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SEA-TAC AIR QUALITY - FINAL

l. INTRODUCTION.

Numerous definitions of air pollution have beesn devised
depending upon a particular author's perspective. In general,
pollutants are considered to be these substances present in
sufficient concentrations to produce a measureable effect on man,
animals, wvegetation, or materials. Air pollutants may, therefore,
include almost any material or artificial compositicn of matter
capable of heing airborne. They may be present as sclids,
liquids or gases, or mixtures; and scme classification or
categorization is required.

Two general groups of air pollutants are recognized:
{a) those emitted directly from identifiable sources and
(b) those produced in the air by interactions among two primary
pollutants, or bv reactions between primary pollutants and normal
atmospheric constituents. At the present time, the primary air
pollutants are identified as carbon monoxide (C0O), sulfur dioxide
(5021, nitrogen dioxide (Noz), particulate matter (PM), agd
hydrocarbons (THC = total hydrocarbons: HC = hydrocarbons less
methane). Secondary air pollutants are grouped together as
photochemical oxidants (0,) and include ozone, alkyl nitrates,
peroxyacyl nitrates (PAN}, alcohols, ethers, acids, and
peroxyacids. Although this classification is useful, it should be

rAS 20381
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1. -- Continued.

recognized that certain sources may emit secondary pcllutanks
directly; and depending on the measurement techniques being used,
some secondary pollutanits may be counted twice or not at all,

Several attempts have been made to estimate
source categories contributing the
recent attem.ptl

the major
primary air pollutants. A

(1970) is shown in Table 1l-1. From the table
it can be seen that on a mesoscale basis, aircraft contribute

only 0.3 to 2 percent of the total primary emissions. EHewever,

aon a microscale hasis at or near an airport, these small amounts
may be sufficisnt to generate hazardous levels of primary

pollutants ané contribute to the formation of secondary pollutants.

Table 1-1. Nation-Wide Emission Estimates, 1970

r j{s] Particulate co (= (o]

x5 6 § 5 LY

13 = 10 26 = 18 149 = 10 35 = 140 21 x 1@

Fglluzas: CmLssions Tons/Year Tans/Year Tons /Year Tans/Year Tans/Year

1 af T of Y of y af ¥ aof

Saurce Categary ' Total Tatal Toktal Tozal Taeal
Transportation 1.0 2.7 74.5 55.9 51.13
Mocar venicles 0.9 1.5 §4.3 47.9% 19.9
Gaspline Q.8 1.1 64.1 47.6 34.2
Diesel 0.1 2.4 0.5 0.1 5.7
Alreraft 0.3 0.4 2.0 .1 1.1
Qailraeads Q9,1 - 8.1 0.1 0.4
Vassels 0.9 0.4 1.2 0.9 0.9
Nonhignway use <f mater fuels 0.6 0.4 6.4 7 9.1
Fuel comfusion Ln stasianary 74.1 28.1 0.8 1.7 41.8

seurces

Coal B5.4 21.5% 0.3 4.8 17.1
Fuel otl 12.4 1.9 0.1 Q.1 5.7
Natnugral gas - 0.3 0.t a.8 20.6
woad 0.3 2.3 0.1 - 0.4
Iadustrial process l0sSses 17.7 51.0 7.7 15.8 0.3
Salid wasta discosal 0.1 5.3 .9 5.7 1.8
Agricultural Suraing 0.3 9.2 9.1 8.0 1.3
Miscellanecus 0.6 5.7 1.0 12.3 0.9
Farast fires - 5.1 2.7 0.3 0.9

Sgruceural flzes - - g.l a.3 -

Cohal pafuse suraing 0.6 0.4 0.2 0.3 -

Casoline & seloeat svazoration - 1.4 -

1-2
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1. -- Continusad,

In order to understand the intent and importance of
Federal air qualit& standards, it is necessary to be knowledgeable
about the primary and secondary pellutants. The next few sections
briefly discuss each of the air pollutants associated with air-
craft operations with respect to their source, chemistry, and
effects. A final section relates the Federal standards to the

current understanding of air pollution causes and effscts.

1.1 Carbon Monoxide.2

Most carbon monoxide is produced when thers is in-
complets combustion of hydrocarbon fuels. The normal combustion
products are carbon dioxide and water vapor, but a shortage of
oxygen or the characteristics of the combustion prccesses will

generate CO. Total emissions of CO exceed those of zll other
pollutants combined.

1.1.1 Sources.

At the present time, natural sources of €0 are con-
sidered insicnificant, and most atmospheric CO is produced by
the incomplets combustion of gasoline in motor vehicles (65 percent).
Other transpertation sources account for 10 percent, agricultural
burning 9 percent, industrial process-losses 8 percent, and
miscellanecus another 8 percent. Only 2 percent of the total
is associated with airecraft.

1-3
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1.1.,2 Carbon Monoxide Chemistry.

Carbon monoxide is a colorless, odorless, tasteless
gas slightly lighter than air. Although it does not support
combustion, it is cuite flammable. Reactions between CO and
atmospheric components do not occur because of high activation
energies reguirad. Thus, the conversion of CO to co, (carbon
dioxide) bv ozone has an activation energy ten times that of
the comparable rezaction between nitric oxide (NO) and ozone.
Other reacitions such as oxidation by nitrogen dioxide yo, also
have high activation energies. At the present time, several
removal mechanisms are postulated to account for the relatively
censtant background CO levels in the absence ¢f kneown removal
processes.

1.1.3 Effac*s of Carkon Monoxide,

It nhas nct teen demonstrated that CO produces adverse
reactions in highar types of plant life at concentraticns which
produce loss of consciousness or death in animals. The possible
effects of high CO levels within the soil has not besen thorcughly
investigated, but significant impact on vegetation and miczo-
organisms at ambient levels is unlikely,

The toxicological propertiss of CO ara asscciated with
its absorpticn in the lungs and subsegquent reaction with hemo
proteins. Mest significantly, the iron containing hemoglobin
molecule forms a2 stabhle complex with CO because of the available
electron palr on CO. The strength of the affinity is great

1-4
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1.1.3 == Continued.

enough to displace the oxygen molecule from oxyhemoglobin, thereby
forming carboxvhemoglobin (COHb). Hypoxia or diminished
availability of coxygen to the cells of the body results.

Figure 1l-l summarizes the known effects of short term
exposures to CO levels in terms of the blocd COEb levsls observed.
The ambient ccncentrations of CO necessary to result in these
blood COHb levels are a function of ventilation rate znd length
of expcsure. Generally, it will tzke 8 hours or more t5 reach
equilibrium betwaen ambient CO levels and blood COHb lavels.
Given sufficient exposure time, and assuming a backgrzund COHb
level of 0.5 percent, the eguilibrium percent COHb can be
estimated for ambient levels of CO (less than llS'mg/m3 or 100
ppm) from: COHEb percent = 0.16 CO pom + 0.5.

a 50 ppm CO exposurs for more than 8 hours is

Thus, in Figures 1-1

roughly eguivalent
to 8.5 percent CCHbh. This figure can be compared to mcderate

smokers whose mecdian COHb level may run 6 percent.

1.2 Hyd:ocarbons.3

Cariain organic compounds contain only two elsments,
hydrogen and carbeon, and hence are known as hydrocarbons (HC).
On the basis cf structure, hydrocarbons are divided into two main
classes: aliznatic and aromatic. Aliphatic hydrocarbens are
further divided intec families: alkanes (saturated), alkenes,
and alkynes. Hydrocarbon oxidation producis such as aldehydes,
acetones, peroxides, and others play an important role in the

1-5
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1.2 == Continued.

photochemical system of the atmosphere. Unlike carbon monoxide
and nitrogen oxides, hydrocarbon criteria are not based on
direct effects, but on their recle as precurscrs of other

damaging compounds formed in the photochemical system.

1.2.1 Sources.

Natural sources, particularly biclogical processes,
account for a large proportion ©f hydrocarbon emissions. Non-
urban air typically contains 0.7 to 1.0 mg/m3 methane (1.0 to

1.5 ppm) and less than 0.l ppm each of other hydrocartons.

Technological emissions of hydrocarbons are estimated
at 34.9 x 106 tons/year. Transportation represents the largest
source catagory and accounts for 56 percent of this estimats (1970).
Only 1 percent of the total is believed to be associated with
aircraft. OQOther significant gources are: industrial process
losses (16 percentf, gasoline and solvent evaporation (ll.4 percent),
and non~-highway use of motor fuels (6 percent). HC emissiens,
therefore, originats primarily from inefficient ccmbustion of
gasoline and from their use as process raw materials.

1.2.2 Hyérocarbeon Chemistry.

Hydrocarbens in the urban atmosphere are comprised
primarily of alkanes (with or without methane) folleowed by the
aromatics, alksnes, and alkynes, For example, several hundred

samples from one urban lecation had the following composition

1-7
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l1.2.2 --Ceontinued.

(mg/m3 as carbon): methane 2.10, other alkanes (.90,
aromatics 0.37, and alkene {(ethylene) 0.08. It is scmewhat
heuristic to distinguish hydrocarbons at this time, z=ven
though their relative importance in the photochemical system
may be significant, because existing standards specify allowable
levels for total hydrocarbons less methane. In the Iuture,

separate standarcés may exist which could reorder the significance
of hydrocarbon sources.

The

O

smolexity of the photcocchemical system has preventad

ath am

a complete undsrstanding of the relationship between hvdrocarbon
levels and ardisznt air quality. As a result, an empirical
apprcach has developed of comparing the 6:00 to 9:00 a.m. average
hydrocarbon values with hourly maximum oxidant values obtained
later in tha édav. Large amounts of data collected ZIrcm numercus
cities is the basis for comparing early morning HC lavels to
peak oxidant lavel

if the 6:00 to

s

s. These observations have revealad that

:00 a.m. non methane hydrocarbon level is below
)

9
200 ug/m3 (0.3 pem) , maximum oxidant levels will stayv belcw
200 ug/m3 (0.10 pom) .

1.2.3 Effzcts of Hydrocarbons.

At ampient concentrations, ethylene is the only known

hydrocarbon to have adverse effects on certain typves ¢f vegetation.

Ethylene may cause abnormal leaf growth and abscissicn of leaves,
flower buds, and flowers, as well as grewth inhibition.
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1.2.3 -=- Continued.

At the present time, there are no known adverse health
effects associated with high concentrations of hydrocarbons in
the ambient air. However, their involvement in the formation
of oxidants and other hazardous derivatives requires that they
be considered pollutants.

1.3 Nitrogen Oxides.4

Of the eicht nitrogen oxides known to exist, two -
nitric oxide and nitrcgen dioxide - are emitted to the atmosphere
in significant cuantities. BAmbient air contains nitrogen
(78 percent by volume) and oxygen (20 percent by volume). As a
result, any atmospheric combustion process produces nitrogen
cxides. The amount formed depends on the combustion temperakture,
the concentration of both reactants and products, and other
combusticn conditions.

Compustion temperatures in excess of 1100°C produce NO
andé N02 (usually less than 0.5 percent). NO is rapidly converted
to N02 by atmespheric oxygen (02) when NO concentrations exceed

1l ppm and more slowly via a photochemical cycle at lower
concentrations.

1.3.1 Sources.

Fuel combustion from transcortation sources and from
stationary scurces accounts for 51 percent and 44 percent
respectively of the naticnwide emissions of nitrogen oxides.

1-3
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1.3.1 . —=-= Continued.

Of the transportation sources, motor wvehicles contribute

40 percent (78 percent of 51 percent) of the emissions and
alrcraft 1.8 percent. Residential fuel consumption zcccunts
for only 25 percent of the emissions, while power generating
stations and industrial users account for the remaining

41 percent.

1.3.2 Chemical Interactions of Nitrogen Oxides in the

, .
Atmoschara.

Ultraviclet light from the sun reacts with nitrogen
dioxide causing it to dissociate into nitric oxide ané atomic
oxygen. Ozone is formed when atomic oxygen reacts with
atmospheric oxygen, The remaining chemistry is complex and
not yet completely understood. However, the interaction of
certain hydrocarbcons (HC) with the by-products of thes photo- b
disscciaticn of NO, is believed to result in the formation of
reactive freea radicals. These free radicals and others formed
via different mechanisms are highly resactive and may cocmbine with
oxyagen (02), N02 or NO to form peroxy radicals, percxyacyl nitrates
(PAN, an eye irritant), and additional N02. As a result, NO is
converted to NO, which is itself destroyed via photcéissociation

and reaction with other pollutants to produce ozone and crganic
nitrates. '

1-10

e e T aly. B aYa



ESL-ET59

1.3.3 Effects of Nitrogen Oxides.

Significant effects of NO_ (NO, + NO) have been
observed and studied on textile dyes, natural and svnthetic
fibers, and metals. Color loss has been observed in gas dryers
where NOx concentrations range from 1.1 to 3.7 ug/m3. Cotton and
nvlon textile fiber deterioration is known; but specific
thresholds have not been determined.

