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ABSTRACT: This paper describes and evaluates the accelerated design and environmental assessment processes and environmental compliance activities undertaken for the San Francisco-Oakland Bay Bridge (SFOBB) East Spans Seismic Safety Project by the State of California Department of Transportation (Caltrans).  It describes environmental research efforts spawned by the project.  It also provides insight into what might have been done differently or improved upon given the environmental issues that have arisen since the project began.

INTRODUCTION

The SFOBB on Interstate 80 is the Bay Area’s major east-west transportation and economic artery connecting the San Francisco peninsula with the communities of the East Bay and beyond.  The bridge has two sections, the West Spans (from San Francisco to Yerba Buena Island) and the East Spans (from the Island to Oakland).

Constructed in 1936, the SFOBB is situated between the San Andreas and Hayward faults.  The October 17, 1989 Loma Prieta Earthquake exposed the vulnerabilities of the existing East Spans.  The earthquake caused a section to collapse, resulting in one death and closing the SFOBB for four weeks.

Engineering studies and project financing led to the commencement of the East Spans Seismic Safety Project.  In partnership with the Federal Highway Administration (FHWA), Caltrans prepared an Environmental Impact Statement (EIS) for the project to comply with the National Environmental Policy Act (NEPA).  This legally mandated environmental evaluation process often takes five or more years to complete for projects that require preparation of an EIS, and all detailed engineering is typically performed after environmental approval.  In the interest of public safety, Caltrans simultaneously performed environmental evaluations on several alternatives and performed engineering studies and design for one replacement alternative.  Caltrans risked that the alternative selected through the environmental process would be the one that was being designed.  The risk paid off.  The alternative selected through the environmental process was a replacement structure on the same alignment as the “risk design”.  The project is now under construction.

Since construction began in 2001, environmental work has continued in order to ensure that all commitments and concerns are addressed.  Environmental activities have focused on off-site mitigation projects, monitoring for permit compliance, and refining mitigation technologies.  Caltrans is working with regulatory agencies to reach consensus on the details of the off-site mitigation projects.  As construction progresses, biologists monitor construction activities for compliance with environmental permits.  Caltrans is also refining the methods for restoring eelgrass beds and for attenuating marine pile driving energy to protect aquatic species.  Attenuator designs are undergoing continuing scrutiny, study, and refinement.  Caltrans also is participating in international efforts to reach consensus on acceptable protocols and energy thresholds for marine pile driving.

RETROFIT VS. REPLACE

Immediately after the 1989 Loma Prieta Earthquake, Caltrans undertook seismic studies of the SFOBB.  These concluded that a maximum credible seismic event (MCE) on either the San Andreas or Hayward faults could cause bridge failures and many immediate casualties.  It would require months to reopen the bridge or years to build a replacement, thus delaying both immediate emergency response and long-term economic recovery.

The State initially studied seismically retrofitting the existing structure, which included a cost/benefit analysis factoring in life cycle costs and compared this to a replacement structure.  State engineering staff recommended replacement (Maroney, 1996).  In 1997, an independent, multidisciplinary team reviewed the retrofit studies, then developed and evaluated other possible alternatives.  The team recommended replacement.  The Caltrans Seismic Advisory Board and the Seismic Safety Peer Review Panel (two additional independent groups of external engineering and scientific seismic experts) both supported this conclusion.

These recommendations led to state Senate Bill 60, signed by Governor Wilson in August 1997.  This gave the local Metropolitan Planning Organization (MPO) programming authority over the project, and provided project financing. 

In 2000, Caltrans completed an interim retrofit of the East Spans to remedy the most vulnerable structure elements until a replacement was in service.
ENVIRONMENTAL REVIEW PROCESS

State and federal laws require evaluation of potential impacts of projects that may affect the environment.  In partnership with the Federal Highway Administration (FHWA), Caltrans prepared an EIS for the project to comply with NEPA.

