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1. BACKGROUND INFORMATION

A. Nature and Toxicity of Airport Air Emissions

Combustion and volatilization processes at airports introduce a variety
of pollutants into the air. These pollutants may then be transported
by the wind, transformed in the atmosphere, and deposited in surrounding

areas.

The nature of the pollutants emitted from airports is no different than
those emitted from other human activities. Carbon monoxide, sulfur and
nitrogen oxides, and unburned hydrocarbons are commonly emitted from
combustion processes. The specific composition of the emissions depends
on the temperature, residence time and other conditions in which the
combustion process takes place. Pollutants that evolve froem
volatilization are usually hydrocarbons of low molecular weight that
sublime from a solid mass or evaporate from a liquid such as a fuel or a
solvent.

Carbon monoxide, sulfur dioxide, and nitrogen dioxide are criteria
oo CAORATE, wmover 4

pollutants, and have been regulated since National Ambient Air Quality

Standards (NAAQS) were established in the Clean Air Act of 1970,

Hydrocarbons exist as either"pafticulateé. in which case they are also‘npﬁﬂb

eriteria peollutants, or as gases. Whether they are particulates or
gases, hydrocarbons may also be air toxies. Air toxics, or Hazardous
Alr Pollutants (HAP), while not criteria pollutants, have been the
subject of much attention in recent years. Title ITI of the Clean Airxr
Act Amendments (CAAA) of 1990 is entirely devoted to the regulation of
HAPs .,
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INTRODUCTION

The purpose of this study is to estimate the enission rates of operation
at the Seattle Tacoma International Airport and evaluate in a screening
mode (worst case) their impact on ground level air quality in
surrounding communities. Thig study was conducted at the request of
Washington State Representative Greg Fisher. Sea-Tac Airport’s
emissions were inventoried with the aid of the firss part of a two part
model, EDMS, the Federal Aviation Administration’s airpeort air quality
model which will be released later this year. The contribution of Sea-
Tac Airport to the ambient air concentrations of pollutants at ground
level were then estimated with EDMS. In September of 1990, EPA
nominated EDMS as a guideline air quality model.

Part I of this report provides background information on airport
operations, the types and toxicities of air pollutants emitted from
airports, aircraft engine emissions, the regulatory status of airports
from an air quality standpoint and the EDMS model. Part II includes
specific information on Sea-Tac Airport operations, current facilities
and proposed expansion. The data collected and assumptions made for
using the EDMS model are also provided in Part II along with the results
of a literature search and the modeling effort. Part IIT lists
conclusiens and recommendatiens.



Hydrocarbons can be divided into: alkanes, alkenes, alkynes, and cyclics
which can be aromatic or non-aromatic. Hydrocarbons can be gases or

particulates.

Volatile organic compounds (VOC) are gaseous hydrocarbons of low
molecular weight. .VOCs react with oxidizing agents present in the
atmosphere such as the hydroxyl ion (OH) or ozone (0,) and result in the

—_— ——

formation of free radicals whlch undergo further reactions with other

pollutants in the éEEg;;Rere and with oxygen to produce photochemical
smog. Photochemical smog drastically reduces visibility. VOCs are also
precursors of ozone, and are stringently regulated in those areas that
do not meet the ozone NAAQS. The 1990 CAAA divides ozone non-attainment
areas into six categories depending on the severity of the problem. All

non-attainment areas will have to reduce their VOC emissions.

The particulates, either liquid or solid, of concern from a human health
standpoint are those that have diameters ranging from 0.1 to 3 microns 3
because they can enter the small passagewéys in the lungs and become
lodged there. The chemical composition of the particulates is also a
determinanc factor on their effect upon human health. Some
particulates, because of their composition, are air toxics regulated
under Title III of the 1990 CAAA. Particulates with diameter less than
ten microns are also criteria pollutants.

The exact composition of the aircraft hydrocarbon emissions and its
possible toxicity has not been studied. It is expected that such
hydrocarbons would be unburned q}EEEEEL_Eggggﬁig;,and_naph;halaneg. but
the ratlo is not known. Naphthalene, %ZEEEE and benzene are listed under
Title III of the 1990 CAAA as HAPs.

3. Sulfur Dioxide

Sulfur dioxide is a nonflammable, nonexplosive, colorless gas. It

reacts in the atmosphere to form sulfur trioxide and sulfuric acgid,

Sulfur dioxide, sulfuric acid, and other inorganic sulfates act as
bronchoconstrictors. The asthmatic population is highly impacted by

bronchoconstricters which decrease the respiratory funetions both at the

&

acute and chronic levels. Sulfur dioxide contributes to acid

N



Air pollutants adversely impact human health and wélfare, and the entire
biosphere. 1In the rest of this section, the physical state, effects on
the environment, and national standards are outlined for each of the

criteria pollutants mentioned above as well as for hydrocarbons.

1. Carbon Menoxide

Carbon monoxide (CO) is a colorless and odorless gas which interferes
with oxygen transport in the blood by forming a bond with hemoglobin,
producing a stable complex called carboxyhemoglobin (CoHb). Exposure to
extremely high levels of carbon monexide may cause death. According to
the EPA, when 2.5% of carboxyhemoglobin is present in the blood,
decreased exercise capacity results in patients with cardiovascular
disease. Blood levels of CoHb greater than 5% decrease visual
perception, manual dexterity and performance of complex sensimotor
tasks. ! CO has also been associated with lower birth weight and

increased deaths of infants in highly peolluted areas.

Primary NAAQS have been set at 9 ppm in an eight hour average and 35 ppm
in a one hour average. These health-based standards are equal to the
secondary standards which are in place to deter environmental
degradation. Fifty-twoe cities and towns across the country, including

Seattle and Spo do not meet the CO NAAQS. 2 The Clean Air Act

Amendments of 1990 establish two different categories of CO non-

attainment areas: moderate and serious. Transportation contrel measures

will be required of areas that are classified as serious.

2. Hydrocarbens

In gasecus form, hydrocarbons are not a criteria pollutant. They are a

_EEQE_XaIietY‘Qf compounds resulting from the release of unburned fuel or

incomplete combustion of fuel. They are produced, along with CO, when

the combustion process is not efficient.



deposition. Other well-known effects of SO, are metal corresion,
dissolution of limestome, marble and mortar, and fading of dyed fabrics.

Sulfur dioxide can injure plant tissues, suppressing growth and yield.

Two primary NAAQS standards exist for $0,: an annual average of 0.03 ppm
and a 24 hour average of 0.14 ppm. A secondary 3 hour average standard
of 0.50 ppm has been established. The State of Washington has
established a one-hour average standard of 0.40 ppm.

4. Nitrogen Oxides

Nitrogen oxides (NO and NO,) result from the high temperature oxidation
of nitrogen present in air. Nitrogen dioxide is a gas that can color
plumes brown, red or yellow. ° 1In the presence of moisture, nitrogen
oxides can form particulates by coalescing, reducing visibility and
contributing to acid deposition. Nitrogen dioxide, like sulfur dioxide,
is also a bronchoconstrictor that can cause irritation and injury to the

lungs.

An annual average NAAQS for nitrogen dioxide exists (0.05 ppm); however,
because NO, is also an ozone precursor, the 1990 CAAA requires that
major NO, sources meet reductions similar to VOC sources unless
otherwise prescribed by EPA. The State of California has a one-hour
average nitrogen dioxide limit of 0.12 ppm.

B. Sources and Rates of Airport Emissions

The main air pollution sources at airports are: aircraft, motor
vehicles, boilers, and fueling operations. Wayson and Bowlby %, in
their Inventorying Airport Air Pollutant Emissions, list ground support
equipment emissicns in a separate category and subdivide aircraft into
large commercial aircraft and small aircraft and military operatioms.
They point out that small aircraft may be significant in the summation
of an airport’s emissions. Training fires and engine test cells are

minor sources at airports. The contribution of each of these sources to



and expands a compressed mass of air which rotates a turbine and
provides thrust as it exits the small diameter exhaust nozzle. Gas-

turbine engines may be turbojet, turboprop ar turbefan.

The most popular engine used in large commercial airliners today is the
turbofan engine. The European A-300, and the U.S. models B-727, B-737,
B-747, B-757, B-767, DC-8, DC-9, and DC-10 all utilize turbofan engines.
In a turbofan engine, a turbine drives the compressor an& a fan
accelerates a portion of the air through and out of the engine.
Worldwide, there are four manufacturers of turbofan engines: Pratt &
Whitney (JT3D, JT8D, JT9D,2037), Rolls Royce (RB-211), General Electric
(CF-6) and Garrett (ATF3-6, TFE731).

Aireraft engines emit CO, SO., hydrocarbons, NO,, and particulates as
by-products from the combustion process. The emission rates are
determined by engine types. The ratios of pellutants emitted vary with
the operating mede of the engine. At low engine power settings, such as
idling when walting in a queue, or at start-up, more CO and hydrocarbons
are produced due to incomplete combustion. (Turbulence and vertical
dispersion of the plume aids considerably in CO dilution.)® The amount

of NO, produced from the oxidation of atmospheric nitrogen increases as

the temperature within the combustion chamber rises. The amount of NO,
produced during start-up is small compared to that produced during
takeoff. Most of the NO; from aircraft exhaust is in the form of

nitrogen oxide (NO) rather than nitrogen dioxide (NQ,)°. S0, results
from the oxidation of sulfur compounds in the fuel. Jet fuel is highly
refined, and contains about 0.1% sulphur. 3° Particulate emissions are a
function of the engine design, the operating mode, and fuel type. A
1979 FAA study determined that the composition of particulates emitted
by turbine engines is essentially carbonaceous with extremely small
diameters ranging from 0.04 to 0.12 microns for the three types of
engines tested (TF30, JT8D, and JT9D). ! Figure 1 shows the
percentages of total aircraft emissions from each mode of operation by
pollutant for hydrocarbon (HC), carbon momoxide (C0O), and nitrogen
oxides (NO). 12



the total amount of pollutants emitted from each airport varies. The
breakdown for Sea-Tac Airport is reported in Part II.

1., Airecraft

The quantity of pollutants emitted into the atmosphere is a function of
the type of aircraft and engine, the mode of operation, and how long the
engine is operated in each mode. The modes of operation that are

usually considered to determine emission factors are:

. Taxi or idle

Takeoff

Climbout (to 3500 ft.)

. Approach {(from 3500 £ft.)
Landing

[ R W S

The combination of these five modes constitutes one landing and take-off
cycle (LTO). Note that the emission factors are calculated for
climbout and approach up to 3500 ft. Emissions from higher altitudes
cannot produce significant ground level concentration. Each aircraft
model has its own characteristic LIO times. In understanding the
difference in emissions it is useful to have a knowledge of airecraft,
their engines, and their operation. The following paragraphs briefly
highlight various aspects of aircraft and their operation.

Airplanes move forward as a reaction to the backward motion of the mass
of air that is accelerated to a high velocity by the airplane’s engine.
Airecraft can have either reciﬁrccating or gas-turbine engines. The
reciprocating or piston engines, used in the smallexr airecraft, are
powered by the combustion of fuel which drives the four stroke cycle of

the pistons. In the gas-turbine engines, the combustion of fuel heats



The only aircraft exhaust toxics estimate available is in a 1984 report T\\\\\
to Ecology, in which Radian Corporation roughly estimated that toxic air

emissions from jet exhaust at Sea-Tac Airport were 12.7 tons per year of

benzene, and 298 tons per year of xylene. In quoting these values,

Radian emphasized their high degree of uncertainty.

