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FOREWORD 

The Flight Plan Project is a forward-looking effort that addresses one of many 
growth-related issues vitally important to our region, as well as  to the entire State 
of Washington. To ignore the role that an  efficient air transportation system plays 
in the quality of life we now enjoy and want for the future would be irresponsible. 
To not recognize or attempt to minimize the social and environmental costs of 
maintaining such a system would also be irresponsible. At the same time, the 
solution that is chosen must be cost-effective and technically feasible to assure it 
is implemented. These are the issues and value-laden trade-offs that made the 
Flight Plan Project so challenging. 

It  is often difficult to maintain perspective when addressing an issue like air tans- 
portation system capacity a decade before it reaches crisis proportion. However, 
ten years is the lead time required to decide what needs to be done and then to do 
it. As this document is reviewed, the region-shaping influence of the recommen- 
dations should be kept in mind. No other region in the country is as dependent 
on high-tech manufacturing and international trade as  is the Puget Sound. The 
role of efficient air transportation which is convenient to our primary market areas 
cannot be over-emphasized when considering ecomomic benefits like the retention 
and creation of jobs. The ability to effectively mitigate related environmental costs 
is also an integral component of a healthy regional economic framework. 

The people of the Puget Sound Region are recognized for our vision and innovative 
approaches to decision-making and problem solving. This vision, however, has 
always been tempered by a firm understanding of the most practical and feasible 
solutions available. We are also influenced by a real respect for the natural envi- 
ronment and appreciation of the unique and physically constrained geographical 
region which we inhabit. The draft Flight Plan recommendation which is de- 
scribed in the following text and supported by extensive technical and environ- 
mental analysis provides a balanced solution that is sensitive to a wide range of 
competing objectives. 

The draft Flight Plan recommendation is based on a great deal of thoughtful con- 
sideration. This Draft Final Report includes a programmatic Environmental Im- 
pact Statement, which is used to assess a range of alternatives at  the system 
planning level. This level of analysis is the first step of a multi-phased process 
and will be followed by more detailed analysis for each specific component of the 
approved system plan. Your review and comment on this document initiates a 
process that is very important to the future of our region. Your active participa- 
tion is and will continue to be highly valued. 

J 
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MESSAGE FROM THE CHAIR 

January 7, 1992 

Dear Citizen of the Puget Sound Region, 

Quality air service for passengers and shippers is a prime component of both 
the economic vitality and quality of life we enjoy in this region. As a matter 
of fact, efficient and convenient commercial air service is vital to the State of 
Washington and the elltire Pacific Northwest. As you may have heard from 
news reports over the last few months, our region's only commercial service 
airport, Seattle-Tacoma International, is quickly nearing its runway capacity. 

The population growth in our region along with the increasing attractiveness 
of air travel means that within the next decade, Sea-Tac will be saturated in 
terms of the number of take-offs and landings it can handle. While the quality 
of air service at Sea-Tac is still quite good, without action, growing numbers 
of flights will lead to increased delays for travelers and shippers and a decline 
in our region's ability to remain a key player in domestic and international 
trade. 

During the last two years, I have had the privilege of working with a wide 
range of people on the Puget Sound Air Transportation Committee (PSATC). 
The PSATC is comprised of citizens, environmental interests, local and state 
elected officials, and representatives of the airlines and the business commu- 
nity who were assembled to recommend a plan for the long term air carrier 
needs of our region. Members represented the Central Puget Sound Region 
Counties of King, Kitsap, Pierce, Snohomish, and Thurston. The PSATC was 
co-sponsored by the Puget Sound Regional Council (the region's transporta- 
tion planning agency) and the Port of Seattle (operator of Sea-Tac). The study 
conducted by the PSATC was called the Flight Plan Project. 

The PSATC began the Flight Plan Project in late 1989. Since then, forecasts 
of future air traffic growth were prepared and alternatives studied for meeting 
air ravel demand through the year 2020 and beyond. Numerous experts and 
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several consultants assisted the PSATC in collecting technical data and provided advice on how to 
seek a solution. After looking at a variety of system alternatives and site options and after much 
indepth analysis, the PSATC formulated its draft final recommendations. 

The purpose of the Flight Plan Draft Final Report is to present the PSATC's draft final recommends. 
tions and to summarize the process used to develop them. Included are a set of Appendices which 
deal with the operational/technical, economic/financial, institutional, and environmental issues 
which were examined in detail in order to arrive at the draft recommendations. The Appendices are 
comprised of the working papers prepared by the consultants and staff during the the third phase of 
the project. The complete Draft Programmatic Environmental Impact Statement (DEIS) prepared as 
part of the study is Appendix E. 

Before the recommendations are finalized, the PSATC will gather further input from interested citi- 
zens and agencies during January and February. Taking into consideration the feedback received, 
final recommendations will be prepared and presented for adoption and action to the governing 
bodies of the Puget Sound Regional Council and the Port of Seattle. It will then be up to these and 
other agencies to conduct further studies and to implement the recommendations. 

I would like to take this opportunity to thank all of the citizens who have been involved in the Flight 
Plan Project and who have shared your ideas and concerns with the PSATC over the last two years. 
I encourage you to remain involved in this important process during the next few months and I look 
forward to working with you in the future. 

Robert Wallace, Chair 
Puget Sound Air Transportation Committee 
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DRAFT RECOMMENDATIONS 

After a year-and-a-half of work, at the completion of Phase II of the Flight Plan Project, the Puget 
Sound Air Transportation Committee (PSATC) developed a list of system alternatives and site 
options which were recommended for further analysis during Phase III of the Project. These alterna- 
tives and options represented a short list of the potential solutions for meeting the Puget Sound 
Region's air capacity needs to the year 2020 and beyond. 

In Phase 111, the PSATC conducted an indepth analysis of the system alternatives and site options 
recommended for further analysis. Data were collected for the alternatives and site options in terms 
of operational/technicaI, economic/financial, and environmental elements. Institutional factors were 
also examined to make sure that the alternatives could actually be implemented and to assist in the 
development of an action plan. At its December 4th, 1991 meeting, the PSATC used the collected 
information to first eliminate those alternatives and site options it considered to be unfeasible and 
then to develop a preferred alternative for the Puget Sound Region's future air transportation system. 
A list of secondary alternatives was also developed. The purpose of the secondary alternatives was 
to provide a set of potentially feasible solutions which could be compared with the preferred alterna- 
tive in the Draft Programmatic Environmental Impact Statement. 

unfeasible Alternatives 

Following is the list of alternatives which the PSATC determined would not be adequate to meet our 
region's future air transportation needs: 

* Do Nothing and allow the region's population to grow without ade- 
quate air service 

* Implement demand management at Sea-Tac and do nothing else to 
expand air capacity 

* Force people to travel to international airports at Portland or Vancou- 
ver, B.C. with or without heavy-rail service 

* Close Sea-Tac and replace it with a new international airport or re- 
gional airports 

The first three alternatives listed above were deemed to be unfeasible because it was found that they 
would not be able to meet our region's projected demand for air travel out to the year 2020 and 
beyond. The last alternative above was considered unfeasible because it was found to be prohibi- 
tively expensive and to cause severe environmental impacts. 



preferred Alternative 

The preferred alternative is a phased multiple airport system which calls for scheduled airline service 
at Paine Field in Snohomish County and a new dependent runway at Seattle-Tacoma International 
Airport. Both of these actions would be taken concurrently and would be in place by the year 2000. 
It was also recommended that a site for a third commercial service airport be master planned and 
preserved in the southern portion of the Puget Sound Region. The third airport would be imple- 
mented sometime after the year 2010 either at McChord Air Force Base or at a new site on Fort 
Lewis if coordination with the military could be achieved. If military coordination is not possible, 
then the third airport would either be implemented in the Loveland area of Pierce County or in the 
OlympiaBlack Lake area of Thurston County. Schematic layouts of Sea-Tac with a new dependent 
runway and of Paine Field can be found in Figures 1 and 2 respectively. The locations of the recom- 
mended supplemental airport sites in the south part of the region can be found in Figure 3. 

The preferred alternative was chosen due to its ability to fulfill several key evaluation criteria which 
were based on the PSATC's Vision Statement. A list of the considerations used in choosing the 
preferred alternative follows: 

Environmental Oualitv and Livability 

* By the year 2000, virtually all aircraft using Sea-Tac will be classified 
as Stage I11 (the quietest type) and the number of people impacted by 
noise will be reduced by nearly ninety percent, even with the addition 
of a dependent runway. 

* Airport locations within the growing urban area of the region, as 
opposed to in undeveloped rural areas, help to preserve open space and 
limit urban sprawl. 

" multiple airport system helps minimize air pollution by reducing the 
amount of ground travel required to reach an airport. Also, since 
aircraft delay is lessened with a multiple airport system, aircraft are not 
required to idle as long and air emissions are further reduced. 

Regional Economic Vitality 

* A multiple airport system strengthens the region's ability to compete 
for business both domestically and internationally by providing addi- 
tional air capacity as it is needed. 

* A multiple airport system distributes the economic benefits and the en- 
vironmental costs of airport facilities throughout the region. 







FIGURE 3 

South Puget Sound Region Airport Sites 



* By using existing facilities to the greatest feasible extent, the preferred 
alternative minimizes construction costs and lessens the possible need 
for tax subsidies. 

Inteaated Transportation System 

* The existing airports and potential airport sites of the preferred alterna- 
tive are in close proximity to harbors, rail lines, and the state and Inter- 
state Highway network. 

* Both Paine Field and Sea-Tac are currently being considered as stops 
on the region's proposed light rail transit system. 

Alternatives in this category represent secondary solutions to our region's long term air travel needs 
that the PSATC found less-desirable than the preferred alternative. Each of the secondary alterna- 
tives is a variation of a multiple airport system. The list of secondary alternatives is as follows: 

Alternatives witlzout * Sea-Tac with a new dependent runway 
Paine Field: and a supplemental airport at the 

Arlington Airport site in Snohomish 
County with two air carrier runways 

* Sea-Tac with a new dependent runway 
and a supplemental airport at the 
Central Pierce County site with two air 
carrier runways 

Alternative without 
a new dependent 
runway at Sea-Tac: 

* Sea-Tac without a new runway and 
supplemental airports at Paine Field 
and the Central Pierce site each with 
one air carrier runway 



Alternatives without * Sea-Tac without a new runway and a 
a new dependent supplemental airport at the Arlington 
runway at Sea-Tac Airport site with two air carrier run- 
and without Paine ways 
Field: 

* Sea-Tac without a new runway and 
supplemental airports at the Arlington 
Airport site and the Central Pierce site 
each with one air carrier runway 

* Sea-Tac without a new runway and 
supplemental airports at the Arlington 
Airport and Olympia/Black Lake sites 
each with one air carrier runway 

Finalization of Draft Recommendations 

During late January and early February of 1992, eight public hearings will be held throughout the 
region in King, Snohomish, Pierce, Thurston, and Kitsap Counties. The purpose of the hearings is to 
gain citizens' and interested agencies' comments on the draft recommendations and on the Draft 
Programmatic Environmental Impact Statement. After considering comments received at the hear- 
ings and in writing, the PSATC will develop in March its final recommendations for the region's 
future air transportation system. The final recommendations will then be presented to the Puget 
Sound Regional Council and to the Port of Seattle for adoption and further action. These actions 
will include amendments to Port of Seattle and Puget Sound Regional Council plans and will call for 
updates to local and regional plans. Other actions necessary to implement the Final Recommenda- 
tions may also be needed. An explicit action plan will be developed as part of the Final Recommen- 
dations. 

I m ~ a c t s  and Mitigation Summary 

The Draft Programmatic Environmental Impact Statement for the Flight Plan Project is found in 
Appendix E. Listed here for ease of reference is a summary of the environmental impacts and 
possible mitigation measures for the preferred and secondary alternatives. The environmental 
impacts summary is Figure 4 and the list of possible mitigation measures is Figure 5. 

Environmental issues were one of the primary concerns addressed during the Flight Plan Project. In 
addition, three other categories of issues were studied. These were: operationalltechnical elements, 
economic/financial elements, and institutional elements. A summary of the data for the operational1 
technical and economic/financial elements can be found in Figure 9 later in the report. A discussion 
of institutional concerns can be found in Working Paper #10 in Appendix D. 
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Environmental Impacts Summary 
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INTRODUCTION 

Just as the highways of our metropolitan area are becoming increasingly over-crowded, so too is our 
region's only commercial air carrier airport, Seattle-Tacoma International Airport (Sea-Tac). As the 
population of the Puget Sound Region expands and as air navel becomes increasingly popular, 
airfield congestion at Sea-Tac will continue to worsen. Airport congestion leads to longer delays for 
those of us using air travel and to a general decline in the quality of airline service. In the end, this 
will negatively affect the Puget Sound's trade dependent economy. 

As part of its ongoing transportation planning for the region, the Puget Sound Regional Council 
(formerly Puget Sound Council of Governments) in September of 1988 adopted the "Regional 
Airport System Plan" which is a part of the "Regional Transportation Plan." One of the findings of 
the plan was that Sea-Tac would reach its capacity sometime around the year 2000. As a result, the 
airport will not be able to meet the growth in air passengers that is expected through the year 2020 
and beyond. In response, the plan recommended that the Puget Sound Regional Council (PSRC), in 
cooperation with the Port of Seattle (operator of Sea-Tac), undertake a study to define a solution and 
an action plan to meet our region's air travel needs to the year 2020 and beyond. 

In May of 1989, the PSRC and the Port of Seattle entered into an interagency agreement which was 
designed to "...establish a joint planning process between the Port and the [PSRC] for developing a 
regional air carrier system plan for the Puget Sound Region." A major goal of the Project would be 
to involve interested parties, governments, and citizens from throughout the region in the planning 
process. 

The interagency agreement created the Puget Sound Air Transportation Committee (PSATC) which 
was given the task of studying the precise nature and extent of the airport congestion problem and to 

~ - 

recommend a solution to the bodies of the PSRC and the port. T ~ ~ P S A T C  is a thirty- 
nine-member steering group made-up of citizens, local and state elected officials, representatives of 
the business community, and aviation and environmental interests from King, Pierce, Snohomish, 
Kitsap, and Thurston Counties. The air transportation system study undertaken by the PSATC was 
called the "Flight Plan Project." 



PROJECT OVERVIEW 

The Flight Plan Project was conducted in three phases. 

Phase I consisted of the development of a mission statement and project objectives, a vision state- 
ment, and preliminary forecasts of regional air travel demand. These products established the 
character of the study effort and the scope of the commercial air transportation problem facing Puget 
Sound residents and those who wish to travel and do business here. 

The purpose of Phase I1 was to develop a broad range of conceptual aviation and non-aviation 
system alternatives and to identify generic sites which would be used to help evaluate the system 
alternatives. The system alternatives and sites were assessed at a basic level to eliminate those 
which had significant impediments to implementation or were incompatible with the PSATC's 
Vision Statement. The remaining system alternatives and sites were deemed to be potentially fea- 
sible. After a series of public meetings to gather citizen's comments on the alternatives, the PSATC 
finalized a list of feasible alternatives for extensive analysis in Phase 111. 

Phase I11 was designed to analyze and develop the remaining alternatives and options in depth and to 
formulate the PSATC's draft recommendations. Alternatives were studied according to operationall 
technical elements, economic/financial elements, institutional elements, and environmental ele- 
ments. 

Throughout all Phases of the Flight Plan Project, an extensive public involvement program was 
carried out to keep citizens informed and to encourage them to be involved in the PSATC's work. 
An overview of the public involvement process is presented at the end of Section Two. 

Figure 6 shows the overall project schedule and includes the major tasks and milestones completed. 





PHASE I SUMMARY 

Mission Statement 

The first step in the Project was for the Puget Sound Air Transportation Committee to formulate a 
mission statement which presented their objectives for the region's air transportation system. Based 
on several months of discussion, the PSATC adopted the following statement in April of 1990: 

FIGURE 7 

MISSION 
Puget Sound Air Transportation Committee 

The mission of the Puget Sound Air Transportation Committee is to strive 
to meet our region's commercial air transportation needs for the first half 
of the 21st century. 

Our air transportation system should: 

* Utilize a planning process that involves all interested parties, govern- 
ments, and citizens so as to seek broad public input and to ensure broad 
public support of our eventual recommendations. 

* Be compatible with the human and natural environment and avoid 
adverse environmental impacts to the greatest extent possible. 

* Be coordinated and integrated with all other transportation modes. 

* Remain competitive nationally and internationally and meet the needs 
of passengers and air cargo shippers. 

* Accommodate regional population and economic growth and be inte- 
grated with statewide economic and transportation plans. 

The mission statement provided the PSATC with broad policy guidance for conducting the rest of 
the Flight Plan Project. 



Vision State- 

Following the agreement on the mission statement, the next step was to develop a vision statement 
for the region's air transportation system in the year 2020. The purpose of the vision statement was 
for the PSATC to set general goals and to delineate what issues it felt were most important in re- 
gards to the air transportation system. It was written to guide the PSATC as it later developed and 
evaluated system alternatives. Essentially, the vision statement is a goal for our future air transpor- 
tation system and provided a standard by which the sytem alternatives could be compared. The 
complete text of the vision statement can be found in Figure 8. 

Initial ForecasQ 

In order to provide a measuring stick for the amount of demand the region's air transportation 
system would need to accommodate in the coming decades, the PSATC developed preliminary 
forecasts of air travel passengers out to the year 2020 and the aircraft operationH (take-offs and 
landings) needed to serve them. Predictions for air cargo levels were also made. The PSATC was 
assisted in this effort by the aviation consulting firm of KPMG Peat Marwick. 

The purpose of the initial forecasts prepared during Phase I was to determine the nature and extent 
of the air traffic congestion problem facing the region at Sea-Tac and to determine how much addi- 
tional air travel capacity would be needed in the future. The forecasts were then revised and en- 
hanced in Phase 11. 

The major findings of the forecast process, which were adopted by the PSATC in June of 1990, were 
that: 

* 25.4 million annual airline passengers are forecast for the Puget Sound 
Region in the year 2000 (Sea-Tac had 16.2 million passengers per year 
in 1990). 

* Saturation of Sea-Tac will begin when aircraft operations reach 
380,000 per year - forecast to occur close to the year 2000. (Sea-Tac 
handled 355,000 operations in 1990). 

* Hourly capacity at Sea-Tac is greatly reduced during bad weather, 
which occurs approximately 45 percent of the year. 

* Delays at Sea-Tac in 2000 will be similar to those currently experi- 
enced at airports like Chicago's O'Hare, New York's La Guardia, and 
Washington, D.C.'s National. 

* Airline passenger levels are growing mainly because of growth in the 
region's economy, population, and increase in per capita demand for 
flights. Most of the demand is for domestic flights. 



FIGURE 8 

VISION: AIR TRANSPORTATION SYSTEM 2020 

This is our shared vision for the air transportation system in the year 2020. 

We have an integrated air, land, and sea transportation system that will serve the region's travel needs world- 
wide to the year 2050 and thereafter. The transportation system enhances the livability and environmental 
integrity of the Pacific Northwest, is convenient and accessible to its users, promotes the economic vitality of 
the state, and serves as a gateway to all domestic and world markets. This transportation system is recognized 
worldwide as a leading model of transportation development. 

THE VISION DEFINED 

Environmental Oualitv and Livability 

The air and related ground transportation system enhances the overall environmental quality and livability of 
the entire region, and particularly those co~n~nunities surrounding transportation facilities. Specifically, it 
enhances a quality environment relative to: 

* Noise Exposure 
* Air and Water Quality 
* Accessibility and Freedom of Movement 
* Health and Safety of People 
* Protection of Sensitive Areas 

The planning and development of the air and related ground transportation system has been used as an oppor- 
tunity to shape the general development pattern of the region. 

Regional Economic VitaliQ 

The air transportation system enhances and stimulates the Pnget Sound Region as an economic center for the 
PacificNorthwest. Thesystem serves as amajorinternational gateway for domesticand world markets, thereby 
promoting the economicvitality and well-being of the State of washington and the Pacific Northwest. 

Intemated Transoortation Svstem 

Air and surface transportation systems are totally integrated and support the fast, convenient, and cost-effective 
movement of peopleandgoods to and from communities within Washington, and between Washinglonand the 
rest of the united States,-the Pacific Rim, and the rest of the world. 

The implementation of the integrated transportation system is coordinated among the affected and appropri- 
ateparties. 

Existing and emerging technologies are used to the greatest extent possible in a flexible system designed to 
accommodate the future. 



* The primary cause of Sea-Tac saturation will be caused by growth in 
passenger aircraft operations. 

* Air cargo and international flights are a small portion of total aircraft 
operations. Only 3% of operations are by all-cargo flights, while 
overseas international flights comprise only 5% of total operations. 

* No increase in all-cargo flights is expected since the growth in tonnage 
will be carried on larger planes or in passenger planes. 

* Sea-Tac moves more Asia-Europe "sea-air" cargo than any other 
airport in the world. To stay competitive in the Far East-to-Europe 
cargo market, the region must continue to provide adequate air service 
facilities. 

* Timely implementation of the PSATC's recommendations is needed to 
accommodate the region's air travel needs. 

Further information on the forecasts and the methodology used can be found in the Phase I Final 
Report entitled "Phase I Forecasts, Flight Plan Study, Puget Sound Region" dated July 1990. 

It is important to note that the future cannot be predicted with certainty. In the short term, there may 
be substantial variations from the forecasts. However, short-term variations are not expected to alter 
the long-term trends. Because of possible variations, the forecasts are best considered as activity 
levels at which airport capacity decisions will need to be made. In other words, the forecasts indi- 
cate what required facilities and capacity level will be needed in the future, but actual levels of 
demand will drive when those facilities are actually implemented. 



Revised F o r e c d  

The initial forecasts of aircraft operations made during Phase I of the Flight Plan Project were 
revised in Phase I1 to tailor the operations forecasts to the specific trends of the Puget Sound Region. 
Passenger and cargo forecasts remained the same. The revised forecasts examined more closely the 
air travel characteristics in markets served from Sea-Tac. 

The main result of the additional forecast analysis was that the number of total operations predicted 
was moderately lowered. For example, in the year 2020 the initial forecasts anticipated 575,000 
operations per year, while the revised forecasts lowered the number of operations for the same year 
to 524,000. This was primarily due to the assumption that airlines serving three of Sea-Tac's key 
markets (Spokane, Portland, and Vancouver, B.C.) would use larger planes in the future and would 
therefore be'able to carry more passengers for a given number of flights. The revised forecasts were 
used through the remainder of the Flight Plan Project in developing and analyzing air transportation 
system alternatives. A complete explanation of the revised forecasts can be found in Appendix J of 
the Phase I1 Final Report entitled "Phase 11: Development of Alternatives," dated June 1991. 

pevelooment of Svstem Alternatives 

With forecasts indicating the nature of the airport capacity problem within the region, the next step 
for the PSATC was to begin to look for solutions. After hearing from several aviation experts and 
airport professionals from other cities, the PSATC developed a comprehensive set of system alterna- 
tives which can be classified into nine categories. The system alternatives below include both 
aviation-related and non-aviation-related solutions and were the PSATC's first-cut at what potential 
means were available for meeting the region's long term air travel needs. 

Svstem Alternative$ 

Base Case A: No major facility improvements at any Puget Sound air- 
ports, except for those already underway 

Base Case B: Short-term capital projects and policies that may be imple- 
mented at Sea-Tac before the year 2000 

Expand Sea-Tac: Full development of the existing airport site, roughly 
within the current boundaries 

Replacement Airport: Close Sea-Tac and build a single new airport 
designed to meet the long-term aviation needs of the region. 



Remote Airport: Development of a second airport operated in tandem 
with Sea-Tac, with direct ground transportation connection to Sea-Tac 
(either a close-in airport like Boeing Field, or a distant airport like Moses 
LakeIGrant County). This alternative differs from a multiple airport 
system in that the airports would be functionally linked. 

Demand Management: Pricing andlor regulatory techniques which en- 
courage the use of larger aircraft, flights during non-peak hours, and the di- 
version of passengers to other travel modes. 

New Technologies: New aircraft, air traffic control procedures, and other 
technologies which enhance airport capacity 

High-Speed Ground Transportation System: Development of a high- 
speed ground transportation system (such as steel wheel or magnetic- 
levitation trains) linking major urban areas to each other and the airport, 
replacing a number of trips now taken by air and automobile 

Screening of Svstem Al te rna t iv~  

The system alternatives selected by the PSATC represented a broad range of potential solutions to 
the future commercial aviation capacity problems facing the Puget Sound Region. A two-stage 
process was used to look at the alternatives and to eventually choose a preferred solution. The fust 
step was a preliminary screening of the alternatives in Phase I1 and the second step was an indepth 
evaluation of the remaining alternatives during Phase III. 

As a test to the technical feasibility and ability to meet the PSATC's vision, each of the alternatives 
was analyzed to determine if any had fatal flaws that would make its implementation impossible or 
impractical. A consulting team lead by Apogee Research assisted the PSATC in the analysis of the 
alternatives. I 
In order to determine the workability of any of the system alternatives, it was necessary to make sure 
that adequate sites would be available for each. Both existing airports and potential airport sites 
were examined. The sites were used to develop a range of the benefits and impacts that would be 
realized from each system alternative. 

PSATC preferred alternative per draft recommendations 



One of the first tasks in this process was to inventory existing airports throughout the region to see if 
they could be used as sites for any of the airport-related alternatives. Fourteen airports were identi- 
fied as candidates for further analysis. These were: 

Arlington Municipal Airport 
Auburn Municipal Airport 
Bellingham International 
Boeing Field (King County Airport) 
Bremerton National 
McChord Air Force Base 
Moses Lake Airport (Grant County) 
Olympia Airport 
Paine Field (Snohomish County Airport) 
Port Angeles Airport (Fairchild International) 
Renton Municipal Airport 
Seattle-Tacoma International Airport 
SkagitDayview Airport 
Tacoma Narrows Airport 

The above sites were studied to see if they met basic acreage and facility requirements to accommo- 
date each of the airport-related alternatives. If they did not currently have adequate facilities for any 
of the airport-related alternatives, they were further examined according to a set of expandability 
criteria to see if they could potentially be enlarged. 

As a result of this initial screening, the Auburn, Port Angeles, Renton, and Tacoina airports were 
dropped from further analysis. It was found that the sites were too small and too constricted by 
urban development or topography to be used for any of the system alternatives. Although Belling- 
ham International had promise in terms of size and existing facilities, the PSATC determined that it 
was too far from existing and projected population centers of the Central Puget Sound to adequately 
serve the region and was discarded on that basis. 

A preliminary search for technically feasible sites for building new airports was also conducted. In 
essence, the search criteria focused on areas throughout the region which would be large enough, flat 
enough, and without apparent environmental roadblocks that could accommodate either a new 
supplemental or a new replacement airport. The search was an initial screening of potential sites 
only and was not a comprehensive site selection exercise. Counties searched were: Skagit, 
Snoho~nish, Kitsap, King, Pierce, Thurston, and Lewis. This effort yielded the following five 
"search areas:" 

* Arlington/Stanwood Area (Snohomish County) 
* Enumclaw/Buckley Area (KingJPierce Counties) 
* ' Fort LewisISpanaway Area (Pierce County) 
* Olympia/Black Lake Area (Thurston County) 
* Napavine Prairie Area (Lewis County) 



A search area was not a specific site, but rather a small portion of the region in which potential sites 
might be found. Other areas within the region were excluded from being search areas due to topog- 
raphy, environmental problems or severe impacts to urban areas. 

Concerning potential high-speed ground transportation alignments, two corridors had been sug- 
gested in the past: 1) Vancouver, B.C. to Seattle to Portland via Sea-Tad Airport, and 2) Seattle 
(Sea-Tac) to Moses Lake. The PSATC chose both of these alignments for further study as potential 
options. 

After identification of sites for each of the system alternatives was completed, the following ques- 
tions were studied: 

* Airspace: Are there conflicts with other airports or terrain? ~ 
* Capacity: How many aircraft operations can be accommodated (or 

diverted)? 

* Ground Access: How accessible is each site option to residents of the 
Central Puget Sound Region? 

* Investment Requirements: How much money would be needed for 
constrnction? 

* Economic Impact: What are the economic implications for the region 
and its subareas? 

* Implementation Feasibility: What major roadblocks might be en- 
countered during implementation? 

A three-step screening process was used to assess the system alternatives based on the answers 
received to the above questions. The first step was to eliminate those alternatives that were found to 
have serious problems in terms of the above issues. The second step was to create packages of 
system alternatives from those that remained. This involved combining alternatives in such a way 
that the resulting packages would be able to meet the air travel demand forecasts for 2020. The third 
step was to measure the resulting packages in terms of how well they met the PSATC's vision 
statement of providing adequate capacity to the year 2050. 

Svstem Alternatives Recommended for Further Analysis 

In March of 1991, the Options Subcommittee of the Puget Sound Air Transportation Committee 
developed draft conclusions of what it considered to be alternatives that might be feasible or alterna- 
tives which were not feasible as a result of the screening process. After a series of public hearings in 
March and April of 1991 to gain public input on these conclusions, the PSATC approved the follow- 
ing alternatives for indepth technical/operational, economic/financial, institutional, and environ- 
mental analysis during Phase 111 of the Project: 



* Replacement Airport: Close Sea-Tac and build a new airport capable 
of meeting the region's long-term air travel needs. 

Packaged with the above two alternatives were Demand Management 
Techniques and New Technologies used to the maximum extent pos- 
sible. 

* Sea-Tac in conjunction with the maximum feasible of: a) 
demand management techniques, b) new technologies, and c) alternate 
modes of transportation. This package of previous solutions would 
attempt to meet future demand without additional runways. 

* Boeing Field as a Close-in Remote Airport: Earlier analysis of this al- 
ternative by the FAA and the consultants to the PSATC concluded that 
increased air tiaffic interaction between Sea-Tac and Boeing Field 
would result in unacceptable operational reliability at Boeing Field 
with no net capacity gain for the region. Additional analysis of the 
airspace situation was requested to determine if it could be resolved. If 
the airspace issue could be resolved, the Committee could consider this 
as an additional alternative warranting further study. 

The PSATC found that supplemental airports under the multiple airport system alternative might be 
feasible at the Arlington, McChord Air Force Base, and Paine Field airports. 

New supplemental airports or a new replacement airport might be built in the ArlingtodStanwod, 
Fort Lewis/Spanaway, and OlympiaBlack Lake search areas. 

Svstem Alternatives Not Recommended for Further Analvsk 

I 
! The remaining system alternatives from the initial list were determined not to be feasible as "stand 

alone'' alternatives. This means that any one of them by itself would not be able to meet the air 
travel demands of our region in the year 2020. However, when it was practical, these alternatives 
were packaged with the alternatives which were recommended for further analysis in Phase Ill. 
Alternatives in this category were: 

PSATC preferred alternative per draft recommendations 



* All of the initial Sea-Tac alternatives (Base Case A & B, and Expand 
Sea-Tac) - Dropped due to inadequate capacity to meet the PSATC's 
Vision.. 

* Distant Remote Airport linked to Sea-Tac by high-speed rail (the 
Moses Lake option) - Dropped due to difficulty to implement, ex- 
tremely high capital costs, and lack of accessibility to users. 

* High-Speed Ground Transportation linking Sea-Tac to Vancouver, 
B.C. and Portland - Dropped due to extremely high capital costs and 
small incremental benefit to airport capacity. However, the PSATC 
encouraged and supported the study of rail by the State Air Transporta- 
tion Commission and the State High-Speed Rail Commission. 

* Demand Management as a stand-alone alternative - Dropped due to 
inadequate capacity enhancement to meet the PSATC's Vision. 

* New Technologies as a stand-alone alternative - Dropped due to inade- 
quate capacity enhancement to meet the PSATC's Vision. 

For more information on both the alternatives that were recommended for further analysis and 
those that were not, as well as the results of the technical analysis and screening, please refer to 
the Phase I1 final report entitled "Phase 11: Development of Alternatives" dated June 1991. 



PHASE 111 SUMMARY 

Refinement of Svstem Alternatives Recommended for Further Analvsi~ 

Phase I11 of the Flight Plan Project was designed to develop a specific list of alternatives by refining 
the system alternatives and sites which were determined to be feasible or potentially feasible during 
Phase 11. This was done by re-examining those system alternatives which were determined to be 
potentially feasible and by developing conceptual site layouts for each of the combinations of system 
alternativeslsite options. Using the site layouts, the alternatives were then evaluated indepth accord- 
ing to a set of operational/technical, economic/financial, institutional, and environmental criteria. 
Based on the indepth analysis, a preferred alternative was chosen. 

One of the four system alternatives carried forward for further study from Phase I1 of the Flight Plan 
Project -Boeing Field as a Close-In Remote Airport- was classified by the Puget Sound Air Trans- 
portation Committee as "potentially feasible." This meant that the PSATC thought that this alter- 
native might be workable, but further study was needed than was provided in Phase 11. 

In addition, a more broadly-defined Demand Management alternative was also examined in detail in 
Phase III as well as a new iteration under the multiple airport system alternative which consists of a 
three-airport system. 

Further Study of Boeing Field as a Close-In Remote 

Preliminary study of Boeing Field as a Close-In Remote Airport in Phase I1 indicated that serious 
airspace conflicts with Sea-Tac would limit Boeing Field's feasibility for use as a commercial air 
carrier airport. However, the PSATC wanted further study of this alternative to see if it could be 
made to work before it was rejected. Therefore, in Phase 111, a thorough examination of the Boeing 
Field Airspace was done in a working paper entitled "Working Paper #1 - Boeing Field Airspace 
Review." A copy of this paper can be found in Appendix B. 

Essentially, the analysis revealed that the airspace between Boeing Field and Sea-Tac is already 
congested and that adding commercial flights into Boeing Field would greatly increase airborne 
delays in the system. Also, since the two airports are so close together, a unique air traffic control 
procedure has already been developed (in 1989) to safely handle traffic using them. An increase in 
flights into Boeing Field would eventually exceed the ability to use the procedure safely. Due to 
these problems, the PSATC chose to drop the Boeing Field alternative from further consideration. 

Indepth Analysis of Demand Management 

In Phase 111, the PSATC studied the application of Demand Management techniques in detail. A 
panel of experts was convened to help the PSATC determine what specific methods were available 
and what their benefits and drawbacks would be. In addition, a working paper (Working Paper # 4) 
entitled "Demand Management" was prepared. Working Paper # 4 can be found in Appendix B. 



The working paper explained that some forms of Demand Management are already being used at 
Sea-Tac and that the Flight Plan Forecasts also took into account demand manazement concevts - 
such as larger-sized aircraft and higher load factors (number of seats filled on each flight). The 
primary conclusion reached in the analysis was that Demand Management can be used to help shape 
demand, but it is not designed to curtail demand. Also, Demand Management should be used as part 
of a comprehensive package of solutions and is most effective for buying time in the short term until 
additional airport capacity can be implemented. New technologies and alternate modes of transpor- 
tation are part of a broad Demand Management concept that was incorporated into the "Do Noth- 
ing" alternative that is presented in the EIS. 

Multiple Airport System with Three Airports 

Coming out of Phase 11, one of the the alternatives recommended for further analysis was a multiple 
airport system with Sea-Tac and one supplemental airport. Four iterations were defined under this 
alternative depending on whether Sea-Tac would stay as it is or would add another runway and 
whether the supplemental airport would have one runway or two. 

At its August 15, 1991 meeting, the PSATC chose to add another series of cases under the multiple 
airport system alternative -Sea-Tac with two supplemental airports (a three airport system). Under 
this alternative, Sea-Tac would remain the primary commercial service airport and would handle all 
types of service (including foreign and long haul domestic flights) while the two supplemental 
airports would handle service to regional markets like Portland, Vancouver, B.C., and Spokane and 
to some major hub airports in the west like Salt Lake City, Denver, and San Francisco. One of the 
supplemental airports would be located in the northern part of the region and the other in the south- 
ern part. The supplemental airports could either have one or two runways each. 

This iteration was added due to the PSATC's interest in planning for air travel demand not only to 
2020 but also beyond. Under the concept, development of the system would be phased, with each 
supplemental airport being added or expanded only when demand warranted. 

Development of Site Concepts 

In order to evaluate the system alternatives according to specific, localized impacts, it was necessary 
to develop conceptual site layouts in actual locations. The Flight Plan Project looked at two types of 
sites: existing airports and potential sites for conskuction of new airports. The first type already had 
a specific location which could be used to test the alternatives, but for the latter type, a specific test 
site had to be chosen from the search areas carried-forward from Phase II. 

Both types of sites served as test cases for the future noise levels, traffic impacts, site acquisition and 
construction costs, airspace, and economic impacts, etc. that would be encountered in implementing 
one of the system-level alternatives. 

Sites were initially screened for fatal flaws in Phase 11 of the Project. For the sites that remained, the 
Phase I11 consultant prepared layouts of each of the system alternatives as they applied to each of the 



individual sites. Included were locations of runways, parking areas, passenger terminal, and other 
airport support services. 

For the new airport search areas developed in Phase 11, it was necessary to define a particular loca- 
tion within the area for the site. This was done with preliminary research and was not intended to be 
a thorough siting exercise. Additional comprehensive studies would need to be completed in order 
to choose a best site for any newly-constructed airports. 

For existing airports, additional facilities were located based on the consultant's initial examination 
of existing facilities and surrounding development. The layout drawings for each site and alternative 
as well as text describing them can be found in Working Paper #6 in Appendix B. 

One of the search areas recommended for use as a test case in Phase 11, the Fort LewisISpanaway 
Area, was renamed the "Central Pierce County Area" in Phase III to reflect that it not only included 
the military land of Fort Lewis, but also the land off of the Fort to the east. This expanded definition 
of the search area allowed the PSATC to include sites in the southern portion of the region that 
would be either on or off of federal land. 

The resulting list of alternatives and sites for which conceptual layouts were developed included: 

Sea-Tac Airport Alternatives 

* Sea-Tac with or without a new commuter runway 
* Sea-Tac with or without a new dependent air carrier runway 

Supplemental Airport Alternatives 

* Existing Arlington Airport with runway extension 
* Arlington Airport with a new runway 
* Existing Paine Field 
* Paine Field with a new runway 
* Existing McChord Air Force Base used jointly with military 
* McChord AFB with a new runway used jointly with military 
* Supplemental airport at Central Pierce site with one runway 
* Supplemental airport at Central Pierce site with two runways 
* Supplemental airport at OlympidBlack Lake site with one runway 
* Supplemental airport at Olympia/Black Lake site with two runways 

Replacement Airport Alternatives 

* Replacement airport at Central Pierce site with three runways 
* Replacement airport at OlympidBlack Lake site with three runways 
* Replacement airport at Fort Lewis site with three runways 



List of Alternatives/Options 

From the system alternatives carried forward from Phase I1 and the site concepts outlined 
above, a comprehensive list of the various combinations of alternativeslsite options was pre- 
pared. The 34 alternatives presented in the list below were then extensively evaluated and a 
preferred alternative was chosen: 

Svstem Alternative Airport Options 

Do Nothing 1 Sea-Tac without commuter R/W 
2 Sea-Tac with commuter R/W 

Multiple Airport 
System with Two 
Airports 

Multiple Airport 23 
Systeln with Three 24 
Airports 25 

26 
27 
28 
29 
30 

Alternate 1 & Arlington 1 R/W 
Alternate 1 & Paine 1 R/W 
Alternate 1 & McChord 1 R/W 
Alternate 1 & Central Pierce 1 R/W 
Alternate 1 & Olympia/Black Lake 1 R/W 
Alternate 1 & Arlington 2 R/W 
Alternate 1 & Paine 2 R/W 
Alternate 1 & McChord 2 RIW 
Alternate 1 & Central Pierce 2 R/W 
Alternate 1 & Olympia/Black Lake 2 R/W 
Sea-Tac w/ Dependent R/W & Arlington 1 R/W 
Sea-Tac w/ Dependent R/W & Paine 1 R/W 
Sea-Tac w/Dependent R/W & McChord 1 R/W 
Sea-Tac w/ Dependent R/W & Cent. Pierce 1 R/W 
Sea-Tac w/ Dependent R/W & Oly/Bk Lake 1 R/W 
Sea-Tac w/ Dependent R/W & Arlington 2 R/W 
Sea-Tac w/ Dependent R/W & Paine 2 R/W 
Sea-Tac w/ Dependent R/W & McChord 2 R/W 
Sea-Tac w/ Dependent R/W & Cent. Pierce 2 R/W 
Sea-Tac wl Dependent R/W & OlyDk Lake 2 R/W 

Alternate 1 & Arlington 1 R/W & C. Pierce 1 R/W 
Alternate 1 & Paine 1 R/W & C. Pierce 1 R/W 
Alternate 1 & Arling. 1 R/W & OlyIBlk Lake 1 R/W 
Alternate 1 & Paine 1 R/W & OlyDlk Lake 1 R/W 
Alternate 13 & Central Pierce 1 R/W 
Alternate 14 & Central Pierce 1 R/W 
Alternate 13 & Olympia/Black Lake 1 R/W 
Alternate 14 & OlympiaIBlack Lake 1 R/W 

PSATC preferred alternative per draft recommendations (note: alternative 30 to 
be used only if a supplemental site cannot be acquired in the Central Pierce area) 



Replacement 31 Central Pierce wf 3 R/W 
Airport 32 OlympialJ3lack Lake wf3  R/W 

33 Fort Lewis w/ 3 R/W 

Do Nothing 34 Alternate 1 & Demand Management 

Distribution and satisfaction of Regional Demand 

In Phase I of the Flight Plan Project, forecasts of regional air passenger demand to the year 2020 
were prepared. These indicated total air passengers that would use airports in the Central Puget 
Sound Region. As part of the analysis of the alternatives in Phase 111, market areas were defined for 
each of the site options and the regional demand was disaggregated to each. This was done to show 
what the expected number of passengers would be that would use each site and what number of 
aircraft operations would be needed to serve them. 

Under single airport systems, the market area for the airport was defined as the entire Central Puget 
Sound Region. For multiple airport systems, the market area for each airport was delineated by 
determining which people in the region could get to that airport in less travel time than to any other 
airport in the system. A thorough explanation of the methodologies used to determine the market 
areas and passenger demand for each airport site can be found in Working Papers #3 and#5 in 
Appendix B. Working Paper #3 was an initial disaggregation of regional demand to smaller sub- 
regions and lead to the conclusion that a three-airport multiple airport system should be examined. 
Working Paper #5 was a more-thorough examination of individual airport market areas. 

It is important to note that the market areas described above were based on year 2020 data and that 
the demand figures for each represents a likely eventual outcome. In the decades before 2020, the 
market areas for individual sites will become viable to support commercial aviation at different 
times. This is based on differing population bases and growth rates that exist in different parts of the 
region. As markets become viable from a profit point of view, airlines will begin to serve an airport 
with a few flights per day during peak travel times. With growth in the market, more and more 
flights will be added and service will improve. 

Evaluation Methodoloey 

The major portion of work done in Phase 111 was the preparation and application of a series of 
working papers which dealt with the operationalftechnical, economicffinancial, institutional, and 
environmental factors which were used to evaluate the 34 alternativesfsite options indepth. The 
working papers as they were adopted by the Puget Sound Air Transportation Committee can be 
found in the Appendices. The environmental working papers (# 12A, 12B & 12C) were later incor- 
porated into the Draft Programmatic Environmental Impact Statement which is Appendix E. 

The 34 alternativesfsite options presented above were then evaluated indepth according to the spe- 



cific methodology which is discussed in Working Paper #2 in Appendix A. The methodology was 
designed to evaluate the system alternativeslsite options in a rigorous and consistent manner by 
researching a broad range of data. 

Evaluation is a planning process that measures the relative conformance of alternatives to a set of 
common factors. Factors which can be measured or quantified are expressed in units of size, vol- 
ume, population, dollars, weight, etc.. Non-measurable or qualitative factors are usually ranked 
according to their relative position on a rating scale that may be either weighted or not weighted. 

The main focus of the evaluation was to allow for system alternativeslsite options to be compared to 
one another rather than studied in absolute terms. This means that the relative rank of the alterna- 
tiveslsite options as compared to one another is more important than the absolute values obtained for 
any single one. 

The factors which were used to evaluate the system alternatives/site options are outlined below: / .  

~aerationaliTechnicaI Elements - Appendix B 

* Runway Capacity: Measured in aircraft operations 
(Working Paper #7) (take-offs and landings) per year, this 

factor indicates the future air travel 
demand that can be accommodated 

* Airspace: 
(Working Paper #7) 

* Accessibility: 
(Working Paper #9) 

A ranking based on a preliminary 
review of the amount of interaction or 
conflict that would occur with planes 
operating to and from other airports or 
restrictions caused by terrain 

Measured in terms of the percentage of 
the region's population that can get to a 
given site in sixty minutes or less and 
total travel mileage, this factor indicates 
convenience and market viability 

Economic/Financial Elements - Appendix C 

* Capital Costs: Measured in dollars, this factor 
(Working Paper #11) indicates the cost to build (including land 

acquisition and construction) 



* Aircraft Delay Costs: 
(Working Paper #11) 

Measured in dollars per year, this 
factor indicates the costs incurred due to 
an airport being operated above its 
capacity (assuming service reductions are 
not imposed due to congestion). It can 
also be used to measure the amount of 
operational capacity which is available 
relative to the number of passengers 
served 

* Funding: A ratio of the funds which will be 
(Working Paper #11) generated over a twenty year period and the 

capital improvement costs, this factor indicates 
financial viability 

* Economic Impacts: A ranking based on the level and 
(Working Paper #8) distribution of economic benefits that would be 

generated for the region 

Institutional Elemen& - Appendix D 

This evaluation element can not be quantified. It involves factors such as the socio- - 

political acceptance of the best alternative and the use of recent or potential new 
legislation in order to implement and operate the recommended alternative. 

The institutional analysis revealed that all of the alternatives could be implemented, 
but instead of developing a ranking, the results of the analysis were used in the draft 
recommendations to help develop an action plan for implementing the preferred 
alternative. 

It was also found that the Flight Plan Project Recommendations can become part of the 
Puget Sound Region's framework for meeting the guidelines of the state's Growth 
Management Act. 

Environmental Elemen& - Appendix E, Draft Programmatic Environmental 
Impact Statement 

* Noise Impacts: Measured in terms of five different 
(Working Paper #12A) criteria, most important of which is the number of 

people who would be exposed to a noise level of 
65 Ldn or greater 

* Air Quality: Measured in tons per year of Carbon 
(Working Paper #12B) Monoxide and Nitrogen Oxides emitted from 

both vehicles and aircraft 



* Wetlands Impacts: Measured in acres of wetlands affected 
(Working Paper #12C) 

* Salmon Stream Impacts: Measured in feet of streams affected 
(Working Paper #12C) 

In addition to the above factors, the working papers examined other factors within each of the four 
categories (operational/technical, economiclfinancial, institutional, and environmental). However, 
the above factors were used as the best representatives for each of the elements. 

Summarv of Evaluation Results 

Both the system-level alternatives and the individual sites were evaluated according to the opera- 
tionalltechnical, economic/financial, institutional, and environmental factors. Data was collected at 
the site level and then aggregated for each of the system alternatives. The full details of the analyses 
can be found in the various working papers in the Appendices. 

In order to present the data from the working papers in a concise format, summary tables were 
prepared. Data summaries at the system alternative level and by site options are presented in Fig- 
ures 9 and 10 respectively. Following the data summary tables are the important points gathered 
from the evaluation process. 

OperationaI/TechnicaI Elements 

Runway Capacity 

The capacity analysis found that Sea-Tac as it is now would not be able to meet the 
region's air travel needs past the year 2000. Sea-Tac was determined to have a prac- 
tical capacity of 380,000 rake-offs and landings each year. Above this level, delays 
would begin to rise rapidly. In 1990, Sea-Tac handled 355,000 operations. 

It was determined that the best long-term alternative in terms of capacity would be a 
three-airport system which included Sea-Tac and eventually two supplemental 
airports. This alternative would provide adequate capacity through the year 2020 
and beyond. 
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A three-airport rn~ltiple'air~ort system was found to best serve regional demand 
because it would provide the greatest number of sites from which people could get 
airline service. 
Supplemental airport sites which are relatively close to the region's centers of popu- 
lation (Sea-Tac, Paine Field, McChord, Central Pierce, Fort Lewis) are expected to 
capture a larger market in a more reasonable time frame than those sites which are 
relatively more distant (Arlington and OlympiaIBlack Lake). 

The accessibility of replacement airport sites is worse than for any other option due 
to the lack of suitable sites close to the region's population. 

In terms of integration with other forms of transportation, Sea-Tac, Paine Field, and 
McChord are the best. These sites are most proximate to the Interstate 5 corridor 
and are accessible to rail lines, harbors, and highways. In addition, Sea-Tac and 
Paine are the only sites which are being considered for service by the proposed 
regional light rail system. 

Airspace 

No single metric exists which can be used to evaluate airspace issues. Rather, 
airspace can be classified along a continuum of workable to non-workable which is 
defined by the type of airspace restrictions and problems that may be encountered. 
As a result, the Flight Plan consultant identified the various airspace conflicts that 
would occur if commercial airline service were started at any of the airport sites and 
developed a ranking. 

It is important to note that although conflicts may be present, it does not mean that 
the airspace cannot be made to work. The level of analysis conducted in Flight Plan 
did not look at specific solutions to airspace conflicts. 

In general, the most constricted airspace occurs over the Pierce County sites due to 
interaction with current military activities at McChord Air Force Base and at Fort 
Lewis and due to constraints caused by Mt. Rainier and the Cascade foothills. 

Economic/Financial Elements 

Capital Costs 

In terms of capital costs alone, the most expensive alternative is a replacement 
airport with the alternative of doing nothing being the least kxpensive. 



Delay Costs 

The most expensive alternatives in terms of delay costs involve doing nothing at 
Sea-Tac or Sea-Tac with Demand Management alone. Overall, delay can best be 
reduced with a replacement airport since it would be built large enough to accom- 
modate all of the demand placed on the regional system. Other than the replacement 
airport, the alternate that reduces delay the most is the three-airport multiple airport 
system. 

Delay can also be significantly reduced with a dependent runway at Sea-Tac since 
Sea-Tac's capacity would then be in line with the demand being placed upon it. A 
new dependent runway is needed at Sea-Tac to meet short-term demand that is 
forecast by the year 2000. However, even after 2000 when a supplemental airport 
would be in service, the new dependent runway will continue to be needed to meet 
the demand for air service at Sea-Tac since the regional market will still be focused 
at Sea-Tac. 

Funding 

In terms of overall costs (capital and delay costs), a phased three-airport multiple 
airport system is the least expensive because it reduces delay costs and has only 
moderate capital costs. 

Supplemental airports may not be financially self-supporting in the short term, but 
some forms of funding support and/or subsidy measures may be available (poten- 
tially from Sea-Tac). 

Economic Impacts 

Airport activity leads to two basic types of economic impacts: 1) an increase in 
jobs, sales, and tax revenues and 2) maintenance and enhancement of the Pnget 
Sound Region's strong position in national and global markets. A do nothing 
approach would harm the region's and the state's economy because it does not 
provide the high-quality air service needed to attract and retain higher-wage em- 
ployers. 

A phased three-airport system provides the highest total economic benefits to the 
region and distributes the benefits to the most communities. A three-airport system 
in which Sea-Tac has a new dependent runway ranks the best because it: 1) opti- 
mizes the use of existing facilities which are closest to the region's centers of popu- 
lation, 2) strengthens the region's ability to compete for global air-dependent com- 
merce, and 3) preserves the best air connections to other airports throughout the 
State of Washington. 



Environmental Elements 

Noise Impacts 

Noise at Sea-Tac will be significantly reduced because of a quieter aircraft fleet 
using the airport in the coming decade (nearly 100 per cent Stage 111 by 2001). 
Noise at Sea-Tac will be further reduced if supplemental airports are used because it 
will be required to handle less traffic than it otherwise would. Under a do nothing 
alternative at Sea-Tac, air traffic would be forced into more noise sensitive times of 
the day. 

Using sites that currently handle jet aircraft operations minimizes the amount of 
people newly exposed to aircraft noise. 

A multiple airport system distributes the single event noise across the region, but 
with a lower number of events at each site. 

Total Air Emissions 

The two primary sources of air pollutant emissions under all of the alternatives are 
cars and aircraft. Multiple airport systems with close-in supplemental airports have 
the greatest accessibility and therefore reduce somewhat the total amount of vehicu- 
lar emissions. If a regional rail transit system is implemented, fewer vehicle trips 
would be generated by passengers and airport employees and emissions would be 
further reduced. Also, since multiple airport systems reduce the amount of aircraft 
delay, emissions from this source are also reduced. 

Since possible replacement airports are less accessible, they increase vehicle miles 
traveled and the amount of vehicular emissions. 

I 
Wetlands, Salmon Streams and Other Natural Environment 

Alternatives at undeveloped sites tend to have the highest natural environmental 
impacts related to wetlands, salmon streams and other flora and fauna habitats. Lo- 
cating airports in developed areas protects rural areas and decreases the loss of open 
space. Sites without existing airports are also subject to the greatest land use 
changes if a new airport is built. 

In order to facilitate the comparison of the data in the summary tables (Figures 9 & lo), letter 
"grades" were assigned to each alternative and site according to each of the evaluation factors. 
These grade sheets are presented in Figures 11 & 12. 

I 

Both the data summary tables and the grade sheets were used by the PSATC to help choose a pre- 
ferred alternative and secondary alternatives for analysis in the Draft Programmatic Environmental 
Impact Statement. 
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Public Hearings on the Draft Recommendations and Draft Programmatic EIS 

During late January and early February, a series of eight public hearings will be held in King, Pierce, 
Snohomish, Thurston, and Kitsap Counties to gather public testimony on the draft recommendations 
and on the Draft Programmatic Environmental Impact Statement. After considering the comments 
received at the hearings and by mail, the PSATC will finalize its recommendations and a Final 
Programmatic EIS will be prepared. It is expected that the PSATC will present its final recommen- 
dations to the Puget Sound Regional Council and the Port of Seattle for adoption and action in April. 



PUBLIC INVOLVEMENT 

One of the components of the Puget Sound Air Transportation Committee's Mission Statement was 
to develop a recommendation that merits and attracts broad public support of the Committee's 
recommendations by involving citizens in the Flight Plan Project. To this end, a wide variety of 
means were used to keep citizens informed on what was happening with the Project and to allow 
them the opportunity to provide input to the Committee and to help shape the recommendations. 
The outreach activities of the PSATC were guided by the Public Involvement Subcommittee. An 
overview of each of the public involvement tools used is presented below. 

Informational Outreach 

Newspaper Supplement 

To assist in informing citizens about the PSATC's draft recommendations and how comments can 
be made, a newspaper supplement will be inserted in weekday editions of fifteen papers throughout 
the region (including the Seattle Times, the Seattle Post Intelligencer, the Bremerton Sun, the Ever- 
ett Herald, the Tacoma News Tribune, and the Olympian). The supplement will be released in mid- 
January and will provide background information on the Flight Plan Project and will outline the 
PSATC's draft recommendations as they are presented in this report. Dates and places for public 
hearings on the Flight Plan draft recommendations and Draft Programmatic EIS, as well as where 
written comments can be sent, will also be announced. 

Newsletters 

The PSATC produced six newsletters over the course of the Flight Plan Project which discussed 
major milestones of the Project, important study findings, and announced upcoming Committee 
meetings and other forums through which citizens could give the PSATC feedback. Newsletters 
were distributed to the Project's mailing list and included approximately 4300 citizens, community 
and business leaders, and local and state elected officials. Two additional newsletters are planned 
for 1992. 

Slideshow 

Two slideshows were prepared which discussed the nature of the air capacity problem facing the 
region and the alternatives being explored by the PSATC. Staff presented the slideshows to numer- 
ous civic and community groups, clubs, representatives of local and state governments, and other 
organizations. The slideshows were a concise and consistent way to educate and inform. 



Ongoing Briefings 

Flight Plan Committee members and staff met with a wide range of community groups, business 
leaders, the press, and representative of governments to discuss the Project. The slideshows, news- 
letters, and detailed Project summaries were often used to provide extensive background informa- 
tion. 

Press Releases and Media Contact 

Before each PSATC meeting, media advisories were sent to reporters and editors throughout the 
region. Project staff spoke regularly with area reporters to keep them abreast of the Project issues. 

Press releases were issued to announce major PSATC decisions and clippings of relevant articles 
were distributed to all PSATC members. In addition, two media "brown bag lunches" were held, 
one during Phase I1 and one during Phase 111. At the lunches, the staff provided detailed technical 
information to the media and answered questions. 

Constituent Services 

A full-time public involvement coordinator was available to respond to questions and requests for 
information both by phone and in writing. Several hundred citizens utilized this service. 

Collection of Public Inaui 

Public Open Houses/Scoping Meetings 

During November of 1990, a series of six public meetings were held throughout the region to pro- 
vide citizens with the opportunity to comment on the system alternatives and sites being considered, 
to suggest other alternatives, and to identify the environmental impacts that should be addressed in 
the Draft Programmatic EIS. The meetings were conducted in an open house format and provided 
citizens the opportunity to submit scoping comments for the Project's Draft Programmatic EIS. 
Notice of the scoping meetings and the address for scoping comments were published in the Seattle 
Times, the Seattle Post Intelligencer, the Tacoma News Tribune, the Everett Herald, and the Bremer- 
ton Sun. 

Public Meetings 

At the end of Phase I1 of the Flight Plan Project, the PSATC developed a draft list of alternatives 
that it considered might be feasible. Before a final set of alternatives was chosen for indepth analy- 
sis, the PSATC held four meetings throughout the region in March and April of 1991 to gather 



testimony from citizens and agencies. Over 150 people testified at the meetings and over 200 
written comments and letters were received. 

To provide citizens with the opportunity to comment on the PSATC's draft recommendations and on 
the Draft Programmatic Environmental Impact Statement, a series of eight public hearings will be 
held in late January and early February. Citizens may also comment in writing. 

Focus Groups 

Focus groups provide a format for gauging public opinion by inviting a random group of people to 
speak candidly on an issue. Two sets of focus groups were held for the Flight Plan Project. The first 
set of focus groups were held in late 1989 and the second set were held in October 1991. The 
purpose of the focus groups was to provide the PSATC with an indication of the public's feelings on 
our air transportation system and to help the PSATC be more aware of citizen's concerns. 

Public Opinion Survey 

Along the same goals as the focus groups, a public opinion survey on the region's air transportation 
system was conducted in December of 1990. The survey was conducted by phone and was designed 
to provide a representative sample of public opinion. The results were presented to the PSATC in 
January of 1991. 
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DATE: July 13, 1991 

TO: Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUBJECT: WORKING PAPER NO. 2 - EVALUATION METHODOLOGY 

INTRODUCTION 

This document presents the consultant's proposal of an evaluation methodology to be applied to 
I 

alternative airport development plans selected and identified in Phase 11 of Flight Plan. Phase 111 
will apply a more detailed evaluation of the alternative plans with the objective to identify the 
best plan to adopt and implement. 1 
Evaluation is a planning process that measures the relative conformance of alternatives to a set 
of common factors. The factors are either those that can be measured or those that cannot. 
Measurable or quantifiable factors are expressed in monetary units or other measures of quantity 
such as size, weight, volume, etc. The non-measurable or qualitative factors are generally 
expressed according to a relative position on a rating scale that is either weighted or not 
weighted. 

It is important that quantifiable evaluation factors be calculated to the same degree of accuracy 
for all alternatives because the methodology depends on comparative differences rather than 1 
absolute values. In the case of qualitative factors, a rating scale of 1 to 7 (based on the number 
of strategies) may be used to rate conformance of each strategy to the factor. Since there will 
be several qualitative factors, some planners prefer to place greater importance on certain factors 
by placing a weighting value to those factors. This approach may increase the subjectivity of 
a process that is already subjective. 1 

Following this introduction section are discussions pertaining to a proposed evaluation 
methodology that embraces the following broad subject areas: 

t 
• Operational 

e Environmental 1 

0 Economic 

e Institutional 

o Financial 



OPERATIONAL FACTORS 

Operational factors, generally, can be quantified. They have to do with comparative wsts of 
the alternative plans with respect to operational costs of the users and the providers. Operational 
costs cover the expenses of the airlines, the airport sponsor, the passengers and other users of 
the airport and related agencies responsible for infrastructure development atid air traffic control. 
Set out below are the significant operational factors to be considered in the evaluation process. 

A. AIRCRAFT DELAY COSTS 

Airlines may incur additional aircraft operating costs due to the ability (capacity) of each 
alternative to handle traffic and the associated delay consequences. These additional aircraft 
operating costs can be quantified by multiplying the delay hours (hours in addition to normal 
operating time) by the hourly operating cost of each aircraft subject to delay. 

B. AIRLINE STATION COSTS 

The cost of operating an airline station is more or less proportional to the passenger and baggage 
demand processed. This cost can be varied depending upon the efficiency of the station. For 
instance, if the same number of passengers must be processed at two stations instead of a single 
station (multiple airport system vs. single airport), there is a certain amount of redundancy in 
personnel and equipment which will increase the station cost per passengers processed. 
Therefore, a comparative airline station cost can be calculated for the alternative plans to be 
evaluated. 

C. AIRPORT MANAGEMENT AND OPERATING COSTS (M&O Costs) 

Airport M&O costs will vary proportionally to the extent of facilities to be maintained and 
operated. These can be calculated for each alternative plan evaluated. 

D. GROUND TRAVEL COSTS (of Passengers) 

The cost of traveling to the airport from the originating passenger's point of origin within the 
region can vary depending upon the location of the airport within the region. The ground travel 
cost has two components: the vehicle operating wst and the value of the passenger's time in 
the duration of the ground trips. The latter wmponent is difficult to quantify while the vehicle 
operating cost is an easily calculable quantity. It is recommended that the value of the 
passenger's time be disregarded in the calculation of the ground travel wst factor. 

E. AIR TRAFFIC CONTROL COSTS (ATC) 



ATC costs involve the expenses of FAA to provide personnel and equipment to control air traffic 
in the region. It is obvious that ATC costs will be less if all commercial  pera at ions are 
conducted at a single airport. A multiple airport system is bound to increase ATC costs in terms 
of both personnel and equipment and can be calculated for each alternative plan evaluated. 

F. SATISFACTION OF DEMAND 

This operational factor is the most difficult to quantify. Most likely, it should be evaluated on 
a rating scale varying between yes to no. The range of the scale should be on the order of 1 to 
7 where "1" is total satisfaction of demand and "7" is the worst satisfaction of demand. 

G. CONCESSION COSTS 

This factor involves the concession's income derived from the population Qassengers, 
employees, visitors and vendors) that inhabit the airport. This population more or less is a 
stable number; however, if it is dispersed over more than one airport, then the cost to service 
the population by the concessionaires will increase. This can be calculated for each alternative 
evaluated. 

H. INFRASTRUCTURE COSTS 

The decision for airport facilities to serve the region well into the 21st Century will have 
ramifications on the costs to provide infrastructure facilities such as utilities, roads, public 
transit, etc., to serve the airport system. These costs may or may not be passed on to the airport 
sponsor, but nevertheless, the costs will vary for each alternative being evaluated and can be 
quantified. 

I. EXPANDABILITY OPTIONS 

The world won't come to an end at the end of the forecast period; therefore, an expandability 
factor similar to the one used in the Phase I1 evaluation should be considered in the operational 
factor evaluation. This cannot be quantified and should be rated on a rating scale varying 
between yes and no. The range of the scale should be on the order of 1 to 7, where "1" is 
excellent expandability and "7" is the worst case of expandability. 

J. TIMING 

This factor concerns the practicability of attaining the needed capacity to accommodate demand 
throughout the forecast period and beyond. This factor should consider both the short and long 
term needs and most likely should be evaluated on a rating scale varying between yes and no. 
The range of the scale should be similar to the other rating scales varying between 1 to 7, with 
"1" being consistent with the needs schedule and "7" being an unsatisfactory schedule. 



THE FLIGHT PLAN PROJECT PHASE III 

ENVIRONMENTAL FACTORS 

Since Phase 111 of Flight Plan includes a more detailed environmental analysis of proposed 
alternative airport development options, a more detailed evaluation analysis can be prepared. 
Evaluation factors concerning aircraft noise impacts and degradation of air and water quality, 
biotic communities, wetlands, floodplains and park lands can be assessed for each alternative 
plan evaluated. Each environmental factor will be evaluated on a rating scale varying between 
compliance and non-compliance. The range of the scale should be similar to the other rating 
systems varying between 1 to 7 with "1" being of no consequential impacts (FONSI) to "7" 
being severe impacts. 

A. NOISE 

Based upon the forecast of aircraft operations, airport noise contours should be developed for 
each plan using the FAA Integrated Noise Model (INM) to project the noise exposure associated 
with each alternative. The contours will be generated in the Day-Night Average Sound Level 
L, metric. The contours will delineate the various areas of noise exposure, and once defined 
it will be possible to identify noise sensitive land uses and populations lying within the noise 
zones. This traditional noise contour analysis should be supplemented by categorization of 
populations prior to exposure to aircraft noise and a single event analysis. 

The single event analysis should include existing population with prior experience to aircraft 
noise, population that would be newly exposed to noise, population that would be exposed to a 
new type or level of aircraft operations, and population that would be exposed to an increase in 
noise level of 1.5 dBA or greater. Often the single event noise levels are better indicators than 
L, when adverse community response is likely to occur. The population exposed to single event 
noise levels above 80 SEL should be identified. 

The major parameters to be considered in the evaluation of noise impacts are highlighted below. 

1. Change in population within L, noise zones for the following population categories: 

Total population 
e Po~ulation newlv exwsed to aircraft noise 

~ o ~ u l a t i o n  that wouid experience a change in types of operations 
a Population that would experience an increase in noise over 1.5 dBA 

2. Change in population within SEL contour levels for the following population categories: 

Total population 
Population newly exposed to aircraft noise 

a Population that would experience and increase in noise or operations 



New population that would experience single event levels' 20 dBA ovex 
background levels 

B. AIR QUALITY 
I 

I 
I 

Emissions will be generated and certain volumes associated with each plan due to aircraft 
operations, ground traffic, combustion of natural gas and the generation of electricity. The 

I ,  
emissions generated by these sources can be quantified and compared to regional and 
subregional emissions to assess the potential for air quality impacts. 

C. WATER QUALITY I~ 
Development of airport facilities may impact nearby rivers, streams, lakes or wetlands and the 
impact can vary from plan to plan. The extent of impacts associated with each plan should be 
assessed for comparative ranking of environmental factors. 

The impacts of airport development on these environmentally sensitive areas can be estimated 
and quantified by determining the area of wetlands for airport development and determining 
location of construction with respect to floodplains and the flood history of applicable water 
courses. 

E. PARK LANDS ~ 
I 

The impacts of airport development on these resources can also be quantified by estimating 
acreage required for airport development and removed from park or recreational use, and 
wildlifelwaterfowl reservations. 

ECONOMIC FACTORS I 
I 

These evaluation factors can readily be quantified in terms of monetary values. Task 5B of the 
Phase I11 work program produces economiclfinancial analysis that will form the basis of the 
economic evaluation factors. These are: 

A. CAPITAL COSTS 

The cost to provide the needed airport capacity can be readily quantified. Order of magnitude 
capital costs will be calculated for each alternative plan. These will provide a common 
economic basis' for comparison of the alternatives. 



B. ECONOMIC EVALUATION 

Several analyses will be undertaken with regard to each alternative plan. These are economic 
evaluations dealing with the positive and negative impacts of each alternative concerning job 
creations and revenue generation, analysis based upon other airport examples, and input-output 
analyses. The analyses will include direct impacts of employment, payroll expenditures of.  
locally purchased goods and services. Indirect and induced impacts will be calculated for each 
alternative. This will include employment, household earnings and total output (value added). 
This will also include the tourist impacts including number of tourists, their expenditures and 
jobs created. The analysis will also address the relative "cost of doing business" and the , 
variances in alternatives between promoting or discouraging business activity. Another 
consideration will be the growth inducing affects on the communities caused by the various 
strategies. These factors will be evaluated on a rating scale varying between 1 to 7 with "1" 
being of no consequential economic impacts and "7" being severe economic impacts. 

INSTITUTIONAL IMPACTS 

This evaluation factor cannot be quantified. It involves the socio-political acceptance of the best 
alternative and the potential need for new legislation in order to implement the recommended 
alternative. It has to be evaluated on a rating scale varying between politically acceptable, with 
a rating of " l",  and non-acceptable with a rating of "7". In this sense, politically acceptable 
infers no serious public objection to the alternative and the ability to enact new legislation if 
necessary to implement the alternative plan. 

FINANCIAL FACTORS 

The factors to be considered are the capital costs, the sources of funds. 2nd the shares of the wst 
to be financed as well as estimates of revenue generating ability. These factors can be quantified 
for each alternative to be evaluated. 

EVALUATION METHODOLDGY SUMMARY 

Normally, evaluation of alternatives involves a two step process. A preliminary screening is 
undertaken initially to eliminate all but the most feasible alternatives. This is followed by a 
more detailed comparative evaluation of the surviving altemativcs. In the case of Flight Plan, 
Phase I1 accomplished the preliminary screening; therefore, Phase III will produce the detailed 
evaluation of the alternatives that survived Phase II. This detailed evaluation may be iterative 
to allow serious flaws to be addressed and alternative strategies to be refined and improved. 

A decision must be made concerning the treatment of the qualitative factors as to whether a 
weighting system should be applied and if so, what are the relative weights. This may be put 
before the PSATC for a decision. 



The results of the comparative evaluation shall be summarized in a two dimensional matrix to 
facilitate an understanding of the analyses and a ranking of the alternatives. A by-product of 
the evaluations and ranking will be an action plan for the recommended strategy. This action 
plan will outline future steps necessary to implement the recommendation, Included in the action 
plan will be a discussion of the various institutional issues needing to be addressed. 
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THE FLIGHT PLAN PROJECT PHASE III 

DATE: July 11, 1991 

TO: Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUBJECT: WORKING PAPER NO. 1 - BOEING FIELD AIRSPACE REVIEW 

SUMMARY 

The use of Boeing Field as a commercial airport site is not recommended from an airspace point 
of view due to complexities which result from its proximity to Sea-Tac. The airspace interaction 
between the two facilities has resulted in development of air traffic control procedures unique 
to Seattle. The procedure accommodates present traffic volumes but future effectiveness under 
increased traffic generated by commercial flights at BFI is uncertain. Additionally, since this 
is a newly developed, site specific procedure, the possibility of the procedure being abandoned 
is greater than standard procedures commonly applied to other airports. These uncertainties 
create an element of risk which diminishes the attractiveness of the BFI commercial service 
alternative. It is further noted that additional traffic in the limited terminal airspace will increase 
congestion, thus resulting in increase aircraft operating costs to airlines. 

INTRODUCTION 

King CountyIBoeing Field (BFI) is located approximately 4 miles north of Sea-Tac (SEA). The 
proximity of the two airports combined with their non-parallel runway alignments results in air 
traffic interactions. The effects of these interactions have been the subject of several previous 
studies and it is not the intent of this paper to redocument the full extent of this work. Rather, 
it is the purpose of this paper to review, update and summarize previous information to 
determine if the airspace interaction between BFI and SEA precludes i3oeing Field from being 
considered as a site for a supplemental regional airport. For the puToses of this analysis it is 
assumed this type of airport (e.g., BFI) would provide scheduld air service to Pacific 
Northwest, California and some national hub airport (i.e., Salt Lake City, Denver) destinations. 

EXISTING INTERACTIONS 

The airspace interactions pertain primarily to operations conducted during conditions when the 
cloud ceilings are less than 2,500 feet. These conditions necessitate the provision of mandated 
traffic separation and sequencing by air traffic controllers. In south traffic flows (which occur 
approximately 70 percent of the time) the final approach courses for arrivals to SEA and BFI 
converge. 

Further, the instrument landing system (ILS) approach to Runway 16R at Sea-Tac crosses 
Boeing Field's approach path to Runway 13R. During IFR south traffic Bows, this convergence 
causes occasional delays to Sea-Tac arrivals in the event of a missed approach at Boeing Field. 
Additionally, Boeing Field approaches may be delayed due to circuitous routing. 



During north traffic flows in IFR conditions k i n g  Field arrivals impact Sea-Tac departures. 
As a Boeing Field arrival nears the final approach fix, located just east of Sea-Tac, departures 
at SEA are held on the ground until the BFI tower reports the landing is assured or until visual 
separation can be provided. This reduces departure capacity at Sea-Tac (approximately 3 percent 
of the time). 

The interaction between the airports is a result of minimum separations required by FAA for 
aircraft on IFR flight plans. In a radar controlled environment such as exists at Sea-Tac, aircraft 
not separated horizontally by at least three miles must be provided with 1,000 feet of vertical 
separation. 

Figure 1 presents an illustration of ILS approaches to the airports in south traffic flows. A 
separation of three miles exists between the two approach paths at the Nolla intersection, which 
is the final approach fix for BFI. However, as a BFI arrival passes Nolla, the radar separation 
from a Sea-Tac approaching aircraft may be lost. Thus, 1,000 feet of vertical separation must 
then be maintained. 

A. PLAN ALPHA 

During certain VFR conditions, vertical separation is provided by a k i n g  Field controller. 
During these conditions the 1,000 foot vertical separation between aircraft must be maintained 
and the Boeing Field tower controllers must have both aircraft in sight to provide visual 
separation. Generally, this is possible when ceilings are no lower than 2,500 feet. This 
procedure is known as "Plan Alpha". 

B. NO PLAN ALPHA 

When ceilings are below 2,500 feet and separation by the Boeing tower controller is not 
possible, vertical separation becomes the responsibility of TRACON (Terminal Radar Approach 
Control). The TRACON is an FAA air traffic control facility that uses radar capabilities to 
provide various traffic control services (such as providing separation from other aircraft and 
sequencing the flow of arrivals to an airport) to aircraft arriving or departing from major air 
carrier airports such as SEA. The provision of vertical separation by TRACON in these certain 
VFR periods, in essence is the same as during actual IFR conditions. The monitoring TRACON 
controller can override other ATC instructions to maintain separation. During these VFR "No 
Plan Alpha" periods, Boeing Field arrivals are subject to increased delays as SEA arrivals have 
a higher priority for landing. 

C. RECENT IMPROVEMENTS 

Since late 1989 improved procedures have been developed which allow concurrent approaches 
to occur during conditions when the ceiling is below 2,500 feet. The procedures are site specific 
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and unique to the situation created by SEA and BFI. The vertical separation between aircraft 
(1,000 feet) is ensured by a TRACON controller that monitors the approaches on a radar scope. 
This controller position in the TRACON is unique to the Seattle approach as the sole purpose 
of this position is to monitor the approaches. With these procedures, approaches can be 
conducted simultaneously to both airports and the arrival capacity of Sea-Tac is not degraded 
unless a missed approach is declared at Boeing Field or the controller believes that required 
separation cannot be maintained. In these cases, any conflicting SEA traffic will be vectored 
out of the Sea-Tac approach path and resequenced in the amval stream. This procedure 
eliminates traffic conflicts but results in a lost arrival slot to Sea-Tac. TRACON personnel 
estimate there have been approximately five missed approaches at BFI that impacted a Sea-Tac 
arrival since this monitored procedure has been in place. The delay incurred by affected 
Sea-Tac traffic will vary depending upon the volume of traffic in the terminal area but can be 
estimated to average 15 to 20 minutes per aircraft. The added delay allows for the aircraft to 
leave the approach path, return to the arrival flow and then land at SEA. Thus, based on the 
number of occurrences estimated by TRACON personnel, this procedure has reduced the annual 
delay resulting from this conflict to about 2 hours per year. The present procedure can 
accommodate the current, relatively moderate, volume of approaches. However, increases in 
approaches to both airports could result in potential loss of effectiveness due to demands on the 
monitoring position. 

FUTURE OPERATIONS 

The issue resulting from potential commercial flights at Boeing Field is not that the Sea-Tac 
arrival capacity is reduced since the low frequency of BFI missed approaches minimize these 
impacts. However, there are several important issues that must be considered when evaluating 
BFI as a commercial airport. 

A. EFFECT OF INCREASED TRAFFIC 

The first centers on the feasibility of continuing the procedure under increased traffic loads. As 
stated above, it has been seen from past performance that the current procedures can 
accommodate the present traffic volumes, however, the feasibility of accommodating higher 
traffic levels is uncertain. Ultimately, traffic would reach a point which would exceed the 
monitoring position capability. 

B. FWTURE VIABILITY 

The second aspect relates to the possibility of the present procedure being canceled. This wuld 
result from a mishap (such as inability to maintain the 1,000 foot separation), or a change in the 
FAA administration and philosophy. The present procedure was specifically developed for 
Seattle and obtained approvals from the highest levels of FAA, but since it is a singular, site 
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specific approach, the possibility for elimination is greater than for traditional procedures 
commonly applied at other airports. While the cancellation of the procedure is not expected, 
the possibility will always exist. As such, developing a commercial airport system to serve the 
region, based on this potentially vulnerable procedure would possess risk, and jeopardize the 
continued viability of the BFI alternative. I 

I 
If the procedure were eliminated, then operations would revert to former control methods. 
Under former procedures, SEA arrivals were subject to greater delays since an arrival "slot" for 
Sea-Tac was left open for every approach to BFI. This was done to maintain the required 
separation and guard against a missed approach at BFI. Since approaches could not be 
conducted concurrently, there was a greater impact on SEA traffic. I 
C. AIRSPACE CONGESTION I 
An additional factor that must be considered is that under the present procedures Bceiig Field 
arrivals would be subject to delay during certain VFR conditions as a result of potentially having 
a lower priority than SEA arrivals. Under a scenario where a portion of Sea-Tac commercial 

I 
operations are shifted to Boeing Field, these flights would incur more delays than if they 
remained at Sea-Tac. 

I 
More important is the fact that incremental increases in delay will occur due to additional 1 
demand pIaced upon the limited airspace serving the two airports. Previous simulation results 1 
indicated an incremental increase in delay of 0.05 minutes will occur for each additional flight 
under IFR conditions at a demand level of 382,500 annual opkrations. If it is assumed that 
Boeing Field adds 25 percent of the 1990 Sea-Tac commuter operations (approximately 1 1 
36,900)[1], the contribution of the approximately 50 additional arrivals per day to average 
annual delay would be 0.125 minutes per operation. At Sea-Tac traffic levels of 382,500 annual 
operations this would result in almost 800 hours of additional delay and added annual costs to 
the airlines of approximately $1.3 million. [2] I 

The focus of this analysis has been on procedural, or operational aspects, of the interaction. 
There are also other aspects that might be considered and one example would be the installation 
of a microwave landing system (MU) at SEA. This is a new instrument landing aid which will 
permit curved and dog-leg instrument approaches versus the straight approach limitations of 
current instrument landing systems (ILS). FAA plans to ultimately transition and replace all ILS 

[l]Based on 6 months (January-June 1990) data. 

[2]Based on an average direct operating cost of $1,600 per hour. 1 



with M U ,  but the implementation schedule has been frequently extended. Present schedules 
suggest that transition to the MLS can be expected soon after the year 2000. With the 
installation of an MLS at Sea-Tac it would be theoretically possible to conduct simultaneous 
approaches to both airports by developing a curved approach procedure for SEA. Such a 
procedure would parallel the present final approach to BFI, then tum to the south to align with 
the SEA runway for final approach and landing. While this may seem like a likely solution to. 
the present situation, there are a number of factors to consider such as the status of the MLS 
program, development of acceptable approach procedures and environmental concerns (it is 
noted that an MLS approach could increase overflights and noise over densely populated areas). 

i 
COMPARISON WITH OTHER METROPOLITAN AIRPORT SYSTEMS I 
To provide a broader perspective of the Boeing Field commercial use alternative, a comparison 
is made to other U.S. multi-commercial airport examples. The examples selected for 
comparison are characterized by metropolitan areas served by comparatively close commercial 
airports. Table 1 presents the survey data indicating runway orientation and distance of 
secondary airports from the primary airport. 

As seen in Table 1, New York's LaGuardia and Kennedy Airports are only ten miles apart and 
are the closest of the commercial airports surveyed. The average distance between airports is 
about 23 miles. Aside from distance, it is important to note the runway orientations, for the 
most part, permit non-converging t@flc jbws .  This is the major difference between Seattle 
and the airports surveyed. Regarding orientation, runways are designated (numbered) to indicate 
magnetic heading, i.e. Runway 4 is 40°, Runway 22 is 220". This example would be a runway 
aligned northeast-southwest. Therefore, runways shown in Table 1 with the same, or 
numerically close, designation indicate similar alignments which facilitate parallel approaches. 
Parallel approaches promote compatible tmffic flows, compared to conflicts caused by 
converging approaches. 



TABLE 1 
COMPARISON OF COMMERCIAL AIRPORT SYSTEMS IN TAE U.S. 

New York 
Kennedy 

Runwav Orientation Dist. from Primarv Aot. 

NIA 

10 miles 

Newark 20 miles 

Los Angel- 
LAX N/ A 

18 miles 

Ontario 
Orange County 
Long Beach 
San Francisco 
SF0 

48 miles 
36 miles 
17 miles 

Oakland 11 miles 

30 miles San Jose 
Chicago 
O'Hare 

Midway 17 miles 

Miami 
Miami International 

Fort Lauderdale 21 miles 

Washington, D.C. 
National 

Dulles 25 miles 

Baltimore-Washington 3 2  miles 

NIA 
Dallas 
DFW 

Love Field 12 miles 

Source: P&D analysis. 
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Results of this survey comparison suggest multi-commercial airport systems have typically 
evolved to allow parallel or generally non-conflicting approaches. It can be concluded therefore, 
the Boeing Field alternative would be a non-standard solution to adding commercial service 
capacity compared to other U.S. examples. 

FINDINGS AND CONCLUSIONS 

The principal findings and conclusions of this review are as follows: 

In south flows during IFR and low VFR conditions (which prevail 37 percent of the 
time), "site specific" procedures that are unique to Seattle have been implemented which 
permit concurrent instrument approaches to the two airports. These have been in effect 
since late 1989 and have reduced the amval capacity delays on Sea-Tac caused by this 
interaction. These Sea-Tac delays are infrequent and occur only during a Boeing Field 
missed approach. During these conditions, Boeing Field arrivals may be subject to 
longer, circuitous routings and thus extra delay. Sea-Tac approaches would most likely 
be given the most direct arrival routings. 

0 The present procedure accommodates the present moderate traffic volumes. Future 
increases in instrument approaches could overload the controller monitoring approaches 
and thus the future effectiveness of the procedure is uncertain. 

e If Boeing Field becomes a commercial service airport, while not FAA policy but in 
practice BFI arrivals will still be subject to second priority status and the additional 
delays described above and as such it will be difficult to maintain viable schedule service. 

Impacts from the use of BFI for commercial service would not be primarily a result of 
the interaction of approaches with SEA, but rather from increased demand of additional 
commercial flights placed upon the limited terminal airspace. Additional fights would 
increase congestion and result in potentially significant increases in delay during 
conditions when the ceiling is below 2,500 feet. Moreover, the uncertainty of the 
existing procedures to effectively function under increased haffic volumes promotes a 
risky plan for accommodating demand. 

The proximity of the airports (four miles) and'the converging ILS approaches in the 
primary traffic flow is unique to Seattle compared to multi-commercial airport systems 
in the U.S. In these systems, airports are separated from 10 to 48 miles. More 
importantly, similar runway orientations facilitate approaches which are generally 
compatible with the overall traffic flows. In this respect, a system comprised of SEA 
and BFI would result in a "non-standard" solution compared to other metropolitan areas. 



* An increase in commercial flights at BFI would translate into an increase of IFR 
approaches and as previously stated the existing procedure may not be effective under 
increased traffic loads. Thus, additional IFR capacity is not achieved by use of BFI for 
commercial operations. 

In view of airspace interactions it is concluded that the existing procedures for concurrent , 
approaches are unique to the conditions at Seattle. The future of the procedure is I 

uncertain and the possibility exists that it could be canceled. Basing a commercial air 
service system on this procedure would be a high risk planning approach. Use of BFI 
as a commercial airport site is therefore not recommended. 

I 





WORKING PAPER # 4 

DEMAND MANAGEMENT 





DATE: August 28, 1991 

TO: Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUBJECT: WORKING PAPER NO. 4 - DEMAND MANAGEMENT 

EXECUTIVE SUMMARY 

The term Demand Management covers a range of strategies designed to reduce congestion I. 
without building capacity improvements. This paper outlines a wide variety of possible airport 
demand management measures, and describes selected examples where some form of these 
measures have been tried. 

i 
In mid August, 1991 a panel of experts was convened to discuss the ideas set forth in this paper 
and the particular opportunities for demand management procedures in the Seattle region. The 
final conclusions and recommendations of the expert panel are summarized below. 

o Develop a clear understanding of airport proprietor rights. Work within these rights and 1 
expect complex legal challenges of implementing measures which extend beyond these 
rights. 

o Treat Transportation Demand Management (TDM) measures as one element of a 
comprehensive program. Acknowledge this is not a long term solution, but rather a 

I 
strategy to delay and possible help finance capacity improvements which will ultimately 
be required. 

o Evaluate TDM measures in terms of the effect on different users (e.g.! airlines, airports, 
community, passengers, cargo). Identify the current cross subsidles within overall i 
system and industry user groups. 