High ccncentrations of NO, (47 mg/mB) for any extended
period of time produce accute necrotic leaf injury. The effects
of exposurs to low levels of NO, for extended pericds are less
evident. Studies indicate that levels below 470 ug/m3 supplied
for a period of 8 months will cause increased leaf'damage and
reduced vyield in navel oranges.

Low lewvels of N02 (0.04 ppm) are associat=d with the
formation of photochemical oxidant above the Federal Standard.
Between 0.067 and 0.109 ppm, NO, causes increased respitatory
disease. These and other known effects are summarized in
Table 1-2.

1.4 Photochemical Oxidants.5

Photochemical oxidants result from a complex series
of atmospheric chemical reactions initiated by sunlicht.

Aldehydes, acetones, nitrogen dioxide, and other compounds absorb

1-11
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Tabhle 1-2. Representative NOZ Effects
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1.4 -- Continued.

ultraviclet energy from the sunlight and dissociate into reactive
free radicals. The free radicals initiate reaction chains that
lead to ths formation of new compounds; including ocnone,

peroxvacyl nitrates, alcohols, ethers, acids and percxvyacids.

[
|
I
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1.4.1 Sources.

Ozone is formed naturally at very high altitudes
by solar radiation and by electrical discharge in the atmosphere.
These processes ars not believed to contribute significantly to
urban concentrations. However, ozone levels between 20 and

100 ug/m3 (0.01 to 0.05 ppm) have been obserwved in nen-urban
areas.

Tt is important to realize that oxidants (Ox) are
secondary pollutants derived from the reactions of primary
pollutants (HC, NC, . Sox). As such, sources cannot be singled
out as was done for hydrocarbons and nitrogen oxides. However,
if transportation accounts for 56 percent of the hydroccarbons
and 51 percent of the nitrogen oxides, and these pollutants

are the precursors of photochemical oxidants; then it is

reasonable to associate at least 50 percent of the oxidants
with +transcortaticn sources.

1.4.2 Effects of Photochemical Oxidants on Vegetation,
Materials, and Animals.

Many tyrzes of plants are sensitive to photochemical
air pollution. Ozone injury to leaves in sensitive species will
cccur after exposure to 60 ug/m3 (0.03 pom) for 8 hours. Similar
injury has been cbserved after a 4-hour exposure to 100 ug/m3

(0.05 pom) total cxidant, When plants were exposed to ozone for

1 to 4 hours, damage occurred in highly sensitive plants at levels

of 100 to 530 ug/m3 (0.05 - 0.25 pom), in moderately sensitive

plants at 220 to 800 ug/m3 (0.10 - 0.40 ppm}, and in resistant
plants at 400 ug/m3 and up.
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1.4.2 -- Continued.

Many materials, particularly organic polymers, are
sensitive to even small concentrations of ozone. Eccnomicallyr
rubber is probably the most important matserial sensitive to ozcone
attack. As a rasult, expensive anti-ozcnant additives, capable
of protecting elastomers, havé been develocred, at least on a
temporary basis. Other types of fibers and dyes are also
susceptible to ozone attack.

The major physioclogical effects o ozone zrz on the
respiratory system. Exposure to high levels of ozone
{5,900 ug/ma) for several hours produces hemcrrhage and edema
in the lungs. Lcwer concentrations of 390 '..:g/m3 (0.2 ppm) for
3 hours per day, 6 days a week, over 12 week period have not
produced any apparent eifects in humans. Exposure to 590 ug/m3
(0.3 pom) for § hours appears to be the threshold for nasal and
taroat irritation. Even lowexr levels of oxidant will produce
eye irritaticn (200 ug/m3 or 0.1 ppm). The major effscts of

oxidants are summarized in Table 1-3.
Table 1-3. Effects Associated with Oxidant Concentrations
in Photochemical Smog
Exposurs
Effac: = -q/m1 Duraticn Commenc
‘Yegetazian damace 2.03 100 4 hours Leaal injury ro sensizive gpecies
. Result of manel response
Srp lrrivation Excpading Peak values Suen a gmeak value would be sxvected
3.1 200 2 t2 assaociated with a maximum
hoyrly average eonceasracion of L
50 x5 100 ug/m} (0.225 ta 9.05 ppm)
Aggrivacion of respirazorv Q.11+ 2350 Maxwimum dailvy Pan:enzs exposed to ambiene air.
fiiseases - asthma value Yalue refars ro axidant levels ar which
mumper of artacks racreased
Suem 1 aeak wvalue would be exseczed to
Ee associated wizh a maximum hourly
aAyarago sancentrazien gf 100 =o 12A
wgsm3 10.0%5 zo 9.36 fom) .,
{macaized perfarmance o .31 50 1 hour Zxzesuse for 1 hour immediavaly
student agnlatas =] tg Srior T) race
) 1.31 230
N
*T,5, = L0 _gs/m° 3.23 sge
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1.5 Particulate.6

Particulate material in the atmosphere is composed of
many different substances. Depending on the location and the type
of activity in the area; fluorides, beryllium, leaé, asbestos,
organic material, cdust, pollen, and even insect parts may be
present in particulzte matter. Some of thess are known to be
toxic at high levels while others may have toxic effescts that
have not yet been studied. Moreover, laboratory studies suggest

a synergistic effect between particulates and gaseous pollutants.

Particulate air pollution refers to any matter of a
diameter grsatar than one micron (l millionth of a meter) but
smaller than 500 microns suspended in the air. Particles of
tHis size will stay suspended for a few seconds to several months.

1.5.1 Scurces.

Extramely small particles of less than 1 u in diameter
enter the atmoschere through condensation, combustion, and photo=
chemical processas. Particles between 1 p and 10 u in diameter
usually include local soil, process dusts, combusticn prcducts
from local industries, and even sea salt. Large particles
greater than 1l0p result from mechanical processes such as wind

erosion, grinding and spraying, and the pulverizing of materials
by vehicles and pedestrians.

1-15
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1.5.2. Effects of Particulate Matter,

Most adverse effects of particulate air pollution on
health are associated with injury to the surfaces of the

respirateory svstem. The mechanisms cgoverning the desosition,
clearance, and retention of inhaled particles are complex and not
complately understood. Injuries may be permanent or temporary
and the transport of particulate to other portions ¢f the body
may produce secondary effects.

(F]
<

I_l

val le epidemiological studies have defined air

e

[
-

peclluticon in

(D

an
rms of particulate and sulfur compounds. Thus,
the levels of

'a

articulate and sulfur gases define an index of

b

pollution and not a rhysiochemical entity.

-

Most of the epidemiological studies on particulate
have concerned air pollution episcdes in London and New York.
British technigues are not entirely comparable with 2American
measursments, Dut one study suggests that the British method gives

lower results. Particulate air pollution study conclusions are
summarized in Table 1-4,

High particulate levels are associated with increased

deaths ané illness. At lower levels children experizsnce a
reater incidence of raspiratory diseases and the death rata

for persons cver 50 aprears elevated. Levels of 100-200 ug/m3
can significantly reduce visibilitv and sunlight recsived at the
earth's surface, and increase the corrosion of steesl. Particulates
soll and damace buildings, statuary, and other surfaces. Plant
damage may rasult when particulats plugs leaf stomates preventing
the exchange of gasas necessary for growth and development.

W . g ame o oem om ae
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Effects Assoclated with Particulate Levels

S:liur Dioxide
Laval

ExceEffects

Cormment

~750 woim
24 hour avs

>300 ug/nj
24 hour avs

~200 Lg/m0
24 hour avg

~80 _qu3
annual mean

106-150 .g/=’

>150 :g/mj

.
60-138 _g/=°

annval mean

1
|
i
70 uo/m’ ‘
i

. 3
»715 g/m

-630 ug/m’
2250 g/m’
-127 _:gfmj
annual mean

3

230 mg/em

Excess deaths and
increased illness

Agcute worssaning of
chronic bronchitis

Increased absence of
industrial workers due
to illness

Children experience
increased incidencs of
respiratory diseasas

Increased death rates
for persons aver 50

Sunlight reduction
5-70% depending on
season and latitude

Visibhility less than
5 miles

Corrosian of ste=sl and
zinc panels accelerated

Approximate thresholds
for public =oncern

British Study
British

British
British

American
Smoking nabits unknown

Large smexe turbidisy
factars cersist

Parciculate 0.2v o 3.0Qu
R.M. < 7013

Sulfur Zioxide
and moisture reguired

Other zollutants present

1.6 Ammisnt Alr

Unéer
1857-18571), as

Quality Standards.

the authority of the Clean Air Act (42 U.S.C.
amended by PL 91-604 the Administrator of

the Environmental Protection Agency (EPA) was required to

promulgate national primary and secondary ambient air gquality

standards.
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1.6 -- Continued.

Naticnal primary ambient air quality stancdards define
levels of air quality which the administrator judges are necessary,
with an adequate margin of safety, to protect the putlic health.
National secondary ambient air quality levels are those which
the administrztor feels are necessary to protect the public welfare
from any known or anticipated adverse effects of a pollutant.

The cbjective of ambient air gquality standards is to
orovide a basis for preventing cr abating the effects of air
pollution, including effects on health, esthetics, anéd economy.

Since their cbjective is to improve air quality, the standards

are not to be construed to allow sicnificant degradz:tion of

existing air gquality in any portion of any state which now has

air gquality surerior to that stipulated in the standards (40 CFR 50).

Normally, the standards are expressed in thz metric
system as mass of contaminant present in one cubic meter of air
at reference cenéitions (25°C and pressure 760 millimeters of
mercury). Altsrnatively, the concentration is repor<sd as
volume of pollutant per million velumes of air or parts per million
(ppm) .

Basad on scientific information similar to that presented
in this section, the administrator of the EPA has promulgated
standards for air pecllutants. Standards for the major air

pollutants associated with aircraft operations are presented
in Table 1-5,

1-18
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Table 1-5. National Primary and Secondary Ambient Air
) Quality Standards
: Averaging.
Pollutant Time Primary Secondary
Carbon 8 hours 10 mg/m3 {9 ppm) Same
Monoxide < Once/year
Co 3
1 hour 40 mg/m~ (35 ppm) Same
< Once/year
Nitrogen Anrual 100 ug/m3 Sane
Dioxicde Average (0.05 ppm)
NO
2
Hycrocarbon 3 hours 160 ug/m3 Szme
laess Methane 6=-9 a.m. (0.24 ppm)
EC
Photochemical| 1 hour 160 ug/m3 Same
Oxidants {(0.08 ppm)
Ox < Cnce/year
CSrracted for
Particulate Annual 75 ug/m3 €0 ug/m3
Matter Geometrig
PM Mean
24 hours 260 ug/m3 150 ug/m3
< Once/year < Cnce/year
Sulfur Annual BO ug/m3 g0 ug/m3
Dicxide Average (0.03 ppm) (0.02 ppm)
24 hours 365 ug/m> 260 ug/m-
{(0.14 ppm) (0.10 ppm)
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1.6 -~ Continued.

The relationship between the known effects of these
pollutants and the standards can be summarized as follows:
An 8-hour exzosura to 10 ug/m3 (9 ppm) of CO will prcduce blood
levels of COHb of arproximately 2 percent. This is the threshold
for demonstratzbls effects. Similarly, short term exposures
(1 hour}) to CQ lewvels greater than 40 ug/m3 (35 ppm) can be expected
to produce COEb bloeé levels approaching 2 percent. Oxidant
effects including eye irritation, respirateory problems, and
impaired periormance are known to cccur when levels approach or
exceed 200 ug/m3 (0.08 ppm). Nitrogen dioxide effects are known
only for leng-term exposures to relatively high concentrations.
Thus, this standard is spvecified over a peried of 1 yvear at
100 ug/m3 (0.05 pzm). Particulate levels above 80 uq/m3 with

. 2 . .
sulfation levels cof about 30 pg/cm” are believed to cause increased
death rates in perscns over E0 years of age.

Armbienz hydrocarbon levels are not asscociated with
adversa health effacts. The HC standard is based on a large
set of field cbservations which tend to establish maximum
oxidant levels associated with early morning hydrocarzon levels
(Figure 1-2). ©XNitrcgen oxides are also involved in oxidant
formation as shcwn by oxidant isopleths in Figure 1-3. These
cbse*vctlon= demonstrate that if the HC levels remain below
160 ug/m (0.24 pom) or if the NO_ levels rema*n below 0.025 pprm,
the oxidant level will always be. belcw 200 ug/m (0.1 prm).

At the present time, the HC standard is used as a guide in
achieving oxidant standards.
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l.6 -- Continued.