Percentages of Total Alrcraft Emiscsions

from the Modes of Operation at Alrports

Parcentages

FIGURE 1



2. Motor Vehicles

A downward trend in the ambient concentration of air peollutants
generated by motor vehicles, especially CO, has been observed in the

Seattle area over the past decade. The replacement of older wvehicles

with newer, cleaner ones has been a major factor for the downward trend,
but also the Inspection and Maintenance (I/M) program that the
Department of Ecology required in the Seattle area since 1982 deserves
part of the credit. CO emissions have been reduced by 13% in Seattle
due to the I/M program. A projected carbon monoxide motor vehicle
emission trend through 1995 with and without the I/M program in King,
Pierce, Snohomish, and Kitsap counties predicts that during that period

the I/M program will prevent the emission of approximately 1000 metrric

tons. 3

3. Boilers

Air pollution from boilers varies greatly depending on the fuel used,
and the manner in which the boiler is operated. At Sea-Tac Airport the
boilers are run on natural gas, the least polluting fuel, and oil is
used as a back-up fuel. At least one boiler is running twenty-four

hours a day, every day of the year, to power heat exchangers in the
terminal building.

4. Fueling Operations

Low molecular weight hydrocarbons volatilize during fueling operations
at varying 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 require a gasoline with a high octane
rating for its anti-knocking characteristics. Jet engines can utilize
much heavier fuel, usually Jet-A fuel or aviation kerosine., Aviatien
kerosine is similar to the kerosine for domestic household use.
Typically, the boiling point of Jet-A fuel is in the range of 144-252
degrees Centigrade (291-486 degrees Fahrenheit). Aviation gasoline used
for the piston engine powered aircraft is much more volatile than Jet-A
fuel. Appendix 3 contains fuel specifications.



At Sea-Tac Alrport, a collection trench around the runway and taxiing
area drains stormwater and any fuel spilled during the fueling
operations to a wastewater treatment plant located on the airport. The
wastewater treatment plant consists of flotation units which separate
the oil from the water. Because of Jet A fuel's high boiling point and
extremely low vapor pressure, the amount of hydrocarbons that volatilize
from these trenches is insignificant.

5. Fuel Venting from Landing Aircraft

Fuel wventing frbm landing aircraft is not included as a possible
source in EDMS and is not addressed in this study. The operations
persomnel at Sea-Tac indicated that due to the high cost of fuel, it
usually is the airlines’ policy to avoid such dumping as much as

possible. It usually occurs only under emergency situations: howaver,

each airline has its own rules regarding fuel venting. /#’ffff,,—ﬁ

—_—

C. Regulations that Apply to Airports and Aircraft

Alrports as sources of air pollution fall under the indirect source
category. An indirect source is defined as " a facility, building,
structure, imstallation, real property, road, or highway which attracts,
or may attract, mobile sources of air pollution." Indirect sources and
indirect source review were defined in the Federal Clean Air Act of

1970, however; it was not until 1973, prompted by a lawsuit (NRDGC v.

EPA), that EPA required states to conduct indireet source review as part \

of the State Implementation Plan (SIP) process. The purpose of the
indirect source raview was to account for the impact of growth on air
quality, '* In the CAAA of 1977, Congress severely restricted EPA’s
authority to require states to perform indirect source review, and most
states, Including Washington, that had developed indirect source
regulations decided to repeal them. Although several states kept their
indirect source rules, those rules have extremely limited impact since
they do not require mitigation of emissions, and no program is designed
to monitor or enforce mitigations.

The Clean Air Act, Title II, Part B, directs the EPA to establish
alrcraft emission standards, and to study " the extent to which such
emissions affect air quality in air quality control regions throughout

the United States, and the technological feasibility of controlling such




6. Since emission factors for air toxics from aircraft have not
/7 been developed, the model output lumps hydrocarbons inte one

,
category.

12



emissions.” In respense to this mandate, a thorough and well documented
series of studies conducted prior to 1980 were compiled and analyzed in
a report published jointly by the FAA and EPA titled Impact of Aircraft
Emissions on Air Quality in the Vicinity of Airports. It is an

excellent reference for the work that has been done in this area up to
1980. At that time, violations of NAAQS due to aircraft exhaust alone
were thought to be improbable. The conclusions of that study will be
mentioned further at the end of this report. The Code of Federal
Regulations volume 40, part 87 contains engine emission standards that
apply only to large commercial passenger jets. The FAA is responsible
for implementing the standards, and it does so through engine
certification data provided by the manufacturers. These regulations do

not extend to piston powered, smaller turbofan or military aircraft. 15

EPA has not been active in a any regulatory development relating to
aircraft since the early eighties. EPA is currently in the process of
updating aircraft emission factors. Additional information is needed

for military aircraft which may be substantially different. 18

The 1990 CAAA did not modify Part B of Title II nor does it call for new
standards or for more research. The 1990 CAAA did not amend the law
pertaining to indirect sources either. At the state level, however,
indirect source regulations have again become popular as a tool for
land-use planning. The most progressive efforts in indireet source
regulation have been undertaken in Califormia. The California Clean Air
Act, effective in January 1, 1989, provided districts with the authority

to regulate indirect sources, and in July, 1990, the Air Rescurces Board

published a technical support document titled; Califorpia Clean Air Act
Guidance for the Development of Indirect Source Control Programs.

D. The Emissions and Dispersions Modeling System (EDMS)

The United States Air Force and the Federal Aviation Administration,
after developing separate models to calculate the emissions and prediet
an airpert’s contribution to ambient pollutant levels, agreed in 1985 to
join their efforts in updating the previous models. EDMS is the result
of that joint effort.

10



Initially the model calculates the emission rates from miscellaneous
point sources such as powerplants, heating plants, fuel storage tanks,
and training fires; roadway sources; parking lot sources; and both
aircraft gqueues and takeoffs. The aircraft emission factors for these
caleulations are based on 1980 EPA factors that have been extrapolated
to date with the aid of engine manufacturers. Although approach, and
taxi-in factors are calculated in EDMS, landings are not considered in
the model either In the emission or dispersion part. Emission rates are
caleculated only for taxi-in/out, takecffs, queues, and elimb-out and
approach. Appendix 4 contains the emission factors in the EDMS database
for engines currently in use. Cornell Aeronautical Laboratory developed
the emission factors for EPA in 1978, Cornell determined factors for
only CO, hydrocarbons, and nitrogen oxides. EPA last updated the
emission factors in 1980. Since then, cleaner engines have been
manufactured prompting the FAA to update some of the EPA data. EDMS
contains the updated engine emission factors obtained from engine
certification tests conducted by the manufacturers. 7 Refer to Appendix
1. The emission rates for motor vehicles are estimated using MOBILE 4,

an EPA guideline emissions model,.

After calculating emission rates, EDMS models aircraft as accelerating
peint sources with an integrated puff model; and roadways, parking lots,
and stationary sources are modeled with the Point-Area-Line (PAL)
equations to estimate dispersien. The contributions from each source
are then combined to provide an estimate of the concentrations of each

pollutant at the receptor locations.

EDMS is an extremely useful tool in evaluating airport air pollution
impacts. The shortcomings of the model are:

1. Variation in terrain is not accounted for.

2. Vertical stability in the atmosphere is represented by a single
classification.

3. It is reliable within only a 1 km radius from the source.

4. It is currently under development, and thus still requires
fine-tuning.

5. The queue is restricted to be modeled as a straight line
connected at one end to the runway thereby making it impossible
to model a parallel taxiway.

11



IT. AIR QUALITY IMPACT OF SEATTLE-TACOMA INTERNATIONAI. ATRPORT

A. Description of Sea-Tac Airport

Sea-Tac Airport has two runways referred to as 16L/34R and 16R/341..

Both runways are oriented along north to south parallels. Please refer
to Appendix &4 for a layout of the facility. Ninety percent of the time
16L is used for departures and 1l6R for arrivals. Aircrafr usually take
off from the north end of the runway if wind conditions permit. Most of
the time, aircraft queues are located in the airfield space adjacent to

the north end of 16L. The length of the gueues rarely exceeds eight

aircraft.
alrerait.

The Olympie Pipeline Company provides Jet A fuel to Sea-Tac Airport. A
main tank farm composed of eight above ground tanks with fixed cone
roofs stores 500,000 barrels. Northwest and United Airlines have two
intermediate tank farms composed of 14 underground 40,000 gallon tanks.
These intermediate tanks provide enough pressure to fuel aircraft at the
gates. The other airlines use a fleet of approximately 40 fueling
trucks te fuel theilr aireraft.

Sixty percent of the ground traffic to the airport comes from the north
on North Entry Drive with the remainder arriving from the south on
Pacific Highway. The main parking facility has a capacity of 3500
vehicles.

B. Proposed Expansions

The goals for the expansion of Sea-Tac Alrg_rt are _to.reduce arr1va1 and
departure delays and to, reduce queulng " The parking garage w111 be ~~.
“_-_‘—u-

expanded to house an additional 4000 vehicles within the nexc _two years\\

=)

In the aij taxiways will be anded by 1993, and a queulngr T
=
area enlarged to accommoda B-747's gide by side. Such queuing
N —

area could also be used for aircraft parking if necessary. Please refer

13



to Appendix 5 for Sea-Tac Airport's Master Plan Update. In the long
term, the planning group at the airport is loocking at several
alternatives to facilitate airport access such as improving 28th Avenue
South into a five lane arterial, or providing airport access using
highways 309 or 210.

C. Input to EDMS

Statistics on the aircraft operations, roadway vehicle traffie and the
boiler at the airport were collected from Sea-Tac Airport’s staff.
Department of Ecology personnel toured the airport, and obtained
information on fueling operations, the main boiler, and aircraft
operations. Peak aircraft activity was used. Howard Segal (FAA)
provided data on the parking lot facility which was collected in 1987
when he and other colleagues were conducting a study on the effects of
canyons on the concentrations of pollutants in parking lots. Geraldine
Heckendorn (Sea-Tac Airport) provided roadway traffic volumes for the
alrport access roads which were also compiled in 1987. Appendix 3
contains a printout of all the input data.

Three case scenarios were modeled with the wind directions being 0, 170
and 345 degrees to account for the prevailing winds coming from the

south or the north. In all cases the E stability category was used with

.24 mripn

a wind speed of 1 merer per second and a temperature of 40 degrees

Fahrenheit, typical of an overcast winter day. These conditions are mot

conducive to dispersion, and will result in the highest concentrations
of pollutants.

The aircraft operations input were developed from the August 1989

L
operations log. During that month the peak hour had 72 oﬁg¥§_1on§i For

the emissions parE'of"Ehe model, temporal factors were incorporated to
take inte account the amount of activity taking place on an hourly,
daily and monthly basis to come up with realistic annual emission rates.
Only the peak hourly data were used to define a worse case scenario for

the dispersicn part.

14
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ITII. CONCLUSIONS AND RECOMMENDATIONS

A. Results and Conclusions

EDMS calculated emission rates for all the criteria pollutants plus
hydrocarbons for Sea-Tac Airport’'s typical activity on an annual basis.

Those emission reported in figures 2 through 8 and in Appendix 4.

After calculating emission rates, EDMS was used to calculate ambient
concentrations during peak-hour activity. This dispersicn output was
contoured with an interpolating and plotting package called SURFER. The
interpolating technique used was Krigning. The results obtained from
the plotting exercise are shown in figures 9 through 22 found in
Appendix 5, and, although they serve the purpose of providing a
graphical illustration of the results, they must be used with cautien.
Because of the low density of points in certain data sets, some contours
were not completed. Other contours contain waves and other artifacts
that are not a true reflection of the data, but rather reflect
weaknesses of the interpolating algorithm in handling the steep
gradients in regions with few data points. Practical considerations

relating to computer run time precluded using more calculation points.