Exhibit 1 presents a listing of a range of TDM measures and their estimated effects on I 
congestion. Also summarized for each measure are jurisdictional rights, those adversely 
affected, and other key considerations. Lastly, the exhibit illustrates the set of measures which 
are recommended for application in the Flight Plan options and particularly the Maximum 
Demand Management option. These are indicated by a check mark and will evaluated in 
Phase I11 of the Flight Plan analysis. 

A review of demand management strategies reveals that several measures are already being 
implemented at Sea-Tac. Specifically the Flight Plan forecasts assume the average aircraft size 
will increase during the planning period. Also, airlines now practice yield management which 
tends to increase aircraft load factors. FAA central flow control metering systems Create a 
modified form of slots to help control congestion. General Aviation operations have atready 
been minimized at Sea-Tac and now contribute to only about five percent of the total aircraft 



operations. Lastly, a noise budget has been implemented at Sea-Tac which encourages airlines 
to use quieter and larger aircraft. 

Additional demand management measures which are recommended by the consultant. to be 
considered in the maximum demand management option are shown in the last column of 
Exhibit 1. These include the assumptions that Sea-Tac will implement some form of variable 
pricing of gates, terminal space, and/or landing fees to discourage use during peak hours. The 
maximum demand option also assumes greater control will be exerted by the airport on gate use 
and scheduling, and that technological advances to reduce aircraft separations and improve rail 
opportunities will also be implemented. 

The effect of the maximum demand management alternative is difficult to precisely determine. 
It is generally acknowledged that none of the demand management measures can be used to 
increase airport capacity. The experiences gained in Boston and Minneapolis St. Paul suggest 
demand management measures will at best delay for a few years the need for capacity 
improvements. For purposes of this analysis therefore, it is assumed the maximum demand 
management set of measures will delay capacity improvements for five years. This means that 
in the year 2020 Sea-Tac with no additional airside capacity improvements can be assumed to 
accommodate 38 million annual passengers rather than the 32 million passengers as was assumed 
in the do-nothing alternative. 

INTRODUCTION 

A non-capital expense option for accommodating an increase in demand at an airport involves 
policy and administrative procedures whose objectives are to maximize the utilization of existing 
facilities. Instead of the typical approach of expanding facilities to handle more traffic, demand 
management's aim is to adjust the accommodation of traffic to fit existing airport airside and 
landside facilities. 

The purpose of this working paper is to identify and begin to apply a range of demand 
management options to air transportation needs in the Puget Sound region. Specifically, this 
material was used as a background paper for a panel of experts assembled to help fully develop 
the demand management alternative carried forward from Phase II of Flight Plan. A summary 
of the expert panel discussion is provided at the end of this paper. 

WHAT IS IT? 

Demand management is intended to ease congestion by diverting some aaffic to times and places 
where it can be handled more promptly and efficiently. Demand management can take one of 
three principal forms: 



e Do-no thin^ A ~ ~ r o a c h  - under which it is hoped that the congestion and delay will 
become so bad during peak periods that some users will decide instead for different flight 
times or different airports; 

e Pricin~ Schemes - are typically applied to peak periods, such as the busy hours of the 
day or peak seasons of the year; 

e Administrative Mana~ement - consists of regulations or rationing systems that limit use 
of the airport to designated airlines or types of aircraft. 

The underlying objective of demand management is to close the gap of a capacity shortfall either 
on an interim basis until capital improvements are in place or alternatively as a substitute for 
further investments. Flight Plan will incorporate demand management techniques in all 
alternative plans to be analyzed as well as a stand-alone approach in the "do-nothing" alternative. 

There were 355,000 aircraft operations performed at Sea-Tac in 1990. The demand forecast 
prepared for Flight Plan projected 524,000 operations in 2020. The current airside capacity of 
Sea-Tac has been determined to be 380,000 operations which will result in an airside capacity 
shortfall of 144,000 operations. It should also be noted that the Flight Plan forecasts indicated 
an almost tripling of passengers with only a two-thirds increase in air carrier operations. 

Demand management should also focus on peak period capacities and demand during IFR 
conditions, since this is the current bottleneck during airside congestion. 

ARE THERE SOME NOW-AIRPORT EXAMPLES? 

Demand management is a generic approach which has fundamentally changed traditional public 
works thinking. Application to the airline industry, esp ia l ly  following deregulation and the 
"open skies" approach offers a new opportlinity to consider the possibility of moderating the 
"demand" side of a needs equation, as well as increasing the "supply" side. 

In the Pacific Northwest, several familiar examples of demand management can be cited: 

0 the four-state Northwest Power Planning Council with its emphasis on conservation 
largely replacing nuclear energy (the Council was created after the WPPSS default). 

o the use of conservation as a major component in the Seattle and King County solid waste 
programs (which have the highest recycling results in the country). 

a use of volume-based water metering, and a system of parking meter fees that increases 
in the downtown areas. 



Success in each case depends upon specifics. Leak plugging in energy use, and the relative costs 
of insulation versus new energy sources, are major advantages supporting new energy 
conservation. But in  many cases, "demand management" is already underway under a different 
name. There may be less slack than might be assumed. 

Two important perspectives to keep in mind in Flight Plan are the major assumptions already 
in the Phase I Demand Forecasts regarding increasing future average airplane size, and the past 
diversion of general aviation away from Sea-Tac. These are some of the other important details 
that are mentioned in the following discussion points. 

I 
I 
I 

HOW IS IT IMPLEMENTED? 

Implementation measures depend upon the demand management measures selected. Flight Plan 
will identify in its final recommendations the action plan needed to achieve the measures 
selected. Implementation steps may include agencies other than the sponsoring PSCOG, Port 
of Seattle, and the FAA. 

Set out below are implementation discussions for each of the three major air traffic demand 
management forms. I 
Do-Nothine A ~ ~ r o a c h  

This approach is often politically attractive because it does not involve a rationing process that 
results in some participants being dissatisfied. This approach is relatively ineffective because 
users tend to adjust somewhat to congestion and severely crowded conditions; therefore, they 
usually continue with operations at a level well over the capacity of the airport. The users most 
severely affected are those using smaller aircraft who are less willing to accept the wsts of 
congestion or delay. 

F'ricine Scheme I 
I 

Pricing schemes have been effective for diverting aircraft movements away from peak periods. 
The net effect of pricing schemes has been to drive away the small users (commuters and general 
aviation) allowing commercial users with their larger passenger volumes to replace them. Since 
general aviation represents a very small percent of total operations at Sea-Tac, wmmuter 
operators would be the users most impacted by a pricing scheme. Under the single w r t  
concept, commuters would not divert to another airport because most of their passengers are 
making connecting flights. The airport sponsor has the authority to set landing fees subject to 
lease agreements in force with the airline users and also subject to grant agreements with the 
FAA. 



Active Traffic Manaeement 

The principal objective of active traffic management is to accommodate a higher level of 
passenger demand by managing aircraft operations in relation to available runway capacity. 
There are two forms of traffic management--slot rationing and exclusion of certain categories 
of traffic from using the airport. These can be used singularly or in combination. 

Slot rationing can be implemented either by a scheduling committee composed of airline 
representatives or by slot auctions where the airlines bid for slots with the slot going to the 
highest bidder. In either case, an hourly capacity must be established and agreed to before a slot 
rationing program can be implemented. The FAA has the responsibility for establishing the 
hourly capacity. 

Currently the only U.S. Airports with slot rationing are those four designated by US DOT under 
its high density rule promulgated in 1973. The quotas at these airports were established by FAA 
based on estimated capacity of the air traffic control system and airport runways. FAA is 
considering lifting the rule at one of the airports because of improvements made and also 
because of slower growth in traffic. 

Slot rationing at the high density airports initially was administered by a scheduling committee 
composed of representatives of the airlines and commuters operating at the airport. These 
committees received immunity from federal anti-trust laws ar.3 operated fairly well until 
deregulation in 1978. In 1985, the slot allocation system was changed to a trading system. 
Each carrier was allocated slots according to its usage the previous year. A pool representing 
5 percent of the total number of slots was established and distributed by lottery among new 
entrants and existing airport users with fewer than eight slots. Slots, except those for 
international and essential air services, can be traded. Slots infrequerltly used are withdrawn. 
When new slots become available, they are allocated by lottery, with preference given to new 
entrants. 

Active traffic management, based upon regulatory measures, is dixnetrically opposed to the 
"open-skies" approach inherent in deregulation. Alternatively, the concept of "Central flow 
control" is now the basis for managing airports (except the four high density airports) when 
demand for runway use exceeds capacity. Carriers can establish their own schedules, but when 
runway capacity at the destination airport is exceeded, the air traffic control system restrains 
aircraft (holding them at the originating airport gates) and the:, allocates them according to 
available runway capacity. 

WHAT BENEFITS CAN BE EXPECTED? 

Implementiqg a form of demand management will have identifiable benefits in terms of 
accommodation of demand. It will not add airside capacity to the airport since this may only 
be accomplished by expansion of airport facilities and/or the introduction of new technology. 

PKD A m  A1YvbiandPdDT- 



The perceived benefits are not without associated dis-benefits, but these will be discussed in the 
next section. 

Although no airside capacity increases will be effected through demand management, aircraft 
delay hours and costs can be reduced through adjustments of schedules that fill in the "valleys" 
of the daily distribution of traffic. The form of demand management that can be implemented 
by airport sponsors is the price schemes during peak traffic periods. 

Technological advances, although not discussed as a demand management technique, also will 
help to transport more passengers at a given facility by the introduction of larger capacity 
aircraft. 

Price schemes and the use of larger aircraft appear to be the most feasible alternatives for 
reducing delay. Slot rationing falls within the province of US DOT and it has not been extended 
to any other airports but the original high-density airports identified in 1973. Airport sponsors 
do not have the authority to institute a slot rationing system at their airports. 

WHAT ADVERSE IMPACTS CAN BE EXPECTED: 

It was stated that dis-benefits would be associated with any benefits incurred by implementation 
of a demand management regulation. Experience shows that demand managementsystems result 
in some dissatisfied users of airports where demand management concepts have been instituted. 

In the case of Sea-Tac, the commuter carriers would be impacted by a price scheme and the use 
of larger aircraft may not be financially feasible. A price scheme would have to k non- 
discriminatory to be a legally acceptable form of demand management. Therefore, all classes 
of operators (airlines, commuters and generai aviation) must be subjected to the same price 
scheme mechanism. Since general aviation represents a very small percentage of total traffic, 
this class of operator would be adversely impacted, but not to the same degree as the commuter 
caniers. 

WHERE HAS IT BEEN USED? 

Slot rationing has only been used at the original four high-density airports identified by US DOT 
in 1973. These are: John F. Kennedy and LaGuardia in New York; O'Hare in Chicago; and, 
Washington National Airport in D.C. Although the system has been used for almost 20 years, 
it is difficult to quantify the improvement in delay as a result of the slot rationing. The current 
level of aircraft delay under the system is known, but it would be only conjecture to q~antify 
what the delay would have been without the slot rationing. 

Price schemes have been instituted at several airports and have been tried in at least one other 
major airport without success. A major problem with the concept of peak-hour surcharges is 



how to determine the level of surcharge. Implementing a policy of differential pricing - whether 
based on marginal facility cost, marginal delay cost, or some purely arbitrary scheme is difficult. 
It is likely that a significant increase in airport user fees will raise questions of equity. There 
are a number of examples where airport sponsors have attempted to increase user fees and have 
been challenged by air carriers and general aviation. In some cases, landing fees are established 
in long-term lease agreements that cannot be easily changed. 

Set out below are a few examples of pricing schemes that have been implemented at airports in 
I 
I 

the U.S. and Europe. 

London 

Active traffic management has been utilized for many years to encourage greater use of Gatwick 
Airport to relieve Heathrow Airport. Management techniques involve slot allocation by a 
schedule committee and pricing to discourage usage of airport of certain categories of traffic 
during peak periods. 

The Gatwick experience under traffic management resulted in a 10 percent increase in runway 
capacity between 1981 and 1989 due mainly because of demand pressures. Gatwick is a single 
runway airport and has an extremely high peak hour landing fee of $10,000 which equates to 
$25.00 per seat for a 400 passenger B747-300. i 

In 1988 the Massachusetts Port Authority imposed the Program for Airport Capacity Efficiency I 

(PACE) which called for the imposition of peak-hour pricing for smaller aircraft during the 
entire 24 hours. A second phase of PACE was to include peak-hour pricing for all operations. 

i 
US DOT found that PACE discriminated against a class of aviation and PACE was suspended. 

New York I 
The Port Authority of New York and New Jersey operates the three air carrier airports and a 
general aviation airport serving the Metropolitan New York area. In the late 1960's, the Port 
Authority began imposing peak-hour surcharges on g e n e d  aviation to move traffic to off-peak 
hours. The pricing scheme was effective in reducing a segment of traffic during the +-hour; 
however, this approach would not be effective at Sea-Tac, since general aviation represents a 
very small percent of total traffic. 

California ~ 
Although capacity was not the issue, John Wayne Airport, in Orange County has invoked, in 
accordance with a District Court Order, airport access constraints for non-Stage III aircraft. The 



Order also placed a cap of 8.4 MAP - both constraints designed to control the amount of noise 
over adjacent communities of the airport. 

EXPERT PANEL SUMMARY 

On August 15, 1991 a panel of experts was convened to discuss aiw& demand management 
techniques with the Puget Sound Air Transportation Committee (PSATC). These panelists were 

- Barrie Austin, Manager of Public Affairs, Boeing Commercial Airplane Group, Seattle 

- Jack Corbett, Attorney, Speigel & McDiarmid, Washington, D.C. 

- Dan Kasper, Corporate Director and Head of Transportation Practice, Harbridge House, 
Inc., Boston 

- Steve Martin, Director of Business Development, MASSPORT, Boston 

Set out below are the comments of the panel. These are followed by a summary description of 
the demand management assumptions to be used in the Flight Plan Phase I11 alternatives 
analysis. A verbatum transcript of the panel descussion is also a part of the record and available 
upon request. 

The success of Transportation Demand Management (TDM) methods is measured by the ability 
to reduce congestion while accommodating demands and minimizing negative economic 
consequences. The legal right of an airport proprietor to implement certain forms of TDM 
procedures will be judged in terms of consistency with these motives. Goals should be justified 
by long term forecasts which are accurate.and defendable. Specific points made during the 
disc'ussion are listed below. 

o TDM cannot be used to stop growth. Procedures must be used to shape growth in a 
manner similar to Growth Management Policies developed in the Northwest Region. 

o Overall goal should be to accommodate all passenger and cargo demand, and to shift or  
move it but not to eliminate it. Use TDM to modify phasing. 

o TDM should be used as an element of a comprehensive package with defendable goals. 

o TDM is most effective for "buying time". TDM will not eliminate the ultimate need for 
capacity improvements. ' Main use is to delay making capacity improvements. TDM is 
not an end in itself and should not be used to stop growth. 



THE FLIGHT PLAN PROJECT PHASE III m 
0 Buying time is important when considering it takes at least 10 years to build a new 

airport. 

o Demand management options must not be considered without full consideration of 
potential risk of impairing broader economic development of the area or region. 

o Even if TDM is successful, results may be judged by some as unsuccessful due to. 
negative economic impact. 

o Providing air service is a competitive business. TDM in some cases is contrary to other 
policies of the community to stimulate economic development by encouraging or actually 
attracting new air service. This could widen the gap between economic growth of the 
Northwest Region and other more progressive communities. 

o TDM must not be used injudiciously. 

0 Forecast believability is important to justifying improvements and uk of TDM. Use of 
periodic passenger surveys and analysis of disaggreated demand can be helpful in this 
regard. Forecasts should be verified by analyzing demands by origin, destination, and 
passenger profile characteristics. 

o Short downturns in traffic do not change overall need for capacity improvements. 

o An analysis of aircraft manufacturing trends confms future growth can be expected. 
A reduction in overall demand is unlikely. 

Do Nothine (No exoansion at Sea-Tad 

The Do Nothing option is the easiest to implement and most clearly lies within the airport 
proprietor's jurisdiction. Once additional facilities are developed, the proprietor may have more 
restricted powers in limiting use. This strategy worsens congestion, restricts growth, and can 
have severe economic impacts. This strategy allows demand patterns to adjust naturally to the 
pressures created by congestion. It can also be used to improve the justification for legally 
vulnerable tactics such as variable pricing until facilities are maxed out through inaction. 

o ' "Do Nothing" is the most feasible TDM option. It is 1) politically easier and 2) legally 
within the airport proprietors rights. 

o To take full advantage of proprietor rights, the airport operator should endeavor to 
resume and maintain groundside facility rights through leasing agreements. It is 
important for the proprietor to stay independent and transcend airline special interests. 



o The airport proprietor has greater legal right to control groundside capacity. For 
example, control of gates can be a surrogate for controlling slots (landing rights). 
Further, the airport proprietor cannot be forced to build more gates. 

o Facilitating development of a supplemental airport can help to avoid construction of 
additional facilities at primary airports. 

o The pattern of airlines is to discourage building second airports. Development of 
supplemental airports will add additional airline cost centers. Added costs need not be 
a deterrent if added revenues can offset these costs. Historically, carriers don't sign up 
until the last minute. The community must therefore display conviction to goals and 
policies. Addition of supplemental airports is more acceptable to airlines when access 
to primary airport becomes limited due to congestion. 

o Supplemental airports are difficult to justify based on connecting passenger demand since 
this traffic can be controlled by airlines. The airline debate over the need for the new 
Denver airport is a good example of this characteristic. 

o The value of time (ground access plus delays) is more important to short haul passengers. 
Some airlines have profitably used this principal to successfully offer service from 
secondary airports. 

o Aircraft technology changes in the foreseeable future will not change the need for 
additional runways, even if TDM is used to delay needs for several years. 

o For technology to be effective in relieving congestion, improvements must be accepted 
and implemented on an industry-wide basis. 

o Airlines are now practicing a form of demand management through yield management 
systems which attempt to maximize revenue and exert a controlling effect on load factors. 
Yield management systems allow more seats to be sold and attempts to maximize what 
people will pay. These systems attempt to maximize revenue yield and not necessarily 
passenger loads. Some suggest these systems can generate 10 to 15 percent more 
passengers. Airlines will aiways target for 70 percent load factors, 90 percent is unlikely 
since it does not maximize yield. 

o Light rail as an example of a new technology, is best suited for high density markets with 
aging road systems such as exist in New England states. 

o The economics of rail suggest the Northwest Region should not rely on this strategy. A 
large investment is required to make rail systems highly competitive due to right-of-way 
costs. Time trade-offs appear to make air alternatives more attractive in the Seattle 
region. 
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The establishment of variable landing fees is not clearly an airport proprietor right. A good 
likelihood exists this could be ultimately found to be a local right, but not without considerable 
legal testing by the industry. Even if surcharges are implemented, the impact on airline behavior 
is expected to be minimal. 

o Goals of pricing schemes should be to accommodate passengers and cargo, encourage !. 
shift to larger aircraft, and to move operations to less congested airports. 

o The legal limitations of the airport proprietor are established in 1) airportfairline 
contracts and, 2) residual cost requirements. Residual costs are costs which exceed 
airport revenues and which may be used to justify landing fee increases. Discrimination 
can be claimed if charges are not allocated based on full cost and equity. 

With the proper approach and justification, the chances of getting a variable pricing 
policy accepted by DOT is judged to be 50 percent or greater. i 
Variable pricing will be difficult to defend until actual "capacity" is reached. Pricing 
cannot be implemented based on a projected congestion problem. 

I 
I 

In order for a pricing system to be non-discriminatory, the policy must price access, not 
users. 

I 
Airports tend to be monopolies and thus can not always serve all public interests equally. 
As a result, discrimination can easily occur. 

Pricing and quotas can be interpreted as being restrictive to izterstate commerce. 

Residual cost accounting can prevent variable pricing from generating additional airport I 
net revenues. I 

I 

Airport pricing must be cost based to withstand legal challenges. Full cost allocation is 
best. 

Using revenues generated as a result of peak hour wrcharges to fund capacity 
improvements is most defendable policy. 

Legal impediments exist to variable pricing. 

Price increases have greatest effect on behavior of General Aviation and Commuters 
respectively. Air carriers behavior is largely inelastic to changes in landing fees since 
these represent only 2-4 percent of operating costs and are averaged over entire system. i 



o Increases in landing fees is more defendable if justified to reduce congestion. 

o Opportunity costs can be an important argument in defense of variable pricing. 
Opportunity costs become important as capacity is reached. Smaller aircraft use landing 
and takeoff opportunities which could be more efficiently used by larger aircraft. 

o Minneapolis DOT study determined new runway construction could be delayed by six. 
years through use of demand management techniques. 

o Minneapolis St. Paul noise surcharge has provided further evidence that variable pricing 
does little to eiiect airline behavior. 

o Nothing precludes payment by State to caniers. State subsidies could be used to 
guarantee essential air service but must not be discriminatory. 

o The Passenger Facility Charges (PFC's) scheduled to begin next July cannot be used as 
a variable surcharge. PFC's must be applied to all passengers, regardless of type of 
service, schedule or canier. 

o Use of Sea-Tac surcharges or PFC's could conceivably be used for capacity 
improvements at other airports. Denver example however suggests this is difficult. Case 
history suggests it is much easier to use funds for airports within the jurisdiction of a 
single proprietor. 

o The closer the airport proprietor can stay to its jurisdiction, the better the chance of 
success. For example, pricing of aircraft push back opportunities is more defendable 
than airport proprietor control or pricing of airside or airspace use. Likewise, pricing 
the use of terminal facilities to passengers to discourage use during peak hours may also 
be an option. 

o Pricing policies must be geared toward areas within the jurisdiction of the airport 
proprietor. Using resulting funds on capacity improvements has best chance of success. 

o If a proprietor really wants to control growth, it is not necessary to wait until an airport 
reaches capacity. An alternative strategy is to not build additional facilities and price 
groundside facilities accordingly. 

o Variable pricing programs are easier to sell if they are part of a comprehensive plan to 
add capacity, buy time, and help reduce noise. 

o If a surcharge is not cost based, legal issues can arise. 



o PACE legal findings determined 1) landing fees do not have to be based entirely on 
weight, 2) peak hour pricing may be found to be acceptable if it is not discriminatory and 
"motives are pure". 

o A cost recovery system must be described to insure surcharges do not tax interstate 
commerce. 

o When airports are subject to revenue caps, peak hour charges are negated by offpeak 1 .  
reductions and the airlines net financial impact is unchanged. Effect on airline behavior 
is thus minimized. 

o If fees are devoted to expanding capacity at Sea-Tac or expanding capacity elsewhere 
(GA reliever or supplemental commercial airports), then the chances of making variable 
pricing work are much better. 

I 
Administrative regulations are the most difficult form of demand management options for an 
airport proprietor to implement since they are generally beyond local jurisdictional rights and 
offer the greatest risk of limiting interstate commerce. These types of measures require an 
industry-wide agreement to change regulations. 1 

o Legal rights are established by ~ 
1. 1978 Airline Deregulation Act. This act gives the U.S. domestic airline industry 

authority to choose airline routes, rates, and services. 

2. 1958 Federal Aviation Act. This act gives the federal government authority to 
control airspace and air traffic. 

3. Federal Aid Sponsor Assurances. These assurances require nondiscrimination 
between classes of carriers, non-discrimination within classes of aircraft, and 
require fees to stay within airport. 

o Federal rights are prescribed in Federal Aviation Act and cannot be usurped by local 
jurisdictions without a change to federal laws. 

o A unified approach involving several airport operators, as opposed to a single airport 
operator, can be more effective in influencing federal policy. 

o The most realistic option is not to regulate airlines at the local level, but to e f f ~ t  their 
behavior. 



o Changing federal regulations is a long term and very complicated process. Imposing 
more regulations on the airline industry is contrary to trends set by Airline Deregulation 
Act. In the opinion of the expert panel the airline industry could not be easily re- 
regulated now that deregulation as taken place. 

o Airlines are supporting legislation to abolish the high density rule. DOTIFAA is not 
likely to add additional high density airports to system. 

o There exists a reluctance at the federal level to continue andlor expand slotting due to 
new control techniques such as flow control metering systems. Flow control replaces 
airborne delays with ground holds. 

E x ~ e r t  Panel Recommendations 

The final conclusions and recommendations of the expert panel are summarized below. 

o Develop a clear understanding of airport proprietor rights. Work within these rights and 
expect complex legal challenges of implementing measures which extend beyond these 
rights. 

o Treat TDM measures as one element of a comprehensive program. Acknowledge this 
is not a long term solution, but rather a strategy to delay and possible help finance 
capacity improvements which will ultimately be required. 

o Evaluate TDM measures in terms of the effect on different users (e.g., airlines, airports, 
community, passengers, cargo). Identify the current cross subsidies within overall 
system and industry user groups. 

Consultant Recommendat io~ 

Exhibit 1 presents a listing of a range of TDM measures and their estimated effects on 
congestion. Also summarized for each measure are jurisdictional rights, those adversely 
affected, and other key considerations. Lastly, the exhibit illustrates the set of measures which 
are recommended for application in the Flight Plan options and particularly the Maximum 
Demand Management option. These are indicated by a check mark and will evaluated in 
Phase 111 of the Flight Plan analysis. 

A review of demand management strategies reveals that several measures are already being 
implemented at Sea-Tac. Specifically the Flight Plan forecasts assume the average aircraft size 
will increase during the planning period. Also, airlines now practice yield management which 
tends to increase aircraft load factors. FAA central flow control metering systems Create a 
modified form of slots to help control congestion. General Aviation operations have already 
been minimized at Sea-Tac and now contribute to only about five percent of the total aircraft 
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operations. Lastly, a noise budget has been implemented at Sea-Tac which encourages airlines 1 
to use quieter and larger aircraft. i 
Additional demand management measures which are recommended by the consultant to be 
considered in the maximum demand management option are shown in the last column of 
Exhibit 1. These include the assumptions that Sea-Tac will implement some form of variable 
pricing of gates, terminal space, and/or landing fees to discourage use during peak hours. The. 
maximum demand management option also assumes greater control will be exerted by the airport 
on gate use and scheduling, and that technological advances to reduce aircraft separations and 
improve rail opportunities will also be implemented. 

The effect of the maximum demand management alternative is difficult to precisely determine. 
It is generally acknowledged that none of the demand management measures can be used to. 
increase airport capacity. The experiences gained in Boston and Minneapolis St. Paul suggest 
demand management measures will at best delay for a few years the need for capacity 
improvements. For purposes of this analysis therefore, it is assumed the maximum demand 
management set of measures will delay capacity improvements for five years. This means that 1 
in the year 2020 Sea-Tac with no additional airside capacity improvements can be assumed to 
accommodate 38 million annual passengers rather than the 32 million passengers as was assumed 
in the do-nothing alternative. I 



Exhibit 1 

Demand Management Summary 
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SUBJECT: WORKING PAPER NO. 6 - AIRPORT SITE CONCEPTS 

INTRODUCTION I 

In this working paper, conceptual layout plans are presented for each airport site concept which 
will be subject to further analysis in the Flight Plan Project Phase III. These conceptual plans 
will be the basis for the detailed evaluation of each airport system alternative. In particular, the 
site concepts will be important for evaluating future aircraft noise levels, traffic impacts, site 
acquisition and construction costs, airspace, and economic impacts. I 
The concepts presented in this working paper are based on the findings of Phase II and 
subsequent decisions by the Flight Plan Committee. Site alternatives were identified and 
narrowed down in the Phase I1 studies. After the conclusion of Phase 11, a significant 
modification was made to the airport system strategy developed in that phase. In Phase 11, 
supplemental airports were classified as either "regional" or "domestic/international." After 
further demand allocation studies were completed in Phase 111, it was concluded that all 
supplemental airports should be classified as regional, which would provide short-haul and 
medium-haul service. No long-haul or international service is envisioned for the supplemental 
airports through the year 2020. However, a supplemental airport could be expanded to handle 
long-haul and international service beyond 2020. I 

i 
I 

AIRPORT SITE ALTERNATIVES 

A set of airport system alternatives has been developed in Phase 111. These system alternatives I 
determine, in part, the types of site alternatives which will be evaluated. 

Svstem Alternatives I 
System alternative strategies to be evaluated in Phase III consist of: 1 

I 
0 Sea-Tac Airport alone. Under this option, improvements to Sea-Tac could range from 

no major improvements to the construction of a new runway and additional passenger- 
serving facilities. Moderate transportation demand management procedures would be 
included. No additional air canier airports would be operated in the system. The Flight 
Plan Committee has determined that this alternative will not satisfy the long-range 
aviation demands of the region. However, it is included a "do nothing" alternative for 
the environmental impact analysis to provide a comparison with alternatives which would 
substantially increase the capacity of the airport system to accommodate future needs. 



Sea-Tac Airport with maximum demand management. In this option, Sea-Tac would 
again be the only air carrier airport. However, efforts would be undertaken to relieve 
airport congestion and delays by maximum application of demand management 
techniques. 

a Sea-Tac Airport and one supplemental airport. Under this approach, Sea-Tac and one 
additional airport would provide air canier service. Moderate demand management 
techniques would be applied. The supplemental airport could be an existing airport or 
a new site. 

Sea-Tac Airport with two supplemental airports. This concept envisions Sea-Tac 
operating in conjunction with two supplemental air carrier airports. The supplemental 
airports would be phased, as required. Moderate demand management techniques would 
be applied. The supplemental airports, either existing or new airports, would be located 
at the north end and the south end of the region. 

8 Replacement airport. In this option, Sea-Tac would be replaced by a new airport capable 
of providing full domestic and international service. The capacity of the new airport 
would be sufficient to enable it to accommodate future passenger and air cargo traffic 
well beyond the year 2020. 

Site Alternatives 

Within the context of the system alternatives described above, the following airport site 
development alternatives have been identified by the Flight Plan Committee for further 
evaluation. The Flight Plan evaluation process will focus on system-level considerations, rather 
than the selection of specific sites. This working paper presents site layout concepts to aid in 
the evaluation process. 

8 Sea-Tac Airport Alternatives: 

- Sea-Tac Airport with or without a new commuter runway 
- Sea-Tac Airport with a new dependent air carrier runway 

Supplemental Airport Alternatives 

- Existing Arlington Airport 
- Arlington Airport with a new runway 
- Existing Paine Field 
- Paine Field with a new runway 
- Joint use of existing McChord Air Force Base 
- Joint use of McChord Air Force Base with a new runway 



- Additional airport at Central Pierce site with one runway - Additional airport at Central Pierce site with two runways - Additional airport at OlympidBlack Lake site with one runway 
- Additional airport at OlympidBlack Lake site with two runways 

4 Replacement Airport Alternatives 1 .  
- Additional airport at Central Pierce site with three runways 
- Additional airport at OlympidBlack Lake site with three runways 
- Additional airport at Fort Lewis site with three runways 

Conceptual site layouts have been developed for each of these site alternatives, as described later 
in this Working Paper. 

AIRPORT SITE REOUREMENTS AND CRITERIA I 
1 

Airport criteria for supplemental and replacement airports are summarized in Table 1. All new 
airport sites must be capable of meeting these criteria. To the extent feasible, these criteria have 
also been applied to existing airports fulfilling the supplemental airport role. In some cases, all 
supplemental airport criteria cannot be fulfilled at existing airports due to physical constraints. I 
Air~ort Role and Classification ~ 
Supplemental airports will serve commuter aircraft and narrow-body and wide-body jet aircraft I 
in short haul and medium haul service. The largest aircraft expected to be served by the 
supplemental airport is the B767. 

1 

Replacement airports must accommodate all categories of aircraft, including commuter aircraft 
and wide-body aircraft as large as the B747. Replacement airports must serve long-haul and , 
international traffic as well as medium-haul and short-haul. I 

I 

The maximum size of aircraft served by the airport determines the aircraft approach speed 
category and airplane design group for the airport. These classifications effect the dimensional 
criteria and separation standards for the classification of airport. 



Runwav and Taxiwav Dhensiom 

Supplemental airports require a runway length of 7,000 feet to accommodate maximum medium- 
haul destinations for narrow-body and mid-body aircraft. Replacement airports must have 
runway lengths of 10,000 feet, with one runway expandable to 12,000 feet. I 
Seaaration Standards I 
Parallel runways at supplemental airports should be separated by 3,500 feet. This separation I 

; 

will permit simultaneous instrument operations assuming anticipated changes to air traffic control 
separation standards of the Federal Aviation Administration. At replacement airports, the 
inboard parallel runways must be separated by 5,500 feet to allow adequate space for the 
passenger terminal area, vehicle parking, and roadway circulation. The third runway must be 
located at least 3,500 feet from one of the inboard runways. This configuration will provide for 
three independent instrument arrival and departure streams. (Based upon future separation I 
standards) ! ; 

I 

Runwav Protection Zones 
i 

Runway Protection Zones are clear areas located at both ends of a runway. To allow for a 
precision instrument approach system, the runway protection zone must be 2,500 feet in length, 
with an inner width of 1,000 feet and outer width of 1,750 feet. A smaller, non-precision, 
runway protection zone can be provided at one end of the runway at an existing airport where 
it is known that the precision instrument approach system would be located on the other end of 
the runway. 

Land Area Reauirernents i 
Overall land area requirements for airport construction are 1,000 to 2,000 acres for a 
supplemental airport (depending upon the number of runways) and 4,600 acres for a replacement 
airport. These are minimum acreage requirements, and the land area required for a particular 
site could be greater due to specific site considerations. The passenger terminal area requires 
approximately 10 acres per million annual passengers. In addition, approximately 3 acres per 
million annual passengers should be allowed for remotdlong-term vehicle parking. It is 
estimated that air cargo, maintenance, and airport support services will require 5 acres per 
million annual passengers for supplemental airports and 12 acres per million annual passengers 
for replacement airports. 

Additional property rights should be secured to provide a noise buffer zone at each end of the 
runways. Property rights could be acquired through purchase of the property or acquisition of 
property easements. It is suggested that all property within the airport's 65 Mn contour be 
controlled through purchase, easement, or zoning regulations to prohibit incompatible uses. 



TABLE 1 
AIRPORT c- 

[a] Minimum requirement is 400 feet; 600 feet allows for high speed exit taxiways. 
[b] For precision instrument approach. 
[c] One runway: 1,000 acres; Two runways: 2,000 acres. 

Source: FAA Advisory Circular 150/5300-13, ,4imrt Desim a d  P&D Aviation. 



This land area need not be acquired in fee if an effective zoning policy can be instituted and 
enforced. Several states have enacted airport zoning acts that permit locally created agencies 
to zone lands adjacent to major airports. The zoning should prohibit incompatible land uses 
because of noise and development that would be a height hazard to aircraft operations. 

Site Location Criteria 

Criteria were established to locate new airport sites within the searchareas identified in Phase 11. 
Site search criteria are listed below: 

Land area. The site must be capable of accommodating the minimum acreage 
requirements including runway and runway protection zone requirements. 

Environmental. The site should not result in adverse noise impacts on surrounding land 
uses. Wetlands, flocdlands and public parks should not be significantly affected. 

Meteoroloey. Runways must be oriented with prevailing winds, which are generally in 
a north-south direction. Weather characteristics of a region can produce local variations 
depending upon terrain features and other factors. Certain portions of a region may 
experience a higher frequency of fog, particularly during the early morning hours, while 
the remainder of the region is completely clear. These local conditions may not be 
generally known, except to the local residents; therefore, interviews should be conducted 
to determine if there are any abnormal local weather conditions that may adversely affect 
airport operations. 

Obstructions. The imaginary surfaces defined by Federal Aviation Regulations Part 77 
must not have significant penetrations. These imaginary surfaces extend outward and 
upward from the runway ends and sides. There must be no penetrations to the airport 
approach surfaces, which extend from the ends of the runways. Penetrations could be 
caused by terrain (hills and mountains), trees, or man-made objects such as buildings or 
towers. 

s Airspace. There are two major airspace circumstances to be considered as site search 
criteria. The first is the most obvious and deals with interactions with other existing 
airports. This can be determined from a study of ATC procedures. The second con- 
sideration is not as apparent and relates to the ability of the FAA to develop a terminal 
airspace structure that will support a high capacity commercial airport. This will require 
the establishment of navaids to guide arriving and departing aircraft at the new airport. 

* Terrain. A major cost of constructing a new major airport is the expense of preparing 
the site for development of airside and landside facilities. The Phase I1 site search 



criteria included two limitations of elevation differentials. The site limitation was 
200 feet while the airfield was restricted to a 100 foot differential. 

Elevation differentials within a 5,0005 acre site should be expected and a 200 foot 
differential is not uncommon on large grading contracts. More important than grade 
differential is the nature of the sub-strata. If the site contains rock under a shallow, 
overburden, then the elevation differential is significant; however, if the site contains 
soils that can readily be graded using scrapers and bulldozers, then the elevation 
differential should not be a limitation if other criteria are met. 

As for the 100 foot elevation differential for the airfield criteria, it appears this is 
redundant because site preparation would attain the allowable elevation differential of the 
airfield portion of the site. Incidentally, the 100 foot elevation differential for a 
10,000 foot runway would be one percent which is the allowable effective gradient of 
runways. 

DESCRIITIONS O F  AIRPORT SITE CONCEPTS 

The locations of airport sites are shown in Figure 1. Alternative airport site concepts are 
discussed below. Each layout plan is a conceptual drawing showing the airfield configuration, 
locations of the passenger terminal area and other important airport functions, major existing 
airport buildings if any, the proposed airport boundary, and the major highway access. Existing 
airfield facilities (runwaysltaxiways) are in solid lines and airfield development proposed to meet 
criteria for alternatives are shown in broken lines. The airport property boundary shown does 
not include additional areas which might be subject to easements or buffer zones. Major ground 
contours are shown for new airport sites to provide a rough indication of the amount of 
earthwork required. 

Seattle-Tacoma International Aimort Without New Runwav Wigure 231 

This concept is essentially the existing Sea-Tac Airport. Although no new runways are included 
under this alternative, minor improvements such as new taxiways and terminal area expansions 
would occur. 

Seattle-Tacoma International Aimort With New Commuter Runwav W i m ~  331 

Under this alternative, a new 5,000-foot commuter runway would be constructed on the west 
side of the airport. The new runway would be located entirely on the existing airfield. The 
west side parallel taxiway would be removed and a new runway constructed with a centerline 
separation of 700 feet from the existing westerly runway (Runway 16R-34L). This distance 
would provide for adequate separation for aircraft under simultaneous visual operations. 



- - - - - -  

ARLINGTON 

NOHOMISH 

-1EFFERSQP-I 

- - - - -  

Figure 1 
Airport Locations 
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Figure 2 
Sea-Tac Without New Runway 
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Figure 3 
.Sea-Bc With New Commuter Runway 



Seattle-Tacoma International Airaort With New De~endent Runwav Firmre 41 

In this altemative, a new 7 , W f o o t  runway would be constructed 2,500 feet from 
Runway 16L-34R. This separation distance would allow an approach on one runway and 
departure on the other to occur at the same time. For this altemative, additional property must 
be acquired between 9th and 12th Avenues South and between South 176th Street and State 
Route 518, to provide for construction of the new runway. 

Arlington Municioal A i r ~ o r t  With New Runwav Extension (Firmre 51 

Under this alternative, the north-south runway at Arlington Municipal Airport would be 
lengthened at the north end to a total of 7,000 feet. The general aviation area on the east side 
of the airport would remain. A new passenger terminal would be constructed between the two 
runways. Long-term parking could be provided at the west side of the airport and air cargo, 
maintenance, and support activities can be accommodated south of Runway 11-29. New parallel 
taxiways would be constructed for each runway to serve future aviation needs. 

Arlington Munici~al Airoort With New Runwav (Firmre 61 

A new parallel north-south runway would be constructed west of the existing north-south 
runway. The new runway would be 7,000 feet long. Additionally, the present north-south 
runway would be extended to 7,000 feet. Additional property would be acquired on the north, 
east, and south sides of the airport to accommodate the required expansion. The passenger 
terminal would be located at midfield between the parallel runways on the east side of the 
airport. Air cargo and maintenance activities could be located as shown on Figure 6 .  A i i r t  
support functions could be accommodated at the south end of the airport. 

Snohomish Countv Airuort (Paine Field) With Fxistin~ Airfield (Firmre 71 

Paine Field could be converted to a supplemental airport with no significant airfield 
improvements required. Activities on the east side of the airport would remain. A new 
passenger terminal and related air cargo and maintenance and support activities would be located 
on the west side of the airport. A new parallel taxiway on the west side of the primary runway 
would be required to provide aircraft access to the west side. The existing primary runway at 
Paine Field is 9,010 feet long, which is more than adequate for supplemental airport standards. 

The airport management of Paine Field has pointed out that the established role of the airport 
allows only commuter flights due to the proximity of residential development. A change in this 
decision would be necessary to accommodate air carrier flights. 



Figure 4 
Sea-lhc With New Dependent Runway 
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Figure 5 
Arlington Municipal Airport 

With New Runway Extension 
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Figure 6 
Arlington Municipal Airport 

With New Runway 
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Snohornish County A i r ~ o r t  (Paine Field) With New Runwav (Firmre 81 

In this alternative, an additional north-south runway would be constructed for air carrier use east 
of the existing primary runway. Without relocating State Route 526 and providing for adequate 
runway protection zone clearance at the north end, a 5,300-foot runway can be constructed. A 
displaced threshold of 700 feet on the north end can be accommodated, for a total takeoff length 
of 6,000 feet. The new runway would be separated by 1,200 feet from the existing primary 
runway. The passenger terminal area would be located on the west side of the airfield. A large 
part of the existing general aviation area would be replaced by the new runway and air cargo 
and maintenance activities would be provided on the east side of the airport. The Tramco lease 
area on the south side of the airport would be largely undisturbed. Additional land would be 
acquired under this alternative at the south end of the airport for the new runway, and at the 
northwest corner for long-term vehicle parking. 

Topography and wetlands are significant physical impediments to this alternative. The airport's 
west side has over two dozen identified wetlands and substantial steep slopes with SR 525 (west 
of the runway) 40 to 70 feet below runway elevation. The areas identified for air cargo under 
each alternative are generally grade accessible and free of wetlands. The south two-thirds of the 
new runway alternative would also involve huge amounts of fill and displacement of a large 
wetland. Trarnco's Hangar 3 currently under development (1992 construction) would be 
eliminated by this alternative, and their existing Hangar 1 would exceed the 7:l  transitional 
surface requirements of the new runway. The new runway would displace the U.S. Army 
Reserve and the majority of light aircraft users at the airport as well as the support businesses. 
The small east ramp identified for general aviation would accommodate only three FBO's and 
about 150 light aircraft. The small east runway is too short for corporate aircraft use. 

In the fall of 1991 a new doppler VOR will be commissioned atop the Boeing Company's paint 
hangar on the Boeing flight line. The southwest comer of the airport currently within the 
protection area for the existing VOR will then be available for development. 

Joint Use of McChord Air Force Base With Existing Airfield lFirmre 91 

In this concept, the passenger terminal area and air cargo, maintenance and support functions 
would be located on the east side of the base on existing Air Force Base property. A new 
parallel taxiway would be constructed on the east side of the runway to serve the civilian 
functions. Air Force facilities currently located in these areas include hazardous materials 
loading aprons. This option is based on relocating these loading areas to other locations on the 
base. If alternate loading areas cannot be provided, the area encompassed by the civilian 
activities would have to be reduced from that shown in Figure 9. 
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Figure 9 
Scale 1"=2m McChord AFB With Existing Airfield 
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Joint Use of McChord Air Force Base With New Runwav W i m ~  10) 1 ~ 
In this concept, a new civilian runway would be constructed east of the existing runway, with 1 I 
a centerline separation of 700 feet. The passenger terminal area, long-term parking, and air 
cargo, maintenance, and support services would be located on the east side of the base on 
existing base property. Although this concept provides a separate runway for civilian use, the 
remaining area on the east side of the base is reduced. 1 
Central Pierce One-Runwav Suoolernental Aimort (Fimre 111 

The Phase I1 report identified a search area in Central Pierce County called the Fort Lewis1 
Spanaway search area. The airport concept alternative depicted here is at the eastern edge of 
the identified site area and is renamed the Central Pierce site. The Central Pierce site was 
included in the topographic maps which identified the Fort LewisISpanaway search area in the 
Phase I1 analysis. A second site in the Fort LewisISpanaway search area, located on Fort Lewis 
property, is described later. 

The supplemental airport configurations at this site were developed, such that they could 
potentially become the beginning stages of an ultimate three-runway replacement airport 
configuration. Therefore. the su~~lemental a i m r t  conce~ts were constrained within the bounds 1 
of the replacement airport layoit: Although h e  layouts'for supplemental airports allow them I 

to be expanded to a replacement airport, if necessary, supplemental airports must not necessarily I 

be expanded to replacement airports. i 
! 

Under the one-runway supplemental alternative, a new runway would be constructed west of 
Highway 161. The runway would be 7,000 feet long with a parallel taxiway on the east side. 1 
The passenger terminal area, vehicle parking and air cargo, maintenance, and support services 
would be located between the runway and Highway 161. The runway could be extended to the 
south to a total length of 10,000 feet. The critical factor effecting runway placement was the 
presence of high terrain to the south. The runway location shown, when extended to 
10,000 feet, will have the necessary FAR Part 77 approach surface clearance over this terrain. 

t 
I 

All three Central Pierce Site options would require the closure of Thun Field, east of 
Highway 161. 

I 
I 

Central Pierce Two-Runwav Su~olemental Aimort (Firmre 121 ! 
i 

Under this alternative, a second 7,000-foot runway would be constructed 3,500 feet to the west 
of the single runway. The passenger terminal and parking area would extend along the east side 
of the airport between Highway 161 and the airport. Air cargo and maintenance functions can 
be provided between the runways on the north side. Support services can be accommodated on 
the south side of the airport. Both runways would be able to be extended to 10,000 feet if the 
airport were to be expanded to a replacement airport. 





Figure 11 
Central Pierce One-Runway 

Supplemental Airport 
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Central Pierce Two-Runway 
Supplemental Airport 
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Central Pierce With Revlacement Airvort (Firmre 13) 

Under this alternative, a three-runway replacement airport would be constructed on the Central 
Pierce site. The two easterly runways would be separated by 5,500 feet and straddle 
Highway 161. The passenger terminal area and related vehicle parking and circulation would 
be located within the area between these two runways. The easternmost runway would be 
capable of a 2,000-foot extension to 12,000 feet, to the north. The westerly runway would .be 
separated from the center runway by 3,500 feet, providing for three simultaneous instrument 
arrival and departure streams. Additional airport activities can be accommodated on the east 
side of the easterly runway. 

OlvmoialBlaek Lake One-Runway Suaalemental Airvort (Firmre 141 

As with the Central Pierce site concepts, the OlympidBlack Lake supplemental airport concepts 
are configured so they could potentially be beginning stages of an ultimate three-runway 
replacement airport. Constraints at the OlympidBlack Lake site include high terrain to the 
south, railroad tracks at the north and south ends of the site, and numerous creeks. The 
OlympidBlack Lake site is located entirely on the west side of Interstate 5 to avoid overflights 
over developed areas to the north. 

The one-runway concept includes a 7,000-foot runway with passenger terminal and associated 
facilities to the east, access to the airport would be by Lathrop Road from Interstate 5. 
Bloom's Ditch which runs through the site would probably be rechanneled into Salmon Creek 
to the north. Hills directly south of the runway would have to be removed to provide adequate 
approach surface clearance. 

Olmaia/Black Lake Two-Runway Suaalemental Aimorts (Firmre 15) 

The two-runway concept for Olympia/Black Lake would be similar to the two-runway concept 
at the Central Pierce site. However, at the OlympidBlack Lake site the westerly runway must 
be offset to the south to prevent relocation of Burlington Northern Railroad tracks and to avoid 
wetlands areas to the north. Hills at the south end of the runway must be removed for runway 
construction and approach surface clearance. 

Both Olympia/Black Lake supplemental airport options could impact flight operations at Olympia 
Airport, located three miles to the northeast. Airspace conflicts could be minimized by 
constructing the supplemental airport runways parallel to the primary runway at Olympia 
Airport. However, that runway orientation would result in increased flights over existing urban 
areas. 



Figure 13 
Central Pierce With 

Replacement Airport 
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Olympia/Black Lake one-Runway 
Supplemental Airport 



Figure 15 
Olympia/Black Lake lko-Runway 

Supplemental Airport 



Olvm~ialBlack Lake With Re~lacement Airoort meurn 1@ 

This alternative consists of three 10,000-foot runways on the OlympidBlack Lake site with the 
center runway capable of expanding to 12,000 feet. With the exception of the offset westerly 
runway, the configuration of this concept is similar to the replacement airport at the Central 
Pierce site. It is anticipated that the existing Olympia Airport would be closed under this option; 

Fort Lewis Site With Reolacement Aimort (Firmre 17) 

A site in the Fort LewisISpanaway search area on Fort Lewis property is referred to as the Fort 
Lewis Site. This site is at the eastern boundary of Fort Lewis, southwest of State Highway 7 
near Elk Plain. The site is in Fort Lewis Training Areas 11 and 15 and northeast of a Drop 
Zone in Training Area 14. Activities in these training areas would have to be relocated. 
However, the use of this site for an airport appears to impact Fort Lewis activities less than 
other suitable Fort Lewis sites. The site has no significant wetlands and would not require as 
extensive earthwork as other Fort Lewis sites. 

SUMMARY 

In this Working Paper, conceptual site layouts have been shown for all Flight Plan site 
altemdtives. All options depicted here are feasible. New airport site layouts have been designed 
to avoid wetlands, railroad relocations, severe topography changes and other constraints. 
However, constructing new runways at existing airports are subject to constraints such as 
wetlands, topography, and existing development. 

PBD Avlellar A ~ o f P B D T ~ l o s  
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OlympiaBlack ~ a k e  With 
Replacement Airport 
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Figure 17 
Fort Lewis Site with 

Replacement Airport 
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DATE: July 13, 1991 

TO: Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUBJECT: WORKING PAPER NO. 3 - LEVEL OF SERVICE 

INTRODUCTION 

Commercial passenger forecasts for the Puget Sound region through the year 2020 were 
developed during Phase I of Flight Plan. These forecasts are presented as an aggregate for the 
entire multi-county study area and do not describe passenger origins or destinations (O&D) 
within the region. 

Phase I1 of Flight Plan did not require additional passenger O&D information since the objective 
was to determine only which strategies should be carried forward for further analysis. 

Phase 111 however, will conduct a comparative evaluation and ranking of airport strategies 
requiring a knowledge of passenger origins and destinations within the region, as well as the 
type of air service desired (e.g. trip length). Improved passenger O&D information will allow 
alternatives to be analyzed for factors such as accessibility, convenience, level-of-service desired, 
demand potential and demand satisfaction. It is the purpose of this document to derive this more 
detailed passenger forecast information. 

PHASE I FORECAST SUMMARY 

The Flight Plan Phase I forecast analysis determined the number of commercial passengers in 
the Puget Sound region would grow from 16.3 million annual passengers (MAP) in 1990 to 
45 MAP in 2020. Further, it is estimated approximately one-third of these passengers are 
"connecting" or "through" passengers as opposed to travelers who originate or terminate their 
air trip at Sea-Tac. The number of locally generated O&D passengers are therefore expected 
to reach 30 million, a level which exceeds the current locally generated passenger counts at 
many multiple airport metro areas including Chicago, Los Angeles, and San Francisco. 

Translating passenger growth to increases in aircraft operations reveals Sea-Tac, as it is now 
operated, will be unable to accommodate growth through the turn of the century without 
incurring substantial delays. By the year 2000, it is estimated delays wil l  average 30 to 45 
minutes in clear weather conditions and 90 minutes or more in poor weather. One of the 
important questions Phase I11 of Flight Plan must address is whether the demand for additional 
commercial aircraft operations can best be sewed at Sea-Tac or by development of new 
commercial airport facilities elsewhere, or both. 



PASSENGER GROWTH FACTORS 

The economic modeling analysis conducted during the forecast studies determined passenger 
growth in the Puget Sound region is most highly correlated to 1) population, 2) per capita 
income, and 3) airline yields. Estimates of the first two variables are available by census tracts. 
An aggregation of census tract passenger estimates to the county-wide level was compared to 
the passengers estimated by the forecast model. The differences between the forecast model and 
population demand estimates were found to be relatively small. This led to the conclusion that, 
in the Puget Sound region, population is a very good indicator of commercial passenger demand 
at the county-wide level. In other words, passengers per capita were found to be very similar 
when aggregated from the census tract to the county level. Differences among census tracts due 
to varying per capita incomes were averaged out when combining census tracts within counties. 
It can be assumed therefore that existing and future county population estimates can serve as a 
good indicator of passenger distributions within the region. 

POPULATION DISTRIENTION WITHIN THE REGION 

Existing and future population estimates for the Puget Sound region and surrounding counties 
are shown in Table 1. Estimates developed by PSCOG are shown for 1990 and the year 2020. 
The population distribution is subdivided into three groupings defined as 1) Central - King 
County, 2) Northern - counties whose residents might be more conveniently located to a 
supplemental airport north of Sea-Tac, and 3) Southern - counties whose populations might be 
more conveniently located to a supplemental airport south of Sea-Tac. Within the entire eleven 
county region the total population is projected to increase from 3.4 million to 4.9 million in 
2020. For purposes of this analysis this population and area is assumed to approximate the 
"market-shed" served by Sea-Tac. 

In 1990, King County's share of the total market-shed population is 45 percent. In 2020 this 
share decreases bv 2 ~ercent to 43 uercent due to more r a ~ i d  mulation growth in the 

A * 

surrounding countiis. h e  distributioi of population in 2020 north anh south d King County 
is relativelv evenlv distributed at 24 uercent and 33 uercent reswtivelv. Snohomish and Pierce 
Counties iominafe the northern a& southern a r k  with 14 perceit and 18 percent of the 
regional population. 

PASSENGER DISTRIBUTION WITHIN THE REGION 

Based on the findings of the PSCOG passenger correlation studies, and the population figures 
described above and shown in Table 1, estimates are prepared of passenger distributions within 
the Sea-Tac market-shed area. These estimated, shown in Table 2, are simply the 1990 and year 
2020 aggregate passenger forecasts distributed to the wunties according to population 
percentages derived in Table 1. Connecting passengers however have not been allocated to the 



northern or southern counties based on the reasoning that very few if any connections would 
occur at the supplemental airports. 

TABLE 1 
FLIGHT PLAN Phase EI 

REGIONAL POPULATION DISTRIBUTION (Thousands) 

CENTRAL COUNTY 
King 
Subtotal 

NORTHERN COUNTIES 
Island 
Skagit 
Snonomish 
Whatcom 
Subtotal 

SOUTHERN COUNTIES 
Grays Harbor 
Kitsap 
Lewis 
Mason 
Pierce 
Thurston 
Subtotal 

TOTAL 

The type of service offered by supplemental airports will be an important consideration in 
determining the tendency of passengers to choose closer airports. For example, passengers 
planning a transcontinental trip will be more likely to accept a longer ground trip to get a better 
selection of airline schedules. To allow the demand projections for alternative supplemental 
airports to be responsive to these characteristics, the passenger distributions shown in Table 2 
are further classified by short (less than 700 miles), medium (700-1100 miles), and long haul 
(greater than 1100 miles) air trip lengths. These estimates are derived using the aggregate city- 
pair statistics presented in the Flight Plan Phase I forecasting analysis. According to these data, 



the distribution of short, medium and long haul air trips is 22 percent, 32 percent, and 
46 percent respectively. A few examples of these types of markets are listed below. 

Short-haul - This includes service in markets of under 700 nonstop miles such as 
Bellingham, Portland, Spokane, Vancouver, Yakima, San Francisco, Oakland, 
and San Jose. These markets can generally be served by commuter airlines with 
turboprop equipment or smaller air carrier jets such as the Boeing 737. 

Medium-haul - Medium-haul includes services to cities such as Los Angeles, 
Phoenix, Salt Lake City and Denver. Connections, of course, can be made at 
hubs to reach more distant final destinations. 

Long-haul - Long-haul services can bypass a hub since passenger traffic in these 
markets can be large enough to obviate the need for passenger consolidation at 
the hub. Examples include San Diego, Chicago, and New York, and of course 
the majority of international locations. 

Table 3 shows an historical distribution of the major Sea-Tac air passenger destinations using 
data presented in Phase I of The Flight Plan Project. The city pair O&D data is based on 1988 
statistics and it should be noted that the passengers indicated represent only originating, or 
outbound, passengers and thus the total will be about half of the total annual passengers. 

The California markets accounted for the largest share of Seattle O&D passengers with 3.1 
million in CY 1987 or 31 percent of the total. Los Angeles, San Francisco and San Diego rank 
among Seattle's Top 10 O&D markets. 

Important regional markets, including Washington State, Oregon, Idaho and Vancouver and 
Victoria, BC accounted for 11 percent of the total. Combined regional and California O&D 
passengers amounted to 42 percent of all Seattle domestic O&D passengers (including Vancouver 
and Victoria, BC). 



CENTRAL COUNTY 

King 

Subtotal 

NORTHERN COUNTIES 

Island 

Skagit 

Snohomish 

Whatcom 

Subtotal 

TABLE 2 
FLIGHT PLAN Phase III 

REGIONAL PASSENGER DISTRIBUTION 

1990 Passengers (Milliom) 2020 Passengers (Milliom) 
Short Medium Long Regional Short Medium Long Regional 

Haul nta1 Pereentane mu! w w TetadP-t=e 1 

SOUTHERN COUNTIES 

Grays Harbor 0.05 0.07 0.10 0.21 1.3% 0.09 0.13 0.19 0.40 0.9% 

Kitsap 0.14 0.20 0.28 0.62 3.8% 0.40 0.58 0.83 1.80 4.0% 

I 
Lewis 0.04 0.06 0.09 0.19 1.2% 0.09 0.13 0.18 0.40 0.9% 1 '  

0.03 0.04 0.06 0.12 0.8% 0.09 0.13 0.18 0.39 0.9% Mason i 
0.42 0.61 0.88 1.91 11.7% 1.17 1.70 2.44 5.31 11.8% Pierce I 

1 
Thurston 0.12 0.17 0.24 0.52 3.2% 0.37 0.54 0.77 1.67 3.7% 

I 
Subtotal 0.79 1.14 1.64 3.57 21.9% 2.19 3.19 4.59 9.98 22.2% 

TOTAL 3.59 5.22 7.50 16.30 100.0% 9.90 14.40 20.70 45.00 100.0% 



Results of the passenger distribution analysis indicate that of the 45 million annual passengers projected 
for the year 2020, 7 million O&D passengers will be generated by the northern counties, and 10 million 
will be generated by the southern counties. This assumes all connecting passengers remain in King 
County. If it if further assumed that half of the medium haul and all of short haul passengers would select 
the closest commercial airport then the demand potential for a supplemental airport in the northern county 
sub-region is approximately 2.6 million O&D passengers and in the southern county area is 3.8 million 
O&D passengers. 

IMPLICATIONS FOR SYSTEM ALTERNATIVES 

To test the plausibility of the system alternatives being considered in Phase 111, a comparison is made of 
the Seattle O&D passenger forecasts with other large metropolitan areas. Table 4 shows the year 2020 
Sea-Tac O&D passengers compared to 1988 O&D passengers for large U.S. metropolitan areas. By the 
year 2020 Sea-Tac will be required to support O&D passenger volumes comparable to those now handled 
in Chicago, Los Angeles, and San Francisco. Each of these metropolitan areas provides multiple airport 
systems to meet these demands. A further examination of the metro areas served by more than one airport 
reveals three of the six listed are two airport systems and three are three airport systems. It should be 
noted Los Angeles is also a multiple airport system even though the statistics in Table 4 show passenger 
data for only the primary airport. 

The implications of this comparison suggest the Sea-Tac projected year 2020 demands could support a two, 
or even three airport system. Moreover, the relatively equal distribution of demand between the north and 
south areas of the region also suggests a three airport system alternative which includes two supplemental 
airports, one north and one south of Sea-Tac, should at least be considered in the Phase III evaluations. 

Passenger distributions derived earlier imply a demand of 2.6 and 3.8 million O&D passengers would exist 
for supplemental airports located in the northern and southern areas. Due to the geographical distribution 
of demand, the addition or deletion of one of these supplemental airports will affect primarily the demand 
at Sea-Tac and not the demand at the other supplemental airport. Thus, it can be reasoned from purely 
a demand standpoint, if a supplemental airport is justified north of Sea-Tac, then a supplemental airport 
is also justified south of Sea-Tac. 

Based on this analysis, it is suggested a three airport system be added to the set of alternatives to be 
evaluated. The actual demand for these options will be refined further when airport concept layouts and 
site locations are described in greater detail. Included in the next phase of demand analysis will be: 1) the 
type and amount of service that would be located at each supplemental airport and 2) the service 
advantages and disadvantages of the multiple airport system. 



FINDINGS AND CONCLUSIONS ~ 
The following summarizes the key findings and conclusions of this analysis. i 

l 
0 Flight Plan Phase I forecasts determined the number of O&D passengers in the Puget Sound region I 

would grow from 10.9 MAP in 1990 to 30 MAP in 2020. I 
e Comparison of Sea-Tac 2020 O&D passenger projections to other metropolitan areas reveals this level 

of demand is now being served in other parts of the country by several two and three airport systems. 

* An evaluation of factors influencing passenger demands determined that population is the best 1' 
indicator of passenger distributions in the Puget Sound region. i 

I 
I 

Using projected distributions of population and airline haul lengths, it is estimated the O&D passenger I 

demand will be 2.6 MAP and 3.8 MAP for supplemental airports located in the northern and southern 
PSCOG sub-regions respectively. i 

* In view of these findings, it is recommended a three airport strategy be included in the Phase 111 
alternative evaluation studies. 



TABLE 3 
SEATTLE'S TOP O&D CITY PAIR MARKJ3TS 

Los Angeles 
& I!rlswm 

455,435 
San Francisco 289,265 
New York 206,860 
Honolulu 189,060 
Chicago 154,225 
Denver 147,115 
Oakland 131,865 
Washington, D.C. 119,700 
San Jose 109,155 
San Diego 108,050 
Anchorage 106,260 
Phoenix 104,505 
Portland 91,909 
Reno 91,335 
MinneapolisISt. Paul 86.425 
Dalla./Fort Worth 85,755 
Orange County 84,820 
Spokane 77,552 
Boston 76,190 
Ontario 71,065 
Las Vegas 59,320 
Atlanta 58,415 
Detroit 58,360 
Salt Lake City 51,841 
Sacramento 49,753 
Kansas City 48,535 
Philadel~hia 48.510 
~r lando '  
Miami 
St. Louis 
Houston 
Baltimore 
Tampa 
Juneau 
Clevelaod 
Albuquerque 
Tucson 
New Orleans 
Ketchikan 
Hartford 
Indianapolis 
Pittsburgh 
Boise 
Total-listed cities 
Other cities 
GRAND TOTAL 

Source: The Flight Plan Project - Phase I. 



TABLE 4 
COMPARISON OF Sea-Tac 2020 O&D PASSENGERS 
TO OTHER MAJOR U.S. METROPOLITAN AREAS 

New York (3) 

Sea-Tac Year 2020 Foreearf 
Chicago (2) 
Los Angeles 
San Francisco (3)  
DallaslFort Worth (2) 

Washington, D.C. (2) 
Boston 
Atlanta 
Houston (2) 
Denver 

Note: Number of multiple airports contributing to O&D passenger statistics indicated in parenthesis. 

Source: U.S. Depanment of Tramponation Origin-Destination Survey. 
Flight Plan Phare I Forecasr. 
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DATE: August 28, 1991 

TO : Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUNECT: WORKING PAPER NO. 5 - ALLOCATION O F  PASSENGERS 
AND AIRCRAIT OPERATIONS 

INTRODUCTION AND SUMMARY 

In this Working Paper, the number of air passengers and operations in the region are allocated 
among airports under various alternative scenarios. Passengers and aircmft operations are first 
allocated on an "unconstrained" basis, without regard to the capacity constraints at Sea-Tac or 
other potential air carrier airport sites. For the unconstrained allocation, passengers were 
assigned to airports on the basis of the ground travel time to the airport and the type of service 
(haul length) which would be provided at the airport. In this allocation process, Sea-Tac is 
allocated more passengers than its capacity in the year 2020 under all scenarios. 

Next, passengers and operations were allocated to airports with the consideration of the airfield 
capacity limit of each airport. Under this "constrained" approach, air passenger activity must 
be shifted from Sea-Tac to other airport sites to accommodate all future passenger demand 
within the region, due to the capacity constraints at Sea-Tac. The results of the constrained 
allocation show that no supplemental airports reach capacity although Sea-Tac would be at or 
near capacity in all scenarios. 

UNCONSTRAINED ALLOCATION 

For the unconstrained allocation, the data developed in the August 1, 1991 memorandum from 
the Flight Plan Staff regarding Supplemental Airport Market Areas was expanded upon. The 
referenced memorandum described the development of Supplemental Airport Market Areas and 
the level of origin and destination passenger demand allocated to each of these market areas 
under various two- and three-airport system scenarios. This working paper describes the 
allocation of airport operations under the same alternative aircraft system scenarios. 

The passenger allocations included in the referenced memorandum are repeated in Table 1. As 
discussed in the memorandum, it is assumed that all connecting passengers (15,000,000 in the 
year 2020) will be accommodated at Sea-Tac. Experience at other supplemental airports 
indicates that there would be some connecting passengers at a new supplemental airport in the 
Puget Sound region. However, the number of connecting passengers at the supplemental airport 
would be relatively insignificant for purposes of this analysis, and is therefore not included. 

The passenger estimates shown in Table 1 for each of the airport sites were used as the basis 
for estimating aircraft operations at the sites. The Central Pierce option shown in Table 1 
includes the alternatives of using McChord Air Force Base as a supplemental airport or 
developing a new supplemental airport in the Central Pierce area. The methodology and results 
of the aircraft operations allocation is described below. 
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Four categories of aircraft operations are considered: passenger operations, other airline 
operations, general aviation operations and military aircraft operations. Each of these is 
described below: 

A. PASSENGER AIRCRAET OPERATIONS 

Passenger aircraft operations consist of air carrier and commuterlair taxi operations. The 
number of passenger operations were allocated according to average numbers of 
passengers per operation for primary and supplemental airports. The average number 
of passengers per operation in the region is forecast to increase from approximately 50 in 
1988 to 95.7 in the year 2020. This represents an average annual growth rate of 
2.0 percent over the 32-year period. This projected growth rate is consistent with the 
long-term historical trend in the U.S. and is also consistent with projections of the 
growth of average aircraft size by the FAA and aircraft manufacturers. 

Typically, with primary and secondary airports serving a single market, the average 
number of passengers per operation is smaller at the supplemental airports. It is I 
anticipated that this relationship would exist under a multiple-airport system in the Puget 
sound area. P&D Aviation analyzed the number of passengers per operation at the 
primary and supplemental airports in the San Francisco, Los Angeles, Houston, and 
DallasIFort Worth areas. The primary airports in these markets averaged 69 enplaned 
and deplaned passengers per operation in 1988. In the same year, the supplemental 
airports in these markets averaged 44 passengers per operation. Although the number 
of passengers per operation at the supplemental airports averaged only 64 percent of the 
primary airports, it is estimated that by the year 2020, the number of passengers per 
operations at the supplemental airports will be 70 percent of the primary airports. At 
that ratio, the number of passengers per operation at primary airports would be 
approximately 30 more than at supplemental airports. 

The number of total passenger operations under a single-airport system was established 
earlier in the Flight Plan Study. The revised forecast for a single-airport option is 
470,000 operations in the year 2020. It was suggested in Appendix K of the Phase II 
final report that the total number of operations would increase under a multiple-airport 
system because of increased numbers of flights to cities sewed by both Sea-Tac and the 
supplemental airport(s). P&D Aviation compared the average number of passengers per 
operation at single-airport and multiple-airport systems serving other markets in the U.S. 
and found that the number of passengers per operation for a region is essentially the 
same for single- and multiple-airport systems. Therefore, the number of operations were 
not increased for multiple-airport systems. 

Passenger aircraft operations were allocated between Sea-Tac Airport and the 
supplemental airport(s) by maintaining the relationship that the number of passengers per 
operation at the supplemental airport(s) is 70 percent of the number of passengers per 



operation at Sea-Tac. In all scenarios, 470,000 passenger operations are allocated 
between the system airports (see Table 2). 

B. OTHER AIRLINE OPERATIONS 

Other airline operations consist primarily of cargo and charter flights. Other airline 
operations were previously forecast to total 30,000 in the year 2020 for a single-airport 
system (Table 2). This represents approximately 6.4 percent of the passenger aircraft 
operations. For the two- and three-airport systems it is projected that other airline 
operations will also be 6.4 percent of the passenger operations at each airport. 

C. GENERAL AVLATION OPERATIONS 

General aviation operations in the year 2020 for a single-airport system are projected to 
be 23,000, or approximately 5 percent of the passenger operations. It is estimated that 
this relationship will remain the same for Sea-Tac under the two- and three-airport 
systems. The number of general aviation operations at the supplemental airports was 
estimated to be equal to the average at Paine and Arlington (138,000 a year). As stated 
in Appendix K, general aviation operations account for 50 percent or more of the 
operations at most supplemental airports in the U.S. Today. 

D. MILITARY OPERATIONS 

Military operations under a single-airport system and at Sea-Tac under multiple-airport 
systems are estimated at 1,000 operations in the year 2020. At all supplemental airports 
500 military operations are estimated for 2020. 

The results of the allocation of aircraft operations to airport sites, shown in Table 2, indicate the 
reduction in operations expected at Sea-Tac under each of these scenarios. Under the range of 
hvo- and three-airport system alternatives examined, Sea-Tac would have between 404,900 
operations (23 percent less than under a single-airport system) and 499,500 operations (5 percent 
less than under a single-airport system). For two-airport systems the number of operations at 
Sea-Tac would be 5 percent (Sea-Tac and Olympia site) to 12 percent (Sea-Tac and Paine Field) 
less than under a single-airport system. For three-airport systems, operations at Sea-Tac would 
be 12 percent to 23 percent less than under a single-airport system. 

Constrained allocations were made for each of the 33 airpor: system alternatives. In the 
constrained allocation, no more passengers were allocated to an airport than its afield could 
accommodate. The results of the constrained allocation p r w c s  are shown in Table 3 
(passengers) and Table 4 (operations). 
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TABLE 4 
CONSTRAINED ALLUCATION OF OPERATIONS TO AIRPORTS 

, YEAR 2020 



A. PASSENGERS 

Constrained passenger allocations were made by the Flight Plan Staff according to the 
methodology discussed below. 

It is assumed that all of the passenger demand generated by a market area (whether 1 

Sea-Tac, supplemental or replacement) would be captured by that airport up to its 
capacity limit. In cases where Sea-Tac's demand was greater than its capacity, the 
residuai passengers were assigned to the supplemental site (if one supplemental) or 
divided between two supplemental sites (if two supplementals), up to the capacity of the 
supplemental sites. ~ h & ,  under some scenarios, ihere would be passengers who would 
prefer to use Sea-Tac, but would have to drive to a more distant airport because Sea-Tac 
would be at capacity. Any residual passenger demand after this allocation was 
considered unsatisfied demand. 

Passengers were allocated to supplemental airports according to their demand. The 
Flight Plan Staff developed a range of passenger demand for supplemental airports 
depending on the amount of short haul traffic assumed to be captured by the 
supplementals (50 percent or 100 percent). In this Working Paper, the midpoint of the 
range was used. As under the unconstrained allocation, it was assumed that all 
connecting passengers would be at Sea-Tac. 

B. OPERATIONS 

Aircraft operations were estimated for the year 2020 under constrained conditions for 
each alternative scenario (Table 4). At Sea-Tac, the number of operations would equal 
its annual service volume (ASV) because the airport would be at capacity. The 
relationship between passengers and total operations at Sea-Tac was based on the 
relationship indicated in Table 21 of the Phase I report. 

i 
At supplemental airports, it was estimated that commercial passenger operations would 
be 50 percent air carrier and 50 percent commuter. The average number of 
enplanemerits per departure were estimated to be 93 for air camer operations and 17 for 
commuter operations, from Table 21 of the Phase I report. General aviation operations 
were estimated to be 138,000 per year (the average at Paine and Arlington). Military 
operations at McChord were estimated to remain at approximately 62,000 a year. If the 
supplemental airports are at capacity, their number of operations would equal their ASV. 

The operations estimates appearing in Table 4 were used to compute airfield delays, 
described in Working Paper 7. 



SUMMARY 

If demand for air passengers in the region were allocated without regard to'airport 
capacity, Sea-Tac would be allocated passengers in excess of its capacity under all system 
alternatives. Supplemental airports would be allocated at most a total of 7.7 million air 
passengers a year (Paine Field and Central Pierce site) 

I. 
The results of the constrained passenger allocation analysis (Table 3) show that Sea-Tac 
alone will not be able to accommodate all passengers in the region in the year 2020. 
Year 2020 demand can be met with an expanded Sea-Tac and one or two supplemental 
airports or a replacement airport. i' 
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AIRSPACE, CAPACITY AND DELAY 





DATE: September 3, 1991 

TO: Puget Sound Air Transportation Committee 
I 

FROM: P&D Aviation 

SUBJECT: WORKING PAPER NO. 7 - AIRSPACE, CAPACTY AND DELAY I 

EXECUTIVE SUMMARY 1 

Table 1 on the following page summarizes the major conclusions of the airspace and capacity 
analysis of the Flight Plan options. For each option information is presented to summarize 1) 
the system capability in terms of aircraft operations and passengers, 2) the capability of the 
option to satisfy the projected demands, and 3) the estimated year 2020 aircraft delays which / '  

would occur. Lastly, Table 1 shows the consultant's suggested composite ranking of the options 
based on these considerations. 1 
The option which receives the highest ranking (Rank 1) is the 3 airport system which includes 
a new air carrier runway at Sea-Tac and two air carrier runways at two supplemental airports. I 
This option provides the greatest system capacity and is the only option which fully meets the 
vision demand (year 2050) requirements. It also is the most effective option in terms or relieving 
traffic from Sea-Tac. The second and third ranked options are the 3 and 2 airport systems with 
1 and 2 runway supplementals respectively. Again, these offer greater airport system capacity 
and fewer aircraft delays than the other options with the exception of the replacement airport 

1 
option. The replacement airport option is shown to create the least amount of aircraft delays due 
to the total elimination of Sea-Tac. The replacement option is not ranked first however, since 
it does not provide as much overall system capacity as some of the two and three airport options. 

With few exceptions, the annual delay costs are within a fairly narrow and consistent range. 
This is largely due to the fact that Sea-Tac is assumed to operate almost always at or near 
capacity. Thus, the delay costs for Sea-Tac tend to mask the differences between alternatives. 
These differences however can become more significant when examining the cumulative effect 

I I 
of the airport system operations over a period of several years. The total computed aircraft 1 
annual delay costs for the year 2020 range from $24 million for the replacement airport concept 
to $271 million for the existing Sea-Tac option and one supplemental airport with one air carrier I 

runway. I 

INTRODUCTION 

The previous Working Paper No. 6 presented a total of 15 airport layout concepts for the 
different sites in the Puget Sound region. Various combinations of layout concepts can be 
formed to develop numerous alternative commercial airport systems. However, it was agreed 
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that the process of evaluating options could be simplified by considering a smaller number of 
alternatives. The final field of alternatives to be tested in this working paper totals 33 and 
involve airport locations at 6 sites. The objectives of analysis in this task are to: 

Review airspace circumstances with the intent of identifying potential fatal flaws that 
would preclude a plan from being implemented. 

Determine the airfield capacity provided by the various alternatives and estimate the delay 
consequences associated with the options. A ranking of alternatives can then be developed 
based on delay. 

AIRPORT LOCATIONS 

The 6 airport locations considered in this evaluation of alternatives include 4 existing airports - 
Sea-Tac International Airport, Arlington Municipal Airport, Paine Field, and McChord AFB. 

In the case of McChord AFB, it is assumed that the base would operate as a joint use facility. 
Two other locations, Olympia/Black Lake and Central Pierce County have been identified as 
potential sites for new commercial aimrts. In the various alternatives. Sea-Tac functions as the 
primary airport for the region with thd other locations filling supplemental regional airport roles. 
This, type airport would support scheduled air service to Pacific Northwest, California, and some 
national hub-airport (i.e.,-salt Lake City, Denver) destinations with a mix of turboprop and jet 
(B737lMD-80 class) aircraft. The only exception to these airport roles would be at the two sites 
for a new commercial airport. At these locations the airports could function as supplemental 
regional airports or the primary airport for the region. The latter would assume that a 
replacement airport is developed. 

AIRSPACE CONSIDERATIONS 

An airspace assessment of the locations involved in this analysis was conducted in Phase II of 
the Flight Plan Project. The purpose of the airspace review in the current task is to validate the 
previous conclusions with respect to specific sites in Phase III and identify conflicts that will 
preclude implementation of a plan. For the purposes of this working paper and the delay 
analysis, which is the prime focus of this paper, it was assumed that unless a fatal flaw was 
identified for a site, further airspace analysis would not be required. It should be noted that 
detailed airspace studies of recommendations that ultimately evolve from the Flight Plan Project 
will be conducted by FAA in the future. It should also be noted that as part of the noise 
analysis in later phases of this study, actual arrival and departure procedures will be developed 
in order to delineate flight paths. A summary of airspace findings as they relate to the Phase 
I11 analysis is presented. 



A. ARLINGTON MUNICIPAL AIRPORT 

Phase I1 concluded that scheduled regional air service at the airport would not create significant 
airspace impacts and would be able to function within the existing airspace structure. The 
airport is a sufficient distance from Sea-Tac so that air traffic could be accommodated 
independently. It was pointed out in Phase I1 however that a busy regional service facility at 
Arlington might create potential conflicts with traffic at Paine Field and NAS Whidbey Island. 

It was further pointed out that a significant level of commercial jet traffic at the airport could 
possibly impact operations at Sea-Tac and thus the location was not recommended as a 
supplemental domestic/internationaI airport. The level of traffic implied by the 
domestic/international role is much greater than that for the regional role that has been 
designated in Phase 111. Thus, it is expected that the level and nature of traffic anticipated at 
the airport in this analysis would not create significant airspace impacts. 

In terms of longer range expansion potential, the airport would not be a suitable location for a 
replacement airport due to conflicts with Canadian airspace and terrain to the east (Cascade 
Mountains). 

With respect to terrain east and north of the airport it has been noted that this would complicate 
the installation of a precision approach procedure from the north. The present instrument 
approaches for the airport consist of a localizer approach to Runway 34, and an NDB approach. 
Both are considered as "non-precision", since neither includes an electronic glide slope which 
provides the pilot with altitude guidance on descent. While obstruction protection criteria 
specified in FAR Part 77 for a precision instrument runway is met, it appears that the terrain 
east and north will impact vectoring aircraft to a final approach fix for a precision approach 
from the north. Stated simply, aircraft would have to descend too rapidly to be in appropriate 
position (at the final approach fix) to continue the approach. The descent would be too steep 
and is not feasible for conventional commercial aircraft. The terrain impacts a precision 
approach from the north (i.e., south traffic flows, which prevail approximately 70 percent of the 
time). A precision approach from the south can be accommodated without difficulty as the 
terrain is favorable in terms of obstruction standards and vectoring. 

While a serious concern, this is not considered a fatal flaw for the following reasons: 

Circuitous vectoring (although undesirable) might be used as a means for implementing 
an approach from the north. 



* The above described vectoring impacts would not be as severe for other sites in the 
Arlington search area and thus an airport in the area is viable. Therefore, to measure the 
system-wide impacts of a north remote site, the existing airport is judged to be suitable 
for testing purposes. 

B. PAINE FIELD 

The Phase I1 analysis determined that use of the airport as a supplemental regional airport was 
1 

feasible but would require restructuring of the TRACON airspace. It was also concluded that 
the airport could function well at activity levels less than 200,000 (presumably commercial 
aircraft) operations per year. Considering that the airport has recently served 166,000 general 
aviation operations but has a short parallel runway suggests that the main runway would be 
capable of supporting commercial aircraft activity. Therefore, airspace issues do not appear to 
present insurmountable roadblocks which would preclude the use of the airport in a supplemental 
regional role. 

C. McCHORD AFB 

In Phase 11, McChord AFB was judged to be a very feasible site for a supplemental regional 
airport from an airspace perspective. The base is far enough from Sea-Tac so that compatible 
traffic flows could be developed to both locations. There are other, non-airspace, issues 
connected with the concept of joint-use of the facility that could reduce the attractiveness of this 
option. Issues which could potentially have negative impacts would be stipulated by the military 
in the formulation of the joint-use operating agreement. 

D. CENTRAL PIERCE SITE 

This site does not involve the use of existing airfield facilities but proposes the development of 
new airport facilities. As such, it is one of two locations to be tested as a replacement airport. 

t I 
The proposed airfield facilities would encompass the existing Pierce County - Thun Field and 
are approximately 8 miles east of McChord AFB. The airspace aspects of this particular site 1 
were not assessed in Phase 11, however, it is immediately east of the Ft. Lewis site which was 
evaluated in Phase 11. 

Terrain to the east and west of the Puget Sound region forces air traffic in the region into a 
north-south conidor. Phase I1 analysis for the Ft. Lewis site indicated that jet traffic to and 
from two commercial airports in this corridor would pose problems to TRACON controllers. 
These same problems are applicable to the Central Pierce site, but are not considered to be 
insurmountable. 



Additionally, this site is the closest to Mt. Rainier which creates operational impacts and as such 
aircraft would have to be routed to avoid it. In the replacement airport scenario for the site, 
it appears that the terminal airspace could be structured to accommodate the "comerpost" 
configuration for arrivals. However, mountains could impact departures through the east 
airspace "gate". It is noted that Phase I1 analysis for the neighboring Ft. Lewis site, 
approximately 7 miles to the west, concluded that the site was very feasible for a replacement 
airport from an airspace standpoint. 

The Phase I1 analysis also included an assessment of an airport at an EnumclawIBuckley site. 
It is noted that for this site there were serious airspace concerns that resulted in elimination of 
the site from further consideration. These were proximity to the Cascade Mountains, the 
preponderance of very strong easterly winds in the area, the limited low altitude airspace 
available due to terrain, and obstructions to the south. At this time it appears that the concerns 
for the Enumclaw site do not impact the Central Pierce site to the degree such that the site would 
not be feasible. However, as previously mentioned, a detailed airspace study by FAA would 
confirm the suitability of the site for commercial operations. 

E. OLYMPIAIBLACK LAKE SITE 

Phase I1 analysis determined that the site is adequately separated from Mt. Rainier and other 
airports to accommodate a supplemental regional airport. However, under the replacement 
airport scenario for the site, it is assumed that the existing Olympia Airport would be closed. 

OBSTRUCTIONS 

Federal Aviation Regulations (FAR) Part 77, Objects Affecting Navigable Airspace, specifies 
a set of imaginary surfaces surrounding an airport for the purposes of protecting the airspace. 
If an object, natural or manmade, penetrates one of the surfaces it is an obstruction and the FAA 
must study and determine the impacts on air traffic. The most c r i t id  areas are the approaches 
to the runways, particularly in close proximity to the airport. As part of the siting analysis 
conducted in the development of alternative concept layouts (Working Paper No. 6), Part 77 
approach surfaces prescribed for precision instrument runways were applied to all runway ends. 
It was found in all but one case that objects did not penetrate the approach surface within 
approximately 50,000 feet from a runway end. The exception to this is the Central Pierce site 
where it was found that about 3 acres of terrain would penetrate the approach surface from one 
to ten feet approximately 14,000 feet from the runway. This is not a significant violation of the 
obstruction standard and is not considered a fatal flaw. 



CAPACITY A M )  DELAY ANALYSIS 

In airport planning the term capacity refers to the capability of an airport, or its components, 
to process traffic over a period of time. In this analysis, the focus is airfield capacity which is 
measured by the number of aircraft operations (i.e., either a takeoff or landing) that can be 
accommodated within a specified period. Airfield capacity is typically estimated on an hourly 
or annual basis, with the hourly data most applicable for detailed analysis of a particular site, 
and the annual capacities being better suited for long range planning and systemwide analysis 
such as the Flight Plan Project. Thus the capacity measures used herein are the annual number 
of aircraft takeoffs and landings that can be accommodated by the airfield. 

Aircraft delay is the time over and above unimpeded travel time that an aircraft must take to 
move from its origin to destination as a result of interference from other aircraft in the system 
that are competing for the use of the same facilities. Weather, airfield facilities, air traffic 
control procedures, and other aircraft competing for use of the same facilities (demand) all 
contribute to aircraft delay. In reading this working paper it is important to understand the 
relationship between demand, capacity and delay. As demand approaches capacity, delays will 
increase drastically. At low levels of demand, delays will increase in a linear fashion as demand 
increases. However, as demand approaches and even exceeds capacity, delays will increase 
exponentially. It is sometimes a difficult concept to grasp, but it is also important to note that 
capacity can be exceeded, but at the cost of excessive delays. 