Finally, it should be mentioned that the administrator
of the EPA has determined that an earlier proposal to establish
a precise level of airborne lead (2 uq/m3) as a standard is not
acceptable. Instead, to control ambient lead levels, the
administrator has proposed a phased reduction ¢f leaded fuels
by 1978 and automobiles that use lead free gasoline after 1975.

1.7 Refarences.

1. "Naztionwide Alr Pollutant Emission Trends 1940-1970,"

U.S. Envircnmental Protection Agency, January 1973.

2. "air Quality Criteria for Carbon Moncxide”
Naticnal Air Pollution Control Administration
Pukblicaticns No. AP-62, March 1970.

3. "ABir Quality Criteria for Hydrocarbens,”
National Air Pollution Control Administration,
Ne. AP-64, March 1970.

4. "Air Quality Criteria for Nitrogen Oxides," Air
Pollution Control Qffice Publication, No. AP-84,
EPA January 1971.

5. "Air Quality Criteria for Photochemical Oxidants,”
National Air Pollution Control Administration,
March 1970.

6. Air Quality Criteria for Particulate Matter, National

- Air Pollution Control Administration, January 1968.
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2. EXISTING AIR QUALITY.

The dispersion of air pollutants from any source in the
atmosphere is governed primarily by the dynamic and thermal
structure of atmospheric layer adjacent to the ground. It is
well known that the major air pollution episodes have occurred
during periods of calm anticyclonic conditions, when surface wind
speads are less than 3.1 m/sec (7 mph}. To understané and define
existing air quality, it is necessary to taks into account the
effects of local topography, wind speeds, and vertical atmospiheric
temperature structura. Interactions between these wezather
svstems, of all sczles, over a period of time, produce fluctuations
in wind spe2ad ané direction (turbulence) continuously. In this

section, data is presented on meteorclogical parametars and air
quality measurements near SEA-TAC.

2.1 Torographical and Climatic Conditions.

The geographic features important to air quality in

the Puget Sound arsa are the Olympic Mountains to the west and

the Cascade Mountain Range to the east. In both mountzin ranges
thers are mountains over 8,000 feet in elevation. Part of the
Puget Sound water mass lies to the west of SEA-TAC, ‘while

Lake Washingten 1s to the northeast.

2-1
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2.2 Meteorology.

Prevailing winds are either from the north or from the
south since the parallel mountaln ranges are oriented north-
south. Derending on the mesoscale pressure gradient, local
variations in terrain may influence circulation pattsrns. This
type cf effect can ke seen clearly in the wind roses constructed
by the Puget Sound Air Pcllution Control Agency (PSaPCa) from
measurements taken at Boeing Field and at Seattle-Tacoma Inter-
national Airgort (Figure 2-1). These two airports are only six
miles apart, but they are situated in somewhat diffsrent topo-
graphy. The cverall northsouth features are common to both,
though there are distinctive differences,.

Seasonal wind patterns are pronounced due to the
prasence of a semi-permanent low pressure area off the coast
during the winter which results in prevailing southerly winds.
During the summer, prevailing winds bring Pacific air thrcough the
Straits of Juan cde Fuca over the northern part of Puget Scund,
and frem the Gravs Earber area south of the Olympiec Meuntains to
the southern part of Puget Sound. Frequently, this results in
northerly winés in the upper portions of King Ccunty arnd
southwestarly flow cver the southern Puget Sound area.

biurnal variations in wind direction are most pronounced
during the summer season. Daytime winds at SEA-TAC typically

are northerly while the nighttime winés are predominately
southerly.
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Figure 2-1. Annual Surface wWind Roses at Two Seattle-Taccma

Area Birports for Calendar Year 1969.1
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Mixing Depth and Turbulence Classification Near

SEA-TAC.

Another parameter useful in the study of air pollution

iz the depth of the convective layer or the mixing depth. Its

magnitude for a particular time of day is usually determined from

the latest availakle chart of height or pressure vs. temperature.

Table 2-1 gives the average mixing depths and mean wind

speeds through the mixing layer by season and time of day at the
SEA-TAC Alrgort.

Table

2-1.

Average Mixing Depths and Wind Speeds at
SEA-TAC Airport®

A. Averags Mixing Cepths (Meters)

Wintar Spring Summer Fall Angual
Morning 628 631 532 476 578
Aftarnoon 585 1490 1398 898 1692
B. Average Mixing Layer Wind Speeds (Meters/Sec)

Winter Spring Surmer Fall Annual
Morning 5.1 4.6 4.0 4.3 4.5
Aftarnocn 4.7 . 5.7 4.8 4.6 4.9

#"Mixing Heights, Wind Speeds, and Potential for Urban Air Pollution
Through the Contigucus United States," George C. Holzworth (Qffice of

Air Programs Publication No. AP-101, EPA).
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2.2.1 -- Continued.

The appropriate mixing depth from the table is an input
parameter to the ESL air quality model discussed in Saction 4
of this rerport.

tmospgheric turbulence can be based on dirsct measure-
ments of the three-dimensional fluctuations or eddying motions of
the air. Direct measurements are expensive and difficult to make,
and classifications based on ¢bservable parameters have been
developed. E&ix stability categories were proposed bv Pasquill
to descrike the diffusive potential of the lower atmecsphere.
The categories are specified in terms of wind speed, insclation
(i.e., solar radiation), and amount of cloudiness. Tables 2-2
and 2-3 summarize the parameters that characterize ezch
classification ané the freguency of occurrence at SZ:i-TAC. The
slightlyv stable andé neutral conditions generally are associated
with nighttime conditions. Even so, at SEA-TAC the neutral D '
condition cceurs most freguently during both daytime and nighttime.
In terms of air gquality, D conditions will generally he associated
with air pollutant levels twice those for B cenditicns i1f the
wind speed is the same. This effect will be somewha: offset
by the typiczlly hicher wind speeds associated with D conditions.

In addition to the 1969 SEA~TAC archival cata we
also obtained PSAPCA data from the McMicken Heights monitoring
site. The site was located about 1 mile due east of SEA-TAC
airport. All 1973 data taken at ‘this site is summarized in
Figure 2-2, top. Meteorological data taken during ZSL's
sampling pericds of June, September, and Fabruary is shown in

Figure 2-2, bottom. The similarity of the two wind roses in

2=-5
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Table 2-2. Relation of Pasguill Turbulence Types to

Weather Conditions

A - Extremely unstable conditions D - Neutral conditions®

B - Moderately unstable conditions E - 8lightly stabhle conditions
C - Slichtly uasctable conditions F - Moderately stable corditions
Nighttime Conditions
Surface wind Cavtime Insolation Thin CQvercase
speed, m/sec or >4/8 <3/8
(mph) Strong Moderatea Slight Cloudinesst Cloudiness
<2 (4.5} A A-B B
(4.5%) A-2 3 C E F
{9) 3 B-C cC D E
{13.5) c C-D D D D
=8 (13.3) c D D D D

*Applicable to heavy overcast, day or night

+The degree of cloudiness is defined as that fraction of the sky above
the local apcarent hcerizen which is covered bv clouds

Table 2-3,

Fraguency Distribution of Pasgquill Turbulencs
Types at SEA-TAC International Airport,
January 1 - December 31, 1969

WIND SPEED (mph)
0-3 4=7 8-12 13=18 19-24 »>24 Total
a - 0.0017 - - - - 0.0017
B |0.0147 | 0.01¢e5 0.0137 - - - 0.0479
c | 0.0035 | 0.0295 0.0521 0.0087 - - 0.0987
D | 0.0442 | 0.1525 0.2560 0.1480 0.0175 | 0.0031 | 0.6212
£ |o0.0483 | 0.1251 0.0559 - - - 0.2303
0.1108 | 0.3266 0.3787 0.1567
2-5
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MC MICKEN (PSAPCA)
E ALLMQONTHS
1973

ESL'S SAMPLING
PERIOD

JUNE, SEPT.
FEB.

PERCENTAGE FREQUENCY OF OCCURRENCE
| l SCALE 8ASED INTERVALS (KNOTS)
r v 55+

- 4.0-83 110153

PERCENT OF Q25ERVATIONS

Surface Wind Roses at McMicken Heights
(PSAPCA) and for ESL's Sampling Periods
(June 1973, Sectember 1973, and

February 1974).

Figure 2-2.
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2.2 -= Continued.

Figure 2-2 indicates that ESL's monitoring periods were

representative of the annual prevailing wind patterns.

2.3 Archival Air Quality.

Air cuality monitoring in the Seattle regicn is
carried out jointly by the Washington State Department of
Ecclogy (DOE) and the PSAPCA., Both agencies were contacted
to determine iI they had taken any measurements near the SEA-TAC
airport. Only PSA2CA had taken datz near SEA-TAC ané only at
three locaticns: McMicken Heights, Tukwilla, and Des Moines.
PSAPCA allowed us to make copies of their records for each of
these locations. Table 2-4 summarizes the information
duplicated. Only the McMicken and Des Moines locations are
discussed because they are within the study area ané have
sufficient éata. The Des Moines site is acproximately 2.5 miles
south and 1 mile west of the SEA-TAC terminal, and the

McMickan Eeights sits was approximately 1 mile due east of
the terminal.

Table 2-4 and the data collected reflect the general
high purity oI the air near the airport. BEourly ccncentrations
of carkten monoxide at McMicken are always well below the
Federal standard cf 40 mg/m3 (35 pem). Highest monthly CO
8-hour averaces varied between 2 and 4.5 mg/m3, alsc well
below the Federzl standard of 10 mg/m3 (9 ppm). _Hourlv oxidant
levels varied tetween 20 uq/m3 (QJOI pem) and 216 uc/m3 (0.11 pom)
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Table 2-4. Summary of Puget Sound Air Pollution
Control Agency Data Near SEA-TAC
Location
McMicken Heights* Des Maines RCVRY
Pollutant Mean Max Mean Max
co - 1.0 ppm 6.0 2.6 ppm 7.0
Ox 0.02 ppm 0.11 0.006 ppm 0.04
. ‘ . 3 3 3
Particulats 42 pg/m 89 ug/m 50 ug/m 167

*June, 1972 = May 1973 (CO) April 1972 - May 1973 (Ox)

+Nov, Dec (12870) Jan Feb Mar (1971)

2.3 -= Continued.

and exceeded the standard of 160 ug/m3 during 6 hours.

Particulate level was available as an arithmetic average of
44.5 ug/m3, geometric mean of 42 ug/m3, and a maximum cbhserved
value of 89 ug/m3. These figures compare favorably with the

Federal standard of 75 ug/m3 {gecmetric mean) and 260 ug/m3

for 24 hours. <D A

Des Moines data was collected at S. 219th Streef and
1l1th Avenue S. Again, the CO levels are well below the standards
for 1 hour ané the maximum monthly 8-hour averages vary between
4.5 and 7 mg/m3, significantly below the 10 mg/m3 standard.
Particulate and oxidant were always below standards,

2=9
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2.3 -- Continued.

Because the predominate wind patterns at SEA-TAC are
not expected to cause significant amounts of pollutants from
SEA-TAC to blow onto McMicken or Des Moines, the levels chserved

at these sites reflect a background level associated with the
general develcrment of the area.

2.4 Meteorolecgical Parameters and Air Pollution Levels
t SEA-TAC,

Twe types of air guality measurements were perfcrmed
by ESL at the SZA-TAC airport. First, a completely ecuirpzped

air monitoring van was located near the airport during June,
September (1973), and February (1974). The van monitored wind
speed znd dirsct

icn, carbon monoxide, hydrocarbons, particulates,
oxidant, and nitrocen oxides., In addition, the particulate
samples weres analvzed for lead and other elsments. Second, air
samples in and arouné the terminal area and surrcunéing
communitv wera analyzed for carbon monoxide. Results o

measuraments are discussed in the next sections.

h
rt
o
D
tn
1

2.4.1 Lecaticon cf Ambient Air Quality Measurements Near
SEZA-TAC.

Alr guality monitoring sites were chosen according to
areas of major impact based on the north-socuth prevailing winds,
aircraft movements, and areas of population. Accordingly,
primary menitoring sites were selected at the north and south

ends of the airgort. _Pursuant to citizen requests, additional

monitcring was done in a residential area west of the airport.

2-10
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2.4.1 == Continued.

ESL's monitoring locations and the PSAPCA monitoring
locations are shown in Figure 2-3. The "Marker" station (No. 1)
was at the north end of the airport, on South 146th Strast, two
miles north of the terminal and 0.6 miles north of the end of
the runwav (l6L). The "Golf Course" station (No. 2} was located
just off South 200th street, 1.5 miles south of the terminal
and 0.6 miles south of the end of the runway (34R). The third
station was at the Barden resi@gnce (No. 3) approximately 0.75

miles west and 0.4 miles north of the terminal. At this location,

the ESL van was parked in the driveway 0.4 miles due west of the
nearest runway.

Additional particulate and €O air quality measurements
were taken at the zirport terminal area (No. 4) and in the
surrounding community.