1. Sea-Tac Airport is a major indirect source of air pollutants. Ig\\\
contributes approximately 8% of the—carbon monexide and 5% of the //

nitrogen oxide emissions in King County._  Refer to Figure 2.

2. The emission inventory obtained for Sea-Tac Airport shows that the
boilers, tank farms, and training fire are minor, even insignifieant,

sources compared to aircraft and motor vehicles which together comprise

99 . 9% of the emissions.

- ——_—

Refer to Table 1 and Figure 3. Note that Figure 3 depicts the airport’s
hydrocarbon emissions in a logarithmic scale. Appendix 4 contains Sea-

Tac's emission inventory in more detail.

The tank farms contribute enly hydrocarbons from evaporation

loses. The training fires take place quarterly, at night, and

15



constitute a small source compared to motor vehicle and airecraft

emissions.

minor source.

[T
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FIGURE 2

The boiler, which is powered with natural gas, is also a
The rest of the figures pertaining to emissions will

include only the major sources: aireraft and motor wvehicles.

TABLE 1. AIR POLLUTION SOURCES AT SEA-TAC AIRPORT ?% %

Units = metric tons Per year

16

502 37.2 23.03 0.018 0.118
Vehic
‘Afrcraft 3121 1277 1874 162 61.44
‘%iBb,il‘er}f 3.36 2.77 0.012 0.003 0.371
Tota 3628 1315 1897 163 62
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FIGURE 3

3. During peak hours aircraft queues represent 54% of the total aircraft

CO_emissions, 59% of the hvdrmmwmm_w

and 21% of the 50, emissions and of the particulate emissions. Note

that the figures show a peak queuing hour situation and that the motor
vehicle figures were computed from daily traffic 1987 volumes.

4. Alrcraft queues are the major source of carbon monoxide and
hydrocarbons. Climb and approach emissions, which are calculated from
ground level up to 3500 feet, are the major source of nitrogen oxide
emissions, and aircraft takeoffs contribute about 25% of the total.
Sulfur oxide and particulate emissions are more evenly divided among the
four aireraft modes with climb and approach still being the most
significant contributing mode. Refer to Figures 4-8.
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11. The only Ecology air monitoring data from the viclnity of Sea-Tac

Airpotrt Came from a 1983 CO study from a monitor which was set up at S.

188th Pacific Highway, approximately half a mile (800 meters) east of

the south end of Sea-Tac Airpert’s runway. The 8-hour average
concentrations at that site ranged from 2.6 to 7.6 ppm or 29% to 84%,
respectively, of the NAAQS limit of 9 ppm. The location of that site
did not coincide with the areas of maximum or moderate impact from Sea-
Tac identified by EDMS.

B. Recommendations

It is important to recognize that this study is only the Ffirst step, the
screening process, of the usual approach taken when evaluating a source.
The possibility of ambient air quality violations for nitrogen dioxide
and particulates solely from Sea-Tac Airport contributions has been
identified. It also appears that Sea-Tac is a significant contributor
of hydrocarbons and carboen monoxide, and, to a lesser degree, of sulfur

oxides. The following recommendations are based on those results.

1. Minimize queuing at Sea-Tac Airport to reduce all emissions,
especially CO and hydrocarbon emissions. The Seattle area is a CO non-
attainment area; the hydrocarbon emissions promote ozone formation and
some of the components are known toxic air pollutants, particularly
benzene. This study has shown that the_égzL,for benzene may be greatly
exceeded in the vicinity of the airport.

2. Explore options to reduce the nitrogen oxide emissions that result
from takeoffs.

3 ﬂ: 3. Support a strong and widespread 1/M program which will reduce motor

vehicle emissions associated with all indirect sources.

N
;?, 4. Provide fast and easy public access to the airport terminal via a
<:§§$ well-organized mass transportation system to avoid attracting more motor

vehicle traffiec. Discourage drivers from idling their ca ines in

the parking lot.

e

5. Study the feasibility of switching the ground support vehicles at

Sea-Tac Airport from gasoline to an altermate, cleaner burning fuel such.

22



Sulfur Oxide (SOx) Emissions
at Sea~Tac Airport

Pollutant Source
Figure 7.

5. EDMS predicted.significantly high levels of nitrogen oxide (up to 28

—

T

ppx on a one-hour average about 100 meters south of the rumway) in the
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Figure 8.

worst case conditions. Note that the gradients around these hot spots
are extremely steep, and the concentrations rapidly go to zero. A one-
hour average standard does not exist for nitrogen oxides; howaver an
annual average standard of 0.05 ppm exists for nitrogen diexide. It is
expected that a more refined study with actual meteorological data and
variation of temporal factors would reduce, on an annual basis, the
predicted value ten-fold, or more --maybe even below the 0.05 limit.
Another factor to point out is that most of the nitrogen oxides in the
aircraft exhaust are in the form of nitrogen monoxide (NO). It is
expected that NO will be dispersed and oxidized to NO, over a wide area,
paybe kilometers away from the point of emission, therefore reducing the

o it

concentrations near the airport. Nevertheless, the predicted

concentrations of—b@gt___are a reason for concern. Refering to figure 16
which contains contour lines for the 170 degree case, the contouring
routine produced artifacts because of the low point density in this
particular data set; the actual shape of the contours is expected to be

much narrower and symmetrical as in the two other cases. 1In this

19



particular run EDMS predicted a concentration of 19 ppm NO, in a

receptur location ri ht on 1l54th street, ._Wrth the wind blow1ng dlrectly
from the north (0 degrees) the Tyee Golf Gourse can be getting as much

———— P

as 12 ppi Ppm NOZ one-hour average during worst-case condltlons

6. Predicted maximum one-hour concentrations of carbon monoxide during
worst-case conditions are about 20 ppm in the terminal area, due almost
entirely to traffic, and range up to 59 Ppm at the runway, rapidly
decreasing to about 15 ppm one kilometer downwind of the maximum
concentration. In the case where the wind direction is zero degrees,
the plume spreads out around the queding area, and 1 km south of the
queue the impact is still about 10 ppm. In figure 9 an island of zero
concentration is located next to the 2 Ppm contour. As expected, due to
the meteorology chosen and the nature of the source, there is a steep
gradient in the east-west direction and a more moderate one along the
north-south axis. In the 345 degree case illustrated in figure 11, a
one-hour average contribution to the housing development immediately
east of the Tyee Golf Course, Angle Lake School and Seattle Christian
School of approximately 9-5 ppm was predicted.

The one-hour standard for CO is 35 ppm. It is predicted that the
maximum one-hour concentration of CO due to aircrafe alone is about 20
ppm, or 57% of the standard, in an area of public access during a peak
hour and low-dispersive metearclogical conditions.

7. EDMS revealed localized hot-spots of particulate concentrations in
the range of 800 micrograms per cubic meter, particularly in the 170
degree case illustrated in figure 22. Note that 154th. Street is
located at the hot spot. At approximately 1 km north of the runway, the
concentration has decreased to 157 micrograms per cubic meter.

: . . Apmogren
The 2&4-hour standard for fine particulate matter (PM-10) is 150 \\\7
micrograms per cubic meter. Measurements have shown that all of the a'*1cu\“r
particulate matter from aircraft exhaust can be cla551f1ed as fine,

ranging in diameter from 0.03 to 0.1 mlcrometers

8. The airport is also a significant source of hydrocarbons contributing

——

up to 5 ppm worst-case, ground-level concentratlons The hcu51ng

development around Seattle Chrlstlan School and the school ltself may

get around 4 ppm of hydrocarbons as lildstrated in flgure 14, “the 345
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degree case. From a toxics standpoint that may be quite significant
depeﬁEIEg‘EE'ELe actual composition of the hydrocarbons. For example, '
assuming that 4% (based on the Radian estimates) of the hydrocarbon :
emissions are benzene, the benzene contribution to the hourly average I

from the airport would be of about 0.16 parts per million (o; 24000 -

parts per trllllon annual average) As a point of reference, the \

acceptable source impact level (ASIL) for new sources proposed in WAC
173:460 is 0,063 parts per trillion.

9. The contribution of traffic to sulfur oxide pollution is minimal. A
high of 0.5 ppm SO, was predicted on the runway in the 0 degrea case on
figure 18 decreasing to 0.1 ppm 1 km south of the queuing area, in the

vicinity of 200th Street. A one-hour average national standard for S0,

does not exist, Washington’s one-hour average standard is..0.4 .ppm..

10. It is important to mention the conclusions that the FAA/EPA team
reached in their 1980 report Impacr of Aircrafr Emissions on Air Qualiry
in the Vicinity of Airports mentioned earlier. This report compiled
both monitoring and modeling analyses of airports throughout the
country: Washington National, Los Angeles International, Dulles
International, Lakeland, John F. Kennedy, and Chicago O'Hare. They
summarized their conclusions in the following manner:

" * Maximum hourly average CO concentrations from aircraft are
unlikely to exceed 5 PP in areas of public exposure and are thus small
in comparison to the NAAQS of 35 ppm.

* Maximum hourly HC concentrations from aircraft can exceed 0.25
Ppm_over an area several times the size of the airport.

* While annual average NO, concentrations from aircraft are
estimated to contribute only 10 to 20 percent of the NAAQS limit level,
these concentrations, when averaged over a one hour time pericd are
estimated to produce concentrations as high as 0.5 ppm if one assumes
that all engine produced NO is converted to NO, by the time these

emissions reach public_ exposure. This value is at the upper end of the

concentration range being considered for the short term NO, standard

presently under review and cannot be ignored."”

The above excerpt identifies nitrogen oxides and hydrocarbons as two
pollutants to be concerned about at airports: however, this screening
study of Sea-Tac's emissions showed that the airport’s contribution to

groun&fiaéal pollutant concentrations is higher than expected.
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as natural gas, ethancl or methanel. A project of that nature is
underway at the Denver Airport.

6{ Consider indirect source legislation to control the growth and
operation of Indirect sources when such sources pose a significant
threat to ambilent air quality.’ California is leading the way in that
effort. '

7. Conduct a refined study to be abhle to better identify the impact of

Sea-Tac Airport on the ground-level pollutant concentrations.