Environmental evaluation is a legal process and a planning tool that evaluates alternatives, ensures compliance with state and federal legislation and regulations, guides design and decision-making, and informs the public.  It involves coordinating and negotiating with, and obtaining concurrence, permits, and approvals from agencies with diverse (and sometimes conflicting) missions.  The process considers alternatives and approves the one that meets the project purpose and need, yet has the fewest adverse environmental impacts.  It also identifies potentially harmful impacts so they can be avoided, or minimized and mitigated for.  For projects involving preparation of an EIS, the process frequently takes five or more years to complete.

Caltrans began the environmental evaluation in April 1997 by holding public meetings regarding possible alternatives for study.  Caltrans and FHWA also met with resource and permitting agencies, land-owning agencies, and other interested parties throughout this process.  Compliance with environmental laws and regulations led to project refinements and contributed to the screening of project alternatives.  This helped project decision-makers to select a project alternative that provided the best possible balance among numerous public values.

Caltrans conducted a comprehensive analysis of the project’s potential environmental, social, and economic impacts.  The Draft Environmental Impact Statement, published in September 1998, disclosed the results.  Caltrans published the Final Environmental Impact Statement in May 2001.

PROJECT ALTERNATIVES

Caltrans and FHWA, in consultation with permitting and regulatory agencies, considered a wide range of alternatives based on a set of agreed-upon type selection criteria:

· Meets Caltrans criteria for designation as a lifeline route;

· Meets current standards for operations and safety to the greatest extent possible;

· Maintains five traffic lanes in each direction during peak hours and after construction;

· Does not preclude a bicycle/pedestrian path;

· Does not preclude future improvements to YBI access ramps;

· Minimizes impacts to environmental resources;

· Provides a high level of visual quality; and 

· Is a cost-effective solution.

Lifeline routes are transportation facilities that provide life safety access.  They must remain functional after an event that causes others to be out of service.

Many alternatives were considered, but only five were studied in detail.  These included “No-Build”, “Retrofit Existing Structure”, and three replacement alternatives on differing alignments.  The “No-Build” alternative was considered only as a basis for comparison.

Caltrans and its consultants, TY Lin/Moffatt & Nichol, Joint Venture, and Parsons Brinckerhoff, developed the design for each replacement alignment to a level that allowed assessment of cost, constructability, and environmental impacts.  The Retrofit alternative was based on the previous studies; however, lifeline seismic performance could not be assured due to the structure’s intricacy and the uncertainty in the 1930s materials and construction methods.  

All replacement alternatives consisted of eastbound and westbound parallel structures separated by approximately 15m.  Features included:

· A 150-year design life,

· Five traffic lanes and two standard shoulders totaling 25m wide,

· A bicycle path on the south side of the eastbound structure,

· Detour structures during construction, and

· Demolition of the existing structure.

The design team identified four segments along the replacement alignments.  From west to east, these are the land-based YBI structures, a Main Span over the navigation channel, the in-bay Skyway segment, and the land-based Oakland Approach.

For the YBI, Skyway, and Oakland Approach, prestressed concrete was identified as the most practical structure type.  For the Main Span, several “design variations” were considered.  These included a steel cable-stayed design, a steel self-anchored suspension design, and a concrete viaduct design (State of California, 2003).  Each of these was determined to be environmentally equivalent. 

In addition to alignment and design variations studied in the environmental document, other variations were studied but later withdrawn due to construction feasibility, impacts to resources, traffic operations, cost, schedule, safety, geology, roadway design problems, seismic reliability, engineering challenges, and/or conflicts with existing facilities.  These included additional main line and detour alignments, double-deck structures, varying Main Span tower types, and a split bicycle path.

“RISK DESIGN”

To reach seismic safety as expeditiously as reasonably possible, Caltrans began designing a replacement prior to obtaining environmental approvals.  In seeking community consensus, Caltrans worked closely with the local MPO, which oversaw the development of the project and expressed the region’s preferences regarding bridge design issues.  Caltrans developed and studied the replacement alternatives and design variations requested by the MPO.  Caltrans updated the MPO on the progress of the environmental process and presented the findings of the latest studies.