PSAPCA air gquality data was taken at.McMicken Heights,
Des Moines, and Tukwilla (Nos. 5,6 and 7 respectively).

The following sections summarize the air cuality
measurements taken.

2.4.2 Existing Air Quality-Carbon Monoxide (CO).°

Carbon monoxide samples were taken continuously
-12 times per hour, 24 hours per day during the June, September,
February sampling periods.. The mean value of all

measursments was .81 mg/m3. The highest l-hour average con-
centration ckbserved was less than 5 mg/m3 (13 percent of the

2-11
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2.4.2 -- Continued.

Federal Standard) during September. The maximum moving 8-hour
average concentration was approximately 3 mg/m3 (30 percent of
the Federal Standard) also observed during September.

Average diurnal variations in the CO concentrations for
the three sampling periods are shown in Figure 2-4, The levels

are low and not particularly significant. The only discernible

-activity and the late evening peaking associated with moderate

activity, light wind, and stable atmospheric conditions.

Analysis of PSAPCA data from May 1972 to April 1973 at
the McMicken Heights station shows a hourly maximum of approximately
5 ug/m3 during June and September. The maximum moving 8-hour

average was consistent at approximately 3.5 ug/m3 level during
May through September.

Because of the correlation between ESL's measurements
during three monitoring pericds and data collected by PSAPCA
covering an entire year, it is reasonable to assume that the ESL

measurements adecuately reflect the worst case and average ambient
CO levels.

2.4.3 Existing Air Quality - Hydrocarbons.

Air samples for hydrocérbon analysis were taken
continuously 12 times per hour, 24 hours per day,
during June, September, and'February. Each sample is burned
completely tc detect all hydrocarbons, including any naturally

2-13

POS 2naox



U1 7 . )

CAHBON MONOXIDL mg m

ESL-ET5S

20 [TITTXTITITTII AT TTT T I T 1] y.75 20 HEEERERER AR E R
n-
15 [T ’ RE] I 15
o)
<
w
=
10 = B75 = X 19
gz
- Q
c =
2 2
@]
a
I — 438 3 o5
[
0 LU L ety 0 LIy byt e vy ity
2 4 6 8 101214 16 18 20 22 24 O 2 4 6 8 101214 16 18 20 22 24
HOUR OF DAY HOUR OF DAY
JUNE 1873 SEPTEMBER 1973
tal -1
2.0 - . —1.75 2.0: :

© =—-— MARKER : !

) BARCEN ) <179
S - - l
S5 - - E15- 4
= - s o i
z £ :

g s g :
= = E .
& : oy g
%1.0 8155  Shio- 4878 =
g Q ) =
S - 3 V2
= 2 :
Z =2 :
Q a :
=] g
= 5- g 5- +.437
< < i
“ U !
4] - : ; — e ] 0l L . . ;
0 2 4 6 8 10 12 14 16 18 20 22 ) 0 2 4 & B 10 12 14 16 18 20 22
HOUR OF DAY HOUR QOF DAY .
FE3RUARY 1974 ALL MONTHS
fe) (a1
Figure 2-4. Average Hourly Carbon Monoxide Concentrations

Near SEA-TAC 2Airpert

1.31

.B75

438

2-14

POS 2042¢

(CO PPM



ESL-ET59

2.4.3  —-= Continued.
occurring methane gas (CH4). Results are recorded as total
hydrocarbons (THC). When unreactive methane gas is separated

from the sample, results are recoréded as hydrocarbons (HC).

The high 6-9 a.m. averacge EC concentrations occurred
during September. They ranged from approximately 1200 ug/m
(750 percent of thengéaéfal Primary Standard) to 176 ug/m (110 -

- percent of the Federal Primary Standard) The low 6-9 a.m. averages
HC concentrétions occurred during February. These ranged from
about 380 ug/m3 (240 percent of the Federal Primary Standard) to
about 50 ug/m3 (31 percent of the Federal Primary Standard). _If.
2ll three sampling_periods._are combhined, the 6-9 a.m. average
_concentrations exceeded the Federal Primary Standard 71 percent

of the tlme

- -

The mean of the 6-9 a.m. average hydrocarben levels

for all samples was 370 ug/m (231 percent oﬁmgpe_gggeral Primary
Standard).

Figure 2-5 shoews diurnal variations in hydrocarhon
levels. Thers is a discernible trend similar to an exaggerated
versicn of carbon monoxide diurnal variations (Figurs 2-4).
Peaking occcurs during 6-9 a.m. associated with moderate
activity, light wind, and stable atmospheric conditions.
Archival data for comparison to the hydrocarbon levels in the

SEA-TAC area does not exist.

2-15
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2.4.3 —= Continued.

_ The levels at the Barden site are particularly

significant because they reflect the background level of -

hydrocarbons in the wvicinity of the airport. During the time

period the measuremsnts were taken, the wind was primarily from
the scuthwest which would prevent any airport pollutants from
reaching the location. Figure 2-5 shows that the background
level is very close to the Federal Standard even during the
winter periods when hydrocarbon levels are low because of the
meteorological conditions.

———

"kerosene" ocor around the airport. Formation of aldehydes

The hich hydrocarbon levels are associatesd with the &yj'
during the combustion of hydrocarbons will also contribute tg;ﬁ;

the cdor associataed with the airport. At present, there is At

no available methed for quantifying the odor levels. « .t

2.4.4 Existing Air Quality - Nitrocgen Dioxide.

Nitrogen dioxide measurements were made at the Marker
Station, Golf course, and Barden sites. Air sampling was
performed on a ccntinuous basis except when calibration or
equipment servicing was performed.

In orcer to estimate the annual average concentration,
we have developed sesasonal multiplication factors based upon the
archival data from McMichen Heights, We assign the average
Summer nitrocen dioxide levels a value of 1.0, and compute the
multiplication factors as the ratio of the remaining seasonal

values to the summer average. Following this procedure the

2-17
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2.4.4 == Continued.

Autumn value is 1.64, Winter is 0.71, and Spring is 0.8s6.

Using these multiplication facators on the SEA-TAC data, we predi&t
nitrogen dioxide averages for the four seasons starting with

Summer zsg 42 ug/m3, 69 ug/m3, 30 ug/mB, and 34 ug/mB. The annual
predicted average for comparison to the Federal Stardard would

be 44 ug/m3 (.02 pem) or 44 percent of the standard.

The diurnal trends shown in Figure 2-6 appear to reflect
the alrsecrt activiﬁy with peaking trends during earlv morning,
midday, and lates aiternoon. Higher levels during lats evening
hours ars causad by stable atmospheric conditions. Archival data
from the PSAPCA McMicken station resembles the ESL data, but
ESL's data from the Barden site is unique. Because the trend at
the Barden site does not follow the airport trend, it would

appear that the nitrogen dioxide levels do not resul: from the
airpor:s activiey.

Fuel consumption is a major source of nitrogen dioxide
and is probably the primary reason the distinct difference
betwean the sites. The Barden site may reflect autcmobile

activicy which tends to peak sharply in the morning, but is
typically more diffuse in the evening. Also, the pravailing
winds wers freom the southwest during the measurement cericd;

this would prevent airport air pollutants from reaching the site.

2-18
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2.4.5 Existing Air Quality - Qxidant (0Ox).

_ Oxidant levels were monitored 24 hours per day
during each meonitoring period. 1In addition, during the peak

oxidant period, September, extended measurements wers made.

The maximum hourly oxidant level observed in June
was 120 ug/m3 {0.06 ppm) or 75 percent of the Federal Standard of
160 ug/m3 for the 1 hour. During September there were four

viclations ¢Z the Federal Standard on threa.differggpvdqygf The

highest level cbserved was 190 ug/m3 or 115 percent of the
standard. During the February pericd, the oxidant levels were

| nearl§_ééro as expectad.

Average oxidant as a function of time is plotted in
Figure 2-7 £or the June and September periods. These levels
cannot be comcarad to the Federal Standard because thev are
averaged Icr zll davs in the obsarvation period. However, the
figures clezarly siow the expected late afterncon peaks and
the higher levels of the autumn season.

Archival cxidant measurements furnished by PSAPCA
verify the zccuracy of ESL's data. Maximum hourly oxidant levels
at the McMicken Helghts station during our June obsarvation
period was 30 ug/m3 (0.04 ppm). During September their highest
hourly valus was 120 ug/m3 (0.06 ppm) and their February levels
wera zero.
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2.4.5 -- Continued.

Based on the archival data for McMicken for an entire

year, andg the relatlonshlp between the Mchcken and TSL data, we

expect the oxidant standard to be v1olated on four or five days

At

.per vear for a total of 8- lo hours. These ocgurrenca2s do not

reprasent an 1mmeo.lnte pronlem since the standard is set with
an adequate margin of safety, but they do sugge the need to
implement any avallable mltlgatLOn measures to reducs

hyérocarbens and nltrogen oxides.

2.4.86 Existing Air Quality - Particulate and Leazg.

Daily 24-hour particulate samples wers collectad using
a2 nigh volume sampler. The geometric mean of all samples was
33 HG/mB or 49 percent of the annual Federal Standari for the
geometric mean. The highest daily level obsa*ved Was 112 ug/m

on a calm cay at the Barden location in Februarv =h the

e e it A ki 2

Marker Statlon site and the golf course site reached 1evels near

-

100 ug/m during June. These values should be compared to the
24-hcur Federal Standard of 260 ug/m3 (40 percent).

Particulate samples collected at the termiznal were
consis+tan tly telow those observed at all other sites. Values
stayed betwean 20 and 30 ug/m3 (710 percent of the standard) for
the sawven samples taken, at the terminal location (Figure 2-8).
Duriﬁg September the particulate levels at the golf course site

were consistently below those a: the Marker station (Figure 2-8).
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2.4.6 ~-- Continued.

Because of the prevailing wind direction, tqgéoffsfané'IEBEIﬁéb

were over the yggkginggtioqwg};e. February particulate levels

at the Marker Station were not significantly differsnt from

September levels, although there was less variation betwaen
samples hecause of rainfall.

The excentional peak (114 ug/ma) at the Barden location
in February is associated with stagnant atmospheric conditions

-—

-for nearlv 24 hours. Average wind speed during the sample

period was 1.5 mph with several lengthy time periods averaging
less than 1.0 meh.

Although the above particulate samples are probably
represantative of the levels expected near SZA-TAC, we also
used the Larsan mcde12 te estimate the gsometric mezn and maximum
expected value over & one year pericd. Using this meticd, the
estimated geometric mean is 37 ug/m3 and the maximum expectead
value is 152 ug/mB. Thus the geometric mean, bhoth observed and
calculated, is less than the primary and secondary Federal
standards of 73 ug/m3 and 60 ug/m3 respectively.

Archival cata from the PSAPCA McMicken Heicnts Station
during the ZISL sampling periods dces not appear to rszflect any
airport activity (See Figure 2-8). This is consistent with
the fall velocity of particulate, the general wind diraction,
and the wincé speed. Thesa factors tend to movae particulate out of

the airport region before lateral diffusion to McMicken occurs.

-

2-24

5QS 2043€
i



-

ESL-ET59

2.4.6 -- Continued,

During the period from May 1972 through April 1973, the PSAPCA
McMicken particulate data had a geometric mean of 42 ug/m3 and

a peak of 89 ug/m3. Based on this data and the ESL measurements,
it is clear that particulate levels do not exceed Federal
Standards at SEA-TAC or in the surrounding communities.

Particulate samples were also analyzed for lead (Pb)
at the University of California, Davis, cyclotron. Observed
lead levels varied ketween 0.3 ug/m3 and 1.4 ug/mB. The average
level was 0.96 ug/m3 for June 1973; and 0.77 ug/m3 for June,
September 1973 and February 1974. In the absence of a Federal
Standard, these figures can be compared to the California
Standard of_;;§“E5193 (30 day average). (See Table 2-5.)

2.4.7 Carton Monoxide Samples at the SEA-TAC Terminal and
Surrounding Community.

Previously, we noted that aircraft operations release
large quantities of carbon monoxide. Automeobiles and other ground
transportaticn vehicles alsc generate significant quantities of
CO. Hence, CO was a natural choice to measure in the terminal
area and surrounding community to determine if significant levels
of pollution existed. This section summarizes the results of |

a series of measurements taken within the airport complex and
in the surrounding community.
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Table 2-5. Elemental Analysis of Particulate at
SEA-TAC Compared to Rural Area in
California :
Average Values
Element Nanograms/CM2
SEA-TAC * RURAL TOWN, CAL
Aluminum 930 7 469
Silicon 4977 6816
Chlorine 1706 1727
Potassium 816 10€38
Calcium 1716 2033
Titanium 220 ?
Iren 3943 4037
Copper 2732 2033
Lead 3535 + 1670 6092 = 2478
Bromine 563 2324

*Average £low = 35 fta/min; Surface Area = 60 inz;

Average Concentration of Lead = 0.96 ug/m3 +0.43 ug/m3.
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2.4.7 -- Continued. ‘

Average carbon monoxide levels in the SEA-TAC terminal

area during June 1873 - February, March 1974 are shcwn in

Table 2-€. As would be expected, the higher levels zre found in
the parking caracges, baggage claim areas, and ticketing areas
where autcomobiles are operating nearby. The figures respresent
hourly averages and are well below the Federal stancarzd of

40 ug/m3 for 1 hour and 10 ug/m3 over 8 hours.

