pour	these	corbels.	Delivery	of	concrete	will	
be	done	with	7	cubic	yard	mixers	delivering	
to	a	small	placement	pump.	Initially,	these	
mixers	will	run	in	the	tunnel	invert,	but	as	
the	interior	structure	advances	they	will	run	
on	the	upper	roadway	slab.

•	 After	the	corbels	are	in	place,	interior	forms	
will	be	set	for	the	lower	roadway	walls	and	
upper	roadway	slab.	This	will	be	done	using	
a	traveling	form	that	can	be	advanced	after	
each	placement	has	achieved	strength.	After	
forms	are	placed,	wall	rebar	will	be	installed	
in	the	walls.	After	wall	rebar	is	installed	and	
checked,	we	will	set	the	outside	formpanels.	
When	wall	forming	is	complete,	we	will	
install	the	upper	roadway	reinforcing.	Once	
all	rebar	and	embeds	are	installed,	we	can	
simultaneously	place	the	main	walls	and	
upper	slab.	While	the	first	placement	is	
curing,	a	second	set	of	interior	forms	will	be	
set	to	begin	the	next	cycle.		

•	 To	access	the	upper	roadway	slab,	we	will	
build	an	80-foot-wide	by	75-foot-long	
trestle	platform	in	the	TBM	Assembly	and	
Launch	Pit	to	meet	the	upper	roadway	
elevation.	This	platform	will	be	used	to	
deliver	materials	to	a	tug	and	trailer	that	will	
then	transport	the	materials	to	the	leading	
edge	of	the	operation.	A	single	crane	at	the	
boring	pit	will	be	used	for	hoisting	of	all	
materials	to	this	platform,	or	to	the	lower	
invert	level.

•	 After	the	lower	roadway	walls	and	the	upper	
roadway	slab	operation	have	advanced,	
we	will	begin	setting	precast	slabs	for	the	
emergency	access	corridor	followed	by	
placement	of	the	slip-forming	barriers.	
This	operation	will	allow	mechanical	and	
electrical	installations	to	begin.

•	 We	will	place	the	upper	walls	as	late	as	
possible	to	facilitate	installation	of	the	
mechanical	and	electrical	systems	behind	
them.	These	upper	walls	will	be	either	
precast	concrete	panels	or	shotcrete	walls.		

•	 Once	the	tunnel	boring	is	completed	the	
lower	slab	will	be	installed.	It	will	be	either	
cast-in-place	concrete	or	precast	slab	with	a	
5-inch	topping	slab.		

Construction Techniques 
Precast	 slabs	 will	 be	 fabricated	 off	 site	
and	trucked	to	the	Project	site,	permitting	
acceptance	of	the	panels	at	the	fabrication	
site.	 The	 access	 to	 the	 launch	 pit	 crane	

will	be	over	the	start-up	section.	We	will	lift	precast	
materials	 from	 the	delivery	 trucks	and	 lower	 them	
onto	dollies	located	on	a	work	platform	in	the	launch	
pit	 at	 the	 entrance	 to	 the	upper	 roadway.	A	 tractor	
tug	will	tow	the	dollies	on	the	upper	roadway	to	the	
work	site.	We	will	the	place	the	sidewalk	panels	for	
the	egress	walkways	and	utility	walkways.
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The	 tunnel	 interior	 structure	 forming	 system	 will	
operate	on	the	cast-in-place	lower	corbels.	We	will	
temporarily	 relocate	 the	 utility	 walkway	 along	
the	 side	 of	 the	 tunnel	 while	 operating	 the	 interior	
structure	 form	 and	 then	 replace	 it	 following	 pour	
and	strip	operations.	A	series	of	construction	staging	
drawings	are	included	in	Appendix	D.		

Plans and/or Technical Data
We	have	included	in	Appendix	D	drawings	for	the	
following:

•	 Pump	station	locations:	Drawings	SD	108
•	 Tunnel	profiles,	including	roof	thickness	
and	slab	thickness:	Drawings	SD	109		
to	SD	116

•	 Typical	tunnel	cross-sections,	including	
wall	thickness,	utilities,	lanes,	shoulders,	
walkways,	barriers,	and	clearance	envelope:	
Drawings	SD	100
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6.6 Tunnel Operations  
Buildings
Tunnel Operations  
Building Design 

As shown in Figures 6.6-1 and 6.6-2, the 
STP team will provide South and North 
Tunnel Operations Buildings that integrate 
into and complement their surroundings. 

We have consciously organized the exteriors of both 
Tunnel Operations Buildings in horizontal layers to 
suggest geological stratification. As translated to the 
above-grade building, stratification refers to the 
stacking of individual floors and the change of uses 
from one level to another. The levels are individually 
expressed on the exterior by changes in material. 
This design approach emphasizes the innate 
horizontal character of the building massing. The 
Chicago Midway Airport Terminal, designed by 
HNTB, illustrates a similar approach with the 
horizontal massing emphasized by the curtain-wall, 
and metal panels. See Figure 6.6-3. 

The Tunnel Operations Buildings will appear simple, 
durable, and industrial. The massing and form will 
express their purposes and reveal their primary 
functions. These buildings are recognizable parts of 
this large infrastructure project, due to their design 
relationship to other project elements. The street 
facades contribute to the pedestrian environment. 
The buildings are visually prominent both day and 
night, and have a role as urban beacons through the 
use of transparency, light, and luminosity.

The horizontal strata of floors is intentionally 
interrupted and anchored by the glazed fan room. To 
clearly express the building’s purpose and functions, 
as well as create visual interest for the public, the 
fans are to be made visible from the outside by being 
enclosed in a glass box and illuminated. 

Figure 6.6-1. South Tunnel Operations Building. 
STP’s design for this facility conforms to the design 
guidelines in the ITP and blends into  
other neighborhood facilities.

Figure 6.6-2. North Tunnel Operations Building. 
STP has created an urban design by creating plaza 
space and adding a landscape buffer  
between the building and road.
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The location of the two Tunnel Operations Buildings’ 
fan rooms and the ventilation stacks allow them 
to serve as beacons to travelers as they approach 
the north and south portals of the SR 99 Bored 
Tunnel. The design concept recognizes that the 
visual prominence, relative permanence, volumetric 
massing, and size of the Tunnel Operations Buildings 
results in their becoming important landmarks that 
both drivers and pedestrians will use for orientation.