In this analysis delay is first determined on an average basis per aircraft operation and then 
annualized based on projected traffic. Once annual delays are determined they can be translated 
into a monetary value to reflect the costs to the users. Average aircraft delay can be estimated 
via a "desk-top approach" by comparing demand to capacity or by sophisticated computer 
modelling techniques. The data in this analysis was based on both approaches. The desk-top 
approach followed a common FAA methodology and the data generated by computer modelling 
was extracted from the recently completed Airport Capacity Enhancement Plan for Sea-Tac. 

A few comments on average delay at this juncture are appropriate. The term average delay 
denotes a value for a number of aircraft within a period of time whereby one aircraft might 
experience only a few seconds delay and another perhaps several minutes. Years ago, an 
average delay of 4 minutes was determined to be an acceptable level for airport planning. At 
this average, the distribution of delays during an hour are such that they range from a few 
seconds up to but never exceeding 20 minutes. Today, the 4 minute average is still recognized 
in the industry as a valid measure of tolerable delay. Numerous studies of airfield capacity and 
delay indicate that delays will start escalating quickly at the 4 minute average. Comparing the 
acceptable 4 minute average to other thresholds, average delays of from 5 to 7 minutes for air 



carriers over a period of time is considered a moderate level of delay, and average delays of 7 
minutes and above are considered severe. While this analysis utilizes average delay to generate 
annual aircraft delay and associated costs, it can also be useful, as will be seen later, in quickly 
assessing the performance of an airport. 

As stated previously, the focus of this working paper is on the delay consequences associated 
with the different alternative plans. Presented herein is a brief description of the analysis, and 
findings. For a more detailed treatment of the technical analysis the reader is directed to the 
appendix of this working paper. 

A. ALTERNATIVE PLANS 

A total of 33 alternatives were examined with respect to aircraft delay and are briefly described 
below: 

Sea-Tac without a new runway. 
Sea-Tac with a new commuter runway. 
Sea-Tac without a new runway and Arlington Municipal Airport with one air carrier 
(7,000') runway. 
Sea-Tac without a new runway and Paine Field with one air camer (7,000') runway. 
Sea-Tac without a new runway and McChord AFB with one air carrier (7,000') runway. 
Sea-Tac without a new runway and a new airport at the Central Pierce site with one air 
carrier (7,000') runway. 
Sea-Tac without a new runway and a new airport at the OlympidBlack Lake site with one 
air carrier (7,000') runway. 
Sea-Tac without a new runway and Arlington Municipal Airport with two parallel air 
carrier (7,000') runways. 
Sea-Tac without a new runway and Paine Field with two parallel air carrier (7,000') 
runways. 
Sea-Tac without a new runway and McChord AFB with two parallel air carrier (7,000') 
runways. 
Sea-Tac without a new runway and a new airport at the Central Pierce site with two 
parallel air canier (7,000') runways. 
Sea-Tac without a new runway and a new airport at the OlympidBlack Lake site with two 
parallel air carrier (7,000') runways. 
Sea-Tac with a new dependent air canier runway and Arlington Municipal Airport with 
one air canier runway. 
Sea-Tac with a new dependent air carrier runway and Paine Field with one air carrier 
runway. The existing primary runway at Paine serves as the air carrier runway. 
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Sea-Tac with a new dependent air carrier runway and McChord AFB with one air carrier 
runway. The existing runway at McChord serves as the air carrier runway. 
Sea-Tac with a new dependent air carrier runway and the Central Pierce site with one air 
carrier runway. 
Sea-Tac with a new dependent air carrier runway and the OlympiafBlack Lake site with 
one air carrier runway. 
Sea-Tac with a new dependent air carrier runway and Arlington Municipal Airport with 
two parallel air carrier runways. 
Sea-Tac with a new dependent air carrier runway and Paine Field with two parallel air 
carrier runways. 
Sea-Tac with a new dependent air carrier runway and McChord AFB with two parallel 
air carrier runways. 
Sea-Tac with a new dependent air carrier runway and the Central Pierce site with t ~ o  
parallel air carrier runways. 
Sea-Tac with a new dependent air carrier runway and the Olympia/Black Lake site with 
two parallel air carrier runways. 
Sea-Tac without a new runway with Arlington Municipal and the Central Pierce site each 
with one air carrier runway. 
Sea-Tac without a new runway with Paine Field and the Central Pierce site each with one 
air carrier runway. 
Sea-Tac without a new runway with Arlington Municipal and the OlympiafBlack Lake site 
each with one air carrier runway. 
Sea-Tac without a new runway with Paine Field and the OlympiafBlack Lake site each 
with one air carrier runway. 
Sea-Tac with a new dependent air carrier runway with Arlington Municipal Airport and 
the Central Pierce site each with one air carrier runway. 
Sea-Tac with a new dependent air carrier runway with Paine Field and the Central Pierce 
site each with one air carrier runway. 
Sea-Tac with a new dependent air carrier runway with Arlington Municipal Airport and 
the Olympia/Black Lake site each with one air carrier runway. 
Sea-Tac with a new dependent air carrier runway with Paine Field and the OlympiafBlack 
Lake site each with one air carrier runway. 
A replacement airport at the Central Pierce site with three parallel air carrier runways 
capable of supporting triple IFR approaches. 
A replacement airport at the Olympia/Black Lake site with three parallel air carrier 
runways capable of supporting triple IFR approaches. 
Sea-Tac without a new runway and full demand management. 



The alternatives can be categorized into 8 basic groups of system concepts as follows: 

Sea-Tac as the only commercial airport serving the region. (Numbers 1, 2, 33) 
Sea-Tac without a new runway and a supplemental airport with one air carrier runway. 
(Numbers 3-7) 
Sea-Tac without a new runway and a supplemental airport with two air carrier runways. 
(Numbers 8-12) 
Sea-Tac with a new air carrier runway and a supplemental airport with one air carrier 
runway. (Numbers 13-17) 
Sea-Tac with a new air carrier runway and a supplemental airport with two air carrier 
runways. (Numbers 18-22) 
Sea-Tac without a new runway and two supplemental airports each with one air carrier 
runway. (Numbers 23-26) 
Sea-Tac with a new air carrier runway and two supplemental airports each with one air 
carrier runway. (Numbers 27-30) 
Replacement airport with three independent parallel air carrier runways. (Numbers 31, 
32) 

B. ANALYSIS 

The purpose of this analysis was to determine delay consequences associated with each 
alternative plan thus providing a means of comparing how effectively they accommodate the 
regional demand for commercial air transportation. In order to develop these measures, certain 
ingredients are necessary - namely the airfield capacity of each alternative, a projection of air 
traffic activity (demand) for each option, and estimates of average aircraft delays that would be 
experienced by users at certain traffic levels. 

The approach used in estimating annual delays followed these basic steps: 

Identify the annual capacity of the airfield facilities included in each alternative. 
Determine the number of annual passengers served by the respective capacities. 

* Estimate air traffic activity (aircraft operations) at each airport based on the passenger 
volumes. 
Compare demand (annual operations) to capacity and identify average aircraft delay (in 
minutes) for these relationships. 
Project annual aircraft delays (in hours) by applying the average delay to annual aircraft 
operations. 
Translate the total annual delay into a monetary value by applying hourly direct operating 
costs. 
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This process produced an annual cost of aircraft delay for each alternative. It should be noted 
that the costs identified represent a "snapshot" at a point in time, in this case the year 2020, of 
the annual delay conditions. Aircraft delays would be experienced prior to 2020 but at lower 
levels since demand would be less. Likewise, delays after 2020 would be greater due to greater 
traffic volumes. It is thus important to note that it is an annual delay cost that is presented 
herein for the initial comparison of alternatives. The cumulative costs over the 30 year planning 
period would be significantly greater. 

The remainder of this subsection highlights the development of the above input to the analysis. 
For more detail see the appendix. 

1. Annual Capacity 

Annual capacities were developed in Phase I1 for different Sea-Tac scenarios and for generic 
supplemental airfield concepts. The annual capacities used in this analysis are presented in the 
tabulation below. 

A i r ~ o r t  Lavout 

Sea-Tac (existing runways) 

Annual C a ~ a c i t p  

380,000 operations 

Sea-Tac with New Commuter R/W 4 10,000 operations 

Sea-Tac with New Air Carrier RfW 480,000 operations 

Supplemental Airport - One R/W 250,000 operations 

Supplemental Airport - Two IUW 500,000 operations 

Replacement Airport 750,000 operations 

Annual capacities for Sea-Tac are those contained in the Phase I1 report. The annual capacity 
estimates for the supplemental airports were developed by P&D based upon Phase I1 data, FAA 
guidelines, and recent capacity analyses. For the supplemental airport concepts with two air 
carrier runways, the runways are parallel and separated sufficiently to permit simultaneous 
instrument approaches and thus are capable of operating independently of one another. Thus the 
annual capacity of a two runway airport is twice that of a single runway airport, and the annual 
capacity of the replacement airport (with three independent runways) is three times that of a 
single runway. It should be noted that in some cases in the site analysis (Paine Field and 
McChord AFB), it was judged that the runway separations required for independent operations 
were not feasible for parallel runways. In these cases, closely spaced parallel runways (similar 



to the existing Sea-Tac layout) are envisioned, and therefore the annual capacity would be 
equivalent to that indicated above for the existing Sea-Tac runways. As previously stated, the 
capacity of an airport may be exceeded but at the expense of increased delays. 

It should be noted that the annual capacity represents an average for the airport that acwunts for 
all operating configurations and weather occurrences. It therefore reflects periods of constrained 
operations during poor weather conditions. 

2. Annual Passenger Capability 

Annual passenger volumes were developed from the annual capacities through interpretation of 
forecast data from Phases I and 11. This was undertaken to determine if regional demand is 
satisfied and also to determine the amount of system capacity that is utilized. The passenger 
levels used for projecting aircraft activity are shown below. 

A i r~or t  Layout 

Sea-Tac (existing runways) 

Annual Passenger 
Caaability 

32-38 MAP 

Sea-Tac with New Commuter R/W 34.9 MAP 

Sea-Tac with New Air Carrier WW 41.8 MAP 

Supplemental Airport - One R/W 10.9-24.4 MAP 

Supplemental Airport - Two WW 31.1-37.1 MAP 

Replacement Airport 64.4 MAP 

It should be noted that the passenger traffic reflects levels based upon assumptions and analysis 
from previous phases and should not be construed as a capacity, or limit, for an airport. The 
above passenger capabilities are largely influenced by the number of enplanements per departure. 
The passenger levels would increase if the average number of enplanements per departure 
increases. An increase in aircraft size greater than was assumed in Phase I would promote an 
increase in enplanements per departure, and increase the passeliger capabilities shown above. 
Also, as with airfield capacity, additional passengers wuld be accommodated but with increased 
delay costs. 



Regional passenger demand for the year 2020 was distributed to the various system alternatives 
by Flight Plan staff as described in Working Paper No. 5. Once passenger demand was 
assigned to each airport, the passenger demand was translated into aircraft operations for 
purposes of identifying average delays. 

The range for the existing Sea-Tac airfield represents the passenger levels with and without full 
demand management strategies. The ranges for the supplementals result from existing airfield 
facilities. The lower end of the range represents passenger traffic with one air carrier runway 
that accommodates a mix of commercial and general aviation traffic, while the upper end 
represents passengers accommodated by a runway used exclusively by air carriers. The latter 
applies to Paine Field where an existing short parallel runway is assumed to handle all GA 

3. Average Aircraft Delay 

I 

The recently completed study performed by the Sea-Tac Airport Capacity Design Team provided 
an in-depth examination of delays at the airport. Through the application of the latest FAA 
computer technologies, the Design Team projected aircraft delays for existing facilities and an 
improved airfield operating at various traffic levels. Much of the data generated for Sea-Tac 
in this study is applicable and useful to this phase of the Flight plan' project and was used as 
input in this analysis. 

activity at the airport and thus permit the main runway to serve primarily air carriers. The 
annual passengers for the supplemental regional airports are based on an assumed mix of 

I 
commercial operations of 75 percent major carrier Cjet) and 25 percent commuter (turboprop). 
Phase I assumptions for average aircraft size and enplanements per departure for the year 2020 
were applied. I 

Figure 1 highlights the study results that are most germane to this work task. The graphs shown 
in the figure reflect the relationship between annual aircraft delays at Sea-Tac and the number 
of aircraft operations for three airport scenarios - existing Sea-Tac, Sea-Tac with a new 

t 
commuter runway and Sea-Tac with a new air carrier runway. As seen, annual delays increase 
as the number of operations increase. From these graphs it is possible to obtain an average 
delay for any demand level by dividing the annual delays by the demand level (annual 
operations) at which it is experienced. Using this approach the following average delays are 
obtained for the three scenarios (operating at capacity) at Sea-Tac: 



ANNUAL DELAY 
(000's hrs) 
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Scenario Ann. O~erat ions  AVP. Delay 

Sea-Tac (existing runways) 380,000 22.9 min. 

Sea-Tac with New Commuter WW 410,000 22.0 min. 

Sea-Tac with New Air Carrier R/W 480,000 18.8 min. 

For the scenario at Sea-Tac with a new air carrier runway, the average delay shown above was 
extrapolated from the Task Force data presented in Figure 1. For supplemental airports, generic 
aircraft delay curves developed in Phase I1 were used to estimate average delay. This data 
suggested an average delay of approximately 12 minutes per operation for the supplemental 
airports when operating at capacity. The differences between Sea-Tac and supplemental airport 
average delays are explained by the following two reasons. First, at Sea-Tac the major 
difference between VFR and IFR capacity and relatively frequent periods of congestion during 
IFR is reflected in the average delay, whereas with the supplemental airports, in most cases, the 
difference between VFR and IFR capacities is not as great as Sea-Tac. Additionally, the 
Sea-Tac data is based on the detailed methodology using simulation, whereas the supplemental 
airport data in Phase I1 appears to have been developed using a generic, desk-top approach. 

4. Impacts on General Aviation 

The use of alternative sites considered in this analysis will impact general aviation activity 
differently. Some will tend to cause a displacement of GA activity from the airport while others 
(the new sites) will tend to attract general aviation activity. For existing airports, the assumed 
impacts vary due to existing airside facilities. The benefits of the existing short parallel runway 
at Paine Field will permit greater use of the primary runway by air carriers as the short runway 
will be usable only by small GA aircraft. The airport will be able to accommodate greater air 
carrier traffic volumes before capacity impacts GA users and causes them to relocate to other 
facilities. At Paine Field, the annual capacity suggests that 20-250,000 air carrier operations 
can be accommodated on the existing main runway (with an equivalent capacity for general 
aviation on the short parallel runway). Thus, it is expected that changes in the use of the airport 
for GA would not occur until these levels are reached and additional air carrier capacity is 
needed. However, at Arlington where it is assumed that both GA and commercial aircraft 
operate on the same runway, the capacity available for commercial use is the total runway 
capacity minus that portion used by general aviation (assumed in the analysis to be 138,000 
annual operations). 



Thus for Arlington the annual capacity available for commercial use would be on the order of 
62-112,000 operations. At commercial activity levels greater than these, it is expected that GA 
use would shift to other airports. 

C. RESULTS 

Annual delays, in hours, are determined by multiplying the average delay by the number of 
operations incurring the delay. By applying an aircraft operating cost, the annual delays can be 
translated into a monetary value. This was accomplished for all 33 alternatives and is contained 
in the appendix. This subsection summarizes the findings of the delay analysis by reporting 
results for the 8 major altemative groups previously described. It should be remembered that 
the delay costs represent an annual cost for the year 2020. 

Figure 2 graphically summarizes the results and presents the annual delay costs (in most cases 
a range) for each major group, as well as a level of unsatisfied demand that is assumed to be 
associated with a group (also a range in some cases). The unsatisfied demand represents 
passenger demand in excess of the annual passenger levels described above for each airport. 
It should be noted that this demand can be met if additional delay costs are accepted. It should 
also be noted that the unsatisfied demand could vary due to the previously explained sensitivity 
to the mix of commercial aircraft. The following paragraphs explain the results shown in Figure 
2 and are presented in ascending order with respect to delay costs. 

1. Replacement Airport With 3 Independent Air Carrier Runways 

This group produced annual delay costs significantly lower than all other altemative groups since 
the forecast demand is well below capacity and average delays are tolerable. Annual delay costs 
are estimated at $24 million. Since the airport operates below capacity, all demand is satisfied. 

2. Sea-Tac With a New Air Carrier Runway and 2 Supplemental Airports Each With 
1 Air Carrier Runway 

This scenario adds 3 air carrier runways to the system, but at 3 locations. Annual delay costs 
range from $141-$229 million and all demand is satisfied. It is with this group of alternatives 
that the two supplemental airports start "bleeding" traffic from Sea-Tac such that significant 
drops in the average delays at Sea-Tac result. Thus differences in delay costs behveen this 
group and others are readily noticeable. 
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3. Sea-Tac As The Only Commercial Airport Serving The Region 

This group of alternatives results in annual delay costs lower than most other groups. Annual 
delay costs range from $232 to $240 million. This group of altematives represents a one airport 
system, and thus total system capacity is much lower than other multiple airport systems. Since 
fewer aircraft are accommodated the number of aircraft experiencing delays are much less than 
in other systems. As a result, the total delay costs are lower. However, since capacity is 
limited with the one airport, there is a major portion of regional demand that cannot be served 
unless extreme delays are accepted. As seen in Figure 2, this group of options results in the 
greatest amount of unsatisfied demand ranging from 7 to 13 MAP in 2020. 

4. Sea-Tac With a New Air Carrier Runway and a Supplemental Airport With 2 Air 
Carrier Runways 

This group of alternatives propose a two airport system that adds a total of three air camer 
runways. Thus capacity is high and all demand is satisfied. The capacity (at both Sea-Tac and 
the supplemental) is such that the assumed allocation of demand to the supplemental airport is 
well below capacity, thus the average delays are correspondingly also very low. There are five 
plans included in this group and the annual delay costs for the year 2020 fell within a range of 
$232-241 million. Since most demand was allocated to Sea-Tac it is assumed to operate at 
capacity and thus almost all delay costs are attributable to Sea-Tac. Annual delay wsts for the 
group could be lowered by diverting operations from the congested Sea-Tac to the supplemental 
airport operating at low levels of delay. 

5. Sea-Tac With a New Air Carrier Runway and 1 Supplemental Airport With 1 Air 
Carrier Runway 

This group proposes a two airport system that adds 2 air camer runways to the system. Five 
alternatives comprise this group and annual delay costs range froni $232-$241 million. The 
group of alternatives fully serves the year 2020 forecast passenger demand. 

6 .  Existing Sea-Tac Airfield and 1 Supplemental Airport With 2 Air Carrier Runways 

This group of alternatives proposes a two airport system that adds two new air carrier runways 
to the system. While additional capacity is provided the Sea-Tac is assumed to operate at 
capacity with resulting high average delays. Annual delays ranged from $233 to $237 million. 
(Of this Sea-Tac delays account for $232 million). Year 2020 demand is satisfied by this group. 



7. Existing Sea-Tac Airfield and 2 Supplemental Airports Each With 1 Air Carrier 
Runway 

This is a three airport system but adds two runways to the system. Annual delay costs range 
from $235 to $241 million and all demand is satisfied. Since Sea-Tac's capacity remains low, 
greater demands are placed on the supplemental airports which operate at higher traffic volumes. 
As with other groups, Sea-Tac delay costs are the dominant component of the range of costs 
totalling $232 million. 

8. Existing Sea-Tac Airfield and 1 Supplemental Airport With 1 Air Carrier Runway 
I 

This group proposes a two airport system but adds a net of one air carrier runway to the system. 
As such, capacity gains are less than many of the other groups, especially considering that 
Sea-Tac maintains status quo. Annual delays for the group range from $234-$271 million. 
More important though is the fact that some demand is identified as unsatisfied - up to 2 MAP 
in some cases. 

With the exception of the first two groups, the annual delay costs are within a fairly narrow and 
consistent range. This is largely due to the assumed traffic allocations and the fact that Sea-Tac 
is assumed to operate almost always at or near capacity. Thus, the delay costs for Sea-Tac, as 1 
noted above, tend to mask the differences between alternatives. It is important to note the great 
affect this has on the analysis. For the second group listed above, (Sea-Tac with a new runway i 
and two supplemental airports), the impacts of traffic being relieved from Sea-Tac are evident. I 
Annual delay costs drop from the $230-240 million range frequently appearing in the analysis 
to $141 million in one case. In this case, the two supplemental airports allow for approximately 

I 
40,000 operations to be "bled" from Sea-Tac. The affect of this traffic relief on average delay 
is significant (a reduction from 18.8 minutes to 11.9 minutes). The reduction in average delay 
at Sea-Tac reduces annual delay costs from $240 million to $140 million. I 

Table 1 summarizes the major conclusions of the analysis in comparing all options strictly on 
airspace, capacity and operational considerations. In the evaluation of the options it is also 
critical to consider the ability to satisfy long range demand, and therefore this is included as part 
of the overall ranking. For each option the following is indicated: system capacity (annual 
operations): passenger capabilities (in MAP); the ability to meet year 2020 demand as well as 
the Vision planning horizon of 2050; and, the annual aircraft delay costs. A subjective m&ng 
has been made by the consultant which considers al l  operational and capacity related 
considerations. 



It should be noted that included on the table is a group of alternatives that was not previously 
address - this being Sea-Tac with a new runway and two supplemental airports with two air 
carrier runways. This option would provide the greatest system capacity, relatively low delay 
costs, but more importantly it is the only one that would accommodate the vision forecast 
demand. 
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DATE: November 6,1991 

TO: Puget Sound Air Transportation Committee 

FROM: Staff: Puget Sound Regional Council 

SUBJECT: WORKING PAPER NO. 9 -- ACCESSIBILITY/INTERACTION 
WITH OTHER MODES 

INTRODUCTION 

Accessibility to airport services varies with the travel time and distance from home 
or work to the . This Working Paper includes travel times during average 
daily traffic Phase 11), and adds new time data for the peak ground 
travel period, together with new mileage information. Increasing future congestion 
can be moderated'through land use policies and the construction of new facilities, 
including High Occupancy Vehicle lanes. 

Phase I1 of Flight Plan also briefly considered rail travel as (a) a possible alternative 
way to access the airport(s) within the region (light rail transit), and as (b) a travel 
mode alternative for part of the projected air carrier passenger demand (high speed 
rail). More broadly, the Flight Plan VISION STATEMENT supports a "totally 
integrated" system of air and surface transportation, with implementation 
coordinated among the operating agencies. 

These and other points on accessibility and modal interaction are drawn together in 
this Working Paper. This work is supplemental to the Phase I1 Report 
("Accessibility", pp. 76-86), and the Level of Service Report (Phase 111, Working 
Paper No. 5 )  and includes the following sections: (i) Executive Summary, (ii) 
Previous Work, (iii), New Analysis, (iv) Sites Access Needs and Costs, (v) Related 
Planning, (vi) Highlights. 

I. EXECUTIVE SUMMARY 

1. Ground access to the supplemental airport sites is not sufficiently attractive 
in itself to offset unconstrained service at Sea-Tac. Travel distances to the 
supplemental sites increase as more of the Sea-Tac market area is 
accommodated by supplemental airports to the north and/or south. 

(note: The line between the Sea-Tac market area and each supplemental 
airport market area is not defined by points midway between Sea-Tac 
and each selected supplemental site.) 

2. Ground access may be maintained through land use and facility actions 
within established corridors under the regional growth strategy as this 
develops (VISION 2020 and continuing work under the new State Growth 
Management Act), and the related local planning and concurrency 
requirements of the GMA. However, it is also likely that especially durin 
peak hour traffic and poor weather conditions, travel times to the airportfs) 
will continue to worsen. H i ~ h  capacity transit and high occupancy vehicle 
lanes may provide more reliable access to users when these condtions occur 
and as regonal population growth continues. 



3. The northern supplemental airport market area and the southern 
supplemental airport area operate independently. This may be reflected in 
future rankings of the supplemental airport options. 

4. Using annual ground mileage as the measure of accessibility, the most 
accessible alternative is a three-airuort multi~le airuort svstem. The least 
accessible is the replacement airpdrt alternaiive. The twb airport 
systems involve somewhat more annual ground mileage than does the first 
ranked alternative, but still about only half as much as the replacement 
alternative. These general findings are true for both the total population in 
2020, and the new population between 1990 and 2020. 

5. Light rail transit (LRT) involves routing, timing and funding decisions 
which might be coordinated with airport siting actions. That is, airport siting 
might be part of a larger package involving LRT priorities and timing. 

6 .  Phase I1 concluded that by itself, high speed rail facilities between Portland- 
Seattle-Vancouver would be sufficient at best to divert only part of the 
increased air travel demand. (that is, up to 40,000 of the projected total 
524,000 operations in year 2020). 

11. PASTWORK 

A. FLIGHT PLAN 

The Phase I1 report estimated travel times from all parts of the region to the 
potential airport sites. The study included estimates for two-airport systems, but not 
the additional three-airport systems developed in Phase 111. In previous work Flight 
Plan also has considered both light rail transit (LRT) and general accessibility 
(measured in travel times) in developing its alternatives, and in allocating trip 
demand to airport sites wthin the Multlple Airport System alternatives. 

Accessibility 

Averageand Peak Period Daily Travel Times 

Phase I1 showed the percentage of Puget Sound Region's Population within 30,60 
and 90 minute driving times of Sea-Tac and possible supplemental airports foi2020 
averaFe daily traffic conditions. Parts of this table are shown below together with 
new figures (in parentheses) for peak "period (a period longer than the peak hour) 
driving conditions. 

One major finding in Phase 11 is that the most noticeable differences are for an 
access tune of less than 30 minutes. There is very little difference between sites if 
the 90 minute commute distance to the airport is used as the standard. 

The new figures for peak eriods reported here (in parentheses) are similar, but do F not reflect the difficulty o arriving at the airport during the peakhour or during 
periods of "non-recurring" events, such as accidents or snow events. Please note that 



Table 1-A 

Percent of Puget Sound Region's Population 
Within 30,60, and 90 Minute Driving Times of 
Sea-Tac and Possible Supplemental Airports 

for 2020 Average Daily Traffic Conditions 
and (2020 a.m. Peak Period Traffic Conditions) 

30 min. 60 min. 90 min. 
or less or less or less 

Sea-Tac 30% (32%) 79% (78%) 97% (96%) 
(single airport) 

Sea-Tac and Other 
Arlington 34 
McChord 45 ## 82 92 El b"8" 19"2 -- . - 
Paine Field 47 92 164 100 1991 
Central Pierce Co. 45 83 79-81) 98 97-99) . . 
Olympia/ 

Black Lake 33 79 

Source: Phase 11, Table 6-7, PSRC Regional Transportation Model 

Table I-B indicates travel times to each of the replacement sites. Again, these data 
are for average daily travel conditions, and for peak conditions. 

TABLE 1-B 

Percentage of the Puget Sound Region's Population 
Within 30,60 and 90 Minutes Drivlng Time of Sea-Tac and 

Two Potential Replacement Airport Sites 

for Average 2020 Daily Driving Conditions 
ane (2020 a.m. Peak Period Driving Conditions) 

30 min. 60 min. 90 min. 
or less or less or less 

Sea-Tac 30% (30%) 79% (79%) 97% (97%) 

Central Pierce Co. 14 (19-21) 34 (50-53) 64 (84-85) 

Olympia/ 2 (0) 22 (0) 39 (14) 
Black Lake 

Source: Phase II, table 6-3, and PSRC Regional Transportation Model 



foul weather affects operations at Sea-Tac 45 percent of the time, and these same 
events affect airport access on the ground. The ground transportation models used 
to generate the data summarized in Tables 1-A and 1-B do not consider weather 
impacts on speed or travel times. 

The VISION 2020 land use assumptions (reflected in the table) include the policy 
that growth in opulation and employment will be concentrated in denser centers 1P where acessib' ity to a high capaclty transit system, including HOV (Hi h 

UP a Occu ancy Vehicle) lanes, is greater than in 1990. A greater share o f t  e region's 
pop ation would be able to enjoy system benefits (travel time savings) when 
commuting, if HOV and transit are used. Greater use of airport vans (possibly in 
conjunction with remote airport check-in terminals) would support this possibility. 

In both tables, the slightly improved condition during peak periods is due largely to 
one new modeling consideration. The peak period figures were done after Phase II 
and reflect a greater recognition (in the revised travel model) to the fact that access 
to outlying locations would be in the reverse flow direction, that is, in the non- 
congested direction of traffic. 

General Trends 

While these figures do not detect increasing congestion, a general statement about 
regional congestion was provided in the environmental impact statement for the 
VISION 2020 growth management strategy. Even under the preferred and adopted 
regional rowth alternative (greater concentration and mass transit service as 
modelle ‘l for Flight Plan), congestion was forecasted to worsen: 

Freeway mileage with "severe congestion" (a vehicle to capacity ratio 
of 0.9, that is, level of service "D" or worse) was forecasted to increase 
from 32.4 percent to 45.2 percent of total mileage. 

For arterials, the trend was upward from 5.2 percent of mileage to 
16.5 percent. 

The combined effect was a deterioration from 7.5 percent to 20.3 
percent of the total mileage. 

If this is true, then accessibility to central sites (such as the Sea-Tac International 
Airport) may generally worsen, particularly during bad weather conditions which, 
agaln, are not considered in the model results. 

From Table 1-B we see that regional accessibility to replacement sites south of Sea- 
Tac is considerably less than for the existing Sea-Tac s~te .  Accessibility to 
Olympia/Black Lake diminishes as a percent of the total population for the four- 
county area. (These figures for the four-coun area (tables 1-A and 1-B) are not ?' adjusted to include accessibility to the relative y small Thurston County population.) 



111. NEW ANALYSIS 

Airport Market Areas 

Based on relative accessibility durin average driving conditions, Phase I11 now has 
examined the likely marketability o ! supplemental arport sites (Working Paper 

.No. 5: Allocation of Passengers and Aircraft Operations). 

Analysis in support of the Working Paper (including Flight Plan Staff Memo, August 
7, 1991) assumed that half of the short haul air travel trips and half of the medium 
haul trips would be handled at the supplemental sites. Working Paper No. 5 also 
establkhed an upper end ofthe range--and fhen used the midpoints--on the assumption 
that all surrounding short haul travel would be handled at the supplemental sites. 
Travel to airport sites was split on the basis of relative average daily ground travel 
times to Sea-Tac International and to the supplemental sites. The supplemental 
sites were studied separately and in pairs (using two a d  three airport scenarios). 

New Annual Ground Mileage 

Table 2 indicates the number of miles of annual commute to and from the airports 
that would be  involved under each of the four major alternatives. 

Table 3 isolates the airport sites and calculates the mileage travel associated with 
each of these separate1 , under the number alternatives (left hand column). This r enables compmsons o supplemental sites with each other, apart from the 
(variable) Sea-Tac mileage figures for the same alternatives. 

It is important to note that the passenger-mile figures in Table 3 indicate two 
important characteristics: 1) accessibility to passengers and 2) number of 
passengers served. These characteristics arepositixkly correlated and can 
sometimes lead to data that is difficult to interpret. For example, sites that are close 
to the region's centers of population require less vehicle miles per passenger to 
reach them than for distant sites. However, since they are closer and thus more 
accessible, they also generate more total passengers. The result is more passengers 
using a facility, but each passenger has to travel fewer miles than if they were 
required to go to a distant facility. Thus, for the data in Table 3, lower numbers 
tend to indicate greater accessibiliy, but a high number of passenger-miles may be 
the result of a larger number of passengers served. 

Findings 

1. Table 2: From a mileage perspective for new passengers (post 1990), 
the accessibilities of the alternatives are as shown in the nght hand column 
(best: Sea-Tac with maximum demand management, worst: replacement 
w o r t s  (by a factor of 2 or 3), and moderate: the multiple airport 
alternatives). 

2. Table 3: 

Part A: Passenger-mile figures are higher for Sea-Tac with Demand 
Management and Sea-Tac with a Commuter Runway since 
these alternatives can accommodate more passengers. 



Table 2 

ALTERNATIVE 

ONE AIRPORT SYSTEM 

Sea-Tac, alone 

Sea-Tac w i th  C m t e r  Runuay 

Sea-Tac w i th  M a x i m  Demand Management 

Replacement 

TUO AIRPORT SYSTEMS 

E x i s t i n g  Sea-Tac plus Supplemental A i r p o r t  (1 Runway) 

Ex is t ing  Sea-Tac plus Supplemental A i r p o r t  (2  Runways) 

Sea-Tac p lus New Air Carr ier  Runuay p lus 
Supplemental A i rpor t  (1 Runway) 

sea-Tac p lus ,New A i r  Carr ier  Runuay p lus 
supplemental A i rpor t  (2  Runways) 

THREE AlRPORT SYSTEMS 

E x i s t i n g  Sea-Tac plus Supplemental A i r p o r t s  (1 Runuay) 

Sea-Tac p lus New Air Carr ier  Runway p lus  
Supplemental A i rpor ts  ( 1  Runuay) 

Passenger Mileage ( A ~ u a l ,  i n  m i l l i o n s )  
ALTERNATIVE SITE SEA-TAC TOTAL 

NOTE: Figures have been updated subsequent to PSATC adoption 
using new and more-refined data. 



ALT.  NO. SITE 

A.  Sea-lac Constrained 

1 Sea-Tac, alone 
2 Sea-lac, c m t e r  runway 
33 Sea-Tac, demand management 

Table 3 
DAILY PASSENGER MILEAGE TO SELECTED AIRPORT SITES - 2020 

0 .  Sea-Tac Constrained (2 Ai rpor t  Systems) 

3 Arl ington 
4 Paine F ie ld  
5 McChord 
6 Central Pierce 
7 Oiynpia/Black Lake 

C. Sea-lac Constrained u i t h  2 RUY Supplemental Ai rpor t  
(2 Airport Systems) 

8 Ari ington 
9 Paine F ie ld  
10 McChord 
11 Central Pierce 
12 Olynpia/Black Lake 

D. Sea-Tac with New Dependent RUnUay (2 Airwrt System) 

13/18 Ar l ington 
14/19 Paine F ie ld  
15/20 HcChord 
16/21 Central Pierce 
17/22 OLyrpialBlack Lake 

E. Sea-lac Constrained (3 Ai rpor t  Systems) 

23 Arl ington 
Central Pierce 

24 Paine Fie ld 
Central Pierce 

25 Ar l ington 
Olynpia/Black Lake 

26 Paine F ie ld  
OlynpialBlack Lake 

F. Sea-lac u i t h  New Dependent Runway ( 3  Airport System) 

27 Ar l ington 
Central Pierce 

28 Paine F ie ld  
Central Pierce 

29 Arl ington 
OLynpia/Black Lake 

30 Paine F ie ld  
OlynpialBlack Lake 

G. Replacement Airports 

31 Central Pierce 
32 . OLynpia/BLack Lake 

PASSENGER MILES ( i n  thousands) 
ALT. AIRPORT SEA-TAC TOTAL 

NOTE: Figures have been updated subsequent to PSATC adoption 
usina new and more-refined data. 



Part B: Paine Field is the most accessible site, followed by Central 
Pierce and McChord. Arlington and Olympia/Black Lake are 
both much-less accessible. 

Part C: The same pattern of accessibility is observed for supplemental 
airports with two runways as for supplemental airports with 
one runway (Part B) exce t that the passenger-miles for 
McChord are lower than !' or Central Pierce. 

Part D: Passenger-miles to the supplemental airport sites drops in 
comparison to previous groups of alternatives above. There is 
a corresponding rise in passenger-miles to Sea-Tac since with a 
dependent runway, it can accommodate more passengers. 

Part E: Combined passenger-miles are lowest for the system including 
Paine Field and Central Pierce and highest for the system 
including the Olympia/Black Lake and Arlington sites. 

Part F: Under this set of options, Sea-Tac has a dependent runway and 
can thus accommodate more passengers. This leads to an 
increase in passenger-miles to Sea-Tac and a decrease to the 
supplemental sites in comparison to alternatives in Part E. 

Part G: The Replacement Airport sites have vastly greater passenger- 
mile figures and lower overall accessibility than any other site 
due to their more remote locations. 

Working Paper No. 5 offered these earlier and less detailed findings: 

3. Overall Distribution: Unless Sea-Tac service is "constrained" (capped), 
passengers will continue to seek airline service at this central location. 

Working Pa er No. 5 developed refined distributions reflecting, in part, a cap on iP service ava able at Sea-Tac International Airport. Only when the service level at 
Sea-Tac is constrained in this way--and generally when the supplementals are 
allowed two runwavs--does the service level rise sienificantlv at the uotential 
supplemental ai drt sites. The range of constrain; assurnpiions at sea-Tac 't: accounts for the igh end of the range of service (measured in millions of annual 
passengers--MAP)Bt the outlying locations. 

The range of supplemental airport use under Sea-Tac constrained conditions is 
illustrated by Paine Field, Arlington and McChord. The range for Paine Field is 3.9 
MAP to 13 MAP, for Arlington it is 2.5 MAP to 13.0 MAP, and for Central Pierce it 
is 10.9 MAP with one runway, and 13.0 MAP with two runways. 



4. Geographic Distribution: The northern and southern regions (relative to the 
central Sea-Tac International Airport site) operate independently. 

The demand in either region is not affected by actions in the alternate region. The 
two regions are independent market areas. This factor enables the creation of 
Table 3. 

N. SITE ACCESS NEEDS and COSTS 

Actions related to HCT and to highway improvements are summarized below. 
Detailed data on highway costs (summarized here) are provided in the Capital Costs 
analysis (Working Paper No. 11). 

k SEA-TAC "DO NOTHING", WITH MAXIMUM DEMAND 
MANAGEMENT 

Sea-Tac International Airport is the nearest of all the sites to the Seattle Central 
Business District. and the one most likelv to be served first bv lieht rail transit. 
Remote terminal service might also imp;ove accessibility to air ?ravel by ensuring 
passenger access to High Occupancy Vehicle (HOV) lanes during peak periods of 

Freeway improvements to Sea-Tac and along International Boulevard (Pacific 
Highway South) would also be required, together with improvements to SR 518 and 
SR 509. Also of immediate interest will be whether the HCT system stations are 
near the airport (e.g., Highway 99 rather than 1-5). 

B. REPLACEMENT AIRPORT 

This Alternative does not incorporate demand management or alternative modes of 
transportation. Details on rail access might be appropriately addressed in later 
stages of HCT planning and funding. The replacement airport sites are not 
presently planned to receive HCT service. 

In the nearer term, ground accessibility would include some widening of Interstated 
and construction of a possible cross-base freeway aligned generally along the 
southwestern edse of McChord Air Force Base and connecting with 176th South. 
This would provlde access from Interstate5 to either of the Central Pierce County 
sites. An incremental portion of a total project cost could be attributed to the 
airport sitin An alternative route north and south to Puyallup (SR 161) is already t at capacity, ut would also have to be enlarged, perhaps beyond what is assumed in 
Table 2. It is assumed that SR 512 would be improved independently. 

Access to the Olympia/Black Lake site would probably require widening of 
Interstate-5 together with a revised freeway interchange and an improved Lathrop 
Road (93rd) approach. 

C. TWO-AIRPORT SYSTEMS 

Sea-Tac International Airport is the most likely site to be served by light rail transit 
in the foreseeable future. The nearest supplemental sites north and south are Paine 



Field, and McChord and Central Pierce County, respectively. Extension of HCT 
into these areas would not be part of this early phase of HCT planning and 
implementation. 

The VISION 2020 land use strategy (under refinement by local governments 
pursuant to the GMA) does not show HCT leading to the Central Pierce County 
site. As a general point, HCT might be of minimal benefit if the typical trip to the 
airport is from the home rather than the office or the central business distnct. This 
is clearly the case in Los Angeles, for example. 

Highway improvements required for the respective sites might be as follows: 

TABLE 4 

Possible Flight Plan Offsite Improvements 

Arlington Site: Depending upon the service level, either enlarged 
capacity on 67th or on SR 530, both with an improved 
Freeway connection. These options assume 
independent improvements to 172nd (Edgecomb 
Road). 

Paine Field: 

McChord: 

For this option, SR 526 (the Evergreen Speedway) 
would be widened, and there would be a new 
interchange with SR 525. Independent widening of SR 
525 is assumed. 

Varied improvements under these options would 
include widening of Interstate-5, new access from SR 
512 and a revised interchange linking SR 512 and Steele 
Road. Independent widening of SR 512 is assumed. 

Central Pierce: Improvements would include widening of SR 161 into 
Puyallup, and a share in the costs of the cross-base 
freeway eastbound from Interstated, together with 
improvements to 176th South. 

Olympia/Black Lake: 
Improved interchange with InterstateJ and 
access from LathrofRoad. 

D. THREE-AIRPORT SYSTEMS 

These are the same as for two-airport systems, except that the combinations each 
include one site north and one south of Sea-Tac. 



111. AIRPORT IMPACTS 

Highway needs generated by the airport development(s) can be divided into two 
cate ones: direct impacts due to actual airport traffic, and those larger impacts that % will e generated by development within a 1.5 to 3.0 mile radius of the new facilities. 

Direct Imaacts 

Working Paper No. 11 (Capital Costs) identifies specific highway and interchange 
improvements likely to be needed at each potential airport site, and applies local 
umt costs to these needs. The improvements include widening of existing freeways, 
construction of new freeways or interchanges, and the widening or construction of 
major arterials. The incremental highway improvement cost to serve morning and 
evening peak hour passenger demand is calculated. 

The resulting approximate costs are: 

TABLE 5 

Offsite Access Improvement Costs for Airport Systems 

Alternative Cost ($ millions, 1990 dollars) 

Sea-Tac and Maximum Demand Management 49.0 

Replacement Airport 86.0 to 186.0 

Supplemental (2 and 3 airport systems) 

(New site(s)) 
With Sea-Tac actions 

Economic impacts are projected on a countywide basis in Working Paper No. 8. 
Associated w t h  these job and housing activities will be transportation effects which 
will increase mobility to and from the airport site(s). Will residents and employees 
in the affected areas be able to get to work and home, and to and from the 
supplemental (or replacement) airport? 

The Puget Sound Regional Council is working with local jurisdictions at the 
technical level to model these kinds of future events. Location of potential airport 
sites can be included in the scenarios tested prior to the adoption of local 
com rehensive plans in July 1993. For the present, and for use in the Flight Plan P Dra t Environmental Impact Statement, Flight Plan is relying upon existing sets of 
growth forecasts extending to the year 2010 (also in use by Metro for Hm planning) 
and those for VISION 2020 that generally encourage a regional pattern of 10-15 
activity centers (in the King, Kitsap, Pierce, and Snohornish County areas) served by 
HCT combined with highway investments. 



New lon term multicounty population and economic forecasts (developed in the 
spring o i! 1991) are being interpreted to the local level through scenarios being 
developed by the PSRC and the local governments. The resulting scenarios will 
eventually support local comprehensive planning decisions (under the GMA) and 
then a final set of officially adopted forecasts. Local comprehensive plans looking 
twenty years into the future are to be completed by July 1993, pursuant to the GMA. 
The results of the revonal travel forecasting scenarios might be available in time for 
use in the Final Environmental Impact Statement of Flight Plan (March 1992). 

In summary, the Flight Plan accessibility analysis dovetails with analysis for HCT 
and local comprehensive plans, and the related VISION 2020 Regional Growth 
Strategy and Regional Transportation Plan. 

V. RELATED PLANNING 

Growth Management Act 

The Institutional Analysis (Working Paper No. 10) relates Flight Plan to 
comprehensive land use planning required under the Growth Management Act 
(GMA) of 1990 (and amended in 1991). 

The Act requires coordination between land use planning and transportation 
planning. The GMA goal is to "encourage efficient mult~modal transportation 
systems that are based on regional priorities and coordinated with county and city 
comprehensive plans." Countywide and multicounty (for the King, Pierce and 
Snohomish County area) "growth policy plans" are required to address regional and 
state transportation, siting and other needs, and are required by July of 1992. 

Comprehensive lans are required by July 1993. These are to be coordinated at the P countywide leve . Comprehensive plans are to include long range (at least six years) 
capital facilities elements, and the provision of services "concurrent with 
development". 

Concurrency is defined as follows (GMA, Section 7(6)e): 

"Concurrent with the development" shall mean that improvements 
or strategies are in place at the time of development, or that a 
financial commitment is in place to complete the improvements 
or strategies within six years. 

The Act also requires that "all transportation projects within the re ion that have an 
impact u on reg~onal facilities or services must be consistent with t e plan" (GMA, 9 i 
Section S(2)). In addition the Regional Transportation Planning Organization 
(specificed in the GMA as the federal1 recogmzed Metropolitan Planning 
Organization(s), or the PSRC for this Lur-county region) must "Develop and adopt 
a Regional Transportation Plan that is consistent with county, ci 
comprehensive plans and state transportation plans" (Section 55 



Light Rail Transit 

Phase I1 estimated that light rail transit (LRT) would greatly improve access 
(measured in time) to three selected search areas (Central Pierce County, 
Olympia/Black Lake, Arlington) during average travel conditions. Time traveling 
to stations from points of ongin (usually home or hotel) and time s ent at stations P are two important factors reducing overall average speeds (Phase I , Table 6-6). 
It has been assumed by Flight Plan that the any high speed rail system will link the 
airports as well as the business centers. 

High capacity transit (HCT) is built into the time calculations in Table 1A and 1B. 
While the average time of HCT is comparable to that of auto, the reliability during 
inclimate weather is an important benefit that isnot accounted for the the 
transportation models supporting the Tables. 

High Ca~aci tv Transit 

Institutions 

Nigh Capacity Transit (HCT) planning was mandated in 1990 (HCT Act of 1990 
and 1991, SHB 1825 and ESHB 2151, respectively). The 1990 Act created a Joint 
Regional Policy Committee and empowered it to prepare and adopt a regional high 
capacity trans~ortation (HCT) implementation program, including financin . These 
are to be consistent with the regional transportation plan (RCW 81.104.040f 

Regional plans and local comprehensive plans are to address the relationship 
between urban growth and an effective HCT system plan and provide cooperarion 
with transit agencies. 

Regional Policy 

Future airport needs and related development should be considered in the 
alignments of HCT corridors, the locations of transit stations, local feeder service, 
and the provision of remote baggage handling facilities (e.g., at the King Street 
Station site in Seattle for air travelers residing north of Sea-Tac). 

The 1990 Regional Trans ortation Plan (linked to the regionally adopted VISION 
2020 growth strategy) wil lP be amended to respond to the Flight Plan results. 

'The Regional Air Carrier System Plan is being developed separately 
and will be amended into the Growth Strategy and Transportation Plan 
upon completion. Any new airport and its attendant impacts will be 
evaluated as part of that amendment process. The air carrier plan 
will reflect the results of this regional plan update in any recommen- 
dations that are made." (VISION 2020, Assumptions, Sec. 2-1, September 
1990). 



Decision Calendar 

Estimated capital and operating costs for HCT through 2020 range from $8.5 billion 
to $12 billion. The Joint Regional Policy Committee (JRPC) is required to prepare 
for the ballot a plan and financing strategy. The target deadline is late 1992, and the 
effective statuto~y deadline is 1995 (four years after completion of an interagency 
planning agreement between the operating agencies). The ballot issue likely will 
Include an HCT financing program as part of a broader package also including 
funding for other modes, such as High Occupancy Vehicle (HOV) lanes. 

If the most likely rail alignment options turn out to be equally preferable, packaging 
of filnal HCT alignment commitments with future airport locations is one possibility 
that could improve any needed long term airport siting decision process. The 
preliminary rail and HOV alignments in VISION 2020 are depicted on Figures 1 
and 2. 

High Soeed Rail 

Phase I1 also estimated that a high speed rail system (to be distinguished from 
metropolitan light raiI commuter facilities) could divert as many as 40,000 annual 
airline operations by 2020 (in the Vancouver-Seattle-Portland corridor), compared 
to a shortfall in total capacity of 144,000 (forecast of 524,000 operations less 380,000 
existing capacity at Sea-Tac). Three fourths or more of airline passengers between 
Seattle, Portland and Vancouver are connecting rather than local passengers. 

These claimed benefits should not be overstated or double-counted. In the future 
the affected smaller planes with be replaced by larger ones. Also expected is the 
elimination of those connecting flights whose purpose is to increase load factors for 
planes destined for other locat~ons (e.g., Portland to Chicago). Many of these can 
expect to become overflights. For these reasons, the total operational forecast for 
2020 was reduced in Phase 11, from 575,000 annually to 524,000. 

Following ublic hearings, Flight Plan decided in May 1991 to include in Phase III a i' full scale a ternative that combined rail, new technologies, and demand 
management as a broad alternative to the other facility expansion alternatives. 
Flight Plan has since examined demand management (Working Paper No. 4: 
Demand Management, and e ert panel) and combined the demand management 
package (including rail) with #e Sea-Tac "no action" alternative. 

Airline Routing Decisions 

Of greater importance to the siting of new facilities (greater than average or peak 
ground travel time) is the willingness of the airlines to direct planes and new 
investments to sites competing with the existing airport location (Sea-Tac). 

Reduced landing costs, perha s funded in part by congestion fees at the stressed 
existing facility, are one possi i' le tool discussed by the Demand Management e y* 
panel. Experiences at other locations in the nation also give some inslght into t 1s 
Important airline decision. For example, airlines can refuse to relocate, and in this 
way can establish senice com eting with the new location (Southwest Airlines at 
Love Field now competes in t E: is way with the Dallas/Fort Worth replacement 
airport). In other cases, once one airline does relocate, perhaps entlced by lower 
landing fees, others often follow to provide competition. 
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Phase 11 concluded that due to accessiblity to passenger markets and redundancy of 
some flights, overall regional operations would increase by 16 percent over the 
original forecast figures (which assume one airport). This conclusion is not 
supported by further research in Phase 111 (Working Paper No. 5). 

A summary of findings on the relationship between airport planning and other 
modes of transportation, and accessibility. 

1. Average Dailv Travel Time 

The north and south regions operate as independent market areas, but 
depend upon a constrained senice a t  Sea-Tac in order to achieve high user 
levels. 

2. Annual or  Dailv Travel Distance 

Commuter mileage to and from the Replacement sites is up to five times as 
great as to the three-airport muliple airport system alternative. Grouped 
together nearly midway between these two extremes are the two airport 
systems. 

Construction of a dependent runway at Sea-Tac diminishes miles traveled to 
supplemental sites, by reducing patronage of these sites. 

Given a wide range of uncertainties, it may be impossible to detect 
meaningful differences between the mileage reaulrements for the overall 
multi 16 airport systems (with Sea-Tac tra;el included with data on Tables 2 
and 3 7 . Specifically, a very large role is played by market cross-over 
passengers (from the Sea-Tac market area to supplemental airport market 
areas), and by that fact that these passengers are responding to airline service 
opportunities as well as to accessibility. These behavioral factors cannot be 
accounted for in origin-destination transportation models such as those 
housed at the Puget Sound Regional Council. Removal of Sea-Tac 
constraints reduces travel to supplemental airports. It may be a matter of 
judgement whether this reduces overall ground travel, Sea-Tac access 
included. 

3. Peak Dailv Travel Time ~ 
The percent of regional population residing within various ground travel time 
contours is generally the same for average daily travel conditions and for 

eak congestion periods (both tested for year 2020). This modeling result is 
knited by model assumptions, but also reflects the regional policy that High 
Occupancy Vehicle (HOV) lanes and other improvements will be in place as 
scheduled in VISION 2020. 



4. Data Internretation 

The Multiple Airport System provides improved ground access for airport 
users, particularly during non-recurring events (not visible to the modeling 
process). The same weather events that influence service 45 percent of the 
time at Sea-Tac, also influence ground access within the 30 minute travel 
time perimeter. This will suggest a higher ranking for those alternatives that 
best address seasonal troughs in ground and air accessibility (rather than 
mileage or daily peaks in travel demand). 

Ln addition, the transportation models do not include travel within each of 
the several hundred zones into which the region is divided or analysis 
purposes. The model is confined the the interzonal trips, and in this way is 
likely to understate actual congestion conditions as these might exist in future 
years. 

5. Multimodal Coordination 

HCT could help offset declining ground access to Sea-Tac during periods of 
peak ground congestions. Air traveler use of HCT might be encouraged 
through 'the use of remote baggage handling facilities. 

6. Direct Highway Costs 

The cost of new highway access construction varies with each airport 
alternative, depending upon the level of service at the new sites, and the level 
and proximi of existing facilities (See Working Paper No. 11). Costs are X sipficantly igher for the Replacement sites in Central Pierce County. 

7. Preliminarv Ranking (1: best, 4: worst, on a relative scale) 

Sea-Tac with Demand Management 
Replacement 
Multiple Airport System (2) * 

Existing Sea-Tac plus Supplemental 2 
Existing Sea-Tac lus Supplemental 'i 2 
Sea-Tac plus AC W plus Supplemental 1 RW t 1 2 
Sea-Tac plus AC RW plus Supplemental 2 RW 2 

Multiple Airport System (3) 

Existing Sea-Tac lus 2 Supplemental (1 RW) ii 1 
Sea-Tac plus AC W plus 2 Supplemental 1 
Sea-Tac plus AC RW plus 2 Supplemental 1 

(Note*: 

Preference for a north or south site may depend upon long term growth 
patterns. At the time of this writing, the northern site is preferred due 
to present and forecasted population distribution, and access problems to 
Sea-Tac through Seattle from the north.) 
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EXECUTIVE SUMMARY 

A. INTRODUCTION 

An efficient air transportation system can provide significant, positive economic benefits 
to a region and the local economy in terms of the jobs, wages, business revenues and 
taxes it can create. It can also attract certain types of real estate development around an 
airport, which would also yield economic benefits to the local economy. The 
corresponding costs of growth, including those associated with the Flight Plan 
alternatives, are being addressed through the Growth Management Act rather than 
through this airport system impact analysis. 

Seattle-Tacoma International Airport (Sea-Tac) acts as a major international and domestic 
gateway for the Puget Sound region and the greater Pacific Northwest. Businesses vital 1 
to the regional economy, as well as businesses considering either relocating their I 

operations or opening a regional service center, place great importance on commercial 
air service availability and convenience as part of their decision making process. In 
addition, the traveling public expects and demands easy access to air travel. It is 
reasonable to expect a negative response from both segments of the air transport market I 

if access to and the capacity of the commercial air transportation system is not 
maintained and enhanced. 

The airport system alternatives currently being evaluated the by Puget Sound Air I 
Transportation Committee all generate, to varying degrees, positive economic benefits 
to the Puget Sound Region and the various counties within it. Moreover, the alternative 
systems being considered will help achieve the economic goals for the region. 

The purpose of this economic impact analysis is to estimate the economic benefits that 
would be generated by each of the airport system alternatives by the year 2U20. Since 
the primary purpose of estimating these impacts is to allow a comparative evaluation 
between alternatives, only the major benefits accruing to the region were estimated. A 
more detailed analysis would be necessary to fully quantify the full array of economic 
benefits. 

One part of the evaluation includes traditional regional economic analysis to measure the I 
I 

economic impacts to the region and each county withim it generated by the air passenger I 

service forecast for each alternative by the year 2020. These impacts are related 



specifically to the increase in jobs, wage earnings, taxes and the like created by the 
aviation activity at each proposed airport that would not occur if the airports were not 
there. The second part of the analysis addresses the future impact on strategic economic 
issues currently facing the region and its emerging role in a globally interdependent 
economy. 

The airport system alternatives have been grouped into four categories: 

A single airport system with Sea-Tac with demand management 

• A single airport system with a eepiacement airport 

• A two airport system (Sea-Tac plus one supplemental airport) 

A three airport system (Sea-Tac plus two supplemental airports) 

It should be noted that, when appropriate, the two single airport system alternatives are 
grouped together in the tables and figures in this report. The two and three airport 
system options include both Sea-Tac with and without a dependent runway. 

B. SUMMARY OF ECONOMIC IMPACTS 

Economic Benefits 

The major economic benefits that the various alternatives wuld generate by the year 2020 
for the region and the local economy over and above the benefits currently provided by 
Sea-Tac (see Table 1-1 and Figures 1-1 to 1-4) are as follows [I]: 

111 Dollar figures are presented in constant 1990 dollars throughout this report. 



Jobs 
Srmrt-Related 

D i m t h d i m t  16.300 28,600 - 36,400 12.300 - 20,000 
Induced LWX! 27.800 - 44.200 U.Oo0 - 28.SoQ 
Subtotal 32,100 56,400 - 80,600 24,300 - 48,500 

Visitor-Related 
Directhdirect 49,300 104,200 - 134,300 54.900 - 85,000 
Induced 74.500 - 96.100 39.300 - 60.90Q 
Subtotal 84.500 178.700 - 230.400 94.200 - 145.900 j 

In addition, the various alternatives could generate the following benefits to the areas 
immediately surrounding each airport site: 

Airport Influence Area Impacts - Year 2020 [2] 

a Office Space 1.4 million to 2.3 million square feet 
a Hotel Rooms 7,117 to 10,947 rooms 
e Hotel Room and Sales Tax $2.4 million to $7.5 million annually 

The impacts the various alternatives would have on each of the counties in the region are 
shown in Tables 1-2 through 1-6. It may be observed that the impacts are naturally 
higher in the countiis in which the supplemental airports are located. 

It is important to note that the county impacts include those from airport-related activities 
only. Impacts from businesses and tourist air traveler visitors are included in the 
county totals a3 there were insufficient data available to distribute the impacts to each 
county. The benefits from these visitors are, however, included in the aforementioned 
regional totals. 

[I] Estimated based on a 1990 total of 16.3 million annual passengers. 

[2] Within 1.5 to 3 miles around the airport. 



Thus, the various alternatives could provide 118,500 to 194,500 additional jobs, $2.1 
billion to $3.5 billion more in earnings, $5.3 billion to $8.7 billion more in business 
revenues, and $1 1.4 million to $18.1 million more in sales tax revenues by the year 
2020. 

It is important to observe that the airport-related impacts are those direct and indirect 
impacts generated as a result of economic activities on and off the airport that would nor 
have occurred if the airport was not there (i.e.,, airport employment, purchase of local 
goods and services, capital improvement expenditures, etc.). Airport-related impacts also 
include the multiplier, or induced, effects of the direct and indirect impacts. 

The visitor-related impacts are those direct and indirect impacts generated by 
expenditures made by business and tourist visitors that arrive via air travel. Vi tor -  
related impacts also include the multiplier, or induced, effects of the direct and indirect 
impacts. While the visitor expenditures are not a direct result of the aviation system, to 
the extent that the visitors would not have entered the region in the absence of the 
airport, the impacts are directly tied to the level of aviation activity. However, when the 
air transportation system becomes congested, some visitors may use other modes of 
hansportation to enter the region. Thus, while the impact of visitors (business travelers 
and tourists) coming to the region that do not use Sea-Tac are not included in the above 
figures, they are not lost to the region. However, the impact of this mode transfer 
cannot be quantified. 

Visitor-related impacts account for approximately two-thirds of the total jobs generated 
by the aviation system; airport-related job account for the balance. These benefits, such 
as the number of jobs created, have been largely accounted for in the number of jobs 
projected by the year 2020 for the region (2,326,100).[1] Thus, there may be little 
additional negative impact (for example, on public services) beyond that already 
anticipated and now subject to planning and service provisions under the State Growth 
Management Act and "concurrency" requirements. Further, the absence of efficient air 
service would impede expected economic growth and negatively impact a wide mnge of 
other public and private sector infrastructure investments in the region. 

[I] Airport-related jobs are projected to account for 2.4 to 3.5 percent of al l  jobs in the 
region by the year 2020 and 3.1 to 6.2 percent of new jobs created between 1990 and 
2020. Reflecting the increasing importance of the visitor industry to the Pug& Sound 
region, jobs due to expenditures from visitors arriving via air travel are expbcted to 
account for 8 to 10 percent of all jobs in the region by the year 2020, and 12 to 19 
percent of all new jobs created between 1990 and 2020. 



Net Benefits 

During review of a preliminary draft of this economic benefit study, the Flight Plan 
Committee raised a related question on public financing needed to serve the new 
employees (and their families) worldng at the new jobs forecast for 2020. The question 
was, "What are the net benefits of airport growth (all job and income benefits & 
public wsts for roads, utilities, schmls, etc.) under the unconstrained air passenger 
forecasts, and under the Flight Plan alternatives serving these forecasts?" 

The perspective accepted here is that overall long term job growth (2020) already 
forecast by state and local governments for the region rests on an implicit assumption that 
expanded infrastructure (including airport service) will be supplied for these 2020 
population and employment levels. It also appears that while some indirect and induced 
job creation can also be claimed by the expansion of air transportation, this expansion 
is already largely accounted for in these regional forecasts. [I] 

The needed cost-of-growth analysis is a topic broader than Flight Plan. Flight Plan serves 
forecast passenger demand and the inwrne figures are largely embedded within the 
broader regional forecasts. This is particularly true given the kinds of jobs in this region 
that would be negatively impacted if efficient air transportation service were provided 
in the future. 

The appropriate mechanism to address the overall wst-of-growth issue was set in place 
by the State Legislature in 1990 and 1991; this is the 1990 State Growth Management 
Act and its 1991 amendments. The new state Act requires that adopted growth forecasts 
be accommodated in coordinated local plans and actions. For example, these plans must 
eventually include 20-year capital planning elements to meet the forecast growth needs. 
State plans (e.g., for public education) are required to be consistent with the combined 
local plans. Flight Plan is designed to meet the air travel needs of the forecast 
population and employment levels. 

In addition, regional and state siting needs must also be addressed under the Act. On 
this point, the focus of Flight Plan is regional airport siting (an evaluation of system level 
alternatives). 

The Flight Plan expert panel agreed that the growth issues are a major public policy 
question, but also suggested that the way to address this is through a broad and deliberate 

[I] The equations and multipliers composing the ngional economic model at the Puget Sound 
Regional Council reflect in part the past provision of air service meeting the needs of the 
past levels of population and employment. 



public discussion, and not through the limiting of any single component of public 
infrastructure, such as air transportation service. As part of the broader and difficult 
growth management discussion, Flight Plan does offer the following: 

9 Estimates and forecasts of the economic benefits of expanded air transportation 
service to meet the needs of the more inclusive regional population and 
employment forecasts for the year 2020 (this Working Paper No. 8). 

a Steps to coordinate airport decisions with growth decisions under the Growth 
Management Act, specifically the growth policy plans required by July of 1992 
(See Working Paper No. 10, Institutional Analysis). 

a Off-site access improvements and costs which are included in the financial 
analysis (Working Paper No. 11, Capital Costs). These facilities and costs are 
in addition to transport improvements assumed to be in place under the regional 
VISION 2020 regional growth strategy and transportation plan, e.g., high 
capacity transit and many freeway and arterial improvements. - A programmatic Environment Impact Statement for the different airport system 
alternatives, balancing this mnomic perspective (Working Paper No. 8). 

C. DESCRIF'I'ION OF IMPACTS AND METHODOLOGY 

The economic impacts of the alternative airport systems were evaluated based on 
projected passenger demand in the year 2020 as follows: 

Economic impacts the region and individual counties generated by airport 
activity. 

9 Economic impacts to the region generated by business and tourist traveler visitors 
to the region which arrive via air travel. [I] 

9 Office and hotel development generated by airport activity in the immediate area 
sunuunding the alternative airport sites. 

The economic impacts are measured in terms of increased jobs, wage earnings, revenues 
to local businesses and local sales tax revenues. The impacts are quantified using 
regional input/output analyses which studies the interrelationships of industries in an 

111 Insufficient information is available to estimate the distribution of visitor expenditures by 
county. 



economy. The advantage of this method, which is recommended by the Federal Aviation 
Administration for evaluating the impact of airports on a region, is that it accounts for 
the dependency of each economic sector on every other sector within the region. Thus, 
it can measure the effect of a change in one economic sector (e.g., air transportation) on 
all economic sectors in a region. 

Economic impacts are measured in terms of direct, indirect and induced effects, as 
follows: 

4 Direct irn~acts result from economic activities on the airport that would not occur 
if the airport was not there (i.e., airport employment, purchase of local goods and 
services, capital improvement expenditures, etc.). They also include expenditures 
made by business and tourist air traveler visitors that use the airport. 

4 Indirect im~acQ result from off-airport economic activities attributable to the 
airport (e.g., services by travel agencies, hotels, restaurants, etc). These inipacts 

. would also not occur if the airport was not there. 

e Induced impacts are the multiplier effects of the direct and indirect impacts. 
These include the increases in employment, wages, and revenues -- in addition 
to the direct and indirect impacts --created by successive rounds of spending and 
respending. Although some of these induced impacts occur locally, some goods 
and services are purchased from outside the region. It is important, therefore, 
that the specific multiplier factors selected for the analysis are keyed to the 
regional economy. The multipiiers u d  in this study were developed specifically 
for the Puget Sound Region and each county within it. These locally adjusted 
multipliers were obtained from the U.S. Bureau of Economic Analysis' Regional 
Input-Output Modeling System (RIMS XI). 

It is important to note that the use of "multipliers" is a traditional analytical technique 
that has been used in regional impact analysis for at least 30 years. This approach is 
commonly used in estimating the economic impact of harbors, airports, mass transit 
systems, and virtually any type of project that generates employment and revenue. This 
general technique was used in a recent study of the economic impact of the Seattle 
Harbor and Sea-Tac Airport [I], as well as in Puget Sound Regional Council's (PSRC) 

[ll Martin O ' C o ~ e l l  Associates, m e  Economic Im~act  of the S w e  Harbor and the 
tlonal Airooa, prepared for the Port of Seattle, February 1989. 



recently released economic and demographic forecasts for the Puget Sound Region [I], 
and, at the project level, in the analysis of the economic impact of the proposed Boeing 
expansion in Pierce County [2]. 

Office development impacts are expressed in terms of additional square feet of office 
space to be expected within 1.5 to 3 miles around the airport at various levels of airport 
activity. Hotel development impacts, also within 1.5 to 3 miles around the airport, are 
shown in terms of additional hotel rooms and hotel sales and room tax revenues. 

D. ECONOMIC IMPLICATIONS OF AL'IERNATIVE AIRPORT SYSTEMS 

In terms of regional economic impacts, the major difference among the airport systems 
results from those alternatives that cannot provide adequate capacity to meet the projected 
passenger demands (and underlying economic growth) by the year 2020 and those that 
meet the 2020 forecast. While there are some differences in the total impact among the 
alternatives which meet the projected air passenger demand, there are significantly fewer 
jobs, wage earnings, and business and tax revenues generated by those alternatives which 
do not provide sufficient capacity. 

In terms of the distribution of economic impacts within the region, the major differences 
among the alternatives are due to the number of airports in the system. The three airport 
system maximizes the distribution of the impacts, while the single airport system tends 
to centralize the impacts in the county in which it is located. 

Some specific implications that should be considered in the evaluation of the alternatives 
are as follows. 

Single Airport System at Sea-Tac 

This system, which includes the "do nothing" alternative (i.e., Alternative 1 - 
Sea-Tac As Is with Demand Management) ha the smallest economic impact 
because this alternative cannot accommodate all of the passenger demand 
projected by the year 2MO. This alternative provides 66,000 to 76,000 fewer 

111 Puget Sound Council of Governments, -1: 
mnometnc M@ and R m  19!N-W m, no date. 

[2] Pierce County, Department of Planning and Land Services, 
bvironmental Irnmtaternent f m e  - - 
Plan. C h a ~ a ,  October 15, 1991. 



jobs, $1.2 to $1.4 billion less in  household earnings, $2.9 billion to $3.4 billion 
less in business revenues, and $5.7 to $6.7 million less in sale tax revenues than 
the maximum impact of alternatives which provide sufficient capacity to meet 
projected passenger demand. 

• When the air transportation system becomes congested, some visitors may use 
other modes of transportation to enter the region. Thus, while these expenditures 
would not be included in air passenger-related jobs, wages, etc., they are not lost 
to the region. However, the impact of this mode transfer cannot be quantified. 

* Many business sectors also require an efficient air transportation system to 
support business operations. Thus, flight delays, lack of convenient flights and 
other consequences of an inefficient air transportation system which d m  not meet 
projected passenger demands will likely create negative economic impacts that 
could to some degree off-set the jobs, earnings and revenues generated by airport 
activity and visitor expenditures. It was found in the Flight Plan Study aviation 
demand forecasts that income (along with population and airline yield) was highly 
correlated with growth in air passenger demand. Thus, major industry sectors 
with above average paying jobs [I] are likely to generate higher levels of air 
passenger demand. The major industry sectors in the Puget Sound Region with 
the highest paying jobs, include: aerospace (115,200 jobs, including Boeing with 
91,000 jobs and Eldec Corporation with 1,500 jobs); high tech 121 (32,400 
jobs, including Westmark International with 2,400 jobs, Microsoft Corporation 
with 1.800 iobs. Sundstrand Data Control with 1.500 iobs and Phvsio-Control 
~ o r ~ o k t i o n w i &  850 jobs); and forest and paper prbduck (21,500 jois, including 
Weverhaeuser with 3.200 iobs and Scott P a ~ e r  with 1.300 ids) .  H e n  it mav be 
no& that the major'BoeLg facilities are iocated in'conjLnction with ai&rts, 
i.e., Boeing Field south of Seattle and Paine Field south of Everett. Also, two 
Flight Plan candidate sites for the future are in proximity to Boeing's new 
Frederickson site in Central Pierce County. 

Single K i r t  System at Replacement A i i r t  

a A replacement airport located in Central Pierce or OlympiaIBlack Lake could 
generate the most jobs, earnings and revenues by the year 2M0, but only 
marginally more than the multiple airport systems which serve the same passenger 

[I] Above $26,100 (in 1990 dollars). 

[21 Includes communications and utilities, nonelectrical machinery, such as instruments, 
electronics, office and computing equipment, software manufacturers, etc. 



demands. This is due to the "multiplier" effect previously noted, which, due to 
their respective industrial structures and interrelationships, are higher in Pierce 
and Thurston counties than Snohomish and Kitsap counties, and approximately 
the same as in King County. 

Significant amounts of land may be required to accommodate the emerging 
aviationlindustrial linkages (i.e., projected increases in air cargo, the role of air 
freight in "just in time" production methods, air cargolindustrial complexes, etc.); 
however, there may be insufficient vacant, available land around Sea-Tac to allow 
development of large-scale aviation/industrial facilities. From this perspective, 
a replacement airport located in Central Pierce or Olympia/Black Lake would 
better enable the Puget Sound Region to capitalize on these emerging trends. 

The single airport system tends to concentrate the economic benefits in the county 
in which it is located. As a result, replacement of Sea-Tac could have a severe 
negative impact on King County. With the replacement airport alternates, these 
jobs would transfer to Pierce County (Alternative 31) or to Thurston County 
(Alternative 32) where the increase in employment in either county would be 
dramatic. 

e If Sea-Tac is abandoned for a replacement airport, the redeveloped Sea-Tac site 
would restore property tax revenues in King County (i.e., to the new city of 
Sea-Tac). However, loss of airport tenant leasehold possessory interest taxes at 
Sea-Tac would partially balance this gain. Conversely, if a replacement airport 
is developed at the privately held Centml Pierce site (versus the Fort Lewis site) 
or Olympia/Black Lake, land would be removed from the tax roles, negatively 
impacting property tax revenues in these areas. However, depend'ig on the type 
and extent of new private development around the airport, as well as the gains 
from airport tenant leasehold taxes, these negative impacts would be reduced or 
eliminated. 

* While the employees at Sea-Tac and those at businesses effected by visitor 
expenditures who are living in King County may choose to commute rather than 
transfer to other counties, it is Iikely they will change their expenditure patterns. 
For example, more of their purchases would be made in the county in which they 
work as opposed to the county in which they live. Alternatively, these employees 
could choose to move to these other counties or seek other employment. In 
addition, some of the buildings and facilities occupied by these employees and 
firms would be vacated and it would take a period of time before the void left by 
the closing of Sea-Tac was filled. Although these impacts cannot be quantified, 
they could be severe. This impact could also occur in Snohornish County due to 
the increased distance to the replacement airport sites. 



TWO ~ i o r t  System I 
I 
! 

• This system helps distribute the benefits geographically and increases the benefits 
to the counties in which the supplemental airports are located. 

0 Significant amounts of land may be required to accommodate the emerging 1 
aviationlindustrial linkages (i.e., projected increases in air cargo, the role of air I 
freight in "just in time" production methods, air cargolindustrial complexes, etc.); 
however, there may be insufficient vacant, available land around Sea-Tac to allow 
development of large-scale aviatiodindustrial facilities. Therefore, a two airport 
system with locations where additional land could be set aside for the facilities are 
better positioned to capitalize on these trends as well as exploit the da i r l ra i l l  
highway relationships, and integrate the intermodal system. I I 

I 

Three Airport System ~ 
• This system helps distribute the benefits throughout the region even more than the I 

two airport option. 

As with the two airport system, a three airport system with locations where 
additional land could be set aside for the facilities are better positioned to t 
capitalize on emerging aviatiodindustrial linkages, as well as expl& the d a i r l  
raiuhighway relationships, and integrate the intermodal system. 

The three airport system provides a better distribution of air service in the region. i 
1 

E. IMPACT ON STRATEGIC ECONOMIC ISSUES 

The alternatives help meet the economic goals for the region in that they: 
i 

0 Create jobs in non-resource-based industries that could be used to help reduce 
unemployment in certain areas dependent upon resource industries (e.g., timber, 
mining, etc.). 

a Expand the economic base by creating additional and more diverse jobs. 
I 

Increase wage earnings in jobs created by airport activity. The average wage per 
job generated by airport activity is $29,200, which is 28 percent higher than the 
existing average wage in the region in 1989. 

I 

Distribute economic growth geographically throughout the region. 



* Diversify the economy and minimize the dependence on one major employer 
(i.e., Boeing). 

0 Provide the capacity to accommodate expected increases in international and 
domestic tourist travel. 

Increase local government revenues. 

Enhance the competitiveness of the region's position in the global economy. 

F. IMPLICATIONS FOR FUTURE AIRPORT DEVEUIPMENT IN THE REGION 

The Puget Sound Region is well-positioned to capitalize on the emerging aviation1 
industrial linkages (i.e., the projected increases in air cargo, the role of air freight in 
"just in time" methods and air cargoJindustrial complexes, etc.). The region has an 
integrated sea/raillhighway system; however, there may be insufficient vacant, available 
land around Sea-Tac to allow development of large-scale aviationlindustrial facilities. 
Therefore, in addition to existing infrastructure, the ability of replacement or 
supplemental airports to provide expanded facilities should be considered in evaluating 
the alternative sites. 

G. RANKING OF ALTERNATIVE SITES AND SYSTEM OPTIONS 

Alternative sites and systems options are ranked below relative to the economic benefits 
generated by the air passenger demand expected by the year 2020. It is important to 
note, however, that this ranking d m  not suggest the best, or most efficient, method(s) 
for reaching the 2020 forecasts. It is also important to note that the rankings relative to 
economic benefits will be combined with other factors being considered in evaluating and 
ranking the alternatives (i.e., capital costs and revenues, environmental considerations, 
operational factors, and so forth). Based upon the weight given to these other factors, 
the overall system and site rankings could change. 

Alternative System Options 

The primary economic factors which differentiate the sysiem options include: 

* The total number of airport-related and visitor expenditure-related jobs supported 
by each alternative. Here, total jobs is used as a proxy to indicate the relative 
magnitude of the economic benefits (jobs, earnings and revenues). 

a The geographic distribution of these jobs. 



a The mass relocation of jobs due to the replacement of Sea-Tac. It is felt that the 
replacement of Sea-Tac would have a substantial negative impact on the economy 
of King County which would take many years to overcome. 

Table 11-7 ranks each system option against these three variables and presents an overall 
average rank for each option. It should be noted that each variable is assigned an equal 
weight since each is assumed to be equally important in the evaluation process. 

Each option is ranked on a relative scale of 1 to 9, with one being best. The options 
which produce the greatest number of jobs are ranked better than those which produce 
fewer jobs. Likewise, options which maximize the distribution of jobs throughout the 
region ire ranked higher than those which tend to concentrate jobs in one area. Finally, 
options which replace Sea-Tac are ranked lowest. 

It may be observed that even though options that include supplemental airports with one 
runway are ranked the same as those with two runways, the air passenger demand 
accommodated (45 MAP) and the total number of jobs created are the same; thus, the 
ranking with respect to total jobs is the same. 

Based on this analysis, the three airport system clearly emerges as the preferred option. 
This option produces the greatest number of jobs, maximizes the distribution of these 
jobs within the region, and leaves Sea-Tac as an operating airport. 

Alternative Sites 

As with the alternative system options, primary economic factors which differentiate the 
site options include: 

a Access to the Ports, freeways and railroads from site (i.e., the ability to 
efficiently interface with a multi-modal transportation system); 

@ The availability of vacant land to support development of aviation/industrial 
complexes; and, 

4 The mass relocation of jobs due to the replacement of Sea-Tac. It is felt that the 
replacement of Sea-Tac would have a substantial negative impact on the economy 
in King County which would take many years to overcome. 

Table 11-8 ranks each site against these three variables and presents an overall average 
rank for the option. Again, it should be noted that each variable is assigned an equal 
weight since each is assumed to be equally important in the evaluation process. It should 
also be noted that the wsts of serving new growth are not included in this analysis. The 



regional costs of growth and the methods of financing public and private shares of these 
costs are issues beyond the scope of Flight Plan. The contribution of Flight Plan with 
respect to the State Growth Management Act is to document the large share of forecasted 
growth and revenue production that is served by adequate air carrier capacity. 

Each site is ranked on a relative scale of 1 to 5, with one being best. The sites with the 
best access are ranked best. Sites with sufficient available land to support future 
development of aviationlindustrial complexes are ranked better than those with land 
constraints. Finally, sites which incorporate Sea-Tac are ranked higher than those which 
repiace Sea-Tac. 

According to these criteria, the Central Pierce supplemental site with one or two runways 
ranks best, followed by the OlympialBlack Lake supplemental site with one or two 
runways. This degree of regional dispersal, however, must be judged together with 
emerging growth management policies under the GMA. 

Also to be considered are the differential site impacts associated with the different 
alternatives. Flight Plan does not, however, address the growth management issue of 
whether growth in Central Puget Sound should be dispersed in a linear pattern north and 
south. In general, the need for new infrastructure is most closely associated with the 
Central Pierce and Olympia/Black Lake sites. 



TABLE 1-1 
SUMMARY OF REGIONAL ECONOMIC IMPACTS 

2020 

One Airport System Two Airport System Three Airport System 
Low High Low High Low Higb 

Jobs 

Airport-Related %,.W - 80,600 69,000 - 76,600 73,000 - 76,700 
Visitor-Related 178,800 - 230,400 219,700 - 230,400 230,400 - 230,400 
Total 235,100 - 311,000 288,700 - 307,000 303,400 - 307,100 

Airport-Related $1,647 - $;?302 $2,033 - $2,230 SgU3 - $2,240 
Visitor-Related $2,528 - 53,260 53,108 - S3,260 S3.260 - 53,260 
Total $4,175 - $5,562 $5,141 - $5,490 $5,393 $5500 

Airport-Related $4,086 - $ 5 3 3  $4,984 - S5,W $5,245 - $5,416 
Visitor-Related $6,758 - $8,714 $8,247 - $8,714 $8,714 - $8,714 
Total $10,844 - $14,217 SU,291 - $14,178 $13,959 - S14,UO 

Airport-Related $9.4 - $10.8 $113 - $12.4 SU.0 - $12.2 
Visitor-Related S U 3  - $17.1 $163 - $17.1 $17.1 - $17.1 
Total $22.7 - $27.9 Sn.6 - $295 $29.1 - $293 

Office Sq Ft (WS) /m - 1800 1,928 - &190 1,940 - u20 
Hotel Rooms (no.) 7,117 - 8,542 9,362 - 10,190 9,709 - 10,947 
Hotel Room & 
Sales Tax (millions) $2.4 - $5.7 562 - $75 $6.6 - $7.4 

SOURCE: P&D Technologies. 



Figure 1-1 
Regional Job Impacts: 2020 
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Figure 1-2 
Regional Earnings Impacts: 2020 
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Figure 1-3 
Regional Revenue Impacts: 2020 
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Figure 1-4 
Regional Sales Tax Revenues: 2020 

Sales Taxes (mi l l ions) 
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TABLE 1-2 
SUMMARY OF ECONOMIC IMPACTS [I] 

KING COUNTY: 2020 

One Airport System Two Airport System Three Airport System 
Low High Low High Low High 

Airport-Related 4,300 - 44,900 40,70a - 51,303 40,800 - 50,900 

Airport-Related S l% - $1,310 $1,189 - $1,496 $1,196 - $1,486 

Airport-Related $319 - $3,318 $3,011 - $3,789 $3,026 - $3,766 

Airport-Related $0.7 - $7.8 n.1 - $8.9 n.1 - s . 8  

Office Sq Ft (000's) 0 - 1,460 1,280 - 1,672 1,280 - 1,660 
Hotel Rooms (no.) 0 - 7,350 6,688 - 8,102 6,688 - 8,060 
Hotel Room & 

Sales Tax (tuillioas) $0.0 - $5.8 $53 - $6.4 $53 - 56.4 

[ I ]  Exdudes visitor-related impacts. 

SOURCE: P&D Technologies. 



TABLE 1-3 
SUMMARY OF ECONOMIC IMPACTS [I]  

KITSAP C O W  2020 

I One Airport System Two Airport System Three Airport System 
Low High Low High Low High 

Airport-Related 3 - 3,700 3,700 - 3,900 3,8M) - 3,900 

Airport-Related 939 - S1U $112 - $117 $116 - $119 

Airport-Related S2U - S269 $266 - $279 sns - $283 

Local S h  ats.)en Tu Revenue {millions) 

Airport-Related $0.4 - $0.5 $0.5 - $05 $05 - $05 

Office Space (sq ft) 0 0 0 0 0 0 
Hotel Rwms (no.) 0 0 0 0 0 0 
Hotel Rwm & 

Sales Tax SO - $0 $0 - $0 $0 S O  

[I] Excludes visitor-related impacts. 

SOURCE: P&D Technologies. 



TABLE 1-4 
SUMMARY OF ECONOMIC IMPACTS [I] 

PIERCE COITNTY: 2020 

One Airport System Two Airport System Three Airport System 

Low High Low High Low High 

i 
i Airport-Related 3,900 - 64,400 4,900 - 23,400 5,MX) - L5,W 

1 Airport-Related $112 - $1,822 $140 - $667 $145 - $445 
I 

I Airport-Related $268 - $4,378 $337 - $1,598 $348 - $1,067 

Airport-Related $05 - $7.7 $0.6 - $2.8 $0.6 - $1.9 

Office Sq Ft (000's) 0 - 1,800 0 - 910 0 - 568 
Hotel Rooms (no.) 0 - 8,542 0 - 3,333 0 - 5269 
Hotel R w m  & 

Sales Tax (millions)) $0.0 - $5.4 $0.0 - $22 $0.0 - $1.4 

~ [I] Excludes visitor-related impads. 

i SOURCE: P&D Technologies. 



TABLE 1-5 
SUMMARY OF ECONOMIC IMPACTS [I]  

SNOHOMISH COUNTY: 2020 

One Airport System Two Airport System Three Airport System 
Low High Low High Low High 

Airport-Related 3,500 - 4,500 4,400 - 20,900 7,700 - 14,333 

Airport-Related $101 - el29 SUB - S605 Sm - $422 

Airport-Related $2U - $270 $267 - SlJ.68 $466 - $839 

toeal S h Y t  dMos Tar Revcaurs (mIII1ms) 

Airport-Related $0.6 - $0.8 $0.8 - 53.6 $1.3 . - $2.5 

Ofiificc Sq Ft ( W s )  0 0 256 - 910 176 - 608 
Hotel Rooms (no.) 0 0 1280 - 3,333 978 - 2,383 
Hotel Room & 

SalesTax (dm) $0.0 . $0.0 $0.4 $1.2 W 3  - D.8 

[I] Exdudes visitor-related impacts. 

SOURCE: P&D Technologies. 



TABLE 1-6 
SUMMARY OF ECONOMIC IMPACTS [I] 

THURSTON COUNTV 2020 

One Airport System Two Airport System Three Airport System 
Low High Low High Low High 

Airport-Related 2900 - 61,900 3,700 - 17,500 3,800 - 10,600 

Airport-Related $89 - $1,765 $112 - $464 $117 - $321 

Airport-Related $212 - $4,235 $266 - $1,264 $m - $762 

Airport-Related $0.4 - $3.0 $05 - S2.4 So5 - $15 

Ollie. Sq Ft (000's) 0 - 1,800 0 - 910 0 - 480 
Hotel Rooms (no.) 0 - 8,542 0 - 3Jo3 0 - 2,011 
Hotel Room & 

Sales Tax (millions) SO.0 - 52.4 $0.0 - $1.0 $0.0 - $0.6 

[I] Exdudes visitor-related impads. 