Car=on monoxide levels arcund the SEA-TAC -

-
-

serty
tend +o be below the terminal levels (Table 2-7). Locat

icns

numbersd 1 throuch 5 are closer to aircraft onaraflon and w1th1n
the airpert boundary, and therefore reflect the expected hicgher

_CO levels. Acain all levels are below the l-hour and E-hour
standards.

The rasults discussed above will be used to calibrate
the models to be used in prediéting future air gqualiiy at SEZA-TAC.
ESL's methodolcgy for predicting air quality is discusse< in the
following sections.

2.4.8 Refarances.

1. "mransportation Controls to Reduce Motor Vehicle

Emissions in Seattle, Washington," GCA Corzoration
for PSAPCA.

2. Larsen, R.J., "A Mathematical Model for Relating
Air Quality Measurements to Air Quality Standards,”

]

~U.S. EPA, Research Triangle Park, North Carclina, 1971.
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Table 2-7. Average Daytime CO Levels SEA-TAC Environs
Lecations
co mq/m] Grid Approximate
3.57 WAL Hangar
3.07 Fire Station
4.89 Alr Cargo #1
3.64 UAL Eangar
3.00 . Flight Kitchen .
3.21 QR 1718 Perimecer Road near 318/Airpor:z Fwy
2.46 QR 1920 Washington Memoral Park
2.25 QR 2122 171 St./Pacific Hwy (39)
2.82 QR 2324 192nd/Hwy 99
2.68 QR 2526 l38th/Perimeter Road
2.82 " OP 2526 S188tA/34R
2.61 MN 2526 £188th/12¢n
2.54 MN 25324 lacth/ll Av S
2.46 MN 2122 172nd/12th
2.39 MN 1920 164th/l2x!
2.46 MN 1718 Rentan Three Tree/l2 Av §
2.75 0P 1718 134ch/20th
2.75 OP 1516 Hear S18/Extension of 15L
2.39 QR 1518 Sl48eh/27th Av
1.93 ST 1718 Sle/36¢eh
2.54 ST 1920 led4ch/36eh
2.3% ST 2122 172nd/36th
2.48 ST 2324 180¢th/36th
2.19 ST 2526 188th/36th
2.468 QR 27219 196ch/27¢eh
2,12 ‘ P 2728 Tynee Valley Golf Club
2.25 MN 2778 5196th/Des Moines Way
3.11 KL 2526 5183th/8th Av
2.32 KL 2324 180th/8¢th
2.44 KL 2122 17lst/8th
2.46 KL 1920 164th/8¢ch
2.13 KL 1718 ' 156th/8th
2.32 My 1516 518/Ces Moines
2.04 MN 1314 l46th/12¢th
2.46 QP 1314 140th/21s¢t
2.46 QR 1314 140&h/28¢th
2.29 QR 2930 204ch/Pacific Hwy
2.29 - oF 2910 204th/ldth
2.21 MN 2930 204rh/12%n

2-29 _
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3. SOURCES OF AIR POLLUTION AT SEA-TAC.

The first step in implementing a model to predict air
quality at SEA-TAC is the compilation of an emission inventory.

ESL uses a finite line source model which requires emissions to

be specified alcng line segments.

fairly lcnc such

Each line segment may he

as those which would be asscciated with aponroach,

landing, takeoff and climbout; or quite short such as runway gueues

and gate parking.

Aj

g, Alrecrarft
srior to

b, Aircraft

c. Aircrafs
é. Aircraft
e. Aircraft
f. Aircraft
c. Aircraft
h. Alrcratft

ircort associated emissions may be classified z2s follows:

emissions during start up, idle, and taxi

takeoff

emissions
emissions
emissions
emissions
emissions
emissions

ground service associated emissions

during
during
during
during
during

during

takeoff

climbout

approach andé landing

arrival taxi and idle

fuel venting

the maintenance mode
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3. -- Continued.
i. Fuel storage emissions
j. Motor vehicle emissions associated with employees,

passengers, and other airport activiiy

3.1 Aircraft Emissions.

The first step in determining emissions reguires a

categorization cf engine types likely to be utilizeé at the
airport. Ths Cornell Aeronautical Laboratory (CAL) published
emission rztss Ior a large number of engine types in 1971 at the
reguest of the Environmental Protection Agency. CAL cetermined
emission factors for three pollutants for a large number of

engines. Thes rasults of the CAL study have been supplemented
and published by the EPA (Table 3-1).

To convert the EPA emission factors on Table 3-1 into
total emissiocns, the time each aircraft spends in each operational
mode must be specified. Operaticnal modes and corresponding
modal times ara required for taxi-idle prior to takecff, takeoff,

climbout, aprroach, and taxi-idle after landing. The emissions

accordéing to aircraft type are shown in parentheses in Table 3-1.

. 3-2
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Table 3-1. Meodal Emission Pactors - EPA* (lbs/hr) and SEA-TAC
Mcdal Emissions (1lbs) '
Carbon I Nizrogen
Monax:ide IHyd:ocar:ons Oxides
Exgine a Mgde ib/hre I Is/mr lo/hr
1
1l0z.0418. M iZT.E{S.GOI 6.11L.1l3) 2.2:%0.400)
8.3i0.11 ; 1.010.133) 720.01(8.40) 1.3:0.044)
Climmeuz 11.719.43} i 2.7(0,10] 453.0(15.92Y 2.2017.147)
Apgzoac: 12.8(2.17y l 1.240.2) S54.1{3.81) 2,312,152}
SEA-TAC lbs/l7a - Eas. 21.4 3.34 29.95 7.747
i
31.719.48) {15.372,82) 1.58(0.56) 0.04{3.0a7M)
6.740.08) ; L.M{n,22 340.0(6.20 0.34{(0.006}
i i s.am.zumi 1,340,905} 333.0412.210  2.5$¢9.02)
’ ! 19.5¢1,24) i L.8(0.1370) 173.0(11.50) Q.3500.03
113 - Zae. i 11.05 | 1.02 19.7 1.061
139.2120.9) ,92.5(13.1) 1.4(0.26) 0.3309.39)
12.3(9.14) E 3.7(0.9%) 148.0(1.71) 2.31{7.10)
15.310.56) i $.500.13) 95.2(3.51) B.5{2.31)
Appreacn 13.7{2.85) % 7.3(0.52}) IL.3(1.45) 8.200.51
SEA=-TAC 1k3/27% - Eng 231.35 13.93 6.97 1.82
J780 )
Taxi-idle 11,406,120 ' T.9{1.329) 2.9(Q0.50) 0.31510.87) -
Taksolf 7.510,09) | 2.73(0.389) 1%38.2(2.131) 1.7(3104)
9.3(0.21; E 2.82(0.238 lil.o(4.80} 2.5{7.9%%)
Aporeoaes . 1R.211.21) i 1.7500.1M) 10.31{2.086) l.3(2.100
SZA-TAC los/.T0 = Exneg. 7.75% L.49 9.7 3.305
Tia=AT
Taxi-idle 15.312.8) f.50L.2) 2.2(4.0} 1.800.29)
Takeoil 1.210.02) n.831(0.001) 22.9(0.19) 1.718.412]
Climpous | 1.000.10 n.43(0.02) 21.2(0.48) J.ata.13y)
AEDIDACT 3.7{0.29) 3.52(0.04) T.8(0.58) 1.300.20
SEA=-TAC 135/27% = Eag. 1.21 1l.26 2.05 9.68
TREZIL
Taxi-i1dls 1.510.64) 7.88(n.16] 0.36(0.13) 0.3{0.035)
Takeafl 7.319¢0.002) 2.06{0.003} J.64070,02% 0.3(0.004)
Climbout 0.57{0.048Y 0.95(0.004} J.3L0e.29) B.5{3.05)
AZRPTIaca 2.6{0.26) d.24(0.024) 1.89 (0.1 0.5{0.08)
SEMA-TAZ 1darsLld - Eng. Q.95 0.19 0.65 Q.17
CONTIMENTIAL J3-200
Taxi=tdla 7.3{l.4) ' 0,214(0.04) 2.009(0.002) -
Takesfs 54.6(0.27) N.72000.004) 0.25%3(0.001) -
Climtoux 54.6{4.53) 9.720{0.06) n.25%3{0.02) -
Azersaen 21.802.19) 7.380(0.04) 0.452(0.00%) -
LSEA-TAC 135,170 - Eng. 8.6n 0,144 0.03

Compilatias of Alr Pellution Emission Factors, 2nd Edition U.S. EPA Aoril 1972

3-3
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Table 3-2 compares the EPA model times to those used

in a variety of previous airport studies and those selected for

SEA-TAC.

Airport configuration and size will play a significant
role in the average time assigned to a particular mode.

Thus,

Dulles (IAD) with aircraft lecading and unloading accomplished

away from the concested terminal has much shorter taxi/idle times

which dramatically reduce emissions.

The exceptionally lew value

for O'Hare is somewhat surprising and is due to low taxi times.

Table 3-2. Average Time Assigned to Aircraft Operating
Modes at Various Airzorts
Airports
Mode DCA L IAD?2 O'Hare3 s/T4 EPA>
Taxi Idle 11.0 5.0 7.5 7.0 19
Takeoff 0.7 0.7 0.5 0.7 0.7
Climbout 1.7 1.7 2.0 2.2 2.2
Approach 4.0 4.0 3.8 4.0 4.0
Taxi Idle 3.4 4.0 3.9 4.0 7.0
Total 20.8 15.4 17.7 17.7 32.9 -

3-4
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3.1 ~- Continued.

In order to convert the engine emission ra+tss to
emission factors, it is necessary to assign the engines to air-
craft types, determine the aircraft type distributizr for SEA-TAC,
and assign the number of engines to each aircraft. ~his is done
in Tables 3-3 and 3-4. It is assumed that the shert rang
alrcraft can be represented by the Allison 501D13 encine and
that the air taxi general aviation engines can be resrassented
by the Continental 10-570-P and military engines by the JT3D.

Using the EPA emission factors based on Ta»2la 3-1 and
3-2, the totzl emission tonnage was computed for SEA-TAC in
Table 3-5. These figures serve as a useful creoss check with
other compucations for SEA-TAC and with other airpor
bottom of Table 3-

. At the
5 figures are presentad for SEA-TAC which were
from ths Puget Sound Air Pollution Control 2gency in
January 1%74. The diZference between ESL's calculations using
the EPA mecal times ("EPA") and the PSAPCA figures is due

primarily to diffgrences in aircraft mix. ESL's figurss differ
from the "EPA" and PSAPCA figures because of the average times.
per operating mode reflectad in Table 3-2. SEA-TAC mcdal times
in Table 3-2 ars based on measurements made at SEA-TAC during

1973 and arz ceonsidered conservative numbers.

Finzl SEA-TAC emissions were arrived at by using the
operaticnal mede times from Table 3-1. The adjustad figures
are 1754 tons/vear CO, 1029 tons/year HC, 996 tons/y=zar NOx and
73 tons/vear particulate. These figures will be used throughout

the remainder oI this report to develop emission faczors for the
model predictions.

3-5
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Table 3-3. Air Carrier Operations SEA-TAC 1972
1973 1972 Engine
June/July 113,631 LTOS
Jumbo JT9D
(3747) 5.9% 6704 13408
(DC10/L1011) 4.3% 4886 7329
Long Rancge JT3D
B707
DC8 40.43 45507 51814
Medium Range|JT8D
B727 34.1% 38748 58122
bCS 5.4% €136 6136
3737 3.3% 3750 3750
CJ-805-3A
C880-4
Short Range |A-501-D13
F3227 . 500
1188 6.6% 500 750
100.0% 113,631 188,056
3-8

POS 20447



Table 3-4.

ESL-ET59

Total Engine LTOS SEA-TAC Airport 1972

Representative Engine
Operations Engines LTOS
I. Air Carrier
Itinerant 109,278 JTSD
Tocal 4,353 JT8D 188,056
JT3D
113,631 AS01-D13
II. aAir Taxi
Itinerant 17,028
JTL12 -
10~520-P 36,335
IIT. General
Aaviation
Itinerant 19,307
IV. Military
Itinerant 1,684 NL.A 4. 756
Local 694" Used JT3D !
152,344 229,150
3=7
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3.1 ~- Continued.