At SeaTac Airport, STP Team member HNTB 
used solid glass fiber reinforced concrete panels 
with special lighting features to enclose terminal 
ventilation and smoke removal systems creating 
vertical features in a confined circulation drive space. 
See Figure 6.6-4. 

The South Tunnel Operations Building will relate 
to its adjoining neighbors and provide a linkage 
from the new and the waterfront connections to 
First Avenue South and the stadium district. We will 
provide the site improvements for South Tunnel 
Operations Building, including new sidewalks and 
landscape planting on South Dearborn Street, Alaska 
Way South, and Railroad Avenue. 

Other projects will complete Phase II of the 
building construction and establish the curb line and  
complete the construction for those streets. The 
streetscape of Railroad Avenue will be completed 
under a separate project. 

The North Tunnel Operations Building 
and the new Gates Foundation campus 
will set the tone for future development 
of the adjoining sites and surrounding 
area. The Seattle City Light property and 
the property on the west side of Aurora 
Avenue North are prime sites for future 
development. 
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Figure 6.6-3. Chicago Midway Airport.  
The airport’s design illustrates the emphasis on the 
curtain wall, metal panels, and background vertical 
structure of the building. 

Figure 6.6-4. SeaTac Airport. Ventilation structures 
illustrate expression of vertical structures in the 
building design. 
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To facilitate the construction of the North 
Tunnel Operations Building, we moved 
the fan room to the Thomas Street side 
of the building. This plan is discussed in 

Architectural Plan Proposal Development. We have 
added a glazed illuminated feature in place of the fan 
room. 

This, in addition to refining the building space 
requirements, has allowed the building to be pulled 
back from the north property line. We will terrace 
the open space on-site to provide sufficient soil 
depth for large trees and other urban design features. 
The space also offers the opportunity to increase the 
right-of-way width at Harrison Street and relate to 
future development on the abandoned Broad Street 
right of way. 

In general, the building wall base material is precast 
concrete, a durable material that can withstand abuse 
at a ground level. We will use the vertical panels to 
balance the long horizontal building and articulate 
them to give them scale. Where the building is 
adjacent to a planted area, we will provide a wire 
planting support system to create a green screen on 
the precast concrete walls. We will use above the 
ground plane vertically oriented metal panels and 
place them in horizontal rows. Each row will be 
offset to enhance the concept of stratification.

We have accomplished the transparency of the first-
floor facades. We will evaluate and balance the use 
of operating windows at the first floor with security 
issues. At the South Tunnel Operations Building the 
first floor transparency primarily occurs at the garage 
and building entry. There are few employee support 
spaces that occur on the exterior wall.

At the North Tunnel Operations Building, 
we have added windows at the Sixth 
Avenue North shop areas. As discussed in 
Architectural Plan Proposal Development, 
we have relocated the fan room to Thomas 
Street. We place the Level 2 corridor on 
the west exterior wall. We also placed 
functional spaces on the inside. The 

functional spaces that include the communications 
room, crew computer, crew training, and restrooms 
do not require vision windows. 

We propose that other interior spaces, including the 
arch/plans/visit/workspace and offices have windows 
in the interior corridor wall for natural lighting. The 
break room is an open space at the north end of the 
corridor. The corridor window wall wraps around to 
the north end of the building and extends to the Level 
1 floor. This provides the visual beacon in place of 
the relocated fan room. At SeaTac Airport, HNTB 
used glazing on the cooling tower exit stairway to 
provide a night light feature. See Figure 6.6-5. 

The roof of the Level 1 one-story shop space on 
Sixth Avenue North is lower than the Level 2 floor. 
We carried the corridor exterior windows down to 
provide natural lighting in the Level 1 corridor. 
Spaces on Level 1 will have windows in the corridor 
walls for additional natural light. The fan room will 
have transparent glazing. 

We will explore the use of the room as a heat collector 
for use with heat exchangers and water preheating at 
both Tunnel Operations Buildings. 

We have designed mechanical, electrical, and 
plumbing (MEP) facilities and selected facility 
finishes and equipment to support LEED Silver 
qualification. We will confirm our MEP design 
and South and North Tunnel Operations Buildings’ 
configuration and layout with WSDOT during the 
programming effort.
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We will engage WSDOT as active members of 
our programming committee. The charge of the 
committee is to assure the programmed facility safely 
supports the systems, technology, and operations and 
maintenance. 

Strategic Usage of  Landscape 
and Urban Design Elements

The landscape elements provide a means 
of thematic organization for the entire 
project. They tie together the buildings and 
site features, including the paved surfaces, 

roadway structures, and adjoining spaces outside the 
project limits. In addition, the landscape provides a 
natural buffer to mitigate the impacts of the facility 
upon the environment and adjoining neighbors. 

We will select street trees within the right of way 
adjoining streets based on City of Seattle street tree 
requirements. 

We will select trees appropriate to the 
building site and compatible with the 
required street tree requirements, select 
materials that complement and enhance 

the building design and urban design features, 
and select plant materials that minimize water use 
and maintenance. We will review all landscaping 
elements with WSDOT and operations and 
maintenance personnel prior to the final landscape 
design. The final landscape design will support the 
pursuit of LEED Silver equivalent.

As discussed in Architectural Plan Development, 
we have shortened the North Tunnel Operations 
Building creating an opportunity to add an urban 
design feature on the north end of the building at 
Harrison Street. The open space created by reducing 
the building length and the step in the building 
volumes will be used as a raised platform continuing 
the urban forest above the north portal and up Sixth 
Avenue North. It will provide a pedestrian platform 
connection and a visual transition to the existing 
building on the Aurora Ave/Harrison Street corner. 

A vertical landscape design feature will provide a 
screen of the transformer area, provide an organic 
shape buffer of the new building to the street, and will 
serve as an organizing element continuing around 
the open space. It will also provide a transition to the 
existing hotel on Aurora Avenue. 