8. Utilize the mobile monitor van to do some sampling in the areas
around Sea-Tac Airport expected to have the highest impacts especially
for benzene which, as discussed earlier, may pose a large risk to the

nearby communities.
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AIRCRAFT EMISSIONS S FAC

TORS
: Geomode 1 - Takecff
Alrerare AIRCFT 1ENGPIST Geomode 2 - Runway Queue
Geographic mode GEOMODE 1 Geomode 3 - Touch & Go
Gaomode 4 - Taxi in/out
Fuel FUEL.CD 13 Geomode 5 - Aircrart Parking
Numker of engines ENG.NUM 1 Geomode & - Engine Testing

. X Geomode 7 - Aircraft Climb
Tize in pode ) TIMEMCD .30 minutes Geomode & - Airecraft Approach
(NOTE: Queueing Timas 10l mode, Gaomode 2, are entered in tha runwvay screan)

Takeoff speed TOSPEED +00 merers/sec (it has 2eaning enly for
geomode #l, it is ignered otherwisa)
Irission rates in kg/nr (per engine)

co 43.5Q0000
HC - 480000
Nox . 090000
50x .GloQoo
Farec -dB0AQD
Geamade 1 - Takenfs
Alrcrats ‘ AIRCFT 1INGFRIST Geomode I - Runway Queue
=<odrapnic mode GEOMODE 2 Geqmoae 2 - Touch & S0
Geomode 4 ~ Taxl inseut
Tugl ) FUEL.CD 13 Geonode 3 - Airsrart Parking
‘lumcer of engines NG . HIIM 1 Geamede & - Engine Testing
. . Geomode 7 - Aireraft Climb
Time in acde ) TIMEMGCD 10.00 minutes Geomode 2 - Aireraft Approacn
(NOTI: Queueing Times in moda, Gecmade 2, are entered in the runway screen)
TakeofI speed TOSPEED

-00 mevars/sec (it has meaning only for
gecmode #1, it is ignared octherwisa)

Izission rates in kg/hr (per engine)

co 4.6000040
q2e 160000
HOx . 0o0000o
SOx -30000n
fars T .Al0000
. Geonode 1 - Takeoff
alrcraft AIRCFT 1ENGPIST Gecmode 2 -~ Runway Queue
Gaograpnic mode GEOMODE 1 Gegmode 3 - Touenr & Ga
Geomede 4 - Taxi insout
Foel . TUIL.CD 13 Geomoae 5 - Alrcrait Barking
lumper of engines ENG. NUM 1 Gaomode 6 - Engine Testing
. . Gaomode 7 -~ Aircraft cClimp
Tima in mode oD 11.00 minutes Geemode 8 - Aircraft Approach

) TI
(NOTE: Queueing Tipes in mude, Geomode 2,

are entered in the runway screen)
Takeoff speed TOSPFED

«00 meters/sec (it has meaning only for
geomode §1, it is ignored otherwise)

Emission rates in kg/hr (per engine)

co 4.600000
HC -160000
NOx -000000
S0ox -0ppogo
Partc -010000

Gaomada 1 - Takeof?

Al-2



APPENDIX I: ENGINE EMISSTON FACTORS FROM THE EDMS DATABASE



Alrcraft AIRCFT 1ENGPIST

i Geomoda 2 - Runway Quaue
Gacgrapnic mode GEOMODE 4 Geomode 3 ~ Touch & Go
Geomode 4 - Taxi in/out
Fuel . FUEL.CD i3 Gecmoda § - Alrcraft Parking
Number of engines ENG. NUM 1 Geomode 6 - Engine Testing
Geomoda 7 - Aircraft Climb
Time in mode TIMEMOD 5.00 minutes Geomoda 8 - Aircraft Apprecach
(NOTE: Queuelng Times in mode, Geomocde 2, are entered in tha runway Screen)
Takeoff speed TQSPEED -00 merers/sec (it has meaning only for

gecmode #1, it ls ignored otherwise)
Emission rates in kgs/hr (per engina)

co 4.600000
Hc . L60000
NOx .Q0000Q
50x . 0000040
Part 310000
Geomode 1 - Takeoff
Alrcraft AIRCTT 1EZKGPIST Geomode 2 - Runway Queue
Gaographic node GEOMODE 5 Geomoae 1 - Tauch § Go
- Geomode 4 - Taxi in/out
Tuel ‘ FOEL.CD 13 Geomode 5 - Aircrafs Parking
Humber af engines ENG.NUM 1 Geczode 5 - Engine lesting
. . Geomode 7 - Alrcraft Climb
Tima in moda TIMEMOD 3.00 minutes Gaonmode 8 - Ajireraf%t Approach

(NOTE: Queuveing Time= in mede, Geamode 2,

3 are antered in the runway screen)
Takeorf speed TOSPEED

.00 merers/sec (it has meaning only for
geomode #l, it is ignored otherwise)
Emission rates in kg/hr (per engine)

(s} 4.600000
uC . 160009
NOox . gooona
S0x -opocon
Parc Q10000
. Geomoce 1 - Takeoff
Alrcraft AIRCFT 1ENGPIST Gecmode 2 - Runway Queua
Gaggraphic mcde GECGMODE 6 Gaomoda 3 - Touch & Go
Geomode 4 - Taxl in/out
Fuel . FUEL.CD 13 Geomade 5 - Aircraft Parking
Numper af engines ENG.NUM 1 Geomode 6 - Engine Testing
_ . Geomode 7 - Aircraft Climb
Time in mode TIMEMOD 4.00 minutes Gaogmode 8 - Aircraft Approach

(NCTE: Queueing Times in mode, Geomode 2,

are entered in the runway scrsen)
Takeoff speed TOSFEED

+00 meters/sec (it has =meaning only for
gecmode #1, L1t is ignored ctherwise)
Enission rates in kg/hr {per engine)

co 4.500000
HC . 160000
Hox .Q00000
S0x .cocooeo
Partc .010000
Gacmoda 1 - Takeoff
Alrerafe AIRCFT 1ENGPIST Geomoda 2 - Runway Queue
Gaographic mode GEOMCDE 7 Geomods 1 - Touch & Go
Gaomode 4 - Taxi insout
Fuel FUEL.CD 13 Gecmoda 5 ~ hircraft Parking
Number of engines ENG, NUM 1 Gaomoda § -~ Engine Testing
Geomoda 7 - Aircraft Climb
Time in mode TIMEMOD $.00 minutes Geomode 8 - Aircraft Approach

(NCTE: Queueing Times in meode, Geomode 2,

are entered in the runway scre=-
Takeoff spaed TOSPEED

.00 meters/sec (it has meaning only f:
geomode #1, it is ignored othe

Emissien rates in kg/hr (per engine)

(=i} 29.900000
HC .lagoaon
NOx .1l20000
sox . 010000
Part .060000
Geomeda 1 - Takeoff
Aircratt AIRCFT LENGPIST Geomoda 2 - Runway Queue
Geographic mode GEOMODE 8 Geomode 1 ~ Touch & Go
Geomode 4 - Taxi injout
fuel FUEL.CD 13 Geomode 5 - Aircraft Parking
Number &f engines ENG.NUM 1 Gaomoda 6 ~ Engine Testing
Gaomoda 7 - Alircraft Climb
Time in moda TIMEMOD 6.00 minutes Gaomoda 8 - Aircraft Approach

(HOTE: Queunaing Times in mode, Gacmcda 2,

are entersd in the runway screan)
Takeoff speed TOSPEED

.00 meters/sec (it has meaning only for
gecmode #1, it is ignored otherwisae)

Emission rates in kg/hr (per engine)

co 25.3p0000
HC -41l0000
NOx -020000



Aircraft AIRCFT  CNAg4 Coomode 1 ; Takeotr
Geograpnic aode GECMODE Y 2233232 i %sﬂgﬁyaoggue
Fuel FUEL. cD Geomode 4 - Taxi insont
; - 13 Gaomode 5 - j i
Humb Aircraft
er of enginasg ENG.NUM 2 geomoga & - Enqin: Eeiiiﬁénq
Tizme in mode TIMEMOD - comode o - Mrerafe clims
(NOTE: Quaueing Times in meda, cmoge i UEes  Geomode 5 - Aircraft Approach

Geomods 2, are antersd in th
Takeoff sSpeed TOSPEED 00 meters/sec (it has me

geomodae 41, it is

@ runway Screan)
anlng only for
o lgnored otherwisae)
Emission rates in kg/hr {per engine)

co 1.120000
HC 4.020000
NOx .150000
SQx -050000
Part .140000
Geomode 1 - Takeoff
Alrcrart AIRCFT (CMA44l Geomode 2 - Runway Queue
Gecgraphic moda GECHMQDE 7 Geomode 1 - Touch & Go
Geomode 4 ~ Taxl in/cut
Fuel FUEL.CD 13 Geomode 5 - Airgrarft Parking
Numker of engines ENG. NUM 2 Geomode 6 = Ingine Testing
Gaomode 7 - Aircrart Climb
Time in mode TIMEMOD 2.50 minutes Geomode 8 - Alrcraft Approacn
(NOTE: Queueing Times in mcde, Geomade 2, are entered in the runway scraen)
Takeoff speed TOSPEED .00 merersssac (it has meaning anly for

Jeonode 1, LT ls icnored atherwise:
Emission rates in kg/hr {per engine)

ce .l800a0
HC .Q30000
NOx 2.200000
S0x .1850000
Part .270000
Geomade 1 - Takeoff
Alrcraft AIRCFT CNA441 Geomade 2 - Runway Queue
Geographic mode GECMAUDE ] Geomade 3 = Touch & Go
Geomode 4 - Taxi insout
Fuel FUEL.CD 13 Geomade S - Aircraft Parking
Number of engines ENG.NUM 2 Geomode & - Engine Testing
Geomode 7 - Aircraft Climb
Tize in 20da TIMEMOD 4.50 minutes Ceomode B - Alrcraft Aprroacs

{NOTE: fueueing Times 1n mode, Gecmoge 2, arae enterea in the runway screen)
Takeof! speed - TOSPEED +00 merers/sec (it has meaning only for
geomcde 51, it (s ignored otherwise)

Emission rates in kg/hr (per engine)

co « 790000
HC 070000
NOx 1.120000
S50x 110000

- . .
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AIRCRAFT EMISSIONS FACTORSES
] 2O
A CPEIATISNS Gaomode 1 - Taksoff

Alrcratt AIRCFT CNA44l Gaomode 2 - Runway Quaua
Geographic mode GEOMODE 1 Gaomode 1 - Touch & Go

Geomoda 4 - Taxi in/out .
Fuel FUEL.CD 13 Geomode 5 - Aircraft Parking
Number of engines ENG . NUM 2 Gaomoda & - Engina Testing

Gaomoda 7 - Alrcraft Climp
Time in mode TIMEMOD -3¢ minutes Geomoda 8 - Alrcraft Approach

[NOTE: Queueing Times in Zode, Geomode 2,

are entered in the runway screen)
Takeoff speed TOSPEED

-00 merers/sec (it has meaning anly for
geomoda 31, it is ignored otherwise)

Emissien rates in kg/hr {per engine)

cQ .160000
HC 020000
NOx 2.570000
SDx 210000
Part + 160000
Geomode 1 - Takeoff
Ajreraft AIRCFT CNA421 Geomoae 2 - Runwa. °
Geograpnic mede GECMODE 2 Geomoge 31 - Touch &
Geomode 4 - Taxi in/oue
Fuel ) FUEL.CD 13 Geomode 5 - Aircraft Parking
Number of engines ENG.NITM 2 Geomode & - Engine Testing
) ) Geomode 7 - Aircrart Cliamb
Time in mode TIMEMOD 20.00 minutes Gaomecde 8 ~ Aircraft Approach

(NOTE: Queueing Times in dode, Geomode 2,

are entered in the runway screen)
Takenff speed TOSPEED

-00 meters/sec (it has meaning only for
gecmode 31, it is ignered ctherwise)

Emission rates in kg/hr (per engine)

co J.120000
dC 4.020000
HOx .130000
S0x 0804000
Part 140000
Geomade 1 - Takeoff
Alrcraft AIRCFT (CNA441 Gecmode 2 - Runway Queue
Secgraphic nede GEOMOOE 3 Geomoda 3 - Touch & Go
Geomeode 4 - Taxi in/out
Fuel FUEL.CD 13 - Gecmode 5 - Alrcraft Parking
Numper of engines ENG. NUM 2 Geomode 6 - Engine Tasting
Geomode 7 - Alrcraft Climb
Time in meda TIMEMOD 7.00 minutes Gaomode B - Aircraft Approach