Table 23-6 compares the ESL predicted annual emissions
to comparable figures developed by other groups for several
alirports. EIstimazes for the same airport differ dramatically
cdepending on the source even though some estimates are for the
same year. The zapcarsnt uncertalntv in total emissions
emphasizes the inportance of making air gquality measurements

near the airgor:t to calibrate the base year model predictions.

3.2 Alrocrzis Related Emissions.

Fuel wvanting is a potential source o
emissions by =zirzrazt. t engine shut-down,

Hy

hvdrocarben

ain éga from the
ccllected in a drain tank in each engine nacelle.
At start up, a litile more fuel is added *o this guantity before-
the cdump valve is closed. After takeoff the collectad fuel is
purged by the raT air pressure. Average HC loss due to fuel
venting based ugcn 160 takeoffs per day would amount to
~aprroximatelv 60C lbs per day. Most of this would be lost at air
altitude of cerhacs 600 meters which, accoréing to a previous T

ﬂa

fuel manifoléd 1

[&]

report, would produce ground level concentrations of no mors than
3
10-15 pug/m".

Operation of auxiliary power units is another source of
aircraft emissicns. If 1 hour of operation per LTO is assumed,
then based orn availlable emission factors an additional 94 tons

of CO, 8 tons of MO,/ and 9 tons cof hydrocarxbons will ke
emitted annually.

3-2
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Table 3-6. Aircraft Emissions in Tons at SEA-TAC
: and Other Airports.

Airport co HC NO_, P Year
SEA-TAC 1,848 | 1,038 | 1,004 73 | 1972-1973
Los Angelest |10,575% 10,725 | 1,105 | 2,250 1970
Dulles? §59 427 410 314 1973
D.C. National?| 1,018 164 | 1,147 | 1,026 1973
O'Hare> 14,740 | 9,580 | 3,760 900 1970
Kennedy" 12,550 | 9,490 | 2,580 570 1970
National® 2,410 610 820 231 1970
Los Angeles> |16,030 | 12,570 | 3,060 570 1970

l“Study of Jez Alzcraft Emissions and Air Quality in the Vicinity

of Los Angelss Internatiocnal Airport," Los Angeles County Air
Pollution Contxcl Distriect, April 1971.

2M0nitoring and MNzdeling of Airport Air Pollution, D.M. Rote,
et. al., Intarnational Conference on Transportation and the
Environment, 1972.

3“Draft Environmental Impact Statement for Pelicy Changes on the

Role of Washincton Wational Airport and Dulles International

Airport," 0ffice of Environmental Quality, AIQ-30 Dept. cf
Transportation, FAA.
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3.2 -- Continued.

Maintenance operations are potential sources of air
pollution, but are not considered significant comparzZ to the

-_——

aircraft operations and motor vehicle sources.

3.3 Automeobile Emissions.

Autemobile traffic along the roads adjacen= to
alrports andé in the terminal parking area is a major source of

alr polluticn near airports. Because it is desirabls to

relate the automobile emissions toc the airport trafigc, it is
customary to assume a certain number of vehicle orperzzions
for each passager arrival or deperture, and an additiocnal factor

for employee automobile traffic.

Based on (1) passenger traffic of 4,788,%582, (2) 7,000
employess in 1972, and (3) 1.24 passengers per car: dzproximately
16,000 vehicles per day are predictad on the average} This

—a

Communities Plan Study Group. Some of the differsnce may

compares to the 20,000 vehicles per day supplied bv the SEA-TAC
be related to air freight and postal activities.

Vehicle emissions associated with the airgport occur |
throughout Xing County. Since this study assesses that contribution
in the environs of the airport, travel near the ailrzert only is
consicderad. Specifically, it is assumed that the 20,000 vehicles
drive 2.0 miles at 45 MPH and 0.25 miles at 15 MPH. 3ased on
these figuras, autcmecbiles should add approximatelv 649 tons of
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3.3 -— Continued.

CO, 107 tons of hydrocarbons, 126 tons of nitrogen oxides, 11 tons
of particulate, and 1.1 tons of lead to the SEA-TAC z-bient air
during an averace vear (Table 3-7). Additional aute~onile
emissicns occur within the airport boundary along S. 188th St.,
HWY 518, HWY 99, S. 154 St,, and others. Thesa emissions are a
source of air pollution in the area, but are not considered as
part of the SEA-TAC impact in this report.

aAverzge annual emissions near SEA-TAC and =hose
assoclated with aircraft operations and access vehiclas are
summarized in Table 3-8. Clearly, aircraft operaticns are the
major scurce of air pollutants near SEA-TAC, particularly
hydrocarbons, nitrogen oxides and particulate. The catermination
of whether theses emissions will cause significant ai:- pollution
requires a scphisticated mathematical medel which -is discussed
in Section 4 of this report.

3.4 Emissicns From Stationary Sources.

The heating plants of all buildings, air conditioning
facilities, flight kitchens, and even the hot water hoilers
consume natural gas and fuel. Combustion of the fuel will
release pollutants including carbon monoxide, hydrocarbons,
nitrogen oxides, and particulates.

3=12
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Table 3-7. 1973 Vehicular Emissions at SEA-TAC
Speed Speed
Emission*| Factor Factor Emissions | Emissions
Pollutant Factor (15 MHH) | (45 MPH) | (gms/3uto)| Tons/Year
Carbon Monoxide 62 1.25 0.515 83.24 669
Hydrocarbons S 6.1+2.0 | 1.17 0.58 13.36 107
Nitrogen Oxides 5.4 0.95 1.33 15,653 126
Particulates 0.58 1.00 1.00 1.31 11
Lead 0.06 1.00 1.00 0.14 1.1

-

*Compilation o

Air Poliuzant Emission Facucrs, Second Edition

U.S. Envirconmental Protection Agency, Revised September 1973.

Tabls 3-8. Annual Emissions at SEA-TAC Due to Aircrafs
and Motor Vehicles (Tons/Year)
Pollutant/ _
Sourcsa co HC NOx P Pb
Alrcraft 1,754 1,029 995 73 ?
Motor Venicles 669 107 126 11 1.1
Total 2,423 1,136 1,122 83 1.1

3-13
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3.4 -~ Continued.

For purposes of estimating the impact on air gquality,
the fuel consumption estimates made prior to the 1973 "Energy
Crisis" were used. Natural gas consumption was estimzted to be

3.3 million therms ané fuel oil consumption at 164,000 gallons.

Total emissions on an annual basis are shown in Table
3-10. With the possible exception of particulate, these
emissions do not constitute a significant proportion of aircraft
emissions (Tabel 3-5). Particulate emissions are 7 percent of
those associated with aircraft emissions and will con:tribute teo
overall particulate levels.

Tabhle 3-10. Total Emissions for Fuel 0il and
Natural Gas Combustion

Emissions Emissions
Fuel 0Qil Naturzl Gas
Pollutants (Tons/Year) (Tons/Year)
Carbon Moncxide 0.33 ' 3.57
Hydrocarbons 0.25 . ——-=
Nitrogen Oxides 4.92 17.86
Particulates - 1.89 3.39
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3.5 Fuel Storage and Transfer.

Loss of vapor due to evaporation from storage tanks
during daily temperature fluctuations and the displacement when

the tanks are filled is another potential source of hvdrocarbons.

Fuel spills during refueling of aircraft and ground
service vehicles will evaporate into the ambient air. Normally,
these spills will be washed away due to fire hazards. Fuel
spillage, thersfore, will generally contribute to water polluticon
rather than air pollution.

rosses rasulting from the displacement of vapor during
refueling are referrad to as working losses, whereas evaporative
josses are raferrsed to as breathing losses. Both sources can be
controllaéd with vaper recovery systems.

roof tanks with a total capacity of 580,000 barrels or 24,360,000
gallens. Tctal fuel deliveries are approaching six million
barrels per vyear.

A “loating roof tank is an effective device for
minimizing beth breathing and working locsses. The basic design
virtually elininates vapor space resulting in low emissions due
to breathing, filling, and emptying. Based on this design we

have assumed that there are no breathing losses of significance
from the storage tanks at SEA-TAC.

3-18
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3.5 -- Continued.

Refueling of ground service vehicles and aircraft will
produce working losses. The vapor emissions from aircraft
refueling can be saen as density waves appearing abowve the wing

filling ports.

An empirical equation for estimating working losses
due to rafueling was developed by the American Petroleum
Institute.l Argonne2 converted the API equation into working
loss per 1,000 gallons of fuel pumped. The final figures were
0.55 1bs/1,000 cailons for aircraft fuel and 3.63 1bs/1,000
gallons for ground service vehicles.

Total fuel deliveries of jet fuel were estimated to
be 239 million gallons at SZA-TAC. Ground service wvenicles were
assumed to raguirs 330,000 gallons of gasoline. Taken together,
refueling should produce approximately 66 tons per vear of
additional hydrocarbens. This is about & percent of the estimated
aircraft hydrccarben emissions for 1973.

The figura of 66 tons will be increased in proporticn
to the incresases in aircraft operations to pradict lcsses in the
future.

3=17
PO 2048858
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3.6 Ground Service Vehicle Emissions.

Motorized vehicles associated with servicing aircraft
in the gate areas centribute to the air pollutant emissions at

SEA-TAC. Included in this category are tractors, belt loaders,
food trucks, fuel trucks, etc.

Computation of emissions from these vehicles is
difficult and subject to uncertainty, since emission
characteristics have not been measured. Moreover, utilization
factors are uncertain and the maintenance programs vacy among

airlines.

The procedure used by Argonne2 in their EPA raport
involved estimating utilization times for each service vehicle
as a function of aircraft type, adopting emission factors for
heavy duty trucks, estimating the average miles/gallon for each
vehicle, and assicning average speeds for operational use. In
additicon, thev zassumed that the Federal auvtomotive emission

controls would be aprlied to ground service vehicles.

Because of the above uncertainties, in this raport we
have simplified the Argonne approach by relating the ground based
emissions to the fuel consumption of these vehicles. Toldg this
we assumed that the vehicles average 10 MPH and get 6 miles per
gallon. These factors are combined with the EPA automcbile
emission factors to yield emissions in grams/gallon (Table 6-9).
Based on this approach, we predict 207 tons carbon monoxide, 27

tons hydrocarbons, 1l tons nitrogen oxides and 1 ton of particulate
for 1973 for 330,000 gallons of fuel.

3-13
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3.6 -- Continued.

In this section we have compiled a list of pollution
sources, i.e., an emission inventory at SEA-TAC. The next step
in estanhlishing the air quality impact of these emissions is to
develop a model for predicting the dispersion of the pollutants
into the ambient atmosphere. ESL's model is discussed in the
next section.

3.7 Referencas.

1. T7I-3 Petroleum Committes, J. Air Poll., Cont. Assoc.,
21(5), 260, 1571.

2. An Aip Follution Impact Methodology for Airports,
Phase 1, Argonne National Laboratory, January 19873.
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OF EXISTING AIR QUALITY.

ESL used a
air gquality near the
inventory previously

line segments., £Sone

were adeguately represented by a single finite line.

finite line source model to predcict the
SEA-TAC Airport. The entire emission
discussed was assigned to cone or nmers

sources such as the runways ané taxiwavs

QOthers,

such as the parkinc garage, were represented by multiple line
segments at various heights above the ground.

The metzorological inputs to the finite line scuzce

model are winc speed, wind direction, height of inversicon kbase,

and turbulence which may be specified in terms of the Pasguill

class.

The source inputs are the source height, endpoints,

and emissiorn strength. An inclined source, such as the climb-

out path, 1is

arproximated by a seriss of horizontal segments

resembling & staircase.

The advantages of using a finite line scurce instsad of

finite set oI

are:

roints to approximate a linear entended source

a, A more accurate representation is obtained

b. Fewer data inputs are required

c. Cemputation time‘is reduced

a. A cgreater number of sources may be considered

simultaneously

4-1
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4, -— Continued.

e. Less user time is required to assemble the data
inputs for the model.

2.1 Model Formalism.

The model for finita line sources is derived by the
method of superposition from the Gaussian formula for a continuous
coint source which states that the pollutants are normally
distributed in the c¢resswind and vertical directions provided
there are neo absording or reflecting surfaces present. In order
to account for reflections from the ¢round plane or inversion
hbase, the image ¢f the source in the reflecting plane is assumed
to ke a virtual source whose plume is combined with that frem
the actual source to determine emissicn levels. To account for
multiple reflections, for example, frocm the ground plane to
inversion base and back to the grouné plane, the stanéard method

of introducing multipole images (imaces of images) is emploved.