SOURCE: P&D Technologies. 



TABLE U-7 
EVALUATION OF OiTIONS IN 2020 

(RANKING 1-9, 1 BEST) 

ONE AIRPORT SYSTEM 
Existing with Demand Management [I] 
Replacemeat 

TWO AIRPORT SYSTEM 
Ex~sting SEA-TAC Plus Supp (1 my)  [2] 2 5 1 2.7 
Existmg SEA-TAC Plus Supp (2 ~ 8 )  1 5 1 2.3 

5 1 2.3 
1 

SEA-TAC with New AC Rwy Plus Supp (1 my) 1 
SEA-TAC with New AC Rwy Plus Supp (2 twy8) 1 5 1 2.3 

THREE AIRPORT SYSTEM 
Ex~sting SEA-TAC Plus 2 Supp (1 twy) 1 1 1 1.0 1 
SEA-TAC w!h New AC Rwy Plus 2 Supp (1 my) 1 1 1 1.0 
SEA-TAC wth New AC Rwy Plus 2 Supp (2 mys) 1 1 1 1 .O 

[I] Does not satisfy 2020 dcnasnd forecnsts. 
[2] b e e  of five dtemativca do not e s f y  2020 demnnd foraclsts. 

SOURCE: P&D ~ ~ i o p i ~ .  i 



TABLE 11-8 
EVALUATION OF SITES IN 2020 

(RAhxING 1-5, 1 BESD 

Neg. Impact 
Access Land on Exist. Average 

SEA-TAC 
Existing with Demand Management [l] 
New Air Carrier Runway 

ARLINGTON 
One Runway 
Two Runways 

McCHORD AFB 
One Runway 
Two Runways 

PAINE FIELD 
One Runway 
Two Runways 

CENTRAL PIERCE 
One Runway 
Two Runways 
Three Runways 

OLYMPIA/BLACK LAKE 
One Runway 
Two Runways 
Three Runways 

FT. LEWIS 
Three Runways 

[I] Does not satisfy 2020 demand forrc~as. 

1 SOURCE: P&D Technologies. 

I 



INTRODUCTION 

A. BACKGROUND 

The Puget Sound Air Transportation Committee is currently evaluating the economic 
consequences of 32 alternative airport system plans designed to satisfy air passenger 
demand (45 MAP) expected in the Puget Sound region [I] by the year 2020. It should 
be noted that five of the alternatives considered do not meet 2020 capacity requirements. 
One part of the evaluation includes traditional regional economic analysis to measure the 
economic impacts to the region and each county within it generated by the air passenger 
service forecast for each alternative by the year 2020. These impacts are related 
specifically to the increase in jobs, wage earnings, taxes and the like created by the 
aviation activity at each proposed airport that would not occur if the airports were not 
there. The second part of the analysis addresses the future impact on strategic economic 
issues currently facing the region and its emerging role in a globally interdependent 
economy. 

Due to the difficulty in quantifying these future impacts, a panel of experts was convened 
to discuss the strategic economic issues that should be considered and the weight each 
should have in assessing the alternative system plans. The panel's recommendations have 
been incorporated into this final evaluation of alternatives. 

B. PURPOSE OF THE PAPER 

The primary purpose of this paper is to set the stage for the second part of the economic 
evaluation, namely the expert panel analyses and recommendations. Specifically, the 
purpose is directed to five task: 

1. Identify the broad, strategic economic issues currently facing the region. 

2. Examine current and future trends shaping a global economy and the role aviation 
will play. 

3. Estimate the economic impacts of the various airport system alternatives. 

111 Strictly speaking, the Puget Sound Region includes the following counties: King; Kitsap; 
Pierce; and Snohomish. For purposes of this study, Thurston County is included as part 
of the region. 

PdD AviaLbn A U W m d P d D T & 6 d 9 @  



4. Evaluate the significance of the economic impacts of the various alternatives to 
the strategic economic issues facing the region including the region's potential 
role in a globally interdependent economy. 

5 .  Pose various questions to help stimulate ideas that the expert panel may wish to 
include in its discussions. 

C. DESCRIPTION OF ALTERNATIVE AIRPORT SYSTEMS 

The 32 alternative airport systems and passenger forecasts through the year 2020 for each 
alternative are shown in Table 11-1. The alternatives include various combinations of, 
and levels of service at, five airport sites in the five-county region (see Figure II-1 for 
airport locations). 

The alternative airport systems have been generally grouped into three categories: 

Single Airport System 

A system with a single commercial airport with Sea-Tac "As Is" with demand 
management or an new commuter runway (Alternatives 1 and 2) 

Single Airport System 

A system with a single commercial airport with a new airport replacing Sea-Tac 
(Altematives 31 and 32) 

Two Airport System 

A system with Sea-Tac and one supplemental airport, including: 

Sea-Tac without a new runway and a supplemental airport with one air carrier 
runway. (Alternatives 3 through 7) 

e Sea-Tac without a new runway and a supplemental airport with two air carrier 
runways. (Alternatives 8 through 12) 

Sea-Tac with a new air carrier runway and a supplemental airport with one air 
carrier runway. (Alternatives 13 through 17) 

a Sea-Tac with a new air carrier runway and a supplemental airpo~t with two air 
carrier runways. (Alternatives 18 through 22) 
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Figure 11.1 
Airport Locations 



Three Airport System 

A system with Sea-Tac and two supplemental airports, including: 

a Sea-Tac without a new runway and two supplemental airports each with one air 
carrier runway. (Alternatives 23 through 26) 

* Sea-Tac with a new air carrier runway and two supplemental airports each with 
one air carrier runway. (Alternatives 27 through 30) 

Before describing the economic impact of these alternatives, it is important to identify 
some of the strategic economic issues facing the Puget Sound Region. 

STRATEGIC ECONOMIC ISSUES FACING THE REGION 

In 1985, as an outgrowth of the effects of the 198111982 recession, the Washington State 
legislature concluded the state did not have a long-term economic development plan to resolve 
the economic problems of the region. To address this need, the Washington State Ecopomic 
Development Board was created to identify and analyze the issues, define a vision for the state's 
economy and recommend an economic development action plan to achieve the vision. 

Since then, much has been written by various groups and authors as to the economic issues 
facing the State and region, and importance of the region's emerging role in the new global 
economy. The major issues that have emerged are discussed below. 

A. MAJOR ECONOMIC ISSUES 

The main strategic economic issues facing the state in general and the Puget Sound 
Region in particular include: 

Expansion of the economic base (i.e., attracting new firms, assisting existing 
firms to expand, identifying new outlets for exports, etc.) 

a Increasing international and domestic tourism. 

a Diversification of the economy and minimizing the dependence on one major 
employer (e.g., the Boeing Company, which is the largest single employer and 
accounts for 21 percent of the employment in the Puget Sound Region). 

Creating more jobs with at least living-wage salaries. 

Distribution of economic growth geographically throughout the state and region. 
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• Creation of jobs in manufacturing and other industries to replace declining 
employment opportunities in the resource-based industries, such as mining and 
timber. 

Increasing local government revenues. 

• Strengthening the resource-based industries, especially the wood products 
industry, by expandinglcreating markets for value added products. 

0 Increasing the competitiveness of the region's businesses in the new global 
economy. 

This latter issue noted above is one of the most crucial one facing the state and region 
today. The underlying factors leading to and fostering a continuation of the globalization 
of the world economy are described in the next section of this paper. The role of the 
Puget Sound Region in a globally interdependent world market is discussed below. 

B. ROLE OF THE REGION IN THE NEW GLOBAL ECONOMY 

The Puget Sound Region is in a unique geographic position to prosper in the emerging 
global economy. It has the closest U.S. mainland port to Asia, and the closest west coast 
port to Europe. Sea-Tac Airport is nearly equidistant between Tokyo and London. By 
itself, the Port of Seattle is the nation's fourth busiest port. However, when combined 
with the Port of Tacoma, the Puget Sound area is second only to the Los Angeles-Long 
Beach port complex in the value of imports and exports coming through its harbors. The 
Puget Sound Region is already deeply involved in the global marketplace. In fact: 

• One in five jobs in the region is supported by international trade. 

0 Within a five-mile radius of the Port is the greatest concentration of h s  and 
individuals involved in international trade north of San Francisco and west of 
Chicago. 

• There are more than 50 steamship operators and agents, more than 100 truck and 
warehouse operators, two major transcontinental railroads operating three 
intermodal yards, and more than 40 passenger and cargo airlines (12 with 
international service) in the area. 

• Nearly two dozen U.S. and foreign banks have Seattle offices with departments 
specializing in international trade. 

* Twenty-two countries have consulates in or near Seattle. 



Sea-Tac Airport is the 5th-largest gateway to Asia, the 8th-largest to both Europe 
and Asia, and the largest for sea-air cargo between Europe and the Far East. 

s The state's international trade grew from $17.2 billion in 1978 to more than $71 
billion in 1990, an average of 12.6 percent per year. 

I 

e Boeing is the nation's largest exporter and accounted for 40% of the state's 
exports in 1989. 

Exports per capita in the state are twice the national average and higher than any 
other state in the U.S. 

Several events should help boost the region's position in the global marketplace. These 
include: , I  

Formation of the proposed North American free-trade zone that would link the 
U.S. with Canada and Mexico in the world's largest trading block. Currently, 
Mexico's two way trade with the U.S. is $53 billion per year. Canada's trade 
with the U.S. and Mexico is $160 billion and $2.3 billion per year, respectively. I 
The US.-Canada free-trade agreement that went into effect in 1989. This 
agreement phases out most tariffs in 10 years. 

e Recent formation of the Pacific Northwest Economic Region (PNWER), an 
alliance of the States of Washington, Alaska, Idaho, Montana and Oregon, with 

I 
the Canadian F'rovinces of Alberta and British Columbia. Its purpose is to foster 
regional cooperation in promoting export trade and tourism, creating jobs, 
development of regional recycling enterprises, and protecting the environment. I 

The combined population of the region totals more that 15 million people, a 
sufficient market size to attract trade interests in the Pacific Rim and European 
Economic Community. 

Moreover, the region has a formidable economic presence with an annual gross 
product in excess of $280 billion. In fact, if it wen  a nation, the region would 
rank 10th among the world's industrial nations. 

ROLE OF AVIATION IN THE GU)BAL EC- i I 
A. ECONOMIC DEVELOPMENT AND TRANSPORTATION I 

Commercial aviation has played a key role in the economic development of the U.S. and 1 
is one of the major factors that enabled globalization of the world economy. The various 



eras of economic development and the role of various transportation systems are 
discussed below. 

Throughout the history of the United States, changes in transportation and its related 
technology have been linked to eras of regional and local economic development. The 
first era saw the nation's first major commercial centers develop around seaports. In the 
second era, rivers and canal-linked cities helped create the country's f ist  major inland 
urban areas that later formed the backbone of the Industrial Revolution. 

Railroads fostered the third period of economic development by opening up the nation's 
land-locked interior to manufacturing and trade. The fourth era was spawned by 
highways and the use of cars and trucks to move people and goods, as well as the 
introduction of commercial aviation. With the construction of freeways and intentate 
highways, large-scale deconcentration of economic activity began. Major suburban 
commercial centers developed and many rural communities situated along major 
roadways that were previously inaccessible became urbanized; those that were isolated 
became economically stagnate. 

Aviation, however, provided the means that finally allowed the transportation system to 
function efficiently and link major urban centers across the nation by removing the 
barrier of distance. The U.S. is now entering a new era in which economic development 
is being driven by three major forces, each of which is essential for State and local 
government, as well as private business, to recognize and adapt to in order to survive in 
today's marketplace and prepare for the future. 

The first force is the globalization of economic transactions, a phenomenon in which 
national borders are superseded by international commercial boundaries. . The second 
force is the shift toward "just-in-time' (JIT) manufacturing and inventory control methods 
that shorten production and delivery cycles. The JIT phenomenon contributes to the third 
major force, the requirement that many goods be shipped by air to satisfy delivery time 
requirements of manufacturers and customers. From the combination of these forces will 
emerge the economy of the future, were aviation and airports will supplant seaports, rail 
and highway systems as the world's primary generators 'of economic development. 

B. GLOBALIZATION 

International trade has been increasing dramatically. U.S. exports and imports more than 
doubled during the 1980s, and in 1990 reached $1.3 trillion. In 1990, the total value of 
merchandise exports was $3.5 trillion, versus $1.6 trillion in 1985. Investment abroad 
by multinational corporations has likewise increased, reaching $1.3 trillion in 1990. 
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The growing interdependence of world markets is also reflected in international 
information flows and financial transactions. Between 1977 and 1987, telephone calls 
to and from the United States, the vast majority for business purposes, increased from 
300 million minutes to nearly 5 billion minutes, a rise of over 1,000 percent. 

Since the early 1980s, the international financial markets have changed. Japan h i  
replaced the United States as the largest supplier of international capital. Japanese, 
German, and Dutch banks have now become the chief underwriters of U.S. Treasury 
bonds and financiers of large commercial real estate projects in the U.S. and around the 
world. In 1990, the daily volume of foreign exchange trading exceeded $600 billion. 

One of the most important factors in the globalization process has been the dramatic rise 
of global component sourcing. Nearly a decade ago, Ford introduced the "world" car, 
assembled in Detroit from parts produced on each of the inhabited continents. Today, 
global sourcing is commonplace. 

A personal computer assembled in California is likely to contain integrated circuits 
imported from Japan, a power supply from Singapore, microprocessors from Korea, disk 
drives from Malaysia, and a glass screen from Taiwan. 

The outlook for growth in international trade is positive. Some of the factors that will 
operate to continue this growth include: 

Formation of new open, marketdriven economies, with emphasis on democratic 
societies, in Eastern Europe and the Soviet Union. 

4 Advances in communications technologies which allow a global exchange of 
information with, and linkage to, other countries. 

o Increasing trade opportunities with the 12-nation European Economic Community, 
the Asia-Pacific trading am, Canada and Mexico. 

Accelerating influence of multinational corporations. 

* Growing international cooperation and awareness of the need for greater 
coordination with respect to economic activities. 

International travel has also been increasing. The number of passengers camed globally 
grew nearly 50 percent in the last decade. Growth through the 1990s is expected to 
double. Increases in the Asia-Pacific region will be especially pronounced, with an 
annual average growth of 10.5 percent, compared with a worldwide average of 7 percent. 



C. JUST-IN-TIME METHODS 

The increasing multitude of foreign competitors puts pressure on U.S. manufacturing 
firms to reduce costs and increase productive efficiency. One widespread cost-reduction 
mechanism is "just-in-time" (JlT) production, distribution, and inventory control 
methods. Under a JIT system, all elements in the production/distribution chain, from 
acquisition of raw materials to the delivery of fdshed products, are synchronized to 
produce and deliver finished products precisely as needed, virtually eliminating the need 
for inventories. 

The transition to JIT systems is also necessitated by rapid changes in consumer tastes. 
Products that are in favor one month may be obsolete the next. Manufacturers must be 
able to produce on short notice and respond quickly to sudden shifts in demand. JIT. 
systems incorporating speed of delivery will be necessary in order to compete 
successfully. 

D. SPEED OF DELIVERY AND THE GROWTH OF AIR CARGO 

With the increase of international transactions, JIT production/inventory methods, and 
speed characterizing the new economy, air cargo will play an increasingly important role. 
No other means of transportation better satisfies global Jl'r logistics which require 
producers to receive and ship quantities more frequently, faster and over long distances. 

Air freight already accounts for more than one-third of the value of U.S. products 
exported, a share that is expected to rise in the future. International air cargo shipments 
are projected to grow by at least 7 percent annually d u ~ g  t3e 1990s, with the Pacific 
Rim routes generating 11 percent annual growth rates throughout the decade. F i s  such 
as Boeing and McDonnell Douglas are projecting world air cargo growth rates over the 
next decade of 5.9 percent and 9.8 percent, respectively. 

Most of this cargo will continue to be shipped in the cargo areas of passenger planes, 
with some Boeing 747s carrying as much as 35 tons of cargo along with their passenger 
loads. International aviation has become so important that the Boeing Company has 
about 2,000 aircraft on back order, including over 300 of its 747s and 200 of its 767s. 

Moreover, because air cargo is growing so much faster than passenger transit, hundreds 
of passenger planes are being converted to all-cargo carriers, including numerous 747s. 
New orders for all-cargo aircraft (air freighters) are also increasing. W i g  is expected 
to sell at least 125 of its 747-400 freighters (the largest US.-produced airplane with a 
cargo capacity of over 100 tons) during the 1990s. 



In prior economic eras, when speed of delivery and production flexibility were less 
crucial to competitive success, air freight was considered a luxury and limited primarily 
to lightweight, high value or emergency products. 

Today, essentially anything that can be loaded onto a large aircraft is routinely shipped 
internationally by air, from automobiles and heavy machinery to live cattle. Moreover., 
air freight is creating new industries by beiig able to deliver highly perishable goods to 
distant markets within hours. 

The next generation of freighters will be similar to the Soviet Antonov 225, the world's 
largest aircmft. This cargo plane can carry a payload of 250 tons for thousands of miles. 
Hypersonic planes now being designed will be able to carry products from the U.S. East 
Coast to Europe in less than two hours and to the Pacific Rim in less than three hours. 

E. lWTURE TRENDS 

It is not unrealistic to expect that within 20 years, advances in aviation will place U.S. 
businesses within three hours' delivery time of virtually any part of the world, and will 
provide same-day service to nearly 8 billion potential customers. 

Most of the global market potential will be in the Pacific Rim, a $4 trillion market 
expanding at $5 billion a week. Nearly two-thirds of the world's population lives in 
Asia, which contains the world's fastest-growing economies. Most Asian economies are 
expanding at real rates two to six times the growth rates in Europe and the United States. 
All forecasts project U.S. trade with Asia growing much faster than with any other 
region of the world. Since most of the exports and imports of East Coast businesses to 
and from Asia are currently shipped by truck or train across the United States, West 
Coast businesses have a four-to-seven-day advantage in trade with Pacific Rim countries. 
Likewise, East Coast companies have a time advantage over West Coast firms wanting 
to do business in Europe. Air cargo, however, will help eliminate the time factor and 
all firms will have to use it to remain competitive. Further, if Japan moves into Europe 
in the 1990s, as it did into the URited Stam in the 1980s, mid-point air mrgo terminals, 
such as Sea-Tac, will play an increasingly important role in this trade. 

Thus, with global sourcing and sales of products/cornponents, JIT production and 
inventory systems, and speed of delivery, aviation will play a key role in the world 
economy. However, the ability to successfully compete in the growing world market will 
require an efficient aviation system with sufficient capacity and adequate facilities. State 
and local leaders must plan now for these and other technological advances expected in 
this new transportation era. One way this is currently envisioned is through the concept 
of a global air cargolindustrial complex. 



F. GLOBAL AIR CARGO INDUSTRIAL COMPLEXES 

Various public and private entities are exploring varying concepts for air cargo industrial 
complexes. Among those already in operation are Alliance Airport in Fort Worth, 
Texas, and the Intermodal complex at Huntsville, Alabama. Efforts are underway to 
revitalize the Kansas City International Airport, with a focus on air cargo development. 
Feasibility studies are underway for air cargo industrial complexes in northern Arkansas 
and New Hampshire, among others. In response to recent Department of Defense 
announcements of USAF base closings in the continental U.S., it is likely that other 
states and communities may also consider such complexes. 

One concept of particular interest presently being studied by the State of North Carolina 
Air Cargo Airport Authority is that of an International transport and industrial complex. 
This concept, which is referred to as a Global Air Cargo Industrial Complex (GACIC) 
is not just an air cargo airport. Rather, it is a computer-age industrial complex in which 
aviation will play a pivotal distribution role. The proposed complex, which substantially 
extends both in scale and integrated systems technologies the successful Alliance Airport 
in Texas, would integrate (both spatially and operationally) JIT manufacturing systems 
with air freight and other transportation modes to create a functionally new type of 
facility. 

The JIT plants will be located along the taxiways, allowing freighters to interface with 
them, just as railway side-spurs allow freight trains to move alongside factories for raw 
material delivery and loading finished product. Freight transfer would be developed so 
that while one feeder line is unloading components and materials from one end of the 
plane, another line could be loading finished product at the opposite end. Direct highway 
and port connections will complete the total transportation network available to the 
complex. 

Central distribution facilitia will be another key component of the complex. Then will 
be economies of scale for efficient U.S. Customs p&g and smaller load pick-up 
and delivery systems. Distribution centers will be ~ ~ e c t e d  via high-speed electronic 
transfer vehicles (El"Vs) that wil l  interface with airplane side and nose docks for 
maximum efficiency. The ETVs will operate throughout the entire industrial complex, 
transporting cargo pallets in a manner similar to the computerized baggage handling 
systems now at the largest airports. Supporting this complex will be around-the-clock 
communications and automated tracine and trackine svstcms that will allow almost 
instantaneous location and shipment of g k l s .  In situakns involving critical replacement 
Darts. inventories muired bv international dealers or customers could be warehoused at 
h e  complex with the'assur&ce the items would be dispatched quickly to any place in the 
world. 



The complex would occupy about 15,000 acres and contain two 1 3 , W f o o t  runways (to 
handle giant air cargo aircraft and hypersonic freighters) and four taxiways. Industrial 
plants would be located along the taxiways, which would be anchored at their ends by 
global air cargo companies. 

Preliminary analysis by the University of North Carolina Business School shows that 
were such a complex developed in North Carolina, the manufacturing facilities alone 
would generate a minimum of 30,000 jobs directly, with substantially greater indirect job 
generation through employment multipliers. At full capacity, it was estimated the 
complex would contribute as much as $5 billion annually to the state's economy. This 
does not include the economic impact on manufacturing and distribution facilities located 
within 3 hours driving distance of the complex which would use the air cargo facilities. 

G.  IMPLICATIONS FOR FUTURE AIRPORT DEVELOPMENT IN THE REGION 

The Puget Sound Region is well-positioned to capitalize on the emerging aviation/ 
industrial linkages (i.e., the projected increases in air cargo, the role of air freight in 
"just in time" methods and air cargolindustrial complexes, etc.). The region has an 
integrated sea/raiYhighway system; however, there may be insufficient vacant, available 
land around Sea-Tac to allow development of large-scale aviation/industrial facilities. 
Therefore, the ability of replacement or supplemental airports to provide these facilities 
should be considered in evaluating the alternative sites. 

THE ECONOMIC IMPACT OF ALTERNATWQ 

As a result of growing environmental concern, most public discussion relative to airports, either 
existing or proposed, relates to noise and air pollution. In the public debate over the proper 
balance between air transportation technological progress and the preservation of the 
environment, relatively little attention is given to the powerful impact a major airport system can 
have on the regional and local economy. Such consideration is critical in any public investment 
decision. 

A. DIESCRIPTION OF ECONOMIC IMPACTS 

The economic impacts of the alternative airport systems were evaluated based on 
projected passenger demand in the year 2020 as follows: 

0 Economic impacts to the region and individual counties generated by airport 
activity. 
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THE FLIGHT PLAN PROJECT PHASE III 

! 

Economic impacts to the region generated by business and tourist traveler visitors 
to the region which arrive via air travel [I]. 

a Office and hotel development generated by airport activity in the immediate area 
surrounding the alternative airport sites. 

The economic impacts are measured in t e n s  of increased jobs, wage earnings, revenues 
to local businesses and local sales tax revenues. The impacts are quantified using input/ 
output analyses which studies the interrelationships of industries in an economy.[2] 
The advantage of this method, which is recommended by the Federal Aviation 
Administration for evaluating the impact of airports on a region[3], is that it accounts 
for the interdependency of economic sectors within the region. Thus, it can measure the 
effect of a change in one economic sector (e.g., air transportation) on a l l  economic 
sectors in a region. 

Economic impacts are measured in terms of direct, indirect and induced effects, as 
follows: 

Direct imoacu result from economic activities on the airport that would not occur 
if the airport was not there (i.e., airport employment, purchase of local goods and 
services,capital improvement expenditures: e&). They also include expenditures 
made by' business and tourist air traveler visitors that use the airport. 

Indirect impacts result from off-airport economic activities attributable to the 
airport (e.g., services by travel agencies, hotels, restaurants, etc). These impacts 
would not occur if the airport was not there. 

Induced im are the multiplier effects of the direct and indirect impacts. 
These include the increases in employment, wages, and revenues -- in addition 
to the direct and indirect impacts - created by successive rounds of spending and 
respending. Although some of these induced impacts occur locally, some goods 

[I] Insufficient information is available to estimate the distribution of visitor expenditures by 
county. 

[21 Input/output analysis is a commonly used technique to evalua& the impact of a change 
in one sector of the economy on a l l  sectors of the economy in a region. 

[31 Butler, Stewart E, and Laurence J. Kiernan, the R- 
ce of At-, U.S. Department of Transportation, Federal Aviation 

Administration, October, 1986. 



and services are purchased from outside the region. It is important, therefore, I 

that the specific multiplier factors selected for the analysis are keyed to the 
regional economy. The multipliers used in this study were developed specifically 
for the Puget Sound Region and each county within it. These locally adjusted 
multipliers were obtained from the U.S. Bureau of Economic Analysis' Reglonal 

i 
Input-Output Modeling System (RIMS 11). 

I 
It is important to note that the use of "multipliers" is a traditional analytical technique 
that has been used in regional impact analysis for at least 30 years. This approach is 
commonly used in estimating the economic impact of harbors, airports, mass tmnsit 
systems, and virtually any type of project that generates employment and revenue. This 
technique was used in a recent study of the economic impact of the Seattle Harbor and 
Sea-Tac Airport [I], as well as in PSRC's recently released economic and 
demographic forecasts for the Puget Sound Region [2]. 

Office development impacts are expressed in terms of additional square feet of office 
space to be expected within 1.5 to 3 miles around the airport at various levels of airport 
activity. Hotel development impacts, also within 1.5 to 3 miles around the airport, are 
shown in terms of additional hotel rooms and hotel sales and room tax revenues. The 
methodologies used in each of these analyses are contained in Appendix B of this report. 
The various impacts are summarized below. 

Aiort-Related Activities 
I 

Economic impacts (jobs, wage earnings, business revenues and local sales tax revenues) 
generated by d r t - r e l a t e d  activities for each alternative are presented for individual 
Gunties and the region as a whole in Tables V-1 to V-4. By &e year 2020, as may be 
noted, the various alternatives could generate between 56,300 and 80,600 jobs, 
$1.6 billion to $2.3 billion in wage earnings, $4.1 billion to $5.5 billion in revenues to 
businesses, and $9.4 million to $12.4 million in local sales tax revenues in the ngion. 

In terms of total economic impacts (See Figures V-1 to V-4), the major difference among I 
the airport systems results from those alternatives that cannot provide adequate capacity 
to meet the projected passenger demands and those that meet the 2020 forecast. While 

[I] Martin O'Connell Associates, The Economic Imuact of the S m r  and 
We-Tacoma  International A i m n ,  prepared for the Port of Seattle, February 1989. 

[21 Puget Sound Council of Governments, -1: C- 
b n o m e t n c  Model and R e e m  !3onomic and w h i c  FomWs, 1990-2MQ I 
m, no date. 
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TABLE V-1 
DIRECT, INDIRECT AND INDUCED JOBS 

GENERATED BY AI&QRT ACTIVITY: 2020 

Total Jobs 
Alternative King Kitsap Pierce Snohomish Thurston Region 

1 Mrport System 

SOURCE: P&D Technologies 

P6DAvi.llc7, ~~~clslandP6DTocmabOlss 



THE FLIGHT PLAN PROJECT PHASE 111 

DIRECT. INDIRECT AND INDUCED WAGE EARNJNGS 
GENERATED BY AIRPORT ACTIVITY: 2020 

Total Wage Earnings (Millions) 
Alternative King Kitsap P i m  Snohomish 'Ihurston Region 

SOURCE: P&D Technologies 
PdD A m  ALYtWondPdDTohx&4= 



THE FLIGHT PLAN PROJECT PHASE 111 

DIRECT, INDIRECT AND INDUCED BUSINESS REVENUE 
GENERATED BY AIRPORT ACTIVITY: 2020 

Total Business Revenues (Millions) 
Alternative King Kitsap Pierce Snohomish Thurston Region 

2 Airport System 

SOURCE: P&D Technologies 

PdDA- A L W h d P ~ D T ~  



THE FLIGHT PLAN PROJECT PHASE In 
TABLE V-4 

SALE TAX REVENUES GEKERATED BY 
AIRPORT ACTIVITY RELATED EARKINGS: 2020 

Sales Tax Revenues (000s) 
Alternative King Kitssp Pierce Snohomish Thurston Region 

1 Airport System 

SOURCE: P&D Technologies 

P&D A m  A DMcmdPIO T- 
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there are some differences in the total impact among the alternatives which meet the 
projected air passenger demand, there are significantly fewer jobs, wage earnings, and 
business and tax revenues generated by those alternatives which do not provide sufficient 
capacity. 

In terms of the distribution of economic impacts within the region, the major differences 
among the alternatives are due to the number of airports in the system. The three airport 
system maximizes the distribution of the impacts, while the single airport system tends 
to centralize the impacts in the county in which it is located. 

Visitor-Related Activities 

Business and tourist air travelers to the region also create substantial benefits through 
expenditures for lodging, entertainment, transportation, food and retail goods. Additional 
jobs, wage earnings and business revenues generated by business and tourist visitor 
expenditures for each alternative for the region as a whole are presented in Tables V-5 
to V-8. As noted earlier, insufficient data were available to distribute these impacts to 
each county. 

By the year 2020, expenditures by visitors (both business and tourist travelers) could 
generate between 178,700 and 230,400 more jobs, $2.5 to $3.2 billion in additional wage 
earnings, $6.8 to $8.7 billion in revenues to local businesses, and $13.3 to $17.1 million 
in local sales tax revenues due to increased earnings to local residents. In terms of total 
economic impacts, the major difference among the alternatives results from those options 
that cannot provide adequate capacity to meet the projected passenger demands and those 
that meet the 2020 forecast. 

Development in the Airport Influence Area 

An airport can attract certain types of real estate development around it. Based upon an 
analysis of 10 West Coast airports [l] in the United States with air passenger traffic 
ranging from 1.2 million to 44.4 miilion annual passengers, it was found that the types 
of land uses that had a significant relationship to passenger demand were office and 
hotel, and that the primary area in which such development occurred (the area of 
influence) extended between 1.5 and 3 miles around the airport. These findings were 
applied to the various alternatives as noted below. 

[I] The airports analyzed consisted of Burbank, John Wayne, Long Beach, Los Angeles, 
Oakland, Ontario, Portland, San Francisco, San Jose and Sea-Tac. 



TABLE V.5 
IMPACXS OF VISITOR (BUSINESS AND TOURIST) EXPENDITURES 

ON THE REGION: 2020 
(ALTERNATE 1) 

TOTAL PASSENGERS 
% VISITORS 
TOTAL VISITORS 

Earnings Revenue 

Direct/Indired Impacts 
Restaurants 47,392 $248.8 $1,2525 

Lodging 3 0 9  $ 3 ~ . 0  m . 2  
Retail 14057 SU5.6 59255 
Entertainment/Sightxeing am SU72  S446.7 
Local Transportation 8,194 SU2.1 $397.6 

Subtotal -- Direct/Indirect 108,969 $1,056.6 $3,958.4 

Induced Impacts 77,945 $1,337.8 $3,109.6 

Total Impad 1&5,9U $2.644.4 $7,068.0 

SOURCE. Martin O'ConneU Associates; Seattle-King County Convention and Visitors Bureau; 
P&D Technologies. 



TABLE V d  
IMPACTS OF VlSITOR (BUSINESS AND TOURIST) EXPENDITURES 

ON THE RECIOPI: 2020 
(ALTERNATE 2 )  

TOTAL PASSENGERS 
% VISITORS 
TOTAL VISITORS 

Impact 
Business 

Jobs Earnings Revenue 
Expenditures on: (millions) (millions) 

Direct/Indirect Impacts 
Restaurants 45,314 $3335 $1,197.6 

Lodging 28,976 $2993 W5.1 

Retail 10,572 $129.7 W . 9  

Entertainment/Sightseeing 11,495 SU1.1 $427.1 

Local Transportation 7,834 $116.7 $380.1 

Subtotal -- Direct/In&ed 104,192 $1,0103 $3,784.9 

Induced Impacts 74,528 $1,5182 $2,9733 

Total Impact 178,720 $2,5285 56,758.2 

SOURCE: Martin O'Connell Assodatw; Seattle-King County Convention and Visitors Bureau; 
P&D Technologies. 



TABLE V-7 
IMPACTS OF VISITOR (BUSINESS AND TOURIST) EXPENDITURES 

ON THE REGION: 2020 

(ALTERNATE 3 ,6  & 7) 

TOTAL PASSENGERS 
% VISITORS 
TOTAL VISITORS 

Earnings Revenue 

Direct/Indirect Impacts 
Restaurants 55,mL $409.9 Sl,4?2.1 

Lodging 35,617 $367.9 Sl,lW3 
Retail 12996 $159.4 $1087.8 
Entertainment/Sightseeing 14,130 $1612 $525.0 

Local Transportation 9,630 $143.5 $473 

Subtotal -- Direct/Indired l28,076 $1,241.9 $4,6525 

Induced Impacts 9L612 $1,8662 $3,6548 

Total Impact 219,687 $3,11#1.1 $837.4 

SOURCE. Martin O'Conncll Assodates; Seattle-King County Convention and Visitors Bureau; 
P&D Technologies. 



TABLE V-8 
IMPACTS OF VlSITOR (BUSINESS AND TOURIST) EXPENDITURES 

ON THE REGION: 2020 
(ALTERNATE 4 , 5 , 8  - 32) 

TOTAL PASSENGERS 
% VISITORS 
TOTAL VISITORS 

Impact 
Business 

Jobs Earnings Revenue 
Expenditures on: (millions) ( d o n s )  

Diect/Indirect Impacts 
Restaurants 

Lodging 
Retail 
Entertainment/Sightseeing 

Local Transportation 

Subtotal -- Direct/Indircct 

Induced Impacts 

Total Impact ZM,441 $3,2602 $8,714.0 

SOURCE: Martin O'ConncU Assodates; Seattle-King County Convention and Visitors Bureau; 
P&D Tcchnolcgiw. 



Office Develo~rnent 

The amount of developed office space per passenger in the airport's area of influence was 1 
found to average 0.08 square feet at small airports, 0.07 square feet at medium sized I 
airports, and 0.04 square feet at large airports. For the purpose of this analysis, small 
airports are defined as having less than 10 million annual passengers, medium sized 
airports have from 10 to 30 million annual passengers, and large airports are those with 
over 30 million annual passengers. The decreasing square foot ratio as compared to 

1 
airport size Indicates that as airport passenger traffic increases, new office development 
in the area of influence occurs at a decreasing rate. 

1 
Total annual passengers that could potentially pass through each of the alternative airports 
by the year 2020 range from 1.3 million passengers at OlympidBlack Lake airport, to 
45 million passengers at either the OlympidBlack Lake or Central Pierce airports. 
Sea-Tac is the only airport that has a projection of over 30 million annual passengers in 
both the low and high passenger traffic scenarios. 

Based on the above mentioned mtios and annual passenger projections, the amount of 
office development that would be expected in the area immediately surrounding each 
airport is shown in Table V-9. Office development ranges from a low of 104,000 
potential square feet at the Olympia/Black Lake airport, to 1.8 million square feet at 
either the Olympia/Black Lake or Central Pierce airports. Potential office development 
in the Sea-Tac area of influence ranges from 1.4 to 1.7 million square feet. 

Furthermore, when applied to the various airport system alternatives, this analysis 
indicates that Alternative 1 (Sea-Ta*: -rt only) generates the least amount of potential I 
office development (1.4 million square feet). Alternatives 23 to 26, on the other hand, 
provide the highest office development potential, with a total of 2.3 million square feet 
(see Table V-10). Each of these alternatives includes Sea-Tac and two other airport sites 
(one north of Sea-Tac and one south). 

A statistical analysis of the sample airport data indicates that there is a significant 
relationship between the number of passengers that travel through an airport and the 
number of hotel rooms in the corresponding airport influence area. Thus, as the number 
of passengers increases, so does the number of hotel rooms in the immediate area 
surrounding the airport. Hotel rooms increase at a slower rate, however, as compared 
to the number of passengers. 

Table V-11 shows the projected number of hotel rooms in the influence area for both low 
and high annual passenger scenarios at each alternative airport. Overall, then will be 1 I 



TABLE V-9 

OFFICE SPACE GENERATED BY ALTERNATlVE AIRPORTS 

IN THE AIRPORT INFLUENCE AREA: 2020 [l] 

Projected Total Oftice 
Passengers 

Low High 

Sq. Ft. (000's) 

Low High 

Arlington 2,200,000 13,000,000 176 910 

Paine 3,400,000 13,000,000 272 910 

Sea-Tac 34,900,000 41,800,000 1,396 1,672 

Central Pierce 3,300,000 45,000,000 264 1,800 

McChord 3,200,000 13,000,000 256 910 

Olympia/Black Lake 1,300,000 45,000,000 104 1,800 

[I] The influence area extends approximately 1.5 to 3.0 miles around the airport. 

NOTE. The forecast assumes the following: 

Airport Size 
Small Medium Large 

Average Square Feet of Office 

Space per Passenger 0.08 0.07 0.04 

SOURCE: P&D Technologies. 



TABLE V-10 

OFFICE AND HOTEL IMPACE 
IN THE AIRPORT INFLUENCE AREA: 2020 111 

Offiw Square Feet (000's) Hotel Rooms Hotel Room & Sales Tax Revenue 

Alternative Sea-Tac North [Z! South [3] Total Sea-Tae North South Total Sea-Tac North Soulh Total 



TABLE V-10 
OFFICE AND HOTEL IMPACTS 

IN THE AIRPORT INFLUENCE AREA: 2020 (11 

(Continued) 

Offificc Square Feet (000's) Hotel Rooms Hotel Room & Safes Tax Revenue 
Alternative Sea-Tac North [2] South [3] Total Sea-Tac North South Total Sea-Tac North South Total 

[I] T b  influence area e n d s  approximately 1 5  to 3.0 miles around the airport. 
[2] AU aLport sit- north of Sea-Tac: Arlington and Paine. 
[3] AU airport sites south of Sea-Tac Central Pierce, McChord and Olympi./BIack I.+. 

SOURCE: P&D Teehoologics. 



TABLE V-11 
NUMBER OF HOTEL ROOMS AND TAX REVENUE GENERATED 

IN THE AIRPORT INFLUENCE AREA: 2020 [I] 

AREA ROOM AREA SALES TOTAL 
AIRPORT TAX RATE TAX RATE HOTEL TAX 

ARLINGTON 0 . m  1.7% 1.7% 

P A W  0.W 1.7% 1.7% 

SEA-TAC 23% 1.7% 4.0% 

CENTRAL PIERCE 2 . a  1.2% 3.2% 
MC CHORD zm 1.2% 3.2% 

OLYMPIA/BLACK LAKE 0.0% 1.4% 1.4% 

AVERAGE OCCUPANCY RATE (1W) 

AVERAGE ROOM RATE (1990) sn 

Projected Total Number of Total Hotel 

Passengers Hotel Rooms Tax Revenue 

Airport haw High haw High Low High 

Arlington rn5200m ~ , 0 O o , m  978 3,503 S328.166 S1.174.864 

Paine 3,400,000 l3 . rn ,m 1,337 3,503 5448,561 51,174,864 

Sea-Tac 3 % m , m  41,800,000 7,117 8,102 S5.656.314 $6,438,434 

Central Pierce 3,3@3,m 45,OM),OOO 1.309 8,542 $826,446 $5,393,165 

McChord 3&"3,m u , ~ , ~  1,280 3,503 5808,389 S2,211,509 

Olympia/Black Lake 1,3'J'J,o@J 45,MM,000 671 8,542 $185,243 $2,359,510 

[l] Tbe influence area extends approximately 15 to 3.0 miles around the airport. 

SOURCE: "1990 Market Profde Report: CIC Research; Seattle-King County Convention and Visitors Bureau; Washington Department of Revenue; 

P&D Technologies. 



sufficient demand by the year 2020 to support from 671 to 8,542 additional hotel rooms 
in the airport influence area. 

Using a regional occupancy factor of 70 percent, an average length of stay of 4.4 days 
and an average nightly room rate of $77 in the year 1990 [I], P&D estimated the 
average annual room nights, and hotel tax revenues (21 generated each year by the 
projected hotel development in the airport influence areas. Potential hotel room tax 
revenues range from $185,000 annually at the Olympia/Black Lake airpdrt, to 
$6.4 million at Sea-Tac. 

As shown in Table V-10, Alternative 24 (Sea-Tac, Paine and Central Pierce airports) 
provides the highest level of hotel rooms and room tax revenues to the region, and 
Alternative 32 (Olympia/Black Lake only) provides the lowest levels. 

B. SIGNIFICANCE OF IMPACTS ON REGIONAL ECONOMIC ISSUES 

As noted above, the economic impacts resulting from the airport system alternatives are 
substantial. The degree to which they address strategic economic issues facing the region 
are discussed below. 

. 

Issue: Expansion of the economic base (i.e., attracting new fm, assisting existing 
f m  to expand, identifying new outlets for exports, etc.) 

• AU of the alternatives will generate additional employment and expand the 
economic base of the region. As may be noted in T&le V-12, the total number 
of jobs ranges from 235,100 (Alternative 2 - Sea-Tac with a new runway) to 
31 1,100 (Alternative 31 - replacement airport at Central Pierce), an increase of 
between 118,500 and 194,500 jobs over existing airport-related and air passenger 
visitor-related jobs in 1990. 

Issue: Creating more jobs with at  least living-wage salaries. 

AU of the alternatives will generate substantial wage earnings. As may be noted 
in Table V-13, these earnings range from $4.2 billion (Altemative 1) to 
$5.6 billion (Alternative 31), or $2.1 billion to $5.5 billion over existing airport- 
related and air passenger visitor-related earnings in 1990. 

[I] Average occupancy and room rate estimates are based on regional data received from the 
Seaffle-King County Convention and Visitors Bureau. 

121 Includes hotel room tax and sales tax. 



TABLE V-12 
SUMMARY OF DIRECT, INDIRECT AND INDUCED JOBS 

GENERATED BY AIRPORT ACTIVITY AND VISITOR EXPENDITURES: 2020 

Airport Related Visitor Related Total 
Direct/ Direct/ Direct1 

Alternative Indirect Muced Tom1 Indirect Induced Total Indirect Induced Tolnl 



TABLE V-12 
SUMMARY OF DIRECT, INDIRECT AND INDUCED JOBS 

GENERATED BY AIRPORT ACTIVITY AND VISITOR EXPENDITURES: 2020 
(continued) 

Airpolr Related Visitor Related 
Direct1 

SOURCE: PBD TcshoIogies. 



TABLE V-13 
SUMMARY OF REGIONAL ECONOMIC IMPACTS 

GENERATED BY AIRPORT ACTIVITY AND VISITOR EXPENDITURES: 2020 

Airport Related Visitor Related Total 
Alternative Jobs E.minp. Revmue Jobs. EPrnings Revenue Jobs Earnings Revmue 

(millions) (millions) (millions) (millions) (millions) (millions) 
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* The average wage per job generated by the various alternatives is approximately 
$17,800 per year. Due to the large number of lower paying service-oriented jobs 
created by visitor expenditures, this is 22 percent lower than the $22,900 average 
annual wage in the four-county Puget Sound Region in the first quarter of 1989. 

a However, the average wage in jobs created by airport-activity is $29,200, or 
28 percent higher than the regional average. 

h e :  Distribution of economic growth geographically throughout the state and 
region 

The alternatives involving supplemental airports could generate substantial 
employment and earnings, and foster economic development in the counties in 
which they are located. As such, the development of supplemental airports could 
be used as an economic development or growth management tool to distribute 
jobs, wage earnings and business revenues within the region and bolster the 
economy of an area. 

The alternatives could foster major office and hotel development in the area 
immediately surrounding the airport. Based upon an analysis of ten airports with 
air passenger traffic ranging from 1.2 to 44.4 million annual passengers, it was 
determined that'within 1.5 to 3 miles from the airport the estimated development 
around each of the airport sitcs range from 104,000 potential square feet at the 
OlympiaJBlack Lake airport, to 1.8 million square feet at either the Olympia1 
Black Lake or Central Pierce airports. Furthermore, there should be sufficient 
demand by the year 2020 to support 671 to 8,542 hotel rooms in the influence 
areas of each airport alternative. 

Issue: Increasing local government revenues. 

o Depending on the alternative and its geographic location, the amount of additional 
hotel room and sales tax revenue from development in the airport influence area 
(1.5 to 3 mile radius) would range from $2.4 to $7.5 million annually. 

0 Local sales taxes generated by airport-activity and visitor-expenditure related 
earnings to local residents could total $22.6 to $29.5 million annually (see 
Table V-14). 

a If Sea-Tac is abandoned for a replacement airport, the redeveloped Sea-Tac site 
would restore property tax revenues in King County (i.e., to the new city of 
Sea-Tac). However, loss of airport tenant lursehold possessory interest taxes at 
Sea-Tac would partially balance this gain. Conversely, if a replacement airport 



THE FLIGHT PLAN PROJECT PHASE 111 
, , . . ., ... . , , 

TABLE V-14 
SUMMARY OF REGIONAL SALES TAX REVENUES 

GENERATED BY EARNINGS FROM JOBS RELATED TO 
AIRPORT ACTIVITY AND VISITOR EXPENDITURES: 2020 

~04 Share of Sales Tax Revenues (000s) 
Alternative Airport Related Visitor Related Tocal 1 

SOURCE: P&D Technologies 

P6DA- A m d P 6 D T -  



is developed at the privately held Central Pierce site (versus the Fort Lewis site) 
or Olympia/Black Lake, land would be removed from the tax roles, negatively 
impacting property tax revenues in these areas. However, depending on the type 
and extent of new private development around the airport, as well as the gains 
from airport tenant leasehold taxes, these negative impacts would be reduced or 
eliminated. 

h e :  Diversification of the economy and minimizing the dependence on one major 
employer (e.g., the Boeing Company, which is the largest single employer and 
accounts for 21 percent of the employment in the Puget Sound Region). 

The vast majority of jobs generated by the alternatives are not related to 
aerospace manufacturing, thus reducing the region's dependency on Wing.  

Issue: Increasing international and domestic tourism 

a Although the alternatives do not directly promote international or domestic 
tourism, the ability of the alternatives to meet future air passenger demand will 
help facilitate tourist visits to the region. 

a Depending upon the alternative system, air passenger visitors (tourists and 
business) to the region are expected to generate between 178,700 and 230,400 
jobs, $2.5 to $3.2 billion in household earnings and $6.8 to $8.7 billion in 
annual business revenues for region. 

Issue: Creation of jobs in manufacturing and other industries to replace declining 
employment opportunities in the resource-based industries, such as mining 
and timber. 

The vast majority of the jobs created by airport activity and visitor expenditures 
will be in non-resource-based industries. 

h e :  Increase the competitiveness of the region's busineves in the new global 
economy 

a The region's position in the global economy will be enhanced to the extent the 
alternatives are integrated with other modes of transportation in the region (i.e., 
sea, rail, highway) to form an efficient intermodal system. 

a Due to the limited vacant, available land around Sea-Tac, development of 
facilities to allow the Puget Sound Region to fully capitalize on emerging 
aviation/industrial linkages (i.e., air freights' role in "just in time" methods and 



air cargo industrial coinplexes, etc.) may be limited. Therefore, alternatives that 
replace Sea-Tac or provide supplemental airports may be needed to capitalize on 
these trends. 

QUESTIONS FOR DISCUSSION 

Following are questions beyond the scope of this analysis posed to members of expert panel: 

1. What strategic economic issues other than those discussed in this paper should be 
considered in evaluating the alternative airport systems? 

2. What are the impacts of the alternatives on these other economic issues? 

3. Which alternative best supports the Puget Sound Region's.growing role in the 
global economy? Which supports it the least? 

4. What are the advantages and disadvantages other than those listed in this paper 
of a replacement airport vis-a-vis a multiple airport system? 

5. Given the emerging trend toward air cargolindustrial complexes, should 
provisions be made in any of the alternatives for such facilities? If so, which 
alternative? What amount of air cargo should be accommodated? 

6. Locating supplemental aimrts in various counties does. to varvine degrees. serve 
to distrikute' gdditional employment to these areas. l%s addiho& ekployment, 
however. and additional ~o~uia t ion  likelv to occur. will create the need for ~ubl ic  
services,' such as schoois,'police, fire,' sewer, water and other infrastru'cture. 
Who will pay for these needed public services? Where will the funds come from? 

7. If hubbing became a larger part of the Pug& Sound airport system, would this be 
an increase in air passenger demand above the 45 MAP level? 
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APPENDIX B 
METHODOLOGY FOR PROJECTING THE 

ECONOMIC IMPACT OF AIRPORT ACTIVITY 
AND AIR PASSENGER VISITOR EXPENDITURES 

The economic impact generated by airport activity in the five county region [I] was estimated 
for three variables: jobs, wage earnings and revenue to local firms [Z]. These impacts were 
estimated for the following categories: 

Direct impacts. Consequences of economic activities carried out at the airport by 
airlines, airport management, fixed base operators, and other tenants with direct 
involvement in aviation. Employing labor, purchasing. locally produced goods and 
services, and contracting for construction and capital improvements are examples of 
airport activities and visitor expenditures that generate direct impacts. 

b Indirect impacts. On and offsite economic activities that are attributable to the airport, 
but are not directly involved in aviation-related activities. Indirect impacts are generated 
by retail concessions, catering services, parking, ground transportation, etc. These 
enterprises, like airport businesses, employ labor, purchase locally produced goods and 
services, and invest in capital expansion and improvements. 

Induced impacts. The multiplier effects of the direct and indirect impacts. These are 
the increases in employment, wage earnings, and revenue over and above the direct and 
indirect impacts created by successive rounds of spending. For example, most of the 
take-home wages earned by airport employees is spent locally. Some of this spending 
becomes income to local individuals who provide services to airport employees. Then 
part of these second round incomes are also spent locally and thus become income to 
another set of individuals, and so on. 

b Total impacts. The sum of direct, indirect:and induced impacts. 

The following methodologies were used to project the direct, indirect, induced and total impacts 
of airport activity and visitor expenditures in the five county study area. 

111 The region includes the following counties: King; Kitsap; Pierce; Snohomish; and 
Thurston. 

[21 Revenues to local firms represent expenditures for local goods and services generated by 
airport activity and visitor expenditures. 



A. AIRPORT ACTIVITY 

1. Estimate direct and indirect employment generated by airport activity. 

Total direct employment at each airport and alternative for the year 2020 was projected 
on a per passenger basis using the following equation: I 

Log,,@irect Employment) = 2.938 + (.929 x Log ,#assengers)) 

This equation was developed by P&D based on a statistical analysis of direct employment I 
at 89 commercial airports in the United States which ranged in size from ,004 million 
annual passengers (MAP) to 43.653 MAP [I]. 

Total indirect employment at each airport and alternative for the year 2020 was projected 
on a per passenger basis using the following equation: 

Indirect Employment = 142.42 x Million Annual Passengers 

This equation was developed by P&D based upon the relationship of indirect employment I 
to total passengers found in a 1989 Economic Impact Study (EIS) prepared for the Port 
of Seattle [2]. 

Total direct and indirect employment was then allocated to specific industries based on 
the distribution of these industries found in the above referenced Economic Impact Study 
prepared for the Port of Seattle. I 

2. Estimate dimt and indirect wage earnings generated by airport activity. 
I 

Wage earnings were projected based upon average salary per job data from the 1989 
Sea-Tac EIS. However, these data were in 1987 dollars. Thus, the salary per job data 

[I] The RZ between observed and predicted direct employment using this equation is ,909. 
The t value is 20.123 with 87 degrees of freedom, indicating that the coefficient is 
statistically significant at the .005+ percent level. The F-ratio for the equation is 
404.915, indicating that the equation is statistically significant at the .005 + percent level. 

[2] Martin O'Connell Associates, - Tacoma Int 



were increased by seven percent to estimate 1990 salaries [I]. Total wage earnings 
were projected using the employment projections derived above and average 1990 salaries 
per job. 

3. Estimate revenue generated by airport activity. 

Revenues to local firms were projected based upon revenue per job data from the 1989 
Sea-Tac EIS, updated to 1990 dollars using the same inflation assumption as was applied 
to wage earnings. For all industries except airlines and air freight, all revenues were 
assumed to represent expenditures for local goods and services due to airport activity. 
The revenue data for airlines and air freight were reduced to account for the portion of 
revenue which would: (1) flow out of the region; and (2) be respent for goods and 
services from other industries included in the direct and indirect categories (i.e., catering, 
government, etc.). Total revenues were projected using the employment projections 
derived above and the adjusted 1990 revenues per job. 

4. Distribute direct and indirect impacts to each county in the region. 

Direct and indirect job, earning and revenue projections were then distributed to each 
county as follows: 75 percent of the jobs, earnings and revenues generated by a 
particular airport were assumed to remain in the wunty where the airport was located, 
the remaining 25 percent were divided evenly among the other counties. This formula 
assumes that over time, businesses serving individual airports will tend to locate near the 
airport, and was based upon the percentage of employees at Sea-Tac which live within 
King County, as found in the 1989 Sea-Tac EIS. 

5. Estimate induced impacts within each county generated by the direct and indirect 
impacts. 

Induced jobs, wage earnings and revenues within each county wen estimated from the 
direct and indirect im~acts using in~ut/outout multi~liers obtained from the United States 
Bureau of ~conornic '~nal~sis @L). The multi$iers were developed specifically for 
each county and the region from the BEA's Regional Input-Output Modelling System 
(RIMS II). It should be noted that Thurston County was added to the study area late in 
the pmcess and BEA was unable to generate multipliers for this county in time for use 
in this project. Therefore, due to similar population sizes, for all alternatives except 
Alternative 32 (Replacement Airport at OlympialBlack Lake), the multipliers for Kitsap 
County were used to estimate induced impacts in Thurston County. In the case of 

[I] This increase is based on the percent change in average salaries for Port of Seattle 
Aviation Division employees between 1987 and 1990. 



Alternative 32, due to the magnitude of the direct and indirect job creation in the county 
generated by the replacement airport, the multipliers for Pierce County were considered 
more appropriate for estimating the induced impact in Thurstoncounty. 

6 .  Estimate sales tax revenues generated by increased earnings. 

A portion of the wage earnings generated by airport activity will be respent on taxable 
retail goods, resulting in increased retail sales tax revenues to the region. According to 
the State of Washington Department of Revenue, an average of 35 percent of wage 
earnings are spent on taxable retail goods. This percentage was applied to direct, 
indirect and induced wage earnings to estimate taxable retail sales and the local tax rate 
was then applied to estimate sales tax revenues. I 1 ' 

7. Add direct, indirect and induced impacts within each county to estimate total 
I 

impacts within each county and the region. 1 
The direct, indirect and induced impacts within each county were added to estimate total 
impact on jobs, wage earnings and revenues. 

B. AIR PASSENGER VISITOR EXPENDITURES 

1. Estimate the percentage of air passengers which are business and tourist visitors to 
the region. 

The percentage of total air passengers that would be visitors to the region was estimated I 
at 26 percent, based upon information found in the 1989 EIS for Sea-Tac. 

2. Estimate expenditures by air passenger visitors for local goods and services. 
t 

Expenditures for local goods and services (lodging, ground transportation, retail goods, 
sightseeing and restaurants) was estimated on a per passenger basis using information 
from the 1989 EIS and the Seattle-King County Convention and Visitors Bureau. 

3. E s t i i t e  employment generated by air passenger visitor expenditures. 

Total employment generated by visitor expenditures was estimated on relationships 
between jobs and revenues found in the 1989 EIS. 



4. Estimate wage earnings generated by air passenger visitor expenditures. 

Wage earnings were projected based upon average salary per job data from the 1989 
Sea-Tac EIS. However, these data were in 1987 dollars. Thus, the salary per job data 
were increased by 7 percent to estimate 1990 salaries [I]. Total wage earnings were 
projected using the employment projections derived above and average 1990 salaries per 
job. 

5. Estimate induced impacts within the five county region generated by the visitor 
expenditures. 

Induced jobs, wage earnings and revenues within the five county region were estimated 
from the direct impacts using inputloutput multipliers obtained from the United States 
Bureau of Economic Analysis (BEA). The BEA multipliers were developed specifically 
for the region from their Regional Input-Output Modelling System (RMS IT). 

6 .  Estimate sales tax revenues generated by increased earnings. 

A portion of the wage earnings generated by airport activity will be respent on taxable 
retail goods, resulting in increased retail sales tax revenues to the region. According to 
the State of Washington Department of Revenue, an average of 35 percent of wage 
earnings are spent on taxable retail goods. This percentage was applied to direct, 
indirect and induced wage earnings to estimate taxable retail sales and the local tax rate 
was then applied to estimate sales tax revenues. 

7. Add direct and induced impacts to estimate total impacts withiin the region. 

The direct and induced impacts were added to estimate total impact on jobs, wage 
earnings and revenues. 

[I] This increase is based on the percent change in average salaries for Port of Seattle 
Aviation Division employees between 1987 and 1990. 



WORKING PAPER #I1 

CAPITAL COSTS AND FUNDING 

PRESENTED 
OCTOBER 23,1991 





DATE: November 4, 1991 

TO: Puget Sound Air Transportation Committee 

FROM: P&D Aviation 

SUBTECT: WORKING PAPER NO. 11 - CAPITAL COSTS AND mTNDING 

EXECUTIVE SUMMARY 

Costs I (  
Table 1 on the following page summarizes the major conclusions of the capital costs analysis of 
the Flight Plan options and shows the consultant's suggested composite ranking of the options 
based on these costs. I 
The option which receives the highest ranking (W 1) and lowest cost is existing Sea-Tac with 
demand management. The second and third ranked options are the existing Sea-Tac with a 
supplemental 1-runway airport and Sea-Tac with a supplemental 2-runway airport respectively. 
The replacement airport option is shown to be the most costly of all the options. 

Aircraft delav C o s  

The amount of airport operational capacity provided, relative to the number of passengers 
sewed, varies substantially among the options being evaluated. A comparison of property 
acquisition and construction costs alone d m  not recognize this difference. In order to account 
for the relative capability of each option to serve its allocated demand, aircraft delay costs were 
examined. Airport options with greater capacity will have lower aircraft delay costs. 

In Working Paper No. 7, the alternatives were compared in terms of annual delay costs for the 1 
year 2020. In Working Paper No. 11, the cumulative delay costs for the period 2000-2020 have 
to be projected in order to provide a better comparison with capital costs. Table 1 summarizes 
the cumulative aircraft delay costs for the major option groups, together with a ranking. I 

The results of the financial analyses are summarized below: I 
l 

The average net operating revenue (including depreciation) is $1.2 per passenger at 
9 supplemental airports surveyed. These supplemental airports varied in size from 1.5 to 
12 million annual passengers (enplaned and deplaned), approximakly the same range of 
airport size as forecasted for a supplemental airport in the Puget Sound Region behueen 
the years 2000 and 2020. The U.S. average for airports of the same size is $0.9 net 
operating revenue per passenger. 



Representative supplemental airports have experienced rapid growth in traffic 
in recent years, which attests to their financial strength and the acceptability of the 
multiple airport system concept by air carrier airlines and their ability to operate 
efficiently in a multiple airport environment. 

There will be adequate funds to finance future capital improvements for ali improvement 
alternatives at Sea-Tac. 

Adequate funds may not be available to finance improvements at existing airports used 
as supplemental air passenger airports or new supplemental or replacement airports, due 
to the large capital costs at th& airports relative to the number of passengers to be 
served (based on the allocation of passengers described in Working Paper 5). 

Supplemental airport m a r k  areas do not generate sufficient passengers prior to 2020 to 
offset development costs. 

a A new commuter runway or dependent air cam= runway at Sea-Tac ace the only 
capacity improvements which genmte sufficient funds to offset costs. 

In this working paper capital cost estimates were developed for each of the airport site concepts 
identified in Working Paper No. 6 plus an additional replacement airport site at Fort Lewis. 

The estimates for airport construction arc based on average  price^ duived from bid tabulations 
from recent construction projects in the region; FAA, WSDOT and Puget Sound Rqyonal 
Council s w ,  and P&D Aviation staff experience with similar projects. Site p r e p a t ' h  costs 
include costs of clearing and grading, dninage and erosion control, minor utility docation and 
obstruction removal. 

Assumptions regarding airfield pavements were based on the critical aircraft identified in 
Working Papa No. 6, i.e., Supplemental Airport - B-767 and Rcpiacemcnt Airport - B-747. 
AU quantity calculations are based on airfield facility dimensions nquirul by FAA 
AC 150/5300-13 Airport Design. Terminal area requirements are based On FAA 
AC 150/5360-13 Planning and Design Guidelines for Airport TTamin F M t s ;  
FAA-RD-75-191 The Apron and Terminal Building Planning Manu& and the International Air 
Transport Assodation Airport Terminals Reference Manual. 

Land acquisition costs indude the &mated costs of fee simple propaty acquirition and 
easements for the amount of land required for each alternative. This includes the purchase of 
a l l  land within the 65 Ldn contour for sites other than Sea-Tac. For Sea-Tac, noise nmsdiation 
costs alnady programmed for the post year 2000 period are used. Estimated land v d ~  
based on information furnished by local professional land appraisas. m - a c c t s s  



TABLE I 
FLIGHT PLAN PHASE 111 

EVALUATlON OF OPTION COST 

Existing Sea-Tac plus Suppiemental (1 Runway)" 
Existing Sea-Tac plus Supplememill (2 Runways) 
Sea-Tac with new AC Runway plus Supplemental (1 Runway) 

Existing Sea-Tac plus 2 Supplemmtals (1 Runway) 
Sea-Tac with new AC Runway plus 2 Supplementals (I Runway) 



improvement costs for each site include all off-airport roadway improvements. Estimated access 
improvement costs for each alternative were provided by Puget Sound Regional Council staff. 

The estimated capital costs for each alternative are in 1991 dollars and are shown in Table 2. 
Engineering, administrative and contingency costs wem estimated at 25 percent of all costs. 
"Engineering and administration" costs related to property acquisition include legal fees, nsident 
relocation expenses, and administrative site acquisition casts. 

Working Paper No. 6 provided conceptual drawings for each of the airport site concepts. A 
discussion of the improvements assumed in the cost estimatts for each of the sites is presented 
below. 

Tacoma 1- A i m r t  Wtthartt New R u n w  

This concept is essentially the exisdng Sea:Tac Airport. Although no new runways are included 
under this alternative, minor improvemenls such as new taxiwav and terminal area emansions 
would occur. No laad acquisition is assumed for this alternativk. 

Airport access improvements include : Widen SR 518/Airport Freeway for four and one half 
miles and widen 1-5 for two mile. Rnise SR 518 interchanges at 1-5 and the SB S[l9 and 
Airport Freeway interchange with SR 5 18. Pacific Highway South would be widened for three 
miles. 

-ma International A i r w r t  With New Commuter Runway 

Under this altttnative, a new 5,000.foot commuter runway would be constructed on the w ~ t  
side of the present runways, approximately 1,000 feet from the western boundary of the Akpon. 
The new runway would be located entirely on existing airport property. The west side parallel 
taxiway would be removed and a new runway canstruaed with a centerline separation of 703 
feet from the existing westeriy Nnway (Runway 16R-34L). No land acquisition is assumed for 
this alternative. 

A q o r t  access improvements include : Widen SR 518/Airpart Freeway for four and one half 
miles and widen 1-5 for two miles. Revise SR 518 interchanges at 1-5 and the SR 503 and 
Airport Freeway interchange with SR 518. Pacific Highway South would be widened for three 
miles. 

&&&-Tacomn Iq&rnatlonal A i m *  With New Denendent Runwrly 

In this alternative, a new 7,000-foot runway would be constructed 2,500'feet from 
Runway 16L-34R. This spaation distance would allow dependent instrument approaches. For 
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this alternative, additional propmy must be acquired between 9th and 12th Avenuw South and 
between South 176th Street and SR 518, to provide for construction of the new NnWay. 

Land Acquisition is estimated to total 110 acres with 230 homes. 

Airport aceas improvements include: Widen SR 518/Airport Freeway for four and one half 
miles and widen 1-5 for two miles. Revise SR 518 interchanges at 1-5 and the SR 509 and 
Airport Freeway interchange with SR 518. W i c  Highway South would be widened for 
three miles. 

imrt With New Runwav Pxt.ensiod 

Under this alternative, the north-south runway at Arlington Municipal Airport would be 
lengthened 1.670 feet at the north end to a total of 7,000 feet. The general aviation area an the 
east side of the airport would remain. A new passenger terminal would be constructed between 
the two runways. Long-term parking could be provided at the wen side of the airpart and air 
cargo, maintenance, and support activities can be accommodated south of Runway 11-29. New 
parallel taxiways would be constructed for each runway to serve future aviation needs. 

Land Acquisition is estimated to bc 100 acres with 20 homes on 60 acru and 35 acns with 
indusaial potential. 

Airpart access improvements include the widening of 1-5 for thre-e miles, a new access toad hrn 
1-5 (1.5 miles) and a new interchange at 1-5. 

Munlcinal qjrwrt With New Runwlly 

A new 7,000 foot long parallel north-south runway would be constructed west of the existing 
north-south runway. Additionally, the presedt north-south runway would be extended 1,670 feet 
to 7,000 feet. Additional property would be acquired on the north, eat, and south sidtx of the 
airport to accommodate the required expansion. lie passenger tefininal wwld be located at 
midfield between the parallel runways on the east side of the awn. Air cargo and maintamce 
activities could bc located at the northeast cornez of the airpart. Support functions could be 
amminodated at the south end of chc airport. 

Land acquisition estimated includes 360 acres on the north side of the ahport which contains 
70 homes and some pasture and wocded ateas. Approximately 185 acres is needed on the east 
which is industrial land and includes Baylina Industries at 140 a m .  An additional 130 acres 
is n& at the southwest comer of the airport. This land is a mixture of potential commercial, 
industrial, a major commercial nursery and an additional 25 homes. 



Airpon access improvements consist of the widening of 1-5 for three miles, a new ames road 
fmm 1-5 for 1.5 miles and a new interchange at 1-5. 

ine Field) With SlLpbomlzh C o w  ALrwfi  IPa 

Paine Field could be mnv#ted to a supplemwtal airport with ttn significant airfield 
improvements required. Activities on the east side of the airport would remain. A new 
passenger terminal and related air cargo and maintmanct and support activities would bt located 
on the west side of the airport. A new parallel eltaxiway on the west side of the primary runway 
would be required to provide airemdl access to the west side. i 
Land acquisition will involve approximately 140 a m  on the sbuth side of the airport. This land 
includes a 25 acre park and 155 acres of commerciaVindustrial properties of which many are : 
improved. 

Airport accesr, improvements consist of the widening of  SR 526 for three m i h  and a new 
interchange ai SR 526 and SR 525 for the termid exit. 

I 

jjpohorn(sh Countv Ai- Field) With New Runway I 
In this alternative, an additional rionh-south runway would be C O ~  for air carrier use east 
of the existing primary runway. Without relocating SR 526 and providing for adequate runway 
protection zone clearance at the north end, a 5,300-foot mnway can be constructed. The 
passenger tcrrninal area would be 10- on the west side of the aimd. A large part of the 
existing general aviation area would be replacui by the new runway and air cargo and 
mainmcx activities would be provided on the east side of the airport. A d d i t i d  laa4 would , be acquired under this alternative at the south end of thc aitport for the new runway, and at the I 
northwest corner for long-- vehicle parking. 1 
Land acquisition will involve approximately 140 acres on tb south side of the airport. ?his land 
includes a 25 acre park and 155 acres of cornmdindusnia l  proprtk of which many are 
improved. In addition it will be necessary to acquire an addi t id  126 at the northwest 
corner of the aiqort m t h  of Casino Road and east of MuMtoo Sptedway. TWs will involve 
an additional 295 h o r n .  

Airport access impmvements consist of the widening of SR 526 for three miles and a new 
interchange at SR 526 and SR 525 for the terminal exit. 

,loin t Use o 1 McChord Air Foree Base With I 1 

In this concept, the passenger taminal am and air cargo, rnahtmance and support functions 
would be located on the east side of the base on existing Air Force Base property. A new 



parallel taxiway would be conmcted on the cast side of the mnway to %me the civilian 
functions. Air Force fxcilities currently located in these areas include hazardous mater$lr 
loading aprons. This option is based on relocating these loading areas to other l o ~ ~ t i o n s  on the 
base. If alternate loading areas cannot be provided, the area encompassed by the civilian 
activities would have to be reduced. 

Land aqvisition for this alternative is entirely within the military airport boundary. A value of ! 
the land could be minirnal if surplused and W e r r e d  h m  the government. The appraiser's 
recommendation was to use $1.50 per square fwt for land acquirtd for estimating purposes. It 
war, assumed that land would be acquired only for the landside facilities. Appmximately 
295 acres are needed for this purpose. i 
Airport access improvements will require the widening of 1-5 for four miles, a new access 
roadway from SR 512 for one mile and a revision of the SteeldSR 512 interchange. ~ 

I 
Use of McCh- With New 

I 
In this concept, a new civilian runway would be constructed east of the existing runway, with 
a centerline sepiation of 700 feet. The passenger twrninal area, kmg-term parking, and air 
cargo, maintenance, and support senices would be l aakd  on the east side of the base on 
existing base property. Although this concept provides a separate runway for civilian use, the 
remaining area on the east side of the base is reduced. 

I 

Land acquisition for this altemadve is again estimated only for the area required for the landside 
facilities and would involve approximately 505 acres. 

I 

Airport access improvements will require the widening of 1-5 for four miles, a new amas 1 
roadway from SR 512 for one mile and a revision of the SteeleJSR 512 interchange. 

Under the onerunmy supplemental alternative, a new runway would be conritrucki west of 
Highway 161. l%c runway would be 7,000 f a t  long with a parallel taxiway m tht east side. 
'Ihe passenger terminal area, vehicle parking and air cargo, maintmance, and support smites 
would be located bwcen the runway and Highway 161. The runway woutd be extended to the 
south to a total length of 10,000 feet. The critical factor effecting runway placement was the 
presence of high terrain to the south. 

Land acquisition for this alternative will. involve 1,140 acres of land with major housing 
developments including Gem Heights, commercial frontage along Meridan, major hpmved 
commercial properties, condominiums and residential land. Rcli* &mates are 
594 homes, 75 acres commercial, 620 acres vamnt and a 134 unit condominium complex. 





I '  ke One-Runwav S u ~ ~ i e m e n t a l  Ai me ~ 
This one-runway concept includes a 7,000-foot runway with passenger terminal and associattd 
facilities to the a t ,  access to the airport would be by Lathrap Road from Interstate 5, Bloom's 
Ditch which mns through the site would be rechanneled into Salmon Creek to the nonh. Hills 
d i w y  south of the runway would be removed to provide adequate approach surface clearance. 

,Land acquisition for this alternative is approximately 800 acres including SO homes and 
550 a m  of vacant acreage. 

Airport awes improvements include the widening of 1-5 for two miles, a new aary mad from i 
1-5 for two miles and a new interchange at 1-5. 

-lack Lake Tw+Runwav Sua~lementnl At- 

The two-mway concept for OlyrnpiaIBlack Lake would be similar to the two-mnway cancept 1 at the Central Pierce site. However, at the Olympia/Blad; Lake site the wenerly runway must 
be offset to the south to prevent relocation of Burlington Northern Railroad tracks and to avoid 
wetlands arm to the north. Hills at the swth end of the runway must be removed for runway 
construction and approach surface clearance. 

I 
Land acquisition for this alternative will involve 1,900 acres with a total of 175 homes and 
1 , m  BCT~S of vamnt land. 

Airport access improvements include the widening of 1-5 for two miles, i. new access road hrn 
1-5 for two miles and a new interchange at 1-5. 1 
-e Wtth w 
This altmative consists of three 10,000-foot runways on the Olympia/Black Lake site with the I 
center runway capable of expanding to 12,000 feet. With the exception of tfie offset westerly 
runway, the cofifiguration of this concept i s  similar to the replacement airpDn at the Central 
Pierce site. 

Land acquisition for this alternative will involve approximately 4,020 acres, 225 h o r n ,  
2,803 vacant land and 100 acres of potential industrial land. 

I 

Airport access improvements will include the widening of 1-5 for four miles with a new I 

interchange. A new access road from 1-5 to the airpart (2 miles) and widen 93rd Avenue S W  
Littlerock Road for four miles. 



This alternative consists of three 10,003 foot runways on the Fort Lewis Military Reservation 
site in an identical configura!ion to the C e n d  Pierce Replacement Airport alterna!jve. 
Relocation of a major power transmission line is an additional consideration at this site along 
with an underground pipeline crossing the southeast corner of the land. 

Land acquisition involves approximately 4,840 a n s .  

Airport access improvements include the widening of 1-5 for 4 miles, a new interchange at 1-5, 
and new access road connecting 1-5 to the airport (9 miles). 

AIRCRAFT DRLAY COSTS 

In Working Paper No. 7, (Airspace, Capacity and Delay), the altcmatives were compared in 
terms of annual air& delay costs in the year 2020. It was pointed out that the initial 
cornpatison of costs represented a 'snapshot" at a point in time of the delay wnxquences. It 
was further stated that the cumulative aircraft delay costs would be greater and the comparisans 
could be much different. In this working paper, an estimate of cumulative aimaft dtlay costs 
have been developed for the period 2000 to 2020 to provide an order of magnitude estimate of 
the cumula.tive delay consequences. 

In this analysis, annual aircraft delay casts for each altetnative for the years 2000 and 2010 were 
projected using the same methodology as presented in Working Paper No. 7. The approach 
followed these basic steps: 

* Identify the annual capacity of airfield facilities in each alternative. 

Estimate aircraft optrations at each airport based on the constrained allocation of 
passenger demand for cacti alternative. 

Compare demand to capadty and i u t i f y  the average aircraft delay for these 
relationships. . 
Project annual airrraft delays (in hours) by applying the average delay to annwl aircraft 
opemdans. 

Tmaslate the total delay into a monetary value by applying hourly direct operating costs. 

With this, annual delay costs at three points in time were available. To estimate cumulative 
costs, the annual costs at the three available data points were inkplated to estimate delays for 
the intamediate years. Annual delay wsts for each year were summed to obtain the cumulative 



aircraft delay costs for the alternative. Appendix A provides the annual tally of delay cost9 for 
each alternative and the cumulative costs. It should be noted that for the replacemt airport 
scenarios it was assumed that the airport would commence operations in the year 2006, and thus 
for the preceding years in the analysis &lay costs experience at Sea-Tac are assumed. 

The resuits of the analysis art presented Table 3 and are also compared to the resulk for the I year 2020 presented in Working Paper No. 7. The ranking indicated is with respect to the 
cumulative delay costs. The results arc organized by major option groups (which consist of a 
number of alternatives) to simplify the presentation. 

0PF.RATING REVENUES AND COS'Q I' 
I 

This section and the following section describe the analyses of two additional factors important 1 
to the comparison of airpwt site alternatives: airpart opera@ costs and revauea, and tk 1 
financing of capital improvements. The purpose of thesc analyses is to provide data whicll 

operating revenue and flnacing penpeaive. The 33 aicprt system alternatives dedbed in I 

Working Paper 5 and an additional site at Fort Lewis are addressed. Due to the numbu of 
alkmtives evaluated and the lack of specifc c o ~ m  program details, the financial Pnalyses 
were performed on a generalized basis. The objective of the analyses is to assess the W v e  
menu of the alternatives, rather than develop specific financial assessments of each airport. 

In this section, the opvating revenues and expendim of a supplemenid airport an a d d m  i to determine whether a new suppiemental airport in the Pug& Sound Region mild gmerate i 

sufflent opmting revenues to cover its costs of operations. To address this i s m ,  the 
operating wenuts and axpeoditum of aristing supplemental airports in the United States were 
examind. Only supplemental airports which would be similar to a supplemental airport in the 
Puget Sound Region were studied. Airports considered similar were in a market dominated by 1 a single air carrier airport and served between 1.5 and 13 million total passtngess (enplaned and 
deplaned) annually. These airports (listed in Table 3) art Chicago Midway -r&, DaUaa Love 
Field, Houston Hobby Airport, Burbank-Glmdale-Ik&m Aiqxrt, John Wayne W r t  
(Orange County, Wonria),  Long Beach Airport, Ontario Intcmafional Ahport, Pt. Lauderdale- 
Hollywood Airport, Oakland International Airport, and San Jose Inkrna!ional mrt. 

The net opgating revenue per passager for each of the suppiemental akports surveyed is shown 
in Table 4. The net operating revenue pe.r passenger varies substantially from airpart to airport 
due, in part, to the methods of accounting and the allocation of costs W e e n  other activities 
operated by the airport owner (such as other airparts or ports). No attempt w p  made to 
reconcile differences in accounting and hnandal reporthg methcds because of the getlend nature 
of this analysis. Net operating revenues are the differenw between airport operating revenues 



THE FLIGHT PLAN PROJECT PHASE IIP 
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TABLE 3 
SUMMARY OF CUMULATIVE AIRCRAFT DELAY COSTS 

PmAm A m a b l d P & D  

3 9 ~ ~ 8 0  ~ 3 3 1  a / d  woad a t :  I I 16 8 nclN 



TABLE 4 
NET OPERATING REVENUES OF m A T I V E  

SUPPLEMENTAL AIRPORTS [a] 

[a1 Data are for calendar year 1990 or fiscal year ending 1990 or 1991. 
[bl Includes depreciation. 
tcl Enplaned and deplaned passengers. 

Source: P&D Aviation Survey, 



and airport operating expenditures including depreciation costs. Net operating revenues do not 
consider interest earned on reserves or interest and principal payments for bond indebtedness, 
which can be significant items compared to net operating revenues. 

The net operating revenue of the supplemental airports surveyed averages approximately 
$1.2 per enplaned and deplaned pasfenger. This avenge was compared with the average for 
29 airports throughout the United States which served the same range of passengers based on 
data contained in the 1989-90 Survey of Aimn Rates and Ch- Corn& 
bv the Bmerican Association of Aimrt Executives. The survey by the American Awxiatim 
of Airports ExPcutives (AAAE) does not identify airports by name. Therefore it includes 
airparts that an part of a system of airports as well as individual airports. From data contained 
in the AAAE survey, the net operating revenue per passenger for the 29 airports averaged $0.9. 

Therefore, it can be concluded that supplemenoil airports do not face an operating revenue 
disadvantage over airports of the same size which are not in a multiple airport system. 

A s w e y  was made to identify the operating rwcnues and expenditures of airports operating as 
a primary airport in a multiple airport system. The six primary airports which served the same 
markets as the supplemental airports listed in Table 4 were surveyed. These airports are: 
Chicago O'Hare International, Dallas Ft. Worth Internatiorull, Houston Lntemntinental, Los 
Angela I n ~ t i o n a l ,  Miami International, and San Francism International Airports. As seen 
in Table 5, the net operating revenue at these airporti averages approximately $1.3 per enplaned 
and deplaned passenger. The average revenues per pasengu are dightly higher than at 
supplunental airports due to the larger number of passengers served. There is also less variation 
among airports in the avvdge net o p t i n g  revenue per passenger compared with supplemental 
airports. Average revenue per pasmger mges from $0.9 at San Francisco International 
Airport to $1.8 at Houston hterconthntal Airport. 

At M e T a c o m a  International Aitport net operating revenues pw passenger varied between 
$0.9 and $1.2 from 1986 to 1990 (Table 6). The increase between 1989 and 1990 is the result 
of a substantial increase in the landing fee rates in 1990 which resulted in a doubling of landing 
fee revenues between 1989 and 1990. Landing fee revenues were relatively stable between 1986 
and 1989. Net operating revenues on the order $1.2 per passenger could be expected at Sea-Tac 
if landing fee rates and other rates are maintained at their cumnt level relative to airport 
operating costs. 



TABLE 5 
NET OPERATKNG REYEEW OF 

PRIMARY AIRPORTS [a] 

La1 Data are fur calendar year 1990 or fiscal year ending 1990 or 1991. 
Ibl Indudes depreciation, 
[c] Enplaned and deplaned pweagers. 
[dl Data not available. 

Source: P&D Aviatlon Survey. 

TABLE 6 
NET OPERATING REVENUE PER PASSENGER .AT 
SEATILE-TACOMA INTERNATIONAL AIRPORT 

1986 TO 1990 

. [a1 Net after allocation of depreciation expenses. 

Source: Port of Seattle. 
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W s i o n s  from heeratine Revwe Analvs~ 

The following conclusions can be made from the analyses of airport operating revenues and 
expenditures: 

Supplemental airports of the type which cuuld serve tho Puget Swnd Region have proven 
to be economically viable. The average net opaating revenue per passenger of 
10 repnsentativc supplemental airports surveyed, outside the Pug& Sound area, was 
greater than the nation-wide average for airports serving the same number of passengers. 
Furthermore, supplemental airports have grown rapidly in passager adffic in recent 
years, which is another indicator of their wnomic strength and their acceptance by the 
airline indusny. 

0 Net operating revenues per w g c r  at Sea-Tac ($1.2 in 1990) an consistent w& net 
operating revenues a other airports, particularly primary aitports serving a multiple 
airport market. The net operating revenue per passenger at primary akpt.9 avczages 
$1.3, slightly more than at Sea-Tac, Howevet, the primary oirparts surveyed range in 
size from 17.5 to 60 million pasoengns, and avadge net operating revenue per passenger 
tends to increase with airport size. 

Ln this section, pottntial sources of funding the capid improvements are discuw#1 and airport 
system alternatives are evaluated according their capability to gene+? funds to fmnce the 
necessary capital improvements. Case studies of two major airport improvement project? are 
also discussed. 

Sources of funds for tinancing M o t  capital impmcfnent projects at z?.&ort~ include *rt net 
operating revenues, passenger facility charg~, FAA grants, State grants, local gwunment 
sources, aad private indusny. 'Ihe applicability of each of these sources for tiaandng airpwt 
improvement8 in the Puget Sound Rtgion is desaibed below. 

Net Oprating Rcvmu~ 

Historically, a primary source of funding capital improvement projects at airports bBS been 
through tbe &ports1 net opetaLing revenues. Typically, projects arc funded thrwgh Bccumulated 
reven= held in nserve accounts or through airport revenue bonds in which airport operating 
revenues an pledged as security for the paymeat of menue b a d  principI and interest. As 
d&xi&ed in the preceding section, mt operating m u e s  at supp1~~mtal airports in the raage 
of 1.5 to 12 million annualpawengers (enplaned and deplaned) averaged approximately $1.2 pct 



passenger. At large primary airports a net opuating revenue of $1.3 is typical. In 1990, 
Sea-Tac had net operating revenues of S 1.2 per passenger. 

Passenger Facility Charges 

The Aviation Safety a d  Capacity Expansion Act of 1990 authorizes airparts to impose a 
Passenger Facility Charge (PFC) of $1.00, $2.00, or $3.00 per enplaned passenger. PFC 
charges must be approved by the Se~retary of Transpartation in accorciance with reguhions 
contained in . ' 

i n F il' , June 1991. 
Revenues h~ in which the 
PFC is collected or any other airport which the agency controls. The financing of an eligible 
airport-related project includes making payments for debt service on revenue bands backed by 
PFCs. 

The applicant for PFCs must demonstrate that: (1) the amount and duration of the fee wwld 
result in revenues which do not exceed amounts necessary to finance these rpedtic projedn, and 
(2) each of the projects will (a) mewe or enhance capacity, safety, or security of the N a t W  
Air Transportation System; (b) reduce airport noise; or (c) cnhance competition between or 
among air carriers (for example at hubs served by a single dominant air carrier). 

The PFC can be imposed on originating or connecting passenger's, but no more than two PFC8 
can be imposed on any one-way trip. Large and medium hub airports will affectivcly lose 
SO percent of their AIP entitlemen& if they impose PFCs. Large and medium hub airporn ate 
those airports enplaning 0.25 parent or more of the total U4Sd annual qplanefients. Bastd on 
current and projected US passenger traffic, the minimum number of total passengers (enplaned 
and deplaned) for medium and large hubs is estimated by P&B as follows: 

Projects eligiblc for PFC funding are: (1) al l  AIP eligible projecu, (2) p ro jea  to achieve noise 
compatibilit~, whether or not the airport has an approved FAR Pan 150 noise compatibility 
noise program, and (3) the construction of termid gate areas and related c o n c o w  anas, 
excluding concession areas. 



At the time of this working paper, no airports have been approved for PFCs, although many 
have initiated the application process. To date, all applicants have proposed to levy $3.00 PFCs. 
Program durations vary from two years to thirty-three years. The City and County of Denver 
has proposed the largest program so far, $2.39 billion over thirty-two years. Under FAA's 
letter of intent for the new airport issued last year, Denver is required to imposed PFC 'as srxtn 
as administratively fmible.' The airport will issue a series of bonds backed by PFC revenues 
and airport revenues. Other applimts for PFCs include Portland, Columbus, Buffalo and 
Las Vegas. 