STP will design the south and north portals to 
integrate with and complement their surroundings. 
The general materials and detail concepts for each of 
the portals has been defined and those concepts will 
be incorporated into the final design. The concepts 

Figure 6.6-5. SeaTac Airport Cooling Tower.  
The design includes a light feature on an 
infrastructure project providing natural light to an 
exit staircase and a night light feature. 
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will be developed and completed to extend into the 
tunnel section to create a clear boundary between 
tunnel entry and exit and the typical tunnel interior 
finishes. The portal is not just a surface plane; rather 
it is a structure that creates a feeling of strength  
and transition. 

STP Team members have designed a number of 
tunnel portal structures, including the I-90 Mount 
Baker Tunnel and the Highway 1 Devil’s Slide 
Tunnel in the Bay Area. See Figure 6.6-6.

Architectural Plan 
Development
We modified both the North and South Tunnel Operations 
Buildings as explained in the following text.

South Tunnel Operations Building
•	 Reducing	space	requirements. We 

have reviewed space requirements for 
the nonmandatory spaces and reduced 
the area. The space reduction has 
occurred on Levels -3, -2, and -1. We 
have reduced the space requirements 
of the tunnel ventilation system (TVS) 
plenum and electrical equipment. We 
used the former plenum area on Levels 
-3, -2 and -1 for other space needs, 
resulting in a decrease in below grade 
space from grid E to grid D. It also 
results in a cost savings in construction 
and more flexibility in the project 
schedule. 

•	 Relocating	generator	fuel	room. 
The size of the emergency generator 
fuel tank requires a room with an H3 
occupancy since the diesel fuel is a 
class II combustible liquid. According 
to Seattle Building Code, Table 307.1. 
(1) footnote I, within a building, the 
maximum capacity of a combustible  
liquid storage system that is connected

 to a fuel oil piping system shall be 660 
gallons. We have determined the fuel tank 
capacity for the required 24-hour generator 
operating capacity and have moved the 
emergency generator fuel tank outside 
the South Tunnel Operations Building. 
Locating this tank outside the building in 
unconditioned space is an energy efficient 
solution. 

•	 Increasing	Level	2	floor	height. In the RFP, 
the Level 2 floor-to-floor height was 12 feet. 
See DWG AD012. The minimum height 
for mandatory spaces on the Level 2 is 12 
feet. We have increased the Level 2 floor-to-
floor height to 16 feet. The entire approach 
provides for a better use of floor-to-floor 
heights.

Figure 6.6-6. Devil’s Slide Tunnel.   
Context sensitive design practices were 
incorporated into the portal design to make it  
blend in with the natural surroundings. M
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North Tunnel Operations Building
• Relocating deep structures. We have 

relocated the deep structures, including 
the TVS fan rooms, TVS plenums, 
utilidor access, including freight 
elevator, stairs, and utility chase to 
the south side of the building. The 
relocated TVS fan rooms are adjacent 
to Thomas Street. As described in 
Section 6.2 and Section 6.4, we located 
the below grade portions of the North 
Tunnel Operations Building next to 
the roadway structure. This approach 
reduces the project construction 
duration. The result is a cost savings in 
construction and schedule. 

• Relocating TVS fan rooms and TVS 
plenums. Because we moved the deep 
structures, we could move the duct 
ventilation fan room to a below grade 
location. The Conceptual Plans located 
the room at grade because of the 
location of the TVS plenum above the 
southbound roadway structure. This 
lowered the entire ventilation above 
grade structure to match the south 
operations building configuration. 
STP’s Proposal simplifies access to 
the TVS ventilation fan room, and 
facilitates future replacement of the 
ventilation fans.

• Improving floor-to-floor height. In the 
Conceptual Plans, the Level 1 floor-to-
floor height was 12 feet and the Level 
2 floor-to-floor height was 27 feet. See 
DWG AD061. The minimum height 
for mandatory spaces on the first 
floor is 12 feet. The spaces on Level 
1 require a greater functional floor-to-

floor height than the spaces on Level 
2. Moving the duct ventilation fan 
room allows the Levels 1 and 2 spaces 
to meet their functional heights. The 
entire approach provides for a better 
use of floor-to-floor heights. 

• Facilitating access. In the Conceptual 
Plans, the Level 2 floor level is the 
same as the roof of the Level 1 one-
story space. See drawing AD061, sheet 
178 of the Conceptual Plans. WSDOT 
set the Level 1 one-story space roof 
elevation at 17 feet. WSDOT set the 
Level 2 floor elevation at 23 feet. The 
Level 2 floor aligns with the TVS fan 
silencers floor level facilitating access. 

• Providing natural light. The 
difference in the Level 1 one-story 
space roof elevation and the Level 2 
floor elevation allows for STP to locate 
clear story windows in the west wall 
of the Level 1 circulation corridor 
above the Level 1 one-story space roof 
elevation. This will provide natural 
light along the entire length of the 
corridor reducing energy costs and 
gaining additional LEED points. We 
can add interior windows to spaces 
along the corridor to bring in natural 
light from the corridor. 

• Decreasing TVS exhaust air 
reintroduction into tunnel. Moving 
the exhaust stacks away from the 
portal entrances through which supply 
air is introduced into the roadways 
decreases the possibility of drawing 
TVS exhaust air back into the tunnel. 
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• Decreasing Level -1 floor area. 
There are no programmed uses for 
the Level -1 floor. We have decreased 
the area creating a smaller more green 
building. The functional use for the 
space is for TVS and emergency 
corridor pressurization fan silencer 
equipment room and utility shaft 
access. Maintenance personnel access 
to the tunnel emergency egress stair 
is also provided. Using this level for 
the emergency corridor pressurization 
fan silencer equipment room allowed 
the pressurization fan and downstream 
silencers to fit within the Level 1, 
17 foot height. The plenum area is 
reduced 5,000 square feet. The result 
is a cost savings in construction, a 
more flexible schedule, and enhanced 
maintenance access. 

• Relocating utilidor access and 
revising Level 1 floor elevation. The 
relocated utilidor access included 
the freight elevator and stairs and 
utility chase. We moved the building 
entry south to be in close proximity 
to the freight elevator and stairs. 
The grade transition from the Sixth 
Avenue North sidewalk elevation is 
accomplished with exterior stairs and 
an accessible ramp. Both of these 
meet zoning code requirements. 
The building entry near the Thomas 
Street corner is functionally better 
than a mid-block entry. It is more 
visible and better suited to pedestrian 
public transportation access. The 
redevelopment of the Seattle City 
Light property on the west side of 
Sixth Avenue North will likely not 
occur for an extended period.