Consider 2 continuous point source emitting an unreactive
gas above a non-reflecting, non-absorbing ground plane. The mean
concentration rredicted by the Gaussian plume formula at receptor
A{x, ¥, 2) 1is:

— Q -v2
X(xX,y,2) = — : exp >
2nuay(x)cz(x) ZUY (x)
2 . 2
x exp - Eg; + exp - 11_,'21_)_ . (1)
202 (x) 252 (x)

4-2
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4.1 -- Continued.

where x is the downwind distance from the source, vy is the
crosswind distance from the plane centerline, z is the elevation
of the receptor, h is the elevation of the scurce, Q is the
emission rate of the source, and u is the magnitude of the mean
wind wvelocity. The variahles oy(x), cz(x) are measures of plume
spread which depend upon atmespheric turbulence and are referred
to as the standard deviations, in the lateral and vertical wind
directions, of the relative concentration distributicn.

Using the empirical formulas for cy(x), cz(x), derived
by the National Reactor Testing Station at Idaho Falls, namely,

g, (x} = 753 X cz(x) =T33 X

(ge, c¢ = standard deviations of lateral and vertical
wind directions, respectively.)

the dispersal medel for a finite line source may be obtained
from eguation (1) by integration.

In corder to conveniently formulate the dispersal model
equations, the coqrdinate system illustrated in Figure 4-1 is
introduced. The origin of the coordinate system is taken to
be the ground point directly below the receptor P, and the
positive x-axis is taken to extend in the direction from which
the mean winéd blews. The vertical axis through the origin is

4-3
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4.1 -- Continued.

defined to be the positive z~axis, and the endpeints of the
finite line source are denoted by A, B, where by convention, A
is taken to be the point furthest downwind. The cooriinates

of A, B are denoted by (xA, Yo hy, (xB, Yg h) wherz n is the
height of the line source above the ground plane. The variable
iA = maximum {0, xA}, o is the angle between the line source
and the mean wind velocity, D is the ground distance tetween

the receptor and the infinite line collinear with A=, znd (O, 0, zo)
are the ccordinatss of the receptor P.

In the absence of an inversion laver, the concentration
X(P), at the receptor, is cbtained from the equation

-t -t
X(®) = X (2, 2,7h) + X (P, z_+h) (2)
where
' 2
X (P,S) =u [T exp - (e=E) F(_‘/_ZE.;._E_) - F(i_?__a+L)
a d4a x, . /2a 3 YZa

(s = zo-h, zo+h)

and the variables on the right hand side of the eguaticn are
defined as follows:

2c 2 cosza 2C
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4.1 -- Continued,
D ta . . . . -
B = - ——5———5—5, 1f the point P is downwind of the source
c cos o .
1 line
D ¢t . . . . -
= + ——5——§E—2, 1f the point P is upwind o the source
C cos o :
1 line
c = fano
B 2
2Cl
g
= —
Zduclcz Cos o
g = enission rate per unit length of sourcse
= =~ _ /1
Cl ,5/_.23
C, = 05/1.23
x _t?
F(x) = - Jr e % at
vaT Y-

Equation (2) is the general formula for concentration whenever
the wind is not normal to AB and either D >0 or z # L. The
special cases when D = 0 and z, = h or the wind is normal to AB
are divided into three subcases, and similar formulas are derived
by integratien.
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4.1 -- Continued.

In the event of an inversion base at a height H,
equation (2) must be augmented to include simple and multiple
reflections from both the inversion layer and the ground plane.
The number of raflection terms will depend upon the distance of
the recepntor Irom the source, turbulence, and the heicht of the
inversion laver. More precisely, let X, satisfy 2.15 cz(xo) = H;
then eguaticn (2) will apply to all receptors whose downwind
distance from all contributing source points is less than Xge
A source point is considered to contribute to the concentration
at a receptor if the receptor lies within an angle 3.5 Ty downwind
of the source (se2 Figure 4-2). The angle 3.5 0g was chosen to
correspond with the horizontal boundary of the plume emanating
from a source point, i.e., those points in the horizental plane
through the plume centerline where concentrations are ten percent

of the centerline concentrations. 1In the general case, egquation (2)
becomes

and I, Si are dafined as follows:

4-7
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4.1 ~-= Continued.

= smallest integer which is greater than or equal to

dMAX

X
Q

dMAX’ measured along mean wind direction, is the maximum
upwind distance to any contributing source point.

Sl = (zo-h), 52 = (zo+h)

wn
]

z- M- Ememn , 1> 3

where r is the rema%nder when i-2 is divided by 4, M is the
smallest integer > i%E, and f£(r) is defined by

£(0) = -1
(1) = -1
£(2) =
£(3) =1

The special cases, (1) D = 0 and z, = h, and (2) normal wind,

are similarily generalized for reflections off the inversicn
layer. '

4.2 Model Application.

To apply the model, the location of the all receptors and
finite sources are specified in terms of a fixed convenient

coordinate system., Specifically, the ground coordinates and
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4.2 -—- Continued.

height are indicated for each receptor and line source endpoint.
To calculate the concentration at a particular recector, a linear
transformation and translation is performed which transforms the
input coordinates of the line sources into the coordinate system
approgriate for application of the above ceoncentration formulas.
(The new coordinate system has its origin at the grcund point
below the receptor, and its positive x-axis points in the direction
from which the mean wind blows.) The contribution of each source
to the concentration at the receptor is calculated, and all the
component concentrations are summed to determine the total
pollutant level.

4-10
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5. PREDICTED AIR QUALITY 18973.

The mathematical model discussed in the previous
section predicts pollutant concentration at several hundred
receptors around the airport. A sat of calculations is made for
each wind direction. Aircraft sources are pecsitioned according
to whether landings znd takeoffs are north to south or south to
north.

Air guality predictions are made for "worst case" and
"most probable" conditions. Average or "most propable”
conéitions were definad as Pasquill turbulence classification B,
5 mile per hour wind speed, and average airline activity. "Worst
case" conditions were cdefined as 2 mile per hour wind speed,
Pasquill turbulence classification D, and peak airline activity.

Finally, the maximum pollutant concentraticns at each
receptor are usad to construct the "worst case" isoplaths.
Average or "most preobable" iscopleths are constructed from . .the
weichted averace concentration at each receptocr. The weighting

factor is the fraguency that a2 given wind direction is observed
at SEA-TAC.

Given the conditions outlined above, the prover
interpretation of the isopleths can be expressed in the following
manner: the worst case iscopleth for a given pollutant represents
the highest levels that would be expected at a given location

over a l-year period for the specified time interval. These

5-1
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5. -- Continued.

isopleths do not represent a condition that would exist
simultaneously over the area covered by the isopleths. This

is because a northerly wind with stable atmospheric conditions
will not produce high pollutant concentrations north of the
airport. Another way to express this condition is to consider
the worst case iscpleths as defining the maximum area that could
be impacted by the airport. 1If any isopleth is higher than the
correspending faderal standard, that area is expected to
experience violations of the standard sometime during the vear.

Similarly, the average isopleths represent the
expected pollutant concentrations at a given location for the
indicated time ceriocd. Again, the wind direction must be

favorable unless the standard is for one year.

5.1 1973 Carben Mencxide Levels.

Predictad carbon monoxide lavels ars well kelow the
Federal Standards of 10 mq/m3 for 8 hours and 40 mq/m3 fer 1 hour -
(Figures 5-1 and 5-2). Typical values are 1-3 mg/m3 and the
worst case 1 hcur figures are not expected to go above 6-8 mg/m3.

There are no Xacwn adverse health effects associated with these
levels.

5=2
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5.2 1973 Hydrocarbon Levels.

The predicted hydrocarbon levels near SEA-TAC exceed
the Faderal Standard over large areas (Figures 5-3 and 5-4).
Part of this is caused by the generally high background levels
which tend te be near the standard itself. The res- is due to
the propeorticnately higher hydrocarbon emissions of zircarft.
Hydrocarbon emissions are approximately 60 percent of carbon

monoxide emissions, and the very low hydrocarbon standard is
easily violated,

Hydrocarbon standards are not set at 160 ug/m3 because
of their kncwn adverse health effeacts, Rather, as was discussed
in Section 1 of this document, the HC standard is se= to keep
oxidant levels in an area from creating a health hazard. The

significance of EC on oxidant formation is discussed below.

5.3 1973 Yitrogen Oxides lLevels.

Nitric Oxide (NO) is eventually converted tso nitrogen
dioxide (NO,) in the atmosphere. The exact mechanism and time
frame for accemplishing this is not completely undersitced. BAs
a result it is common practice to measure the total amount
of NO and NOZ by oxidizing the NO to NO, and detecting NO,. The
total amount presant is recorded as NO,. Federal standards apply
only to N02 (100 ug/ma, annual average), and hence NOx represents
a conservative estimate of local_NO2 levels. Figure 5-5 depicts
the predicted 1973 annual average NO, concentrations. Because
the standard is specified as an annual average, "worst casa®
conditions ars not meaningful. The only place where the

standard is likely to be exceeded is the runwav area itgelf.
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5.3 -- Continued.

No adverse health effects are expected from the high
levels of ’:JO\c on the runway itself. 1In this area most of the

NOx is probkably in the form of NO, and personnel are not exposed
to the hich levels.

5.4 1973 Particulate and Lead Levels.

EPA emission factors for particulate which were
published in April of 1973 are too small to yield detectable
particulate levels around SEA-TAC.

Mo explanation was given in the new report for
dramatically raducing the emission factors for particulate.
For example, in the February 1972 report, the JT9D encine was
listed as prcéucinc 10 pounds of particulate per LTO {landing-
takeoff cvcle) whereas the April 1973 report listed the JT9D
at 1.30 pounds. Similarly, the 1972 figure for the JT3D engine
was 8 pounds rer LTO, and 7 pounds per LTO for the.JTBD engine;
the corresponéing 1973 figures were 1.21 pounds/LTO and 0.41
pounds /LTO, rescectively.

Basesd cn the EPA model times, this represents an
average reduction of 88 percent between February 13972 and April
1973, VUnless thesea changes are erroneous, it must be concluded
that aircraft operatiocns do not generate significant (less than
25 ug/m3) levels of particulate neér SEA-TAC.

Q
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5.4 —=- Continued, o

However, this condltlon does not seem justifiable 51nce

gven the casual observer can see the heavy partlchlate emissions

of departing aircraft and the moderate emissions from arr1v1ng
aircraft. Accordingly, we have multlplled the emissions by a

factor of four in order to bring the mecdel predictions into line
with the observed particulate levels at SEA-TAC.

Predicted annual particulate levels based on adjusted
emissions are shown in Figure 5-6. The numbers on the isopleths
represent the geometric mean which must be calculated from the
model predicted average particulate level. To do this we assume
that the model average is from a distribution with ths same

standard geometric deviation as the particulate samples collected

at SEA-TAC (l.62). The geometric mean is then calculatad using
the formula:

Mg = x/(sg) (1/2 InSq)
where
X = arithmetic mean
Mg = ceometric mean
Sg = standard gecmetric deviation
lIn = the natural logarithmic to the base.

Using the value ¢f S¢g = 1.62, the geometric mean Mg is 0.89 times

the arithmetic average. Thus, the geometric mean is slightly less
than the average value predicted.
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5.4 ~— Continued.

Even with the adjusted emission factors the predicted
geometric rmean is below the primary Federal Standard (75 ug/mB)
and the sscondary Federal Standard (60 ug/m3) (see Ficure 5-6).

Worst case conditions using the adjusted emission
factors ars shcwn in Figure 5-7. These 24-hour averags
levels shoulé ks ccmpared to the Federal primary Stancar
(260 ug/m3) ané the corresponding secondary Federal Standard
(150 ug/ma). Acaln, neither standard should be violztad at or
near SEA-TAC.

The aviation gasoline used by aircraft piston engines
contains tatrasthyl lead and halogenated scavenging agents in
quantities similar to those in =automotive fuel. Lezd compounds
in the form ¢ zarticulates matter are formed during the
decompesiticn ¢ these additives. Pisten engine aircrzfi will
not generats zopreciable amounts of lead at SEA-TAC, and the
Environmental Protection Agency has not set any federal standard’
for lead.

5.5 Pradictad Oxidant Levels for 1973.

Phectochemical oxidant is not a pollutant emitted into
the atmosphers by transportation sources. (A more ccnplete
discussion of the processes leading to the formation of oxidant
was given in the first secticn of this report.) Essentially

hydrocarhcns, nitrcgen oxides, and sunlight interact to form
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5.5 -- Continuved,

ozonz and other oxidants. Based on Figures 1-2 and 1-3, hicgh
early morning hvdrocarbon levels and/or high levels of nitrogen
oxides are assoclated with high oxidant levels later in the dav.
The high levels referred to in these figures correspond cenerally
to measuraments made over a large area such as an air basin

or the Puget Scund Air Pollution Control District. Thus, the high
hydrcecarbon levels coserved at SEA-TAC are not expectad to be
associatec wit ich oxidant level at SEA-TAC unless background
lavel of hydrccarbons and/or nitrogen dioxide are also high. At
SEA-TAC the hichest oxidant level was 190 ug/m3 (.10 oom), a2t

Des Moinas the hichest level was 80 ug/m3 (0.04 ppm), and McMicken
Heights rsacorded a high of 215 ug/m3 (0.11 pom).,

The l—nou* oxldant standard (160 ug/m , 0.08 pom) was
excended 14 times aurlng Aucust and Seotembe* at tn “c“*c<er

Helgnts gits. Thus, oxidant leveTS recorded at Mcwlﬂka. Esights

n i

imply that hvérocarbon and/or nitrogen dioxide backgrouné level

are generally high in the area. Accordingly, 1t would be

deslrable to racduce nhydrocarbon emissicns in the arsa as a means

of controlling cxidant formation.
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6. FUTURE AIR QUALITY.