In June 1998, the MPO recommended a northern alignment with a single tower self-anchored suspension structure over the navigation channel.  

Caltrans began detailed design for the recommended alignment and structure type knowing that the environmental process might yield a different decision.  Caltrans worked closely with resource and regulatory agencies to weigh many environmental factors included geology, eelgrass beds, historic buildings, a proposed public park, an underwater utility, and requirements for dredging and deep-water construction.

These strategies paid off: the NEPA process confirmed the appropriateness of the replacement alignment that was being designed, thereby hastening the delivery of a lifeline structure by nearly two and a half years.  FHWA signed the Record of Decision in July 2001, officially selecting Replacement Alternative N6.

Construction began after the award of the first major structure contract in 2001.

CONTINUING EFFORT

The Record of Decision was not the conclusion of the environmental work.  Since construction began in 2001, Caltrans’ environmental activities have continued, mainly in the areas of off-site mitigation, on-site permit compliance, and refinement of mitigation technologies.

Many elements of the environmental mitigation required by the SFOBB permits were undecided when the Record of Decision was issued.  Therefore, Caltrans is working with regulatory agencies to reach consensus on the details of the off-site mitigation projects to minimize and compensate for potential environmental impacts.  Notable examples include:

Off-site Mitigation

Caltrans agreed to fund projects that improve wetland habitats and fish passage for steelhead and salmon migration at various sites around San Francisco Bay.  These off-site mitigation projects are among the largest Caltrans has ever funded and are the result of many agencies and environmental interest groups working together to improve the ecosystem of the Bay.

Caltrans’ largest mitigation measure established an escrow account to fund the clean-up of a site in the North Bay enabling the restoration of approximately 1,335 hectares of diked land.  Caltrans will provide up to $8 million to remove hazardous materials and infrastructure at this site.  This is intended to facilitate the transfer of the historic baylands from the United States Navy to the United States Fish and Wildlife Service (USFWS).  The USFWS will then prepare a wetlands restoration plan for the site.

As part of the SFOBB mitigation package, Caltrans set aside $3.5 million in grant monies for salmon habitat restoration within the watersheds of the Bay.  A team consisting of Caltrans, NOAA (National Oceanic and Atmospheric Administration) Fisheries, California Department of Fish and Game, and the National Fish and Wildlife Foundation (NFWF) reviewed and ranked grant applications for salmon habitat restoration. To date, Caltrans has transferred approximately $2,178,000 to NFWF to fund eleven projects.  A second round of applications will be reviewed and Caltrans will transfer the remaining monies to NFWF for award.

Caltrans also committed to creating 13 acres of eelgrass beds pending the outcome of a pilot-planting project.  Eelgrass is an important aquatic environment providing fish spawning and rearing habitat, and waterfowl habitat.

On-site Permit Compliance

On-site permit compliance includes monitoring and protection of wildlife around the construction site, post-construction site restoration, and treating stormwater runoff entering the Bay.

Protection of wildlife around the construction site is primarily concerned with the potential effects of marine pile driving on aquatic species.  Marine pile driving generates hydraulic sound pressure waves that (at sufficient magnitudes) may harm marine mammals and harm or kill fish in close proximity.

As authorized by NOAA Fisheries, biologists are monitoring for the presence of marine mammals during the driving of large piles.  They designate a monitoring zone around the pile based on hydroacoustic measurements of sound pressure levels propagating through the water.  Once the monitoring zone is established, they use binoculars to watch for California sea lions, harbor porpoises, California grey whales, and harbor seals within the zone.  Pile-driving activities cannot start until such animals have left the zone.