• Spacing requirements. We reviewed 
space requirements for the 
nonmandatory spaces and reduced the 
area, creating smaller, green buildings. 
The space reduction has occurred on 
both Levels 1 and 2. With the deep 
structures located on the south side of 
the site, the reduction in required space 
allows STP to shorten the building in 
the north/south direction. This provides 
more space on the north end of the site 
for urban design features and 
landscaping. It also results in a cost 
savings in construction and a reduced 
schedule. 

• Relocating generator fuel room. 
The size of the emergency generator 
fuel tank requires a room with an 
H3 occupancy because the diesel 
fuel is a class II combustible liquid. 
According to Seattle Building Code 
Table 307.1.(1) footnote I, within a 
building, the maximum capacity of 
a combustible liquid storage system 
that is connected to a fuel oil piping 
system shall be 660 gallons. We have 
determined the fuel tank capacity for 
the required 24 hour capacity and have 
moved the emergency generator fuel 
tank outside that building. It will be 
located above the northbound roadway 
within the cut-and-cover structure. 
In addition, the 8,000 gallon diesel 
storage tank for the diesel pump station 
will be located in the same area. We 
propose that the separate fuel tank for 
the generator be eliminated and that 
the 8,000 gallon diesel storage tank be 
replaced with two 4,000 gallon tanks. 
The emergency generator could be 
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fueled by these tanks eliminating any 
issues with fuel age degradation and 
enhancing operation time. Locating 
these tanks outside the building in 
unconditioned space is an energy 
efficient solution. 

• Relocating transformer room. The 
electrical transformers require a three-
hour occupancy separation from the 
remainder of the building. In addition, 
the transformers generate heat. We 
do not have to locate the transformers 
within a building enclosure. We have 
relocated the transformers to a fenced 
area on the north side of the building. 
We provide a fenced enclosure that 
provides better use of the space for 
urban design features and landscaping. 
We will reduce the amount of interior 
space and simplify the replacement 
of the transformers. Locating this 
electrical equipment outside the 
building in unconditioned space is an 
energy efficient solution. 

Architectural Design Process
Our work plan is based on a collaborative 
approach that engages WSDOT in the 
programming and design of the South and 
North Tunnel Operations Buildings. Our 

work plan also includes input from stakeholders 
on the aesthetics of the South and North Tunnel 
Operations Buildings, to coordinate work activities 
to mitigate impacts to the surrounding community, 
and to assure proper coordination with special events 
and planned activities.

STP will review the design criteria previously 
developed for planning and designing the new 
facility. The design criterion identifies functional 
requirements for building systems, including 

architectural, structural, mechanical, electrical, and 
plumbing. These include:

• Systems integration, including CCTV/
Security/Intrusion, Life Safety/ 
Fire Alarm, Data/Communications, 
SCADA, and MIS Clearance 
requirements throughout the project

• Functional areas and equipment on an 
emergency power generating system

• Equipment requirements for lifts, 
cranes, and other major industrial 
equipment

• Lighting levels and type of lighting for 
all exterior areas, including storage, 
employee/visitor parking, circulation 
areas, and outside storage, verifying 
we do not adversely affect adjacent 
properties 

• Lighting levels and type of lighting for 
each functional area within the office 
area, building maintenance, and shops

• Ventilation requirements for each 
functional area, including offices, 
maintenance shops, and service

• Minimum design temperatures cooling 
for each functional area

Sustainability
Our approach is to program the South and 
North Tunnel Operations Buildings based 
on sustainable principles applied to both 
the site and buildings. We will develop the 

South and North Tunnel Operations Buildings using 
a collaborative approach with WSDOT to deliver a 
facility that supports the preferred work process and 
materials. We will integrate LEED characteristics 
into our configuration management program to 
assure delivery of this complex project. We will meet 
this challenge using LEED principals integrated 
with WSDOT’s goals, cost, schedule implications, 
and data collection.
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The LEED® 2009 Green Building Rating System 
for New Construction requires a project to achieve 
a minimum of 50 points for Silver qualification. 
WSDOT has provided a sample scorecard that 
identifies the prerequisites and points that can be 
achieved with the current program. The document 
notes that 45 points are achievable and 22 points are 
possible. STP will work with WSDOT to attain the 
most points possible. 

In conjunction with function, performance, 
and maintenance objectives, STP will 
meet sustainable objectives, including 
using energy, water, and other resources 

more efficiently and reducing the overall impact to 
the environment. 

STP will develop a sustainability action plan in 
conjunction with WSDOT. We will base this action 
plan on achieving resource conservation, energy 
efficiency, and reduction of environmental impacts. 
We will develop the sustainability action plan with 
input from all project team members. It is important to 
the success of this process that WSDOT participates 
in the development of this plan to optimize the 
sustainable design success. See Figure 6.6-7. 

The STP sustainability team will consist of WSDOT 
and STP design and construction staff. It will include 
STP’s project manager, construction managers, 
architect, interior designer, landscape architect, civil 
engineer, HVAC engineer, plumbing engineer, and 
electrical engineer. It will include WSDOT managers, 
construction managers, and operations and 
maintenance supervisors. This team will work 
towards achieving WSDOT’s requirements in terms 
of system function, performance, and maintainability 
related to sustainable design practices during the 
following activities.

Planning and Design Phase Activities
We will confirm site and facilities 
configuration and materials proposed 
during the design definition phase. We 
will conduct design charrettes during the 

design definition process coordinated with WSDOT 
and to get the team focused on operations and 
maintenance efficiency, LEED qualification, and 
synergistic design strategies. 

During the first charrette, our sustainability team will 
address resource conservation, energy efficiency, 
and the reduction of environmental impact goals and 
objectives and develop the sustainability action plan. 
Our team will expand upon and apply the goals and 
objectives in the context of LEED credits.

Figure 6.6-7. Mohegan Sun Resort.   
Tutor Perini built the $34 million energy-efficient 
utility infrastructure and central utility plant that 
included two 200kW fuel cells with unique energy 
recovery pre-heats steam condensate.
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Site Sustainability
We will apply sustainable strategies to the site 
in the areas of erosion and sediment, alternative 
transportation, site disturbance, stormwater 
management, heat islands, and light pollution. Our 
design strategy and approach is to comply with 
the intent of the concepts presented in the baseline 
design documents. 