(NOTE: Queueirg Times in Rode, Gecmede 2,

are entered in tha runvay sereen)
Takeoff speed TOSPEED

.00 meters/sec (it has meaning only for

geomode #l, it is ignored otherwise)
Eaission rates in kg/hr (per angine)

co 3.120000
HC 4.02Q000
HNox . 1500040
S0 .250040
rare - 240000
: Geomode 1 - Takeof?f
Aircrart AIRCFT CNA441l Geomode 2 - Runway Queus
Geographic mode GEOMODE 4 Gaomode 1 - Touch & Go
Gaomode 4 - Taxi in/sout
Fuel . FUEL.CD 13 Geomoda 5 ~ Alrcraft Parking
Number of engines ENG . NUTM 2 Gaomade & - Engine Tasting
. Gaomode 7 - Aireraft Climb
Tize in mode TIMEMOD §.00 minutes Gaomode 8 - Alrcraft Approach
(NOTE: Queusing Times in Mode, Gecmode 2, are entered in the Tunway screen)
Takeoff speed TOSPEED .00 meters/sec (it has meaning only for

geomode #1, it is ignored otharwisa)
Emission rates in kg/hr (per engine)

ate] 3.120000
HE 4,020000
NOx .150000
SOx .050000
Part . l4000a
; Geomode 1 - Takeoff
Aircrafe AIRCFT CNAd4l Geomode 2 - Runway Queus
Geographic made GEOMODE 5 Gaomode 1 - Touch & Ga
Genmode 4 - Taxi in/cut
Fuel . FUEL.CD 13 Geomodae § - Aircraft Parking
NHumber of aengines ENG.NUM 2 Gaomode § - Engine Testing
. Geomode 7 - Alrcrart CQli=mh
Tize in mode TIMEMOD 1.00 minutes Gacmode 8 - Aircraft Approach

fNOTE: Quaueiny Timas in doda, Geomoda 2,

are antared in the runway screen)
Ta: =3ff speed TOSPEED .00

hetars/sec (it has meaning cenly for
Jeomode §1, it is ignored otherwise)

Emission rates in kg/nr {per engina)
co J.120000

HC 4.020a00
NOx JAs00an



AIRCRATFT EMISSIOHNS TAC

t TORS
2- 179 ' Caomode 1 - Takeoff
Alrcraft ATIRCFT DC1O Genmode 2 - Runway Queue
Geographic mode GEOMODE 1 Geomcde 3 - Touch & Go
Geomode 4 — Taxi in/out
Fuel FUEL.CD 13 Geomode 5 - Aircraft Parkir
Number of engines ENG.NUM - k| Gaomode 6 - Engine Testing -
. Gaomoda 7 - Aircraft Climb
Time in mode TIMEMOD .70 minutes Geocmode B - Aircraft Appro:
(NOTE: Queueing Times in mode, Geomcde 2, are entered in the runway screen)
Takeoff speed TOSPEED .00 meters/sec (it has meaning only for

geomode #l, it is ignored atherwis
Emission rates in kq/nf (per engine)

co 1.470000
HC .360000
NOx 215.300000
50x T.320000
rart 1.700000
. Geomcde 1 - Takeoff
Alrcraft AIRCFT DCleo Geomade 2 = Runway Queue
Geographic mode GEOMODE Gecmode 3 - Touch & Go
Geomode 4 - Taxl in/out
Fuel . FUEL.CD 13 Geomode 5 - Alrcraft Parkir
Numher of engines ENG.NUM h] Gecmode 6 — Engine Testing
Ceomode 7 - Aircraft Climb
Tine in =ode TIMEMOD 20.00 minutes Geomode 8 - Aircraft Appro:
(MOTE: Queueing Times in mode, Geomade 2, are entered in the runway screen)
Takeaff speed TOSPEED

.00 meters/sec (it has meaning enly fer
geomode #1, it is ignered otherwis

Tmissicn rates in kgs/hr (per engine)

[mia) 64.520000
HC 24.9590000
NOX 2.600000
SOx .3400Q00
Part 1.006000
) Geomode 1 -~ Takeoff
Alrzraft AIRCFT DClO Coaomeda 2 = Runway Queue
Geoqgrapnic mode GEOMCDE 1 Gaomode 3 - Touch & Go
Geomode 4 - Taxi in/out
Fuel ) FUEL.CD 13 Gecmode 5 - Aircraft Farking
Humper af engines ENG. NUM 3 Gecmode 6 - Engine Testing
. , Geomode 7 - Alircraft Climb
Tize in mode TIMEMOD 2.00 minutes Cecmode 8 - Aircrait Approach
(NOTE: Queueing Times in mode, Geomode 2, are entered in the runway sScreen)
Takeoff speed TOSPEED

.00 meters/sec (it has meanlng enty for
gecmode 71, it is ignered otherwise)

Frmission rates in kg/hr (per engine)

e} 64 .590000
HC 24.990000
NCx 2.600000
Sox .840000
Fartz 1.000000
. Geomode 1 - Takeofl
Aircraft AIRCFT ODCl0 Geomede 2 - Runway Queue
Gaograpnic maodae GEOMODE Geomode 31 - Tcuch & Go
Gaomede 4 - Taxi in/out
Fuel . FUEL.CD 13 Gecmode 5 - Alrcraft Parking
Number of engines ENG . NUM 3 Geomode 6 - Engine Testing
s Gaomode 7 - Aircraft Climb
Time in mode TIMEMOD 6.00 minutes Gecmode 8 - Aircratt Approach
(HOTE: Queueing Times in mode, Geomode 2, are entered in the runway screen)
Takeoff speed TOSPEED

.00 meters/saec (it has meaning only for

gecmode #1, it is ignored otherwise)
Emission rates in Xg/hr (per engine)

co 64 .520000
HC 24.9950000
NOox 2.600009Q
S0x .B840000

Part 1.000000



) Gaomods 1 ~ Takeoff
Aircraft AIRCFT DC1lo Geomoda 2 -~ Runway Queue
Gaographic mode GECMODE 5 Gacmodae 3 - Touch & Ga
Geomode 4 -~ Taxi in/out

Fuel . FUEL.CD 13 Gacmode 5 - Aircraft Parking
Numbar of engines ENG.NUH k] Geomoda 6 - Engine Testing

. Gaompdae 7 - Aircraft Climh
Time in meda TIMEMOD 1.00 minutes Gecmode 8 - Aircraft Approach

(NOTE: Queuveing Times in mode,

Gaomode 2, are entered in the Tunway screen)
Takeoff speed TQSPEED .00 meters/sec (it has meaning cnly feor

geocmode #1, it is ignored ctherwise)
Emission rates in kg/hr (per engine}

co 64.5530000
HC 24.9%0000
NOx 2.800000
S0x .840000
Part L.004ac00
Géeomode 1 - Takeoff
Alrcraft AIRCFT DC10 Geomode 2 - Runway Queue
Geographic =ode GEOMODE [ Geomode 3 ~- Touch & Go
Geomada 4 - Taxi in/out
Fuel ‘ FUEL.CD 13 Geomode S5 - Aircraft Parking
Number of engines ENG.NUM 3 Gecmode § ~ Engine Taesting
i Geomode 7 - Aircraft climb
Tize in mede TIMEMOD 4.00 minutes Geomode 8 - Aircraft Approach
(NOTE: Queveing Times in moda, Geomede 2, are entered in the runway SCTreen)
Takeof! speed TOSPEED -00 meters/sec (it has meaning cnly for

gecmode #1, it is ignored otherwise)
Zzissicon rares in kg/hr (per engina)

co 64.590000
HC 24.990000
NOx 2.600000
sox .840000
Part 1.000009
: Gaomodae 1 = Takeoff
Alrcrafec AIRCFT DC10 Geomode 2 - Runway Queue
Geographlc ode GEOMODE 7 Genmode 3 - Touch & Go
Gecmode 3 - Taxi insour
Fuel . . FUEL.CD 13 Geamode 5 - jircrars Parking
‘lumper of engines ENG. NUM 3 Zaomade & - Tngine Testing
. Gacmade 7 - Aireraft Climb
Tize in made TIMEMAOD 2.20 minutes Geomode & - Aircraft Approach
(NOTE: Queueing Times in meode, Geomode I, are entered in the runway screen)
Takeoff speed TOSPEED

.00 meters/sec (it has meaning onlty for
geomade 1, it is ignored ctherwise)

Emission rates in kg/hr (per engine)

ca 2.9%0000
HC .500000
NOx 128.000000
sS0w 5,980000
Fart 1.800000
Geomode 1 - Takeoff
Aircraft AIRCET DE1D Geomode 2 - Runway Queue
Gecgraphic mode GEOMODE 8 Geéomade ] - Teouch & Ga
Geomade 4 - Taxi in/out
Fuel , FUEL.cD 13 Gecmode 5 - Aircraft Parking
Number of engines ENG. NUM 3 Geomode & -~ Engine Testing
: Geomcde 7 - Aireraft Climb
Time in mode TIMEMOD 4.00 minutes Geomoda 8 - Alrcraft Approach

(NOTE: Queueing Timas in mode, Gaomode 2,

are entered in the runway screen)
Takacff spead TOSPEED

.00 meters/sec (it has meaning only for
gecmode #1, it is ignered otherwise)

Emission rates in kg/hr (per engine)

co 20.240000
HC 2.110000
ROx 16.440000
50x 2.110000

A3 kalmin en. Enoyne __
Qdent - "\-l.s“{ lb.ea an"rle_,leu’u" i‘ﬂlﬂ‘-
03 =407 Vo atl angiaes fer otn
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Aircraft AIRCFT 747
Geographic mode GECMODE
Fuel FUEL.CD
Number of engines ENG.NUM
Time in maode TIMEMOD

[NOTE: Queueing Times in mode,
Takeoff speed TOSFPEED

Emission rates in kg/hr (per engine)

3.00 minuces
Gecmode 2,
.00 meters/

co 64 ,530000

HC 24.990000

NOx 2.600000

SOx . 840000

Part 1,000Q000
Aircraft AIRCFT 747
Geograpnic mode GEQMQODE 7
Fuel . FUEL.CD 13
wumber of englnes ENG . NUM 4
Ti=e in =od TIMEMOD

e
(NOTE: Queueing Times 1n mede,
Takeaff speed TQSPEED

cmission rates in kg/hr (per engine)

fate] 2.9900040

HC .600000

NOx 128.000000

Sox 5.980000

Fart 1.800000
Aliroratt ATRCET 747
Gaographic mode GEQMODE
Fuel X FUEL.CD
Number of endlnes ENG.NUM

Time in mode TIMENOD
(NOTE: Queuelng Times in meode,
Tagecff speed TQSPEED

Ezission rates in kg/hr (per engine}

cq 20.240000
HC 2.110000
HOx 16.440000
50x 2.11Q000
Part 1.000000

A1 =0

3.20 mi
Geomode 2,
.00 meters/sSec
geomode =1, L=

11
4

4,00 minutes
Geomode 2,
.00 meters/sec {it n
gecmode #1. it

are enter

are e

Gaomode
Gaomode
Gaomode
Gaomodae
Seomoda
Geomode
ceomoda

AU B U

Geomode

Geomode
Cecomode
Gaomode
Gaonade
Geomocde

Geomode
Geocmode
Geomcde
Gaomode
Geomode
Geomode
Gaeomode
Gaomode

B

are entered in T
(it has =

b

m..jmul.hl—lh.ll—‘

Takeoff

Runway Queue
Touch & GO

Taxi in/out
Aircraft Parking
Engine Testing
Alrcraft climh

- Alrcraft Apprecac

ed in the runway screen)
sec (it has peaning anly for
de #1, it is ignored otharwise

TaKkes

RuUnway 'w=-
Touch & Go

Taxl in/oQut
Aircraft Parkim
Engine Taesting
Aircraft climo
Air=rzft Apprea:
ne runway sScTeen)
eaning only far
ignoreg oTherwls

