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APWA Project of the Year Award –Washington State 

SR 99 Tunnel in Seattle, Washington  

Supporting Documentation 

Overview:  

State Route 99 is one of only two north-south highways that pass through Seattle. Built in the 

1950s, the double-deck Alaskan Way Viaduct carried SR 99 along Seattle’s waterfront and was a 

critical link for passenger and freight traffic through the city. It was the first highway through 

downtown Seattle and the first double-deck bridge in Washington State. 

The viaduct opened long before the seismic danger in the region was fully appreciated. In 1989, 

when a deadly earthquake destroyed a similar-looking viaduct in Oakland, Calif., engineers and 

planners started taking a hard look at the viaduct. They concluded it was old, outdated and 

vulnerable.  

In 2001, a 6.8 magnitude earthquake shook the Puget Sound region. The Alaskan Way Viaduct 

survived, but concrete cracked and some columns shifted as much as 5 inches. Repairs 

strengthened the road but removing the viaduct became a critical public safety issue. 

During years of discussion over replacement options that followed the earthquake, tunneling 

technology vastly improved.  It became feasible to build a large, single-bore tunnel underneath 

Seattle, keep the viaduct open and keep traffic moving above. In 2009, the Washington State 

Legislature voted to fund the plan to replace the viaduct with a tunnel large enough to build a 

double-deck highway inside.  

The Washington State Department of Transportation hired Seattle Tunnel Partners for the job, 

who then hired Hitachi Zosen to build what was, at the time, the world’s largest tunnel boring 

machine, nicknamed Bertha.  

The task was unprecedented and the journey anything but easy. Bertha broke down, requiring a 

repair effort that itself was a remarkable engineering feat.   

The new tunnel opened in February 2019 and has set the gold standard for tunnel safety. Its fire 

suppression systems, ventilation systems and intelligent traffic systems are state of the art – all 

built inside a tunnel designed to withstand an earthquake as powerful as a 9 magnitude (a 2500 

year recurrence interval).  

 

The SR 99 tunnel allows drivers to bypass downtown Seattle traffic, and, with the demolition of 

the seismically-vulnerable Alaskan Way Viaduct, opened up the Seattle waterfront for a world-

class revitalization that includes multi-modal travel and more than 20 acres of new public space. 
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SR 99 tunnel in 2013 

 

Completion date contained in contract. Any time extensions granted should be addressed in the 

submittal. 

Building the SR 99 tunnel  

The decision to build a bored tunnel allowed traffic to continue moving on the Alaskan Way 

Viaduct throughout construction. Had the state chosen a different construction method, the 

viaduct would have had to be demolished first and traffic rerouted for several years. 

The job requirements of a bored tunnel were daunting. The 2-mile tunnel route featured eight 

different soil types, including hard, ancient glacial till and soggy, 100-year-old waterfront fill. 

And the tunnel had to be wide enough to accommodate a double-deck highway with two lanes in 

each direction.  

The design/build contractor, Seattle Tunnel Partners and tunnel boring machine manufacturer 

Hitachi Zosen, helped push the limits of tunneling technology. The tunneling machine 

nicknamed Bertha was a powerhouse the size of one of Washington’s iconic passenger ferries.  

Bertha weighed more than 8,000 tons and its tunnel assembly operation stretched more than 350 

feet long. The cutterhead alone weighed almost 900 tons at the time of assembly and measured 

57.5 feet in diameter – as tall as a five story building. At the time tunneling started, Bertha was 

the largest tunnel boring machine (TBM) ever built.  
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Cutterhead attached to the tunnel boring machine during assembly in Seattle. Note workers for scale. 

The original SR 99 Tunnel Contract had a tunnel completion date of December 2015. The 

machine broke down in December of 2013 and the extraordinary rescue and restart of the 

machine took more than two years. The repaired tunnel machine finished its work in April 2017, 

work on the interior structures and systems continued into late 2018, and the tunnel opened in 

February 2019 after a three-week closure of SR 99 to connect on and off ramps to the existing 

highway north and south of the tunnel. 