In addition to site areas previously indicated, the site 
includes the bored tunnel. The following summarizes 
the credits we have targeted for the site sustainability 
design.

Erosion and Sedimentation Control
We have developed a conceptual erosion 
and sedimentation control plan that 
complies with the contract documents and 
controls described in the RFP. This plan 

includes limiting grading to the South and North 
Tunnel Operations Buildings’ footprint to minimize 
disturbance using free draining gravel on temporary 
roadways, installing a silt fence, placing sediment 
traps in temporary detention ponds, and planting 
promptly permanent vegetation upon completion as 
required in this project segment. 

Reduced Site Disturbance, Protect  
or Restore Open Space

We will limit site disturbance and use 
native and adaptive vegetation for final 
landscaping. We will provide temporary 
sediment basins to control run-off during 

construction prior to completing the permanent 
detention pond situated at the south side of the site. 

The charrettes will provide an opportunity to 
explain and define the roles for the sustainability 
team members working on this Project. Our team 
member’s experience on the central utility plant at 
City Center in Las Vegas reinforces the importance 
of planning and full integration of the design and 
construction team. See Figure 6.6-8. We will assign 
each sustainability team member a specific credit 
or prerequisite to document, monitor, and track. We 
will complete LEED templates containing technical 
calculations during the design phase to ensure 
compliance with the requirements and insert them 
appropriately into our interface management plan.

The Building Task Force meetings provide an 
opportunity for continued coordination. 

Figure 6.6-8. Powering the World’s Largest LEED 
Gold Project. Tutor Perini built the $120 million, 
18,569-square-foot central utility plant housing 
34,200 tons of cooling and 4.6 MW gas-turbine 
power cogeneration units.  
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Storm Water Management
Our design strategy uses the concepts 
presented in the baseline design for storm 
water roof run-off and storm water quality 
basin. STP will filter the South and North 

Tunnel Operations Buildings roof run-off and place 
it in a rain-harvesting storage system. 

Landscape and Exterior Design  
to Reduce Heat Islands

At the ground level, our design strategy 
is to combine areas of standard concrete, 
light colored hardscaped areas, and 
shading from trees on the asphalt surfaces 

to reduce heat islands. For roof islands, we will 
install high albedo roofing (highly reflective roofing 
with heat scattering characteristics) that meets 
the requirments of ASTM and ENERGY STAR 
ratings. The maintenance cost of this type of roof is 
outweighed by the apparent benefit in reduction of 
operating costs. 

Light Pollution Reduction
We have conceptual photometric design 
that uses exterior lights that have 
appropriate IESNA cut-off designation, 
resulting in an expected luminance level 

of 0 at the site boundary. Where lighting is required 
for safety, security, egress, or identification, we will 
use the appropriate down-lighting techniques. On 
previous projects, we had specified and installed high-
performance fixtures that were not only essential in 
maintaining visual quality and providing sustainable 
lighting but also quickly paid for themselves in 
reduced maintenance costs. 

Life-Cycle Design
The conventional model of the building life-cycle 
is a linear process consisting for four major phases: 
design, construction, operation and maintenance, 
and demolition. The challenge with this model is 

that it is too narrowly defined and does not address 
environmental issues or waste management. With 
life-cycle design, the cradle-to-grave approach 
recognizes the environmental consequences of 
the entire life cycle of building resources from 
procurement to return to nature. 

Successful life-cycle design embodies an integrated 
design approach which STP is successfully using on 
the San Diego Airport Expansion. On this airport 
building systems operate as a whole, not as separate 
entities. San Diego Airport’s mandate is that this 
building achieves LEED Silver certification. 

Another prime example of STP integrated approach 
is coordination of the design and construction of the 
building envelope with the design and installation of 
the HVAC system. This approach is and has been our 
normal method of design for many years and we used 
this method before sustainability was considered 
fashionable. We apply common sense, and we back 
up every decision and recommendation by rigorous 
engineering. See Figure 6.6-9.

The first component of integrated 
design is the active participation of all 
members of the team, including WSDOT 
operations and maintenance personnel. 

The WSDOT operations and maintenance personnel 
are vital to identifying potential pitfalls during the 
design phase. These individuals are also responsible 
for keeping these systems operational long after our 
team transitions off the Project.

The second major component of 
integrated design is training. Our 
Commissioning agent oversees the 
training of operations and maintenance 

personnel in operation, care, adjustment, and 
maintenance of the commissioned systems and 
equipment. The operations and maintenance 
personnel must be trained in the knowledge and 
skills needed to operate the facilities in conformance 
with its design intent. 
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While the Tunnel Operations Buildings will primarily 
serve tunnel maintenance personnel, they are public 
buildings. The general public will generally interact 
with the building as passers-by on the adjoining roads 
and sidewalks. The building and site design will 
provide an equity and flexibility in use. Access will be 
simple, intuitive and the design principles incorporated 
will be broader than those of accessible design. 

The ultimate goal and challenge of our 
team, working in concert with WSDOT,  
is to find win-win solutions that provide 
quantitative, qualitative, physical, and 

psychological benefits to building users. We will work 
together to design and engineer durable and  
adaptable buildings. We will design adaptability into 
the Project because we will draw upon the past 
experiences of veteran STP and WSDOT team 
members. 

Credit Summary 
The following summarizes the credits we have 
targeted for the building sustainability design.

Sustainable Sites — Prerequisite 1  
Construction Activity Pollution 
Prevention
We will coordinate the erosion and sediment plan 
with the final civil and landscape design to take 
advantage of permanent planting and site contours. 

Sustainable Site — Credit 8  
Light Pollution Reduction
To achieve the light pollution reduction credit, STP 
will engineer all nonemergency interior lighting to 
turn off during non-business hours. There will be 
a manual override capability for after-hours use. 
Controls used may include automatic sweep timers, 
occupancy sensors, or programmed master lighting 
control panels. We will determine the final controls 
during the design phases with input from operations 
and maintenance personnel. Together, we will 
design a system that meets function, performance, 
and maintenance goals.