- Takeoff

- Runway Queue

- Touca & GO

- Taxl in/out
- Ajrczaft Parkin
- Engine Testing
- Aireraft Climb
- Aiperatt Apprea

ntered in the runway screern)
has meanlnd only for

is ignored otherwis
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2 Ti¢ Gaomede 1 - Takeoff
Alrcratt AIRCFT 747 Geomode 2 - Runway Queua
Gaographic mode GEOMODE 1 Gacmode 3 - Touch & Go
. Gacmode 4 - Taxi in/out
Fuel fUEL.CD I | Caomoda 5 - Alrcraft Parkin
Humbaer of engines ENG.NUH 4 Gacmode 6 - Engine Testing
. Gaomode 7 — Alrcraft climb
Time in mode TIMENOD .70 minutes Geomode 8 = Aircraft Approz
{NOTE: Queueing Times in mode, Geomode 2, are entered in the runway screen)
Takeoff speed TOSPEED

.00 meters/sec (it has meaning only for
geomeode 31, it is igncred atharw:r

Emission rates in kg/hr (per engine)

co 1.470000
HC .3460000
HOx 215.300000
50x 7.320000
Part 1.700000
. : Seomede 1 - Takeoff
Alrcraft AIRCET 747 Geomede 2 = Aunway Queua
Geographic mode GEOMODE 2 Geomode 3 - Touch & Go
: Geempde 4 - Taxi in/out
Fuel FUEL.CD 13 Geomnde S5 - Aircraft Parkin
Number of engines ENG. NUM ) Geomode & -~ Engine Testing
. ) Gecmode 7 - Aircraft Climb
Time in mode TIMEMOD 20.00 minutes Geomode 8 - Alrcraft Apprea
(NOTE: Queueing Times in ocde, Geomode 2, are entered in the runway sereen)
Takeoff speed TOSPEED .00 meters/sec (it has meaning only for

gecmode %1, it is ignered oatherwis
Emission rates in kg/hr (per engine)

co 64.58%0000
HE 24.990000
HNOox 2.600000
S0x .840000
Fart 1.0000Q0
Gecmode 1 - Takeoff
Alrecraft AIRCFT 747 Geonecde 2z - Runway Queue
Geographic mode SECMCODE 1 Gaeomode 3 - Touch & Ga
Geomode 4 - Taxl in/out
Foel FUEL.CD 13 Geomode 5 - Alrcraft Parking
Number of engines THG . NUM 4 Gecmcde 6 - Engine Testlng
Gaomode 7 - Alrcraft climb
Time in mode TTMEMOD 2,00 pinutes Geomede 8 - Aircratft Approach

(NOTE: Queueing Times .n 3ode, Gecmode 2, are entered in the runway screen)
Takenff speed TOSPEED .00 meters/sec (iT has meaning only for
gecmode 31, it is lgnored otherwise)

Emission rates in kg/hr (per engine)

co 64.590000
HC 24.990000
NOx 2.600000
S0% . 840000
Part i.00000n0
Geomode 1 - Takeof?l
Aircraft AIRCFT 747 Geomode 2 - Runway Queue
Geoqraphic mode GECMODE 4 Geomode 3 - Touch & Go
Geomode 4 - Taxi in/out
Fuel FUEL.CD 13 Geomodes 5 - Aircraft Parking
Number of engines ENG . NUM 4 Geomoda 6 - Engine Testing
Geomode 7 - Aircraft Climb
Time in modae TIMEMOD 6.00 minutes Geomade B = ALICraft Approach
{NQTE: Queueing Times in mode, Geomode 2, are entered in the runway screen)
Takeof? speed TOSPEED .00 meters/sec (it has meaning only for

geomnde 1, it is igneored otherwise)
Fmission rates in kg/hr (per engine)

co 64 .590000
HC 24.990000
NOx 2.500000
S0x .340000
Part 1.000000
Gaomode 1 - Takeoff
Aircratt ATIRCFT 747 Gaomode Z - Runway Queue
Gaographic moda GEOMODE S Ceomoda 1 - Touch & Go
Geomcde 4 - Taxi in/out .
Fuel FUEL.CD 13 Geomodas 5 - Alrcraft Farking
Number of engines ENG . NUM 4 Geomode & — Engine Teating
Geomoda 7 - Aircratt Clime
Time in moda TIMEMOD 3.00 minutes Gecmode & - Aircraft Appraach
(NOTE: Queuaing Times in modas, Gacmodes 2, are entared in the runway screan)
Takeoff spaed TOSPEED 00 mmcers/sec (it has meaning oaly foer

gecmnde #1, it is ignored otharwisae)
Emisaion rates in kg/hr (per engine)

0 €4.590000 “r_a



CLIMB AND APPROACH

B-727
B-737
B-747
B-757

B 737-300
MDEOD
BACL111
CESSNA 441
DC10

DC9
LOCKHEED L1011
DASH 7
DCH&

TOTAL CLIMB & APPROACH

TAKEOQOFFS

B-727

B-737

B-747

B-757

B-737 300
MDEO

BAC111

CESSNA 441
DC10

DC9

LOCKHEED L1011
DASH 7

DHCéE

TOTAL TAKEQFFS

AIRCRAFT OPERATIONS

Co

.00E+08
.33E+07
.49E+07
.92E+06
.36E+07
.62E+07
.05E+07
.99E+05
.62E+07
.90E+06
. 76E+07
.87E+08
.90E+07
355793000 6.

HmNmM‘-J'-JMI—'UMI—‘I—'
HH\DLHM\JN\D-F*‘-JWMO\

co

. 980E+06
. 640E+05
.107E+05
.270E405
.380E+06
.900E+06
.090E+06
. 590E+04
.080E+05
.420E+05
.670E+05
.870E+05
. 790E+05
.619E+0Q7

HHE NP WOUR BB R e e [s S =
OO P W WS N W

AZ2-2

HC

.63E+06
.85E+05
. 89E+06
.67E+05
. 71E+05
.B7E+06
.97E+Q7
. 7BE+04
.92E+06
. 90E+0Q5
. 97E+06
.11E+05
. 69E+06
737E+07

HC

.450E+05
.610E+04
.000E+05
LA40E+05
.280E+04
.370E+05
.540E+06
.990E+03
. S40E+04
.070E+04
.380E+06
.000E+00D
.Q00E+00
.563E+086

3
4
1
7
B
1
1.
2
1
3
5
1
1

NOx

.95E+08
. T4E+07
.38E+08
.73E+07
.52E+07
.B2E+08
L6E+08
.10E+06
.04E+08
.L6E+07
.3BE+07
.62E+Q7
.23E+0Q7

1.221E+09

RN R PR WS NN e

NOx

.440F+08
.920E+07
.010E+Q7
.880E+07
.B40E+07
.354E+07
.970E+07
.560E+05
.510E+07
.2B0E+07
.390E+07
. 290E+06
.350E+06
. 794E+08



QUEUE

co
B-727 3,980E+08
B-737 5.310E+07
B-747 2.570E+08
B-757 4, 360E+07
B-737 300 8.080E+07
MD30 4, 860E+07
BaC1l1ll 3.780E+03
CESSNA 441 6.220E+06
DC1D 1.930E+08
DC9 3.540E+07
LOCKHEED L1011 9.640E+07
DASH 7 4 ,0BOE+07
DHCb 5.990E+07
TOTAL QUEUES 1690820000
TAXI-IN TAXI-QUT
co

B-727 2.390E+08
B-737 3.180E+07
B-747 1.540E+03
B-757 2.620E+07
B 737-300 4. 840E+Q7
MD8O 2.922E+07
BAC111 2.260E+08
CESSNA 441 3.730E+06
DCl10 1.610E+038
DCo9 2.120E+07
LOCKHEED L1011 5.7B0E+07
DASH 7 2.450E40Q7
DHCé& 3.599E+07
TOTAL TAXI IN/QUT 1058840000

A2-3

E- B e = A S Y» B < 2~ T o S« Y - T S R S

HC

.02B8E+08
.370E+07
.970E+07
.520E+06
. 790E+Q6
. 340E+Q7
.890E+0B
.020E+06
.4BOE+07
.140E+06
. 780E+07
.538B0E+07
.700E+Q7
752470000

HC

.170E+07
.220E+06
. 980E+07
.910E+06
.870E+06
.040E+06
.730E+08
.810E+06
.480E+07
.48B0E+06
.070E+07
.480E+06
.820E+07
451010000

KR O & RN WU o,

NOox

3.970E+07
5.290E4+06
1.038E+07
4.750E+06
1.010E+07
1.380E+07
2 .870E+06
2.990E+05
7.780E+06
3.530E+06
3.600E+06
4. 630E+06
2.330E+06
109059000

NoOx

.380E+07
.170E+06
. 220E+06
.850E+06
. 100E+0C6
.330E+04
. 720E+06
. 790E+05
.670E+06
.110E+06
.160E+06
. 770E+06
.400E+06
. 548E+Q7
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TOTALS FOR EACH TYPE OF AIRCRAFT

B-727
B-737
B-747
B-757

B 737-300
MDBO
BAC11l
CESSNA 441
DC10

DCo
LOCKHEED L1011
DASH 7
DHCéE

ROADWAYS

PARKING LOTS

TOTAL MOTOR VEHICLES
BOILER

TRAINING FIRE

TANK FARMS

CLIMB AND APPROACH
TAKEOFFS

QUEUES

TAXI IN/OUT

TOTAL EMISSIONS IN GRAMS
TOTAL EMISSIONS IN TONS
TOTAL EMISSIONS IN TONNES

H o~ B W oy E s W

1

co

.420E+08
.BB6E+0O7
.463E+08
.699E+07
LG42E+08
.059E+08
.786E+08
.076E+07
.805E+08
. 595E+07
.B21E+08
.446E+07
.151E+08

S0x

1.57E+04
2.16E+03
1.79E+04
5.770E+04
2.90E+03
0.00E+00
8.726E+07
2.034E+07
3.463E+07
2.083E+07
163154320
79.469752
163.15432

AZ-4

I T i I R VU SR S

HC

.715E+08
.285E+07
.635E+08
. 1448407
.194E+06
.205E+07
.952E+08
.291E+07
.226FE+08
. 324E+07
.199E+08
. 339E+07
.689E+07

TSP

1.04E+05
1.43E+04
1.18E+05
2.8BOE+05
3.71E+05
0.00E+00
3.249E+07
8.534E+06
1.278E+07
7.656E+06
6.236E+07
68.59094
62.3554

Pt = T - - TV R ST 6 T o B O B S R

NOx

.625E+08
.S06E+07
.147E+08
.137E+08
.298E+08
.777E+08
.603E+08
.B34E+06
.616E+08
.004E+07
. 346E+0Q7
.589E+0Q7
. 738E+07



EMISSIONS IN METRIC TONS:

S0x
MOTOR VEHICLES 0.01786
TRAINING FIRE 0.0029
BOILER ' 0.058
TANK FARMS 0
CLIMB AND APPROACH 87.263
TAKEQFFS 20.3405
QUEUES 34.6287
TAXI IN/OUT 20.8258
TOTAL 163.136
CLIMB AND APPROACH
S0x

B-727 2.92E+07
B-737 3.90E+06
B-747 8.62E+06
B-757 3.,89E+06
B 737-300 6.71E+06
MD80 1.12E+07
BAC111 7.77E+06
CESSNA 441 1.93E+05
DC10 6.46E+06
DC9 2.59E+06
LOCKHEED L1011 3.01E+06
DASH 7 2.11E+06
DCH6 1.61E+06
TOTAL CLIMB & APPROACH 8.726E+07