 
Above: Building the connecting SR 99 ramps to the tunnel: Feb 2019 
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• Construction schedule, management, and control techniques used. Use of alternative materials, 

practices of funding that demonstrates a commitment to sustainability.  

The tunnel project could not have reached successful completion without exceptional 

construction management. The approach was particularly strong in the areas of team leadership, 

cost management, schedule management, public awareness, and risk mitigation.  

 

Team leadership. WSDOT ensured that the project development process was inclusive and 

visible to the public, media, elected officials and partner agencies. WSDOT built strong 

partnerships and open lines of communication with agencies that had a stake in the project’s 

success, including the Federal Highway Administration, the legislature, the City of Seattle, tribal 

governments, King County and the Port of Seattle. This collaboration helped WSDOT as it 

navigated local permitting processes, environmental review, and complicated construction in a 

busy urban area.  

 

Cost management. The cost estimate for the program was a joint effort between the design 

engineer (WSP, formerly Parsons Brinkerhoff), who provided hard or physical takeoffs, and the 

owner and owner’s representative (Mott Macdonald), who provided soft costs. WSDOT used the 

Cost Estimate Validation Process (CEVP®) to solicit expertise from the program team and from 

a Strategic Technical Advisory Team of industry experts, as well as value management 

techniques to inform and establish cost estimates. The risk consultant combined cost and 

schedule estimates into a critical path network subjected to a probabilistic analysis.  

 

The risk management techniques, appropriate contract delivery methodology and monthly 

analysis of program costs and funding availability resulted in an overall program cost growth of 

less than 6% compared with other megaprojects that often experience growth of 50% or more. 

This was especially notable, given the two year delay in tunneling caused by the tunnel boring 

machine’s breakdown.  

 

Schedule management. Megaprojects generate an extraordinary amount of data, but it’s often 

difficult for project leaders to access it, understand it, communicate it, and get a sense of where 

the project is really headed. To address this challenge, our team focused on providing a very high 

degree of schedule visibility using a variety of innovative tools and processes, including 

confidence reporting, linear scheduling, performance dashboards, interface registers, handover 

maps, and risk-adjusted schedule forecasting.  

 

Innovative tools and processes that provided a high degree of schedule visibility on the program 

included: 

 Monthly confidence reporting. Detailed schedule information and analysis presented 

each month to program directors and WSDOT executives. 

 Linear scheduling. Tunneling and construction schedules illustrated by time and 

location to evaluate and communicate the contractor’s plan for completing the project. 
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 Performance dashboards. Executive-level dashboards published regularly to owner 

representatives, contractor representatives, and third-party stakeholders, to provide a 

common page that the entire team could use to monitor progress.  

 Interface registers and handover maps. These helped proactively manage complex 

construction interfaces between WSDOT, City of Seattle, and Washington State Ferries 

contractors working along the Seattle waterfront.  

 Risk mitigation. Under the design-build delivery method, WSDOT management 

allocated design risk and machine operations to the design-builder through contract and 

performance requirements, while keeping responsibility for the subsurface conditions 

with WSDOT. In keeping with the spirit of partnership, WSDOT and the design-builder 

held joint risk review meetings so that each party could gain a better understanding of the 

challenges that could occur.  

  

 
Tunnel workers inside Bertha’s control room  
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• Environmental considerations including special steps taken to preserve and protect the 

environment, endangered species, etc., during the construction phase.  

Risk to historic structures. The original tunnel alignment followed the shortest possible 

distance, but routed the tunnel boring machine (TBM) through very soft soil beneath the city’s 

historic district, putting more than 30 heritage buildings at significant risk from excavation-

related ground movement. After further analysis, an alternative route was chosen, but some 

buildings remained at risk. WSDOT and the Contractor teamed together to provide structural 

retrofitting to historical buildings within the zone of influence rather than compensation 

grouting, a method that had potentially greater impacts. 

 

The original contract requirement provided deformation mitigation for three buildings through 

compensation grouting from two very large shafts. The design-builder initiated a change 

proposal to address the problem through structural strengthening of the buildings. This provided 

equal or better protection for the buildings and reduced impacts to the building owners and the 

public. 