Hydroacoustic sound pressure attenuation and monitoring for protection of fish is also being conducted and involves use of specialized technologies.  When driving piles of 2.5m or greater in diameter, compliance with federal authorizations for endangered species and Essential Fish Habitat requires contractors to attenuate these waves by working in de-watered cofferdams use a marine pile driving energy attenuator (MPDEA), also known as a “bubble curtain,” which surrounds the pile in a continuous bubble stream.  Both of these techniques use air to interrupt transmission of the pressure wave through the water.
Caltrans conducts bird monitoring seasonally on a weekly basis to ensure that SFOBB construction activities do not adversely affect protected bird species.  Monitored species include the California least tern, California brown pelican, American peregrine falcon, clapper rail, and the double-crested cormorant.  

During pile clean out and jetting operations for in-bay construction, Caltrans conducts water quality monitoring to ensure maintenance of water quality standards and to protect nearby eelgrass habitat.  

The most extensive environmental impact associated with SFOBB construction is to an eelgrass bed located adjacent to the site.  Caltrans will restore the channel to the pre-existing bathymetry and replant eelgrass.

A shorebird roosting project will construct riprap islands north of the Oakland Touchdown.  This narrow strip of sensitive bay front land currently provides important foraging and roosting habitat for many bird species.  At high tide, much of the habitat is submerged.  The new islands will provide much needed bird refuge during higher tides.

Mitigation for a previous project included creation of a nearby environmentally sensitive habitat.  The proposed East Spans stormwater treatment plan will adversely impact this area.  After extensive negotiations, Caltrans was authorized to proceed with the stormwater treatment plan.

Refinement Of Mitigation Technologies 

Caltrans’ refinement of mitigation technologies has focused in two areas: eelgrass restoration and marine pile driving energy attenuation.

In partnership with NOAA Fisheries, Caltrans is surveying eelgrass within San Francisco Bay to better understand its distribution and density and to identify appropriate restoration and habitat creation methodologies.  To date, the results of the surveys have been well received by the resource agencies and other interested parties.  Caltrans will continue to work with NOAA Fisheries to refine the results and move forward with additional studies that will further the understanding of eelgrass in San Francisco Bay.
There is little precedent for replanting of eelgrass in the Bay, and techniques are not well documented.  Caltrans is funding and implementing a pilot project to create off-site eelgrass habitat.  Caltrans placed 0.4 hectare of fill in the Bay and planted it with eelgrass.  This required the amendment of regulatory policies to allow for the placement of fill in the Bay for wildlife improvements.  The pilot project was the first project permitted under these amended policies.  After the first year of monitoring, the success of the pilot project remains unclear.  The site is still being monitored in hopes that it will yield more conclusive data to determine the feasibility of planting a total of 5.3 hectares to meet permit requirements for creation of essential fish habitat.

When Caltrans realized that driving of large steel piles was causing hydroacoustic sound pressure that was harmful and even lethal to fish, Caltrans contacted experts, and reviewed studies and projects world-wide to find relevant information on this phenomenon and ways to attenuate it.  Stewardship efforts to develop the best available science and apply it within the transportation industry continue to this day.  Caltrans management encourages taking a lead on issues of state and national concern that affect its projects.  Caltrans management is also committed to building positive relationships and trust between agencies to meet mutual goals, and to be a good steward of the environment. 

When environmental permits for SFOBB were being applied for, there was, essentially, no information on hydroacoustic sound pressure generated during pile driving or its effects on fish.  Caltrans brought in internationally recognized experts to advise on the project and summarize their findings (Greene 2001; Hastings 2001; Hastings 2002).  Caltrans and FHWA then led the way to establish the Fisheries and Hydroacoustic Working Group (FHWG), a consortium of State transportation agencies, FHWA, port authorities, California Department of Fish and Game, the U.S. Army Corps of Engineers, NOAA Fisheries, and the U.S. Fish and Wildlife Service.  Caltrans recognized the urgent need continue collaborative efforts to identify the issues; to perform literature reviews and evaluate the current scientific knowledge; to propose interim noise thresholds that agencies could use while better information was being developed; to develop guidance documents to assist in project development and environmental permitting; and to agree on future research needs and then provide funding.  The three goals of the FHWG are to answer: 1) what do we currently know (what is the best available science); 2) what do we need to know (define future research needs); and, 3) what is the best application of current information for consistent interim standards.  