A2-5

ISP

0.1183
0.371
0.288
0
32.4869
B.534
12.7825
7.6564

62,237

‘ISP

.20E+07
.60E+06
.18E+06
.30E+05
. 74E+04
. 24E+Q5
.01lE+07
.77E+05
.3BE+06
.07E+06
.GOE+0Q
.98E+05
. 74E4+05
3.249E+07
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TAKEQFFS

B-727

B-737

B-747

B-757

B-737 300
MDBO

BAC11l

CESSNA 441
DC1lo

DCY

LOCKHEED L1011
DASH 7

DHCéE

TOTAL TAKEOFFS

QUEUE

B-727

B-737

B-747

B-757

B-737 300
MDB8O

BACI111
CESSNA 441
DClo

DCe

LOCKHEED L1011
DASH 7

DHC6E

TOTAL QUEUES

[T Y o T B+ O S B o B T+ B © R Y B |

W e P P RO W WK W

Sox

. 110E+06
.490E+05

.040E+06

.066E+05
.530E+06
.721E+Q6
.780E+06
.090E+04
.530E+06
.320E+05
.030E+05
.39CE+05
. 790E+05
.034E+0Q7

S0x

.160E+07
.550E+06
.350E+06
.430E+06
.630E+06
.B30E+08
.430E+06
.970E+04
.510E+06
.038E+06
.160E+06
.110E+06
.910E+05
.A63E+07

AZ2-6

00 L PO RN W WP R
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TSP

.670E+06
.S60E+05
. 750E+05
.160E+04
.090E+04
.509E+05
.079E+06
.590E+04
. S60E+05
.370E+05
.000E+00
. 790E+04
.3BOE+04
.534E+06

TSP

.590E+06
.790E+05
.990E+06
.990E+04
.980E+04
. 980E+04
. 380E+05
. 790E+05
.990E+06
.120E+05
.000E+00
. 590E+05
. 790E+05
.278E+Q7



TAXI-IN TAXI-OUT

SOx
B-727 7 .000E+06
B-737 9.340E+05
B-747 2.010E+06
B-757 8.620E+05
B 737-300 1.580E+06
MD80 2.290E+06
BACL11 2 .060E+Q6
CESSNA 441 5.980E+04
DCl0 1.500E+06
DC9 6.220E+05
LOCKHEED L1011 7 .000E+05
DASH 7 6.700E+05
DHC6 5.380E+05
TOTAL TAXI IN/OUT 2 .083E+07

TOTALS FOR EACH TYPE OF AIRCRAFT

Sox
B-727 5.491E+07
B-737 7.333E+06
B-747 1.602E+07
B-757 7.089E+08
B 737-300 1.245E+07
MDEO 2.004E+07
BAC1I11 1.504E+07
CESSNA 441 3.734E+05
DClOo 1.200E+07
DCY9 4, BB2E+06
LOCKHEED L1011 5.573E+06
DASH 7 4.129E+06
DHCE 3.218E+06

AZ-7
7 B

4
!

TEMPORAL

Temporal name AIRPLANES

&DDDDD
: Eourly factors:
.13 1 .07 2 .03

& + 55 7 .81 a .B2
12 1.00 12 .93 14 .74
18 .27 19 -B8 20 .57
Daily factors:
Sun .60 Mon .88 Tue .88

Thu .94 ~Fri 1.00~ sat .&0
gcnthly factors:

an .66. Feb .58 Mar .58
Jul .92 Aug 1.00 Sep .75

R R N S I W o P R R VI o I

MM
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TSP

. 150E+06
.B70E+05
. 390E+06
. 190E+04
.590E+04
. 790E+04
. 830E+05
.670E+05
.790E+06
.910E+05
. 000E+G0
.570E+04
.070E+05
.656E+06

TSP

.041E+07
.722E+06
.D03E+07
. 134E+05
.040E+0Q5
.026E4+05
.S17E+07
.5B9E+05
.516E+06

TR W S TR SR U

0.000E+00
9.006E+05
1.013E+06

DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD:

3 .01 4 .01 5 .10
9 .96 10 .99 11 .93
15 .76 16 .64 17 .88
21 .54 22 .50 23 .22

(Z:Wed 1.007 7

Apr .5 May .58 Jun .83
Dec .66
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OPERATIOQONAL
TEMPORAL AIRPLANES

AIRCRATT

Name DATA32 B 727 JETS
Runway:
Location: Peint 1 X1 1075 Y1
Point 2 X2 1075 ¥2
aireraft type AIRCFT 727
Takeoffs(peak hour) PHT 15.00

GSEACT 100.00

Queua:
Time in Mode:

Ena peint of queune #1:

QTIM 10.00

Q1¥1 3439
End point of gqueue 32: Q2X1 3439
QUENUM 1 (use default)
Hourly touch and go: HTGO .00
OPERATIONRAL AIR
TEMEFORAL AIRPLANES
Name DATA3z B 737 JETS
Runway:
Location: Point 1 Xl 1075 Yl
Point 2 X2 3075 Y2
Aircraft type ATRCFT 737
Takeoffs(peak hour) PHT 3.00
GSEACT 100.00
Queue:
Time in Mode: QTIM 10.00
znd peint of gqueuse #1: Q1X1 3439
End point of gqueue #2: Q2X1 343%
QUENUM 1 (use default)
Hourly touch and go: HTGO .00
OPERATIONAL AIR
TEMPORAL AIRPLANES
Name DATA3Z2 B 747 JETS
Runway:
Location: Point 1 Xl 3075 Yl
Point 2 X2 3075 Y2
Aircraft type ATIRCFT 747
Takecffs (peak hour) PHT 2.00
GSEACT 100.00
Queue:
Time in Mode: QTIM 10.00
End point of queue #1: Q1¥1 3439
End point of gueue #2: Q2X1 3439

QUENUM 1 (use default)

I sYs]

SOURCES

1750
5325

(Q1X1,QLlY1} (QZXl,%ZYl)
/

Queue 1 / ¢ Queus
G
(®%1,¥1} Runway {¥z .1
Q1Y1 2627
Q2Y1 4448
CRAFT S OURCES
1750
5325
(Q1%1,Q1¥1)} (Q2x1,ngl)
/
Queve 1 / ¢ Qus-
/ "
Gmmm—————— e EmE e =
(X1,Y1) Runway (=,
QiY1l 2627
Q2y1 4448
CRAFT S OURCESHS
1750
5325
(01X1,Q1¥1) (Q2X1,Q2Y1)
/
Queue 1 / G Que
<
q ————————————————————————— '
(¥1,¥1) Runway (¥
QlYl 2627
Q2Y1 4448



OPERATIOCHNAL

TEMPORAL AIRPLANES
Name DATA32 DHCs

ATRCRATFT

Runway:
Location: Point 1 X1 an7s Y1
Foint 2 X2 1075 Y2
Aircraft type AIRCFT DHCE
Takeoffs(peak hour) PHT 12.00
GSEACT 100.00
Queue:
Time in Mode: QTIM 10.00
End point of queue #1: Q1X1 3439
End point of queus #2: Q2X1 3439

QUENUM 1 (use default)
Hourly touch and go: HTGO

.00

SOURCES

1750
532%
(Q1X1,Q1¥Y1)
/
Queue 1 /
¢ - — —

(X1,Y1) Runway
Q1yl 2627
Q2¥Y1 44244

{Q2X1,Q2Y1)
¢



OPERATIONATL
TEMPORAL AIRPLANES

Name DATAl2 B 757 JETS
Runway:
Lo¢cation: Peint 1 X1 3075 ¥l
Point 2 X2 Q75 ¥2
Aircraft type AIRCFT 757
Takeoffs(peak hour) PHT 2.00
GSEACT 100.0Q0
Queue:
Time in Mode: QTIM 10.00
End point of gueue #1: QlX1l 3438
End point of queues #2: Q2X1 3439
QUENUM 1 (use default)
Hourly touch and ge: HTGO .00

OPERATIONAL AI
TEMFORAL AIRPLANES

Name DATA3Z B 737-300
Runway:
Location: Peint 1 X1 3075 Y1
Point 2 X2 3075 Y2
Aircraft type AIRCFT 737300
Takecoffs({peak hour) DHT 6.00

GSEACT 100.00

Queve:

Time in Mode: QTIM 10.00

End peint of gqueue #1:

Q1X1l 3439

End point of queue #2: Q2X1 3439
QUENUM 1 ({use default)

Hourly touch and go: - HTGO .00

OPERATIONAL AIR

TEMPORAL AIRPLANES

Name DATA3Z2 MD8Q
Runway:
location: Point 1 X1 3075 ¥l
Point 2 X2 3075 Y2
Aircraft type AIRCFT MDBO
Takeoffs(peak hour) PHT 8.00
GSEACT 100.00
Queue:

Time in Mode: QTIM 10.00

End point of queue #1: Qi1x1 3439
End paint of queue #2: Q2%1 3439
QUENUM 1 (use default)

Heurly touch and go:

HTGO .00

AIRCRATFT

RCRAFT

CRAFT

SOURCES

1750
5325
(Q1¥1,Q1l¥1l) (Q2X1,Q2¥1)
/

Queue 1 / ¢ Queue =
/ ¢
Emmmessmm - -= T
(¥1,¥1) Runway (¥X2,%2)
QlYl 2627
Q2Y1 4448

S OURCES

1750
5325

(Q1X1,Q1¥1l) (Q2X1,Q2Y¥1)
/ G

Cueue 1 /

(¥1,¥Y1)

Runway

QlYl
Q2Y¥1

2627
4448

SOURCES

1750
5325

(Q1X1,01Y1) (Q2X1,Q2Y1)
/

Queue 1 / ¢ Queue
{X1,Y¥1) Runway (¥2,7%
Ql¥1l 2627
Q2Y1 4448



OPERATIONAL
TEMPORAL AIRPLANES

Name DATA32 BAClll
Runway:
Location: Point 1 X1 3075 Y1
Point 2 X2 3075 X2
Aircraft type AIRCFT BACI11

Takeoffs (peak hour) DHT 8.00
GSEACT 100.00

Queue:
Time in Mode: QTIM 10.00
fnd point of gueue #1: Q1X1 3439
End point of gqueue #2: Q2X1 3439
QUENUM 1 (use default)
Hourly touch and got HTGO . Q0
OPERATIONAL AIR

TEMPORAL AIRPLANES

Name DATA32 CESSHA 44l
Runway:
Lecation: Peint 1 X1 075 ¥l
Point 2 X2 3075 Y2

Alrcraft type AIRCFT CHA441
Takeoffs(peak hour) PHT 2.00

GSEACT 100.00

Queue:

Time in Mode: QTIM 10.00

End point of queue #1: Q1X1 3439
End point of gqueue #2: Q2X1 343%
QUENUM 1 (use default)

Hourly touch and go: HTGO .Qo

OPERATIONAL ATIR
TEMPORAL AIRPLANES

Name DATA3Z2 DC10
Runway:
Location: Point 1 X1 3075 Y1
Point 2 X2 3075 Y2
Aircratft type AIRCFT Dcla
Takeoffs(peak hour) PHT 2.00

GSEACT 100.00

Queue:
Time in Mode: QTrIM 10.00
End peint of gueue §l: o1X1 3439
End point of queue #2: Q2X1 3439

QUENUM 1 (use default)

Hourly touch and go:

AIRCRAFT

SOURCES

1750
5325

(QlX},QlYl) (Q2x1,Q2¥1)