FAA Airport Improvement Program (AIP) 

The FAA's Aid to Airports Program provides funding for planning, consfruc4bn, or 
rehabilitation at any public-use airport. Eligible work consists of: capital outlays for land 
acquisition; site preparation; construction, alteration, and repair of runways, taxiways, aircraft 
parking aprons, and roads within airport boundaries (except for access to areas providing 
revenue, such a as parking lots and aviation industrial areas); construction and installation of 
lighring, utilities, navigational aids, and aviation-elated weather reporting equlprnent, safety 
equipment required for certification of an airport facility; security equipment required of the 
rponsor by the Secretary of Transportation; limited tenninat development at commercial m i c e  
airports; and equipment to measure runway surface tension. Grants may be made for the 
conauction of hangars, automobile parking U t k ,  buildings not related to the safety of 
persons in the airport, landscaping or artwork, or routine maintenance and repair. 

The AIP provides two types of funds for air carrier airports: entitlement funds and discretionary 
funds. Entitlement funds are made available to all commercial servici airports based on !he 
following formula: 

$7.80 for each of the first 50,000 passmgers enplaned w h  year, plus 

$5.20 for each of the next 50,000 pasmgers enplaned each year, plus 

$2.60 for each of the next 400,000 passengers enplaned each year, plus 

$0.65 for each paslenger over 500,000 passengers enplaned each year, to a maximum 
total of $16,000,000 a year. 

Discretionary hnds are available on the basis of need and priority as determined by the FAA. 



State of Washington 

The State Aeronautics Commission Act of 1947 authorized the Commission to provide hnancial 
assistance to municipalities in support of public airport development. Specifically, the 
Commission was permitted to make grants or l m s  for planning, cMlstruction or maintenance 
of publicly owned or conmlled airports. 

In 1977 the Aeronautics Commission was dissolved and its staff became the Aeronautics 
Division of the new Washington State Department of Transportation. The Aeronautics Division 
Arpn AidGrant Program has grown to $3 million per biennium. Funding for the program 
is through a tax on general aviation fuel sold in the State. 

The program is geated to satisfy the planning and construction needs of general aviation in 
Washington State. It is one of the more active and productive in the nation, and is driven by 
the combined results of the Washington State Continuous Airport Systems. The main objective 
is to satisfy airport rids at the non-hub aisports that serve as feeder airports to our atate and 
regional air carrier airports, as w d  as the general aviation airports. 

Although small grants (under SlM),000) have been made to air h e r  &ports, State Aeronautics 
grants are not expected to be a significant source of funding for the Flight Plan airport 
alternatives. 

Local Sources 

A p~tential source of airport funding is general revenues from the City or County which owns 
and opemtes an airport. In recent years, however, local governments have looked for other 
means of financing airport operations and capital improvements because of the lack of adequate 
tax revenues. 

Another method of airport funding is the establishment of a special purpose district suchas an 
airport district or authority which can collect a percentage of property tax menues within its 
jurisdiction. The formation of any multi-county airport jurisdiction must be approved by State 
legislaw. The Port of Seattle has authority to opefate outside of King County and therefon 
cwld operate a supplement airport in another County. However, the Port of Seattle can not 
collect tax revenues from another County. Presently, no tax revenlbw collected by the Port of 
Seattle are used to fund airport opeations or airpart capital improvements. 

Private Sources 

A significant source of private funding at airports is tenant provided improvements such as 
terminal equipment and facilities, hangar buildings, and essociated aircraft ramps. In the 



estimate4 capital casts prepared for the airport alternatives, thew tenant improvement costs have 
been excluded. 

For the past several years, interest among the aviation community in the privatization of public 
airports has incnased. The American Asrociation of Airport Executives and the Airport 
Research and Jkveloprnent Foundation have recently undertaken a study of expanded private 
sector involvement in public airports, focusing on the issues of privatization and the role of 
private equity capital in public airporn. Some recent attempts toward Wrt privatization, such 
as the proposed British Americankxkheed Air Terminal proposal to 1- Albany County New 
Yak Airport, have not been sucoessful. 

A decision in August 1991 by the City of Los Angeles to investigate privatization for Los 
Angeles International Ahprt has a m t e d  industry attention. Selling the airport to private 
intensts is being considered because of the large amount of revenue the City of Los Angdes is 
asking the airport to provide the City, $tOO million a year or over $2.00 ptr passenger. 

Two 1arge.de airport improvement programs underway now are using a variety of funding 
sourcer, (Table 7). Funds for the new Denver a i p r t  are largely being fmkhed through a i r w  
revenue bonds bacM by airport operating revenues and PFCs, the sale of Stapletan Airport, 
and FAA discretionary funds. Four issues of revenue bonds to fYrance the airport will total 
$1.4 billion. FAA AIP discndonary funding of $330 million has been awarded for the new 
airport. Stapleton A i i r t  which comprises 4,700 acres will eventually be sold and ndeveloped 
to provide funds for the airpod improvement program. The total capital &st for the new airpart 
is expected to be $2.6 billion. 

Pittsburgh International Airport has embarked on a program to relocate its passenger terminal 
facilities to the other side of the airport. The total cost of the program is estimaocd at ove;r 
$700 million. Almost $500 million will be supplied through a 1988 revenue bond issue. FAA 
entitlement funds and d W o n a r y  funds will each contribute $67 million to the project. County 
and State funds together will provide over $120 million. 

Costs for nlatcd access improvements a! the two airports are not included. Those could be as 
high as $200 million at Pittsburgh and $1 billion at Denver. Funds for these improvements 
could be provided by state and federal highway funds. 

FINANUAL C A P W Y  OF AIRPORT A L T F R N A W  

Airport alternatives were compared on the basis of their relative ability to provide funds to 
fmnce the estimated capital improvement costs. A "fundslcasts ratio" was developed which 
provides a measure of the financial capability of the alternatives. The funddcost ratio is 



TABLE 7 
SOURCES OF FUNDING FOR IMPROVEMEhT 
PROJECTS FOR NEW DENVER AIRPORT AND 

PITTSBURGH TNTERNATIONAL AIRPORT 

[a] Sources of funds through 1999, except as noted. 
bl Backed by Airport revenues and PFCs. 
[cl Backed by Airport revenues. 



computed by dividing the total estimated airport funds by the total capital outlay for each airport 
alternative, The fundslwst ratio was also computed for the system of airports, to provide en 
indication of !he financial capability of operating the airport under a single ownership (Table 8). 

Five sources of funds were considered in this analyses. Sources of funds were estimated for the 
20 year period from the y e a  2000 to 2020. All d o h  figures are in 1991 dollars. The 
estimated funds were derived on the basis of the c o n s W  allocation of passengers to airports 
shown in Table 9, This table appeared as Table 3 in Working Papz 5. Funds from State or 
Federal highway programs are not included, although these funds are not expected to be large 
enough to change the resulu of the analysis. Each source is discus& below: 

e NetOtreratine Airport operating revenues can fund improverncnt projects 
d i i t i y  or be used to support airport revenue bonds. Net operating revenues for both 
primary and supplemental airports (including Sea-Tac) were estimated to anrage 
$1.2 per enplaned and deplaned F n g e r .  This average is consistent with Rirrent 
expience at supplemental and primary aixprts as well as Sea-Tac as shown in Tables 4 
through 6). 

* h a .  A passenger facility charge of $3.00ptr eaplaned 
passenger is assumed to be collected at each airport from the year 2000 through 2020. 
Passenger facility charges were estimated under all airport alternatives except 
Alternatives 1, 2 and 33. PFCs were estima!ed without regard to the potential cnsf of 
eligible projects. Therefore the PFC funding represents a funding capability, but the 
PFC charges shown in Table 7 may exceed the cost of eligible improvement prujens. 
Under multiple airport alternatives PFCs estimated for Sea-Tak could be used for a 
supplemental airport if controlled by a single owner.operator, such as the Port of Seattle. 

PFC legislation allows air carriers to retain 8 mts of each PFC collected aAet 1994. 
Therefom the PFC revenue allocated to each airport is estimated at $2.92 per enplaned 
passenger. 

rn F A A  AIP -t Fun&. FAA AIP entitlement funds were allocated on the basis 
of the fonnula discussed earlier. Airport alternatives which reach or exwed the medium 
hub designation level, as explained earlier, wil l  take a SO percent reduction hi entitlement 
funds if a PFC is dlected. Therefore an airport fould show a @eater amount of funds 
from FAA entitlements than another airport b t  has more jmmgers if the smaller 
airport were a small hub airport and the larger airport was a medium hub airport. 
Estimated FAA entitlement funds were totaled for the 2C-ymr period from the year 2030 
to 2020. 
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a FAA ALP Discretionan, Funds. Although the FAA can make no comrnirment on future 
discretionary funding the amount of discretionary funds available for alternative airport 
development has been estimated based on current experience. New airport alternative 
are estimated to receive 10 percent of the total capital cost in FAA d i d o n a r y  fund'mg. 
Alternatives involving the construction of a new runway and related facilities at an 
existing airport are estimated to rcceive 5 percent of the total capital wst  in FAA 
discretionary funding. Thesc percentages are less than the percents allowed to tlu: new 
Denver Airport (12.7 percent) and the expansion of the Pittsburgh International Airport 
(8.9 percent). 

Sale of S e a - T w .  Under the replacement airport alternatives (Alternatives 31,32 
and 34) it is assumed that all Sea-Tac Auport propprly will be sold to help fuad the con 
of improvements at the replacement site. Sea-Tai comprises approximaidy 2,400 acres. 
The value of Sea-Tac property was estimated at its land value alone. The estimated Land 
value is !260,000 per acre, approximately $6.00 a square foot, a total of $624,000,000 
for all airport property. 

The fundslcost ratio compares funds which will be colle&d over a 20-year period with capital 
improvement costs which, to a large degree, will be paid out in the inidal stages of the project. 
Therefore, the time value of money must be cansidered. The financing of a new airport to w e  
the Puget Sound Region would probably be ammplishcd largely through an issue of revenue 
bonds which would be supported by revenues from airport operations, including PFCs, For 
example, a bond issue providing $100 million in capital for land acquisition and consh'uction 
would require total funds (principal and interest payments) of approxi-mately $235 million at 
7.5 percent interest and equal payments over 20 years, or 2.35 times the capital prov&d. For 
the airport alternative. being considered, not all capital costs will be incurred at the outset. On 
the other hand, airport revenues w i i  be relatively small in early years when passenger levels are 
small. Therefore, it is estimate that the funddcost ratio must generally exceed 2.0 to 2.5 for 
an airport program to be financially viable, assuming most of the capital cost will be inc& 
at the ouM of the program. 

The following conclusions can be made from the analyses of the financial capability of airport 
alternatives (summarized in Table 8): 

Funding from PFCs could contribute one-third to onehalf of the total ahport funds. 

b Under the altematives with Sea-Tac alone, funds will be sufficient to WCC estimated 
future capital expenditures. 



Capital funding could be insufficient for existing airports if converted to supplemental 
airports due to the large capital costs relative to the number of passengers served. For 
I-runway supplemenmls the fundslcost ratios, based on the funds identified i n  Table 8, 

I 
are estimated to be between 0.4 and 1.5. For 2-runway supplementals, the ratios an 0.4 
to 1.4. 

Capital funding is estimated to be inadequate for new airport almutives. New I 
supplementals are estimated to have a funds/cort ratio of 1 or less due to their high cost 
and relatively low level of passengers served. New replacement airports are estimated 
to have funddwst ratios from 1.3 to 1.8. 

a Purport alternatives with funds/cost mios below 2.0 to 2.5 could possibly become 
financially viable if additional sources of funds were obtained, such as from local 
sources, or if passenger lwels were to increase, especially in earlier years. 

* Nearly all multiple airport system alternatives would be financially feasible if: (a) funds 
from Sea-Tac werc used to tinan= improvements at the other wrts and (b) PFCs are I 
collected at Sea-Tac and the supplemental airports. 

* During the period analyzed (-2020) supplemental airports do not appear to be 
financially viable without subsidies from Sea-TAC. 1 

* A new commuter runway or dependent ai~ canier runway at Sea-Tac are the only 1 
capacity improvements which generate sufficient funds to offset .costs. 
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INTRODUCTION 

The goal of Flight Plan Phase III is to evaluate alternative means of meeting the 
future air travel needs of the region, and for the advisory PSATC to develop long 
term recommendations to the Puget Sound Regional Council and Port of Seattle. 
An important part of these recommendations will address the institutional steps 
needed to implement the selected course of action. 

The purpose of this working paper is twofold: 

(1) to compare institutional capabilities and needs (particularly with 
regard to siting and operational authority) for each of the system 
alternatives, and 

(2) To identify the steps that would be needed to implement the 
alternative system plans in the state of Washington. 

This paper is divided into six major parts: (i) a Summary, (ii) Growth Manage- 
ment Elements Common to all Alternatives, (iii) Site Specific Considerations, 
(iv) Ways to Operate Multi-Airport Systems, (v) Implementation Steps and (vi) the 
Expert Panel Recommendations. 

I. SUMMARY 

HIGHLIGHTS 

The Puget Sound Air Transportation Committee (PSATC) is advisory to the Port of 
Seattle (POS) and the Puget Sound Regional Council (PSRC). This joint body, 
created through the 1nterGency ~ g r e e m e n t  in 1989, involves interesied parties in 
the development of a long term recommendation on air carrier service and facilities 
for the Puget Sound region. Using staff research and an expert panel, the 
Committee has explored ways to develop and operate each of the air transportation 
systems alternatives. The following is a summary of its findings: 

The Flight Plan Project is intended by the sponsoring agencies to develop 
recommenations about the future of air carrier services and facilities in the 
Puget Sound region. Other components of the air transportation system 
which are included in the 1987 Regional Airport System Plan (such as 



general aviation) may need to be addressed in subsequent steps, once the 
PSATC's recommendations are completed. While Flight Plan was not 
created to address general aviation needs, the possible impact of Flight Plan 
recommendations on general aviation should be considered by the PSATC in 
its transmittal to its sponsoring agencies. 

The Flight Plan recommendations (and programmatic environmental 
impact statement--EIS) should lead to additional and more specific 
studies and decisions implementing the selected system alternative, 

Under current state statutes, municipal airport operators including the Port 
of Seattle possess the power to act outside of their res~ectivejurisdictional 
boundaries; this authority can be exercised either singly or j6ntly. 

Siting of any new facilities recently has been addressed by the State Growth 
Management Act (GMA). This includes significant deadlines in 1992 
(countywide and multicounty policy plans), 1993 (coordinated local 
comprehensive plans) and 1994 (consistent local regulations). Flight Plan is 
not a siting study, but does examine specific likely sites in evaluating system 
level alternatives (no-action, replacement, two airport systems, three airport 
systems). 

Airports, unlike many other public infrastructure projects, are primarily 
funded by private investment, either in the form of airline fees or direct user 
fees. The amount of revenue generated by these fees is a function of the 
level of service provided to the public by these air carriers, the legvel of 
airline service depends on airline conclusions regarding market demand. 
Airports' abilities to regulate air carrier service are quite limited by federal 
grant assurances attached to FAA funding agreements, but do include the 
opportunity to regulate gates (as opposed to air traffic). 

A number of strategic actions can be used to implement the PSATC's 
recommendations. These include specific demand management actions, 
compliance with the state Growth Management Act with regard to siting of 
facilities of regional or state significance, establishment of joint operational 
structures under other current state law, and landbanking. Linkages between 
actions/inactions at Sea-Tac and on other sites, and with continued 
collaborative mechanisms to follow the completion of the Flight Plan 
recommendations on alternatives, and monitoring and phasing tools, should 
also be considered. 

The attachment to this Working Paper illustrates some of the linkages 
between Flight Plan implementation steps, the Growth Management Act 
requirements, and other related regional planning issues. 

11. GROWTH MANAGEMENT ELEMENTS COMMON TO ALL 
ALTERNATIVES 

Regardless of which air carrier airport system alternative is reocommended by the 
PSATC, the resulting implementation actions by the Puget Sound Re ional Council, 
its member governments, and the Port of Seattle (and possibly other f acility 
operators) will have to comply with related provisions in state and federal 1 



legislation. This section outlines the most significant of these provisions, most of 
which come under the new State Growth Management Act or the authority of the 
Federal Aviation Administration, 

Also of great importance is that fact that a multiple airport system recommendation 
will not be successful unless the airlines themselves concur in the routing of their 
planes to airports in the new market areas. This factor weighs as heavily as all of 
the public sector factors addressed below in this section. The Palmdale Airport 
provides a good example of a selected site which is not in use because the market 
potential is not sufficient to attract the airlines. 

A. STATE LEGISLATION 

The State Growth Management Act has created a unique and important window of 
opportunity for integrating regional transporation facility plans \nth local, county, 
and regional level plans and policies. Federal guidelines also support the need for 
statutes like the GMA to coordinate between airport planning and state and local 
planning (see FAA Advisory Circular AC No. 150/5050-34B, Sec. 23). 

1. Local Plans 

Pursuant to the GMA, cities and counties (including those that operate airports) are 
required to complete comprehensive plans that are consistent with countywide 
plans, to be completed by July 1993. Local regulations (e.g., zoning) are to be 
adopted in 1994 and are to be consistent with these plans. 

2. Countwide Plans 

The GMA, as amended (Sec. 2, 1991), requires completion of "countywide policy 
plans" with language on a range of factors including: 

Siting (Sec. 2 calls for "policies for siting public capital 
facilities of a countywide or stateulde nature"). 

Transportation (Sec. 2 calls for "policies for countywide transportation 
facilities and strategies"). 

Section 1 of the GMA requires that the 1993 comprehensive plans (local plans 
integrated at the countywide or multicounty level) provide a "process for ~dentifying 
and siting essential public facilities". Listed in this category are "airports". 

The statutory deadline for "county-wide policy plans" is July 1992. Coordinated 
countywide comprehensive plans (involving counties and cities) are to be completed 
by July of 1993. Earlier identification of "critical areas" in 1991 might infringe on 
possible airport sites; however, a balanced consideration of community needs and 
final action on critical areas is to be accomplished in the 1993 local adoption of the 
comprehensive plans. 



Countywide planning structures in our region include: 

King County: either the merged MetrojKing County structure or a 
less formal coalition of Seattle, the Suburban Cities 
Association, and King County. 

Kitsap Regional Planning Council: Interlocal agreement between the cities, 
county, and Indian tribes. 

Pierce County: countywide coordination led by Pierce County and 
including joint planning between the military bases and 
the adjacent communities (including Pierce and 
Thurston Counties). 

Snohomish County Tomorrow: County and city collaboration. 

Thurston Regional Planning Council: Thurston County, combined with the . 
cities and towns, Intercity Transit, Port of Olympia, 
School Districts, Evergreen State College and the State 
Capitol Committee. 

By mid 1994 local land use regulations must be consistent with the coordinated land 
use plans adopted in July 1993. These regulations could affect the airport siting 
options now under consideration by Flight Plan. 

Failure to influence these countywide plans within the GMA planning deadlines 
(1992,1993) could compromise the chances of implementing multicounty solutions 
to air transportation. Amendments are subject to annual review by each local 
jurisdiction. On the other hand, countywide plans that fail to meet the goals of the 
1990 GMA are subject to appeal to one of three Governor-appointed Hearings 
Boards, under the 1991 GMA amendments. (One of these Boards is responsible for 
the four county region of King, Kitsap, Pierce and Snohomish Counties.) 

3. Multicounty Planning Policy 

Reeional Airport System Plan 

The Regional Airport System Plan (RASP) is maintained by the Puget Sound 
Regional Council. This is broader than Flight Plan (air carrier semce) and in 1987 
included recommendations regarding general aviation services. These address the 
need to assess the feasibility of new general aviation facilities (if existing capacity is 
lost in future years) and to consider the impacts on general aviation when assessing 
the possible expansion of Sea-Tac capacity. In addition, further analysis is 
recommended to either retain or to expand existing GA airport capacities, or to 
develop a new GA airport. 

These adopted 1987 system level recommendations interact with the airspace and 
facility aspects of the Flight Plan alternatives, and should be addressed by the PSRC 
when it acts on the Flight Plan recommendations. (Flight Plan focuses on the issue 
of regional air carrier service, and because GA accounts for only 5 percent of total 
operations at Sea-Tac International, this aspect of the overall multicounty airport 



airspace) is not fully addressed in this stage of regional decision 

Growth Manaeement Act 

More broadly than the RASP, the GMA also mandates that "multicounty planning 
policies" be developed for the metropolitan re ion of Kin , Pierce, and Snohomish 
Counties (all counties over 450,000 population 7 , with the a 11 participation of cities. 

"Multicounty planning policies shall be  adopted by two or more counties, 
each with a population of four hundred fifty thousand or more, with 
contiguous urban areas and may be adopted by other counties, according 
to the process established under this section or other processes agreed 
to among the counties and cities within the affected counties throughout 
the multicounty region (GMA 1991, Sect. 2(7))". 

This additional task might be addressed collaboratively by the three countywide 
organizations, acting through the Puget Sound Regional Council (PSRC) or by some 
other means also consistent with the GMA. To be consistent with the intent of the 
GMA, the PSATC's airport alternatives should be included at the multicoun 

countywide level, or to the appeals process established in the GMA. 
2' level rather than subjected to separate amendment procedures later at possibly o y the 

Also of interest is the coordination of the regional High Capacity Transit plan 
(timed for ballot funding issue in King County in autumn 1992) with the April 1992 
PSATC recommendation. That is, long term future transit rail corridors should not 
bypass the leading new airport site(s) now appearing before the PSATC (Flight 
Plan). In addition, during Phase 11, the PSATC strongly supported the related work 
of the State Rail Commission tp explore the feasibility of creating high-speed inter- 
city rail services in the State of Washington. 

4. State Plans and Commissions 

The GMA requires state actions to conform to local cbmprehensive plans (1991 Act, 
Sec. 4), and does clearly require the local comprehensive plans (integrated at the 
countywide and multicounty levels) to address airport needs. Statewide 
transportation issues are also under review by the State Rail Commission, and the 
Washington State Air Transportation Commission (WSATC). 

Collaborative approaches may emerge from the complementary work of the Flight 
Plan (PSATC) and the WSATC. Also possible is negotiated siting, similar to what is 
provided for the siting of hazardous waste facilities under the 1985 State Hazardous 
Waste Management Act (i.e., state sitin preemption, with negotiated mitigation 
between the vendor and the communityy. 

As the relationship between the Flight Plan and the WSATC are sorted out, points 
like these are becoming more clear: 

- the WSATC is based on statute rather than an Interagency Agreement (but 
also is directed in statute to acknowledge ongoing planning), 



the WSATC is not involved in site selection, and is broader in its statewide 
mandate (e.g., considering general aviation as well as air carrier needs), 

the WSATC and state are interested in the relationship between 
Washington State and Portland and Vancouver as part of a potential 
continental free trade zone and a member of the Pacific Rim. 

6. Port Plans 

The GMA does not specifically mention port authorities. Ports might not be 
specifically required to comply with local comprehensive plans. Yet, the GMA 
"concurrency" ;equirement ddes apply to cou~$ or city phns governing adjacent 
lands. Concurrency requires that permit approval be contingent upon scheduled 
provision of necessary public services (e.g., roads, utilities). 

The Municipal Airport Act (RCW 14.08) auathorizes municipal airports to build 
and operate airports either "within or without the territorial limits of such 
municipality", and to acquire needed property through either purchase or 
condemnation. A direct takeover of existing airport property is not permitted 
without consent, although joint exercise of responsibilities (between municipalities 
together and/or with the state) is permitted. 

Specific initial steps at the Port of Seattle would probably involve amendment of the 
Sea-Tac Comprehensive Plan, and if land acquisition is involved, an update to the 
Port's "Comprehensive Scheme". 

B. FEDERAL LEGISLATION 

1. Federal Aviation Administration (FAA) 

All aiport actions must meet the requirements of the Aviation Safety and Noise 
Abatement Act of 1979, the Airport and Airways Act of 1982, and the Airport and 
Airway Safety and Capacity Expansion Act of 1987, the Airport Noise and Capacity 
Act of 1990, and/or the Federal Aviation Regulations. 

The National Plan of Integrated Airport Systems (NPIAS) is a ten-year plan that is 
updated every two years, based on state, regional, and local airport plans. The 
general relationship between airport master plans and state airport systems is 
addressed in FAA circulars (AC Nos. 150/5070-6A and 5050-3B, respectively). The 
NPIAS generally governs such factors as broad criteria, airspace, Air Transportation 
Control (ATC) centers, navaids, and airport design standards. 

It is assumed here that the state GMA will govern local and state system plans for 
new facilities as they are approved and then incorporated into the State Aviation 
System and the NPIAS. In addition, federal grant assurances signed by any airport 
accepting federal funds bind airport operators to provide equal access to all classes 
of airport users. The effect of this is that airport roles in the system plan are 
governed largely by airline responses to market trends and the availability of 
adequate physical facilities. Periodic inadequacy of facilities (e.g., instrument 
landing capabilities during foul weather) has recently led to the FAA Central Flow 



Control program, which delays airport takeoffs to match the affected landing 
capacities at receiving airports. 

2. Interstate Commerce Clause 

Airports with capacity cannot discriminate against classes of aircraft, or exercise an  
"undue burden" on national and international travel once federal funds have been 
accepted for any projects. On the other hand, airports cannot be compelled by the 
federal government to expand their facilities. 

3. National Environmental Policv Act INEPA) 

This Act (1969) calls for a broadly integrated consideration of the environmental 
consequences of proposed actions. Federal guidelines strongly encourage this 
assessment to begin as early as possible in the planning process. This is also true for 
airport projects that use federal funds. 

Further, FAA is to cooperate with state and local agencies which are subject to state 
or local requirements comparable to NEPA (FAA Order 5050.44 p. 76,(b)2)). 
Flight Plan is doing its programmatic environmental review under the State 
Environmental Policy Act of 1970, which except for the preamble, has identical 
wording to the federal statute. The EIS will be one of the several attachments to 
the PSATC recommendations. 

4. Clean Air Act Amendments of 1990 

The Federal Clean Air Act Amendments (CAAA,1990) could conceivably restrict 
airport siting, particularly if near term regional compliance milestones are not 
addressed. Specifically, under the CAAA "non-attainment" areas are subject to 
possible highway funding sanctions if future auto traffic significantly exceeds 1992 
forecasts. This precedes completion of land use plans under the GMA. Access to 
outlying potential sites would be the projects most affected: Olympia/Black Lake, 
Arlington, Central Pierce County. 

Forecasts are to appear in the updated air quality State lmplementation Plan (SIP) 
which is to be done by state and local agencies working together (state DOT, state 
Ecology, regional Puget Sound Air Pollution Control Agency--PSAPCA, regional 
PSRC, and local elected officials). 

This conformity requirement applies at all levels: plans, programs, and projects (e.g., 
airport access roads). Flight Plan alternatives must be recognized in forecasts of 
auto vehicle miles traveled (VMT's), to be included in the November 1992 update 
of the State Implementation Plan (SIP) for air quality. New aiport sites should not 
be foreclosed inadvertently by the failure to include appropriate language in 
regulatory plans addressing air quality. The most immediate milestone 1s the SIP 
amendment in  November 1992. 



111: SITE SPECIFIC CONSIDERATIONS 

A goal of this institutional analysis is to help ensure that all of the different Flight 
Plan alternatives are capable of being implemented. As a step in this direction, 
unique implementation features of each alternative are identified here. 

A. NO ACTION ALTERNATIVE WITH MAXIMUM DEMAND 
MANAGEMENT 

Port of Seattle amend Master Plan for Sea-Tac International Airport, 

- Demand Management actions by Port of Seattle, other operators, the 
FAA, and the airlines, pursuant to Working Paper No. 4: e.g., gate 
pricing installed at Sea-Tac, use of generated funds to encourage 
and help finance improvements at expansion sites, use of larger 
aircraft to moderate rising trend in operations, technological advances 
to improve lateral separation and spacing, increasing use of Central 
Flow Control. 

The only site exempted from conditions of the 1990 Airport Noise and 
Capacity Act (because of previously negotiated Mediated Noise 
Agreement completed under FAR 150) 

(Example: St. Louis Lambert Field is the example of a replacement 
airport effort that was reversed (by federal action). Resulting major 
investments--in contrast with demand management--in Lambert Field do not 
assure air capacity for needs beyond the year 2010.) 

B. REPLACEMENT AIRPORT 

Landbanking could involve financing provided by Sea-Tac acting 
extraterritorially (pursuant to RCW 14.08), 

Premature disclosure of sites can result in speculation and inflated 
purchase prices. 

(Example: This was avoided in the Denver case--replacement of 
Stapleton--only because 80 percent of the 50 square 
mile site was was held by two owners. 

Central Pierce County site requires either consistency with the County 
Comprehensive Plan, or this together with concurrence with the 
United States Army if land is to be purchased from the 90,000 acre 
Fort Lewis site. 

Airspace conflict between Fort Lewis replacement site and McChord 
Air Base requires action by the FAA, in conjunction with the Air 
Force. 



Olyrnpia/Black Lake site entails recommendations from the PSATC 
affecting jurisdictions in Thurston County not party to the 1989 
POS/PSCOG Interagency Agreement initiating Flight Plan. 

Necessary closure of Thun Field or of Olympia Airport would be 
more likely with their consent. Airspace conflict would involve FAA, 
and policy issues would involve the WSATC. Possible air carrier 
amendments to the Regional Airport System Plan--reflecting the 
PSATC recomrnendations--would have to address the potential for 
reduced access to general aviation. 

State economic issue may be the long term siting decisions 
(Washington or other states) of the Boeing Company, combined with 
needed access to airport facilities (e.g., Boeing Field, Paine Field, and 
the Frederickson site in Central Pierce County), 

Multiple airport systems have emerged in other parts of the country, 
even where the intent was for a replacement airport. This highlights 
the need for a clear understanding of the commercial airline industry, 
particularly following deregulation. 

Airlines must realize new income exceeding the additional costs of 
serving new locations. Flight Plan makes a range of assumptions 
regarding the split of short haul and medium haul travel between Sea- 
Tac and the potential supplemental sites. 

(Examples: Chicago (with Midway Airport), Dallas (Dallas Fort 
Worth with continued use of Love Field), Washington 
D.C. (Dulles was to be the replacement), and Houston 
(with Hobby Airport). The Dulles and Houston systems 
are now well-coordinated largely because each system is 
under one operating authority. 

Use of revenues gained from conversion of present Sea-Tac 
International Airport site could be partially constrained by FAA, 
acting as a funding source for previous site investments. 

(Example: Denver is the major example of a replacement airport. Sea-Tac 
International Airport is also a replacement airport, originally having been 
located midway between Tacoma and Seattle to supplement Boeing Field. 
This is comparable to the construction of the much larger Dallas/Fort Worth 
midway betweenthose two cities in the early 1970's.) 

C. TWO-AIRPORT ALTERNATIVES 

- Port of Seattle completes Sea-Tac Master Plan to either include or 
exclude an air carrier runway, and to include demand management-- 
Sea-Tac expansions may require consistency with City of SeaTac 
comprehensive plan, particularly with respect to "concurrency" (e.g., 
provision of services to any new or expanded airport site), but this and 
other local plans may not preclude the siting of necessary state or 
regional public facilities (GMA). 



Airport jurisdictions may act outside of their jurisdiction and/or 
jointly (RCW 14.08). 

Owners/operators update Master Plans as recommended by PSATC, 

Arlington may require consistency with Snohornish County com re. 
hensive plan (city ownership/operation, but site unincorporatedi. 

- Paine Field requires consistency with Snohomish County (owner/ 
operator) comprehensive plan, and with the 1978 noise mediated 
agreement (Paine Field does allow "commuter" service, and due to 
past federal funding conditions cannot prohibit access; however, it can 
discourage such service), 

- McChord site requires Joint Operating Agreement with the Air Force 
(AFR 55-20). Military review procedure begins only after submittal 
of a formal proposal by an eligible sponsor. 

Joint use at McChord would require completion of an environmental 
impact statement under NEPA (National Environmental Policy Act) 
rather than the state act, with the Air Force acting as the lead agency. 

Olympia/Black Lake site requires consistency with county 
comprehensive plan. 

Need to coordinate regional High Capacity Transit ( H a )  planning 
with possible new outlying airport sites, over the long term. 

With regard to accessibility and quality of service, and airline route 
planning, see the last bullet under "replacement airport". 

(Example: Atlanta Hartsfield Airport has been expanded as part of an 
aggressive "inland gateway" economic strategy, comparable to Dallas/Fort 
Worth and Denver. Landbanking for supplemental airports began in the 
1970's (two 10,000 acre sites). A search is now underway behind the 
leadership of the Atlanta Regional Council to verify the correct 
supplemental site. The wisdom of system plans that can adjust to demands 
that are either higher or lower than expected is demonstrated by the recent 
loss of passenger traffic at Hartsfield, due to the bankruptcy of one of the two 
airlines using Atlanta as its hub airport. Unlike Atlanta or Denver and other 
hub airports, Sea-Tac draws most of its service volume from origin and 
destination passengers, rather than connecting passengers.) 

D. THREE-AIRPORT ALTERNATIVES 

Generally the same as for Two-Airport Systems 

(Example: The Atlanta Regional Council (ARC) has assumed the 
lead over adjacent regional planning areas, by interlocal 
agreement, for the search for supplemental airport 
sites. The ARC has noticed that perhaps four 
supplementals can be built for the cost of a single 
replacement airport ($1.6 billion).) 



The danger of overbuilding increases as the number of airports 
increases. 

(Example: Tampa International/St. Petersburg/Sarasota illustrates 
the dangers of poor coordination (nearly all passengers 
use Tampa International) and the small population 
base of the region.) 

N. WAYS TO OPERATE AIRPORT SYSTEMS 

Individual airports and airport systems can be owned and operated by a variety of 
entities, with or without formal agreements between each other. These entities can 
in some cases also build new airports, generate surplus revenues, and operate other 
transportation systems. These options are discussed below: 

1. Indevendent Local Authorities 

This is the current arrangement in Washington State and in the San Francisco area. 
San Francisco International is operated b the San Francisco Airport Commission 
(an appointed branch of City governmenti;. The San Jose and Oakland airports are 
operated by a city and a city port authority, respectively. Market forces seem to 
compensate for lack of airport systemwide planning, as the private airline systems 
compete within this particular region. 

Another more complex example is the multiple airport "system" in the Los Angeles 
area. FAA supplies the system overview through airspace regulation. Included are 
Los Angeles International (City), Ontario (City of Los Angeles), John Wayne 
(Orange County), Burbank (Burbank, Glandale and Pasadena Aiport Authority), 
and Long Beach (City of Long Beach). 

In the Puget Sound region, all of the existing airports and their operators make up a 
system in which, at this point, all air carrier sewice is being provided at one airport. 
As discussed above, the main factors affecting the existence of air carrier service to 
a community are the proximity of a strong local market for passengers and adequate 
physical facilities. 

2. Local Authorities with Voluntaw Adeements 

Under Washington State legislation, this arrangement could also include the state 
and federal governments (RCW 14.08.200). 

One modest and temporary example for planning purposes (not operations) is the 
Interagency Agreement (1989) between the Port of Seattle and the Puget Sound 
Regional Council. This is a planning effort and initiated the Flight Plan project. In 
the Boston area, Logan Field has entered into interlocal agreements with 
surrounding airports to provide technical assistance in the creation of senice 
markets. This could relieve congestion at Logan Field. Dallas-Fort Worth is 
operated by both municipalities, through a joint Airport Board. The voting is 
weighted 7:4, roughly reflecting the relative populations of the two owners. 



3. Regional Authority 

This could also involve a combined effort between new countywide "airport districts" 
(RCW 14.08.290 and 302). 

One example of a joint regional effort is the Joint Regional Policy Committee 
(JRPC) for high capacity transit. The JRPC is a collaborative effort between 
operating agencies (the transit agencies) in King, Snohomish and Pierce Counties. 
In 1990 the Legislature provided (SHB 1825) authority for the parties to jointly 
develop a plan and financing for submittal to be voters within a given deadline. 
The state Department of Transportation is also a member. Two years are allowed 
to develop an interlocal agreement, with an additional four years to complete the 
ballot package. Also created was a Governor-appointed "expert review panel" of 
national and local figures. 

Another example of a regional body would be the creation of a new agency 
overlaying the existing authorities. This approach explains the 12-county Puget 
Sound Water Quality Authority (actually a state-level body) created in 1985. 
Members are appointed by the Governor. Amendments in 1990 now provide that 
the chair of the Authority shall be the Director of an existing state agency (the 
Department of Ecology) rather than director of the Authority staff. 

4. State Authority 

The Port Authority of New York and New Jersey is a bi-state compact based on 
state legislation and federal approval. The Authority operates JFK International, 
Newark, and LaGuardia Airports. The same arrangement could be set up within 
Washington State if a comparable governing board were formed. Examples of 
single state authorities are found in Alaska and Maryland. 

Cases of federal authority can also be cited. Dulles International is owned and 
operated by the United States Government. Siting was influenced by federal action 
and the appearance of funds to purchase the present site. Dallas Fort Worth was 
also located during the pre-deregulation era when a strong federal presence was 
brought to bear, along with the coordinated efforts of the Dallas and Fort Worth 
business communities. The St. Louis' Lambert Field is an expansion example, 
selected in 1977 over the replacement alternative. This occurred at  the hands of the 
Secretary of Transportation. Saturation is expected to occur in 2010; the Flight Plan 
time horizon is 2020 and beyond. 

5. Reslated Private Utility 

This would probably require new state or federal legislation. The airport(s) would 
be owned and operated by a private corporation and in this sense would be similar 
to the private airline industry. Federal or state regulations would be imposed 
regarding rates or facilities, or to achieve other public purposes. No examples exist 
in the United States although some discussions have been held with regard to the 
Albany, New York, airport and privatization is coming under review as a 
theoretically possible option for the municipally owned Los Angeles International 
Airport (LAX). For LAX the new options are sale to a regulated public utility, 
development of a governmental corporation (consisting of cities and counties), or a 
hybrid wherein the facilities would be rented to a consortium of governments. 



6. Euro~ean  Hybrid Model 

A quasi-private corporation is formed to operate one or more airports, and is owned 
by various levels of government. Daily airport operations are controlled by a 
working board which, in turn, is overseen by a federated board composed from each 
of the owner governments. (A unitary government-operated system would be the 
control of Washin ton National Airport and Dulles Airport, both operated by the 
U.S. Government! 

Examples of the European model are the Frankfurt Ai ort, Scandanavian Airlines, 
and the rent model used by the Port Authority of New fS ork/New Jersey. 

V. IMPLEMENTATION STEPS: TOWARD AN ACTION PLAN 

Needed is an action plan to accomplish one of the four Flight Plan alternatives, 
combined with a decision regarding the possible Sea-Tac air carrier runway. All 
actions/inactions at Sea-Tac must b e w d  to other actions affecting other possible 
sites. 

Section A and B, below, outline the major elements of an action strategy, and 
generally identify some of the major kinds of actions now required. 

A. STRATEGY OUTLINE for an ACTION PLAN 

If negotiations become a major feature of a collaborative implementation, general 
guidelines for this effort have already become apparent. 

1. Comprehensiveness 

Any new construction can be reduced as part of a broader comprehensive package, 
or action plan, involving demand management at the Sea-Tac site, and overall 
system management covering several sites, 

(Example: Solid waste management offers instructive guidelines. Major 
facility siting (incinerators, landfills, transfer stations) is linked 
to broader efforts at waste reduction and recycling. Presented 
as part of an overall package, the minimized siting elements 
have gained public support.) 

2. Total Cost Pricing 

The airport system can be selected in terms of "total cost pricing" as is used by 
public utilities, whereby "costs" include environmental costs (and mitigation). The 
balancing of supply and demand requires a consideration of price, and this rice 
includes non-monetary costs and in many resource areas, a consideration o ! scarcity. 

(Examples: In California, consumption of water resources involves the 
creation of a water bank, in addition to subsidized and 
regulated consumption. This would be roughly equivalent to 



slot pricing (not to be confused with slot rationing). In the 
larger southwest, consumption of limited Colorado River 
Water involves Interstate Compacts on water use. The 
functional equivalent in the airline industry might be the 
national Central Flow Control program. In other words, "equal 
access" for all classes of air carriers may not mean equal 
unlimited access. Statutes and regulations controlling noise-- 
e.g., the Sea-Tac noise budget--also illustrate market pricing 
sensitive to third parties, i.e., total cost pricing.) 

(Example: Addition of a second runway at Vancouver, B.C., restricts a 
new second runway rimarily to arrivals and Stage 3 aircraft, 
imposes a noise cur ? ew, and limits reverse thrust operations), 
In the United States, the Aviation Safety and Noise Abatement 
Act of 1979 permits restrictions that do not involve an "undue 
burden" on interstate commerce (Sec. 104(a)2 and (b)). 

3. Phasing 

Phasing might include early landbanking which might be financed by congestion 
charges or other revenues generated at facilities nearing capacity. 

(Example: The Atlanta Hartsfield Airport is nearing capacity, and 
beginning in the 1970's landbanked two 10,000 acre sites in the 
path of future urban development.) 

4. Collaboration 

The membership in collaborative implementation could include local entities, 
together with state (e.g., Washington State Department of Transporation) and 
federal entities (e.g., FAA), given the broad provisions of existing state law 
(RCW 14.08). 

Also necessary is cooperation with the airlines to ensure that service will locate at 
any new airport sites. 

(Example: Even with high congestion, ma'or carriers did not locate at 
Stewart Airport in New York (site of a former air force base 65 
miles north of New York) until American Airlines was offered 
as part of the agreement additional gates at JFK Airport. 
The PSATC demand management expert panel also suggests 
that revenues collected at Sea-Tac might be used to help 
develop alternative sites also under operational control by the 
entity collecting the revenues.) 

Collaboration might also involve mediation to develop a package of actions 
including the distribution of future demand levels within a new Multiple Airport 
System. Mediation is not a panacea, but can work if specific minimum conditions 
satisfied (e.g., a willingness by all parties to participate). 

(Example: Within Washington state, important mediation rojects have 
addressed tradeoffs between water quality and F orest practices (the 



1987 Timber/Fish/ and Wildlife Agreement), and more recently, the 
allocation of water among competing interests (the experimental 1990 
Statewide Chelan Agreement continues to be tested at the state and 
regional levels. The Noise Mediation Agreement at Sea-Tac is also 
an example of this approach.) 

B. SOME NEEDED ACTIONS 

Considering the siting and operational issues discussed in previous sections, 
elements of the PSATC recommended action plan should include the following 
elements: 

1. Monitoring and Phasing of Actions 

During Phase I the Demand Forecasting Subcommittee developed a critical idea 
relating forecasts to the recommended action package. They identified the need to 
identify "reasonable alternative futures" to help guide policy choices sha ing the real 
future. The focus is on the policy thresholds, rather than the calendar o F very long 
term forecasts. They expressed confidence in the log forecasting model up to the 
year 2010, and identified the need to track passenger trends between 1990 and 2010. 
At the same time, the full PSATC concurred in a mission statement that provides 
facilities in 2020 that are expandable to meet additional needs to the year 2050. 

Example: This approach has been pioneered by the four-state Northwest Power 
Planning Council enabled by the Federal Power and Conservation Act 
of 1980. The Council develops a wide range of possible needs in the 
future, a range of tools for meeting future power needs (i.e., 
conservation, hydropower, co-generation, coal-fired and nuclear 
plants), lead times for each element of the action portfolio, and a 
monitoring capability to match actions to needs as these become more 
clear, and particularly threshold decisions points. 

The PSATC might include this kind of approach as it monitors demand trends, as 
well as legislative windows, and the options within the air carrier "portfolio" (e.g., 
diminishing landbanking opportunities). The technical threshold decision points 
identified thusfar by Flight Plan include the inadequacy of Sea-Tac under all 
alternatives, and the need for three IFR runways. 

2. Countywide PoIicv Plans and Imolementation (1992-4) 

The PSATC should propose specific language to be included in July 1992 in 
the respective "countywide policy plans" (the first GMA deadline). This langua e 
might acknowledge the Flight Plan process and recommendations to the Port o 
Seattle, the PSRC, airport operating agencies and regulators, and others. 

B 
Depending upon the final technical recommendations of PSATC, recommendations 
also should be prepared addressed to the 1993 comprehensive plans of the affected 
local jurisdictions. Concurrent with this might be interlocal discussions on the 
allocation of future travel needs and capital funds, with either Pierce, Snohomish or 
Thurston County airport operators, depending upon the preferred general location 
for either supplemental or replacement airport facilities. 



Legal authorization for joint operations is provided under state law (RWC 14.08). 

3. Multicountv Policv and Implementation (1992 and 1993) 

PSATC recommendations to the PSRC should include a adoption of a multicounty 
air carrier transportation element, amending the 1987 Regional Airport System Plan 
(RASP) and linking it to the separate countywide comprehensive plans due to be 
completed in 1993 under the GMA. Federal funding of all surface transportation 
projects depends upon consistency with the regional transportation plan. 

PSATC recommendations and documentation should be sufficiently focused on 
siring and transportalion to en3hle lheir use in possible presentations before the 
Grot+ ~h M;~nagcmcnt I lcar~ngs Boards (the GhlA appesls process). 

Depending upon the airspace analysis, evaluate and accommodate possible 
impactslbenefits for general aviation. (e.g., The 1987 RASP recommended a 
general aviation airport rather than supplemental airports now under 
consideration.) This element also should be coordinated with the WSATC and 
acknowledged by the PSATC. 

4. Regional Plans and Imalementation (1992) 

PSATC should urge that the State Im lementation Plan (SIP for air quality and the 
regional High Capacity Transit (HCT~) plan, both scheduled or possible action in 
late 1992, accommodate the PSATC airport recommendations due in early 1992. 
Fedral funding of access roads to supplemental airport locations could be 
jeopardized if a multple airport approach (affecting air quality) is not anticipated in 
the SIP. 

Regional plans also call for High Capacity Transit. Coordination between HCT and 
Flight Plan (e.g., timing and alignments) is addressed in the Accessiblity Working 
Paper No. 9. An HCT funding issue is planned for the ballot in November 1992 or 
later (statutory deadline: four years after planning began in 1991). 

5. State and Regional Partnershius (1991-4) 

Regional cooperation may depend upon specific actions at the state level. For 
example, the PSATC might decide whether a subsequent mediation step is needed 
for siting, and offer recommendations regarding possible elements of agreements, 
procedures and lead time requirements. 

Current state law enables joint activities between operators and other entities, 
including state and federal agencies (e.g., the WSATC, FAA). With the WSATC, 
determine whether a continuing planning and implementation effort, supported in 
part by the FAA, now is appropriate for this state and region. 

6. O~erat ing Agencies 

Amend local master plans (e.g., approval or rejection of an air carrier runway at 
Sea-Tac International Airport), or as appropriate, collaborate broadly to complete 



final site selection studies. This could include environmental work either with FAA 
as a joint participant, or with a military party as the lead agency (under the National 
Environmental Policy Act--the NEPA process). 

Demand management at the Sea-Tac International Airport is part of all 
alternatives. Specific PSATC recommendations should be based upon the 
testimony of the expert panel, and the Working Paper No. 4, and may be part of 
item 4 (above). 

Depending upon the alternative selected, establish a calendar for possible 
landbanking, and continue discussion between the Port of Seattle and King County 
to improve coordination of operations at Sea-Tac International and Boeing Field. 

7. Federal Government 

The FAA might be requested to work with air carriers on demand management 
elements, and with the state and local entities in specific ways. The National Plan 
for Integrated Airport Systems (NPIAS) also will require updating. The FAA 
should indicate the relative weight they place on Airport Layout Plans, Master 
Plans, the Regional Airport System Plan, and the State Airport System Plan. 
In other words, are FAA statutory consistency requirements comparable to those 
required by the Urban Mass Transit Administration and the Federal Highway 
Administration? 

8. Airlines 

The institutional issues involve both public and private sector aspects. The public 
sector institutional "map" is addressed in this paper. Equally important are relations 
with the airlines, and their judgments regarding the accessibility and marketability 
of the alternative airport systems, and demand management (Working Paper No. 4) 
and financing options. 

The significance of market forces is found even in the underlying passenger demand 
forecasts (projected to be 45 million passengers in 2020). These are shaped by 
ticket prices and other market forces, such as the 1978 airline deregulation or the 
changing balance between the domestic and the global economy. 

9. Business 

Business communities have played a key role in promoting the "inland gateway" 
aspects of major airport expansion at Atlanta, Denver and DallasIFort Worth. 
Also, in each of these cases, the spokesman for airport development has been the 
mayor of the name city, since in these cases, the airport is a city airport. San 
Francisco and Los Angeles International Airports are also municipally owned and 
operated. 

In Dallas/Fort Worth business support for the airport has continued, and evolved 
into the North Texas Trade Comrmssion with a broadened economic development 
mission. (The rough counterparts in our region might be the Washington Trade 
Alliance, or the Greater Seattle Chamber of Commerce.) 



10. Financing 

In its recommendations, the PSATC should identify a financing strategy, or a 
process leading to such a strategy. This is addressed in Working Paper 11 (Ca ital 
Costs and Funding). A flexible siting action package (phasing and timing) is a P so a 
prudent response to market uncertainties. This idea is expanded in item 1, above. 

For purposes of comparison, other major ca ital projects have been identified 
together with their costs. Access to federal k nds (e.g, FAA up to 80 percent of 
eligible capital costs) varies. Sea-Tac International A ~ o r t  is a self-funded 
operation based on user and vendor charges, while capital costs are covered in part 
by the FAA. 

Illustrative Project Costs: 

Flight Plan Alternatives (Working Paper No. 11) 

Sea-Tac/Demand Management N/A 

Replacement $2.1 to 2.3 billion 

Multiple Airport (2) $0.326 to 1.2 billion 

Multiple Airport (3) $0.619 to 1.8 billion 

Interstate 90 Bridge in Seattle Over $1 billion 
(90 % federal) 

High Capacity Transit $8.5 billion 

(Estimate for capitaland operating costs through the year 2020. This 
includes $1.4 billion for HOV--High Occupancy Vehicle lanes--in four 
counties. HOV lanes, if effective, are a key component of ground 
access to present and possible airport sites.) 

Seattle Transit Tunnel $481 million 
(50% grant) 

(Possible light rail transit access to airport sites would 
utilize this facility, designed to be convertible to rail 
use.) 

METRO Secondary Treatment $578 million 
(roughly 55 percent 
loans and grants) 

(This represents the largest recent siting issue in our region.) 



Private Investments: 

Value of major highrises (1989) 

Gateway Tower $195 million 
Washington Mutual $175 million 
Pacific First $200 million 
Two Union Square $177 million 

(Value is greater than construction cost, e.g., cost of Gateway 
Tower was $105 million.) 

COMPARATIVE SUMMARY 

This paper has identified the implementation steps associated with each of the 
technical alternatives. Common insititutional elements have been identified, 
together with those that vary from alternative to alternative. 

In Summary: 

The No Action Alternative requires (a) restrictions on the Sea-Tac Airport 
Master Plan, combined with (b) a range of demand management actions by 
several parties. 

The Replacement Airport Alternative requires (a) removal of Sea-Tac, 
combined with (b) landbanking and siting of a new facility, (c) coordination 
with surface transportation and land use planning under the state GMA, and 
d) recognition or establishment of an operating authority, or joint authority 
RCW 14.08). 

The Mu1tiple.Airport System Alternatives (either one of two supplemental 
airports, with Sea-Tac) require (a) possible expansion of Sea-Tac, (b) land 
purchase or new construction and operations at existing facilities in adjacent 
counties, and (c) clear linkages between actions/inactions at Sea-Tac and 
varied actions at the other affected sites. 

In addition, all alternatives require continued collaborative efforts following 
the completion of the Flight Plan recommendations on alternatives. The 
attachment to this Working Paper is provided as an outline for the kind of 
recommendations that might be developed to ensure that the recommended 
alternative can be achieved. 



VI. EXPERT PANEL RECOMMENDATIONS 

OVERVIEW 

An expert panel was convened to review this working paper and to offer 
institutional recommendations on the Flight Plan alternatives. The panel consisted 
of Dick Ford (Seattle attorney and chair of the recent Washington State Growth 
Strategies Commission), Jim Waldo (Seattle attorney and mediator), George 
Howard (President, Airport Operators Council International), and Cliff Moore 
(Executive Director, Los Angeles Department of Airports). 

Prior to the panel session, three summary discussion points derived from this 
Working Paper were presented: 

1. The insitutional issue comes in two parts: 

(a) who might operate the selected alternative, and 
(b) the separate question of "how do we get there" (for example, siting). 

2. The legal tools for accomplishing the two institutional tasks appear to exist in 

(a) RCW 14.08 (the Municipal Airports Act, which enables joint actions 
by operators), and 

(b) the recently passed State Growth Management Act (which for 
example requires action on regional siting needs). 

3. The forthcoming draft recommendations of Flight Plan should include 

(a) a selected system alternative, and 
(b) a brief action plan. 

Supporting attachments will be an organized compilation of the working 
papers documenting the five selected decision criteria used in arriving at (a) 
and (b). 

GUIDELINES 

The Expert Panel offered guidelines that are summarized here: 

1. All of the alternatives can be accomplished under current statutes, although 
some are easier than others. 

2. The Committee should follow a two part sequence: 

(a) first select the leading system alternative, and 

(b) then address the various site options within the selected system 
alternative. 



3. In comparing the system alternatives the Committee should: 

(a) first, apply the technical criteria (operations, environmental, economic 
and financing), 

(b) then, ask whether the institutional factors lower or raise the ranked 
alternatives, relative to each other. The second-ranked technical 
alternative may be superior to the first-ranked, if it is more readily 
accomplished. This institutional review should be recorded as part of 
the overall recommendation package. 

The PSATC also asked that in addition to a judgment among alternatives, 
the recommendation include a "roadmap" on how to implement the seIected 
(and preserved) alternatives. 

4. The recommendation should not isolate a single alternative, but s h o u l d h h  
choose an alternativeand preserve other options. The public hearings can 
then allow comments on more than one course of action. 

5. The recommendations should be addressed to the "regional planning policy" 
required by July 1992, under the State Growth Management Act. (The 
PSATC concurred with the collaborative tone of these guidelines, and the 
opportunity to influence both the regional and the countywide policy plans). 

6. A system approach is needed, with system management: 

(a) among airports to serve capacity needs, and 

(b) between air travel and ground travel, especially regional high capacity 
transit. 
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FACT SHEET 

The Flight Plan Project recommends improvements to the air transportation system serving 
the central Puget Sound region in order to provide sufficient airport capacity through the 
year 2020 and beyond. 

The preferred alternative includes the addition of a new dependent air carrier runway at 
Sea-Tac International Airport. The new runway would be located on the west side of 
airport property and would operate in coordination with air traffic using other runways. In 
addition, initiation of commercial air service at Paine Field would occur by the year 2000. 
To provide system capacity to the year 2050, planning would begin for a third two-runway 
airport to operate after the year 2010 at McChord Air Force Base or Fort Lewis Army Base, 
or a site just east of Fort Lewis Army Base, or in the Olympia/Black Lake area if a facility 
on one of the military bases cannot be achieved. 

Puget Sound Air Transportation Committee 

Pronosed Date for Imalementation 

The preferred alternative recommends that improvements to Paine Field and the addition 
of a new dependent runway at Sea-Tac International Airport be in service by the year 2000. 
Planning would begin immediately for a third two-runway airport at McChord Air Force 
Base, at or just east of Fort Lewis or in the Olympia Black Lake area to be in service after 
the year 2010. 

Lead Agency 

Puget Sound Regional Council (nominal lead agency) 
Port of Seattle 

Responsible Official 

Mary McCumber, Puget Sound Regional Council Executive Director 

Contact Person 

Peter Beaulieu, Puget Sound Regional Council, Transportation Planning (206) 464-7537. 
Michael Feldman, Port of Seattle, Aviation Planning Department (206) 439-7706. 

Flight Plan Project 
Draft Progran~~natic EIS Page i Fact Slteel 



Licenses Required 

A variety of planning approvals would be required to implement the proposed 
improvements. These include, but are not limited to: 

Regional Airport System Plan Amendment 
Sea-Tac International Airport Master Plan Update; 
Paine Field Master Plan Update; 
Revisions to county and city comprehensive plans; 
Joint Operating Agreement with the Air Force or Army if McChord AFB or Fort Lewis is 

used. 
FAA approvals (Grant authorizations, etc.) 

In addition, site-specific permits for each facility would be required from the jurisdictional 
local governments. 

Authors and Principal Contributors 

Parametrix, Inc. - EIS authors and environmental studies 
P & D Aviation - Aviation planning 
Mestre Greve and Associates - Noise and air quality 
Port of Seattle - Aviation division 
Puget Sound Regional Council - Transportation p l a d n g  

Date of Issue of Phase I DEIS 

January 7, 1992 

Date Comments are Due 

February 21, 1992 

Send Written Comments To 

Flight Plan Project 
P.O. Box 68727 
Seattle, Washington 98168 

Flight Plan Project 
Draj? Progranzntatic EIS Page ii Fact Sheet 



Time and Place of Public Hearings 

Monday January 27, 1992 Tuesday January 28, 1992 
6pm - 10pm 6pm - 10pm 
Bremerton High School Auditorium Tacoma Convention Center 
1500 13th Street Sheraton Hotel 
Bremerton 1320 Broadway Plaza 

Tacoma 

Saturday February 1, 1992 Monday February 3, 1992 
12pm - 4pm 6pm - 10pm 
Everett Civic Auditorium Chris Knutzen Hall 
2415 Colby Avenue Pacific Lutheran University 
Everett Corner of Garfield St. S. & Park Ave. S. 

Tacoma 

Wednesday February 5, 1992 Thursday February 6, 1992 
6pm - l0pm 6pm - 10pm 
Board Room Flag Pavilion 
North Thurston School District No. 3 Seattle Center 
305 Collage Street NE Seattle 
Lacey 

Wednesday Februaq 12, 1992 Thursday February 13, 1992 
6pm - lOpm 6pm - 10pm 
Arlington High School Auditorium Red Lion Inn, Sea-Tac 
135 South French Avenue 18740 Pacific Highway South 
Arlington Seattle 

Final Action 

The Puget Sound Regional Council and Port of Seattle are expected to act on the final 
recommendations of the Puget Sound Air Transportation Committee in April 1992. 

Tme and Timing - of Subsequent Environmental Review 

Improvements or new facilities at any airport or site will be evaluated in project-specific 
environmental review by the agency responsible for the facility. 

Fligltt Pla~t Project 
Draft Prog?a~?tntatic EIS Page iii Fact Sheet 



Location of EIS Background Data 

Additional information on the Flight Plan Project is available at: 

Port of Seattle 
Aviation Planning Department 
Sea-Tac International Airport 

Puget Sound Regional Council 
Information Center 
216 First Avenue South 
Seattle 

Cost of This EIS Document to the Public 

Copies of this I?raft Final Report and Programmatic EIS are available for $10.00 from the 
Puget Sound Regional Council (does not include shipping charge). 

Copies of this EIS can also be ordered directly from the following photocopying services (at 
their advertised rates) in the region: 

Kinkos (3 locations) 

Northgate 
2100 N. Northgate Way, Suite C 
Seattle, Washington 98133 
368-0340 

Federal Way 
2420 South 320th 
Federal Way, Washington 98003 
946-2679 

Tacoma 
8904 South Tacoma Wav 
Tacoma, Washington 98499 
582-1995 

Pacific Copy and Print Co. 
3502 Broadway 
Everett, Washington 98201 
252-5898 

Flight Plarz Project 
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Drajl EIS Distribution L& 

Cities und T o m  

City of Algona 
City of Arlington 
City of Auburn 
Town of Beaux Arts Village 
City of Bellevue 
City of Black Diamond 
City of Bonney Lake 
City of Bothell 
City of Bremerton 
City of Brier 
City of Buckley 
Town of Bucoda 
Town of Carbonado 
City of Carnation 
Town of Clyde Hill 
Town of Darrington 
City of Des Moines 
City of DuPont 
City of Duvall 
Town of Eatonville 
City of Edmonds 
City of Enumclaw 
City of Everett 
City of Federal Way 
City of Fife 
Town of Fircrest 
City of Gig Harbor 
Town of Gold Bar 
Town of Granite Falls 
Town of Hunts Point 
Town of Index 
City of Issaquah 
City of Kent 
City of Kirkland 
City of Lacey 
City of Lake Forest Park 
City of Lake Stevens 
City of Little Rock 

City of Lynnwood 
City of Marysville 
City of Maytown 
City of Medina 
City of Mercer Island 
City of Mill Creek 
Town of Milton 
City of Monroe 
City of Mountlake Terrace 
City of Mukilteo 
City of Normandy Park 
City of North Bend 
City of Olympia 
City of Orting 
City of Pacific 
City of Port Orchard 
City of Poulsbo 
City of Puyallup 
Town of Rainier 
City of Redmond 
City of Renton 
City of Roy 
Town of Ruston 
City of SeaTac 
City of Seattle 
Town of Skykomish 
City of Snohomish 
City of Snoqualmie 
Town of South Prairie 
City of Stanwood 
Town of Steilacoom 
Town of Sultan 
City of Sumner 
City of Tacoma 
Town of Tenino 
City of Tukwila 
City of Turnwater 
Town of Wilkeson 



Drafl EIS Distribution List 

Cities and Towns (Continued) 

City of Winslow 
City of Woodway 

King County 
Kitsap County 
Pierce County 

Chehalis Tribe 
Duwamish Tribe 
Mukleshoot Tribe 
Nisqually Tribe 

Arlington Municipal Airport 
Boeing Field 
Fort Lewis 
McChord Air Force Base 

Port of Bremerton 
Port of Everett 
Port of Olympia 

Community Transit 
Everett Transit 
Intercity Transit 
Kitsap Transit 

Town of Yarrow Point 
Town of Y elm 

Snohornish County 
Thurston County 

Indian Tribes 

Puyallup Tribe 
Suquamish Tribe 
Tulalip Tribe 

Airport Managers 

Olympia Airport 
Paine Field 
Thun Field 

Port of Seattle 
Port of Tacoma 
WA Public Ports Association 

Metro 
Pierce Transit 
Snohomish County Transportation 
Authority (SNO-TRAN) 



Dmft EIS Dirtribution List 

Des Moines Sewer District 
Puget Sound Power and Light 
Rainier Vista Sewer District 
Seattle City Light 
Seattle Water Department 

Snohomish County PUD 
Tacoma City Light 
Tacoma Water Department 
Thurston County PUD 

Federal Agencies 

Bureau of Indian Affairs Fish and Wildlife Service 
Congressional Delegation Urban Mass Transp. Administration 
Dept. of Housing and Urban Dev. United States Air Force 
Economic Development Administration United States Army 
Environmental Protection Agency United States Army Corp of Engineers 
Federal Aviation Administration United States Coast Guard 
Federal Highways Administration United States Navy 

State of Wmhingfon 

Department of Community Development 
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1. SUMMARY 

1.1 PURPOSE AND NEED 

The purpose of the Flight Plan Project is to proactively plan for future air transportation 
demands of the central Puget Sound region through the year 2020 and beyond. The increas- 
ing popularity of air travel and growing population in the region will create a demand that 
will saturate the existing Sea-Tac International Airport between 1995 and 2000. Increasing 
demand without additional facilities will result in longer and longer delays for air travelers 
and ultimately will hurt the trade-oriented regional economy. Forecasts of future air travel 
demand have been developed in each phase of the Flight Plan Project and are summarized 
in section two of the Draft Final Report. 

1.2 OBJECTIVES 

To plan for future commercial air transportation needs, the Puget Sound Council of 
Governments (now the Puget Sound Regional Council, PSRC) and the Port of Seattle 
formed an interagency agreement in 1989 to develop a regional air carrier airport system 
plan. This agreement created the Puget Sound Air Transportation Committee to study the 
problem in detail and develop recommendations for the PSRC and Port of Seattle. The 
Committee is a thirty-nine member steering group comprised of citizens, local and state 
elected officials, members of the business community, and others with an interest in the 
region's future air transportation system. The work of the committee is called the Flight 
Plan Project. 

The objectives of the Flight Plan Project are defined both by the mission and vision 
statements and project objectives developed during Phase I of the project and are listed in 
section two of the Final Report. These statements have guided the work of the Puget Sound 
Air Transportation Committee throughout the project and are contained in section two of 
the Draft Final Report. 

1.3 SUMMARY 

1.3.1 Controversial Issues and Tradeoffs 

1.3.1.1 Noise 

The most significant conclusion of the noise analysis is that the future noise environment 
for all of the system alternatives represents a significant improvement over that which exists 
around Sea-Tac today. The aircraft forecast to be  operating in 2020 are significantly quieter 
and will result in reductions in both the overall Ldn (combined day and night) noise levels 
and the single event SEL levels. For example, the 1990 existing 65 Ldn contour for Sea-Tac 
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covers an area of 22.1 square miles with an estimated resident population of approximately 
66,000. Compare this to the worst-case scenario projected for 2020, in which the population 
within Sea-Tac's 65 Ldn noise contour is estimated to be less than 13,000 people. Under 
the preferred alternative, the 65 Ldu contour area for Sea-Tac would cover 7.1 square miles, 
plus an additional 0.8 square miles for the north airport at Paine Field, and the estimated 
total regional population exposed to the 65 Ldn noise level would be 8,100. 

The noise contours generated in this study for the dependent runway at Sea-Tac consider 
operational mitigation measures. If measures such as restricting the runway to less noise 
sensitive times and for arrival traffic only are imposed, the potential noise impacts from the 
preferred alternative would be reduced. With restricted use of the new runway, a multiple 
airport system that involves a new dependent air carrier runway at Sea-Tac is more 
favorable from an overall noise management perspective than a multiple airport system 
without a new dependent runway at to Sea-Tac. 

None of the secondary alternatives is significantly superior to the preferred alternative in 
terms of noise impacts. While these noise levels are a significant improvement over the 
aircraft noise levels that exist in Seattle today, it is expected that some level of adverse 
community response to aircraft noise would still be experienced with any of the alternatives. 

1.3.1.2 Air Quality 

Aircraft departure delays and vehicular traffic congestion are the major variables in 
assessing air quality impacts. 

Implementation of any of the of Flight Plan alternatives will decrease overall air 
quality in the Central Puget Sound region. 

Under the Washington State Clean Air Act, transportation projects will have to 
conform clean air standards. 

Development of a Replacement Airport would have the greatest air quality emission 
impacts due to longer distance travel by automobiles. 

A multiple airport system will generate fewer air pollutant emissions due to shorter 
travel distances for automobiles. In addition, systems that use airports closer to 
major population centers further reduces emissions. 

Flight Plan alternatives that due not meet system capacity demand would generate 
the fewest air pollutant emissions. 
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The preferred alternative involving Sea-Tac and Paine Field could realize additional 
air quality emission reductions since these sites are considered feasible locations for 
stations on the proposed regional light rail system. 

1.3.1.3 Transportation 

Washington State Growth Management Act (GMA) requires coordination between 
land use planning and transportation planning. 

Regional transportation plans must be consistent with county and city comprehensive 
plans under GMA 

Multiple airport systems comprised of sites (or facilities) that are closer to major 
population centers are more accessible and overall passenger mileage will be less. 

Roadways around airport locations will need to be upgraded to meet projected traffic 
demand. 

Traffic congestion can be mitigated by High Capacity Transit (HCT), transportation 
demand management and rail. 

1.3.2 Alternatives 

During Phase I11 of the Flight Plan Project, a total of 34 airport systems which are 
combinations of site alternatives were evaluated. The Puget Sound Air Transportation 
Committee selected its preferred airport system alternative based on its ability to meet the 
goals and objectives included in the Flight Plan mission statement. The preferred 
alternative is for a multiple airport system to be developed in phases. The system includes: 

Addition of a new dependent air carrier runway to Sea-Tac International Airport to 
be operational by the year 2000; 

Commercial service using the existing jet runway at Paine Field with new passenger 
terminal and cargo handling facilities initiated by the year 2000; 

Planning and protection of development rights for a two-runway airport to operate 
after the year 2010 at one of the following locations: 

- Fort Lewis Army Base or McChord Air Force Base, if coordination with military 
activities can be achieved; 

- East of Fort Lewis Army Base, if airspace coordination can be resolved; or 
- OlympialBlack Lake area in Thurston County if no sharing with either military 

facility is possible. 
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The Puget Sound Air Transportation Committee also selected six of the 34 airport system 
alternatives to be evaluated as secondary alternatives in addition to the "no action" 
alternative required by SEPA guidelines. These six were chosen to represent the range of 
airport systems considered by the Committee. These secondary alternatives are highlighted 
in this EIS to help show the range of potential environmental impacts. The secondary 
alternatives are: 

Existing Sea-Tac International Airport with a 1-runway airport at Arlington and a 1- 
runway airport in central Pierce County (Airport System No. 23). 

Existing Sea-Tac International Airport with a 1-runway airport at Arlington and a 1- 
runway airport in the Olympia/Black Lake area (Airport System No. 25). 

Existing Sea-Tac International Airport with a 2-runway airport at Arlington (Airport 
System No. 8). 

Existing Sea-Tac International Airport with a 1-runway airport at Paine Field and a 
1 runway airport in central Pierce County (Airport System No. 24). 

Sea-Tac International Airport with a new dependent air carrier runway with a 2- 
runway airport at Arlington (Airport System No. 18). 

Sea-Tac International Airport with a new dependent air carrier runway with a 2- 
runway airport in central Pierce County (Airport System No. 21). 

The complete list of 34 alternatives evaluated during Phase I11 of the Flight Plan Project is 
shown in Table 2 at the end of Chapter 2. 

1.3.3 Impacts and Mitigation 

1.3.3.1 Impacts Matrix 

The impacts of the preferred and secondary alternatives by environmental subject are 
summarized in Table 1. 
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Table 1. Impacts Summary Matrix for Preferred and Secondary Alternatives. 

Existing Sea-Tac; 
Arlington; Central 
Pierce County. 

Existing Sea-Tac, 
Arlington; Olympia( 
Black lake. 

Flight Plan Project 

Total 65 Ldn 
population affected: 
7,900. 

Total 65 Lin popula
tion affected: 7,500. 

Draft Programmatic EIS 

Overall passenger mile
age slightly higher than 
preferred alternative: 
DPM ~ 1,596; 
APM ~ 494 - 694. 

Highest auto passenger 
mileage of three 
airport systems: 
DPM ~ 1,902; 
APM ~ 494 - 694. 

Slightly higher emis
sions than preferred 
alternative due to 
delays at Sea-Tac: 29.0 
- 36.0 Tons CO /Day; 
7.7 - 8.9 Tons 
NOXfDay. 

Emissions comparable 
to existing Sea-Tac, 
Arlington, and Central 
Pierce (above): 
29.0 - 36.0 Tons 
CO/Day; 7.7 - 8.9 Tons 
NOX/Day. 

No impacts. 

Salmon-producing 
stream on the 
Olympia/Black Lake 
site would be impacted. 
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Soils are appropriate 
for construction, with 
the exception of the 
Arlington site. 

Soils are appropriate 
for construction, with 
the exception of the 
Arlington site. 

Compatible vicinity of 
Sea-Tac and Arlington. 
Central Pierce airport 
changes vicinity land 
use. 

Homes directly 
impacted: 
Sea-Tac = None; 
Arlington = 20 +; 
Cent. Pierce = 594+. 

Compatible vicinity of 
Sea-Tac and Arlington. 
Olympia/ Black Lake 
airport changes vicinity 
land use. 

Homes directly 
impacted: 
Sea-Tac = None; 
Arlington = 20 +; 
Olympia/Black Lake 
50+. 

Public Services & 

J\futor upgrading to 
facilities at the Sea
Tac and Arlington 
sites. 

Major upgrading to 
facilities at Central 
Pierce site. 

Minor upgrading to 
facilities at Sea-Tac 
and Arlington sites. 

Major upgrading to 
facilities at Olympia/ 
Black Lake site. 

Summary 
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Table 1. Impacts summary matrix for preferred and secondary alternatives (continued). 

Flight Plan Project 
Draft Prog.amnzatic EIS 

Alternative 

Edsting Sea-Tae; 2 
Runway Arlington. 

Existing Sea-Tac; 
Paine Field; Central 
Pierce County. 

Sea-Tae with Depen- 
dent Runway; 2 Run- 
way Arlington. 

Sea-Tae with Depen- 
dent Runway; 2 
Runway Central 
Pierce County 
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Noise 

Total 65 l d n  
population affected: 
7,500. 

Total 65 Ldn popula- 
tion affected: 7,600. 

Total 65 Ldn popula- 
tion affected: 13,000. 

Total 65 Ldn popula- 
tion affected: 13,500. 

Transportation 

Comparable to other 
comparable >runway 
supplemental airport 
alternatives: DPM = 
2,093; AF'M = 534 - 
1,019. 

Overall auto passenger 
mileage lower than 
preferred alternative: 
DPM = 1,354; 
APM = 494 - 694. 

Lower overall auto 
passenger mileage 
compared to existing 
Sea-Tac: 
DPM = 1,747; 
APM = 604 - 732. 

Lower overall auto 
passenger mileage 
compared to existing 
Sea-Tae: 
DPM = 1,747; 
APM = 604 - 732. 

Air Quality 

High CO emissions due 
to distance !?om major 
centers: 30.0 - 48.0 
Tons COjDa): 7.9 - 
10.8 Tons NOX/Day. 

Slightly higher overall 
emissions than p r e  
f e m d  alternative: 
29.0 - 36.0 Tons 
COpay;  7.7 - 8.9 
Tons NOXjDay. 

Overall emissions rela- 
tively high due to travel 
distance: 33.0 - 38.0 
Tons COjDay; 8.3 - 
9.1 Tons NOXjDay. 

Emissions same as Sea- 
Tac with Dependent 
Runway; 2 Runway 
Arlington (above): 
33.0 - 38.0 Tons 
COjDay; 8.3 - 9.1 
Tans NOX/Day. 

Plants & Animals 

No impacts. 

Wetlands on the Paine 
Field site would be 
impacted. 

No impaas. 

Three acres of wetland 
on the Central Pierce 
site would be impacted. 

Earth 

Soils are appropriate 
for construction, with 
the exception of the 
Arlington site. 

Soils are appropriate 
for construction. 

Soils at all sites, except 
Arlington, are appro- 
priate for construction 
of the airport. 

Soils types at the 
proposed sites are 
appropriate for airport 
con~truction. 

Land Use 

Compatible with vici- 
nity of Sea-Tac and 
Arlington. 

Homes directly 
impacted: 
Sea-Tac: None; 
Arlington: 95. 

Compatible with viei- 
nity of Sea-Tac and 
Paine Field. Central 
Pierce airport changes 
land use. 

Homes directly 
impacted: 
Sea-Tae = None; 
Paine Field = Several; 
Cent. Pierce = 594+. 

Compatible with viei- 
nity of Sea-Tae and 
Arlington. 

Homes directly 
impacted: 
Sea-Tac = 230+; 
Arlington = 95. 

Compatible with vici- 
nity of Sea-Tac, Central 
Pierce airport changes 
land use. 

Homes directly 
impacted: 
Sea-Tac = 230+; 
Central Pierce = 
1,060i. 

Public Senices & 
Utilities 

Minor upgrading to 
Sea-Tac and Arlington 
sites. 

Minor upgrading to 
facilities at Sea-Tae 
and Paine Field. 

New facilities needed 
at Central Pierce. 

Minor impacts to Sea- 
Tac, most facilities in 
place. 

Upgrading of facililies 
required at Arlington. 

Minor impacts to Sea- 
Tac, most facilities in 
place. 

New fadlities needed 
at Cenhal Pierce site. 



1.3.2.2 Mitigation Measures 

This section summarizes the types of mitigation measures that can be applied to reduce the 
impacts of using both existing and new airport facilities. Specific mitigation for airport 
locations is contained in the text of the DEIS. 

Noise 

Preferential runway use and direction. 

* Flight track modifications. 

Special nighttime procedures (i.e. Puget Sound departures). 

Nighttime operational restrictions. 

Aircraft use restrictions (i.e. using only quieter Stage III aircraft at night). 

Noise abatement arrival and departure procedures. 

Nighttime ground control measures (i.e. engine run up restriction). 

Land use compatibility enhancement and retrofit (i.e. soundproofing). 

Transportation 

Development of regional light rail and high-capacity transit systems. 

Roadway improvements including addition of lanes and added capacity to regional 
arterials and freeways. 

New regional arterials and freeways. 

New or modified intersections and local street improvements in vicinity of airports. 

Air Oliality 

Reduction of vehicular travel associated with project. 

Improvement of mass transit facilities. 

Support and compliance with the Puget Sound Regional Council's Vision 2020 plans 
and programs. 
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Implementation of vehicular usage reduction programs and transportation demand 
management programs. 

Plants & Animals 

Wetlands 

Protect wetlands with 25-to 300-foot buffer. 

If buffer is not feasible, prepare a mitigation plan which seeks to replace the wetland 
functions and values that will be impacted by the project. 

Streams 

Create or enhance sufficient stream habitat in the general area. 

VegetationIWildlife 

* Revegetating the sites, after construction, would reduce the impacts to plant and 
animal communities. 

Avoiding areas with wetlands would serve to ensure no disturbance in valuable areas. 

Avoiding all sensitive areas with potential geologic hazards would eliminate 
significant impacts to earth resources. 

Modern construction practices and minimizing earth movement during rainy seasons 
should control most earth impacts. 

Land Use 

9 Local comprehensive plans and zoning regulations modified and implemented in 
accordance with the Growth Management Act to accommodate planned airports and 
facilities. 

Public Services and Utilities 

Local facility plans modified and implemented in accordance with the concurrency 
requirements of the Growth Management Act to accommodate planned airports and 
facilities. 
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2. FLIGHT PLAN ALTERNATIVES 

The alternatives considered by the Flight Plan Project are the result of three phases of the 
study by the Puget Sound Air Transportation Committee. During Phase I, the project 
mission, vision, and objectives were developed together with preliminary forecasts of future 
air travel demand. This established the scope and nature of the problem facing the region. 
In Phase 11, these forecasts were refined and finalized and a wide range of both aviation and 
non-aviation transportation alternatives were developed, together with generic site areas 
used to evaluate their viability. The system alternatives best able to meet the Flight Plan 
mission and objectives were recommended for more detailed further study. Phase I11 has 
studied the recommended airport system alternatives' operational, economic, environmental, 
and institutional characteristics and produced the draft recommendations presented here. 
The next step will be for the Committee to receive and respond to public comments through 
the EIS process and prepare its final recommendations to the Puget Sound Regional Council 
and the Port of Seattle. The entire Flight Planprocess is described in more detail in section 
two of the Draft Final Report. 

2.1 PREFERRED ALTERNATIVE 

The Puget Sound Air Transportation Committee selected its preferred airport system 
alternative based on its ability to meet the goals and objectives included in the Flight Plan 
mission statement. In the planning process, a total of 34 airport system and site alternatives 
were evaluated (see Table 2). Key factors in the selection of the preferred alternative were 
its ability to: 

Minimize negative environmental effects and preserve sensitive areas 

Optimize long-range system capacity and economic benefits 

Provide earliest possible relief of capacity pressures and delays at Sea-Tac 
International Airport 

Minimize airport system delays. 

The preferred alternative is  for a multiple airport system to be developed in phases. The 
system includes: 

Addition of a new dependent air carrier runway to Sea-Tac International Airport to 
be operational by the year 2000. 

Commercial air carrier service using the existing jet runway at Paine Field with new 
passenger terminal and cargo handling facilities initiated by the year 2000. 
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Planning and protection of development rights for a two-runway airport to operate 
after 2010 at one of the following locations: 

- Fort Lewis Army Base or McChord Air Force Base, if coordination with military 
activities can be achieved 

- East of Fort Lewis Army Base, if airspace coordination can be resolved 
- Olympia/Black Lake area in Thurston County if no sharing with either military 

facility is possible. 

The new dependent runway at Sea-Tac would be located on existing airport property to 
minimize impacts. For this reason, the new runway will not be separated by enough 
distance from the existing runways to operate independently. During poor weather 
conditions, the new runway is far enough away from two arrival streams to be handled, 
although the aircraft must be staggered and not land simultaneously. The dependent runway 
allows the airport to operate at almost the same capacity during the 45% of the time when 
bad weather occurs as it does during good weather. This runway would be operation in the 
year 2000. 

The layouts and facilities for each of the airport sites included in the preferred alternative 
are described in Working Paper No.'s 6 and 11. The preferred alternative is essentially 
Airport System No. 28 or 30, depending on which southern airport location is eventually 
developed. 

2.2 SECONDARY ALTERNATIVES 

The Puget Sound Air Transportation Committee also selected six of the 34 airport system 
alternatives to be evaluated as secondary alternatives. The six alternatives were chosen to 
represent the range of airport systems considered by the Committee, and all six would satisfy 
the forecasted demand for air travel. These secondary alternatives are highlighted in this 
EIS to help show the range of potential environmental impacts. The secondary alternatives 
are: 

Existing Sea-Tac International Airport with a l-runway airport at Arlington and a 1- 
runway airport in central Pierce County (Airport System No. 23) 

Existing Sea-Tac International Airport with a 1-runway airport at Arlington and a 1- 
runway airport in the Olympia/Black Lake area (Airport System No. 25) 

Existing Sea-Tac International Airport with a 2-runway airport at Arlington (Airport 
System No. 8) 

Existing Sea-Tac International Airport with a l-runway airport at Paine Field and a 
1 runway airport in central Pierce County (Airport System No. 24) 
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Sea-Tac International Airport with a new dependent air carrier runway with a 2- 
runway airport at Arlington (Airport System No. 18) 

Sea-Tac International Airport with a new dependent air carrier runway with a 2- 
runway airport in central Pierce County (Airport System No. 21) 

The layouts and facilities for each of the airport sites included in the secondary alternatives 
are described in Working Paper Nos. 6 and 11. 

2.3 OTHER ALTERNATIVES EVALUATED 

The Puget Sound Air Transportation Committee evaluated 34 different airport systems 
during the Phase I11 study. The alternatives were based on one, two, or three airport 
systems, with each system including different combinations of potential airport sites. All of 
these alternatives were evaluated in the working papers presented to the Committee during 
the Phase I11 study. Table 2 lists all airport alternatives evaluated. This EIS includes all 
of the airport system alternatives to present the full range of options and environmental 
effects. 

2.4 ALTERNATIVES CONSIDERED AND REJECTED 

As a result of the Phase I, Phase 11, and Phase In studies, the Puget Sound Air Trans- 
portation Committee decided to remove several alternatives initially recommended for study 
in Phase I11 from its draft recommendation. 

2.4.1 No Action 

Not adding capacity to the region's air transportation service would not fulfill the vision, 
mission, and goals adopted by the Committee to guide the Flight Plan process. Allowing 
the region's population to grow without providing adequate air service would result in Sea- 
Tac Airport's capacity being greatly exceeded and cause extreme delays for air travelers. 
To do nothing also results in additional noise, air quality, and surface transportation 
congestion impacts. By the year 2020, unsatisfied demand would range from 7 to 13 million 
annual passengers. This would also have severe direct and indirect economic impacts for 
the region, jeopardizing both its vitality and its ability to compete both nationally and 
internationally. 

Although the no-action alternative has been eliminated from consideration by the 
Committee as a viable choice for the region's future, it has been included in this EIS to 
meet SEPA requirements and provide a comparison with other airport system alternatives. 
No action includes a package of demand management techniques, new technologies, and 
potential use of other modes. 
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Table 2. Phase 111 Airport Systems. 