Water Efficiency — Credit 
Efficient Landscaping (No Potable 
Water Use)
In concert with Sustainable Sites Credit, we will earn 
the water efficient landscaping, no potable use credit 
through our landscape design. STP’s design will 
use native/adaptive plants that require no irrigation 
after establishment. Irrigation for street trees will be 
required. Storm water runoff from the roofs will be 
collected and used as a water source for street tree 
irrigation. An additional reason for choosing native/
adaptive plants is those plants do not require active 
maintenance, such as mowing, chemical fertilizers, 
pesticides, or herbicides. This supports the long-term 
goal of minimal maintenance associated with the 
landscape elements.

Figure 6.6-9. San Francisco-Oakland Bay 
Bridge. The new Toll Operations Building, now 
under construction, was designed to LEED Silver 
requirements.
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Water Efficiency — Credit 3.1 
Water Use Reduction, 20% Reduction
For the water use reduction credit, we will provide  
high-efficiency fixtures to reduce the potable water 
used for toilets, showerheads, and faucets. We will 
discuss and review other water reduction fixtures, 
such as dry fixtures and nonwater using urinals, with 
WSDOT representatives. An important benefit to 
WSDOT is a reduction in operating costs associated 
with municipal water and wastewater systems.

Energy and Atmosphere — 
Prerequisite 2 
Minimum Energy Performance
The energy performance credit represents a prime 
example where we will use our combined experience 
and expertise in the integrated design process to 
design the building envelope, HVAC, lighting, and 
other systems to work together to maximize energy 
performance. We will use a computer simulation 
model to confirm satisfaction of the Energy and 
Atmosphere Credit 1. We will maximize natural 
light to provide light to interior spaces. We will 
implement lighting controls as described above 
under Light Pollution Reduction to conserve energy.

Materials and Resources —  
Credit 2.1 and Construction Waste — 
Credit 2.2
STP has extensive experience with on-site  
construction waste management. Building demolition 
debris will be recycled. We will sort building 
construction debris, keep absorbent materials dry, and 
recycle the excess materials. 

Indoor Environmental Quality — 
Credit 3.1  
Construction Indoor Air Quality 
Management Plan During 
Construction
To earn the construction indoor air quality 
management plan credit, we will develop and 
implement an indoor air quality (IAQ) management 
plan for the construction and pre-occupancy phases 
of the buildings. 

The IAQ management plan will protect the HVAC 
system during construction, control pollution 
sources, and interrupt contamination pathways. 
We will sequence the installation of materials to 
avoid contamination of absorptive materials, such 
as insulation, carpeting, ceiling tile, and gypsum 
wallboard. We will also coordinate this credit with 
Indoor Environmental Quality Credits 3.2 and 5.

LEED® Silver Goals
The unique operational requirements of the 
Tunnel Operations Buildings make LEED Silver 
qualification a challenging task. The industrial 
nature of both buildings offers fewer opportunities 
for improving energy efficiencies over the ASHRAE 
90.1 2007 baselines. The North Tunnel Operations 
Building offers more opportunities since it includes 
more employee and shop spaces. 

During the design definition phase, the sustainability 
team will work together in fine-tuning the Project 
goals to finalize the Project Checklist. STP Team 
members will present design alternatives to WSDOT 
related to operations and maintenance to maximize 
sustainable design without compromising function. 
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Construction Sequencing of 
the North and South Tunnel 
Operations Buildings
The construction sequencing of these buildings is 
complex, since it is closely tied to the construction 
sequencing of tunnel construction in the north 
and south approach areas, and since the building 
mechanical spaces must be completed prior to 
commissioning the tunnel systems. Section 2.5 
contains a complete discussion of this complex 
construction sequencing.
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Item CalCulatIon totals
experienced Project leadership: 
STP Project Manager, Alvaro Fernandez: 
Alvaro brings more than 35 years of similar tunnel projects, including managing the M-30 South Bypass South 
Tunnel Project in Madrid – the largest diameter EPB TBM in the world at the time.

The contribution of Alvaro’s experience is significant. He is one of the few professionals in the world with tunneling experience of this type.
• Project Manager experience reduces possible TBM becoming lodged, requiring a work delay. 
• Potential delay: estimated 5 months = 180 days @ $100,000/day (per/WSDOT) = $18,000,000.

$18,000,000

experienced Project leadership: 
STP Design Director, Dan Dixon: 
Dan has extensive WSDOT experience and is included in addition to Key Personnel.

Significant value added. 
Dan developed ATC #5.This savings is valued at $50,000,000. $50,000,000

experienced Project leadership: 
STP Assistant Deputy Project Manager, Josh Randall: 
Josh brings more than 30 years of large transportation public works projects.

Josh’s significant experience will benefit productivity of the work. 
• He proposed and developed all our ATCs for the South and North Portals, including incorporating SOE wall into permanent structure and 

realignment., This has a huge savings and contribution to reducing risk.
• Josh lead the PLA negotiations with all the trade organizations and acheived an agreement of labor for a 24/7 basis will mitigate potential delays 

because of production stops and Union issues.
• Potential delay: estimated in 3 months = 90 days @ $100,000/day (per/WSDOT) = $9,000,000.

$9,000,000

early Completion: 
STP’s schedule completes the Project 316 days ahead of WSDOT requested deadline.

Completion 316 days ahead of schedule will save WSDOT a year of overhead costs.
• Valued at $3,000,000/month * 11months = $33,000,000. 
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.

$147,000,000

Community outreach: 
STP team members’ successful experience in assisting WSDOT with public outreach will mitigate the risk of public 
opposition to the project, which could slow the permitting process.

Meetings held: Urban League, El Centro de la Raza, Seattle Chamber of Commerce, King County Council and others.
• Opposition from these groups could have stopped the Project for 5 months = 180 days @ $100,000/day (WSDOT) = $18,000,000. $18,000,000

Co-location: 
Co-locating with WSDOT at its Third Avenue office reduces WSDOT travel time costs, facilitates frequent and 
efficient communication, and promotes a cohesive team-building environment. 

Assumes $1,000 travel costs per month and cost of additional offices. 
• Valued at $1,000,000. $1,000,000

safety - Zero accidents Policy: 
STP’s Executive Committee will appoint an Executive-in-Charge who will be required to make monthly unannounced 
site visits to observe ongoing safety practices and procedures.