Currently, Caltrans is a leader in development of MPDEA technology, and is partnering in international efforts to reach consensus on acceptable protocols and energy thresholds.  Caltrans has funded development of three reports for the FHWG (Hastings and Popper 2004; Hastings and Popper 2005; Popper et. al., 2006).  The FHWG is currently working to reach agreement on scientifically supported interim noise threshold criteria to protect fish.  Agreement on attenuation methodologies and when they are necessary will be a function of these noise criteria.  Until such time as agreement is reached, we must address how, why, and when attenuation should be used, and what noise thresholds we must comply with, on a case-by-case basis.  This case-by-case approach is challenging and causes difficulties in obtaining permits for projects that include marine pile driving.  This, in turn, makes it a challenge to establish reliable project scopes, schedules, and budgets.  

In support of developing the best science available to improve our decision-making capabilities, Caltrans continually proposes, funds, and participates in research efforts on the subject of marine pile driving and fish bioacoustics.  There are currently two studies being performed.  One is through the National Cooperative Highway Research Council (NCHRP) and the other is a Pooled Fund Study sponsored by FHWA. 

The NCHRP study, “Predicting and Mitigating Hydroacoustic Impacts on Fish from Pile Installations,” is a study on bioacoustical effects on fish.  The goal is to develop guidelines for the prediction of and mitigation for the negative impacts on fish from underwater sound pressure and particle movement during pile and casing installation and removal.  The first phase, a literature research, is complete.  Phase two is in progress and experiments are now beginning to yield data on underwater sound pressure levels and effects on various target fish species.  The final report is expected in late 2008.

The Pooled Fund Study is a multi-agency effort (FHWA, the Port of Oakland, Caltrans, Washington DOT, Alaska DOT, the Pile Driving Industry, and the Bay Planning Coalition) that seeks to establish national standards that are scientifically based and agreed upon by the concerned agencies.  The study will focus on attenuation methodologies, the techniques used, their pros and cons, and efficiencies of the various methodologies.  A report on these findings will be shared with various industry experts and other valuable sources of engineering expertise at workshops.  This will, in turn, be used to develop either improvements to the currently used methods, or proposals of new methodologies that may be researched at a later date with funding from the Pooled Fund. 

 “LESSONS LEARNED”

Four items clearly stand out as categories of “lessons learned” from the SFOBB accelerated design and environmental process:  application of risk design, proactive planning, pacing, and trust.

Risk Design

The decision to “risk design” the SFOBB worked well.  However, it had a unique set of circumstances.  The project purpose and need had overwhelming regional and agency support.  There was virtually no opposition to the project location except on Yerba Buena Island.  The project does not increase traffic capacity.  Also, there was high degree of community consensus on the project design, largely due to the enormous public outreach, agency partnering, and general communication efforts.

Planning

Advancing the project took careful planning including proactive communications, expert environmental staffing for selected issues, and adequate resources.  The project management team hired a scheduling expert, held frequent internal and external coordination meetings at all levels, and kept the environmental team informed of engineering progress.  Caltrans employed a public relations firm and dedicated bridge and highway engineers to the environmental effort.   The team was occasionally hindered by the lack of specialized environmental personnel but could not have predicted all that were eventually required.  All this required additional effort and resources.

Pacing

A project of this magnitude calls for stamina and the pacing of a marathon – not a sprint with quick fixes.  There have been many challenges dealing with mitigation, monitoring, permits and refining technologies.  Finding lasting solutions requires continually proactive interactions with regional, state and federal resource agencies.  It calls for patience, determination, flexibility and creativity to look for alternative solutions and win-win agreements during interest-based negotiations.  