Sea-Tac without a new runway. 
Sea-Tac with a new runway. 
Sea-Tac without a new runway and Arlington Municipal h p o r t  with one air carrier (7,000') runway. 
Sea-Tac without a new runway and Paine Field with one air carrier (7,000') runway. 
Sea-Tac without a new runway and McChord AFB with one air carrier (7,000') runway. 
Sea-Tac without a new runway and a new airport at the Central Pierce site with one air carrier (7,000') 
runway. 
Sea-Tac without a new runway and a new airport at the Olympia/Black Lake site with one air carrier 
(7,000') runway. 
Sea-Tac without a new runway and Arlington Municipal Airport with two parallel air carrier (7,000') 
runways." 
Sea-Tac without a new runway and Paine Field with two parallel air carrier (7,000') runways. 
Sea-Tac without a new runway and McChord AFB with two parallel air carrier (7,000') runways. 
Sea-Tac without a new runway and a new airport at the Central Pierce site with two parallel air carrier 
(7,000') runways. 
Sea-Tac without a new runway and a new airport at the Olympia/Black Lake site with two parallel air 
carrier (7,000') runways. 
Sea-Tac with a new dependent air carrier runway and Arlington Municipal Airport with one air carrier 
runway. 
Sea-Tac with a new dependent air carrier runway and Paine Field with one air carrier runway. The 
existing primary runway at Paine serves as the air carrier runway. 
Sea-Tac with a new dependent air carrier runway and McChord AFB with one air carrier runway. The 
existing runway at McChord serves as the air carrier runway. 
Sea-Tac with a new dependent air carrier runway and the Central Pierce site with one air carrier 
runway. 
Sea-Tac with a new dependent air carrier runway and the Olympia/Black Lake site with oue air carrier 
runway. 
Sea-Tac with a new dependent air carrier runway and Arlington Municipal Airport with two parallel 
air carrier  runway^.'^' 
Sea-Tac with a new dependent air carrier runway and Paine Field with two parallel air carrier runways. 
Sea-Tac with a new dependent air carrier runway and McChord AFB with two parallel air carrier 
runways. 
Sea-Tac with a new dependent air carrier runway and the Central Pierce site with two parallel air 
carrier runways."' 
Sea-Tac with a new dependent air carrier runway and the Olympia/Black Lake site with two parallel 
air carrier runways. 
Sea-Tac without a new runway with Arlington Municipal and the Central Pierce site each with one air 
carrier runwayY 
Sea-Tac without a new runway with Paine Field and the Central Pierce site each with oile air carrier 
runway.") 
Sea-Tac without a new runway with Arlington Municipal and the Olympia/Black Lake site each with 
one air carrier runway.@' 
Sea-Tac without a new runway with Paine field and the Olympia/Black Lake site each with one air 
carrier runway. 
Sea-Tac with a new dependent air carrier runway with Arlington Municipal Airporl and the Central 
Pierce site each with one air carrier runway. 
Sea-Tac with a new depeudent air carrier runway with Paine Field and the Ceutral Pierce site each 
with oue air carrier ru~way.'" 
Sea-Tac with a new dependent air carrier runway with Arlington Muilicipal Airport auld the 
Olympia/Black Lake site each with one air carrier runway. 
Sea-Tac with a new dependent air carrier runway with Paine Field and the Olympia/Black Lake site 
each with one air carrier runway.'" 
A replacement airport at the Central Pierce site with three parallel air carrier ruuways. 
A replacenlent airport at the Olympia/Black Lake site with three parallel air carrier ruuways, 
A replacement airport at Fort Lewis with three parallel air carrier runways. 
Sea-Tac without a new runway and full demand management. 

''I Preferred alternative 
Secondary alternatives 
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2.4.2 Reolacernent Airaort 

Phase 111 studied building three runway airports on either Fort Lewis or at the 
Olympia/Black Lake location to replace Sea-Tac Airport. In addition, the Phase I1 study 
evaluated a replacement airport at Moses Lake, connected with the Puget Sound region by 
high-speed rail. For several reasons, all of these alternatives were found to be infeasible 
by the Committee. Replacement airports in the Puget Sound area were substantially more 
expensive than other alternatives and had substantially greater environmental impacts on 
air quality, transportation, plants and animals, land use, and public services. A replacement 
airport would, however, concentrate noise impacts, so relatively fewer persons would be 
subjected to more noise than under other alternatives if appropriate zoning and land use 
planning practices are employed. Further, closure of Sea-Tac Airport would have severe 
economic impacts on the surrounding communities. Replacement airport systems considered 
in the Phase I11 studies have been included here to present the full range of information 
received by the Committee. 

The Committee rejected the idea of developing a remote airport at Moses Lake linked to 
the Puget Sound area by high-speed rail due to the very high cost of the system, 
inaccessibility to most users, and the uncertainties about how it could be implemented. 

2.4.3 Sea-Tac with Demand Management Only 

Demand management involves a variety of techniques to modify how passengers use air 
transportation. Demand management is popularly thought of as a means for getting the 
greatest benefit out of an airport facility without adding new runways. Essentially, it is a 
means of easing airport congestion by encouraging passengers to travel during non-peak 
times and/or to places where they can be most efficiently handled. It can also mean flying 
planes at higher occupancy levels or using larger aircraft to carry more people per flight. 
Demand management techniques can include allowing congestion to induce passengers to 
travel during off-peak periods, applying higher prices for peak-period travel, and using 
administrative or regulatory limits on amount of travel allowed. 

Phase I11 included a detailed examination of demand management techniques and their 
potential benefits to the future airport system. The results of this study are described in 
Working Paper No. 4, contained above in Appendix B. In summary, some forms of demand 
management are already in place at Sea-Tac and are included in the forecasts of future 
passenger volumes. Essentially, future aircraft fleets are assumed to have a higher 
proportion of large aircraft carrying more passengers per operation. Demand management 
cannot be effectively used to reduce the demand for flights, but it can be useful in helping 
shape demand. As a result, the Committee decided to have all alternatives include the 
maximum use of denland management techniques so that all airport facilities are used as 
efficiently as possible. 
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2.4.4 Rail or Ground Transportation to Portland or Vancouver 

During the Phase I1 study, there was considerable interest in developing a high-speed rail 
system between Portland, Oregon and Vancouver, British Columbia as a means of reducing 
the demand for air travel. The alternative was dropped as a substitute for additional airport 
capacity because it was found to only have a small effect on the demand for air travel and 
to have very high capital costs. However, the Committee encourages and supports the study 
of rail by the State Air Transportation Commission and the State High-Speed Rail 
Commission. 

2.5 AIRPORT SITES EVALUATED IN PHASE 111 

To evaluate the operational characteristics and potential impacts of the one, two, or three 
airport systems considered in Phase 111, it was necessary to develop conceptual site layouts 
in actual locations. Both existing airports and locations where no airport now exists where 
used. The areas where no airport is now present were carried forward from the Phase I1 
study, with conceptual layouts prepared based on maps and other published information. 
At existing airports, additional facilities were located based on current facilities and 
surrounding activities. All layouts are preliminary and have been used only as a means of 
comparing the airport system and site alternatives. Extensive site-specific analysis will be 
required before any facility is developed. Site layout drawings and descriptions of each site 
are contained in Working Paper No. 6, pages 7-12. 

The following alternative airport sites were evaluated in Phase 111: 

Sea-Tac Airport 
Sea-Tac with or without a commuter runway 
Sea-Tac with or without a new dependent air carrier runway 

Supplemental Airport Alternatives 
Existing Arlington Airport with runway extension 
Arlington Airport with a new runway 
Existing Paine Field 
Paine Field with a new runway 
Existing McChord Air Force Base used jointly with military 
McChord Air Force Base with new runway use jointly with military 
Supplemental airport at Central Pierce with one runway 
Supplemental airport at Central Pierce with two runways 
Supplemental airport at Olympia/Black Lake with one runway 
Supplen~ental airport at Olympia/Black Lake with two runways 
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Replacement Airport Alternatives 
Replacement airport at Central Pierce with three runways 
Replacement airport at Olympia/Black Lake with three runways 
Replacement airport at Fort Lewis site with three runways 
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3. AFFECTED ENVIRONMENT, SIGNIFICANT IMPACTS, 
MITIGATION MEASURES, AND UNAVOIDABLE ADVERSE IMPACTS 

3.1 NOISE 

Introduction 

The potential noise impacts associated with each of the airport system alternatives under 
consideration have been analyzed and compared with the projected future population sur- 
rounding Sea-Tac and all the other airport sites. This section summarizes the significant 
findings of Working Paper No. 12A - Noise Assessment Study by Mestre Greve Associates/ 
P&D Aviation, which is reproduced as Appendix 1 of this EIS and incorporated by refer- 
ence. Appendix 1 contains more detailed information on the noise study, including back- 
ground information on the descriptions of noise, noise metrics, assessment guidelines, 
aircraft operational assumptions, and the noise contours and population exposure results. 

To effectively evaluate and explain potential noise impacts well into the future, this study 
utilizes methods and criteria that consider noise impacts in a larger area around the airport 
sites than is usual for traditional airport noise studies. The methods and data assumptions 
were uncomplicated and capable of treating all system alternatives as equitably as possible. 
The study utilized standard industly-wide methods of computer modeling and noise 
assessment analysis such as the 65 Ldn noise level contour. Supplemental noise assessment 
criteria were also included so that the potential noise impacts could be more thoroughly 
evaluated. The analysis identified the population that would be exposed to a less significant 
level of aircraft noise (55 Ldn) and to a level of single-event noise (80 SEL). Populations 
that would be newly exposed to noise at both the 55 and 65 Ldn levels were also evaluated. 

The total population contained within the projected noise level contours was estimated for 
each of the various airport alternatives. The noise contours are based on operational 
assumptions for the year 2020. For comparative reasons, the population analysis is based 
on population projections for the year 2000 under the assumption that protective zoning and 
land use planningpractices would be employed around the selected airport site(s) would go 
into effect by that date. 

3.1.1 Affected Environment 

The description, analysis, and reporting of community sound levels from aircraft must be 
sensitive to the complexity of human response to sound and the myriad sound-rating scales 
and metrics that have been developed for describing acoustic effects. For example, 
community noise is generally not constant, but varies with time. Therefore, some type of 
statistical metric is necessary to mathematically express a varying noise level that can be 
correlated to community response. As a result of the intricacies of describing noise, several 
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noise metrics have been developed to account for noise characteristics such as loudness, 
duration, time of day, and cumulative effects of multiple noise events. 

Certain types of noise, particularly continuous exposure to high volumes, is known to have 
several adverse affects on health and to cause disruption in human activities. Aircraft noise 
is intermittent with each event rising to apeak level and rapidly diminishing. The identified 
adverse effects of community airport noise on people include communication interference, 
sleep interference, annoyance and various physiological responses. Many factors influence 
how a sound is perceived and whether or not it is considered annoying to the listener. This 
includes not only physical characteristics of the sound but also secondary influences such as 
sociological and external factors. A more detailed discussion of factors that describe human 
response to sound in terms of both acoustic and non-acoustic factors, and the rating scales 
developed to account for human response are presented in Working Paper 12A (see Appen- 
dix 1). Based upon the identified effects of noise and the factors that influence annoyance, 
noise metrics have been established to help protect the public health and safety by gauging 
the potential for disruption of certain human activities. 

Noise Assessment Metrics 

Different types of noise level measurements were used to describe the noise environnlent 
at each of the alternative sites. It was desirable to employ nationally accepted metrics that 
would best predict the potential community response to aircraft noise in the neighborhoods 
surrounding the airport sites and which would be defensible in their application to the 
aircraft noise issues in the Puget Sound area. 

Ldn Noise Metric. The cumulative noise metric, Day Night Noise Level (Ldn), was the 
primary noise metric selected to assess the noise impacts from aircraft operations. The Ldn 
metric is useful because it combines the loudness of each aircraft overflight, the duration 
of these events, the total number of overflights and the time of day these events occur into 
one single-number rating scale. The Ldn scale is specified by most government agencies, 
including the FAA and the EPA, for the assessment of the noise impacts around airports. 

Extensive research using the Ldnindex has been conducted on human responses to different 
levels of aircraft noise. Community noise standards are derived from tradeoffs between the 
impacts expressed in communityresponse surveys and economic considerations for achieving 
these levels. Examples of the results of these surveys, expressed in terms of community 
reaction versus Ldn noise level, are presented in Working Paper 12A (see Exhibit 12-1 in 
Appendix 1). These interpretations of noise response are derived from case histories 
involving aircraft noise problems at civilian and military airports and the resultant 
community response. 

The 55 M n  noise level can be used as an indicator for when impacts from aircraft noise will 
likely begin to occur. The EPA has identified 55 Ldn as the noise level desirable for 
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protecting the public health and welfare with an adequate margin of safety. This includes 
both residential land use with outdoor use areas and recreational land uses. This recom- 
mendation does not constitute an EPA regulation or standard. Rather, it is intended to 
identify a goal for safe levels of environmental noise exposure without consideration for the 
economic cost of achieving these levels. In this study, the 55 Ldn is considered for 
comparative evaluation of the potential noise impacts around airport sites. Although it is 
not feasible as a mitigation level in developed areas, the 55 Ldn is indicative of a desired 
goal for the noise environment within the communities of Puget Sound. 

The 65 Ldn noise level is utilized by the Federal Aviation Administration and most govern- 
ment agencies throughout the country as the threshold level for determining compatibility 
of aircraft noise with residential land use. This reflects a balance between a desired sound 
environment and the economic costs of attaining this level. For the purposes of this 
programmatic EIS, population exposure to noise levels in excess of 65 Ldn would be 
considered the threshold for determining a significant adverse impact. 

SEL Noise Metric. While it has been demonstrated that cumulative noise metrics corres- 
pond well with overall community ratings of the noise environment, a number of airport 
studies have shown community response to noise is not completely predicted through one 
descriptor, such as Ldn. While the total noise exposure as described by the cumulative noise 
metric serves as the basis for a person's judgment of the noise environment, it is often a 
single interference with some activity that people use to express their immediate concern 
over noise. In such cases, single-event metrics can be used to supplement the analysis as 
a predictor of when annoyance from aircraft noise is likely to occur. 

Sound Exposure Level (SEL) is a "single-event" descriptor of an individual overflight; is 
often used to supplement the Ldn analysis. A single-event SEL level of 80 dBA corresponds 
to the level at which sleep disturbance and speech interference start to occur in the general 
population. Thus, the 80 SEL level was selected as one of the evaluation criteria for this 
study. 

Existing Aircraft Noise Levels 

Indications of comnlunity response information obtained from studies around Sea-Tac 
confirm that the 55 Ldn and 80 SEL are good indicators of the overall noise levels at which 
complaints and annoyance from aircraft start to occur. The 65 Ldnrepresents the threshold 
for significant impacts from cumulative noise exposure. 

The existing noise conditions around Sea-Tac, based on 1990 noise exposure data produced 
for the Port of Seattle's Federal Aviation Administration FAR Part 150 Update, estimated 
a resident population of approximately 66,000 within the 1990 existing 65 Ldn noise contour 
area of 22.08 square miles. Within the 1990 existing 70 Ldn noise contour area of 11.11 
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square miles, the total population was estimated to be 31,300 including a population of 9,155 
residing within the 75 Ldn area of 5.09 square miles. 

According to FAA Part 150 guidelines, specified levels of structural noise insulation can be 
used as a mitigation measure within the 65-70 Ldn and the 70-75 Ldn contour intervals to 
achieve compatibility of residential land use with these levels of aircraft noise exposure. 
The Port of Seattle is actively engaged in an FAA-funded Noise Remedy Program to 
provide neighborhood reinforcement and noise insulation for residences surrounding 
Sea-Tac. Also, new building codes established by some local jurisdictions since 1987 require 
noise insulation in all new construction. Thus, by the year 2020, a substantial portion of the 
residential housing stock within the currently established Noise Remedy Program boundaries 
would be compatible land uses within the 65 Ldn noise level. 

With the exception of Olympia/Black Lake and the Central Pierce area, all of the other 
alternatives are at existing airport sites which currently experience some significant level of 
aircraft noise. For example, Paine Field has a mix of general aviation activity including 
business jets and test flights of commercial aircraft. Since McChord is an active military 
airfield, and military aircraft are generally much noisier than commercial carriers, its 
surrounding population currently experiences relatively higher Ldn and SEL noise levels for 
the number of operations. 

3.1.2 Significant I m ~ a c t s  

Overview of Noise Impact Analysis 

The noise impact analysis estimated the total population noise exposure for each of the air- 
port system alternatives (see Table 3). The following noise assessment criteria were used 
in the analysis: (1) population exposed to cumulative noise levels in excess of 55 Ldn, (2) 
population that would be newly exposed to cumulative noise levels in excess of 55 Ldn, (3) 
population exposed to cumulative noise levels in excess of 65 Ldn, (4) population that would 
be newly exposed to cumulative noise levels in excess of 65 Ldn, and (5) population that 
would be exposed to single-event SEL noise levels in excess of 80 SEL. Rationales for use 
of these various noise assessment criteria are further explained below: 

(1) Residential . oopulation A exposed to aircraft noise of 55 Ldn or neater. A noise level 
of 55 Ldn and greater indicates the population to which the aircraft noise will be 
noticeable and some degree of annoyance or adverse community response would be 
expected to occur. Experience at Sea-Tac indicates most (but not all) areas where 
noise complaints occurred were exposed to M n  levels of 55 or greater. For a new 
airport site, the 55 Ldn represents the area in which future residential land use 
development may consider zoning and other land use control measures to avoid 
significant noise-related residential land use impacts. 
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(2) Residential ~opulation newlv exposed to 55 Ldn or ereater. A newly exposed popu- 
lation consists of residents experiencing new exposure to aircraft noise as a direct 
result of the alternative. In accordance with many recent studies, this category 
reflects that around a new airport or an airport which previously had very few 
operations, the population newly exposed is likely to exhibit a high level of 
annoyance to the new aircraft noise. 

(3) Residential population exposed to aircraft noise of 65 Ldn or greater. The 65 Ldn 
indicates the population that is significantly affected by aircraft noise. This is the 
FAA's mitigation threshold for de~rminingcompatibili& of residential land use with 
aircraft noise levels. 

(4) Residential population newly exposed to aircraft noise of 65 M n  or ereater. Since 
pouulation that is newlv exposed to aircraft noise has been shown to exhibit h i ~ h e r  , - 
annoyance than a population that has had a long term exposure, this measure 
indicates a significantly affected population that will most likely need special action. 

(5) Residential population exposed to single-event aircraft noise of 80 SEL or greater. 
The 80 SEL single-event noise contour is an indicator of where speech interference 
and sleep disturbance are expected to occur. The 80 SEL single-event contour is 
thus a good indicator of where single-event disturbance is likely to result in 
annoyance from aircraft operations for a segment of the population. 

Noise Contour Analysis 

Noise contour maps for the 55 and 65 Ldn, and 80 SEL, were generated for each of the 
airport alternatives using the FAA's Integrated Noise Model. The contours are based upon 
2020 operational assunlptions. Noise contour maps for sixteen of the airport development 
alternatives are presented in Working Paper 12A (see Appendix 1). These exhibits present 
the noise contours for the highest operational assumptions for one, two and three runway 
scenarios for each airport site. 

The aircraft assumed to be operating into the 21st century are expected to generate similar 
noise levels to those of the quietest of the new generation aircraft that are being built today. 
The contour analysis assumes that by 2020 the entire air carrier fleet would be composed 
of Stage 111 aircraft, such as the MD80, MD90, B737-300, B757, B767, MD11, B747-400 as 
well as other new generation aircraft. (Stage I11 refers to the quietest category of aircraft 
as currently defined by the FAA Federal Aircraft Regulation 36 which regulates the noise 
levels generated by jet aircraft. FAA certification of Stage I11 aircraft is based on engine 
weight and noise). Given the 25 to 30 year life span for comnercial aircraft, these aircraft 
would be expected to still be in service by 2020. Although Stage I11 aircraft are significantly 
quieter than many in the current fleet of aircraft, such as the B727, they still generate 
noticeable noise levels. New aircraft currently under developlnent utilize technology that 
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is expected to result in noise levels similar to the Stage 111 generation of quieter aircraft. 
Any substantial future reductions in aircraft noise would require new developments in 
engine technology or noise control and therefore are not anticipated by this study. 

Single-event noise contours for aircraft types and procedures expected to be in operation 
in 2020 were also generated and mapped (see maps in Appendix 1). The departure noise 
levels were used because departure noise represents the highest single-event noise level. The 
aircraft selected to represent the single-event noise level was the McDonnell Douglas MD82. 
This aircraft is typical of the MD80 fleet, and is expected to be the loudest aircraft in 
operation through the early part of the 21st century. The associated contour maps present 
a composite of the single-event noise levels to all of these primary flight tracks and are 
intended to reflect typical single-event noise levels in different communities. 

Population Impact Analysis 

The noise contour analysis was used to determine the population that would be exposed to 
certain noise levels. The analysis is based upon the projected year 2000 population levels. 
The year 2000 was selected on the assumption that protective land use zoning would be 
initiated by the appropriate land use decision-making authorities by that date. At that time, 
proposed development could be restricted or regulated in order to promote noise and land 
use compatibility between the airport and the surrounding area. The year 2020 projected 
population data were not used because any new airport development would be expected to 
include land use restrictions that would alter the population development around the airport. 

Population data were obtained from the Puget Sound Regional Council (PSRC), which 
maintains a population data base by travel analysis zones (TAZs). Within the 4-county 
region there are 546 TAZs; these are similar in size to census tracts and thus tend to be 
smaller in urbanized areas and larger in rural areas. TAZ maps and the noise contour maps 
were overlaid. The percentage area of each TAZ covered by a given contour was calculated 
and multiplied by the population in the TAZ to obtain the proportionate population within 
the noise contour. These proportionate population figures were then summed to obtain the 
total population within each contour (see Appendix 1 for further explanation). 

The VISION 2020 projected population data indicate that people will be living around 
nearly all of the airport sites. The most densely populated areas are expected to be around 
Sea-Tac and Paine Field Airports. The least densely populated area would be around 
Olympia/Black Lake and Arlington. Also, no private homes are located to the south of the 
McChord and Fort Lewis sites because that area is part of the Fort Lewis Army Base. 

3.1.2.1 Preferred Alternative 

The results of the noise analysis for all the system alternatives considered are summarized 
on Tables 3, 4, and 5 (see also Working Paper 12A, Tables 12-1, 12-3 and 12-4 reproduced 
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Table 3. Population Range by Category Within 2020 Noise Contours. 

TOTAL POPULATION 
TOTAL POPULATION NEWLY NEWLY TOTAL 

SYSTEM ALTERNATIVES POPULATION EXPOSED TO RANIE 
EXPOSED TO LDN (ooo)* 

55 LDN (OoO)* 
53 LDN (000)* 

POPULAmON (1 BEST) 
65 LDN (OOO)* 80 SEL (000)* 

EXISTING SEA-TAC AIRPORT SYSTEM 

Existing Sea-Tac with maximum demand 112-119 
management 

REPLACEMENT AIRPORT SYSTEM 

Replacement 19-62 19-62 0.3-2.8 0.3-2.8 49-55 1 

TWO AIRPORT SYSTEMS 

Existing Sea-Tac + Supp (1 Rwy) 116-135 0-23 7.1-8.2 0-1.2 115-143 6** 

Existing Sea-Tac + Supp (2 Rwy) 117.138 0-26 7.1-8.3 0-1.3 125-153 7 

Sea-Tac with new AC Rwy + Supp (1 Rwy) 133-141 0-7 13-U.5 0-0.5 128-160 9 
(Mitigated Sea-Tac with New AC Rwy + (127-135) (0-7) (8-8.5) (0-0.5) (118-150) 3 
SUPP (1 Rwy)) 

Sea-Tac with new AC Rwy + Supp (2 Rwy) l33-141 0-8 13-U.5 0-1 138-167 10 
(Mitigated Sea-Tac with New AC Rwy + (127-135) (0-8) (8-85) (0-9 (128-157) 4 
SUPP (2 Rwy)) 

TKREE AIRPORT SYSTEMS 

Existing Sea-Tac + 2 Supp (1 Rwy) 121-132 9-20 7.1-7.9 0.1-0.9 U9-175 8 

Sea-l'ac with new AC Rwy + 2 Supp (1 U2-137 4-11 12.6-13.1 0.1-0.6 153-189 11 

RY) (128-133) (4-11) (8.1-8.6) (0.1-0.6) (143-149) 5 
(Mitigated Sea-Tac with New AC Rwy + 2 
SUDD (1 Rwv)) 

* Population estimates based on 2000 population projection 
* * Denotes system alternatives that include Airport Development Alternatives that do not meet System Capacity Demands 
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Table 4. Size of LDN Noise Contours (Square Miles). 

SEA-TAC SEA-TAC NORTH NORTH SOUTH SOUTH 
ALT AIRPORT SYSTEM ALTERNATIVES AIRPORT AIRPORT AIRPORTS AIRPORTS AIRPORTS AIRPORTS 

55 LDN 65 LDN 55 LDN 65 LDN 55 LDN 65 LDN 

*Sea-Tac without Commuter R/W 30.9 5.1 
*Sea-Tac with Commuter R/W 32.7 5.5 
*Alternate 1 + Arlington 1 R/W 30.9 5.1 12.8 1.8 
Alternate 1 + Paine 1 R/W 30.9 5.1 14.6 2 
Alternate 1 + McChord 1 R/W 30.9 5.1 15.7 
*Alternate 1 + Central Pierce 1 R/W 30.9 5.1 12.8 
*Alternate 1 + Olympia/Black Lake 1 R/W 30.9 5.1 12.8 
Alternate 1 + Arlington 2 R/W 30.9 5.1 17.6 2.3 
Alternate 1 + Paine 2 R/W 30.9 5.1 15.1 2.3 
Alternate 1 + McChord 2 R/W 30.9 5.1 15.8 
Alternate 1 + Central Pierce 2 R/W 30.9 5.1 17.6 
Alternate 1 + Olympia/Black Lake 2 R/W 30.9 5.1 17.6 
Sea-Tac w/Dependent R/W + Arlington 1 R/W 38.3 7.1 5.5 0.7 
Sea-Tac w/Dependent R/W + Paine 1 R/W 38.2 7.1 5.5 0.8 
Sea-Tac w/Dependent R/W + McChord 1 R/W 38.3 7.1 6.7 
Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 38.2 7.1 5.5 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 1 R/W 38.3 7.1 5.5 
Sea-Tac w/Dependent R/W + Arlington 2 R/W 38.3 7.1 6.9 0.8 
Sea-Tac w/Dependent R/W + Paine 2 R/W 38.2 7.1 6 1 
Sea-Tac w/Dependent R/W + McChord 2 R/W 38.3 7.1 7 
Sea-Tac w/Dependent R/W + Cen. Pierce 2 R/W 38.2 7.1 6.9 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 2 R/W 38.3 7.1 7 
Alternate 1 + Arlington 1 R/W + Ceu. Pierce 1 R/W 30.9 5.1 8.2 1.1 9.3 
Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 30.9 5.1 8.6 1.2 8.7 
Alternate 1 + Arlington 1 R/W + Olym./Blk. Lake 1 R/W 30.9 5.1 9.1 1.2 8.2 
Alternate 1 + Paine 1 R/W + Olym./Blk. Lake 1 R/W 30.9 5.1 9.7 1.3 7.7 
Alternate 13 + Central Pierce 1 R/W 36.9 6.8 4.3 0.6 5.5 
Alternate 14 + Central Pierce 1 R/W 36.2 6.6 5.5 0.8 5.5 
Alternate 3.3 + Olympia/Black Lake 1 R/W 38.1 7.1 4.3 0.6 3.3 
Alternate 14 + Olympia/Black Lake 1 R/W 37.4 6.9 5.5 0.8 3.3 
Central Pierce 3 R/W 59.2 
Olympia/Black Lake 3 R/W 59.4 
Central Pierce/Fort Lewis 3 R/W 59.2 
*Alternate 1 + Demand Management 30.9 5.1 

* Alternative which does not meet system capacity demand. 
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Table 5. Population Summaries Within 2020 Noise Contours 

TOTAL POPULATION TOTAL POPULATION 
NEWLY NEWLY TOTAL 

ALT AIRPORT SYSTEM ALTERNATIVES EXPOSED TO POPULATION 
j5 LDN (OoO)* 55 LDN (000)* 

EXPOSED TO SEL (000)* as LDN (OoO)* 65 LDN (000)* 

1 **Sea-Tac without Commuter R/W 112 7.0 
2 **Sea-Tac with Commuter R/W 119 7.0 
3 **Alternate 1 + Arlington 1 R/W 123 11 7.7 
4 Alternate 1 + Paine 1 R/W 135 23 8 2  
5 Alternate 1 + McChord 1 R/W l35 7.8 
6 **Alternate 1 + Central Pierce 1 R/W 123 11 7.5 
7 **Alternate 1 + Olympia/Black Lake 1 R/W 116 4 7.1 
8 Alternate 1 + Arlington 2 R/W 127 15 7.5 
9 Alternate 1 + Paine 2 R/W 138 26 8.3 

10 Alternate 1 + McChord 2 R/W 135 7.8 
11 Alternate 1 + Central Pierce 2 R/W 127 15 7.5 
12 Alternate 1 + Olympia/Black Lake 2 R/W 117 5 7.1 
13 Sea-Tac w/Dependent R/W + Arlington 1 R/W 135 4 13.1 
14 Sea-Tac w/Dependeut R/W + Paine 1 R/W 138 7 13.1 
15 Sea-Tac w/Dependent R/W + McChord 1 R/W 141 l3.1 
16 Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 135 4 U.5 
17 Sea-Tac w/Dependent R/W + Olym./Blk. Lake 1 R/W 133 2 13.0 
18 Sea-Tac w/Dependent R/W + Arlington 2 R/W 136 5 13.0 
19 Sea-Tac w/Dependent R/W + Paine 2 R/W 139 8 13.1 
20 Sea-Tac w/Dependent R/W + McChord 2 R/W 141 13.1 
21 Sea-Tac w/Dependent R/W + Cen. Pierce 2 R/W 136 5 13.5 
22 Sea-Tac w/Dependent R/W + Olym./Blk. Lake 2 R/W 133 2 13.0 
23 Alternate 1 + Arlington 1 R/W + Cen. Pierce 1 R/W 125 l 3  7.9 
24 Alternate I + Paine 1 R/W + Cen. Pierce 1 R/W l32 20 7.6 
25 Alternate 1 + Arlington 1 R/W + Olym./Blk. Lake 1 R/W 121 9 7.5 
26 Alternate 1 + Paine 1 R/W + Olym./Blk. Lake 1 R/W 127 15 7.1 
27 Alternate 13 + Central Pierce 1 R/W 133 7 12.6 
28 Alternate 14 + Central Pierce 1 R/W 137 11 12.6 
29 Alternate 13 + Olympia/Black Lake 1 R/W 132 4 13.1 
30 Alternate 14 + Olympia/Black Lake 1 R/W 136 8 l3.1 
31 Central Pierce 3 R/W 53 53 2.8 
32 Olympia/Bla& Lake 3 R/W 19 19 0.3 
33 Central Pierce/Fort Lewis 3 R/W 62 62 1.3 
34 **Alternate 1 + Demand Management 112 7.0 

* Population estimates based on 2000 population projection 
** Denotes system alternatives that include Airport Development Alternatives that do not meet System Capaaty Demands 
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in Appendix 1). These tables show both the range of total population exposed to each of 
the noise level metrics and the areas within the M n  noise contours. The preferred 
alternative is represented under "Three Airport Systems" at the bottom of Table 3 as 
SEA-TAC KITH NEWAC RWY t 2 SUPP(I RW. The first line of data for this alternative 
presents the worst case population noise exposure estimates. A "mitigated" version of this 
alternative is also presented (beneath it in parentheses) which incorporates demand 
management and restricted use of the new dependent runway to less noise-sensitive time 
periods for arrival traffic only. 

Based on these data, the following conclusions may be  drawn regarding the potential 
population noise exposure impacts: 

The analysis of noise impacts must be based on an understanding of what is predicted for 
noise exposure in the next ten years. For example, at Sea-Tac, noise will be significantly 
reduced over current levels due to the Sea-Tac Noise Budget and nighttime Stage I1 restric- 
tions. These programs, and the national noise policy, require the airlines to replace Stage 
I1 aircraft with the quieter Stage 111. Improvements to the noise environment around Sea- 
Tac will continue into the 21st Century as the airline fleets further modernize with the 
quietest Stage I11 equiopment. Therefore, the most significant conclusion of the noise 
analysis is that the future noise environment for all of the system alternatives represents a 
significant improvement over that which exists around Sea-Tac today. The aircraft forecast 
to be operating in 2020 are significantly quieter, resulting in reductions in both the overall 
Ldn noise levels and the single-event SEL levels. For example, under the preferred alter- 
native without demand management mitigation, the area within Sea-Tac's 65 Ldn noise 
contour in 2020 would be between 6.6 and 6.9 square miles. The 65 M n  contour area for 
the north airport at Paine Field would be 0.8 square miles, and from 0.5 to 0.7 square miles 
for the south airport. The total population exposed to 65 Ldn noise level would be 12,600 
to 13,100 without mitigation, and 8,100 to 8,600 people with mitigated runway use and 
demand management mitigation, including apopulation newly exposed to 65 Ldn noise level 
of approxiinately 100 to 600 residents. 

No increase of capacity at Sea-Tac would result in more significaizt growth and noise at the 
supplemelltal airport sites. With restricted use of a new dependent runway at Sea-Tac, a 
multiple airport system would be more favorable from an overall noise management 
perspective than a multiple airport system without improvements to Sea-Tac. This is 
because the preferred alternative reflects a balance of some growth at Sea-Tac with limited 
growth at supplemental airport sites. 

3.1.2.2 Secondary Alternatives 

Based on population exposure to sigllifica~~t noise levels greater than 65 Ldn, none of the 
secondary alternatives (No. 23, 25, 8, 24, 18, or 21) is markedly superior to the preferred 
alternative with restricted use mitigation. The range of the total population experiencing 
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65 Ldn noise levels under the secondary alternatives is estimated at between 7,500 and 8,500 
residents (see Tables 3, 4, and 5; also see Working Paper 1 2 4  Tables 12-3, 12-4, A-3, A-4 
and A-5). While these noise levels are a significant improvement over the aircraft noise 
levels that exist in Seattle today, it may be expected that some level of adverse community 
response to aircraft noise would still be experienced with any of the alternatives. The 
secondary alternatives would result in similar populations newly exposed to 65 Ldn as the 
preferred alternative. 

3.1.2.3 Other Alternatives 

Based on the estimated population subjected to noise impacts, the only markedly different 
alternatives are the replacement airports. Of all the alternatives evaluated, the replacement 
airport in Central Pierce (No. 31) would affect the greatest population, while the Olympia/ 
Black Lake replacement would affect the least. The low population impacts of the Olym- 
pia/Black Lake (No. 32) and the Central Pierce/Fort Lewis (No. 33) replacement airports 
are due to the location of these alternatives outside of existing urban development areas. 

3.1.2.4 No-Action Alternative 

By the end of the 1990's, the new Federal Airport Noise and Capacity Act of 1990 will result 
in reductions in noise over the next ten years as older, noisier aircraft are phased out of 
service. This will occur at Sea-Tac at a faster rate due to the noise budget and nighttime 
Stage I1 aircraft prohibitions. Assuming that the noise restrictions contained in the new law 
would be in effect, the no-action alternative at Sea-Tac results in a 65 Ldn contour area of 
5.1 square miles. Working Paper 12A, Table 12-4 shows an estimated population of 
approximately 7,000 within the 2020 noise contours. A more detailed 1990 census block 
a~lalysis of the neighborhoods immediately surrounding Sea-Tac conducted for the FAR Part 
150 Update, estimated a resident population of 9,155 within the 1990 existing 75 Ldn noise 
contour of 5.09 square miles. Thus, the actual population noise exposure of the no-action 
alternative would be dependant on land use changes in the immediate vicinity surrounding 
Sea-Tac. 

3.1.3 Mitigation Measures 

A number of additional mitigation measures could be designed to minimize the potential 
noise impacts of airport development. However, the most effective noise control measures 
are those which are tailored to the wishes and needs of the local communities and generally 
are accomplished through a process such as the FAA's Part 150 program. A n y  adopted 
airport system recommendation would include a noise mitigation planning process that 
includes the communities', airport operators' and airlines' input. 

The following is a brief list of a number of noise abatement measures that should be 
considered for minimizing the noise impacts around each of the airports. 
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Preferential Runway Use 
Preferential Runway Direction 
Flight Track Modifications 
Special Nighttime Procedures 
Nighttime Operational Restrictions 

* Aircraft Use Restrictions 
Noise Abatement Arrival and Departure Procedures 
Nighttime Ground Noise Control Measures 

For example, the potential noise impacts from construction of the dependent runway at 
Sea-Tac could be  minimized for the long term by explicitly restricting the use of that runway 
for arrivals only during less noise-sensitive time periods through a noise abatement policy. 
When noise mitigation measures are included, alternative airport systems that include 
Sea-Tac with a new dependent runway, would lessen the noise exposure impacts estimated. 

Additional mitigation measures, such as those listed above, were not included in the noise 
impact analysis for the progranlmatic EIS because of the complexity in applying mitigation 
to a large number of new airport sites with varying layouts and operational levels. Also, 
many of the potential mitigation measures restrict the operational characteristics of an 
airport and it was necessary to first analyze the potential noise impacts without constraints 
to the operations. Thus, unless explicitly stated otherwise, the noise exposure analysis 
presents operationally comparable worst case estimates. 

The noise impacts of the McChord or Fort Lewis alternatives could be reduced through a 
preferential runway program that maximizes the amount of time the operations are in south 
flow, as there is very little development south of these airport sites. The noise impacts at 
the remaining supplemental airport sites could be minimized through the restriction of night- 
time operations, especially in a multiple airport system with Sea-Tac as the primary airport. 
However, under the existing laws, it is very difficult to implement new restrictions on Stage 
I11 aircraft, and it may therefore be impossible to legally restrict nighttime operations in the 
future. 

The potential for mitigating the noise impacts for the supplemental airport sites was 
analyzed for a number of sample alternatives. Although it was not feasible to analyze all 
of the alternatives, the preliminary results from analyzing sample alternatives show that the 
potential noise impacts at the supplemental sites themselves could be reduced by 
approximately 10% through mitigation measures. 

It is recommended that noise control measures be included in the planning process as part 
of any implementation plan. Once a system alternative, airport sites, and layouts are 
determined, specific mitigation measures can be presented. For any alternative, a site- 
specific EIS would require a thorough discussion of mitigation. 
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Operational Management 

The operational assumptions for a dependent runway at Sea-Tac include arrivals, departures 
and nighttime operations. Should these assumptions be changed to arrivals only, as might 
occur with anticipated use primarily during low-visibility weather conditions and during less 
noise-sensitive time periods, then the noise impacts would be lessened considerably. 

O~erational effects of side-step maneuvering 

An example of an operational mitigation procedure for restricted use of the dependent 
runway utilizing a side-step maneuver, is described below. The noise effects of this 
mitigation measure have been modeled and a noise contour map showing the results has 
been included as an exhibit in Appendix 1 (see Map 37.4). The results of implementing a 
side-step maneuver would narrow the noise contours on the western margin of Sea-Tac such 
that the 2020 55 Ldn noise contour would closely approximate the existing 1990 65 Ldn 
noise level. 

The following technical description outlines the concept of a side-step maneuver employed 
as part of the mitigation for restricted dependent runway operation, which would involve the 
use of a new runway utilized only during less noise-sensitive hours by commuter aircraft and 
air carrier aircraft. A side-step maneuver is an FAA authorized approach procedure in 
which an aircraft is using the runway approach to a runway that is parallel to the runway 
on which it will land. Pilots would commence the side-step maneuver as soon as the runway 
was in sight. 

For the noise model, aircraft were assumed to commence the side-step maneuver at four 
nautical miles from the approach end of the landing runway at an altitude of 1,100 feet 
above ground level (AGL) and collclude the maneuver at 1.6 nautical miles from the 
approach end of the landing runway at an altitude of 500 feet AGL utilizing a twenty degree 
heading change. A minor increase in engine thrust due to aircraft maneuvering required 
by this procedure was also considered in the noise contour modeling. 

Since the side-step maneuver is a visual procedure, higher landing weather minimums are 
required. Considering the prevailing meteorological conditions of the Seattle area, this 
procedure was modeled to be available and used by 20% of daytime air carrier arrivals. At 
this level of analysis, the 4-Post procedure was not modified, nor has the FAA had the time 
to establish feasible operational procedures since this alternative surfaced so late in the 
project. 

3.1.4 Unavoidable Adverse Imvacts 

Any of the airport system alternatives, including the no-action alternative, increase aircraft 
noise impacts. However, under the preferred alternative, or any of the secondary alterna- 
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tives, the highest estimated population experiencing 65 Ldn in the year 2020 would be less 
than the existing 1990 population experiencing noise exposure of 75 Ldn. This is a result 
of the tremendous reduction in cumulative noise impacts at Sea-Tac from a 100% Stage I11 
aircraft fleet. It should be noted that additional cumulative and single-event noise will occur 
at the supplemental airports. 

3.2 AIR QUALITY 

Introduction 

The air quality section addresses potential impacts to air quality resulting from aircraft air 
pollutant emissions and from airport-related vehicular air pollutant emissions. Other air 
pollutants attributable to airport operations (such as fueling and boiler room operations in 
airport buildings and other sources) comprise approximately 0.1% of total air pollutant 
emissions and were not considered critical for this level of analysis. Aircraft and vehicular 
traffic air pollutant levels were used to compare the impacts of each system alternative on 
regional air quality. 

Issues 

Based on the Washington State Clean Air Act of 1991, the PSRC region, which includes 
Snohornish, King and Pierce Counties, is currently in non-attainment (not meeting the appli- 
cable state standards) for CO and ozone emissions (See Section 3.2.2 for a discussion of 
these pollutants). Additionally, portions of Seattle, the Tacoma tide flats and the City of 
Kent are in non-attainment for particulate matter. As a result, a State Implementation Plan 
(SIP) required under the Federal Clean Air Act of 1977, is being developed by the Washing- 
ton State Department of Ecology (Ecology) to bring the region into compliance with state 
standards. The plan will detail how to meet the attainment goals for CO, ozone and parti- 
culate matter and is expected to be completed in November 1992. 

Under the new Washington State Clean Air Act, transportation projects will have to meet 
the test of "conformity," meaning, they will have to conform with SIP standards within a 
specific time period. Conformity could affect transportation projects within a non- 
attainment area (due to potential impacts on air quality in an area that is not meeting 
current standards) and will be subject to close scrutiny (OISullivan, personal communication 
1991). Ecology has not yet developed the criteria to make conformity determinations. 

Methodology 

A description of the methodology used for determining aircraft and vehicular emissions is 
presented in Working Paper No. 9. 
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3.2.1 Affected Environment 

Existing Air Quality 

Three agencies have air quality jurisdiction in the Puget Sound region: the United States 
Environmental Protection Agency (EPA), Washington State Department of Ecology and the 
Puget Sound Air Pollution Control Agency (PSAPCA). Each agency has established its own 
standards. Unless the state or local agency has adopted a more stringent standard, the EPA 
standards apply. 

Ecology and PSAPCA maintain a network of monitoring stations throughout the Puget 
Sound area. In general, these stations are located where agencies believe there might be 
an air quality problem. Other stations are located in more remote areas to measure 
regional or background air pollution levels. These stations measure total suspended 
particles (TSP), carbon monoxide, sulfur dioxide, arsenic, lead, and ozone. Of these 
substances, carbon monoxide is predominantly generated by transportation sources. 

Of the 6 criteria pollutants discussed below, the Puget Sound Region is in attainment with 
three of them: Sulfur oxides, nitrogen oxides and hydrocarbons. A downward trend in the 
ambient concentration of air pollutants generated by motor vehicles, especially carbon 
monoxide, has been observed in the Puget Sound area over the past decade. The 
replacement of older vehicles with newer cleaner ones, and vehicles meeting the 
requirements of the Inspection and Maintenance (I/M) program have been the major 
factors for reducing the carbon monoxide emissions. Carbon monoxide emissions have been 
reduced by 13% in Seattle due to the I/M program. 

Current aircraft operations at Sea-Tac Airport are a major source of air pollutant emissions 
in the local area. Based on a Department of Ecology emissions inventory (May 1991), Sea- 
Tac Airport contributes approximately 8% of the carbon monoxide and 5% of the nitrogen 
oxide emissions in King County. 

Criteria Pollutants and Health Effects 

The nature of pollutants emitted from airports is the same as those emitted from other 
transportation sources. Carbon monoxide, sulfur and nitrogen oxides (SOX and NOX), and 
unburned hydrocarbons are common pollutants emitted from the combustion processes. Six 
criteria pollutants regulated by federal standards are ozone, carbon monoxide, particulate 
and nitrogen dioxide, sulfur dioxide and hydrocarbons. These pollutants are described 
below. 

Ozone (03) is a colorless gas resulting from the reaction of hydrocarbons and oxides of 
nitrogen in the presence of sunlight. Although ozone is the air contaminant for which 
standards are set, its precursors, hydrocarbons and nitrogen oxides, are the pollutants which 
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must be controlled. Ozone results in eye irritation, damage to lung tissues, and reduced 
resistance to colds and pneumonia. It also aggravates heart disease, asthma, bronchitis and 
emphysema. 

Carbon monoxide (CO) is a colorless, odorless toxic gas produced by incomplete combustion 
of carbon-containing substances. The highest ambient concentrations of CO occur near 
congested roadways and intersections during periods of low temperatures, light winds, and 
stable atmospheric conditions. CO, which has been shown to interfere with oxygen transport 
in the blood, produces cardiovascular disease, and decreases visual perception. CO has also 
been associated with lower birth weight and increased death of infants in highly polluted 
areas. 

Particulate matter is classified as Total Suspended Particles (TSP) and the inhalable 
subgroup of TSP, which is comprised of particles 10 microns or less in diameter (PM10). 
Suspended particles aggravate chronic disease and heart and lung disease symptoms and 
often transport toxic elements such as lead, arsenic, nickel, vinyl chloride, asbestos and 
benzene compounds which then enter respiratory, digestive, and lymphatic systems. 

Hydrocarbons result from the release of unburned fuel or incomplete combustion of fuel. 
Hydrocarbons can be gases or particulate. Volatile organic compounds (VOC) are gaseous 
hydrocarbons which can react with oxidizing pollutants in the atmosphere to produce 
photochemical smog. VOC are also precursors of ozone. Hydrocarbon particulate of 
concern to human health are those with diameters ranging from 0.1 to 3 microns. Parti- 
culates of this size can enter the small passageways in the lungs and deposit there. 

Sulfur dioxide (SO,) is a nonflammable, non-explosive, colorless gas. It reacts in  the 
atmosphere to form sulfur trioxides (SO,) and sulfuric acid. SO, and sulfuric acid have been 
shown to produce asthma which decreases human respiratory functions both at the acute and 
chronic levels. These air pollutants are commol~ly grouped as sulfur oxides (SOX). 

Nitrogen oxides (NOX), which include nitrogen oxide (NO) and nitrogen dioxide (NO,), 
result from the high temperature oxidation of nitrogen in the present in the air. In  the 
presence of moisture, NO can form particulate by coalescing, reducing visibility and 
contributing to acid deposition. NO,, like sulfur dioxide, is also a bronchoconstrictor that 
can cause irritation and injury to the lungs. Nitrogen oxides are more a factor in the 
generation of secondary pollutants such as ozone. 

Aircraft Emissions 

Aircraft engines emit CO, hydrocarbons, NOX, SOX, and particulates as by-products of the 
combustion process. More CO and hydrocarbons are produced at low engine power settings 
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such as idling, or at start-up because of incomplete combustion. The amount of NOX 
produces during start-up is small compared to that produced during takeoff. SO, is a result 
of the oxidation of sulfur compounds in aircraft fuel. Aircraft fuel is highly refined and 
contains only about 0.1% sulfur. Particulate matter emitted from aircraft engines, 
particularly turbine engines, is extremely small in diameter ranging between 0.04 and 0.12 
microns. 

Of all the alternatives which meet the system capacity demand, the difference between the 
alternatives -- in terms of aircraft emissions -- is the amount of aircraft delays that may 
occur under each scenario. Idling time for aircraft increases as delays increase; this can 
significantly affect the daily tonnage of aircraft emissions. 

Vehicle Emissions 

Vehicle emissions are related to vehicle miles travelled and are a function of airport loca- 
tion and passenger volume. 

3.2.2.1 Preferred Alternative 

Aircraft Emissions 

Based on 2020 projections, under the preferred alternative, aircraft emissions would be the 
lower of the three-airport system alternatives (Alternatives 28 and 30). This is a result of 
lower overall and average operational delays at Sea-Tac due to the addition of a new 
dependent runway. Total projected aircraft emissions are presented in Table 6. 

Vehicular Emissions 

Generally, vehicle emissions would be somewhat greater for the preferred alternative when 
compared with other three-airport options. Alternative No. 29 would have the highest 
overall vehicle emissions. Total projected vehicular emissions are presented in Table 6. 

3.2.2.2 Secondary Alternatives 

Aircraft Emissions 

Under the secondary alternatives, aircraft emissions would exceed emissions projected under 
the Preferred Alternative. Three of the secondary alternatives (See Section 2.2) are three- 
airport systems that incorporate existing Sea-Tac without a new dependent runway. More 
delays are expected under these alternatives and consequently, more emissions. The 
remaining secondary alternatives (two of which incorporate a new dependent runway at Sea- 
Tac) are two airport systems which would have less efficient operations (as opposed to a 
three-airport system) increasing both aircraft enlissions. 
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Table 6. Emissions Comparison for Each System Alternative. 

TRAFFIC EMISSIONS AIRCRAFT EMISSIONS TOTAL EMISSIONS 

CO NOX CO NOX CO NOX RANKING 
(tons/day) (tons/day) (tons/day) (tons/day) (tons/day) (tons/day) 

SEA-TAC AIRPORT SYSTEMS 

Existing Sea-Tac with maximum 26-37 4.2-5.9 9-10 3.6-3.9 36-46 7.8-9.5 3* 
demand management 

Sea-Tac with new commuter runway 10 1.9 20 7.7 30 9.6 3* 

REPLACEMENT AIRPORT SYSTEM 

Replacement airport 68-78 10.9-12.4 7 4.6 76-85 15.5-17.0 4 

TWO AIRPORT SYSTEMS 

Existing Sea-Tac + Supp(1 rwy) 20-35 3.2-5.6 10-12 4.7 30-47 7.9-10.2 2* 

Existing Sea-Tac + Supp(2 rwy) 20-38 3.2-6.0 11 4.7 30-48 7.9-10.8 2 

Sea-Tac with new AC m y  + 22-27 3.6-43 10-11 4.7-4.8 33-38 8.3-9.1 3 
SUPP(~ rwy) 

Sea-Tac with new AC nvy + 22-27 3.6-4.3 10-11 4.7 33-38 83-9.1 4 
S ~ P P ( ~  rwy) 

THREE AIRPORT SYSTEMS 

Existing Sea-Tac + 2 Supp(1 rwy) 18-26 2.9-4.1 10-11 4.7-4.8 29-36 7.7-8.9 2 

Sea-Tac with new Air Carrier rwy + 21-25 3.3-3.9 9-10 4.5-4.7 28-35 7.8-8.6 1 
2 S ~ P P ( ~  19) 

* Not meeting system capacity demand 
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Vehicle Emissions 

Alternative No. 8 would have the overall lowest vehicle emissions of the secondary 
alternatives. This is a result of lower anticipated passenger demand. Alternatives 23,24, and 
25 would result in slightly higher overall vehicle emissions due to passenger allocation and 
travel distance. Alternatives 18 and 21 would have the highest overall emissions due mainly 
to passenger allocation. 

3.2.2.3 Other Alternatives 

The results of the air quality analysis are summarized in Tables 7 and 8. This table presents 
an emission inventory of selected pollutants for each of the system alternatives. These data 
are presented for CO emissions relating to vehicular traffic associated with airport access 
and the NOX emissions relating to aircraft operations. The CO emissions indicate the 
impacts from vehicular traffic because, in the Puget Sound area, these are primarily the 
result of vehicular traffic. The NOX emissions are used to indicate the impacts from 
aircraft operations because aircraft operations mainly contribute to the secondary pollutants 
in the area of which NOX is an important factor. 

Aircraft Emissions 

Generally, aircraft emissions are similar for all alternatives. This would be expected in that 
the alternatives are based on the same levels of aircraft activity. The exception is that the 
emissions are less for those alternatives that do not meet system capacity demand for 2020 
(Alternatives 1,2,3,6,7 and 34). 

All other airport options that meet system capacity demand would experience the greatest 
delay and aircraft emissions. Those alternatives that do not meet projected demand would 
result in somewhat fewer aircraft emissions. 

Vehicle Emissions 

Projections show that vehicular emissions are comparable. The least amount of emission 
would be generated by the two-airport and three-airport systems. In general, these systems 
have the advantage of location. Since passengers are located closer to more airports, 
shorter average auto trip lengths are anticipated. Options such as Paine Field and McChord 
are located closer to major population areas and would result in fewer vehicle automotive 
emission impacts than options such as Arlington or Olympia/Black Lake which are located 
further from major population areas. 

Vehicle emissions are tied to passenger allocation. More passengers will utilize the Paine 
Field or Central Pierce airports over the Arlington or Olympia/Black Lake airports. 
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Table 7. Aircraft Emissions (Year 2020). 

ALT AIRPORT 

1 *Sea-Tac without Commuter R/W 
2 *Sea-Tac with Commuter R/W 
3 *Alternate 1 + Arlington 1 R/W 
4 Alternate 1 + Paine 1 R/W 
5 Alternate 1 + McChord 1 R/W 
6 *Alternate 1 + Central Pierce 1 R/W 
7 *Alternate 1 + Olympia/Black Lake 1 R/W 
8 Alternate 1 + Arlington 2 R/W 
9 Alternate 1 + Paine 2 R/W 

10 Alternate 1 + McChord 2 R/W 
11 Alternate 1 + Central Pierce 2 R/W 
12 Alternate 1 + Olympia/Black Lake 2 R/W 
13 Sea-Tac w/Dependent R/W + Arlington 1 R/W 
14 Sea-Tac w/Dependent R/W + Paine 1 R/W 
15 Sea-Tac w/Dependent R/W + McChord 1 R/W 
16 Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 
17 Sea-Tac w/Dependent R/W + Olym./Blk. Lake 1 R/W 
18 Sea-Tac w/Dependent R/W + Arlington 2 R/W 
19 Sea-Tac w/Dependent R/W + Paine 2 R/W 
20 Sea-Tac w/Dependent R/W + McChord 2 R/W 
21 Sea-Tac w/Dependent R/W + Cen. Pierce 2 R/W 
22 Sea-Tac w/Dependent R/W + Olym./Blk. Lake 2 R/W 
23 Alternate 1 + Arlington 1 R/W + Cen. Pierce 1 R/W 
24 Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 
25 Alternate 1 + Arlington 1 R/W + Olym./Blk. Lake 1 R/W 
26 Alternate 1 + Paine 1 R/W + Olym./Blk. Lake 1 R/W 
27 Alternate l3 + Central Pierce 1 R/W 
28 Alternate 14 + Central Pierce 1 R/W 
29 Alternate l3 + Olympia/Black Lake 1 R/W 
30 Alternate 14 + Olympia/Black Lake 1 R/W 
31 Central Pierce 3 R/W 
32 Olympia/Black Lake 3 R/W 
33 Central Pierce/Fort Lewis 3 R/W 
34 *Alternate 1 + Demand Management 

* Alternative which does not meet system capacity demand. 
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NOx 
(tonslday) 

3.6 
3.9 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.8 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.7 
4.8 
4.7 
4.8 
4.7 
4.6 
4.5 
4.7 
4.6 
4.6 
4.6 
4.6 
3.6 

SOX PART HC 
(tonslday) (tons/day) (tons/day) 

0.3 0.1 2 8  
0.4 0.1 2.9 
0.4 0.2 3.5 
0.4 0.1 3.0 
0.4 0.1 3.0 
0.4 0.2 3.5 
0.4 0.2 3.5 
0.4 0.1 3.1 
0.4 0.1 3.0 
0.4 0.1 3.0 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.2 
0.4 0.1 3.0 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.0 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 3.1 
0.4 0.1 2.4 
0.4 0.1 2.2 
0.4 0.1 3.0 
0.4 0.1 2.7 
0.4 0.1 2.1 
0.4 0.1 2.1 
0.4 0.1 2.2 
0 3  0.1 2.8 

Air Quality 
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Table 8. Vehicular TraEc Emissions (Year 2020). 

ALT AIRPORT 

*Sea-Tac without Commuter R/W 
*Sea-Tac with Commuter R/W 
*Alternate 1 + Arlington 1 R/W 
Alternate 1 + Paine 1 R/W 
Alternate 1 + McChord 1 R/W 
*Alternate 1 + Central Pierce 1 R/W 
*Alternate 1 + Olympia/Bla& Lake 1 R/W 
Alternate 1 + Arlington 2 R/W 
Alternate 1 + Paine 2 R/W 
Alternate 1 t McChord 2 R/W 
Alternate 1 + Central Pierce 2 R/W 
Alternate 1 + Olympia/Black Lake 2 R/W 
Sea-Tac w/Dependent R/W + Arlington 1 R/W 
Sea-Tac w/Dependent R/W + Paine 1 R/W 
Sea-Tac w/Dependent R/W + McChord 1 R/W 
Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 1 R/W 
Sea-Tac w/Dependent R/W + Arlington 2 R/W 
Sea-Tac w/Dependent R/W + Paine 2 R/W 
Sea-Tac w/Dependent R/W + McChord 2 R/W 
Sea-Tac w/Dependent R/W + Cen. Pierce 2 R/W 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 2 R/W 
Alternate 1 + Arlington 1 R/W + Cen Pierce 1 R/W 
Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 
Alternate 1 + Arlington 1 R/W + Olym./Blk. Lake 1 R/W 
Alternate 1 + Paine 1 R/W + Olym./Blk. Lake 1 R/W 
Alternate 13 + Central Pierce 1 R/W 
Alternate 14 + Central Pierce 1 R/W 
Alternate 13 + Olympia/Black Lake 1 R/W 
Alternate 14 + Olympia/Black Lake 1 R/W 
Central Pierce 3 R/W 
Olympia/Black Lake 3 R/W 
Central Pierce/Fort Lewis 3 R/W 
*Alternate 1 + Demand Manaeemeut 

PART 
(tons/day) 

0.6 
0.6 
0.6 
0.4 
0.6 
0.6 
0.8 
0.6 
0.4 
0.6 
0.6 
0.8 
0 5  
0.5 
0.5 
0.5 
0.6 
0 5  
0.5 
0 5  
0 5  
0.6 
0.5 
0.4 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
1.5 
1.7 
1.5 
0.8 

* Alternative which does not meet system capacity demand. 
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Consequently, under several alternatives, total vehicle emissions would actually be greater 
even though individual travel distance is less when compared to other alternatives. 

Replacement-airport alternatives would generate the highest vehicle emissions because the 
average trip length to these airports is much longer when compared with the other airport 
alternatives. For example, the average trip length to Sea-Tac is 24 miles, while the average 
trip length to Central Pierce and Olympia Black Lake is 4.5 and 52 miles, respectively. 

Overall vehicle emissions are comparable to both the preferred alternative and to the 
secondary alternatives. 

3.2.2.4 No-Action Alternative 

Total combined vehicular and aircraft emissions under this alternative are equal to those 
under Alternative No. 34 (Sea-Tac with Demand Management). These alternatives have 
the lowest overall air pollutant emissions of all the alternatives. 

Total Combined Airport Emissions 

Table 9 presents the total airport emissions levels from both aircraft and motor vehicles. 
Of all the alternatives which would meet system capacity demand, the three-airport 
alternatives 27, 28, 29 and 30, and the two-airport alternatives 4, 8, and 9 would generate 
the least combined emissions for CO and hydrocarbons. The major contributions of the 
total emissions for these alternatives are aircraft emissions for CO. 

The replacement-airport alternatives generate the highest combined emissions, due primarily 
to long travel distances to the airport locations. 

A preliminary analysis has determined that the projected emissions are consistent with the 
VISION 2020 air quality estimates. VISION 2020 is based on the same level of aircraft 
passenger demands. 

3.2.3 Mitigation Measures 

The most significant reductions in regional and local air pollutant emissions are attainable 
through programs which reduce the vehicular travel associated with the project. Support 
and compliance with the VISION 2020 plan is the most important measure to achieve this 
goal. The plan includes the improvement of mass transit facilities, implementation of 
vehicular usage reduction programs, and transportation demand management programs. 
This plan will help reduce project trips by automobile and thus reduce overall traffic 
congestion and total emissions. 
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Table 9. Total Combined Aircraft and Vehicular Emissions (Year 2020). 

*Sea-Tac without Commuter R/W 35.6 
*Sea-Tac with Commuter R/W 38.5 
*Alternate 1 + Arlington 1 R/W 39.0 
Alternate 1 + Paine 1 R/W 30.1 
Alternate 1 + McChord 1 R/W 37.5 
*Alternate 1 + Central Pierce 1 R/W 38.6 
*Alternate 1 + Olympia/Black Lake 1 R/W 46.7 
Alternate 1 + Arlington 2 R/W 38.7 
Alternate 1 + Paine 2 R/W 30.1 
Alternate 1 + McChord 2 R/W 37.5 
Alternate 1 + Central Pierce 2 R/W 39.0 
Alternate 1 + Olympia/Black Lake 2 R/W 48.2 
Sea-Tac w/Dependent R/W + Arlington I R/W 34.4 
Sea-Tac w/Depeudent R/W + Paine 1 R/W 32.7 
Sea-Tac w/Dependent R/W + McChord 1 R/W 35.2 
Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 35.1 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 1 R/W 39.7 
Sea-Tac w/Dependent R/W + Arlington 2 R/W 34.2 
Sea-Tac w/Dependent R/W + Paine 2 R/W 32.7 
Sea-Tac w/Dependent R/W + McChord 2 R/W 35.0 
Sea-Tac w/Dependent R/W + Cen. Pierce 2 R/W 35.1 
Sea-Tac w/Dependent R/W + Olym./Blk. Lake 2 R/W 37.7 
Alternate 1 + Arlington 1 R/W + Cen. Pierce 1 R/W 32.2 
Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 28.7 
Alternate 1 + Arlington 1 R/W + Olym./Blk. Lake 1 R/W 36.3 
Alternate 1 + Paine 1 R/W + Olym./Blk. Lake 1 R/W 32.1 
Alternate 13 + Central Pierce 1 R/W 30.4 
Alternate 14 + Central Pierce 1 R/W 28.3 
Alternate 13 + Olympia/Black Lake 1 R/W 34.8 
Alternate 14 + Olympia/Black Lake 1 R/W 31.8 
Central Pierce 3 R/W 75.7 
Olympia/Black Lake 3 R/W 84.9 
Central Pierce/Fort Lewis 3 R/W 75.7 
*Alternate 1 + Demand Mananement 46.1 

* Alternative which does not meet system capaaty demand 
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3.2.4 Unavoidable Adverse Impacts 

Development of any of the airport system alternatives will result in increased air pollutant 
emissions and a decrease in overall air quality in the Puget Sound Region. 

3.3 TRANSPORTATION 

Introduction 

The transportation section is derived from Working Papers Nos. 5 and 9, Ground 
Access/Primary Market Analysis -Phase I1 Report, and the VISION 2020 Growth Strategy 
and Transportation FEIS prepared by the Puget Sound Regional Council. 

Significant Issues 

Because the Flight Plan Project is designed to provide air carrier service for the entire 
Central Puget sound Region, it must be integrated into the present and future ground 
transportation system to be an effective solution. Transportation problems are the 
cumulative result of our region's rapid growth and their solution will pose a significant 
challenge. 

Under the Washington State Growth Management Act (GMA), coordination between land 
use planning and transportation planning is required. One of GMA's goals is to "encourage 
efficient multimodal transportation systems that are based on regional priorities and 
coordinated with county and city comprehensive plans." Countywide and multicounty (for 
King, Pierce and the Snohomish County area) "growth policy plans" are required to address 
regional and state transportation and siting needs; these are required by July of 1992. 

Comprehensive plans are required by July 1993. These are to be coordinated at the 
countywide level. Comprehensive plans are to include long range (at least six years) capital 
facilities elements, and the provision of services "concurrent with development". 

Concurrency is defined as follows (GMA, Section 7(6)e): 

"Concurrent with the development," shall mean that improvements or strategies are 
in place at the time of development, or that a financial conunitment is in place to 
complete the inlprovements or strategies within six years. 

The Act also requires that "all transportation projects within the region that have an impact 
upon regional facilities or services must be consistent with the plan" (GMA, Section 55(2)). 
In addition, the Regional Transportation Planning Organization (specified in the GMA as 
the federally recognized Metropolitan Planning Organization(s), or the PSRC, for this 
four-county region) must "Develop and adopt a Regional Transportation Plan that is 
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consistent with county, city and town comprehensive plans and state transportation plans" 
(Section 55(l)b). 

3.3.1 Affected Environment 

Congestion on the regional highway system has increased significantly in the past 30 years. 
Many factors have contributed to this: much of the new housing and businesses have 
located in the suburbs rather than in the central cities; growth patterns have become more 
dispersed, creating even more dependence on the automobile; and the number of trips per 
household has increased. Data from the State Department of Licensing shows that in 1988 
there were 2,450,000 vehicles registered in the four-county region. This is an increase of 
25% from 1980. 

Primarily due to the geography of the region, especially the City of Seattle's, the region's 
highway system was constructed to carry demand along north-south alignments. Addition- 
ally, population and employment growth in the suburban and rural areas over the past two 
decades has created a demand for travel on other major corridors and arterials in the 
region. Although excess demand is a primary contributor to congestion, vehicular incidents, 
accidents, or breakdowns are other key contributors to the problem. 

Planned Improvements 

In September, 1990, PSRC (formerly PSCOG) integrated the Regional Transportation Plan 
(adopted in 1982) and the Regional Development Plan (adopted in 1979) into one plan 
entitled VISION 2020. VISION 2020 will replace all existing regional transportation and 
development plans and policies and will serve to guide transportation and related land use 
decisions for the 1990-2020 period. 

Initially, 16 regional growth alternatives were defined under the plan. During the develop- 
ment of these alternatives, concern was given to mobility, density, location of jobs and 
housing, and related issues of resource management and quality of life. These alternatives 
were refined to five Draft EIS transportation and land use alternatives. Following public 
review, a sixth alternative (the preferred alternative) was developed. 

Under the VISION 2020 Preferred Regional Growth Alternative, urbanization and new 
employment growth would be concentrated into 10 to 15 urban centers located throughout 
the Puget Sound Region. The centers are part of a regional design that iilcludes a hierarchy 
of central places. Areas that are not centers will be designated either as activity clusters, 
small towns, pedestrian pockets, or identified as open space, resource preservation areas. 

The emphasis is on creating centers that can be efficiently served by regional rapid transit 
(rail, passenger ferries, or exclusive busways). The centers must either have or be 
redesigned to have downtowns that can be served effectively by transit. Access to jobs by 
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transit is emphasized. Higher-density residential developnlent (apartments, townhouses, 
condominiums, duplexes) is assumed and is encouraged to locate within walking distance of 
regional rapid transit stations, ferry terminals or bus transfer centers that can provide transit 
service to these major downtowns. In addition, connections between each center and its 
surrounding neighborhoods are designed to promote walking, bicycling, and the use of 
transit. 

This alternative places a large share of transportation investments into rapid transit, buses, 
high occupancy vehicle lanes, passenger ferries and associated stations, terminals and service 
facilities. Also, it assures continued effort toward completing and maintaining the region's 
extensive system of regional and local streets and highways. It also includes a major change 
in local bus service in order to provide local service to each center from the surrounding 
neighborhoods. In addition, support is given to major demand management programs that 
encourage people to travel by transit or carpool, to adjust their travel time and avoid 
congested periods, or to eliminate trips altogether. These strategies include extensive 
ridesharing programs, providing preferential parking, transit pass fare subsidies, staggered 
work schedules, and use of telecommunications substitutes. Other programs include 
increased parking charges and charging for driving on congested roadways. 

The VISION 2020 Preferred Alternative is related to Flight Plan in that it serves as a policy 
guide for growth and transportation services-including airports-in the urban centers. 

3.3.2 Significant Impacts 

Accessibility to Airport Locations 

An analysis of the accessibility of each system option to the residents of the Puget Sound 
region was conducted by the Puget Sound Regional Council staff (See working Paper No. 9) 
to determine the relative time differences between the airport alternatives. A summary of 
this analysis is given below. 

Findings 

Most of the region's residents can currently reach Sea-Tac Airport in an hour or less 
but worsening traffic will make access more difficult in the future. 

All replacement airport sites are much less accessible to the region's residents than 
Sea-Tac Airport. 

Sea-Tac's central location makes it much more accessible to the region's residents 
than any of the other airport locations. This is true for trips made by automobile 
and by transit. The other airport locations are less accessible because they are all 
relatively distant from the region's population and employment centers. 
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The multiple airport system offers best overall ground access for the region's 
residents of any of the options considered with Sea-Tac and two supplemental 
airports. 

Access is best where the supplemental airport is located near the population it will 
serve. Selection of a more distant supplemental airports significantly reduces overall 
system access. 

In general, transportation impacts to the existing regional highway system will result 
primarily from airport-related traffic and traffic generated by airport-induced development. 
All of the airport options could increase local traffic congestion without improvements to 
existing roads and transit systems. Estimated airport related traffic (in terms of annual and 
daily passenger mileage) for the individual and system alternatives is presented below in 
Table 10 and Table 11. 

3.3.2.1 Preferred Alternative 

Under this alternative, both annual passenger mileage and daily passenger mileage are 
somewhat lower than other system alternatives. Alternative No. 28 (Sea-Tac plus Paine and 
Central Pierce) has the lowest daily passenger mileage of the preferred alternative scenarios 
with 1,536 miles (in thousands). Alternative No. 30 (Sea-Tac with dependent runway plus 
Paine Field and Olympia/Black Lake) has a total daily passenger mileage of 1,689 miles. 
Total daily passenger mileage under the preferred alternative options that include McChord 
or Fort Lewis would be somewhat lower due to their proximity to urban centers. 

3.3.2.2 Secondary Alternatives 

The secondary three-airport system alternatives (Alternatives 23, 24, 25, Table 2) are 
comparable to the preferred alternative in terms of overall daily and annual passenger mile- 
age. Alternative No. 24 (Sea-Tac constrained with supplementary Paine Field or Central 
Pierce site) would have the lowest overall daily passenger mileage (1,354 miles). Alternative 
25 would have the highest overall daily passenger mileage (1,920 miles). Of the two-airport 
secondary alternatives, Alternative No. 8 would have the highest daily passenger mileage 
with 2,093 miles (a result of travel distance and passenger allocation). 

3.3.2.3 Other Alternatives 

Replacement-airport alternatives would have the highest overall annual and daily passenger 
mileage (Alternatives 31 and 32, Table 11) due to extreme travel distances from major 
population centers. Alternatives under the Sea-Tac constrained scenario would have 
comparably higher overall passenger mileage as a result of greater passenger allocations. 
Generally, overall regional congestion would be less due to the dispersed airport locations. 
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Table 10. Annual Passenger Mileage to Selected Airport Sites - 2020. 

ALTERNATIVE 

Passenger Mileage (Aunual, in millions) 

ALTERNATNE SEA-TAC TOTAL 
SITE 

ONE AIRPORT SYSTEM 

Sea-Tac, alone 

Sea-Tac, with Commuter Runway 

Sea-Tac with M k u m  Demand Management -.--. 993 993 

Replacement 1,847-2,096 ----- 1,847-2,096 

TWO AIRPORT SYSTEMS 

Existing Sea-Tac plus Supplemental Airport 212-489 323-454 534-943 
(1 Runway) 

Existing Sea-Tac plus Supplemental Airport 212-579 323-439 534-1,019 
(2 Runways) 

Sea-Tac plus new Air Carrier Runway plus 37-112 567-620 604-732 
Supplemental Airport (1 Runway) 

Sea-Tac plus new Air Carrier Runway plus 37-112 567-620 604-732 
Supplemental Airport (2 Runways) 

THREE AIRPORT SYSTEMS 

Existing Sea-Tac plus Supplemental Airports 182-394 300-317 494-694 
(1 Runway) 

Sea-Tac plus New Air Carrier Runway plus 81-88 473-582 567-664 
Supplemental Airports (1 Runway) 
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Table 11. Daily Passenger Mileage to Selected Airport Sites - 2020. 

PASSENGER MILES (m thousands) 

ALT NO. SITE 
ALT. 

AIRPORT 
SEA-TAC TOTAL 

A. Sea-Tac Constrained 
1 Sea-Tac, alone ----. 1,941 1,941 
2 Sea-Tac, commuter runway 2,122 2,122 
33 Sea-Tac, demand management 2,721 2,721 

B. Sea-Tac Constrained (2 Airport Systems) 
3 Arlington 1,000 1,014 2,014 
4 Paine Field 580 884 1,464 
5 McChord 809 1,204 2,013 
6 Central Pierce 740 1,245 1,985 
7 Olympia/Black Lake 1,339 1,245 2,584 

C.  Sea-Tac Constrained with 2 RWY Supplemental 
Airport (2 Airport Systems) 
8 Arlington 1,209 884 2,093 
9 Paine Field 580 884 1,464 
10 McChord 809 1,204 2,013 
11 Central Pierce 908 1,204 2,112 
12 Olympia/Black Lake 1,587 1,204 2,791 

D. Sea-Tac with New Dependent Runway (2 Airport 
Systems) 
13/18 Arlington 177 1,570 1,747 
14/19 Painc Field 102 1,553 1,655 
15/20 McChord 110 1,699 1,809 
16/21 Central Pierce 137 1,686 1,823 
17/22 Olympia/Black Lake 307 1,699 2,006 

E. Sea-Tac Constrained (3 Airport Systems) 
23 Arlimgto~l 403 869 1,596 

Central Pierce 324 
24 Paine Field 213 856 1,354 

Central Fierce 285 
25 Arlington 510 822 1,902 

Olympia/Black Lake 570 
26 Paine Field 260 845 1,610 

Olympia/Black Lake 505 

F. Sea-Tac with New Dependent Runway (3 Airport 
Systems) 
27 Arlington 85 1,412 1,634 

Central Picrce 137 
28 Paine Field 102 1,297 1,536 

Central Pierce 137 
29 Arlington 85 1,594 1,818 

Olympia/Black Lake 139 
30 Paine Field 102 1,448 1,689 

Olympia/Black Lake 139 

G. Replacement Airports 
31 Cei~tral Pierce 5,060 ..... 5,060 
32 Olympia/Black Lake 5,743 --.-- 5,743 
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3.3.2.4 No-Action Alternative 

Under the no-action alternative, total passenger vehicle miles would be comparable to 
Sea-Tac constrained with two-runway supplemental airport scenarios. Daily passenger 
mileage would be 1,941 miles and annual passenger mileage (in millions) would 708 miles. 

3.3.3 Mitiyation Measures 

3.3.3.1 Roadway Improvements 

Regional 

Based on VISION 2020, possible regional roadway improvements would include the addition 
of lane capacity to regional arterials and freeways, new regional arterials and freeways, new 
or revised interchanges, local street improvements, and other local and regional system 
investments such as signalization and channelization. 

Possible Site Vicinity Imurovements 

Possible actions related to highway improvements for each airport location are summarized 
below. Detailed data on highway costs are provided in Working Paper No. 11. 

Sea-Tac: Freeway improvenlents to Sea-Tac; widening along International Boulevard 
(Pacific Highway South); freeway improvements to SR 518 and SR 509. 

Paine Field: SR 526 (the Evergreen Speedway) would be widened, and there would be 
a new interchange with SR 525. Independent widening of SR 525 is assunled. 

McChord: Varied improvements under these options would include widening of 
Interstate 5, new access from SR 512 and a revised interchange at SR 512 and Steele 
Road. Independent widening of SR 512 is assumed. 

Arlington Site: Depending upon the level of service, widening of Interstate 5, and either 
enlarged capacity on 67th or on SR 530. Improved Freeway access connection. These 
options assume independent improvements to 172nd (Edgecomb Road). 

Central Pierce: Improvements would include widening of Interstate 5 and SR 161, and 
a share in the costs of the cross-base freeway eastbound from Interstate-5. Access 
improvements to 176th St. East (assumes widening of 176th St. E.). 

Fort Lewis: New access would be required as no roads presently serve the area. 
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Olympia/Black Lake: Widening of Interstate 5, improved interchange with Interstate 5, 
and access from Lathrop Road at new access road. 

3.3.3.2 Rail and HCT 

High Capacity Transit (HCT) and rail are other modes of transportation that may be used 
to access airport locations. Generally, HCT and rail will reduce highway congestion and 
lower travel times to the airports. HCT and rail can provide more reliable access to users 
during poor weather conditions. 

High Ca~acity Transit 

High Capacity Transit planning was mandated in 1990 (HCT Act of 1990 and 1991, SHB 
1825 and ESHB 2151, respectively). The 1990 Act created a Joint Regional Policy 
Committee and empowered it to prepare and adopt a regional HCT implementation 
program, including financing. These are to be consistent with the regional transportation 
plan (RCW 81.104.040). The Act is consistent with the Growth Management Act and with 
VISION 2020 through concurrency and consistency. 

Regional plans and local comprehensive plans are to address the relationship between urban 
growth and an effective HCT system plan and to provide cooperation with transit agencies. 
Future airport needs and related development should be considered in the alignments of 
HCT corridors, the locations of transit stations, local feeder service, and the provision of 
remote baggage handling facilities (e.g., at the King Street Station site in Seattle for air 
travelers residing north of Sea-Tac). 

The 1990 Regional Transportation Plan (linked to the regionally adopted VISION 2020 
growth strategy) will be amended to respond to the Flight Plan results: 

"The Regional Air Carrier System Plan is being developed separately and will be amended 
into the Growth Strategy and Transportation Plan upon completion. Any new airport and 
its attendant impacts will be evaluated as part of that amendment process. The air carrier 
plan will reflect the results of this regional plan update in any recomnendations that are 
made." (VISION 2020, Assumptions, Sec. 2-1, September 1990). 

Estimated capital and operating costs for HCT through 2020 range from $8.5 billion to $12 
billion. The Joint Regional Policy Committee (JRPC) is required to prepare for the ballot 
a plan and financing strategy. The target deadline is late 1992, and the effective statutory 
deadline is 1995 (four years after completion of an interagency planning agreement between 
the operating agencies). The ballot issue likely will include an HCT financing program as 
part of a broader package also including funding for other modes, such as High Occupancy 
Vehicle (HOV) lanes. 
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If the most likely rail alignment options turn out to be equally preferable, packaging of final 
HCT alignment commitments with future airport locations is one possibility that could 
improve any needed long-term airport siting decision process. 

Airport locations that are planned to have railway facilities will require the least amount of 
upgrading and capital input. Both Sea-Tac and Paine Field are proposed to have stations 
on the regional light rail system. 

3.3.4 Unavoidable Adverse Impacts 

Development of any of the airport system alternatives will result in some local increase in 
traffic levels, congestions, and reduced level of service. The extent of the impact is based 
on the existence and capacity of the surface transportation network. 

3.4 PLANTS AND ANIMALS 

This section evaluates potential environmental consequences to plants and animals from 
various airport system alternatives, within the Puget Sound region, at a generalized level. 
The purpose of environmental analysis at this stage is to provide a comparative evaluation 
of the alternative systems. After an airport system is chosen, more detailed studies will be 
conducted to fully evaluate all environmental impacts. 

3.4.1 Affected Environment 

Wetlands 

Recently, the federal government has proposed revisions to the methodology currently used 
to identify wetlands which are subject to regulation by the 404 permit program. In addition 
to changes in procedures and decision matrices, the definitions of wetland vegetation and 
wetland hydrology may be changed. Preliminary studies by the Washington Department of 
Ecology suggest that implementation of these changes would reduce the area of juris- 
dictional wetlands by 20 - 40%. The issue has been whether the earlier definition of 
wetlands is so inclusive that an imbalance exists between urban development and the 
preservation of functioning wetlands. 

The Army Corps of Engineers (Corps) and the US Environmental Protection Agency (EPA) 
jointly administer a permit program which regulates the discharge of dredged or fill material 
into waters of the U.S., including wetlands. The Corps considers comments solicited from 
federal, state, and local groups when considering permit applications. Agencies reviewing 
and commenting on pending applications may include the US Environmental Protection 
Agency (EPA), US Fish and Wildlife Service (FWS), Washington State Department of 
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Ecology (Ecology), and county or city planning departments. The EPA can exercise veto 
powers over permit decisions made by the Corps. 

Ecology regulates development in and around wetlands through the State Environmental 
Policy Act (SEPA) review process. SEPA requires documentation of anticipated envir- 
onmental impacts of development actions. A SEPA analysis specifies requirements needed 
to obtain permits. Governor Booth Gardner has mandated Ecology to protect wetlands 
through SEPA to the "extent legally permissible" (Executive Order 90.04, April 21, 1990). 

Many counties have their own wetland regulations that must be met. Wetland protection 
is accomplished through grading ordinances and SEPA review in Pierce and Snohomish 
Counties. In addition, a wetland protection regulation is presently before the Pierce County 
Council. In King County the Sensitive Areas Ordinance protects wetlands and streams from 
development by establishing buffers for various class wetlands and streams. In Thurston 
County, wetland protection is accomplished through SEPA review. Further, counties are 
now developing programs to protect critical areas, which include wetlands, in compliance 
with the Growth Management Act. 

Apreliminary analysis of wetlands on the potential airport layouts has been completed using 
National Wetland Inventory Maps. The preliminary estimates have not been verified by on- 
site analysis and probably represent the minimuin amount of wetlands present. On-site 
analysis for wetlands typically results in the identification of additional small to medium- 
sized wetlands not mapped by the National Wetland Inventory. Such an analysis would be 
conducted in follow-on site-specific studies. In addition, activities developed adjacent to an 
airport could result in additional wetland impacts. 

Vegetation and Wildlife 

Because of the level of analysis at this preliminary planning stage, only a general distribution 
of plants and animal species information has been compiled. Plants and animals common 
to the Puget Sound region would likely be found at or near all the proposed sites. More 
site-specific wildlife information would be compiled during the site-specific EIS phase of the 
projects. 

A sumnary analysis of vegetation and wildlife occurring at the seven alternative sites 
indicates the following: 

Some areas of deciduous, coniferous and mixed forests occur in the Sea-Tac vicinity. 
Such forested habitats are generally used by small rodents, birds, and other 
mammals, including shrews, moles, squirrels, rabbits, raccoons and deer. 

The predominant vegetative cover around the Arlington Airport can be described as 
agricultural. This includes both agricultural cropland as well as meadows and pasture 
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land. Some forested areas occur just east of the airport and southwest of the airport 
near Smokey Point. 

Waterfowl can be found in moderately dense concentrations south and north of the 
airport. Portage Creek is the nearest salmon-bearing stream in the airport vicinity. 
The stream is approximately 2,000 feet north of the airport at its closest point. A 
public fishing access point is located on the creek just north of the airport. Based 
on conceptual airport layout drawings, the creek would not be directly impacted by 
airport construction. 

A variety of natural and introduced vegetation occurs in the Paine Field area. 
Generally, most of the area is characterized by natural vegetation such as dense 
stands of second-growth evergreen and deciduous trees or a combination of a few 
trees and substantial undergrowth. While specific data on terrestrial fauna in the 
area was not available, it is expected that the area hosts a wide variety of wildlife 
typical of an urban and semi-urban community in the Puget Sound region. 

Aerial photos of Central Pierce show wooded areas mixed with some open pasture 
land. These areas are probably used by many animal species typically found in 
similar habitats in suburban settings. No streams have been identified for this area. 

Aerial photos of the McChord Air Force Base site show most wooded areas inter- 
spersed with some areas of open grasslands. As is typical with similar habitats in 
Puget Sound, these areas are probably used by many animal species. 

Specific terrestrial flora and fauna data for the Olympia/Black Lake area was not 
available. According to the Thurston County Comprehensive Plan (1988), special 
plant and animal communities have been identified near the site. At locations just 
west of the site, west of Littlerock Road and east of the site just east of Interstate 5. 
Numerous other special plant and animal sites are located further out from the site. 
One of the policies of the Thurston County Comprehensive Plan is to protect special 
plant and animal communities. 

A variety of habitat types are present on Fort Lewis: wet and dry coniferous forest, 
wet and dry broadleaf woodlands, moist and dry thickets, and dry grassland. Dry 
coniferous forest dominates most of the post; dominance of this habitat type is 
attributable to droughty soils and frequent fires. Prairies occur in the artillery impact 
area in the eastern portion of the reservation. 

A wide diversity of animals species occurs on the reservation. Several species of 
mammals, and raptors, as well as upland birds and waterfowl, can be found. 
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3.4.2 Significant Imvacts 

Because of the large numbers and scattered distribution of wetlands in the Puget Sound 
Basin, it is unlikely airport construction can totally avoid wetland impacts. 

A determination was made (based on the conceptual airport layouts) of the approximate 
number of linear feet of stream affected for each airport option. A data search on salmon- 
bearing streams was conducted using the Washington State Department of Fisheries Catalog 
of Washington Streams and Salmon Utilization. 

Specific impacts to vegetation and wildlife (for the airport construction alone) would vary 
significantly with the option selected and on current land use. Because some of the 
proposed sites such as McChord, Paine Field, Sea-Tac, and Arlington, are already 
developed, the additional loss of vegetation and wildlife habitat would be comparatively 
minimal. Conversely, much greater impacts to plants and animals would occur under the 
Fort Lewis, Central Pierce and Olympia/Black Lake options, since these are the areas that 
are generally rural or undeveloped. Indirect impacts to plants and animals in the general 
area of each airport, as a result of induced growth, are more difficult to assess. 

3.4.2.1 Preferred Alternative 

Wetlands 

The existing Sea-Tac airport with a new dependent runway would not affect any wetlands. 
Airfield improvements at Paine Field, if required, would affect approximately 13 acres of 
shrublemergent and 22 acres of emergentlopen water wetland, for a total of 35 acres of 
wetland. 

Constructing two runways at Fort Lewis would not affect any wetlands and only one acre 
of forested and one acre of emergent wetland on the McChord Base. The greatest wetland 
impact would occur if the Olympia/Black Lake site were planned for construction of an 
additional two runways. A total of 36 acres of wetlands - including 9 acres of forested, 7 
acres of shrub, 15 acres of shrublemergent, and 5 acres of emergent -would be impacted. 