• Complying with our “zero accidents” policy.

Quality:  
STP will provide extra quality assurance/quality control staff to ensure the SR 99 Bored Tunnel project exceeds 
WSDOT’s expectations.

Our quality organization will allow STP to solve issues efficiently and effectively. Assume, in a Project such as this, one issue per day at 1 hour for 
delay with crew of six. Total cost 1*1 hr *6 staff *$80 /h *365 day/year *5 years= $876,000. $876,000

STP’s ATC #3 reduces the electrical equipment needed in each tunnel electrical room resulting in less maintenance 
cost and provides improved accessibility and space allocation. (See Section 6) • ATC #3 will save $800,000. $800,000

Innovation: 
STP’s ATC #3 reduces repair and maintenance costs to just two sets of redundant programmable logic controllers 
rather than 17 sets. (See Section 5)

Included.

traffic management: 
Relocating traffic surveillance cameras closer to the shoulders allows maintenance crews to work on them without 
shutting down two lanes of traffic. (See Section 5)

Routine maintenance every month, traffic accommodation 3 staff, unit cost $80 /h. 
• Without escalation more than 50 years. $23,000,000

Innovation: 
We will divide WSDOT’s proposed single communications network into three distinct systems for data control, 
communications, and fire alarm network to increase data speed and capacity and provide flexibility for future 
communications systems without impacting system quality. ( See Section 6)

Included

structures task Force: 
We will add a Structures Task Force to those required by WSDOT to reduce the risk to WSDOT. Avoids redesign. Value of structural design $19,000,000. $19,000,000

WsDot/stP Collaboration: 
By integrating with WDOT personnel throughout all phases of the Project, we mitigate risks of delaying completion of 
the Project and increasing Project costs.

Can reduce staff members from 120 to 80. At an average of $100,000 / month = 40*100,000=$4,000,000. $4,000,000

STP’s Estimated Value of Increased Benefit or Reduced Risk to WSDOT

Note: The following are conceptual estimates of benefits and risks to WSDOT. This list identifies possibilities based on a 
generalized cost based on assumed parameters. The calculations are not final costs, or burdened; they are ranges to indicate 
a general understanding of value costs resulting from the STP Proposal.

Section 2 – Proposer’s Approach to Management of the Project

Item CalCulatIon totals

Innovation - Deformation mitigation Plan: 
Installation of a South End Deformation Mitigation Plan to perform the necessary learning curve, to protect the 
operational portion of the viaduct, and to mitigate risks of sinkholes or heaves.

Without a SESMP, a failure at the beginning of the job without is very likely. A failure of this type would cause a delay of 5 to 8 months.
• Crew of 20 men*$80/h* 3 shifts*8 month *30 days* 8 h/day= $9,216,000.
• Overheads STP 8 moths *$1,500,000 /month= $12,000,000.
• WSDOT $100,000/day*8 months *30 days=$24,000,000.
• Viaduct repairs $35,000,000.

$80,216,000

Innovation: 
We have developed an earth pressure balance (EPB) tunnel boring machine (TBM), designed ad-hoc to meet 
the challenging geologic conditions of the site, facilitate settlement control, and reduce risk in the dense urban 
environment.

Based on STP’s experience, we believe a Slurry Shield TBM is the wrong choice. The cost of the selection of the wrong TBM is significant and difficult 
to quantify. 
Our design of the EPB machine is 20% faster = 0.2 *16 months*30 days/month*20 man* 3 shifts*$80/h*8h= $3,700,000. 
STP overheads = 0.2 * 16 months* $1,500,000 /month=$4,800,000. 
WSDOT overheads = $100,000*0.2*16 months* 30 days= $9,600,000.

$18,100,000

experience: 
Dragados has extensive successful experience using large diameter EPB TBMs on tunnels worldwide and brings 
lessons learned on how to operate and control these machines in various geologic conditions.

• The experience of Dragados will prevent a possible work stoppage and delay of TBM operation. 
• Assuming one stop per month of 100 hours = 1*16 months*100hours*20 men*$80/h= $2,560,000.
• STP overhead = 16moth*100 hours/24 hours/30 days*$1,500,000= $3,330,000.
• WSDOT overheads=16 month*100 hours/24 hours*$100,000=$6,660,000.

$12,550,000

Innovation: 
An EPB TBM has fewer environmental concerns with the disposal of muck compared to slurry machines. 

Assume two environmental incidents per month. 
• Fine $10,000 remedial action $25,000. $35,000*12 months* 5 years= $2,100,000. $2,100,000

Section 5 – Excavation and Support of the Bored Tunnel and Management of Ground Deformation Impacts
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Item CalCulatIon totals

north and south tunnel operations Buildings:  
STP has re-aligned both buildings to reduce the risk of construction delays by TBM operation. 

Schedule delay: 3 months.
• Crew = 3 months*30 days/month*20 man* 3shifts*$80/h*8h= $3,456,000.
• STP overheads = 3 months* $1,500,000 /month=$4,500,000.
• WSDOT overheads = $100,000*3 months* 30 days= $9,000,000.

$16,956,000

Design Innovation: 
STP’s ATC #5 for the South Approach Area offers WSDOT a more streamlined roadway and a smaller footprint, 
allowing a greater surface area to be used for public benefit.

• Residual developable land.
• 100,000 sf * $200/sf = 20,000,000. $20,000,000

Design Innovation: 
STP’s approved ATC #5 means less excavation in the south Approach Area, resulting in less contaminated soil to 
dispose of and reduced risk of encountering cultural artifacts. 

Reduced volume of excavation with the potential for cultural artifacts. unknown

Construction Innovation: 
The incorporation of the support of excavation walls into the permanent structure contributes to the viability of our 
ATC #5 South Approach realignment, reduces construction costs, and allows us to complete the project early.

• Without adding the SOE walls to the permanent structure, the schedule would be extended about 2 months.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction Innovation: 
Braced secant piles will be incorporated into the permanent construction, reducing risk of liquefaction induced 
seismic damage.

Significant Value added and reduced risk.
• The quanitificaton is very complex and is included as a component of our Cost Proposal unknown

Design Innovation: 
Reconfiguring the electrical system and streamlining the electrical requirements in the Tunnel Operations Buildings 
results in fewer pieces of equipment to maintain and improves space allocation needs.