 

Ground settlement is always a big risk in tunneling, which is why WSDOT went to great 

lengths to protect the ground. For the first 450 feet of the tunnel built in the most inconsistent 

soils, HNTB engineers designed a concrete “box” - walls and a ceiling built into the ground, 

which the machine passed through. This ‘box’ protected the ground above along the waterfront. 

WSDOT also required extensive ground monitoring as part of the SR 99 tunnel contract. 

Thousands of monitors lined the two-mile-long tunnel route to measure ground movement above 

and below the surface in real-time. A construction monitoring task force reviewed deformation 

and ground water monitoring data, as well as TBM operational data in real time and at daily task 

force meetings. Monitoring along the entire tunnel path included satellite interferometry and 

land-based radar (Lidar) along the entire alignment. Data from these innovative methods was 

critical in defending the owner against unwarranted claims by third parties. 

 
The above graphic illustrates a small fraction of the sensors that lined the two-mile-long tunnel route and 

monitored buildings, streets and ground around the clock  
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• Environmental considerations –cont.  

Once past the poorest soils of the Pioneer Square Historic District and the waterfront, the depth 

of the SR 99 tunnel all but eliminated risk of effects on environmental, archaeological and 

historic resources. Most of the bored tunnel runs through clean natural glacial soils. Because 

most tunnel construction is greater than 100 feet below the surface, people living and working 

above the tunnel could go about their daily routines without ever noticing the massive project 

below the surface. 

The Final Environmental Impact Statement details the years-long effort to identify and mitigate 

all environmental impacts of the tunnel. Documents can be found here: 

https://www.wsdot.wa.gov/Projects/Viaduct/Library/Environmental 

  

https://www.wsdot.wa.gov/Projects/Viaduct/Library/Environmental
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• Safety performance including number of lost-time injuries per 1,000 man-hours worked and 

overall safety program employed during the construction phase.  

The safety program was driven by early collaboration and involvement as well as buy-in from all 

parties. Outreach and meetings with the labor unions and leadership helped to create a culture of 

safety and awareness in all aspects of the project’s execution from the beginning. As the project 

progressed, all workers, engineers, owner’s representatives, utility owners, subcontractors, and 

suppliers were required to attend specific on-site safety training in order to access the site work 

areas. Annual refresher training was a project requirement. “All hands” meetings and safety 

moments convened regularly to reinforce the commitment to a strong safety culture for the 

project. With such a large project area, at such extensive depths, entry and access control was 

key. Implementation of special tunnel and deep work safety training and a brass tag-in/tag-out 

program for all personnel entering the tunnel portion of the project addressed these issues.  

Extensive hazard analysis and pre-activity safety meetings helped to identify potential risks early 

and often. 

A total of 9,615,506 hours were worked on the project between January 2011 and March 2019. 

There were NO fatalities and 250 recordable injuries; the monthly incident rate was 5.2 and the 

lost time rate was 1.4. Below is the last safety report from STP. 
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• Community relations – a summary of the efforts by the agency, consultant and contractor to 

protect public lives and property, minimize public inconvenience and improve relations.  

By any measure, the level of community outreach on the SR 99 tunnel project was 

unprecedented. From pre-construction to the 2019 opening of the tunnel, WSDOT led an 

extraordinary level of outreach to keep the public informed about tunneling progress, tunnel 

machine repairs, road closures and what was ahead. Direct contact included: 

 Community Briefings. For each briefing or meeting, the communications team scheduled 

presenters and prepared presentations, informational materials and summaries. 

 Elected official and agency briefings. Briefings were regularly given to state and local 

elected officials and agency staff members to describe program progress, gather feedback 

and answer questions. In addition, hundreds of emails were sent by the communications team 

to Seattle City Council, Port of Seattle officials, City of Seattle officials, Washington State 

legislators and King County officials to ensure elected officials were aware of and informed 

about the latest project-related information.  

 Program-affiliated stakeholder group meetings. The communications team coordinated 

regularly scheduled meetings with agency partners and stakeholders, prepared presentations 

and materials, staffed meetings and wrote summaries. 