Streams 

Based on the Catalog of Washington Streams and Salmon Utilization (1975), chum and coho 
salmon are present in both Miller and Des Moines Creeks, which flow through the study 
area. However, jet fuel spills in November 1985 and April 1986 killed nearly all aquatic life 
in Des Moines Creek. According to the SeaTac Area Update, fish and aquatic life are 
returning to the stream, but pollutants from urban runoff are making recovery slow. Miller 
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Creek does support some salmon, in part due to a citizen group's salmon enhancement 
project. No direct impacts to the streams are expected based on the preliminary layouts. 

A tributary of Swamp Creek is located approximately 2,000 feet south and east of the 
existing main runway at Paine Field. Based on the 1983 Paine Field Comprehensive Plan, 
Swamp Creek was identified as a salmon bearing stream. According to the plan, salmon 
spawns have declined dramatically and even curtailed on some of the tributaries. The plan 
recognizes that this may have been a direct result of urban developillent. Swamp Creek 
would not be directly impacted by airport construction. 

The streams and lakes on Fort Lewis, along with the Nisqually River, support a wide variety 
of native, stocked, and anadromous fish. Muck Creek and South Creek are located on the 
site. Muck Creek has been identified as an important salmon-producing stream. According 
to the Catalog of Washington Streams and Salmon Utilization, South Creek also supports 
salmon populations. The replacement airport layout would impact approximately 4,000 feet 
of stream. 

If a new runway at McChord Air Force Base is required, it would impact 2,750 feet of 
stream. According to the Catalog of Washington Streams and Salmon Utilization, these 
streams do not support salmon fisheries. 

Three streams flow across the proposed Olympia/Black Lake site: Salmon Creek, Bloom's 
Ditch, and Allen Creek. All three streams support populations of Coho Salmon. A fish 
passage facility has been constructed on Bloom's Ditch near Littlerock Road. The two 
runway layout would impact 7,000 feet of stream. Loss of these streams could significantly 
impact salmon resources and would be very difficult to mitigate. 

Vegetation 

An endangered plant is likely to occur on the Fort Lewis base. A subspecies of the Alaska 
Rein-orchid, which is found in dry woods, gravelly streambanks and open mountainsides, 
may occur on the site. None have actually been observed (Army, 1979). The Washington 
State Department of Natural Resources has identified two areas next to Lake Mondress 
near the northern boundary of the base, as possibly containing the plant known as Aster 
curtus. A field visit conducted by Parametrix for another project confirmed the locations. 
The plant is listed by the state as a sensitive species and by the United States Fish and 
Wildlife Service (USFWS) as a candidate for listing as a threatened or endangered species. 
No known endangered or threatened plant species exist on the Sea-Tic or Paine Field sites. 

Wildlife 

Two vertebrate species with endangered or threatened status that might be expected to 
occur on or near Fort Lewis are the Northern Bald Eagle and the American Peregrine 
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Falcon. Reported sitings of Peregrine Falcons on the post are unconfirmed; most are 
probably the unlisted Peale's subspecies. The Northern Bald Eagle has been placed on the 
list of Rare and Endangered Species by the Department of the Interior. A sizeable 
wintering population of eagles use the post while feeding on spawned out salmon on the 
Nisqually River and Muck Creek (Muck Creek flows across the southern portion of the 
proposed Fort Lewis site). No known endangered or threatened animal species exist on the 
Sea-Tac, Paine Field, McChord AFB or OlympiaIBlack Lake sites. 

3.4.2.2 Secondary Alternatives 

Wetlands 

Under alternatives 8, 18, 23 and 25, no wetlands would be impacted. Due to the forested 
wetland located in the Central Pierce site, No. 21 would impact 3 acres of wetland. The 
alternative that would impact the greatest amount of wetland would be No. 24 which would 
impact a total of 35 acres of wetland located in the Paine Field site, 13 of which are 
shrublemergent with 22 acres emergentlopen water. 

Streams 

The only alternative which would have any impact on a stream or streams is No. 25. 
Because the alternative includes development in the OlympiaIBlack Lake site, 2000 feet of 
Salmon Creek, Bloom's Ditch, and Allen Creek would be impacted by the construction and 
operation of one runway. 

Vegetation and Wildlife 

There would be no significant impacts to plants or animals under any of the secondary 
alternatives. 

3.4.2.3 Other Alternatives 

Wetlands 

A preliminary analysis of wetlands on the potential airport layouts has been completed from 
using National Wetland Inventory Maps. Table 12 shows the identified wetland impacts by 
airport location alternative. As stated earlier in Section 3.4.1, these preliminary estimates 
have not been verified by on-site analysis and probably represent the minimum amount of 
wetlands present. 

In general, the layouts evaluated have relatively fewer wetland acres than are typically found 
on similar-sized land parcels. In all cases the wetlands identified are a small percentage of 
the total airport area. The Olympia/Black Lake option has considerably more wetlands and 
streams than other sites. 

Flight Plarz Project 
Draji Prograrnnzatic EIS Page 3-37 Pia~tts Pr Aniritals 



Table 12. Wetland Impacts and Potential Mitigation by Airport Location. 

Acres of Wetland Affected 

Potential 
Shrub1 Emergent1 Open Mitigation 

Location Runways Forested Shrub Emergent Emergent Openwater Water Total Area 

SeaTac 

SeaTac 

SeaTac 

Arlington 

Arlington 

Paine Field 

Paine Field 

McChord AFB 

McChord AFB 

Central Pierce 

Central Pierce 

Central Pierce 

Oly~npialBlack Lake 

OlympialBlack Lake 

OlympiaIBlack Lake 

Port Lewis 

Commuter 

Dependent 

New 
Extension 

New Runway 

Existing 

New Runway 

Existing 

New Runway 
One 

Two 

Thrce 

One 

Two 

Threc 

Three 

hliliylion area I~sc..l on rcplaccm2n1 r~ t ios  rwn~nmcndcd by thc Uz drimcnl of E;LI ~gy 
\?Jdll;tnJ i l l1 laCIS bh~cd 211 N:,tldn.tl Witla~ld I I I Y C ~ I U T ~  nlalls AcLllh?<l'zIl.r..l de:cllllin&ll~n ~ 1 1 1  rcqllirc lick1 invc5lil):tti~n 
.~nd wouU f k l y  OL: grcalcr. 

Streams 

Development of the McChord Air Force Base, Fort Lewis, and Olympia/Black Lake options 
would directly impact the streams in those areas. These streams would have to be relocated 
or buried beneath the airport. Under the Olympia/Black Lake option, approximately 2,000 
feet would be affected based on the one runway concept; 7,000 feet based on the two- 
runway concept; and approximately 22,000 feet under the three-runway concept. 
Approximately 4,000 feet would be affected under the Fort Lewis three-runway concept. 
Under the McChord new runway option, approximately 2,750 feet would be affected by 
development (this stream does not support salmon). 

Vegetation and Wildlife 

Endangered, threatened and sensitive plant and animal species on the Fort Lewis site are 
discussed in Section 3.4.2.1. 
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3.4.2.4 No-Action 

If improvements to the existing airport system do not take place, plants and animals in the 
Puget Sound region would not be significantly affected. Areas that would have been 
considered for airport development would be available for other projects. 

3.4.3 Mitigation Measures 

Wetlands 

Some of the wetlands potentially affected may be somewhat higher quality wetland. Higher 
quality wetlands typically have shrub or forested vegetation present, or mixtures of open 
water and emergent vegetation which provide a variety of wildlife habitats. On-site analysis 
is required to determine the level of wetland quality and the feasibility and design objectives 
of wetland mitigation. However, the large amount of land required by airports, the runoff 
generated from paved surfaces, and the large amounts of earth work required for 
construction will tend to make substantial and effective wetland mitigation necessav but 
feasible. In general, wetland mitigation should be located as close to the affected area as 
possible to minimize impacts to animal species dependent on the original wetland area. 
However, wetland mitigation too close to the airport may attract birds and, potentially, 
create a safety hazard. The location chosen for wetland mitigation should consider what 
other wetland areas that are available in the general area to try to support an even 
distribution of wetlands throughout the Puget Sound region. 

Ecology recommends avoiding and minimizing impacts to wetlands, and protecting wetlands 
with buffers ranging from 25 to 300 feet depending upon the quality of the wetlands. If a 
project cannot avoid wetland impacts, Ecology recommends preparation of a mitigation plan 
which seeks to replace the wetland functions and values that will be impacted by the project. 
In the case of severely degraded wetland, however, Ecology recommends that enhancement 
of wetland function be an objective. Wetland replacement plans are expected to use the 
following mitigation ratios of replacement to impacted areas: 

Forested wetlands 3.0 : 1 
Shrub wetlands 2.0 : 1 
Emergent marsh 1.5 : 1 
Open water 1.0 : 1 

Streams 

Mitigation of the streams on the Olympia/Black Lake site may be possible by creating or 
enhancing sufficient stream habitat in the general area to replace what is lost. Such stream 
mitigation is expensive, but may be possible if streams in the area are suitable. 
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Vegetation and Wildlife 

Revegetating any sites used for new airports, runways or extensions of runways, after 
construction, would reduce the impacts to plant and animal communities. The significance 
of any impacts to plants and animals would be determined on a case-by-case basis. 
Avoiding areas with wetlands would serve to ensure no disturbance in valuable areas. 

3.4.4 Unavoidable Adverse Imuacts 

A significant unavoidable adverse impact of constructing the proposed runways would be the 
removal of some plant and animal habitat at any of the sites chosen. Specific impacts would 
depend on the characteristics of the chosen sites. 

3.5 EARTH 

Soils data in conjunction with other environmental conditions, provides an important 
information base for detern~inations of what land areas are suitable for certain uses. It also 
suggests some of the physical constraints and limitations which would be placed on 
development occurring in the planning area. Five of the proposed airport locations were 
examined in terms of overall soils suitability using the Soil Conservation Service's Soils 
Survey Maps. Soils information for the McChord and Fort Lewis locations was derived from 
the Final Environmental Impact Statement, Fort Lewis Military Installation. 

3.5.1 Affected Environment 

Typically, each layout and the area around the layout consists of one or more soils types or 
series (referred to as an association). The predominant soils for each area have been 
identified. The following is a brief description of the soils found on one or more of the 
alternative sites: 

Alderwood-Everett Association soils typically develop on glacial till material. These 
soils are generally characterized as moderately well drained, having seasonal ground- 
water tables well below the surface with a low-to-moderate erosion hazard. 
Normally, the surface layer and upper part of the subsoil are gravelly sandy loam. 
The lower part of the subsoil is very gravelly sandy loam. These soils have the 
natural ability to support heavy loads. The main limitation of the Aldenvood- 
Everett Association soils, on urban development is seasonal soil wetness, depth to 
hardpan, and steepness of slope. 

Norma-Lynnwood-Custer soils tend to be poorly drained and found on outwash 
plains. The main limitations to urban development are soil wetness and ponding. 
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Mukilteo Series soils tend to be very poorly drained and may present development 
limitations due to ponding. 

Grading and excavations would be required to varying degrees for each of the options 
available. Fill, excavation, and site grading would change the local topography. Preliminary 
estimates on the amount of fill required for the various alternatives are discussed in the 
impacts section. 

3.5.2 Significant Impacts 

3.5.2.1 Preferred Alternative 

The preferred alternative would involve constructing a new dependent runway at Sea-Tac 
and one runway at Paine Field, as well as planning for two runways at either McChord, Fort 
Lewis, or Olympia/Black Lake. Soils in the Sea-Tac area are primarily within the 
Alderwood-Everett Association and are suitable for development. Approximately 13,682,000 
cubic yards of fill would be moved on the Sea-Tac site in order to build the new dependent 
runway. 

The proposed McChord AFB and Fort Lewis airport runways are located above the Clover 
Chamber's Creek aquifer, an important groundwater resource for south and east Pierce 
County. A petition has been filed with the EPA for designation as a Sole Source Aquifer, 
which is expected to be granted within a year. This designation does not preclude 
development, but does establish a process whereby the EPA reviews all federally assisted 
projects. These reviews are to ensure that proper design, construction, and operational 
controls are used to protect the aquifer from contamination which could cause significant 
adverse affects on the public health. 

The McChord Base area has a thick blanket of partially consolidated glacial deposits consist- 
ing mainly of sand and gravel. The soils tend to be excessively drained, gravelly sandy loams 
and suitable for construction. In order to build two runways at the McChord Air Force Base 
site, approximately 800 acres would require light grading. 

Soils at the Fort Lewis location are similar to those described above for the McChord site. 
Approximately 36,000,000 cubic yards of fill would be needed at this site to construct two 
runways. 

The Olympia/Black Lake site soils generally belong to the Alderwood-Everett Association. 
Development on the site would require approximately 19,280,000 cubic yards of fill ill order 
to build two runways. 
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3.5.2.2 Secondaiy Alternatives 

Alternative No. 23 would not have any impacts on the Sea-Tac site, since a new runway 
would not be built. The Central Pierce site soils also belong to the Alderwood-Everett 
Association. In addition, construction of a replacement airport at this location would 
require removing and disposing of material contained in the Hidden Valley Landfill. On 
the other hand, soils at the Arlington location belong to the Norma-Lynnwood-Custer asso- 
ciation and would be more difficult to develop. The Arlington airport is located on the 
Tulalip Sole Source Aquifers as designated by the EPA. See Sectioil 3.5.2.1 for discussion 
of the review process. Approximately 100 acres of land would be graded in order to extend 
the runway at the Arlington site. 

The impacts of Alternative No. 25 would be similar to those described above for No. 23 with 
the exception of one runway at Olympia/Black Lake replacing the Central Pierce option. 
Since No. 23 provides one runway, only 6,400,000 cubic yards of fill would be moved on the 
Olympia/Black Lake site. 

If one runway was extended and another built at the Arlington site, as would be done under 
Alternative No. 8, a total of 500 acres of land would need to be graded. The Sea-Tac site 
would not be altered. 

Under Alternative No. 24, the design of the Sea-Tac site would not be altered. Paine Field 
would have one runway which would involve depositing 400,000 cubic yards of fill on the 
site. Soils in and around the Paine Field location generally belong to the Aldenvood- 
Everett Association. In addition, some soils are from the Mukilteo Series. Alternative 
No. 24 also involves constructing a one runway airport at Central Pierce. Approxiinately 
9,120,000 cubic yards of fill would be moved on this site. 

Secondaq Alternatives No. 18 and 21 both involve building a new dependent runway at the 
Sea-Tac site similar to the preferred alternative. Alternative No. 18 would coilstruct a new 
runway at the Arlington site for a total of two runways. This option would involve grading 
500 acres of land. Alternative No. 21 would construct two runways at the Central Pierce site 
involving approximately 17,000,000 cubic yards of fill. 

3.5.2.3 Other Alternatives 

In general, most of the locations evaluated tended to have suitable soils for development. 
The exception is the Arlington location, which has poorly drained soils (south of 172nd 
Street) that may impose some limitations on construction (soils would have to be removed 
or extensive drainage systems constructed). All of the potential locatioils appear to have 
soils that would allow for airport construction. Additional soils analysis for each location 
will need to be conducted to determine specific soil types, suitability and potential impacts. 

Flight Plan Project 
Draft Progra~?anatic EIS Page 3-42 Earth 



Replacement airports would require the largest quantities of fill materials. The 
Supplemental airport option would require significantly less. 

All soil surfaces are subject to natural forces of chemical physical weathering that result in 
erosion. The susceptibility to erosion is dependent on the physical characteristics of the soil, 
vegetative cover, topography (slope), and the intensity and duration of storms. Stormwater 
runoff is the greatest single factor affecting erosion in the Puget Sound Region. Removal 
of the vegetative cover increases the erosion rate. Erosion would be minimal on most loca- 
tions due primarily to the low gradient. 

Grading and excavations would be required to varying degrees on each of the options 
available. Fill, excavation, and site grading would change the local topography. Preliminary 
estimates on the amount of fill required for the various alternatives are listed in Table 13 
below: 

Table 13. Grading and Excavation Quantities 

Sea-Tac (new runway) 

Arlington with runway extension 
New rnnway 

Paine Field with existing airport 
New runway 

Central Pierce replacenlenl airport 
Two-runway airport 
One-runway airport 

McChord with existing airfield 
New runway 

Olympia/Black Lake replacement airport 
Two-runway airport 
One-runway airport 

Fort Lewis replacement airport 

100 acres light grading 
500 acres light grading 

745 acres light grading 
800 acres ligllt grading 

3.5.2.4 No-Action 

If improvements to the existing airport system do not take place, earth resources in the 
Puget Sound region would not be significantly affected. Areas that would have been 
considered for airport development would be available for other projects. 
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3.5.3 Mitipation Measures 

Avoiding all sensitive areas with potential geologic hazards would eliminate significant 
impacts to earth resources. Modern construction practices and minimizing earth movement 
during rainy seasons should control most earth impacts. 

3.5.4 Significant Unavoidable Adverse Imnacts 

No significant unavoidable adverse impacts to earth resources would be expected. 

3.6 LAND USE 

This programmatic EIS evaluates the environmental consequences of different airport 
system alternatives at a generalized level, without detailed evaluation of individual sites or 
specific impacts. The purpose of the environmental analysis at this stage is to provide a 
comparative evaluation of the alternative airport systems. After an airport system plan is 
chosen, much more detailed studies will be conducted to fully evaluate all environmental 
impacts of each system component. 

3.6.1 Affected Evironment 

3.6.1.1 Significant Issues 

Adjacent land uses should be compatible and are regulated by local jurisdictions using local, 
regional, state, and federal guidelines, policies, and regulations. The recent passage of the 
Washington State GMA (in March 1990) and RSHB 1025, commonly known as GMA 11, 
one year later has provided significant guidance to planning policies. I-Iowever, it did not 
address all of the necessary procedures and processes to implement those policies. Working 
Paper No. 10 discusses institutional and jurisdictional issues and relationships. 

GMA I and GMA I1 affect the region's future air carrier system. Each jurisdiction required 
to plan under this legislation must adopt five-element comprehensive plans, and all five 
elements are to be consistent with each other. Local plans must also be consistent with 
regional plans. The five elements to be included are Land Use, Transportation, Capital 
Facilities, Utilities, and Housing. Significant issues will be the level of selvice for roads 
each nlunicipality must adopt by July 1, 1993, the concurrency requirement for new 
construction, and the remediation required to improve existing roads to meet those 
standards. Both regional and county-wide comprehensive plans must be adopted by July 1, 
1993. 

Internal and external consistency would be difficult to accomplish if municipalities did not 
consider and adopt the GMA policies into their existing planning process. Therefore, the 
assumption is made that GMA policies would apply to this project. GMA I1 requires that 

Flight Plan Project 
Draft Progralnntatic EIS Page 3-44 Land Use 



comprehensive plans include a process for identifying and siting of essential public facilities. 
This process is now being reviewed by cities and counties and should be in place by July 1, 
1992. 

Regional airports are associated with major activities centers and meet the transportation 
and economic needs of the area. Intermodal transportation facilities are necessary and 
integrated in regional transportation plans to insure effective and efficient community 
development. The area serviced by a regional facility involves many communities and 
agencies; therefore, community concerns and impacts need to be evaluated and 
incorporated into regional plans. 

The proposed expansion of existing airport facilities would be subject to review by several 
governmental agencies. Since each jurisdiction has its own regulations, land use standards 
vary as do the respective jurisdictional zoning codes. The rules and regulations governing 
this project would establish where precedence prevails and cooperation is needed for 
approval of the project (See Working Paper No. 10). 

For this study, each jurisdictionwas contacted and provided comprehensive plans and zoning 
maps. The maps were reviewed for existing conditions. GMA policies were used as a basis 
for land use analysis. 

3.6.1.2 Existing Conditions 

Sea-Tac 

Location. These alternatives are situated on Sea-Tac International Airport property. Each 
runway alternative considered for the Sea-Tac option would utilize airport property west of 
Runway 34L and east of 12th Avenue South. This portion of the airport is currently 
undeveloped, except for the Weyerhauser corporate aviation facility. 

Location Vicinity. Sea-Tac International Airport is surrounded by the four municipalities 
of Sea-Tac, Normandy Park, Des Moines, and Tukwila, and the communities of Burien and 
Angle Lake. Sea-Tac is located roughly in the center of these communities, and has fos- 
tered the development of industrial areas to the north and southwest. Airport-related 
commercial development along SR 99 dominates the east and southeast portions of the area. 

Land uses around Sea-Tac reflect the general range of land uses expected in an urban envir- 
onment, such as commercial, industrial, and residential development. Land immediately to 
the north and south of the airport, however, is mainly open space as a result of the acquisi- 
tions under the Port of Seattle's Noise Acquisition Program. Natural areas with steep topo- 
graphy, creeks, and small lakes can also be found around the airport. Tub Lake and Lake 
Reba, both tributaries of Miller Creek, are located to the north and Des Moines Creek is 
located to the south. Further from the airport are single-family and multi-family residential 
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areas. Trailer park developments are prominent in the southeastern portion of the study 
area west of 28th Avenue South. 

Arlington 

Location. This alternative is situated on the existing Arlington Municipal Airport. The 
proposed layouts also include some agricultural land south of 172nd Street NE just south 
of the airport boundary. The airport is located in the southwest portion of the Arlington 
City Limits. The Airport provides general aviation activities such as recreational flying, pilot 
training, charter and air taxi services, and corporate operations. The airport currently 
contains approximately 1,160 acres. 

Location Vicinity. Land use in the Arlington area varies from commercial activities, in 
Arlington's city center, to more mixed land uses around the city center particularly in the 
airport vicinity. The overall character, at present, may be described as agricultural and 
rural-residential. 

Land uses contiguous to the airport consist of agricultural, residential, and industrial uses. 
The south and northwest portions of the airport are dominated by agricultural uses. 
Undeveloped property can be found on all sides. The highest concentration of residential 
development is found .25 mile from the airport's southwest boundary. Other residential 
developments include Prospect Point north of the airport and Shoultes Green Acres south 
of the airport. Both of these developments are located just west of the extended centerline 
of the north-south runway. 

Industrial land use is the dominant land use east of the airport. Boat building, logging and 
cernent/concrete products are the major uses within this industrial area. A 40-acre 
industrial park occupies the airport's northwest corner. The closest commercial uses are 
located .75 mile to the west at Slnokey Point. 

Paine Field 

Location. Most of the proposed facility layouts are situated on existing Paine Field Airport 
property located in Snohomish County just south of the Everett City Limits. Under the new 
runway option, some of the airport could extend into residential properties near 121st SW. 
Besides the main runway and terminal, the Paine Field Airport also includes U.S. Navy 
Housing and National Guard facilities. Activities on the airport include major aircraft 
maintenance facilities operated by TRAMCO, which could be partially displaced by 
development of a new runway. 

Location Vicinity. The study area around the Paine Field option includes part of the City 
of Mukilteo, southwest Everett, northwest Lynnwood and Edmonds as well as the Paine 
Field community. Land use in the area is mixed urban uses, with predominantly single- 
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family residential on moderate-sized lots. A few master-planned communities in the study 
area include Harbor Pointe west of the airport, and Kennilworth Hills north of the airport 
in Southwest Everett. Other major concentrations of new, single-family residential units are 
located south of Mukilteo in the vicinity of 84th Street Southwest and the Mukilteo 
Speedway, the Lake Serene area, and along Holly Drive between 112th and 100th Streets 
Southwest. Mobile homes and multiple-family units are scattered throughout the study area. 

Other major land uses include industrial, commercial, recreational/open space activities and 
are more concentrated within the study area. Industrial uses adjoin the Boeing 747 
Assembly Plant and can also be found along the Mukilteo speedway as part of the Harbour 
Pointe master-planned community. Another area of significant industrial use is along 
Highway 99. 

Retail and commercial land use in the area is limited mainly to the Highway 99 corridor, 
a few small centers at major intersections, and two major centers at Mukilteo and 
Alderwood Mall. There is a considerable amount of park and recreational space in the 
Paine Field area. 

Land uses contiguous to, and in the vicinity of, the airport are varied. To the north of the 
airport property are industrial uses; to the west and south land use is primarily residential; 
to the west is also residential with mixed open space and park land. 

Central Pierce 

Location. The option is located a few miles east of the Fort Lewis Military reservation in 
the vicinity of the 152nd Street EastlHighway 161 intersection. Depending on the 
alternative, the layout would encompass a large residential subdivision and park-and-ride 
west of Highway 161, the Paul Bunyan Rifle and Sportsmans Club, several residences along 
Highway 161, and Thun Field, a small recreational air field located on the east side of 
Highway 161. Hidden Valley landfill is located east of SR 161 south of Thun Field and is 
within the area for the replacement airport option. 

Location Vicinity. Land use in the vicinity of this alternative is characterized by rural, semi- 
rural, and suburban residential development with scattered commercial, home businesses, 
agricultural, and manufacturing uses. Much of the area is developed with housing tracts. 
In general, like much of Central Pierce County, the vicinity is an area in transition from 
rural or semi-rural to medium-density residential, cornnlercial, and industrial. 

Residential development predominates in the area directly north and northeast of the 
option. A surface gravel operation is located off 94th Avenue East near its intersection with 
152nd Street East. Scattered single-family residences occur south of the option along 
Highway 161. Further south is the community of Graham. 
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The vicinity becomes more densely developed to the north and northwest. The Meridian 
Street corridor, a few miles east of the option is the largest and densest concentration of 
commercial uses in the area. 

A major residential development, Rainier Terrace, is in its first stages of development on 
1,467 acre site approximately 2 miles south of the proposed airport location. At completion, 
this planned community will accommodate 3,225 single-family residences and 585 to 975 
multi-family residences. A manufacturing and business park will be part of the 
development. 

The Hidden Valley Landfill is within the area of the replacement airport option. The 
facility is significant because FAA regulations generally prohibit landfills within 10,000 feet 
of a major airport. The owner of the landfill has proposed an expansion that would allow 
operations to continue through 1997 or beyond. Partial approval could be granted to allow 
operation through 1993. Without expansion, the landfill will probably close in 1992. 

The Hidden Valley Ls~ndfill is especially important for development of a replacement airport 
at this location. Previously disposed waste would probably have to be removed, with the 
developing authority becoming responsible for its safe disposal at a potentially substantial 
cost. 

McChord Air Force Base 

Location. These alternatives are situated on the existing McChord Air Force Base. The 
new runway option would utilize the eastern portion of the base, east of the main runway. 
This area includes a fire training area and lies within the clear zone for hazardous cargo 
loading and unloading areas. 

Location Vicinity. The vicinity can be generally characterized as suburban with the density 
and facilities to be considered an urban center. The area includes a portion of the 
Lakewood Community in unincorporated Pierce County, South Tacoma, McChord Air Force 
Base and Fort Lewis Military Reservation, and the Parkland-Spanaway area east of the Air 
Force base. Pacific Lutheran University is located just east of the base. 

Growth in many communities around the base has seen the subdivision of many large 
properties and extensive redevelopment and expansion of commercial centers. Increasing 
multiple-family construction has caused a shift in housing developnlent away from single- 
family, owner-occupied residential development. 

Most conlmercial developnlent is located along a strip on Pacific Avenue with major 
concentrationpoints at 112th Street, 136th street, Militav Road, and 176th Street. The area 
is bisected by two major transportation corridors. Pacific Avenue, or State Route 7, is the 
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main north-south thoroughfare linking Tacoma and Mt. Rainier National Park. State Route 
512 serves as the area's major east-west link connecting Lakewood. 

In general, the vicinity lies in a growth sector of Pierce County. For example, Spanaway is 
now experiencing suburbanization and residential development in a southeasterly direction. 
Development in Parkland is limited to filling in the skipped-over land parcels and more 
intensive developments along Pacific Avenue. 

Olympia/Black Lake 

Location. The options are located a few miles southeast of Tumwater and are generally 
bounded by Interstate 5 on the east, Little Rock Road on the west, Lathrop Road on the 
north and Aldrich Road on the south. Most of the layout is undeveloped farmland and 
forested land. There a few scattered residences on the area particularly along 104th and 
107th Avenue Southwest. Blooms Ditch, Allen Creek and Salmon Creek flow across the 
site, primarily from east to west. 

Location Vicinity. The option vicinity can be characterized by rural residential developnlent 
with scattered commercial. home businesses, agricultural, and manufacturine uses. Similar . - - 
to the layout, the vicinity is primarily undeveloped, forested land. 

Southeast of the option, near Scott Lake, is a moderately dense residential development. 
Further east is Millersyvania State Park. A few miles northeast of the site is the Olympia 
Municipal Airport. 

Fort Lewis 

Location. Most of the option falls within the southeastern boundary of the Fort Lewis 
Military Reservation just south and east of the comnlunity of Elk Plain. Part of the option 
falls outside of the military reservation, south of Elk Plain inunincorporated Pierce County. 
The layout encompasses training areas 11, 14, and 15 on the military reservation. These 
areas are considered heavy-use areas by the military, particularly area 14 which includes the 
Thirteenth Division Prairie used for mechanized battalion and tank battalion operations. 
Rural and semi-rural residential best describes that part of the layout in unincorporated 
Pierce County. An underground pipeline and overhead power transmission line also 
traverses the layout. 

Location Vicinitv. Other military training areas including areas 8, 9, 10, 12, and 13; these 
are located north, northwest, and west of the layout. These are also considered heavy 
training areas by the military. Significant marshlands can also be found west of the layout. 
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Single-family rural and semi-rural residential development can be found south of the option. 
The area east and northeast of the optionnear Loveland, Fredrickson, and South Spanaway, 
is rapidly growing with new and proposed residential developments. 

3.6.1.3 Induced Land Use 

In developing a regional airport system, the opportuility is present to plan for the resulting 
increased levels of activity and related land uses. Comprehensive plans and zoning 
regulations can (and under the Growth Management Act must) be revised to accommodate 
new or expanded airport facilities. These regulatory mechanisms can control the type, 
location, density, and character of land use around a new or expanded airport to meet both 
local and regional needs. Hence, the estimates given here for induced land use represent 
only one possible scenario for future development based on the projection of office space 
and hotel rooms given in Working Paper No. 8, Table V-10. These estimates are based on 
(a) a forecasted level of air passenger volumes in 2020 (total of 45 million annual 
passengers, with travel at Sea-Tac "constrained as described in Working Paper No. 5, Level 
of Service), and (b) a set of assumptions these airport passenger volumes to land use 
demands and densities for all alternatives. The preferred alternative has less induced land 
use impact at Paine since the amount of passenger activity ois lower. In practice, the level 
of passenger volumes might be achieved on a date other than 2020, and comprehensive 
plans and zoning regulations will uniquely direct the pattern of land use around any airport. 

Studies by P & D Aviation of airports on the west coast find the area directly influenced by 
an airport ranges from 1.5 to 3 miles from the facility. These studies also find a direct 
association between airport passenger volumes and office space and hotel rooms in the influ- 
ence area (see Working Paper No. 8). To estimate induced land use activity, projected 
office space and hotel rooms have been used to develop acreage estimates by type of activ- 
ity. The acreage estimates are based in part on a detailed study of existing land use 
surrounding Sea-Tac airport prepared as part of the FAA Part 150 Noise Contour Study. 
This study found that of the developed area centered on Sea-Tac approxiinately 3 miles 
wide and 16 miles long, 75% was residential, 10% office, 8% manufacturing, and 1% hotels 
and motels. Because this area is substantially larger than the expected airport influence 
area, this information was not directly used to estimate induced land use. 

Three types of land use are estimated; office, light industrial, and hotel. Retail and other 
commercial activities are included within each of these categories, but are not calculated 
separately. Because of concerns with noise, new residential use is expected to be controlled 
near the airport and is not directly estimated as an induced land use activity within the 
influence area. However, as an employment center, an airport would be expected to create 
demand for some residential use in the general area. 
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Induced land use was estimated as follows for office, light industrial, and hotel uses: 

Office: Office acreage is based on an average 3-story height with 50% lot coverage to 
provide for parking and landscaping. This density is representative of many office 
developments in the Puget Sound area, although considerable variation can be found. 

Light Industrial: Light industrial use (including manufacturing and warehousing) is 
calculated as 2.5 times the office acreage. Nationally this use is approximately twice 
office space, while in the Sea-Tac vicinity it is almost four times office space. It should 
be noted that the study of west coast airports by P&D Aviation did not find a significant 
association between airports and industrial use, and hence it could be inferred that this 
activity may not be necessary for a successful airport operation. This type of land use 
is included here given the potential for airport-related manufacturing (Working Paper 
No. 8) and the existing pattern observed at Sea-Tac. 

Hotel: Hotel land use is calculated at 200 rooms per acre. This is lower density than 
presently found around Sea-Tac (approximately 300 rooms per acre) where hotels use 
appears to have been constrained by limited local circulation patterns. 

Opportunities for development and land use change vary considerably between airport loca- 
tions. In areas with existing development, it is likely that activities already in the area and 
not dependent on an airport would be displaced to other locations in the region while air- 
port-related activities would remain and potentially expand. Sea-Tac, Paine Field, McChord, 
and Central Pierce are locations where relatively little undeveloped area remains. The 
Central Pierce area has significant development in place and substantially more is antici- 
pated. Arlington and Olympia/Black Lake are locations where new development could 
occur. Development around Fort Lewis may be considerably constrained by surrounding 
army activities. 

Table 14 shows the 1990 population and employment, with density, for the general area 
around each potential airport location. The figures given are by Forecast Analysis Zones 
(FAZ's) developed by the PSRC based on census tracts and used for regional planning and 
forecasting purposes. Because the FAZ's are different sizes and are not centered on the 
airport locations, the figures given should not be interpreted as defi~litive. However, clear 
distinctions between the airport locations are evident. Overall, Sea-Tac and Paine Field are 
the most densely developed locations, and Arlington and Olympia/Black Lake appear the 
least developed. Sea-Tac has substantially higher employment developed than any other 
FAZ, followed by the Paine Field area. All other locations show relatively similar low 
employment densities. Paine Field has the highest household density, followed by Sea-Tac. 
Arlington shows much lower household density than any other area. 
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Table 14. 1990 Households and Employment and 1990 Density. 

Total 1990 
Developable 1990 1990 1990 Household E~llployment 

Airport Location FAZ Acreaget' Households@) Employment Density per acre Density per acre 

Sea-Tac 3700 6,293 40,454 37,076 5.00 30.03 

Arlington 8500 7,197 7,362 5,818 2.14 3.39 

Paine Field 7530 5,083 26,082 12,943 6.82 17.37 

Central Pierce 500 14,057 20,053 2,220 4.01 2.21 

McChord 2930 15,748 27,750 43,625 4.87 5.35 

Fort Lewis 2930 15,748 27,750 43,625 4.87 5.35 

Olym. Blk. Lake 17O) N/A ~ , ~ O ~ ( P O P . )  2,900 N/A N/A 

1 - Developable area from Table A2, "Land Use and Neighborhood Character, Supplementary Report, 
Second Edition", October 1990, PSRC, and includes both residential and employment land. 

2 - 1990 households and employment from "Interim Populalion and Employnle~~t Eslimates, 1990 and 
2010", September 1991, PSRC. 

3 - Not included in PSRC reports. 1990 population and enlployme~~t from "The Profile", March 1991, 
Thurslon Regional Planning Council. 

3.6.2 Si~nificant Impacts 

3.6.2.1 Preferred Alternative 

Sea-Tac. Construction of a dependent runway on the western property boundary at Sea- 
Tac International Airport would require the acquisition of approximately 110 acres 
containing 230 homes between 9th and 12 Avenues South and between South 176th Street 
and State Route 518. 

The new approach and takeoff areas would have to be reviewed for any obstructions within 
the Runway Protection Zone for all sites. 

Paine Field. While commercial service would initially require only minor facility 
improvements, new facilities would eventually have to be constn~cted on the field with 
approximately 140 acres of parkland, commercial, and industrial uses being induced. 

Fort Lewis. McChord, and Olvm~ia/Black. Without adequate precautions, land use specula- 
tion could precede actual plans for a new airport facility. The GMA calls for urban growth 
to occur within urban growth boundaries to prevent sprawl. Urban services are to be pro- 
vided by cities, not by counties. Urban growth boundaries are now being established and 
the siting of airport facilities will be accomplished using the GMA guidelines. 
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The impacts to Central Pierce would involve property acquisition, road relocation and 
improvements, and the military operations at Fort Lewis and McChord AFB. Depending 
on site location, the impacts to military operations may impair or prevent the Army and the 
Air Force from completing their missions as presently defined at these locations. 

The Air Force recently changed its command structure to better fulfill its global 
responsibilities. The Army, in a synergetic operation with the Air Force, is also responsible 
for new global operations. Fort Lewis and McChord AFB are expanding by receiving 
additional military personnel from other base closures and assuming new operational 
requirements. 

Civilian airport land uses and facilities are not easily compatible with the military training 
and operational missions of the bases. The bases contain hazardous cargo loading areas, 
munitions storage areas, superfund sites, and numerous functional requirements that are not 
compatible with public use. Hazardous cargo loading and munitions areas are located close 
to runways to allow for rapid deployment and logistical support for Army and Air Force 
missions. Safety and security requirements would not allow a civilian terminal and 
associated support facilities to be in the same location without adequate separation. 

The acreage affected by induced land uses from Table 15 are 242 acres for Sea-Tac, 39 
acres for Paine Field, and up to 60 acres at the Fort Lewis or McChord AFB sites or 80 
acres for Central Pierce or Olympia/Black Lake areas. 

Impacts to Olympia/Black Lake area include the acquisition of 800 acres containing 50 
homes and 550 vacant acres. Road improvements to 1-5 would also be required and new 
roads constructed. 

3.6.2.2 Secondary Alternatives 

The impacts on the secondary alternatives are generally the same as for the preferred 
alternative with the provision that impacts will vary depending on present and potential land 
uses which would be developed or redeveloped as described in the previous section. 
Additional property would be needed to support runway expansioils or new facilities. 
Outlying sites are more rural with more open space and are generally designated as rural, 
suburban, or a resource area. Induced development will tend to occur more rapidly at 
outlying sites without controlling plans or regulations. 

The acreage affected by induced land uses from Table 15 are 242 acres for Sea-Tac, 127 
acres for Arlington, up to 260 acres at Central Pierce, and up to 127 acres at Olympia/Black 
Lake. 
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Table 15. Induced Land Use Estimates. 

Acres in Airport Influence Area (1.5 to 3 miles) 

2020 
Alternative Location MAP"' Office Light Industrial "' I-Iotel '" Total 

27,29 Arlington 2 6 15 5 26 
13,18 Arlington 3 9 22 6 37 

23 Arlington 6 16 41 10 67 
25 Arlington 7 19 48 11 79 
3 Arlington 11 26 66 15 1.07 
8 Arliugton 13 31 78 18 127 

16,21,27,28 Cen. Pierce 3 9 23 7 38 
6,11 Cen. Pierce 5 14 36 9 59 

24 Cen. Pierce 7 18 45 11 73 
23 Cen. Pierce 7 20 49 11 80 
31 Cen. Pierce 45 62 155 43 260 
33 Fort Lewis 45 62 155 43 60 

15,20 McChord 3 9 22 6 37 
5,lO McChord 13 31 78 18 127 

29,30 Oly~n. Blk. Lake 1 4 9 3 16 
17,22 Olym. Blk. Lake 3 9 22 6 37 

26 Oly~n. BBl Lake 5 15 37 9 61 
25 Olym. Blk. Lake 6 17 41 10 68 
7 Olym. Blk. Lake 11 26 66 15 107 

12 Olym. Blk. Lake 13 31 78 18 127 
32 Olym. Blk. Lake 45 62 155 43 260 

14,19,28,30 Paine Field 3 9 23 7 39"' 
24 Paine Field 7 18 45 11 73 
26 Paine Field 8 21 52 12 85 
4,9 Paine Field 13 31 78 18 127 

1,23,24,25,26 Sea Tac 32 44 110 33 188 
2,29 Sea Tac 35 48 120 36 204 

28,34 Sea Tac 38 53 132 38 223 
27 Sea Tac 40 54 136 39 229 
30 Sea Tac 40 56 139 39 234"' 

13,14,15,16,17, Sea Tac 42 58 144 41 242 
18,19,20,21,22 

1 - Constrained allocation of million annual passengers from Working Paper No. 5. 
2 - Office space from Workillg Paper No. 8. Assumes 50% lot coverage with 3-story buildings 
3 - Includes warehousing and ma~lufacturu~g. Assun~es 2.5 times office space, higher dellsity than 

at present around Sea Tac. 
4 - Hotel rooms from Working Paper No. 8. Assumes approximately 200 rooms per acre, slightly 

lower density than at present around SeaTac. 
5 - Preferred Alternative. 
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Arlington. The impacts to Arlington are caused by the acquisition of approximately 100 to 
675 acres containing 20-95 homes, commercial and industrial uses including Bayliner 
Industries and a major commercial nursery, and pasture and wooded areas. 

Road relocation and improvements would be required. Roads would be subject to the level 
of service and the design and construction standards of the respective jurisdictions. 

Land use changes surrounding the airport would occur. The change in real estate values 
may cause a desire to urbanize and change land uses from rural and suburban to those 
associated with airport activities. The GMA allows for comprehensive plans to be changed 
once a year. 

Central Pierce. The impacts to the military bases were discussed under the preferred 
alternative. The site located east of Fort Lewis west of SR 161 would be a new facility. It 
requires the acquisition of 1,140 acres containing 594 homes, 75 commercial acres, 620 
vacant acres, and a 134-unit condominium complex. Development would significantly impact 
existing land uses. Surrounding rural and suburban property will become urbanized. Road 
improvements would be required to SR 161. 

3.6.2.3 Other Alternatives 

The other alternatives will impact the same environmental elements as the other sites. The 
degree of impact will vary with each alternative. If the combined operational and acreage 
needs of Ft. Lewis and McChord Air Force Base do not change (possibly releasing land for 
alternate uses), or if the Olympia/Black Lake site is not feasible, other alternatives would 
be reviewed using the GMA guidelines. Displaced businesses on a site would either relo- 
cate or go out of business. 

Land use impacts due to airport expansion or new facilities will involve the development of 
unused and vacant land, property improvements, and redevelopment from existing land uses 
to new land uses associated with airport activity. Commercial land uses that are associated 
with airport activities now exist in varying degrees at Sea-Tac, Paine Field, and Arlington. 
They do not exist at McChord AFB, Fort Lewis, Central Pierce, or Olympia/Black Lake. 

Total induced acreage at a single location ranges from 16 acres for the supplemental airport 
option at Olympia/Black Lake (alternatives 29 and 30) to 260 acres for a replacement 
airport at Central Pierce, Fort Lewis, or Olympia/Black Lake. By system alternative, 
induced land use change is: 

Existing Sea-Tac (No-Action) 188 to 204 acres 
Replacement Airport 260 acres 
Two-Airport System 279 to 315 acres 
Three-Airport System 282 to 334 acres 
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Table 15 shows estimates of induced land use changes by type at each airport location in 
the order of increasing area. The distribution of induced land use estimates between coun- 
ties is determined largely by the forecast allocation of passengers, as described above. 
Figure 1 shows the estimated total induced land use by county and alternative. The lowest 
total induced acreage (without unsatisfied airport demand, and discounting environmental, 
ownership, or other constraints) is found with a replacement airport at the Central Pierce, 
Olympia/Black Lake, or Fort Lewis locations. The highest total induced acreage is found 
with a 3-airport system without a dependent runway at Sea-Tac. The difference in induced 
land use (by county) illustrates how similar le~els  of activity may be distributed in the Puget 
Sound region. A regional decision on how to distribute the economic activity and related 
land use resulting from an airport is a very important aspect of selecting an airport system 
alternative. 

3.6.2.4 No-Action 

Under the no-action alternative no additional facilities would be developed at any location. 
Demand management would be used to the maximum extent possible at Sea-Tac, but 
regional demand for air travel would not be satisfied. Lack of an adequate air trans- 
portation system would indirectly affect regional land use by constraining economic growth 
and development. 

3.6.3 Mitipation - Measures 

Mitigation measures for each type of impact are discussed by categories: housing and 
development/redevelopment. 

Housing. The mitigation measure for housing is necessary due to the impacts of displace- 
ment caused by acquisition. Housing availability and affordability are also a factor. 
Housing relocation assistance, as necessary, would be available to those who are eligible. 
Relocation and acquisition programs would probably be managed by the airport operating 
authority, the Department of Transportation, and local jurisdictions. 

New housing is generally available in the Puget Sound region. A recent capacity analysis 
accomplished in King County indicates there is available land with urbauized communities 
to accommodate new housing for the next 20 years. Real estate agencies and vacancy rates 
indicate sufficient existing housing availability for the next three years. 

Affordable housing is currently in short supply in the more urbanized areas. Renters 
moving to housing with similar standards inay have to travel several miles taking families 
away from familiar neighborhoods and inducing transportation impacts from trips generated 
to and from work. Displaced home owners will either buy existing homes available in their 
area or build new homes. New housing is more expensive due to new building code 
requirements, new development regulations, and new impact fees. 
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In accordance with the GMA, approximately $2,000 is available for low-income relocation 
assistance; one-half to be provided by the developer and the other half to be provided by 
the jurisdiction. 

DevelopmentlRedevelopment. Local jurisdictions are responsible for land use decisions and 
will control what is allowed with the area of the facility and when it would be permitted. 
Decisions will be  necessary for open space, recreation, commercial and industrial activities, 
public facilities, and all the required elements of comprehensive planning listed in the 
Growth Management Act. 

Relationshiu to GMA. The consistency requirement of GMA I applies to planning for new 
facilities such as airports. To be in compliance with the acts at the time the comprehensive 
plans are adopted, the elements of housing, land use, transportation, capital facilities, and 
utilities must be consistent. City and county plans must be coordinated and consistent with 
each other. 

The multi-county policies (Snohomish, King, and Pierce), as well as the individual policies 
for planning public facilities should be adopted by Snohomish, King, Pierce, and Thurston 
Counties by July 1, 1992. This project would be subject to review by the affected agency. 

The GMA calls for planning to be accomplished for three time frames; 20 years for land use 
planning, 10 years for transportation planning, and 6 years for capital improvement planning. 
Land capacity analyses are in progress to help determine urban growth boundaries, urban 
densities, and levels of service for public facilities. Transportation plans establish levels of 
service for roads. Provisions for bringing existing roads up to standards and concurrency 
requirements for new roads will be addressed. Capital improvement plans include new and 
old facilities, cost, and sources of funding. 

3.6.4 Unavoidable Adverse Im~acts  

Redevelopment to airport facilities and access will displace homes, businesses, and other 
land uses in the acquisition areas. Such unavoidable impacts may be reduced if protective 
zoning and land use planning is implemented before the year 2000. 

3.7 PUBLIC SERVICES AND UTILITIES 

3.7.1 Affected Environment 

Public and urban governmental services are defined in the GMA and include fire, police, 
health, schools, recreation, environmental, governmental (administrative support facilities), 
storm and sanitary sewer systems, water systems, street cleaning, and public transit. Sewer 
and water district comprehensive plans, special district plans, and services areas that have 
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their own comprehensive plans must be incorporated into jurisdictional comprehensive 
plans. 

The local demand for public services (including fire, police, water, and sewer service) would 
increase for each of the alternatives, even the no-action alternative. The actual net demand 
for public services and utilities will depend upon specific types, densities and locations of 
commercial, light industrial, office space and other land uses. Because of the GMA concur- 
rency requirement, adequate services must be provided (either developed or substantially 
planned for) before a new facility is developed. A study of public service costs prepared for 
the VISION 2020 Plan found that at a very general level overall per capita costs remain 
virtually unchanged with increases in population and density. This is because demand for 
public services increases with density of development, thus offsetting apparent cost savings. 
Results in specific cases would vary. The total cost of public services and utilities will be 
lower (generally) where there is existing infrastructure and where fewer new facilities are 
required. 

In general, the Sea-Tac and Paine Field locations have the most developed public service 
and utility infrastructure and would require fewer additional services. Arlington, McChord, 
and the Central Pierce locations have somewhat limited infrastructures and would require 
substantial improvements. Fort Lewis and Olympia/Black Lake have very limited services, 
if any, and would require building entirely new infrastructure systems. 

Sea-Tac 

Existine Services. Four fire districts provide fire protection and emergency medical services 
in the Sea-Tac area. All four districts are members of the King County Interlocal Mutual 
Aid Program, which allows each district to call on any other County district for assistance. 
111 addition, each has first-alarm agreements with neighboring districts. This means that in 
the event of a major alarm, neighboring districts are notified at the same time as the 
jurisdictional district is notified. 

The Port of Seattle Aviation Division has responsibility for fire fighting at Sea-Tac 
International Airport. The Port of Seattle has entered into mutual-aid agreements and may 
back-up arrangements with King County and with local districts. 

The Port of Seattle provides police services for Sea-Tac International Airport. The King 
County Police Department provides police protection to the neighborhoods surrounding the 
Sea-Tac area. The King County Police Department does not have a mutual agreement with 
the Port, but there is informal cooperation with other local jurisdictions on an incident-by- 
incident basis. 

Three water districts currently supply potable water in the Sea-Tac Airport area. All 
districts receive their water supply from the City of Seattle; each district has mutual 
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agreements with adjacent districts to share water in emergencies such as heavy fire flow 
demands or water shortages. 

The Sea-Tac study area is currently served by four sewer sewer districts, each with a 
comprehensive plan to aid them in future planning and coordination with other service 
districts and regulatory agencies. 

Currently, sewer trunk lines in the Sea-Tac Planning Area (as previously defined by King 
County) are reported to be adequate for conveying existing waste water flows. All the sewer 
districts have capital improvement programs that are updated annually to accommodate 
changes in the capital facilities required. 

Arlington 

Existing Services. Fire and police services for the airport and vicinity are provided by the 
City of Arlington. Police operations are centered in the central business district. Two fire 
stations, one near the downtown core and one on airport property, would respond to emer- 
gency assistance calls depending on the nature of the call. Sewer and water service are 
provided at the airport and neighboring vicinity. Some sewer service near the airport is 
piped to Marysville for treatment. Both the Arlington and Marysville wastewater treatment 
systems have limited capacity. 

Paine Field 

Existing Services. Several fire protection districts, including Fire Districts 1, 2, and 11 along 
with the cities of Everett, Mukilteo, Lynnwood and Edmonds, provide fire protection for the 
Paine Field area. A total of nine fire stations are located in the Paine field area. In 
addition, both Snohomish County and the Boeing Company maintain well-equipped and 
professionally manned fire stations at Paine field to provide fire protection for all property 
under their respective ownerships. Both of these stations have special equipment for 
handling aircraft crashes and petroleum fires. In addition, the airport has a backup 
agreement with the City of Everett. 

Police protection in the area is provided by the Cities of Everett, Mukilteo, Edmonds and 
Lynnwood. Police protection within the unincorporated portion of the study area, as well 
as to Paine Field, is provided by the Snohomish County Sheriffs Office. 

Public water service is provided to most all of the Paine Field area by the Mukilteo Water 
District, the Alderwood Water District, and the cities of Everett, Edmonds and Lynnwood. 
Nearly all of the water provided by these suppliers is purchased from the City of Everett and 
originates from its Spada Lake Reservoir system located in the Sultan Basin watershed. 
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Public sewer service is provided in the area by the cities of Everett, Lynnwood and 
Edmonds, Olympus Terrace Sewer District. The airport is directly served by Olympus 
Terrace Sewer District. 

McChord Air Force Base 

exist in^ Services. McChord Air Force Base maintains its own fire and police units. One 
fire station near the flight line serves the entire base. Its primary purpose is to respond to 
aircraft fire emergencies. The fire department also provides backup for Fort Lewis and the 
residential community of American Lake Gardens just south of the base. On base Security 
Police provide the police services. Military prisoners are brought to Fort Lewis for holding 
and sentencing. 

The base maintains its own sewer system. Sewage is carried to Fort Lewis Military Reser- 
vation where it is treated. Approximately 10 wells provide water for the base. No public 
water mains are on base. The Coordinated Water System Plan (CWSP) for Pierce County 
anticipates development of groundwater systems in conjunction with an expanded trans- 
mission and distribution grid that will allow districts to share their resources. 

Central Pierce 

Existing - Services. Fire protection is provided by Fire District #9 and Fire District #21. 
Fire District #9 maintains a station at 172nd Street East and 110th Avenue East 
immediately east of Thun Air Field. Fire District #21 maintains a station at 188th Street 
East and 78th Avenue East and another station just south of the Paul Bunyan Rifle Range 
near 188th Street East and Highway 161. All three stations are within the airport layout 
boundaries. Police protection is provided by the Pierce County Sheriffs Department. 

Pierce County provides sewer service in the area. The County maintains a 24-inch sewer 
interceptor that extends south from 176th Street East south down Meridian Avenue (High- 
way 161). Firgrove Water Company provides water service in the area. The company main- 
tains a 12-inch main along Meridian Avenue past the site. Both Firgrove and Pierce County 
provide Thun Airfield with water and sewer service. 

Olympia/Black Lake 

Existing - Services. Fire service in the area is provided by District #11. The district is 
primarily volunteer. The nearest fire station is located at approximately 93rd Avenue and 
Lathrop Road. Police services are provided by Thurston County Sheriffs Department. The 
City of Tunlwater may occasionally provide mutual-aid assistance. 

No sewer systems or sewer mains are located near the site. There is a 12-inch water main 
along Lathrop Road that is operated by a private water company in the area. 
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Fort Lewis 

Existine Services. Because most of the site is in a remote area of the Fort Lewis Military 
reservation, fire and police services are not readily available. The southeast portion of the 
site, located in unincorporated Pierce County would be served by local fire districts in the 
area. Police protection would be provided by the Pierce County Sheriff. 

Water service is not provided on the military portion of the site. On the portion of the site 
south of the reservation, water is provided by well systems. East of the site, east of the 
National Park Highway (Mountain Highway), water is supplied by the Richardson Water 
Company which maintains a 12-inch main along the highway. 

3.7.2 Significant Imoacts 

3.6.2.1 Preferred Alternative 

There are no significant impacts to public services at Sea-Tac or the Paine Field areas. 
Required improvements can likely be accommodated in capital improvement plans and 
accounted for in the Capital Facilities Element, and Public Utilities and Facilities elements 
of comprehensive plans. 

Impacts on school enrollment in surrounding communities will be affected by airport 
development. A disincentive for residential development will occur because of noise 
impacts and adjacent commercial and industrial development. However, because the GMA 
calls for reduced sprawl, and in general, urban densities that support urban services, urban 
densities could be increased by including multiple-unit housing units close to urban centers. 
A jurisdiction may decide to zone for multi-family housing with increased densities closer 
to airports to comply with the GMA, this would impact schools. In this case, new construc- 
tion and soundproofing methods would be used. School capital improvement plans are to 
be integrated into comprehensive plans of the local jurisdictions. 

Sea-Tac. All public services would require some expansion to accommodate direct and 
induced levels of activity at Sea-Tac airport under the no-action and all action alternatives. 
The existing level and range of services available would minimize the additions required 
compared to less developed airport options. 

Paine Field. All public services would require some expansion to accommodate direct and 
induced levels of increased activity at Paine Field. The existing level and range of services 
would minimize the additions required, compared to less developed airport options. 

McChord AFB. Any substantial growth in the McChord areawould require additions to the 
fire and police services with more stations and equipment. Services to duplicate the base's 
own fire and police would be necessary. Both a new public water supply and sewage 
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treatment would be required to serve the airport. Activities in the airport vicinity could be 
served to some extent by existing supply and treatment systems. 

Fort Lewis. As part of the Fort Lewis Military reservation, the area is outside any 
anticipated service area for public services. Development of an airport would require 
substantial development of new or greatly expanded infrastructure systems. 

OlvmpialBlack Lake. The area identified is located outside of Thurston County's long- 
range Urban Growth Management Area boundary and only limited public services area are 
expected to be provided. Development of an airport would require substantial development 
of new or greatly expanded infrastructure systems. 

Planning for two runways at Fort Lewis, McChord AEB, or Olympia/Black Lake area would 
require substantial public service improvements. The GMA requires that urban services be 
provided by cities and be within urban growth boundaries. New airport facilities would 
comply with GMA concurrency and consistency requirements, both internal and external. 

3.7.2.2 Secondary Alternatives 

Secondary alternative impacts are the same categorically as for the preferred alternative 
with the addition of Arlington. Arlington impacts for public services are more substantial 
than for Sea-Tac or Paine Field due to the lack of improved facilities. Provisions for 
adequate water and sewer services would have to be accounted for in the water and sewer 
comprehensive plans. 

Arlington. Any substantial growth in the Arlington area, as the result of an expanded 
airport, would require additions to the fire and police services with more stations and 
equipment. Groundwater supplies in northern Snohomish County are limited and would 
probably not be sufficient to serve an airport and surrounding activities. The North 
Snohomish Coordinated Water Supply Plans (CWSP) anticipate a water transmission line 
to the Arlington area to tie into the City of Everett system and the Sultan River supply. 
Substantial improvement and expansion would be required to provide adequate sewage 
treatment capacity. 

Central Pierce. All public services would probably require expansion to accommodate direct 
and induced levels of activity at the Central Pierce location, especially for a replacement 
airport. A full range of services is available, however, and could provide some of the 
capacity needed for a small airport. 

Based on conceptual drawings, the one runway option would displace the fire station at 
188th Street and Highway 161 maintained by Fire District #21. The two runway option 
would displace both of the stations maintained by Fire District #21. Under the replacement 
airport option, all three fire stations would be displaced. 
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3.7.2.3 Other Alternatives 

The other alternatives will impact the same public service and utilities elements as the other 
sites. The degree of impact will vary with each alternative. If Fort Lewis, McChord AFB, 
or Olympia/Blaek Lake sites are not feasible, other alternatives would be reviewed using 
the guidelines of the GMA. 

3.7.2.4 No-Action 

Under the no-action alternative no additional public services and utilities would be required 
at any airport location. 

3.7.3 Mitigation Measures 

Mitigation procedures for public services for all sites would be the same. A level of service 
would be established for fire, police, and other public services in the local jurisdiction. 
Special district, water and sewer comprehensive plans, and regional plans would be incor- 
porated in the jurisdictional comprehensive plan. The jurisdictional comprehensive plan 
would be coordinated and made consistent with county and regional plans. 

Mitigation measures will vary proportionally with the impacts and will depend on adopted 
levels of service and design and construction standards. 

3.7.4 Unavoidable Adverse Imaacts 

There are no unavoidable adverse impacts to public services. 
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GLOSSARY 

Airport systems 
Multiple commercial airports serving the same region. There are two predominant 
system types. One system has two or more airports with similar capacity levels and 
service (such as New York's systems). The other system type contains a primary 
airport supported by one or more supplemental airports (such as San Francisco and 
Los Angeles area airport systems). 

Capacity 
Refers to the capability of an airport, or its components, to process air traffic over 
a period of time. For this project, the focus is airfield capacity, which is measured 
by the number of aircraft operations (i.e., either takeoff or landing) that can be 
accommodated within a specific time period without substantial delay. Capacity can 
be exceeded, but the result in longer delays. 

Concurrency 
One of the main requirements of the Growth Management Act which mandates that 
adequate infrastructure be in place or scheduled to be provided in order for 
development to occur. 

Consistency 
One of the main requirements of the Growth Management Act mandating that 
development regulations (zoning, subdivision, and other controls) be consistent with 
the comprehensive plans for an area. Both city and county comprehensive plans 
must also be coordinated. 

Delay 
When the hourly or daily capacity of an airport is exceeded delay occurs. This 
increases the time that an aircraft takes to move from its origin to destination. 
Commercial aviation delays increase costs and lower efficiency and convenience for 
the air traveler. 

Demand management 
Using an existing airport facility to handle denland through efficiency measures. 
These measures may include flying larger aircraft, requiring higher occupancy levels 
on flights, and travelling during non-peak hours to reduce delays. 
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Dependent runway 
A runway which is not physically separated by enough distance from another runway 
for traffic on either runway to be independent of each other. A7,000-foot dependent 
runway, to be sited along the western boundary of Sea-Tac, is a component of the 
preferred alternative. 

FAA Federal Aviation Administration; the branch of the U.S. Department of 
Transportation responsible for regulating all commercial and private aviation. 

GMA Growth Management Act of 1990 (also called 2929). The Act requires all cities and 
counties in the state to do some planning and calls for the fastest growing counties 
to plan extensively in accordance with state goals. Supplemented in 1991 by the 
State Legislature. 

HCT High Capacity Transit; the general term used to describe modes of ground 
transportation capable of carrying substantially more passenger volumes than private 
automobiles. HCT includes light and heavy rail and bus systems. 

IFR Instrument Flight Rules; navigation method implemented when weather decreases 
visibility to the point where pilots must rely on instruments to maneuver. IFR 
conditions require greater separation between aircraft on arrival and significantly 
lower an airport's capacity. 

Induced Land Use 
Increased levels of growth and activity as a result of a specific project or 
development. The hotel and commercial area near Sea-Tac Airport is a good 
example of induced airport-related land use. 

Infrastructure 
A general term used to describe many types of public facilities including water and 
sewer systems, roads and freeways, and schools. Infrastructure systems are usually 
expensive to build and operate, and are funded by taxes or use fees. 

Ldn A cumulative Day/Night Noise Level measurement which combines the loudiless of 
each overflight, the duration of these events, the total number of overflights and the 
time of day the events occur into one single scale -- with a 10-decibel weight added 
to nighttime noise levels. 

MAP Millions of Annual Passengers; commonly used to measure demand for air 
transportation. 
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Non-attainment 
Areas that do not meet state or federal air quality standards for specific air 
pollutants. Non-attainment classification can limit approval for new sources of air 
pollutant emissions and require plans be implemented to achieve compliance. 

Operations 
Refers to aircraft activity at an airport. A takeoff or landing is a single operation. 

PSAPCA 
Puget Sound Air Pollution Control Agency; authorized by Ecology and the EPA to 
enforce air pollution regulations for King, Snohomish, Pierce, and Kitsap Counties. 
PSAPCA also issues some of its own standards that are stricter than the underlying 
state or federal requirements. 

PSATC 
Puget Sound Air Transportation Committee; a thirty-nine member steering group 
comprised of citizens, local and elected officials, members of the business community, 
and other interested citizens charged with developing a plan for the central Puget 
Sound air transportation system. 

PSRC 
Puget Sound Regional Council, replaces the Puget Sound Council of Governments. 
An intergovernmental agency established pursuant to state and federal regulations 
and covering King, Snohomish, Pierce, and Kitsap Counties as well as most of their 
municipalities. PSRC is responsible for regional transportation planning and has 
additional authority under the Growth Management Act. PSRC also provides 
regional land use planning and analysis. 

Remote Airport 
Includes the coordination of service at Sea-Tac Airport and another airport 
connected to Sea-Tac by high-speed ground transportation. The PSATC 
recommended the elimination of this option because of the extremely high cost of 
developing the site and the transit connection as well as other factors. 

Replacement airport 
An airport that would completely replace Sea-Tac capable of providing full domestic 
and international service. The capacity of the replacement airport would be 
sufficient to accommodate future passenger and air cargo traffic well beyond the year 
2020. 

SEL Single Event Sound Exposure Level; used to describe the maximum noise level 
occurring at any one time. 
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Sole-Source Aquifer 
An area designated by the EPA as having an aquifer that supplies at least 50 percent 
of the drinking water supply with no economically feasible alternative available. 
Designation as a sole-source aquifer requires EPA review and approval of all 
federally financed projects. 

Stage I1 or I11 
Refers to aircraft noise characteristics which are regulated by FAA Federal Aircraft 
Regulation 36. Stage I1 aircraft (like the Boeing 727) are older and produce 
considerably more noise than newer Stage I11 aircraft (like the Boeing 767). The 
FAA has mandated that all Stage TI aircraft be phased out of service by about 2000. 

Supplemental Airport 
An additional one- or two-runway airport designed to relieve demand at Sea-Tac 
Airport. The supplemental airport could be an existing airport or a new site. 

! 
VFR Visual Flight Rules; navigation method used when weather and visibility do not effect 

the pilot's ability to see. During VFR conditions less separation is required between 
I aircraft approaching an airport. 
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APPENDIX 1 

Working Paper 12A, Noise Assessment Study 





DATE: November 6, 1991 

TO: Puget Sound Transportation Committee 

FROM: Meshe Greve Associates/P&D Aviation 

SUBJECT: WORKING PAPER NO. 12A - NOISE ASSESSMENT STUDY 

This report summarizes the results of the analysis of the potential noise impacts associated with 
each of the airport system alternatives under consideration. To effectively evaluate and explain 
notential noise imoacts well into the future. this studv utilized methods and criteria that consider r.,..--.,- ~ ~ - ~ - -  - -  

noise unpacts mudh farther from the airport sites than is usual for traditional airport noise studies. 
The methods and data assumptions were selected to be conceptually uncomplicated and capable 
of heating all systems alternatives as equally as possible. 

The study utilized standard industry-wide methods of computer modeling and noise assessment 
analysis such as the use of the 65 M n  criteria. Supplemental noise assessment criteria were also 
included so that the potential noise impacts could be more thoroughly evaluated. The analysis 
identified the population that would be exposed to a less significant level of aircraft noise (55 
Mn)  and to a level of single event noise (80 SEL). Populations that would be newly exposed to 
noise (55 and 65 M n )  were also evaluated. 

The criteria used in the analysis were applied to the total populations contained within the noise 
contours developed for each of the various noise assessment criteria. The noise contours are 
based upon 2020 operational assumptions. The population analysis was based upon 2000 
population projections on the assumption that protective land use zoning around the selected 
airport site(s) would go into effect by that date. 

This report is divided into the following sections: 

. Summary of Results 
Background Information 
Evaluation Criteria 
Noise Contour Analysis 
Population Impacts 
Comparative Analysis . Mitigation Alternatives 

Appendix A contains more detailed information on the study. This includes background 
information on the descriptions of noise, noise metrics, assessment guidelines, aircraft 
operational assumptions, and the results of the noise contours and population projections. 



SUMMARY OF RESULTS 

The noise analysis compared the total population that would be exposed to various noise 
assessment criteria for each of the airport system alternatives. The noise assessment criteria used 
in the analysis included: (1) population exposed to cumulative noise levels in excess of 55 Mn,  
(2) population that would be newly exposed to cumulative noise levels in excess of 55 Ldn, (3) 
population exposed to cumulative noise levels in excess of 65 Ldn, (4) population that would be 
newly exposed to cumulative noise levels in excess of 65 Ldn, and (5) population that would be 
exposed to single event SEL noise levels in excess of 80 SEL. The Ldn noise metric, used by 
the FAA and EPA, is the most prominent noise metric used in the assessment of aircraft noise 
impacts. 

The results of the analysis are summarized in Table 12-1 for each of the system alternatives. 
This table shows both the range of total population exposed to noise per each criteria and a 
ranking based upon the consultant's recommendation. 

In assessing the relative difference in noise impacts between the system alternatives, it is 
important to point out the inherent difference between the community response to noise 
associated with an airport that has existed for many years and the response to noise that will 
occur at a new airport. It is very difficult to compare the relative noise impacts between these 
two different environments and the criteria used in this analysis attempts to account for the 
difference. 

Each of the noise assessment criteria is important in the evaluation of an airport alternative. The 
rating of the preference of alternatives depends upon which criteria is considered most important 
and weighted accordingly. A description of the methodology used by the consultant in weighting 
each of these factors that was used in the ranking of the alternatives is presented on Page 10. 
Based upon these weightings, a number of important conclusions can be drawn: 

The most important conclusion from the noise analysis is that the future noise 
environment for all of the system alternatives represents a significant improvement over 
that which exists around Sea-Tac today. The aircraft that are forecast to be operating at 
these airports in 2020 are significantly quieter and will result in reductions in both the 
overall Ldn noise levels as well as the single event SEL levels. A comparison of existing 
and future noise contours for Sea-Tac are presented in the Appendix. For example, 
approximately 70,000 people currently reside in Sea-Tac's existing 65 M n  noise contour. 
By 2020, the population within Sea-Tac's 65 Ldn noise contour for the worst case 
scenario is projected to be less than 13,000 people. 

The ranking of the system alternatives is dependent upon the actual airport sites. The 
rating of the system alternatives can vary when different airport sites are considered and 
the ranking in the table reflects a mid-range of impacts. 

The alternative that is rated the most favorable is the replacement airport alternative. This 
would only be true for a new airport site such as OlympialBlack Lake where the 
population around the proposed site is projected to be minimal. For sites with a 
significant population near the airport site, such as Central Pierce, this alternative is not 
considered favorable. 



Table 12-1 
Population Range by Category within 2020 Noise Contours 

System Alternatives 

Total Populalion Total Population Total Rank 
Population Newly Exposed Population Newly Exposed Population 

55 LDN to 55 LDN 65 LDN to 65 LDN &I SEL 
(WO)' (000)' (WO), (000)' (000)' (1 Best) 

EXISTING SEA-TAC AIRPORT SYSTEM 

EXISTING SEA-TAC WITH MAXIMUM DEMAND MANAGEMENT 112-119 

REPLACEMENT AIRPORT SYSTEM 

REPLACEMENT 

TWO AIRPORT SYSTEMS 

EXISTING SEA-TAC + SUPP(1 RWY) 

EXISTING SEA-TAC + SUPP(2 RWY) 

SEA-TAC WlTH NEW AC RWYtSUPP(1 RWY) 
(Mitigated Sea-Tac with New AC Rwy + Supp (1 Rwy) 

SEA-TAC WlTH NEW AC RWY+SUPP(ZRWY) 
(Mitigated Sea-Tac with New AC Rwy + Supp (2 Rwy) 

THREE AIRPORT SYSTEMS 

EXISTING SEA-TAC + 2 SUPP(1 RWY) 121-132 9-20 7.1-7.9 0.1-0.9 139-175 8 

SEA-TAC WITH NEW AC RWY + 2 SUPP(1 RWY) 132-137 4-1 1 12.6-13.1 0.1-0.6 153-189 I 1  
(Mitigated Sea-Tac with New AC Rwy + 2 Supp (1 Rwy) (128-133) (4-1 1) (8.1-8.6) (0.1-0.6) (143149) 5 

' Population Estimates Based on 2000 Population Projection 
" Denotes System Alternatives that include Airport Development Alternatives that do not meet System Capacify Demands 





The ranking of System Alternatives that include the dependent runway at Sea-Tac are 
considered less favorable (rated 9, 10, and 11). If measures such as restricting use of the 
runway to daytime use and for arrival traffic only are imposed, then the potential noise 
impacts from this alternative are reduced. With restricted use of the new runway, a 
multiple airport system that involves a new air camer runway at Sea-Tac is rated more 
favorably (rated 3 ,4  and 5) than a multiple airport system without improvements to Sea- 
Tac (rated 6, 7 and 8). This is because it reflects a balance of some growth at Sea-Tac 
with limited growth at supplemental airport sites. No increase of capacity at Sea-Tac 
would result in more significant increase in growth and noise at the supplemental airport 
sites. 

None of the alternatives stand out as far superior to any of the others in terms of noise 
impacts. Each of the airport system alternatives result in similar level of noise impacts. 
While these noise levels are a significant improvement over the aircraft noise levels that 
exist in Seattle today, i t  is expected that some level of adverse community response to 
aircraft noise would still be experienced with any of the alternatives. 



BACKGROUND INFORMATION 

The following presents background information on the methodology and criteria used in the 
assessment of aircraft noise impacts for each system alternative. A more detailed description of 
background information on noise and noise assessment criteria are also presented in the 
Appendix. 

The description, analysis, and reporting of community sound levels from aircraft are made 
difficult by the complexity of human response to sound and the myriad of sound-rating scales 
and metrics that have been developed for describing acoustic effects. For example, community 
noise is generally not constant but varies with time. Therefore, some type of statistical metric is 
necessary to mathematically express a varying noise level that can be correlated to community 
response. As a result of the complexity of describing noise, several noise metrics have been 
developed to account for characteristics of noise such as loudness, duration, time of day, and 
cumulative effects of multiple noise events. 

Noise is known to have several adverse effects on health and does cause disruption in human 
activities. The identified adverse effects of noise on people include hearing loss (not a factor 
with community airport noise), communication interference, sleep interference, physiological 
responses and annoyance. 

Many factors influence how a sound is perceived and whether or not it is considered annoying to 
the listener. This includes not only physical characteristics of the sound but also secondary 
influences such as sociological and external factors. Factors that describe human response to 
sound in terms of both acoustic and non-acoustic factors are presented in Table 12-1 and rating 
scales have been developed to account for the factors that affect human response to sound. 
Based upon these identified adverse effects of noise and the factors that influence annoyance, 
noise metrics and criteria have been established to help protect the public health and safety and 
prevent disruption of certain human activities. 
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TABLE 12-2 
Factors that Affect Individual Annoyance to Noise 

Primary Acoustic Factors 
Sound Level 
Frequency 
Duration 

Secondary Acoustic Factors 
Spectral Cornplcxity 
Fluc~uiuions in Sound Level 
Fluctuations in Frequency 
Rise-time of the Noise 
Localization of Noise Source 
Background Noise Levels 

Non-acoustic Factors 
Physiology 
Adavtation and Past Experience 
HOG the Listener's ~ c i v i t ~  Affects Annoyance 
Predictability of When a Noise will Occur 
Is the Noise Necessary? 
Individual Differences and Personality 

Source: C. Harris, 1979 
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A number of different noise criteria were examined in this study of the noise environment at each 
of the alternative sites. It was desirable to utilize nationally accepted mehics that would best 
predict the potential community response to aircraft noise in the neighborhoods surrounding the 
airport sites and were defensible in their application to the aircraft noise issues in the Puget 
Sound area. 

J.dn Noise M e t r i ~  The cumulative noise metric, Day Night Noise Level (Ldn), was the 
primary noise metric selected to assess the noise impacts from aircraft operations. The Ldn 
metric is useful because it combines the loudness of each aircraft overflight, the duration of these 
events, the total number of overflights and the time of day these events occur into one single 
number rating scale. The M n  scale is specified by most government agencies, including the 
FAA and the EPA, for the assessment of the noise impacts around airports. 

Extensive research using the Ldn index has been conducted on human responses to exposure of 
different levels of aircraft noise. Community noise standards are derived from tradeoffs between 
the impacts expressed in community response surveys and economic considerations for 
achieving these levels. Examples of the results of these surveys are expressed in Exhibit 12-1 in 
terms of community reaction versus Ldn noise level. These charts are derived from case 
histories involving aircraft noise problems at civilian and military airports and the resultant 
community response. 

The Ldn noise level can be used as an indicator for when significant impacts from noise and 
when annoyance from aircraft noise is likely to occur. The EPA has identified 55 Ldn as the 
highest noise level requisite to protect the public health and welfare with an adequate margin of 
safety. This includes both residential land use with outdoor use areas and recreational areas. 
This criteria does not constitute EPA regulations or standards. Rather, it is intended to identify a 
goal of safe levels of environmental noise exposure without consideration for economic cost for 
achieving these levels. 

The consultant recommends that 55 Ldn be an important criteria for the evaluation of the potential 
noise impacts around new airport development sites and,while it is not technology feasible as a 
mitigation in developed areas, it be considered in evaluating the noise impacts around existing 
airport sites for comparative purposes. 55 Ldn best reflects a noise environment that is indicative 
of a desired goal for the noise environment within the communities of Puget Sound. 

The Federal Aviation Administration and most government agencies throughout the country 
utilize 65 Ldn as the criteria to indicate compatibility of aircraft noise with residential land use. 
This level reflects a balance between a desired sound environment and the economic costs for 
meeting this level. Note that when examining Exhibit 12-1, adverse community reaction still 
occurs at 65 Ldn. A population exposed to noise levels in excess of 65 Ldn would be 
considered significantly impacted by noise. Therefore, this criteria is important in the evaluation 
of noise impacts from all of the airport sites. 
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SEL Noise Metric, While it has been demonstrated that cumulative noise memcs correspond 
well with overall community ratings of the noise environment, they will not always accurately 
predict community response. A number of airport studies have shown community response to 
noise is not always completely predicted through one descriptor such as Ldn. In such cases, 
single event metrics can be used to supplement the analysis. Single event noise analysis is often 
a predictor of when annoyance from aircraft noise is likely to occur. 

While the total noise exposure as described by the cumulative noise memc serves as the basis for 
a person's judgment of the noise environment, it is often a single event interference with some 
activity that people will use to express their immediate concern over noise. 

Sound Exposure Level (SEL) is a "single event" descriptor of an individual overflight and is 
often used to supplement the Ldn analysis. An SEL level of 80 dBA corresponds to the level at 
which sleep disturbance and speech interference start to occur in the general population. A single 
event SEL of 80 dBA was thus selected as one of the evaluation criteria for this study. 

The results from community response information obtained from studies around Sea-Tac were 
used as supplemental information. Experience at Sea-Tac showed that the 55 Ldn and 80 SEL 
are good indicators of the overall cumulative noise level at which complaints and annoyance from 
aircraft start to occur. 
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EVALIJATION CRITERIA 

As stated in previous sections, the evaluation of the potential noise impacts for each of the airport 
system alternative sites involved the use of various noise assessment criteria. These criteria were 
presented in previous sections and they are further explained below. 

Residential po~ulation exposed to aircraft noise of 55 Ldn or greater. A noise level of 55 
M n  and greater indicates the population to which the aircraft noise will be noticeable and 
some degree of annoyance or adverse community response would be expected to occur. 
The EPA has identified 55 M n  as the requisite noise level for residential land use. It is 
the level below which social surveys have shown that most residences consider the noise 
environment to be acceptable. Experience at Sea-Tac showed most areas (but not 
all),where noise complaints occurred were exposed to Ldn levels of 55 or greater. 

For a new airport site the 55 Ldn is the most important criteria. This level represents that 
area in which future residential land use development may require the start of some level 
of land use protection. This is not to say that no homes should be located within the 55 
M n  noise contour, but that the desired goal should be to minimize the number. 

There are a number of reasons why the 55 Ldn is an important criteria. First, we know 
from studies at other airports and experience at Sea-Tac that a degree of annoyance or 
adverse community response can be expected to occur at the 55 Ldn. (The EPA 
identified 55 Ldn as a goal for residential areas, without consideration for technical or 
economic feasibility.) Generally, in a densely populated urban environment, it is not 
economically feasible to insulate every home within the 55 Ldn contour nor is it desirable 
from a neighborhood integrity standpoint to buy homes on such a large scale. At a new 
airport site, however, it may indeed be possible to consider early zoning and other land 
use control measures to avoid significant residential land use impacts. 

Residential ~ooulation newlv exposed to 55 Ldn or meater. A newly exposed population 
consists of those people experiencing new exposure to aircraft noise as a direct result of 
the alternative. Studies have shown that people newly exposed to aircraft noise initially 
experience a much stronger adverse reaction than those who have had a long term 
exposure to the same level. This fact, coupled with the information provided on the use 
of the 55 Ldn criteria, provides a basis for using this as an important evaluation criteria. 
This category reflects the population around a new airport or an airport that previous had 
very few operations and is therefore likely to notice the addition of new aircraft noise and 
exhibit a higher level of annoyance. 

Residential ~ouulation exuosed to aircraft noise of 65 Ldn or Erreater. The 65 Ldn 
indicates the population that is significantly impacted by aircraft noise. The FAA noise 
assessment criteria is 65 Ldn for the compatibility of residential land use with aircraft 
noise levels. It is likely that for a new airport site, existing homes will need to be either 
purchased or insulated within the 65 M n  contour. 

P&D AvlaNon 4 A A DlvlsIOn of P& D Technologies 

Page 8 



Residential population newly exuosed to aircraft noise of 65 Ldn or meater. A population 
that is newly exposed to aircraft noise has been shown to show higher annoyance to 
aircraft noise than a population that has had a long term exposure to the noise. This 
criteria will indicate the most highly noise impacted population. This area will most likely 
need special action, such as buy-out or insulation. 

Residential oouulation ex~osed to sinele event aircraft noise of 80 SEL or neater. The 
80 SEL singleevent noise contour is an indicator for when speech interference and sleep 
disturbance start to occur. The 80 SEL single event contour is therefore a good indicator 
of where single event disturbance is likely to result in annoyance from aircraft operations 
for a segment of the population. Experience at Sea-Tac has shown that most noise 
complaints occur in areas where the SEL noise level exceeds 80 dBA. 
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NOISE CONTOUR ANALYSIS 

Noise contours, both Ldn and SEL, for each of the airport alternatives were generated using the 
FAA's Integrated Noise Model described in the Appendix. These contours were developed for 
both the cumulative Ldn noise level and the single event SEL noise levels. The contours are 
based upon 2020 operational assumptions derived from the Flight Plan operational analysis 
updated in Phase I11 by P&D Technologies. More detailed information on the operational 
assumptions can be found in the Appendix. 

The aircraft that are assumed to be operating into the 21st century are expected to generate similar 
noise levels as those of the quietest of the new generation aircraft that are being built today. The 
contour analysis assumes all Stage I11 aircraft such as the MD80, MD90, B737-300, B757, 
B767, MD-11, B747-400 as well as other new generation aircraft. (Stage IjI refers to the 
quietest category of aircraft as defined by the FAA Federal Aircraft Regulation 36 which 
regulates the noise levels generated by jet aircraft. FAA cert8cation of Stage 111 aircraft is based 
on engine weight and noise.). Given the 25 to 30 year life span for commercial aircraft, these 
aircraft would be expected to still be in service by 2020. 

Although these aircraft are significantly quieter than many of the current fleet of aircraft such as 
the B727, they still generate noticeable levels of noise. Aircraft that are currently under 
development utilize similar technology that is expected to result in noise levels that are also 
similar to the current generation of quieter aircraft. Any significant future reductions in noise will 
require new developments in engine technology or noise control that are not currently available. 

The Ldn noise levels were determined for each of the airport development alternatives. The 55 
and 65 Ldn noise contours for fifteen of the airport development alternatives are presented in the 
Appendix. These exhibits present the noise contours for the highest operational assumptions for 
one, two and three runway scenarios for each airport site. The amount of land in terms of square 
miles that is within each noise contour for each alternative is presented in Table 12-3. 

Single event noise contours for aircraft types and procedures expected to be in operation in 2020 
were also generated. The departure noise levels were used because departure noise represent the 
highest single event noise level. The aircraft selected to represent the single event noise levels is 
the McDonnell Douglas MD-82. This aircraft is typical of the MD80 fleet, which is expected to 
be the loudest aircraft in operation through the early part of the 21st century. 

The 80 SEL noise contours for MD82 departures are also presented for the same fifteen 
alternative airport development scenarios. These contours are presented in the Appendix. These 
single event contours were developed in terms of the departure noise levels along the many 
different primary flight tracks around the airport. These contour maps present a composite of the 
single event noise levels of all of these primary flight tracks and are intended to reflect typical 
single event noise levels in different communities. 
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Table 12-3 
Size of LDN Noise Contours (Square Miles) 

Sedac Seofac North North South Swfh 
Alf. Airpod System Mernafives Airpwf Airport Airpwts Airpwfs Ailpods Airpotts 

55 LDN 65LDN 55 LON 65 LDN 55 LDN 65 LDN 

1 ' Sea-Tac without Commuter R/W 30.9 
2 ' Sea-lac with Commuter R/W 32.7 
3 ' Alternate 1 +Arlington 1 RIW 30.9 
4 Alternate 1 + Paine 1 R/W 30.9 
5 Alternate 1 + McChord 1 R/W 30.9 
6 * Alternate 1 +Central Pierce 1 R/W 30.9 
7 a Alternate I + Olympia/Black Lake 1 R/W 30.9 
8 Alternate 1 +Arlington 2 R / W  30.9 
9 Alternate 1 + Poine 2 R/W 30.9 
10 Aiternate 1 + McChord 2 R/W 30.9 
11 Alternate 1 +Central Pierce 2 R/W 30.9 
12 Aternate 1 + Oiympia/Black Lake 2 RIW 30.9 
13 Sea-Tac w/Dependent R/W + Arlington 1 R/W 38.3 
14 Sea-lac w/Dependent R/W + Paine 1 R/W 38.2 
15 Sea-Tac w/Dependent R/W + McChord 1 R/W 38.3 
16 Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 38.2 
17 Sea-Tac w/Dependent R/W + Olym./Bik. Lake 1 R/W 38.3 
I8 Sea-Toc w/Dependent R/W + Arilngton 2 R/W 38.3 
19 Sea-Tac w/Dependent R/W + Paine 2 R/W 38.2 
20 Sea-Tac w/Dependent R/W + McChord 2 R/W 38.3 
21 Sea-Tac wIDependent R/W + Cen. Pierce 2 R/W 38.2 
22 Sea-lac w/Dependent R/W + Olym./Bik.Lake 2 R/W 38.3 
23 Alternate 1 +Ariington I RIW + Cen. Pierce 1 R/W 30.9 
24 Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 30.9 
25 Alternate 1 +Arlington 1 R/W + Oiym./@ik. Lake I R/W 30.9 
26 Alternate 1 + Poine 1 R/W + 0iym.l Bik. Lake 1 R/W 30.9 
27 Alternate 13+ Central Pierce I R/W 36.9 
28 Alternate ld+Centroi Pierce 1 R/W 36.2 
29 Alternate 13+0lympialBlack Lake 1 R/W 38.1 
30 Alternate I4+Olympia/Black Lake 1 R/W 37.4 
31 Centrai Pierce 3 R/W 
32 Oiympia/Biack Loke 3 R/W 
33 Central Pierce/Fo!t Lewis 3 R/W 
34 ' Alternate 1 + Demand Management 30.9 

Alternative which does not meet system capacity demand. 