The time and cost savings for WSDOT in terms of easier and faster maintenance and convenience for supplies of consumables, such as fuel.
• 20%. unknown

Construction methods: 
STP will barge the tunnel muck from Pier 46 to Port Ludlow, reducing the number of trucks on local streets by up to 
300 trucks per day and minimizing the likelihood of spoil spills on downtown streets.

Included in Section 5.

muck Removal: 
STP will use a covered muck conveyor system when moving muck from the South Approach area to Pier 46 to 
reduce noise and the risk of spilling tunnel spoils outside of the Project site.

• Complaints and lawsuits.
• Assume $300,000 cost. $300,000

Construction Innovation: 
Footprint of shoring for TBM assembly pit creates larger ancillary spaces, reducing space allocation risks.

Design Innovation: 
By moving the North Tunnel Operations Building foundation out of the TBM path, WSDOT will be able to access the 
building earlier to connect systems. 

Otherwise, up to 2 months delays in schedule may happen because of the interference between the building and the TBM excavation phase.
• Crew = 2 months*30 days/month*20 man* 3shifts*$80/h*8h= $2,304,000.
• STP overheads = 2 months* $1,500,000 /month=$3,000,000.
• WSDOT overheads = $100,000*2 months* 30 days= $6,000,000.

$11,304,000

Construction methods: 
STP construction of the WOSCA detour reduces the construction cost of the H2K2 project. • Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of the WOSCA detour simplifies coordination between the H2K2 project, reducing WSDOT 
coordination costs.  

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs.  unknown

Construction methods: 
STP construction of an additional 575 feet of northbound mainline, 630 feet of south mainline, 575 feet of NB-On 
Ramp and 550 feet of SB-Off Ramp reduces WSDOT costs on future projects.    

• Assume the construction costs be multiplied by 1.5 to conservatively reflect the WSDOT program costs. unknown

Construction Innovation & methods: 
Conduit and cable have been moved out of the tunnel utilidor. The utilidor is designed to be full of water and provide 
drainage during a fire event or tunnel cleaning. The conduit and cable have been moved to keep them out of 
potentially flooded areas. This will increase system reliability and decrease maintenance costs.

• It is almost impossible to quantify the impact of this improvement. For instance, this replacement of the position of cables will prevent WSDOT from 
power failures in the event of fire.

• In addition, there will be a significant time savings for WSDOT regarding troubleshooting in case of problems.
• 20% due to this improvement.

unknown

Design/Construction Innovation: 
Permanent cables to be distributed and supported by tray instead of inside conduits, as depicted in Addendum #16.

Due to time savings of maintenance and troubleshooting. 
500% of improvement maintenance time for WSDOT, based on past experience. unknown

total added Value of Increased Benefit and Reduced Risk to WsDot $622,936,000

Section 6 – Design and Construction, Except Tunneling

Item CalCulatIon totals

early Completion: 
Schedule completes the Project 316 days ahead of WSDOT requested deadline.

• Completion 316 days ahead of schedule will save WSDOT a year of overhead costs, 
• Valued at $3,000,000/month * 11months = $33,000,000.
• Also provide additional of tolling revenue is possible: $3/trip * 120,000 vehicles/day*316 days = $113,760,000.
• STP overheads = $1,500,000* 12 months= $6,000,000.

$6,000,000

Proactive Planning: 
STP has planned 19 preventive TBM interventions, together with a restrictive preventive maintenance plan to ensure 
that the machine operates as planned. Thus, the Project will be completed 316 days ahead of WSDOT’s schedule.

• Assuming that without proper maintenance, the productivity on average is 0.5, so we will have additional  cost of 8 months.
• Direct cost: $80/h*8h*3 shifts*30 days*8months=$460,800.
• STP overheads: 8 months *1,500,000=$12,000,000.
• WSDOT overheads: 8 months*30*$100,000=$24,000,000.

$36,460,800

Reduced truck traffic: 
STP’s tunnel precast segments will arrive to the South Access Area by barge, instead of by heavy trucks. In addition, 
our excavation spoils will be conveyed out of the jobsite by the sea through barges instead of by heavy trucks (up to 
300 trucks per day).

Assuming that with heavy mud loads and precast segments delivery everyday, the traffic increases an average of 1 minute to everyone, everyday due 
to the delivery trucks.
• Average cost per hour $200. Number of vehicles per day: 120,000. Only one person per vehicle. 
• 120,000*200*1/60= $400,000/day*16 months*22 working days=$140,000,000.

$140,000,000
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Figure 1:  The existing Viaduct is a physical and visual barrier that cuts off Seattle’s waterfront from downtown and the surrounding city.
TUNNEL


	Front Cover
	Section 1: Executive Summary
	Section 2: Proposer's Approach to Management of the Project
	Section 2.1: Project Management Approach
	Section 2.2: Organizational Structure and Key Personnel
	Section 2.3: Subcontractor and Labor Management Approach
	Section 2.4: Quality Management Approach
	Section 2.5: Risk Management Plan
	Section 2.6: Value to WSDOT
	Section 3: Preliminary Baseline Contract Schedule
	Section 4: Tunnel Roadway Clearance Envelope
	Section 5: Excavation and Support of Bored Tunnel and Management of Ground Deformation Impacts
	Section 5.1: Geotechnical Design Assumptions and Design Parameters for the Bored Tunnel
	Section 5.2: TBM Design and Operations
	Section 5.3: TBM Maintenance Plan
	Section 5.4: Structures and Utility Deformation Assumptions and Design Parameters
	Section 5.5: Measures to Manage Deformation
	Section 5.6: Value to WSDOT
	Section 6: Design and Construction, Except Tunneling
	Section 6.1: Proposed Design Plans and Details
	Section 6.2: Construction Phasing and Staging
	Section 6.3: Geotechnical Design Assumptions and Design Parameters Not Related to Tunneling
	Section 6.4: Cut-and-Cover Tunnel Design and Construction
	Section 6.5: Bored Tunnel Interior Design and Construction
	Section 6.6: Tunnel Operations Buildings
	Section 6.7: Value to WSDOT
	Back Cover