Trust

Building and maintaining trust with project partners has been invaluable.  Being consistent and transparent; following through on commitments; and being proactive in explaining unexpected challenges have all contributed to good relationships with project stakeholders.  

CONCLUSION: A CONTINUING CHALLENGE

In the interest of seismic safety, Caltrans and the FHWA, accelerated the environmental evaluation process for the SFOBB East Span Seismic Safety Project through careful planning, aggressive community outreach, proactive partnering with external agencies, and strategic application of “risk design.”  The State performed the environmental evaluations on several alternatives while simultaneously coordinating closely with multiple local and regional interests and executing engineering studies and (later) design of one replacement alternative.  The alternative selected through the environmental process was a replacement structure on the same alignment as the “risk design.”

During construction, environmental work continues.  This includes on-site monitoring for permit compliance, development of off-site mitigation, and refinement of mitigation technologies.  This critical seismic safety project continues to face environmental challenges and the project team continues to step up to the challenge.

ACKNOWLEDGMENTS

The authors would like to acknowledge Dr. Brian Maroney of Caltrans, and Mara Melandry and Denis Mulligan, formerly of Caltrans, for inspiring steadfast resolve in the project team.  The authors would also like to acknowledge the many other dedicated staff from Caltrans, FHWA and numerous other local, regional, state and federal agencies that helped the project team achieve its ambitious goals.

REFERENCES

Greene, Charles R. (2001). “Proposed Construction Impact Avoidance And Minimization Measures - Regarding The Interaction Between Fish And The Sounds From Pile Driving While Building The New San Francisco – Oakland Bay Bridge.”  California Department of Transportation.

Hastings, Mardi C. (2001). “Effects Of The Proposed Actions - Regarding The Interaction Between Fish And The Sounds From Pile Driving While Building The New San Francisco – Oakland Bay Bridge.”  California Department of Transportation.

Hastings, Mardi C. (2002). “Clarification Of The Meaning Of Sound Pressure Levels And The Known Effects Of Sound On Fish.”  California Department of Transportation.

Hastings, Mardi C. and Arthur N. Popper (2004).  “Hydroacoustics, Bioacoustics and Noise Thresholds for Fish – Best available Science”.  California Department of Transportation.

Hastings, Mardi C. and Arthur N. Popper. (2005). “Effects of Sound on Fish”.  California Department of Transportation.

Maroney, Brian (1996). “Replacement Study for the East Spans of the San Francisco-Oakland Bay Bridge Seismic Safety Project.”

State of California, Department of Transportation. (2003). “Final Environmental Impact Statement/Statutory Exemption and Final Section 4(f) Evaluation.”

State of California, Department of Transportation.  (2000).  “Replacement vs. Retrofit.”

Popper, Arthur N., Thomas J. Carlson, Anthony D. Hawkins, Brandon L. Southall, and Roger L. Gentry. (2006).  “Interim Criteria for Injury of Fish Exposed to Pile Driving Operations: A White Paper”.  California Department of Transportation.

Purcell, C. H, Andrew, Charles E. and Woodruff, Glenn B. (1937). “Designing and Building the San Francisco-Oakland Bay Bridge”. Engineering News-Record.

United States Army Corps of Engineers. (2000). “Final Report: Evaluation and Assessment of Proposed Alternatives to Retrofit/Replace the East Span of the San Francisco-Oakland Bay Bridge.”

� Marilee Mortenson, California Department of Transportation, Division of Transportation Planning, 1120 N Street, Sacramento, California


� Mike Whiteside, California Department of Transportation, Structures Office Engineer, 1801 30th Street, Sacramento, California


� Deborah McKee, California Department of Transportation, Division of Environmental Analysis, 1120 N Street, Sacramento, California


� Melissa Escaron, Port of Oakland, 530 Water Street, Oakland, California