The contour analysis does not assume any special noise abatement measures. The operational 
assumptions for a dependent runway at Sea-Tac include both arrivals and departures and 
nighttime operations. Should these assumptions be changed to daytime arrivals only, as might 
occur with the anticipated use, then the noise impacts would be considerably lessened. 

It is important to note that the Ldn and SEL noise contours presented in this report for the 
existing airports of Sea-Tac and McChord are significantly smaller than the current noise 
contours for these airports (For Paine Field, the SEL noise contours are also much smaller in the 
future). This is a result of the widespread use of quieter aircraft that will be in use by the year 
2020. These aircraft are significantly quieter than the majority of the current aircraft that are 
operating at these airports. 

POPULATION IMPACTS 

The noise contour analysis was used to determine the population that would be exposed to 
certain noise levels. The analysis is based upon the year 2000 population levels. The year 2000 
was selected on the assumption that protective land use zoning would go into effect by that date. 
At that time, any future development may be restricted or regulated in order to promote noise and 
land use compatibility between the airport and the surrounding area. The year 2020 population 
data was not used because any new airport development would include land use restrictions that 
would alter the population development around the airport. 

Population data were obtained from the Puget Sound Regional Council (PSRC) which maintains 
a population data base by travel analysis zones (TAZs). There are 546 TAZs within the 4-county 
region. TAZs are similar in size to census tracts and tend to be smaller in urbanized areas and 
larger in rural areas. TAZ maps and the noise contour maps were overlaid. The area of each of 
theTAZs in the various airport vicinities was calculated. Then the percentage area of each TAZ 
covered by a given contour was calculated. This percentage was then multiplied by the 
population of the TAZ to obtain the population of that TAZ within the noise contour. The 
population figures for each of the TAZs were added to obtain the total population within each 
contour. 
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It is important to note that the size of the TAZs is more detailed in the urbanized area. The 
population counts for airports in the urban area (Sea-Tac, McChord &Paine) tend to be larger 
than those in rural areas (Arlington & OlympialBlack Lake). Central Pierce and Fort Lewis are 
between these extremes since they are located on the edge of the urban area and have TAZs of 
both small and large size in their vicinities. To further refine the population counts, it was 
assumed that anyone living within the land area that would be acquired for an airport site for any 
of the options would no longer be impacted by noise. This displaced populations was therefore 
subtracted from the total counts for each contour. 

The results of the population impact analysis for each airport development alternative are 
summarized in Table 12-4. The detailed data for each airport is presented in the Appendix. 
These tables present the number of people within the 55 and 65 M n  and within the 80 SEL noise 
contours. These contours are based upon the 2020 operational levels. 

The population data show that people will be living around nearly all of the airport sites. The 
most densely populated areas will be around Sea-Tac and Paine Field Airports. The least 
densely populated area will be around OlympialBlack Lake and Arlington. It is also important to 
note that there are no homes to the south of the McChord and Fort Lewis sites because all of the 
land is part of the Fort Lewis Army Base. 

It is important to note that the population within the noise contours are also significantly less than 
the number of people at Sea-Tac that are currently exposed to similar noise levels. For 
comparative purposes, the population within the existing Sea-Tac 65 Ldn noise contour is 
approximately 70,000. This reduction in impacted population is as a result of the noise control 
measures at the airport as well as the shift to quiet Stage ID aircraft. 
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Table 124 
Population Summaries within 2020 Noise Contours 

Total Population Total Population Total 
Alt Airport System Alternatives Population Newly Exposed Population Newly Exposed Population 

55 LDN to 55 LDN 65 LDN to 65 LDN 80 SEL 
(000)' (OOOj* (000)' (000)' W O ) '  

1 " Sea-Tac without Commuter WW 112 7.0 
2 *' Sea-Tac wih Commuter RIW 119 7.0 
3 " Alternate 1 +Arlington 1 WW 123 11 7.7 
4 Alternate 1 + Paine 1 WW 135 23 8.2 
5 Alternate 1 + McChord 1 WW 135 7.8 
6 " Alternate I +Central Pierce 1 WW 123 11 7.5 
7 " Alternate 1 + OlympidBlack Lake 1 WW 116 4 7.1 
8 Alternate 1 +Arlington 2 WW 127 15 7.5 
9 Alternate 1 + Paine 2 WW 138 26 8.3 
10 Alternate 1 + McChord 2 W 135 7.8 
11 Alternate 1 +Central Pierce 2 WW 127 15 7.5 
12 Alternate 1 + Olympia/Bla& Lake 2 W 117 5 7.1 
13 Sea-Tac w1Dependent WW + Arlington 1 RIW 135 4 13.1 
14 Sea-Tac w1Dependent W + Paine 1 WW 138 7 13.1 
15 Sea-Tac wlDependent RIW + McChord 1 WW 141 13.1 
16 Sea-Tac w/Depen&nt WW + Cent. Pierce 1 WW 135 4 13.5 
17 Sea-TacwlDependent RIW + Olym./Bik. Lake 1 WW 133 2 13.0 
18 Sea-Tac w1Dependent WW +Arlington 2 WW 136 5 13.0 
19 Sea-Tac wiDependent RIW + Paine 2 RIW 139 8 13.1 
20 Sea-Tac w1Dependent RIW + McChord 2 WW 141 13.1 
21 Sea-Tac w1Dependent RIW + Cen. Pierce 2 WW 136 5 13.5 
22 Sea-Tac wlDependent RIW + 0lyrn.lBik.Lake 2 RIW 133 2 13.0 
23 Alternate 1 +Arlington 1 WW + Cen. Pierce 1 WW 125 13 7.9 
24 Alternate 1 + Paine 1 WW + Cen. Pierce 1 RIW 132 20 7.6 
25 Alternate I +Arlington 1 WW + OlymJBik. Lake 1 PJW 121 9 7.5 
26 Alternate 1 + Paine 1 WW + Olyrn.1 Bik. Lake 1 RMr 127 15 7.1 
27 Alternate 13+ Cenual Pierce 1 WW 133 7 12.6 
28 Alternate 14+Central Pierce 1 WW 137 11 12.6 

29 Alternate 13+0lympidBlack Lake 1 WW 132 4 13.1 
30 Alternate 14+0lympidBlack Lake 1 WW 136 8 13.1 
31 Central Pierce 3 WW 53 53 2.8 
32 OlympidBlack Lake 3 WW 19 19 0.3 
33 Central PierceIForl Lewis 3 RIW 62 62 1.3 
34 " Alternate 1 +Demand Management 112 7.0 

* Population Estimates Based on 2000 Population Projection 
" Denotes System Alternatives that include Airpon Development Alternatives mat do not meet System Capacity Demands 





COMPARATIVE ANALY ST8 

The airport systems alternatives were analyzed in terms of the potential noise impacts based upon 
the five previously presented criteria. The results of the analysis are presented in Table 12-1 for 
each of the system alternatives. Table 12-1 shows the range of total population exposed to noise 
per each criteria and presents the number of residents in the year 2000 that we estimate will be 
within the noise contours for each of the five above presented alternatives. The table also ranks 
each alternative based upon the consultant's recommendation. In examining the results in Table 
12-1, different alternatives could be considered more favorable than others depending upon the 
criteria that is used. The consultant's recommendation is based upon a methodology that 
accounts for each of these factors by weighting their importance in predicting the overall noise 
impacts for each airport system alternative. 

These weightings of the importance of each of these criteria is based upon acoustic research in 
the prediction of adverse community response to aircraft noise, experience from other airports 
and Sea-Tac. Important factors in the development of this weightings and in the development of 
the rating of the alternatives are listed below: 

A population newly exposed to aircraft noise will show a higher level of adverse 
response to aircraft noise than a population that has a history of long-term exposure 
to that noise. This has been shown in acoustic research and in cases throughout the 
connay. It is important to not just compare the total population within a noise 
contour. Simply reducing the total population within a noise contour by shifting 
some of the noise to another airport does not necessarily mean that the adverse 
community response will be reduced. 

A airport that has been in existence for many years is evaluated differently than a 
completely new ailport. A population that is living around that airport will respond 
differently as a result of adaptation and past experience. This is the case for Sea-Tac 
and McChord and to a lessor extent Paine Field. This is not to say that adverse 
community response would not be expected if increased air carrier activity occurred at 
these airports, but that airports that have operated for some time will have a higher 
threshold of adverse community response then a new airport site. 

The 55 Ldn noise level was considered the most important criteria level when 
evaluating the noise impacts at a new airport site. In evaluating a new airport site, a 
criteria such as 55 Ldn is recommended in that it best reflects a noise environment 
that is indicative of a desired environment within the communities. 
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A commercial airport that is developed at an existing airport site, such as McChord or 
Paine Field, would likely elicit a lower overall adverse community response to 
aircraft noise than a completely new airport that would expose a population to "new" 
noise. 

The single event noise environment is a good indicator of where aircraft noise is 
likely to be noticeable, and where some level of annoyance from the aircraft 
operations is likely to occur. Although this criteria is not judged to be as critical as 
the Ldn data, the single event noise impacts must be considered, especially when 
evaluating the noise impacts between the single airport system and the multiple airport 
system. 

For weightings that consider minimizing the total population within the Ldn noise contours as the 
most important factor, then the most favorable alternative is the replacement airport alternative 
and the multiple airport system is less favorable. For weightings that consider minimizing newly 
exposed population within the Ldn noise contours, then the multiple airport system alternatives 
that include the new runway at Sea-Tac are considered the most favorable and the Replacement 
airport system is rated the least favorable. The consultant considers it very important that both of 
these criteria be considered and for this study have weighted them equally. 

In order to rank each of the system alternatives a weighing value was applied to noise assessment 
criteria. One hundred points was divided among each of the five criteria. The alternative with 
the lowest overall point total was rated the best. In order to account for the difference in total 
population number between the different criteria, the population numbers were scaled. For the 
ranking presented in this report the points were allocated as follows: 

25 Points - Population exposed to cumulative noise levels in excess of 55 Ldn. 
25 Points - Population that would be newly exposed to cumulative noise levels in 

excess of 55 Ldn. 
20 Points - Population exposed to cumulative noise levels in excess of 65 Ldn. 
20 Points - Population that would be newly exposed to cumulative noise levels in . - 

exiess of 65 Mn.  
10 Points - Population that would be exposed to single event SEL noise levels in excess 

of 80 SEL. 

Based upon the consultants recommendations each of the system alternatives were ranked 
relative to each other. The ranking of the system alternatives is dependent upon the actual airport 
sites. The rating of the system alternatives can vary when different airport sites are considered 
and the ranking in the table reflects a mid-range of impacts. 

The replacement airport system ranked as the most favorable alternative. This is as a result of the 
assumed lower population around the airport sites. However, this was only true for a new 
airport site such as Olympia/Black Lake where the population around the proposed site is 
currently predicted to be minimal. An airport site such as Central Pierce was not considered as 
favorably because there is a significant population around the airport site. 
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The alternative that ranked second was that which included Sea-Tac only. However, it is 
important to note that in comparing this alternative to other alternatives, it can be misleading. 
Because forecasted passenger demand is not met by these alternatives, there are less aircraft 
operations and thus the noise contours are smaller. 

The ranking of System Alternatives that include the dependent runway at Sea-Tac are considered 
the least favorable (rated 9, 10, and 11). However, the operational assumptions for a dependent 
runway at Sea-Tac include both arrivals and departures and nighttime operations. Should these 
assumptions be changed to daytime arrivals only, as might occur with the anticipated use, then 
the noise impacts would be considerably lessened. 

With restricted use of the new runway, a multiple airport system that involves a new air carrier 
runway at Sea-Tac is rated more favorably (rated 3, 4 and 5) than a multiple airport system 
without improvements to Sea-Tac (rated 6,7 and 8). This is because it reflects a balance of some 
growth at Sea-Tac with limited growth at supplemental airport sites. No increase of capacity at 
Sea-Tac would result in more significant increase in growth and noise at the supplemental airport 
sites. 

It is important to note that no one alternative was rated significantly better than any of the others 
in terms of population impacts and it is safe to say that all alternatives are IikeIy to result in some 
level of adqerse community response to aircraft noise. All of the alternatives that are based upon 
these sites have a significant population that will be exposed to aircraft noise in the future. 
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MITIGATION ALTERNATIVES 

Mitigation specific to each alternative could affect the preliminary ranking presented in this study 
but the analysis does not take into consideration any special mitigation measures to minimize the 
potential noise impacts. A number of measures could be considered to minimize the potential 
noise impacts from the airport development alternatives. Some of these measures are presented 
below. The most effective noise control measures are those that are tailored to the wishes and 
needs of the local communities and generally this is done through a process such as the FAA part 
150 progr:um. Any airport system ;~ltcrn;~tive recommendation should include a noisc mitigation 
pl:lnnirlp pro~.ess [hilt would include the communities, 3irport operators' and airlines' input. The 
new NO& and Capacity Act of 1990 will result in reductions in noise over the next ten years as 
the older noisier aircraft are phased out of service. It is assumed that the current restrictions in 
development of noise programs that are contained in the new law will be in effect. 

The following are a brief list of a number of the noise abatement measures that should be 
considered for minimizing the noise impacts around each of the airports. 

Preferential Runway Use 
Preferential Runway Direction 
Flight Track Modifications 
Special Nighttime Procedures 
Nighttime Operational Restrictions 
Aircraft Use Restrictions 
Noise Abatement Arrival and Departure Procedures 
Alternative Runway Development Plans 
Nighttime Ground Noise Control Measures 

For example, the potential noise impacts from construction of the dependent runway at Sea-Tac 
could be minimized for the long-term by formalizing the daytime and arrivals only use of that 
runway into a noise abatement policy. The potential eefects of this mitigation measure was 
presented previously. When noise abatement measures are included, airport development 
systems that include the Sea-Tac with the dependent runway alternatives can be considered more 
favorable then when mitigation is not included. 

Applying mitigatio~l measures to each supplemental airport sitc might illso affect that ranking. 
Mitipxion to the suppleniental sites was not included in the preliminary analysis because of the 
complexity in applying mitigation to a large number of new airport sites-with varying layouts and 
operational levels. In addition, many of the potential mitigation measures restrict the operational 
characteristics at an airport, and, it was therefore necessary to first analyze the potential noise 
impacts without constraints to the operations. 

A number of measures could be considered to minimize the potential noise impacts at the 
supplemental airport sites. The most effective noise control measures are those that are tailored 
to the characteristics of each airport and the needs of the local community. 
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The noise impacts at the McChord or Fort Lewis alternatives could be reduced through a 
preferential runway program to maximize the amount of time the operations are in south flow. 
For both of these airport sites, there is very little development south of the airport. The noise 
impacts at the remaining supplemental airport sites could be minimize through the restriction of 
nighttime operations. In a multiple airport system with Sea-Tac as the primary airport, it may be 
possible to constrain nighttime operations at the supplemental sites. However, it is very 
important to note that under the existing laws it is very difficult to implement new restrictions on 
Stage 3 aircraft, therefore, it may not be possible to legally restrict nighttime operations in the 
future. 

The potential for mitigating the noise impacts for the supplemental airport sites was analyzed for 
a number of sample alternatives. Although it was not feasible to analysis all of the alternatives, 
the preliminary rksults of analyzing samge alternatives show that thgpotential noise impacts at 
the supplemental sites themselves could be reduced by approximately 10 percent through 
mitigation measures. 

The ranking of the different system alternatives is not significantly altered by including mitigation 
at the supplemental airport sites. The primary affect is that the difference between the potential 
noise impacts of each of the multiple airport system alternatives is lessened. (Mitigation 
measures at Sea-Tac tend to show a greater effect because of the higher population.) 

It is recommended that noise control measures be included in the planning process as part of any 
implementation plan. Once a specific system alternative and specific airport sites and layouts is 
developed, more specific mitigation measures can be presented. For any alternative, a site 
specific EIS would require a thorough discussion of mitigation. 
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Appendix A 

NOISE ASSESSMENT BACKGROUND INFORMATION 

INTRODUCTION 

The Appendix summarizes background information on a number of important issues relating to 
the assessment of the noise environment at each of the alternative airport development sites. This 
is intended to give the reader a greater understanding of noise, of criteria used to assess potential 
impacts from aircraft noise, and in the assumptions used in quantifying the noise environment at 
each of the airport sites. This section is divided into the following subsections: 

Description of Noise 
Noise Metrics 
Noise Assessment Guidelines 
Methodology in Determining the Noise Environment 
Aircraft Operational Assumptions 
Noise Contour Results 



PESCRIPTION OF NOISE 

m, The purpose of this subsection is to present properties of sound that are important 
for technically describing sound in the airport setting. Sound can be technically described in 
terms of the sound pressure (amplitude) of the sound and frequency (similar to pitch) of the 
sound. The sound pressure is a direct measure of the magnitude of a sound without 
consideration for other factors that may influence its perception. 

A standard unit of measurement of sound is the decibel (dB). The range of sound pressures that 
occur in the environment is so large that it is convenient to express these pressures as sound 
pressure levels on a logarithmic scale. The sound pressure level in decibels is the pressure of a 
sound relative to a reference pressure. The logarithmic scale compresses the wide range in sound 
pressures to a more usable range of numbers in a manner similar to the Richter scale. for 
earthquakes. For example, a sound level of 70 dB has 10 times as much acoustic energy as a 
level of 60 dB while a sound level of 80 has 100 times as much acoustic energy as 60 dB. 

The frequency of a sound is expressed as Hertz (Hz) or cycles per second. The normal audible 
frequency for young adults is 20 Hz to 16,000 Hz. The prominent frequency range for aircraft 
noise is between 50 Hz and 5,000 Hz. The human ear is not equally sensitive to all frequencies 
with some frequencies judged to be louder for a given signal than another. As a result of this, 
various methods of frequency weighting have been developed, with the A-weighting (dBA) scale 
the most prominent of these scales. 

The A-weighted decibel scale (dBA), widely used in community noise analyses, performs this 
compensation by discriminating against frequencies in a manner approximating the sensitivity of 
the human ear. Many research studies reveal that when individuals make relative judgments of 
the "loudness" or "annoyance" of a noise, their judgments correlate reasonably well with the A- 
weighted sound levels of these noises. The advantages of the A-weighted decibel are that it is 
widely accepted, has shown good correlation with community response, and is easily measured. 
Most community noise metrics are based upon the dBA scale. 

In terms of human response to noise, a sound 10 dBA higher than another is judged to be twice 
as loud; and 20 dBA higher four times as loud; and so forth. Everyday sounds normally range 
from 30 dBA (very quiet) to 100 dBA (very loud). Examples of various noise levels in the dBA 
scale in different environments are shown in Exhibit A-1. 
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PUGH SOUND AIR TIlANSPORTATION COMMITTEE 

SOUND LEVELS AND LOUDNESS OFILLUSrRATIVE NOISES IN INDOOR AND OUTDOOR ENVIRONMENTS 

(A·Scale Weighted Sound Levels) 

OVER.ALL LEVEL 
Sound Pressure 

COMMUNITY 
dB(A) Level HOME OR INDUSTRY 

Approx. 0.0002 

130 

120 

110 

100 

90 

60 

70 

60 

50 

40 

10 

Mlcrobar 
(Outdoor) 

Mil. Jet Aircraft Take-Olf with After·hurner Oxygen Torch (121) 
UNCOMFORT ABLY From Alreralt Carrier@ 50 Ft. (130) 

Lew Turbo-Fan Aircraft @ Take au Power Riveting Machine (110) 

@200 Ft. (90) Rock·N·Roll Band (108-114) 

Jet Flyover @ 1000 Ft. (103) 

Boeing 707. DC-S@ 6080 Flo 
Before Landing (106) 

VERY 8ell J-2A Helicopter@ 100 Ft. (100) 

Lew 
Power Mower (96) 

Boeinq 737, DC·9@6080 F1. Newspaper Press (97) 
Before Landino 197\ 

Motorcycle @25 F1. (90) 

Car Wash@20 Ft. (89) Foed Blender (88) 
Prop. Airplane Flyover@1000 Ft. (88) 

Milling Machine (85) 
Diesel Truck, 40 MPH@50Ft. (84) 

Dlesal Train, 45 MPH@ 100 Fe (83) Garbage Disposal (80) 

WODERATElY 
High Urban Ambient Sound (80) 

Passenger Car, 65 MPH@ 25 Fl. (77) Living Room Music (76) 

Lew Freeway@ 50 Ft. From Pavement 
Edge, 10:00 AM (76 +Or· 5) 

TV·Audlo, Vacuum Cleaner 

Cash ReQister @10 Ft. (65-70) 

Air Conditioning Unit@ 100 Ft. (60) 
Electric Typewriter@ 10 Ft. (64) 
Dishwasher (Rlnse\ @10 Ft. (60) 

Conversation (60) 

WET 
large Trans/ormers@ 100 Ft. (50) 

Bird Calls (44) 

lower limit Urban Ambiant SOund (40) 

JUST AUDIBLE (dB(Al Scale Interrupted) 

THRESH:)LO 

OF HEARING 

SOURCE: Reproduced from Melville C. Branch and R. Dale BelandQjJ!doo[ NQise in the MetrooQlltan Erwironment 

Published by the City of Los Angeles, 1970, p.2. 

LOUDNESS 

Human Judgement 
of Different Sound 

Levels 

120 dB(A)32 Times as Loud 

110 d8(A) 16 Times as Loud 

100 dB(A) 8 Times as Loud 

90 dB(A) 4 limes as Loud 

80 dB(A) 2 Times as Loud 

70 dB(A) 

60 dB(A) ,,2 as loud 

50 d8(A) 1/4 as loud 

40 dB(A) 1/8 as loud 

\ bhibit \ 
Examples of Typical Sound Levels 

A-I 
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NOISE METRICS 

Many factors influence how a sound is perceived and whether or not it is considered annoying to 
a listener. This includes not only physical characteristics of the sound (i.e.,.loudness, frequency 
& duration) but also nonacoustic factors (i.e., activity interference & llstener expectation). 
Sound rating scales (noise metrics) are developed to attempt to account for these factors that 
affect human response to sound. 

Community noise is generally not constant and varies with time. Under conditions of non- 
constant noise, some type of statistical metric is necessary to mathematicaIly express a varying 
noise level in order to correlate to community response. As a result, several noise metrics have 
been developed for the analysis of adverse effects of community noise on people. 

Noise metrics can be divided into two general categories: "cumulative" and "single event". 
Cumulative metrics average the total combined noise over a specific time period (which is 
typically 24-hours for airport noise). These memcs are useful because they combine the total 
noise throughout the day into a single number rating system. They are the primary methods used 
in the assessment of aircraft noise in relationship to most noiselland use compatibility criteria. 

Single event memcs describe the loudness of a single flyover regardless of the time of day or the 
number of such events. Single event levels are very useful supplemental predictors when 
assessing community response to aircraft noise. They can be used in describing the noise levels 
associated with interference with activities such as speech or sleep. The following paragraphs 
present summary descriptions of the most prominent noise metrics used to describe aircraft 
noise. 

Sinele Event Noise Metric$, As an aircraft approaches, the sound of the aircraft begins to 
rise above ambient noise levels. The closer the aircraft gets the louder it is until the aircraft is at 
its loudest point. Then as the aircraft passes, the noise level decreases until the sound level again 
settles to ambient levels. Such a flyover history is plotted in the top half of Exhibit A-2. The 
highest noise level reached during the flyover is, not surprisingly, called the "Maximum Noise 
Level," or Lmax. It is to this noise level that people instantaneously respond when an aircraft 
flyover occurs. 

Another metric that is reported for aircraft flyovers is the Sound Exposure Level (SEL). 
Refemng again to Exhibit A-2, the shaded area or the area within 10 dBA of the maximum noise 
level is the area from which the SEL is computed. The SEL is mathematically equivalent to the 
noise level if the total noise energy from the event was compressed into one second. This metric 
takes into account both the maximum noise level of the event as well as the duration of the event. 
The SEL is important because it can be used to compare with such health effects of noise such as 
sleep disturbance and speech interference. 
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Single Event Sound Exposure Level (SEL) 
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lative Noise Metrirs, Cumulative noise metrics have been developed to account for 
the identified health effects of noise and the community response to that noise. They are useful 
because these scales attempt to combine the loudness of each event, the duration of these events, 
the total number of events and the time of day these events occur into one single number rating 
scale. Many cumulative metrics are based on the observation that the potential for a noise to 
impact people is dependent on the total acoustical energy content of the noise. The two 
predominate scales, Equivalent Noise Level (LEQ) and the Day Night Noise Level (LDN) are 
based on this observation. These scales are described in the following paragraphs. 

LEQ is the sound level corresponding to a constant sound level containing the same total energy 
as a time-varying signal over a given sample period. This is graphically illustrated in the center 
of Exhibit A-2. LEQ is the "energy" average noise level during the time period of the sample. 
LEQ can be measured for any time period, but is typically measured for 1 hour. This is also 
referred to as the Hourly Noise Level (HNL). LEQ can also be expressed as the energy sum of 
all the noise events that occur during a specific time period divided by duration of that time 
period. 

LDN is a 24-hour, time-weighted annual average noise level. It is a measure of the overall noise 
experienced during an entire day. The time-weighted refers to the fact that noise that occurs 
during certain sensitive time periods is penalized for occurring at these times. In the LDN scale, 
those events that take place during the night (10 pm to 7 am) are penalized by adding 10 dB to 
nighttime events. Tnis penalty was selected to attempt to account for increased human sensitivity 
to noise during the quieter evening hours, when people are most likely to be at home, and sleep 
is the most probable activity. 

Refemng again to Exhibit A-2, the bottom of the exhibit illustrates how hourly LEQs are 
summed and weighted to compute the daily LDN level. The LDN is the energy average of the 
weighted hourly LEQs. The LDN scale is specified by the Federal Aviation Administration 
(FAA) and the Environmental Protection Agency @PA) for the assessment of noise and land use 
compatibility conflicts around airports. 
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NOISE A S S E S  M E N T u  
Noise has been defined as unwanted sound and it is known to have several adverse effects on 
people. From these known effects of noise, criteria have been established to help protect the 
public health and safety and prevent disruption of certain human activities. This criteria is based 
on such known effects of noise on people as hearing loss (not a factor with community noise), 
communication interference, sleep interference, physiological responses and annoyance. 

The public reaction to different noise levels varies from community to community. Extensive 
research has been conducted on human responses to exposure of different levels of aircraft noise. 
Community noise standards are derived from tradeoffs between community response surveys 
and economic considerations for achieving these levels. From these surveys governmental 
agencies have developed noise assessment criteria. 

The purpose of this sub-section is to present criteria regarding the compatibility of various land 
uses with environmental noise. NoiseILand Use guidelines have been produced by a number of 
agencies including the Federal Aviation Administration and the Environmental Protection Agency. 
A number of these guidelines are summarized below. 

Federal Av . . ~ a t l o n  Administration, As a means of implementing the Aviation Safety and 
Noise Abatement Act of 1979, the FAA adopted Regulations on Airport Noise Compatibility 
Planning Programs. As part of the FAA sponsored Federal Aviation Regulations (FAR) Part 150 
Noise Control program, the FAA published noise and land use compatibility guidelines to be 
used for land use planning with respect to aircraft noise. These guidelines represent 
recommendations to local authorities for determining acceptability and permissibility of land 
uses. The guidelines specify maximum amount of noise exposure (in terms of the cumulative 
noise metric LDN) that will be considered acceptable to or compatible for to people in living and 
working areas. These noise levels are derived from case histories involving aircraft noise 
problems at civilian and military airports and the resultant community response. Residential land 
use is deemed acceptable for noise exposures up to 65 LDN. 

The FAA has also developed guideIines (Order 5050.4) for the environmental analysis of 
airports. Federal requirements dictate that increases in noise levels over 1.5 LDN in noise 
sensitive land uses within the 65 LDN contour are considered significant and require further 
environmental analysis (1050.1 Directive 12.21.83). 

Fnvironmental  Protection Aeencv, The Environmental Protection Agency (EPA) has 
developed compatibility guidelines for the assessment of noise compatibility and land uses 
planning. The 55 LDN is described as the requisite level with an adequate margin of safety for 
areas with outdoor uses, this includes residences, and recreational areas. The EPA guideline 
does not constitute a standard, specification or regulation but identifies safe levels of 
environmental noise exposure without consideration for economic cost for achieving these levels. 
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. . e Event G w  Single event analysis refers to the noise levels associated with 
single overflights of an aircraft. There are no noise and land use compatibility standards in terms 
of single event noise levels, however, disturbances from aircraft noise (i.e., speech and sleep 
interference) can be related to a single event noise level. Single event noise levels are often a 
good supplemental predictor of annoyance from aircraft noise. When annoyance occurs can 
generally be predicted from speech interference and sleep disturbance data. 

An 80 SEL represents a level at which communication interference starts to occur in the outdoor 
environment and complaints start to become more acute. This is particularly m e  for summer 
time, when the weather is mild and people are more likely to be outdoors. Indoor noise levels 
are reduced by about 10 dBA relative to outdoor noise levels with windows and doors open. 
With windows closed, typical construction reduces the indoor noise levels by 20 dBA. Sleep 
interference criteria shows that, with windows closed, sleep disturbances typically start to occur 
with an outdoor SEL of 80 dBA. 

This has generally been found to be the case with the majority of the noise complaint areas 
around Sea-Tac. Most residential communities around Sea-Tac voicing complaints experience 
typical peak SEL noise levels of 80 or greater. Peak single event noise levels of 80 SEL will be 
used as the single event criteria for this study. 
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T ME HODOLOGY IN DETERMINING THE NOISE ENVIRONMENT 

The foundation to an airport site review noise study is the accurate prediction of airport noise 
levels. The noise environment at each of the airport sites was determined through the 
employment of an airport noise computer model. 

The noise environment is commonly depicted in terms of lines of equal noise levels, or noise 
contours. Generating accurate noise contours is largely dependent on the use of a reliable, 
validated, and updated noise model. Testing the reasonableness of the computer model results 
using on-site noise measurements is one of the most effective methods of ensuring valid noise 
contours. In essence, noise measurements "fine tune" the noise model to the conditions and 
characteristics s~ecific to the conditions in the Puget Sound area. The following paragraphs detail 
the methodology used in the computer modeling%f these results into noise coiioursT 

- 

Comauter Modeling. Contour modeling is a very key element of the noise study. Generating 
accurate noise contours is largely dependent on the use of a reliable, validated, and updated noise 
model. It is imperative that these contours be accurate for the meaningful planning and 
implementation of a noise control program. There are several noise contour computer models in 
use. The FAA's Integrated Noise Model (INM) is most commonly used to model commercial 
airports and was used for this study. 

The airport noise contours were generated using the INM Version 3.9. The original version was 
released in 1977, and the present Version 3.9 was released in May 1987 with an updated aircraft 
data base. (FAA-EE-81-17). The INM is a large computer program developed to plot noise 
contours for airports. The program is provided with standard aircraft noise and performance data 
for over 80 aircraft types that can be tailored to the characteristics of the airport in question. 

One of the most important factors in generating accurate noise contours is the collection of 
precise data. The INM program requires the input of the physical and operational characteristics 
of the airport. Physical characteristics include runway coordinates, airport altitude, and 
temperature. Operational characteristics include various types of aircraft data. This includes not 
only the aircraft types and flight rracks, but also departure procedures, arrival procedures and 
load factors that are specific to the operations at the airport. Aircraft data needed to generate 
noise contours include: 

Number of aircraft operations 
Types of aircraft 
Daylnight time distribution 
Flight trackrs 
Flightproj7les 

* Typical operational procedures 
Noise abatement departure & arrival procedures, v a n y  



Testing the reasonableness of the computer model results using existing field noise measurements 
is one of the most effective methods of ensuring valid noise contours. The noise model used in 
the study has been calibrated from the noise measurement data from Sea-Tac. This calibrated 
computer model can then be used to predict the noise environment as a result of any of the 
alternative options under consideration. 

It is important to note that the FAA conducted field testing for the latest version of the noise 
model at Sea-Tac ("FAA Integrated Noise Model Validation: Analysis of Carrier Flyovers at 
Seanle-Tacoma Airport", FAA Office of Environment and Energy, FAA-EE-82-19, November 
1982). Therefore, the model has been found to very closely matches the characteristics of 
operations and meteorological effects that are present in the Puget Sound area. Very little 
adjustments to the model assumptions were necessary. 
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AIRCRAFT OPERATIONAL ASSUMPTIONS 

The noise environment for each airport was analyzed for the year 2020 operational conditions. A 
number of different operational information is necessary in order to model the noise environment 
around the airports. This data includes the following summary information: 

Aircraft Activity Levels 
Fleer Mix 
Time of Day 
Runway Use 
Flight Path Utilization 

Aircraft Activitv Levels, The analysis is based upon 2020 operational conditions. The 
aircraft operational levels were derived directly from the Flight Plan Study. The operations are 
based on 45 millions of Annual Passengers (MAP). The 2020 aircraft operations for each 
airport are summarized in Table A-1. These operations consist of air carriers and commuter 
aircraft, with some general aviation and military aircraft. 

Fleet Mix, The aircraft that are projected to operate at these airports include most types of 
commercial and commuter aircraft that operate within the United States. These range in size from 
the Boeing 747 aircraft used for long haul international flights to small single engine Cessna 
planes used for local commuter flights. The types of aircraft that operate at these airports are 
dictated by the Puget Sound's aviation demands and are designed to match those needs. 

The fleet mix distribution for aircraft operating at these airports is presented in Table A-2. This 
table presents the different types of air canier, commuter, general aviation and military aircraft 
that operate at the airport. The analysis assumes an all Stage III fleet mix, and a fleet mix that is 
primarily composed of the quieter Stage III aircraft. This would be expected for the 2020 time 
frame. 

Stage III refers to the FAA's Federal Aircraft Regulations 36 that categorizes jet aircraft based 
upon noise levels. Stage III refers to the newer generation quieter aircraft. Stage II refers to the 
older louder aircraft. Recently, the FAA has mandated the phase out of Stage 11 aircraft by 
approximately 2000. 

Time of Dav, In the LDN memc, any operations that occur after 10 p.m. and before 7 a.m. 
are considered more inmsive and are weighted by 10 dBA. Therefore, the number of nighttime 
operations is very critical in determining the LDN noise environment. The number of nighttime 
operations per aircraft type was assumed to be the same as is currently operating at Sea-Tac. 
The analysis assumes that 15 percent of the air canier operations occur during the nighttime hour 
and that 8 percent of the commuter operations occur during the nighttime hour. 
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Table A- I 
ANNUAL COMMERCIAL OPERATlONS (Air Carrier & Commuter) 

ANNUAL .- 
COMMERCIAL 

AM. Airport System Anernotives OPERAnONS (X1000) 

Seatac Paine Ariing Pierce McCord 0BL TOrAL 

1 Sea-Tac without Commuter R / W  
2 Sea-Tac with Commuter R/W 
3 Alternate l +Arlington 1 R/W 
4 Alternate 1 + Paine 1 R/W 
5 Alternate 1 + McChord 1 R/W 
6 Alternate 1 +Central Pierce 1 R/W 
7 Alternate 1 + OlympiaIBlack Lake 1 R/W 
8 Alternate l +Arlington 2 RIW 
9 Alternate 1 + Paine 2 R/W 
10 Alternate 1 + McChord2 R/W 
11 Alternate 1 +Central Pierce 2 R/W 
12 Alternate 1 + Olympia/Block Lake 2 R/W 
13 Sea-Tac w1Dependent R / W  + Arlington 1 R/W 
14 Sea-Tac w1Dependent R/W + Paine 1 RIW 
15 Sea-Tac w/Dependent R/W + McChord 1 R/W 
16 Sea-Tac wlDependent R/W + Cent. Pierce 1 R/W 
17 Sea-Tac w/Dependent R/W + Olym./Bik. Loke 1 R/W 
18 Sealac w1Dependent R/W +Arlington 2 RIW 
19 Sea-Tac w/Dependent R/W + Paine 2 R/W 
20 Seo-Tac w/Dependent R/W + McChord 2 R/W 
21 Sea-Tac w/Dependent R/W + Cen. Pierce 2 RIW 
22 Sea-Toc wlDependent R/W + 0lym.lBik.Lake 2 RIW 
23 Anernate 1 +Arlington 1 RIW + Cen. Pierce 1 R/W 
24 Alternate 1 + Paine 1 R/W + Cen. Pierce 1 R/W 
25 Alternate l +Arlington 1 R/W + 0lym.lBik. Loke 1 R/W 
26 Alternate 1 + Paine 1 R/W+ Olym./ Bik. Lake 1 R/W 
27 Alternate 13+ Central Pierce 1 R/W 
28 Alternate 14+CentralPierce 1 R/W 
29 Alternate 13+0lympialBlack Loke 1 R/W 
30 Alternate 14+0lympia/Biack Lake 1 R/W 
31 Central Pierce 3 R/W 
32 OiympialBlack Lake 3 R/W 
33 Central PiercelFort Lewis 3 R I W  
34 Alternate 1 + Demand Management 

Source: P & D Technologies 



Table A-2 
Aircrctn Fleet Mix 

PRIMARY AIRPORT AIRCRAFT FLEET M I X  SUPPLEMENTAL AIRPORT AIRCRAFT FLEET MIX 

AIRCRAFT AIRCRAFT PERCENT OF PERCENT OF PERCENT OF PERCENT OF 

CATEGORY TYPE TOTAL BY TOTAL BY TOTAL BY TOTAL BY 

CATEGORY TYPE CATEGORY TYPE 

Commuter 24% 
SF340 24% 

Small Jet 35% 
MD80 17% 

5737-300 17% 

Medium Jet 21% 
8757 21% 

Large Jet 15% 
8767 15% 

Jumbo Jet 5% 0% 
8747 5% 0% 

Source: P & D Technologies 



Runwav Use, An additional important consideration in developing the noise contours is the 
percent of time each runway is utilized. The runway direction that is utilized by an aircraft is 
dictated by the speed and direction of the wind. From a safety and stability stand point, it is 
desirable, and usually necessary, to arrive and depart an aircraft into the wind. When the wind 
direction changes, the operations are shifted to the runway that favors the new wind direction. 

The Puget Sound region generally has two types of weather patterns that result in wind directions 
from either the south or from the north. South flow refers to aircraft arriving and departing to the 
south. North flow refers to aircraft arriving and departing to the north. 

Sea-Tac ATC maintains hourly records in terms of south flow versus north flow runway use. 
For the year of 1989 the airport utilized the south flow runways 63% of the hours of the day. 
For modeling purposes, the 63% figure was used for all of the airport sites under study. 

F l i g h t . P a t h l z a t ~ o  . . . n Air traffic control (FAA) has established paths for aircraft arriving 
and departing the Sea-Tac, Paine Field and McChord airspace. These paths have been developed 
from ATC procedure requirements and specific noise abatement procedures that have evolved 
over a number of years. These paths are not precisely defined ground tracks, but represent a 
broad area over which the aircraft will generally fly. These paths will also be used for this study. 
New airport sites assume straight anival and departure paths. 

P&D AviaNoo 4 4 -  A A o ~ w n  a, pa D recnmlop-~es 
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BOISE CONTOUR RESULTS 

The total populations located within each of the airport development alternatives was determined. 
The methodology was presented in the main text of this document. The total number of 
residences located within each noise contour for the 2000 population projects is presented in 
Tables A-3 through A-5 for Sea-Tac, North Airports and South Airports respectively. 

Noise contour were generated for each of the airport development alternatives. These contours 
were generated in terms of the cumulative LDN and SEL noise levels. These contours are 
presented in back of the Appendix for a number of airport alternatives. These contours are 
presented for the largest MAP assumed for each airport development scenario (i.e., 1 runway, 2 
runway or 3 runways) and for other MAP levels that are typical of the remaining alternatives. 
These contours present the 55 and 65 LDN as well as the 80 SEL contour. These contours are 
based upon the assumptions presented previous. The noise contours are presented in Exhibits 
labeled: SE for Sea-Tac, AR for Arlington, PF for Paine Field, MC for McChord, OB for 
Olympialf3lack Lake, and CP for Central Pierce Alternatives. 

In order to illustrate the change in noise levels that will occur in the future, the 1990 noise 
contours for Sea-Tac are also presented. The 80 SEL noise contours for the B-727-200, MD-83 
and B737-300 for Sea-Tac are presented. This graph presents the SEL noise contours for an 
older Stage 2 aircraft (B727-200), a Stage 3 aircraft (MD-83) and a quieter Stage 3 (B737-300). 
This is presented in Exhibit E-I. The change in LDN noise levels is also presented. Exhibit E-2 
presents the 65 LDN noise contours for existing 1990 conditions at Sea-Tac and the 2020 noise 
contours for with and without the dependent runway. The results show significantly smaller 
noise contours in the future. 



Toble A-3 
Population Estimates for Sea-Tac 

Total PopulaNon Total Populollon Total 

All Airport System Alternatives Population NewlyExposed Populotlon NewlyFxposed Populolion 
55 !DN to 55 LDN dEi LDN to 65 LDN 80 SEL 
(WO) (000) (000) (OOo., I w o )  

1 Sea-Tac withouT Commuter RIW 112 7 91 
2 %a-~ac  with commuter RIW 119 7 94 
3 Alternate 1 +Arlington I RIW 112 I 9 1 
4 Alternate l + Palne l RiW 112 7 91 
5 Alternate 1 + McChord 1 RIW i 12 ? 91 
6 Alternate 1 +Central Pierce 1 RIW 112 7 91 
7 Alternate 1 + OlympiaIBlack Lake 1 RIW 112 ? 91 
8 Alternate 1 +Arlington 2 RIW 112 ? 91 
9 Alternate 1 + Paine 2 RIW 112 7 91 
10 Alternate 1 + McChord 2 RIW 112 7 91 
11 Alternate 1 +Central Pierce2 RIW 112 7 91 
12 Alternate I + Olympla/Biack Lake 2 RIW 112 7 91 
13 Sea-Toc w/Depndent RIW + Arlington I RIW 125 8 95 

14 Sea-Tac w1Dependent RIW + Paine 1 R/W 125 8 95 
15 Seo-Tac w/Dependent RIW + McChord 1 R/W 125 8 95 
16 Seo-Toc w/Dependent R/W + Cent. Pierce 1 RIW 125 8 95 
I7 Sea-Tac w1Dependent RIW + Olym./BL. Lake 1 RIW 125 8 95 
18 Sea-Tac w/Dependent RIW + Arlington 2 R/W 125 8 95 
19 Sea-Tac w1Dependent RIW + Poine 2 RIW 125 8 95 
20 Sea-Tac w/Dependent R/W + McChord 2 RIW 125 8 95 
21 Sea-Tac w1Dependent R/W + Cen. Pierce 2 RIW 125 8 95 
22 Sea-lac w lkpendent  RIW + Oiym./Bik.Lake 2 RIW 125 8 95 
23 Alternate 1 +Arlington 1 R/W + Cen. Pierce 1 RIW 112 7 91 
24 Alternate 1 + Palne I R/W + Cen. Pierce 1 RIW 112 7 91 
25 Alternate l t Arlington 1 RIW + Olym./Bik. Lake I RIW 112 7 9 1 

26 Alternate l + Paine 1 R/W+ Olym.1 Bik, Lake 1 R/W 112 7 9 1 

27 Alternate 13+ Central Pierce 1 RIW IZ 8 95 
28 Alternate 14tCentral Pierce 1 RIW 122 8 95 
29 Alternate 13+Olympia/Black Lake 1 RIW 124 8 95 
30 Alternate 14+Olympla/Black Lake 1 RIW 124 8 95 
31 Central Pierce 3 R/W 
32 Olympla/Block Lake 3 RIW 
33 Central PiercelFoit Lewis 3 RIW 
34 Alternate 1 +Demand Management 112 7 91 

Population Estimates Based on 2000 Population Projections 



Table A - 4  
Populatlon Estimates for Norfh Airports 

Tolol Populoflon Tofal Popurotion Tolol 
AH Airport Sysfem AIternolives Populolion NewlyExposed PopulotiDn NewiyExposed Popu,afion 

55 LDN to 55 LDN 65 W N  lo 65 LDN 80 SEL 

(WO) (000) (000) (000) (wo) 

I Sea-Tac without Commuter RIW 
2 Seo-Tac with Commuter R/W 
3 Alternate 1 +Allington 1 R/W 11 11 0.7 0.7 24 
4 Alternate l + Palne l R/W 23 23 1.2 1.2 52 
5 Alternate l + McChord 1 RIW 
6 Alternate l + Cenfrol Pierce 1 R/W 
7 Alternate 1 + OiympialBlack Lake 1 R/W 
8 Alternate 1 +Arlington 2 RIW 15 15 0.5 0.5 35 
9 Alternate 1 + Poine 2 RIW 26 26 1.3 1.3 62 
10 Alternate 1 + McChord 2 RIW 
11 Alternote 1 +Central Pierce 2 R/W 
12 Alternate 1 +OlymplalBlack Lake2 R/W 
13 Sea-Tac wlbpendent RIW + Arlington 1 RIW 4 4 0.1 0 1 24 
14 .%a-Tac wlkpendent R/W + Palne 1 R/W 7 7 0.1 0.1 55 
15 Sea-Tac wlDependent RlW + McChord I RIW 
16 Sea-Tac w1Dependent RlW + Cent. Pierce 1 RIW 
17 Sea-Tac w/Dependent R/W t Olym./Bik. lake 1 RIW 
18 Seo-Tac wIDependent R/W + Arlington 2 RIW 5 5 35 
19 Sea-Tac wIDependent R/W + Paine 2 R/W 8 8 0.1 0 l 62 
20 Seo-Tac wlkpendent R/W + McChord 2 RIW 
21 Sea-Tac wlbpendent RIW + Cen. Pierce 2 R/W 
22 Sea-Tac wlDependent RIW + 0lym.lBik.Loke 2 R/W 
23 Alternate l +Arlington 1 R/W + Cen. Pierce 1 R/W 6 6 0.4 0.4 24 
24 Alternate l + Pulne 1 R/W + Cen. Pierce I RIW 13 13 0.1 0.1 52 
25 Alternate 1 +Arlington 1 R/W+ 0lym.lBik. Luke 1 RIW 7 7 0.5 0.5 24 
26 Alternate 1 + Paine 1 R/W + 0lym.l Bik. Lake I R/W 13 13 0.1 0.1 52 
27 Alternate 13+ Central Pierce 1 R/W 3 3 0.1 0. I 24 
28 Alternate I4iCentral Pierce 1 RIW 7 7 0. I 0.1 52 
29 Alternate 13+Oiympla/Black Lake 1 RIW 3 3 0.1 0.1 24 
30 Alternate I4+Olympla/Black Lake 1 R/W 7 7 0.1 0. 1 52 
31 Central Pierce 3 RIW 
32 Oiympio/Black Lake 3 RIW 
33 Central Pierce/Fori Lewis 3 R I W  

34 Alternate 1 + Demond Monagement 

Population Estimates Based on 2000 Population Projections 



Table A-5 
Population Estimates for South Airpods 

- 
- 

Total Population Total Population Total 

Alt Airport System Alfernotives Population Newly Exposed Population Newly Exposed PopulofiOn 
55 LDN to 55 LDN 65WN l o  65 LDN 80 SEL 

(000) (000) (000) (000) (000) 

1 Sea-Toc withoui Commuter RIW 
2 Sea-Tac with Commuter RIW 
3 Alternate 1 +Arlington I R/W 
4 Alternate 1 + Poine I RIW 
5 Alternate l + McChord l RIW 23 0.8 47 
6 Alternate 1 + Cenfral Pierce I R/W 11 1 I 0.5 0.5 32 
7 Alternate l + Olyrnpio/Elack Lake 1 RIW 4 4 0.1 0.1 23 
8 Alternate 1 +Arlington2 RIW 
9 Alternote 1 + Palne 2 R/W 
10 Alternate 1 + McChord 2 RIW 23 0.8 56 
11 Alternate 1 +Central Pierce 2 RIW 15 15 0.5 0.5 44 
12 Alternate 1 + OlympiaIBlack Lake 2 R/W 5 5 0.1 0.1 33 
13 Sea-Tac w/Dependent RIW + Arlington l RIW 
14 Sea-Tac w/Dependent R/W + Poine 1 RIW 
15 Sea-lac w/Dependent R/W + McChord 1 RIW 10 0.1 47 
16 Sea-Tac w/Dependent RIW + Cent. Pierce 1 R/W 4 4 0.5 0.5 32 
I7 Sea-Tac w/Dependent RIW + 0lym.lBk. Lake 1 R/W 2 2 23 
18 Sea-Tac w/Dependent R/W + Arlington 2 R/W 
19 Sea-Toc wIDependent RIW + Poine 2 RIW 
20 Sea-Tac wfDependent RIW + McChord 2 R/W 10 0.1 56 
21 Sea-Tac w1Dependent R/W + Cen. Pierce 2 R/W 5 5 0.5 0.5 44 
22 Sea-Tac w/Dependent R/W + 0lym.lBik.Lake 2 RIW 2 2 33 
23 Alternate l +Arlington 1 RlW + Cen. Pierce 1 R/W 7 7 0.5 0.5 32 
24 Alternate 1 + Palne I RIW + Cen. Pierce I RIW 7 7 0.5 0.5 32 
25 Aiternote l +Arlington 1 R/W + Olyrn./Bik. lake 1 RIW 3 3 23 
26 Alternate I + Poine l R/W + 0lym.l Bik. Lake 1 RIW 2 2 23 

27 Alternate 13t Centrot Pierce 1 RIW 4 4 0.5 0.5 32 
28 Alternate l4tCentrai Pierce 1 R/W 4 4 0.5 0.5 32 
29 Alternate 13+Oiympla/Black Lake 1 R/W 1 1 23 
30 Alternate 14+0lympia/Black Lake I RIW 1 I 23 
31 Central Pierce 3 RIW 53 53 2.8 2.8 55 
32 Olyrnpia/Biack Lake 3 R/W I 9  19 0.3 0.3 49 
33 Central PierceIFort Lewis 3 R/W 62 62 1.3 1.3 52 
34 Alternate 1 +Demand Managernen: 

Po~ulatlon Estimates b n e d  on 2000 Population Projections 
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DAY-NIGHT LEVEL (DNL) FOR COMBINED 
AIRPORT FLIGI.IT AND ENGINE GROUND 

e 
RUN-W OPERATIONS 
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Seatac Integrated Noise Model Assumptions 

Seolac Seatac Dependent 
Alt. Airpod Sysiem Alfernatives Annual MAP Runway 

Operations Utilization 
( X l  000) 

1 Sea-Tac without Commuter R/W 380 32 N/A 
2 Sea-Tac with Commuter R/W 410 34.9 Commuter Only 
3 Alternate 1 +Arlington 1 R I W  380 32 N/A 
4 Altercate 1 + Paine 1 R/W 380 32 N/A 
5 Alternate 1 + McChord 1 R N  380 32 NIA 
6 Alternate 1 +Central Pierce 1 R/W 380 32 N/A 
7 Alternate 1 + OiympiaIBlack Lake 1 R N  380 32 N/A 
8 Alternate 1 +Arlington 2 R I W  380 32 N/A 
9 Alternate 1 + Paine 2 R/W 380 32 N/A 
10 Alternate 1 + McChord 2 R/W 380 32 N/A 
11 Alternate 1 +Central Pierce 2 R/W 380 32 N/A 
12 Alternate 1 + Olympia/Black Lake 2 R/W 380 32 N/A 
13 Sea-Tac w/Dependent R/W + Arlington 1 R/W 480 41.8 33% of all operations 
14 Sea-Tac w/Dependent RIW + Paine 1 R/W 477.7 4 1.6 33% of ail operations 
15 Sea-Tac w/Dependent R/W + McChord 1 R/W 480 41.8 33% of all operations 
16 Sea-Tac w/Dependent R/W + Cent. Pierce 1 R/W 478.9 41.7 33% of all operations 
17 Sea-Tac w/Dependent R/W +Olym./Bik. Lake 1 R/W 480 41.8 33% of all operations 
18 Sea-Tac wiDependent R/W + Arlington 2 R/W 480 41.8 33% of all operations 
19 Sea-Tac w/Dependent R/W + Paine 2 R/W 477.7 41.6 33% of all operations 
20 Sea-Tac w/Dependent R/W + McChord 2 RIW 480 41.8 3390 of all operations 
21 Sea-Tac wIDependent R/W + Cen. Pierce 2 R/W 478.9 41.7 33% of all operations 
22 Sea-Tac wlDependent R/W + Olym./Bik.Lake 2 R/W 480 41.8 3390 of all operations 
23 Alternate 1 +Arlington 1 RIW + Cen. Pierce 1 R I W  380 32 N/A 
24 Alternate I + Paine 1 RIW + Cen. Pierce 1 R/W 380 32 N/A 
25 Alternate l +Arlington 1 R/W + 0lym.lBik. Lake 1 R/W 380 32 N/A 
26 Alternate 1 + Paine l R/W + 0lym.l Elk, Lake 1 R/W 380 32 N/A 
27 Alternate 13+ Central Pierce 1 R/W 453.4 39.5 33% of all operations 
28 Alternate 14+Central Pierce 1 R/W 439.8 38.3 33% of all operations 
29 Alternate 13+0lympia/Biack Lake 1 R/W 476.6 41.5 33% of all operations 
30 Alternate 14+Oiympia/Biack Lake 1 R I W  462.8 40.3 33% of all operations 
31 Central Pierce 3 RIW N/ A N/A N/A 
32 Olympia/Eiack Lake 3 R/W N/A N/A N/A 
33 Central PierceIFort Lewis 3 R/W N/A N/A N/A 
34 Aiternate l + Demand Management 380 38 N/A 

Sea-Tac w/Dependent R/W Mitigated - 33% of Daytime Arrivals 
*. Sea-Tac w/Restricted RIW Utilizing Side-step 430 37.4 Daytime Commuter "' 

"' Side-step Maneuver utilized by 20% of daytime air carrier aircraft, initiated at 4 nauiical mi. and 
concludes at 1.6 nautical mi, to runway 16R134L. 
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Working Paper 12B, Air Quality Assessment 





DATE: November 6, 1991 

TO: Puget Sound Transportation Committee 

FROM: Mesue Greve Associates/P&D Aviation 

SUBJECT: WORKING PAPER NO. 12B - AIR QUALITY ASSESSMENT 
(12.21) 

INTRODUCTION 

The purpose of this report is to determine the potential air quality impacts attributable to each 
of the airport system alternatives. The potential impacts of the alternatives are compared 
relative to the impacts on the regional air quality emissions within the Puget Sound area. The 
report discusses the potential future air pollutant emissions based on the general trend of jet 
aircraft emissions and on the airport-related vehicular emissions. Both the aircraft and 
vehicular traffic air pollutant emission levels were used in the comparison of each system 
alternative on the impacts on the regional air quality. 

The report presents background information on issues important to the assessment of air 
quality impacts, projects the emissions for each of the sources of pollutants attributable to 
airport operations, and determines the total contribution to the regional air quality for each.of 
the system alternatives. The air quality analysis is based on 2020 aircraft operational levels, 
passenger demands, and pollutant emission factors. 

SUMMARY 

The results of the air quality analysis are summarized in Table 12B-1. This table presents an'  
emission inventory of selected pollutants for each of the system alternatives. This data is 
presented for both the carbon monoxide (CO) emissions and the nitrogen oxides (NOx) 
emissions. Carbon monoxide emissions are best used to indicate the impacts from vehicular 
traffic because the CO emissions in the Puget Sound area are primarily the result of vehicular 
traffic. The NOx emissions are best used to indicate the impacts from both traffic and aircraft 
operations combined because both these sources contribute to the secondary pollutants of 
which NOx is an important factor. 
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Table 128-1 
2020 EMISSIONS COMPARSION FOR EACH SYSTEM ALTERNATIVE 

Traffic Emissions Aircraft Emissions Total Emissions 
CO NOX CO NOX CO NOX RANKING 

(tomiday) (tonsldoy) (tonsfday) (tonslday) (tonslday) (tonslday) (1 Best) 

SEA-TAC AIRPORT SYSTEMS 

EXISTING SEA-TAC WITH MAXIMUM DEMAND MANAGEMENT 2637 4.25.9 9-10 3.63.9 3646 7.8-9.5 4' 

REPLACEMENT AIRPORT SYSTEM 

REPLACEMENT AIRPORT 

MI0 AIRPORT SYSTEMS 

EXISTING SEA-TAC + SUPP(1 RWY) 

EXISTING SEA-TAC + SUPP(2 RWY) 

SEA-TAC WITH NEW AC RWYtSUPP(1 RWY) 

SEA-TAC WITH NEW AC RWY+SUPP(ZRWY) 

THREE AIRPORT SYSTEMS 

EXlSTlNG SEA-TAC + 2 SUPP(1 RWY) 18-26 2.9-4.1 10-11 4.7-4.8 29-36 7.7-8.9 2 

SEA-TAC WITH NEW AC RWY i 2 SUPP(1 RWY) 2 1-25 3.3-3.9 9-10 4.5-4.7 28-35 7.8-8.6 I 

Denotes System Alternatives that include Airport Development Alternatives that do not meet System Capacity Demands 

NOTE: Figures have been updated subsequent to PSATC adoption 
using new and more-refined data. 



Table 128-1 
2020 EMISSIONS COMPARUON FOR EACH SYSTEM ALTERNATIVE 

Traffic Emissions Aircraft Emissions Total Emissions 
CO NOX CO NOX CO NOX RANKING 

(tonslday) (tonslday) (tonslday) (tonslday) (tonstdoy) (tonslday) (1 Best) 

SEA-TAC AIRPORT SYSTEMS 

EXISTING SEA-TAC WITH MAXIMUM DEMAND MANAGEMENT 26-37 4.2-5.9 9-10 3.6-3.9 36-46 7.8-9.5 3' 

REPLACEMENT AIRPORT SYSTEM 

REPLACEMENT AIRPORT 

TWO AIRPORT SYSTEMS 

EXISTING SEA-TAC + SUPPO RWY) 

EXISTING SEA-TAC + SUPP(2 RWY) 

SEA-TAC WlTH NEW AC RWY+SUPP(l RWY) 

SEA-TAC WlTH NEW AC RWY+SUPP(ZRWY) 

THREE AIRPORT SYSTEMS 

EXISTING SEA-TAC + 2 SUPP(1 RWY) 18-26 2.9-4.1 101 1 4.7-4.8 29-36 7.7-8.9 I 

SEA-TAC WITH NEW AC RWY + 2 SUPP(1 RWY) 21-25 3.3-3.9 9-10 4.5-4.7 28-35 7.8-8.6 1 

Denotes System Alternatives that include Airport Development Alternatives that do not meet System Capacity Demands 

NOTE: Figures have been updated subsequent to PSATC adoption 
using new and more-refned data. 



Table 12B-1 also ranks the alternatives in the order that the consultant considers to be most 
favorable in terms of air quality impacts. The important findings from the air quality 
analysis and the basis for these findings are listed below: 

The results show that for the system alternatives that meet forecast demand, the three- 
airport system alternative with and without the dependent runway at Sea-Tac are 
considered the most favorable. This is because the emissions are less with these 
system alternative as a result of a reduction of vehicular travel distances and a 
reduction in aircraft delays. The three-airport system alternative with the dependent 
runway at Sea-Tac shows some slight preference because it has the lower aircraft 
delays as well as reduced travel distances. 

. A multiple airport system locates more airport sites throughout the region so the 
average driving distance to the airport(s) is less. Supplemental airport sites such as 
Paine Field and McChord that are located closer to the population centers are more 
favorable than sites such as Arlington or OlympiaC3lack Lake that are located further 
from populated areas. 

. The emissions from aircraft operations are less with alternatives that include the 
dependent runway at Sea-Tac as a result of the reduction in aircraft delays that will 
occur when the airport is not operating at capacity. 

. Of those alternatives that meet forecast demand, the replacement-airport alternatives 
showed the least amount of aircraft emissions because the aircraft delays are 
significantly less as a result of the elimination of Sea-Tac. However, this alternative 
was rated the worst in terms of overall air quality because of the very long travel 
distances to the potential airport sites. 

. Airport related CO emissions are projected to constitute less than 4% of the total 
regional CO emissions in the four county area in the year 2020. Increased transit use 
and other transportation demand management techniques as well as airport emissions 
mitigation measures have the potential to further reduce commercial aviation 
conmbution to regional air quality. 

. The air quality impacts from all of the alternative airport systems can be partially 
mitigated through transportation measures and improvements. Those sites that are 
located near the proposed light rail line (Sea-Tac and Paine Field) show the most 
potential for nip reduction through increased transit use. 
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BACKGROUND INFORMATION ON AIR OUALITY 

Criteria Pollutants and Health Effects 

Air pollutants are divided into two categories. The first is primary pollutants. These are the 
pollutants that are directly emitted from a source. Primary pollutants include carbon 
monoxide, nitrogen oxides, hydrocarbons, sulfur oxides, and particulates. The other 
category of pollutants is secondary pollutants. Secondary pollutants are those pollutants that 
result from chemical reactions between other pollutants in the atmosphere. Ozone is a 
secondary pollutant that is not directly emitted by any source but a result of reactions between 
nitrogen oxides and hydrocarbons. 

The nature of the pollutants emitted from airports is the same as those emitted from other 
transportation projects. Carbon monoxide, sulfur and nitrogen oxides, and unburned 
hydrocarbons are common pollutants emitted from the combustion processes. Six criteria 
pollutants regulated by federal standards are ozone, carbon monoxide, particulates and 
nitrogen dioxide, sulfur dioxide and lead. They are described below. 

Ozone (03) is a colorless gas which comes from the reaction of hydrocarbons and oxides of 
nitrogen in the presence of sunlight. Although ozone is the air contaminant for which 
standards are set, its precursors, hydrocarbons and nitrogen oxides, are the pollutants which 
must be controlled. Ozone results in eye irritation and damage to lung tissues, reduced 
resistance to colds and pneumonia, and aggravates heart disease, asthma, bronchitis and 
emphysema. 

Carbon monoxide (CO) is a colorless, odorless and toxic gas produced by incomplete 
combustion of carbon-contaning substances. The highest ambient concentrations of carbon 
monoxide occur near congested roadways and intersections during periods of low 
temperatures, light winds, and stable atmospheric conditions. CO has been shown to 
interfere with oxygen transport in the blood, produce cardiovascular disease, and decrease 
visual perception. CO has also been associated with lower birth weight and increased deaths 
of infants in highly polluted areas. 

Particulate matter which is composed of particles 10 microns or less in diameter is referred to 
as PMlO , and is the inhalable subgroup of total suspended particulates (TSP). Suspended 
particles aggravate chronic heart and lung disease and often transport toxic elements such as 
lead, arsenic, nickel, which can enter respiratory, digestive and lymphatic systems. 

Hydrocarbons (HC) result from the release of unburned fuel or incomplete combustion of 
fuel. HC plays a very important role in determining regional air quality. HC react with 
nitrogen oxides in the presence of sunlight to form ozone and nitrogen dioxide. The amount 
of ozone formed is more related to the amounts of HC released than to any other pollutant. 

Pnge 4 



Sulfur dioxide (S02) is a nonflammable, non explosive, colorless gas. It reacts in the 
atmosphere to form sulfur trioxides (S03) and sulfuric acid. S02, sulfuric acid, and other 
inorganic sulfates have been shown to produce asthma which decreases human respiratory 
function both at the acute and chronic levels. SO2 also contributes to acid deposition. 

Nitrogen oxides (NO, NO2 & NOx) result from the high temperature oxidation of nitrogen 
present in air. In the presence of moisture, NO can form particulates by coalescing, reducing 
visibility and contributing to acid deposition. N02 ,  like sulfur dioxide, is also a 
bronchoconsmctor that can cause initation and injury to the lungs. NOx is more of a factor 
in the generation of secondary pollutants such as ozone. 

The Federal Clean Air Act, as amended in 1977, required states to have State Implementation 
plans (SIP) to achieve established air quality goals. The result is the National Ambient Air 
Quality'Standards (NAAQS). The Federal Clean Air Act requires that urban areas which do 
not meet standards for carbon monoxide (CO) and/or photochemical oxidants (ozone) must 
implement transportation' plans to achieve the standards for these pollutants. Washington 
State and the Puget Sound region have adopted ambient air quality standards. 

The Environmental Protection Agency (EPA) has established National Ambient Air Quality 
Standards (NAAQS) in the Clean Air Act of 1970. These standards have been established 
for both the primary and secondary pollutants: ozone, carbon monoxide, particulates and 
nitrogen dioxide, sulfur dioxide and lead. Areas that exceed these standards are considered 
non attainment areas and a plan must be developed to ultimately bring the area into 
compliance. CO is one of the major air pollutant problems within the Puget Sound Region. 
For the Puget Sound area, CO is primarily a problem associated with motor vehicles. 

The Clean Air Act, Title 11, Part B, directs the EPA to establish aircraft emission standards 
throuehout the United States. The Code of Federal Regulations volume 40.  art 87 contains " ~~ -~ ~ ~ u 

engine emission standards that apply only to luge commercial passenger jets. The FAA is 
responsible for implcmenring the standards through engine certitic~ion data provided by the 
minufacturers. ~ h e s e  regulations do not extenh to piston powered, smailer turbofan or 
military aircraft. 
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Existinp Air Ouality 

The Washington State Department of Ecology and the Puget Sound Air Pollution Control 
Agency (PSAPCA) maintain a network of instrumented air quality monitoring stations 
throughout the Puget Sound area. In general, these stations are located where the agencies 
believe there might be an air quality problem. Other stations are located in remote areas to 
measure regional or background air pollution levels. 

The PSRC region, which includes Snohomish, King and Pierce Counties, is currently in 
non-attainment for CO emissions. Recently (March 1991) the EPA has reportedly determined 
that Snohomish, King and Pierce Counties have exceeded the national standards for ozone 
pollutants. On this basis, the EPA and the State of Washington are proposing that these three 
counties be designated non-attainment areas for ozone. EPA action with regard to the State's 
submittal for this non-attainment designation is currently scheduled for late 1991. 

Aircraft operations at the existing Sea-Tac are currently a major source of air pollutant 
emissions in that local area and are currently under study by the Department of Ecology 
(Olympia, Washington, May 1991). 

A downward Wend in the ambient concentration of air pollutants generated by motor vehicles, 
especially CO, has been observed in the Puget Sound area over the past decade. The 
replacement of older vehicles with newer, cleaner ones, and vehicles meeting the 
requirements of the Inspection and Maintenance (I/ivl) program have been the major factors 
for reducing the CO emissions. CO emissions have been reduced by 13% in Seattle due to 
the I/M program (May 199 1). 
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EMISSIONS CALCULATIONS 

The main sources of air pollutants attributable to airports are aircraft traffic, motor vehicles, 
boilers, and fueling operations. Most of the airport emissions are generated by aircraft 
operations and motor vehicle traffic. Aircraft and motor vehicles together comprise a 
majority of the airport emissions. Other emissions due to tank farms, ground support 
vehicles, boilers and training fires are minor sources at the airport. 

Aircraft Emissions 

The quantity of pollutants emitted into the atmosphere from aircraft operations is a function of 
the type of aircraft and engine, mode of operation, and how long the engine is operated in 
each mode. Large jet aircraft operations produce the largest amount of airport pollutants. 
Small aircraft also conmbute in the summation of an airport's emissions. 

Aircraft engines emit CO, hydrocarbon, NOx, SOX, and particulates as by-products from the 
combustion process. The emission rates are determined by engine types. More CO and 
hydrocarbons are produced at low engine power settings, such as idling or at start-up 
because of incomplete combustion. The amount of NOx produced during start-up is small 
compared to that produced during takeoff. SO2 is a result of the oxidation of sulfur 
compounds in the aircraft fuel. Aircraft fuel is usually highly refined and contains only about 
0.1% sulfur. Particulate matters emitted from the aircraft engines, particularly turbine 
engines, is extremely small in diameter ranging between 0.04 and 0.12 microns. 

Aircraft emissions can be divided into idle, taxi, climb and approach. Climb and approach 
emissions, which are calculated from ground level up to 3500 feet, are the major source of 
nitrogen oxide emissions, and takeoffs contribute about 25% of the total aircraft NOx 
emissions. Sulfur oxide and particulate emissions are more evenly divided among the four 
aircraft modes with climb and approach still being the most significant contributing mode. 
Aircraft taxi and idle queues are the major source of carbon monoxide and hydrocarbons. 

The Emissions and Dispersions Modeling System (EDMS) computer model, developed by 
the FAA and U.S. Air Force, was utilized to assess the projections of aircraft pollutant 
emissions. The number of operations per day and the length of time each type of aircraft 
spends in the queue mode was also required. All aircraft operations were estimated 
according to each of the airport development alternatives. These alternatives and the total 
concentration levels are presented in Table 12B-2. Operations data including fleet mix was 
obtained from the P&D Aviation - Allocation of Passengers and Aircraft Operations, August 
1991. The operational data is presented in the Appendix of the noise assessment. Data on 
aircraft delays for each of the airport development alternatives was also provided by P&D 
Technologies. 
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The results of the emission inventory for aircraft operations are presented in Table 12B-2. 
The results indicate that the aircraft emissions are similar for all alternatives. This would be 
expected in that the alternatives are based on the same levels of aircraft activity. The 
exception is that the emissions are less for those alternatives that do not meet system capacity 
demand for 2020 (Alternatives 1, 2, 3, 6 ,7  and 34). Emissions levels for these alternatives 
are less because the number of operations are less. 

Of all the alternatives which meet the system capacity demand, the difference between the 
alternatives is the amount of aircraft delays that may occur under each scenario. The 
replacement-airport alternatives result in the least emissions. This is because these 
replacement-airports have the least amount of aircraft delays. The three-airport Alternative 
results in the next smallest emissions. This is again as a result of reduced delays because of 
more efficient operations at Sea-Tac. 

The highest aircraft emissions are anticipated to result from the two-airport system. The 
higher level of emissions are a result of delays at Sea-Tac that would be anticipated to occur 
as the airport operated near capacity. 

Motor Vehicle Emissions 

Estimates of the emissions relating to vehicular traffic to and from each of the airport 
development alternatives were projected. The vehicle miles traveled per day were determined 
from the O D  passenger forecast and the average hip lengths for passengers traveling to each 
of the airports. The average trip length was determined from the PSRC travel area zones that 
determined the travel distance from each zone in the four counties. The number of passengers 
from each zone traveling to each site was then determined. 

Emission factors for 2020 are based on MOBILE 4 and EMFAC7D model inputs program. 
These programs are computerized program which calculates the composite emission rates 
based on a number of factors such as vehicle operating mode, vehicle types, vehicle 
distribution, speed and temperature. 

The emissions are projected for the year 2020. The total projected vehicular emissions are 
presented in Table 12B-3. The results show that the vehicular emissions for most scenarios 
are comparable. The least amount of emissions would be generated by the three-airport 
Alternatives. In general, the two and three-airport systems have the advantage of two or 
three airport locations. Since passengers are located closer to more airports, shorter average 
traveled trip lengths are anticipated. Sites such as Paine Field and McChord that are located 
closer to the population areas are more favorable then sites such as Arlington or 
OlympialBlack Lake that are located further from population areas. 
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Table 12B-2 
Aircraft Emissions (Year 2020) 
- 

ALT - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 

AIRPORT 

Sea-Tac without Commuter R/W 
Sea-Tac with Commuter RIW 

' Alternate 1 + Arilngton 1 R N  
Alternate 1 + Palne 1 R/W 

Alternate 1 + McChord 1 RIW 
Alternate 1 + Central Pierce 1 R/W 

+ Alternate 1 + OlymplolBlack Lake 1 R/W 
Alternate 1 + Aslington 2 RIW 
Alternate 1 + Paine 2 RW 
Alternate 1 + McChord 2 R/W 
Alternate 1 +Central Pierce 2 R/W 
Alternate 1 + Olympia/Black Lake 2 RIW 
Sea-Tac w/Dependent RIW +Arlington 1 R/W 
Sea-Tac w/Dependent R/W + Poine 1 R/W 
Sea-lac w1Dependent R I W  + McChord 1 R/W 
Sea-lac w1Dependent R/W + Cent. Pierce 1 R/W 
Sea-lac w1Dependent R/W + Oiyrn./Bik. Loke 1 R/W 
Sea-Tac w/Dependent R I W  + Arlington 2 R/W 
Sea-Toc w1Dependent RIW + Palne 2 R/W 
Sea-lac w1Dependent R/W + McChord 2 RIW 
Sea-Tac wlDependent R/W + Cen. Pierce 2 R/W 
Sea-Tac wlDependent R/w + Oiym./Bik.Lake 2 RIW 
Alternate 1 +Arlington 1 R/W + Cen. Pierce 1 R/W 
Alternate 1 + Poine 1 RIW + Cen. Pierce 1 R/W 
Alternate 1 +Arlington 1 RIW + Olym.16ik. Loke I R 
Alternate 1 + Paine 1 R/W + Olym.1 Bik. Lake 1 R/W 
Alternate 13+ Central Pierce 1 RIW 
Alternate 14+Centroi Pierce 1 RIW 
Alternate 13+Olympia/Black Lake 1 RIW 
Alternate 14+0iympla/Black Lake 1 R/W 
Central Pierce 3 R N  
Olympia/Black Lake 3 R/W 
Central PierceIFort Lewis 3 R/W 
Alternate 1 + Demand Management 

NOx SOX PART HC 
(tonslday) Ltonslday) (tonslday) (tons/day) 

3.6 0.3 0.1 2.8 
3.9 0.4 0.1 2.9 
4.7 0.4 0.2 3.5 
4.7 0.4 0.1 3.0 
4.7 0.4 0.1 3.0 
4.7 0.4 0.2 3.5 
4.7 0.4 0.2 3.5 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.0 
4.7 0.4 0.1 3.0 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.8 0.4 0.1 3.2 
4.7 0.4 0.1 3.0 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.0 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.8 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.8 0.4 0.1 3.1 
4.7 0.4 0.1 3.1 
4.6 0.4 0.1 2.4 
4.5 0.4 0.1 2.2 
4.7 0.4 0.1 3.0 
4.6 0.4 0.1 2.7 
4.6 0.4 0.1 2.1 
4.6 0.4 0.1 2.1 
4.6 0.4 0.1 2.2 
3.6 0.3 0.1 2.8 

Alternative whlch does not meet system capacity demand. 

NOTE: Figures have been updated subsequent to PSATC adoption 
using new and more-refined data. 



Table 12B-3 
Vehicular Traffic Emissions (Year 2020) 

CO NOx SOX PART HC 

ALI AIRPORT (Tmldoy) (lonr/day) (lomldoy) (Tomlday) (ionsldoy) 

1 ' Sea-Tac without CornmuterRAN 26.2 
2 - Sea-Tac with Commuter RIW 28.7 
3 ' Alternate 1 +Arlington 1 RAN 27.2 
4 Alternate 1 + Palne 1 RAN 19.8 
5 Alternate 1 + McChord 1 RIW 27.2 
6 ' Alternate 1 + Central Pierce 1 R/W 26.8 
7 ' Alternate 1 + ~ l ymp la l~ l ack  Lake 1 RIW 34.9 
8 Alternate 1 +Arlington 2 R/W 28.3 
9 Alternate 1 + Pain8 2 RAN 19.8 
lo Alternate 1 + McChord 2 R/W 27.2 
11 Alternate 1 +Central Plerce 2 RAN 28.5 
12 Alternate I + Olyrnpla/Black Lake 2 RIW 37.7 
13 Sea-Tac wIDependent R N  + &lington 1 RAN 23.6 
14 Sea-Tac w1Dependent RIW + Paine 1 RAN 22.3 
15 Sea-Toc w1Dependent RIW + McChord 1 RIW 24.6 
16 Sea-Tac w1Dependent RIW + Cent. Pierce 1 RAN 24.6 
17 Sea-Tac w1Dependent RIW + Olym./Bik. Lake 1 R/W 27.1 
18 Sea-Tac w1Dependent RIW + Arlington 2 RIW 23.6 
19 Sea-Tac w/Dependent RIW + Paine 2 RAN 22.3 
20 Sea-Tac wIDependent R/W + McChord 2 RIW 24.4 
21 Sea-Tac w1Dependent RIW + Cen. Pierce 2 R/W 24.6 
22 Sea-Tac w1Dependent RIW + Olym./Bik.Lake 2 R/W 27.1 
23 Alternate 1 +Arlington 1 RAN + Cen. Pierce 1 RAN 21.6 
24 Alternate 1 + Paine 1 RIW + Cen. Pierce 1 RIW 18.3 
25 Alternate 1 +Arlington 1 RAN + 0lym.lBik. Lake 1 R 25.7 
26 Alternate 1 + Paine 1 R/W + Olym.1 Bik. Lake 1 RIW 21.7 
27 Alternate 13+ Central Pierce I RIW 22.1 
28 Alternate 14+Central Pierce 1 RjW 20.7 
29 Alternate 13+0lymplalBlack Lake 1 RIW 24.5 
30 Alternate 14+0lympla/Black Lake 1 RIW 22.8 .' 
31 Central Pierce 3 RIW 68.3 
32 Olympla/Black Lake 3 RAN 77.5 
33 Central PiercelFort Lewis 3 RIW 68.3 
34 ' Alternate 1 + Demand Management 36.7 

Alternative which does not meet system capacity demand. 

NOTE: Figures have been updated subsequent ro PSATC adoption 
using new and more-refined data. 



The highest vehicular emissions will be generated by the three replacement-airport 
alternatives. This is because the average traveled trip lengths for these replacement-airport 
alternatives are much longer when compared to all other airport alternatives. For example, 
the average trip length to Sea-Tac is 24 miles, while the average mp length to Central Pierce 
is 45 miles. 

Air pollution from boilers varies greatly depending on the fuel used, and the manner in which 
the boiler is operated. The least polluting fuel is the natural gas oil used as back-up fuel. 
Boilers are used to power heat exchangers in terminal buildings and other equipment. The 
emission levels generated from boilers are insignificant. 

Hydrocarbon emissions during operations vary in degrees depending on the type of fuel and 
the efficiency of the operation. The fuel requirements for piston and turbine engines differ 
widely. Piston engines requires a high octane type of gasoline, while jet engines use much 
heavier fuel, usually Jet-A fuel or aviation kerosene. Aviation gasoline used for piston 
engine powered aircraft is much more volatile than Jet-A fuel. However, the emission levels 
generated from fueling operations are insignificant when compared with aircraft and traffic 
emissions. 

Page 11 



TOTAL AIRPORT EMISSIONS 

Table 12B-4 presents the total airport emission levels from both aircraft and motor vehicles. 
Of all the alternatives which would meet the system capacity demand, the three-airport 
Alternatives 24 and 28 generate the least emissions. 

The major contributions of the total CO emissions for these alternatives are vehicular 
traffic.CO is a good indicator pollutant for vehicular activity. CO emissions increase with 
increased vehicular usage and with increased congestion. Air quality problems local to 
roadways are usually the result of CO emissions. 

Vehicular and aircraft emissions of NOx are important because they contibute to the regional 
airquality. NOx is an important pollutant in the formation of Ozone. With the introduction 
of high by-pass engines into the aircraft fleet, NOx is also becoming the pollutant of primary 
concern local to airports. 

The replacement-airport alternatives generate the highest emissions for CO, NOx, SOX and 
particulates. Although the replacement-airport alternatives have the least aircraft emissions, 
the major contributions of these total emissions are due to the traffic emissions. The traffic 
emissions for these alternatives are the highest due to the longest distance traveled lengths. 

These emissions can also be compared to the total regional emissions for the four country 
area. The Vision 2020 study forecasts the total mobile emissions for year 2020. Theses 
emissions estimates for the airport system account for less than 4 percent of the four county 
total for CO emissions. 

MITIGATION MEASURES 

The most significant reductions in regional and local air pollutant emissions are attainable 
through programs which reduce the vehicular travel associated with the project. Support and 
compliance with the Vision 2020 plan is the most important measure to achieve this goal. The 
plan includes improvement of mass transit facilities, implementation of vehicular usage 
reduction programs, and transportation demand management programs. This plan has been 
been designed to reduce project hips to reduce the traffic congestion and the total emissions. 
Any airport development plan will require the development of mitigation measures as part of 
the environment process. The air quality impacts from any of the alternative airport systems 
can be mitigated through transportation measures and improvements such as these. Those 
sites that are located near the proposed light rail line (Sea-Tac and Paine Field) show the most 
potential for vehicular transportation control measures. 
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Table 128-4 
Total Combined Aircraft and Vehicular Emissions (Year 2020) 

TOTAL TOTAL TOTAL TOTAL TOTAL 
ALT AIRPORT CO NOx SOX PA F!I HC 

Clmlday) (lonsldw) (lonsfdw) (Tornlday) (lonsldw) 

1 ' Sea-Tac without Commuter R/W 35.6 7.8 0.9 0.7 7.4 
2 ' Sea-Tac with Commuter R/W 38.5 8.4 0.9 0.8 7.9 
3 ' Alternate 1 + Arlington 1 R/W 39.0 9.0 1 .0 0.7 8.3 
4 Alternate 1 +Palne 1 R/W 30.1 7.9 0.8 0.6 6.5 
5 Alternate 1 + McChord 1 R/W 37.5 9.1 l .O 0.7 7.8 
6 ' Alternate 1 +Central Pierce 1 R/W 38.6 9.0 1 .0 0.7 8.2 
7 ' Alternate 1 + Olympla/Black Lake 1 R/W 46.7 10.2 1.1 0.9 9.6 
8 Alternate 1 +Arlington 2 R/W 38.7 9.3 I .0 0.8 8.0 
9 Alternate 1 + Palne 2 R/W 30.1 7.9 0.8 0.6 6.5 
10 Alternate 1 + McChord 2 R/W 37.5 9.1 1 .0 0.7 7.8 
11 Alternate 1 +Central Pierce 2 R/W 39.0 9.3 10 0.8 8.1 
12 Alternate 1 +Olympla/Mack Lake 2 R/W 48.2 10.8 1.2 1 .O 9.7 
13 Sea-Tac w1Dependent R/W + Arlington 1 R/W 34.4 8.6 0.9 0.7 7.3 
14 Sea-lac w/Dependent R/W + Paine 1 R/W 32.7 8.3 0.9 0.6 7.0 
15 Sea-lac wIDependent R/W + McChord 1 R/W 35.2 8.7 0.9 0.7 7 4 
16 Sea-lac w1Dependent R/W + Cent. Pierce 1 R/W 35.1 8.7 0.9 0.7 7.4 
17 SeaTac wIDependent R/W + Olym./Bik. Lake 1 R/W 37.7 9.1 1 .0 0.7 7.9 
18 Sea-Tac wlDependent R/W + Arlington 2 R/W 34.2 8.5 0.9 0.7 7.3 
19 Sea-Toc w/Dependent R/W + Paine 2 R/W 32.7 8.3 0.9 0.6 7.0 
20 Sea-Tac w1Dependent R/W + McChord 2 R/W 35.0 8.7 0.9 0.7 7.4 
21 Sea-Tac wIDependent RjW + Cen. Pierce 2 R/W 35.1 8.7 0.9 0.7 7.4 
22 Sea-lac wlDependent R/W + Oiyrn./Bik.Lake 2 RIW 37.7 9.1 1.0 0.7 7.9 
23 Alternate 1 +Arlington 1 R/W + Cen. Pierce 1 R/W 32.2 8.2 0.9 0.6 6.9 
24 Alternate 1 +Paine 1 R/W + Cen. Pierce 1 RIW 28.7 7.7 0.8 0.5 6.3 
25 Alternate 1 +Arlington 1 R/W + Olym./Bik. Lake i R 36.3 8.9 0.9 0.7 7.6 
26 Alternate 1 + Paine 1 R/W + Olyml Sik. Loke 1 R/W 32.1 8.2 0.9 0.6 6.9 
27 Alternate 13+ Central Pierce 1 R/W 30.4 8.1 0.8 0.6 6.3 
28 Alternate 14+Central Plerce 1 R/W 28.3 7.8 0.8 0.6 5.8 
29 Alternate 13+0lympia/Black Lake 1 R/W 34.8 8.6 0.9 0.7 7.3 
30 Alternate 14+Olympla/BIack Lake 1 R/W 31.8~ 8.3 0.8 0.6 6.7 
31 Central Pierce 3 R/W 75.7 15.5 1.7 1.6 14.1 
32 OlympialBlack Lake 3 R/W 84.9 17.0 1.9 1.8 15.7 
33 Central PierceIFort Lewis 3 R/W 75.7 15.5 1.8 1.6 14.1 
34 ' Alternate 1 +Demand Management 46.1 9.5 1.1 0.9 9.2 

Alternative which does not meet system capacity demand. 

NOTE. Figures have been updared subsequent to PSATC adoption 
using new and more-reBned data. 