 AWV Stakeholder Group, which started meeting in 2009. The group was comprised of 

residents, the freight community, Waterfront Seattle, Elliott Bay Seawall Project and Colman 

Dock. Attendees received project updates and provided input on tunneling updates, 

construction activities and maintenance of traffic. A separate north portal stakeholder group 

addressed unique concerns of the area near the Space Needle. 

 Maintenance of Traffic weekly stakeholder meetings. Weekly meetings were held for both 

north and south portal stakeholders. These weekly meetings provide an opportunity for 

stakeholders at major event centers such as Seattle Center, CenturyLink Field and Safeco 

Field to understand upcoming construction schedules and provide feedback.   

 Parking Stakeholder Group. WSDOT helped keep Pioneer Square and Seattle’s waterfront 

vibrant by subsidizing reduced-cost parking at downtown garages. This required outreach 

and advertising. A parking website and app helped visitors find $3/hour parking. 

 Fairs and festivals. Local community events (fairs and festivals) were an effective way to 

inform the public about program decisions and milestones and to solicit feedback. WSDOT 

reached tens of thousands of people via booths at fairs, festivals and farmers’ markets. These 

were held each summer for more than a decade.  

 Milepost 31. With the support of the Pioneer Square community, WSDOT created Milepost 

31, an award-winning information center about the tunnel project and the history of Pioneer 

Square. Milepost 31 stayed open for six years and hosted 80,000 visitors. More than 1,700 

people took our walking tours to get a bird’s-eye view of the tunnel job site from a platform 

next to the Alaskan Way Viaduct. Every First Thursday, when Pioneer Square held its Art 

Walk, Milepost 31 stayed open late for talk by a project expert. Milepost 31 staff also 

developed special events and hands-on activities for adults and children in an effort to attract 

more families and broader audiences. The goal was to create greater understanding of public 

projects as well as construction and engineering opportunities.  
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• Community relations – cont. 

 Transportation fairs. The program facilitated transportation fairs with major employers and 

property management companies to provide information about commute alternatives during 

tunnel construction. 

 24-hour hotline. Residents and businesses near the construction zone could call with 

questions or concerns about construction anytime during the day or night. They could expect 

an answer within one business day. 

 Media briefings. WSDOT held more than 50 media briefings from 2012 to 2019 to keep the 

public informed about the project, allow reporters to ask questions and allow media into the 

tunnel, which was off-limits to the public during construction. Videos and graphics created 

by the program helped promote greater understanding. Local and national media widely 

attended these media events, resulting in thousands of news reports published about the SR 

99 tunnel project. 

 
Above: An example of media interest in the project. This is Bertha’s breakthrough in April 2017  

 

  



Page 12 of 19 
 

• Community relations – cont. 

In addition to direct contact with the public mentioned above, WSDOT communicated broadly in 

these ways: 

Website. www.alaskanwayviaduct.org, was updated on a regular basis to ensure current and 

accurate information is available at all times. We created interactive trackers to follow Bertha’s 

progress beneath downtown. Each year, this website had more than 1.5 million unique views. 

 

Real-time construction cameras. During the course of the entire tunnel project, the 

communications team installed construction time-lapse cameras in various locations for the 

public to see what was happening. These cameras would move as the work moved. 

Social media. Early on, the program established the twitter handle @BerthaDigsSR99 as a 

consistent communications method, garnering more than 20,000 followers. Program news was 

then shared via WSDOT’s twitter account, Facebook and Instagram pages. WSDOT’s Flickr 

collection kept a visual record of progress, with more than 100,000 views of photos each year. 

  

http://www.alaskanwayviaduct.org/
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• Community relations – cont. 

Program videos. Videos became an extremely effective tool to communicate construction 

progress and convey information, to both media and directly to the public. The program 

produced 52 tunnel-related videos between 2015 and 2019, including some of the first-ever 

drone videos taken inside a tunnel under construction. Collectively, these videos have garnered 

well over 2 million views on YouTube and facebook.   