G
{X1,¥Y1}

Q1Y
Q2Y1

2627
4448

RATFT SOURCES

17350
5325

(Q1X1,Q1Y1) (Q2X1.82Y1)
/

Queue 1 / ¢ Queu
y =

[\

(X1,¥1) Runway

Q1lYl
Q2Y1

2627
4448

RAFT SOURCES

1750
5325
(Q1X1,Q1Y¥1) (Q2X1,$2Yl)
/

Queue 1 / ¢ Queu
/ G

- -

T

{%2,

5
(X1,Y1) Runway

QlYl
Q2Y1

2627
4448



OPERATIONAL
TEMPORAL AIRPLANES

Name DATA32 DC9
Runway:
Locatiaon: Point 1 X1 3075
Point 2 X2 3075
Aircraftt type AIRCFT DCco
Takeoffs(peak hour) PHT 2.
GSEACT 100.
Queune:
Time in Mode: QTIM
End point of queue #1: Q1x1
End peoint of queue #2: Q2X1
QUENUM 1 (use default)
Hourly touch and go: HTGO
OPERATIONAL

TEMPORAL AIRPLANES

Name DATA32 LOCKHEED L1011
Runway:
Location: Point 1 X1

_ 3075
pPoint 2 X2

3075

trrecraft type ATRCFT

L1011
“Takeoffs(peak hour)

PHT

Queue:
Time in Mode: QTIM
End point of gueue #1: Q1X1
End point of gueue #2: g2X1
QUENUM 1 (use default)
Hourly touch and go: HTGO
OPERATIONAL

TEMPORAL ATRPLANES

Name DATA32 DASH 7
Runway:
lLocation: Point 1 X1 3075
Paint 2 X2 3075
Alrcraftt type AIRCFT DHC?
Takxecffs (peak hour) PHT

Queuea:
Time in Mode: QTIM
End point of queue #1: Q11
End point of queue #2: QaxX1l
QUENUM 1 (uae default)

tomyne=tyr #*mtieed amd OO

1.
GSEACT 100.

8.
GSEARCT 100.

AIRCRATFT

SCURCES

¢ Queue _

¥l 1750
¥2 5325
{Q1X1,Q1Y1) (Q2X1,Q2Y¥1}
/
a]4] Queue 1 /
00 G
(X1,Y1) rRUnway
10.00
3439 Q1Y1 2627
3439 QzY1 4448
.00
AIRCRATFPT SOURCES
Y1l 1750
Y2 5325
(Q1¥1,QL¥1) (sz1,3221)
/
(o] 8] Queue 1 / 7 GCuevs
00 / &
¢ —— - — —— - —
{X1,Y1) Runway
la.00
3439 Q1Yl 2627
3439 Q2Y¥Y1 4448
.00
AIRCRATFTT SOURCES
Yl 1750
¥2 5325
(Q1X1,QlY1l) (Q2X1,Q2Y1)
/

oo Queue 1 / ¢ Queue
0o 7/ -G
q ————

(X1,Y1) Runway
10.00
3439 QlY1l 2627
3439 Q2Y1 4448

.00

-G
(X232

(X2,

¢
(X2,



NATURAL GAS HEATING PLANT
Temporal AIRPLANES

Name WINTER HEATING PLANT
Locatien X i500 Y 3125

Building height 10.00 meters

Stack height 30.00 meters Stack diameter 1.00 meters
Stack gas temperature 200.00 C Stack gas velocity 20.00 meters/secosr
Size (10°6 BTU/hr) Hotes Plant class
Plant Class 14 Greater than 100 Utility 13
1C to 100 Industrial 14
< 10 Commercial 15
< 10 Domestic 16

Quantity Burmed 6000.00 thousand cubic meters per year

Percent Ash -00 Sulpher Content 4.60 gm/l0°3Nm"3

Percent control: €0 0 HC O NOx O Sox 0O Part 0
STORAGE TANKS

TEMPORAL AIRPLANES (Note: the TEMPORAL is for filling the tank)

Name DATA3IZ2 NORTHWEST

Location X 3750 b4 2250 (m)

Annual Fuel into tank FUEL 148.00 (k1)

Fuel Type FUEL.CD 13

Tank Type TYPE 2 (1 for floating roof, 2 for fixed roof)
% vapor recovery VRI .00 (into tank)

% vapor recovery VRO .00 (from tank into vehicles/tank trucks)

Stack height STK.HI 1.00 (m)
STORAGE TANKS

TEMPORAL AIRPLANES (Note: the TEMPORAL is for filling the tank)

Name DATA32 UNITED TANK FARM

Location X 3250 Y 2000 (m)

Annual Fuel into tank FUEL 150.00 (kl}

Fuel Type FUEL.CD 13

Tank Type TYPE 2 (1 for fleating roof, 2 for fixed roof)

%$ vapor recovery VRI .00 (into tank)

% vapor recovery VRO .00 (from tank into vehicles/tank trucks)

Stack height STK.HI 1.00 (m)

P T



Temporal name
Roadway name |
Vehicles/hour
Speed (mph)
Cold starts (%)
End points of road:
point 1

point 2

Temporal name
Readway name
vehicles/hour
Speed (mph)
cold starts (%)
End peints of road:
point 1

point 2

Tempcral name
Roadway name
Vehicles/hour
Speed (mph)
Ccold starts (%)
End peoints of road:
point 1

point 2

Temporal name

Roadway name
Vehicles/hour
Speed (nmph)
cold starts (%)

ROADWAYS

TEMPORAL ATRPLANES

DATA32 NORTH ENTRY DRIVE

CAUT 1450.00

CVAS 40.00

CCLD 10.00
X1 3925 Y1l 5100
X2 3825 Y2 3575

ROADWAYS

TEMPORAL AIRPLANES

DATA32 TWENTY EIGHTH AVENUE SE

CauUT 500.00

CVAS 25.00

CCLD ©50.00
X1 3775 Y1 2500
X2 3775 Y2 2150

ROADWAYS

TEMPORAL AIRPLANES

DATA32 CARGO ROAD

CaUT 50.00

CVAS 25.00

CCLD 10.00
X1l 3775 Y1l 3600
x2 3625 Y2 4850

ROADWAYS

TEMPORAL AIRPLANES

DATA32 AROUND TERMINAL

CAUT 2365.00

cvAs 20.00

CCLD 50.00



End points of road:
point 1 X1 3500 Y1 3125

point 2 X2 3880 Y2 2875
ROADWATYS

Temporal name TEMPORAL AIRPLANES

Roadway name DATA32 AROUND TERMINAL
Vehicles/hour CAUT 2365.00
Speed (mph) CVAE 20.00
Caold starts (%) CCLD 50.00

End points of road:
point 1 X1 3500 ¥l 3175

point 2 X2 3880 Y2 3425
VEHTICLE PARKTING FACILITTIES

Tempcoral name TEMPORAL AIRPLANES

Parking facility DATA32 MAIN PARKING

average distance from gate to parking space AVED 3200 (f
Vehicles entering/hr VINP 650
Vehicles exiting/hr vouT 650
Speed (mph) CVAS 15.00
Cocld starts on exit (%) CCLD 100.00
Tour corners of Lot: X1 3500 Y1l 2025
X2 3500 Y2 3175
X3 3750 Y3 3025

X4 3750 Y4 3175



TRAINTING FIRES
TEMPbRAL ATIRPLANES
Site name DATA32 TRAINING FIRE
Location X 2250 Y 2500
Training fire activity:
Fuel cdde ‘ FUELl1 10
Temperature of fire TEMP 200 C
Diameter of fire DIAM1 60.00 (meters)

Quantity of fuel burned QUAN1 1000 (gallons per year)

A1-11



APPENDIX 4: SEA-TAC AIRPORT'S EMISSION INVENTORY



This appendix contains a print-out of the input to EDMS.

The temporal activity table refers to the percent of the activity, peak
activity being 100%, for each time interval (hour, day and month) that
Sea-Tac Airport operates at. These values were obtained from Alan
Yazvani, of the Sea-Tac planning staff. These temporal factors were used

for calculating the annual emission rates from the airport.

The tables labeled "operational aireraft sources" contain information
about each type of aircraft that was modeled, the number of takeoffs in

each peak hour (this data was obtained from the operations department for

April, 1990) the time in queue under worst case conditions, and the
endpoints\of the runway in the grid coordinates that were used for the

study. [T VR RENRI oo b N L e

The tables labeled "Roadways” contain traffic and grid coordinate
jnformation on six sections of roads surrounding the airport or on airport
property that were modeled. The "Vehicle Parking Facilities" table

provide the input for the only parking lot that was modeled--the main
parking area.

The other tables in this appendix show the input for other minor sources:

fuel storage tanks, boilers, and training fire.



ROADWAYS

PARKING LOTS

TOTAL MOTOR VEHICLES
BOTLER

TRAINING FIRE

TANK FARMS

CLIMB AND APPROACH
TAKEOFFS

QUEUES

TAXI IN/OUT

TOTAL EMISSIONS IN GRAMS
TOTAL EMISSIONS IN TONS
TOTAL EMISSIONS IN TONNMES

EMISSIONS IN METRIC TONS:

MOTOR VEHICLES
TRAINING FIRE
BOILER

TANK TARMS

GLIMB AND APPROACH
TAKEQFFS

QUEUES

TAXI IN/OUT

TOTAL

Co

3.56E+08
1.46E+08
‘5.02E+08
3.360E+06
1.62E+06
0.00E+00
355793000
1.619E+07
1690820000
1058840000
3628626600
3991.48926
3628.6266

co

502

1.62
3.360

0
355.793
16.1936
1690.82
1058.84
3628.627

HC

2.58E+07
1.14E+07
3.72E+07
2.770E+06
9.32E+05
6.54E+03
6.757E+07
6.563E+06
752470000
451010000
1355723230

1491.295553

1355.72323

HC

37.2
0.932
2.770

0.00654
67.5717
6.56299
752.47
451.01
1318.523

SEA-TAC AIRPORT EMISSIONS INVENTORY

NOx

1.94E+07
3.63E+06
2.30E+07
1.350E+07
1.20E+04
0.00E+Q0
1.221E+09
4. 794E+08
165059000
6.348E+07
1934446000
2127.8906
1934 . 445

NOx

23.03
0.012
13.500

0

1220.9
479.436
109.059
65.479
1911.414



Figure 9,

Carbon Monoxide Contours
Wind Direction = 0°
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APPENDIX 5: CONTOUR PLOTS OF PREDICTED CONCENTRATIONS



Figure 12,

Hydrocarbon Contours,
Wind Direction = 0°
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Figure 11.

Carbon Monoxide Contours,
Wind Direction = 345°
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Figure 10.

Carhon Monoxide Contours,
Wind Direction = 170°
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Figure 13.

Hydrecarbon Contours,
Wind Direction = 170°
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Figure 16.
Nitropen Dioxide Contours,
Wind Direction = 170°
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Figure 14,
Hydrocarbon Contours,
Wind Direction = 345°
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Figure 17.
Nitrogen Dioxide Contours,
Wind Direction = 345°
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Figure 15.
Nitrogen Dioxide Contours,
Wind Direction = 0°
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Figure 18.
Sulfur Dioxide Contours,
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Figure 19.
Sulfur Dioxide Contours,
Wind Direction = 170°
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Figﬁre 20.
Sulfur Dioxide Contours,
Wind Direction = 345°
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l f"'I/ e
Figure 21. 1HL

Fine Particulates (PM10) Contours,
Wind Direction - 0°
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Figure 22. h?
Fine Particulates (PM10) Contours,

Wind Direction = 170°
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