 
Above: The first drone video taken inside the SR 99 tunnel garnered almost 250,000 youtube views alone 

 

Program materials. Fact sheets, folios, brochures and other relevant materials were created, 

updated and distributed each year.  

Program email updates. Sent to more than 11,000 individuals and groups about new 

developments and milestones, upcoming events and program-related construction via the 

program’s distribution list. This included communication with the bicycle and pedestrian 

communities to provide early notice of shared-use path and sidewalk closures and detours and to 

give advanced notice to neighborhood associations, historic boards, and other stakeholders with 

before construction starts in any given area. 
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• Unusual accomplishments under adverse conditions, including but not limited to, adverse 

weather, soil or site conditions, or other occurrences over which there was no control.  

The extraordinary effort it took to pull a tunneling machine out from underground for repair 

deserves a mention, as it too was a tremendous engineering accomplishment.  

In December 2013, with only 10 percent of the tunnel built, the tunneling machine overheated 

and shut down. The contractor later discovered the seal system inside the main bearing was 

breached. The seals are supposed to stay lubricated and soil free to allow the cutterhead to spin 

and cut through the ground. The machine needed extensive repair. But it was 120 feet 

underground. 

It was a stroke of luck that the breakdown happened underneath an empty work zone along 

Seattle's waterfront. Only a few hundred yards later, the machine would have been tunneling 

underneath city streets and buildings. Seattle Tunnel Partners and machine manufacturer Hitachi 

Zosen came up with an unprecedented plan to pull the 57.5-foot-tall machine out of the ground 

for repair.  

Repairs started with construction of a 120-foot deep, 80-foot-wide access shaft made of 

interlocking concrete columns - each as wide as 10-feet. The shaft had to be self-supporting with 

no structural steel. It had to withstand the immense water pressure against it from nearby Elliott 

Bay and multiple aquifers in the area. The shaft had to stay dry, requiring the use of up to 18 

different dewatering wells. It took almost a year to finish construction.  
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• Unusual accomplishments – cont. 

Once the shaft was complete and the machine pushed inside, came the challenge of lifting four 

million pounds of machinery to the surface without damaging the machine, the adjacent viaduct 

or the rescue shaft. 

 
Above: Looking down inside the rescue shaft prior to repairs – March 2015 

 

A customized crane lifted 2,400 tons of machinery. This crane sat adjacent to the viaduct, was 

taller than the viaduct and included a hydraulic rail system able to distribute the tonnage and 

protect the nearby viaduct. Seven miles of steel cable helped lift the machine vertically, turn it 

horizontally, and move it along the rails for repairs.  

 

Right: Building a custom crane 

this large had to be done in stages. 

The Dutch lift company Mammoet 

built a 300-ton crane, which was 

used to build a 600-ton crane 

which then built the final gantry 

crane  
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• Unusual accomplishments cont. 

 

 
Above: Lifting the machine from the rescue shaft - March 30, 2015 

 

Once the machine was above-ground and disassembled, additional damage was discovered. 

Extensive repairs and strengthening were required, including 80-tons of supporting steel added. 

Repairs included installation of a new main bearing. WSDOT had required a spare main bearing 

on site as part of the SR 99 contract, and this foresight shaved months off repair time.  

  

Left: A new inner seal ring, 

which houses the rubber 

seals that protect the new 

main bearing  
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• Unusual accomplishments cont. 

Five months after the machine was lifted out of the ground, a redesigned and strengthened 

machine was reverse-lifted back underground and the process of reconnecting thousands of 

components began.  

 

Above and below: Lifting the TBM back underground – August 2015 
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Unusual accomplishments cont. 

When the improved machine was able to resume tunneling again in early 2016, it performed 

exceptionally well, completing the outer wall of the tunnel with virtually no surface ground 

movement and no damage.  The machine broke through its north portal wall on April 4, 2017, 

precisely on target – setting the stage for completion of road building and systems installation 

that would require two more years. 

Below: Breakthrough at the north portal April 4, 2017 
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February 2019 – Seattle’s SR 99 tunnel opens  

 