The air gquality in the future near SEA-TAC will depend
upon the increase or decrease in aircraft operaticns, the aircraft
mix, ambient air guality, and the effectiveness of air pollution
emission standards for aircraft engines. Each of these factors

will have an impact on air quality and is briefly discussed below.

6.1 EPA 2Air Pollution Emissions Standards for Aircraft.

The Environmental Protecticn Agency has set final air
pollution emission standards for aircraft engines, propeosed an
engine retrofit program, and announced a trial program of aircraft
ground cperations control. In addition, fuel venting is prohibited
for the T2, T3, and T4 engines after January 1, 1974, and for
all 71 and P2 engines after Januvary 1, 1975. The T2, T3, and T4

engines represent more than 75 percent of current operations. -

Emissions of carbon monoxide, smocke (particulate},
hydrocarbons, anéd nitrogen oxides will be limited by the new
standards; and all types of aircraft will ke affected (Table 6-1).
If these figures ars attained, average reductions would amcunt to
73 percent for carbon monoxide, 80 percent for hydrocarbons, and
43 percent for nitrogen oxides for turbine engines (T2, T3, T4).

Additional standards proposed for 1981 would require
further reductions in hvdrocarbons and carbon monoxide, but
would not chance nitrogen oxides (Table 6-1). These standards
would apply only to the turbine (T2) class of engines over

6=-1
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Table 6-1. Proposed Aircraft Emission Standards
1979 New Manufactured 1981 New Certified
Fuel Venting
Prohibited HC* co* NOx* HC™* co* NDx*
Turbine [7T1) Jan. 1, 1975 l.6 9.4 3.7
Pigstan (22} Jan. 1, 1975 4.9 26.8 12.9
Turbine (T2) Jan. 1, 1974 n.s 4.3 i.n 0.4 3.0 3.0
Turbine (73) Jan. 1, 1974 0.8 4.3 3.0
Turbine (7T4] Jan. 1, 1974 0.8 4.3 3.0
Piston (PL)** 1.9 42.0 1.5
APU 0.4 5.0 3.0

ok L

4 cawer/cvele=-piston engines; pounds/l000 hp-hr of power
agwer unit; counds/l000 pound-zhrust hr/cvycle-aizorzafs

ey o -

engine. .
Tl-Turtofan or turkosie+s engines of rated power less than 8000 pounds
thrust. Lircrafz examples: business and private jets such as Lzar Jet,

Grumman Gulfssr=2am, Lockheed Jetstar and Cessna Citation.)

T2-Turbofan or turbcjet engines, except classes T3 and T4, of 83000 pounds
or greater. (Alrcraft examples: Boeing 747, Leckheed L1011, and DC-10.)
T3-3All 5T3D model encines (Aircraft examples: Boeing 707, DC-8.)

T4~aAll JTYD modzal engines (Aircraft examples: Beeing 727, 737, DC-9.)
P1-All pisten engines, except radials. (Alrcraft examples: All pisten
angine planes ranging from the Cessna 150 or Piper Cherokee 140 to the
Beachgraic Quesn Air.)

P2-All +urboprep engines. (Aircraft examples: Lockhead Electra, Fairchild
F27, and Cenvaiz 340.)

APU=-RAuxiliazy Powar Unit-Any engine on the plans exclusive of ¢
engines. APU's usad to operate on-board power svystems when prorul
engines not operating.

*wDEfaceiye far engines built after December 31, 19789.

Effect of Emission Standards
Existing

Engire co EC NOx
JTic (73) 30.191 25.88 4.335
JT8D (T4} 12.488 2.794 4.977
JT9D (T2) 11.316 ©2.950 7.581
% Reducticn
JT3D (T3} ES 92 31
JT80 (T4) 67 71 39
JTeD (T2) . 66 78 €0
AVG % Raeduction 73 80 43
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6.1 -- Continuesd.

8,000 pounds thrust. At present it is not known if any research
effort is underway to accomplish the 1981 emission coals.

EPA has also proposed requiring a retrofit on all
pre-1979 gas turbine engines of class T2 and a rated power
exceeding 29,000 pounds. The proposed change, scheduled for
completion by January 1, 1983 would bring all class T2 engines
to 1973 standards. At the present time, there is strong opposition
to the proposad retrofit, and implementation is uncertain.

Given the time frame for emission standarés and the
length of time regquired for engines introduced after 1979 to
enter the general aircraft population, emission rates are not
expected to change at all by 1978, very little by 1983, and
moderately by 1893, Other factors such as vehicle mix ;;E—

ground controls can have a significant impact by 1973 and 1983
and are discussa2é in Section 7.

6.2 Projected SEA-TAC Emissions.

Peat, Marwick, Mitchell and Co. furnished SEA-TAC air
traffic forecasts and aircraft mix for air carrier crerations
(Tables 6-2, 6-3) for the years 1978, 1983, and 1993.

These projections were used to develop engine LTOs
for each year as shcwn in Table 6-4. Environmental Protection
Agency emission factors (Table 3-1) shown here as Table -5

were used to calculate predicted SEA-TAC emissions for 1373, 1978,
1983, and 1983 by aircraft type (Table 6-6).

6-3
DO 2NACT7
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Table 6-2. SEA-TAC Air Traffic Forecas:ts
1978, 1983, 199}
Type 1578 1983 1993
I. Alr Carrier 125,000 146,000 130,000
Izinzrant 121,000 142,000 174,000
Local 4,000 4,000 4,000
IT. Air Taxi Scheduled 20,000 24,000 32,000
III. Gerneral Aviation 25,000 30,000 40,000
IV, MMilitary 2,000 2,000 2,000
f Total Creraticns: 172,000 202,000 254,000
a Tctal LTCs 86,000 101,000 127,000
1 Tzhle 6-3. SEA-TAC Aircraft Mix»
1978, 1983, 1993
Represeantative
Airoraiz Class fngine %1978 %1983 31932
JUMB0
747 JT9D 5.5 5.1 4.3
pcle-11atl cra 14.8 22.0 40.2
LONG RANGE
707;: ZC-3 JT3AD 27.3 15.4 -
MEDIUM 3AGE
727, Tx7 JT8D 40.4 47.7 54.9
737, £C-3 JTED 9.3 7 -
. AIR CARRIER,
TURICPCR
Ll3s $01-D13 - - -
F=27/C-540 501-D15 2.7 23.0 -

*Daaz, Mawick,

Mivchell and Cao

& June 1974.
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Table 6-4. SEA-TAC Engine LTOs*
1978, 1983, 1993

Alrcraft Class Engs. 1978 1983 1993
JUMBO

747 4 13,750 14,892 17,640

DCl0-L101l 27,750 48,180 108,540
LONG RANGE

707, DC-8 4 68,250 44,968 -
MEDIUM RANGE

727, 7x7 3 75,750 104,463 148,230

737, DC9 2 11,625 10,950 -
ATR CARRIER TURSO

F-27/C-640 2 3,375 3,358 -
SUB-TOTAL ENGINZ LTOS 200,500 226,811 | 274,410
ATIR TAXT 2 20,000 24,000 32,000
GENERAL AVIATION 1.5 18,750 22,500 30,000
MILITARY 4 4,000 4,000 4,000
TOTAL ENGINE LTOS - 243,250 277,311 340,410

*ITO = Descent from 3500 feet, landing, taxi, idle, idle, taxi,
takeofs, climbout to 3500 feet.
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Modal Emission Factors - EPA* (lbs/hr}

Modal Emissions (1bs)
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and SEA-TAC

Carhon Mitrocen
Monoxide Hvdrocarkons Oxides
Sasime & Mods lb/hr ib/hr lo/Mhr |
i T+
Tax:i-idle 102.0118.7) {27.3(5.00) §.111.121 R E 5
iz 8.310.11 31.0100.115) 729.0(8.40) 1,304
11.700.43) § 2.7(0.10) 459.0(16.82)  4.I°7.1471
32.6(2.17) | 3.000.2) 54,103.41) n o
Eac. ’ 21.4 5,32 29.96 | R
' S1.709.49) |13.s(2.9 1.500.66) P B
6€.7(0.08) 1.303.02) 540.01(5,130) I.E4.7.338)
6.6(0.2421| 1.140.0%) 331.0(12.21)  c.fectLId
Approacs 13.611.24) 1.3¢0.127} 173.0(11.53) 2,44 .30
$2A-TAC lbssLTD - Zac. 11.04 1.92 30.7 1381
JTic i
Taxi-idle 109.0(20.0) (93.5(LlA.1} 1.4(0.28) t.4302.23
Takeois 12.310.14 4.7{n.05) 148.0¢(1.73 3.3:3.20
Clizssue 15.3[0.56}) | a.93(0.18) 96.2{1.51}) 5.575.30)
Acprzach 39.702.65) | 7.8{3.52) 21.8(1.45) 1.:75.8
SZA-TAC lbg/1TC = Eng. 23.35 | 18.35 5.87 132
Ioac )
Taxi-»2ls 311.4¢6.12) | 7.2(1.29} 2.9{0.53) | 2.33.1.2§5!
Takesi? 7.5(0.03) ¢ 2.78(0.009) 198.042.11) b
Climbous 9.9(0.11) i 0.9210.034) 13L.0(4.80) ) 2-%f 1.2%3)
Agproach 18.2(1.21) | 1.75!0.17) 10.912.06% | L.2.01.23%)
STA-TAC 1Bs/LT3 - Eag. 7.75 1.49 9.7 DLt
T95-aT
Taxi-idle 15.3(2.8} 6.511.2) 2.2(4.0) L.E1%,2%)
Takeoff 2.2(0.00 | 0.231(n,003) 22.9(0.191 R B &
ClLimoaut J.000.11) | g.4810.02y 21.210.89) 1.200.10
Agorsach 1.700.28) 3.5210.54) 7.80(0.58) 1.743.20)
SZA-TAC lks/LTS - Iac. 1.23 1.26 2.05 1.53
TPEIL
Taxi-idle 31.5{0.64) | 0.3870.18) 0.96f0.18) 5.3¢3.3%51
Takeods 0.39(0.002) 0.06(0.0021) 3.6800.02)  £.313.304)
Climoous 0.57(0.048) 0.95(0,004) 1.3110.28)  8.5{.9%)
Approach 2.6(0.26) 0.24¢0.024) L.§9¢{0.17) 3.5{%.38)
£A-TAC 1B8/LTD - Eng 0.95 0.1% 0.65 .17
CONTINENTIAL J-200
Taxi-idle 7.501.4) 0.214(0.04) 0.009{0,002) -
Takeof? 54.6{0.27) | 0.720{0.004) 0.259(0.001) -
Climocuz 54.6{4.55) | 0.720(0.06]) 0.25%9(0.02) -
Agzraacn 21.8(02.13) $.380(0.03) 0.052(0.00Q5) -
SEA-TAC l=s/LT0 - Eng. B.&60 N.144 0.01

sCznorlaticnt T

ALz Aalluticn Emigsion Factors.,

2nd Edition U.S.
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Table 6-6. Predicted SEA-TAC Emissions (Tons/¥Yr)
Encine~Pollutant/Year 1873 1978 19383 19921
JT8n - JUM3N

Cirbon “Manoxide 143 147 139 183
Hyrodcarbons 36 37 40 47
Nitreogen Oxides 201 206 223 264
Parziculate 5 3.4 5.8 6.5
CFg - JUMEBOQ
Carbon “onoxide 40 1513 277 599
fivdzocarbaons 11 42 73 164
Misrogen Oxides 113 426 769 1666
Parcziculaze 0.4 0.9 L.57 3.41
JTIo - LOUG RANGE
Carbon *oncxide 1074 797 525 -
Hydrocarbons 867 643 424 -
Nitrogen Oxides 321 237 157 -
Parciculate 47 34.5 22.6 -
JT30D - MEDIUM RANGS
Carbon Moncxide 264 338 447 ST4
Hvdrocarbons 51 65.4 g6 11l0.6
Nitrocen Cxides 330 424 560 719
Particulate 10.4 13.32 17.6 22.6
TS6~-A7 TURBOPROF
Carzon 'icnoxide 26 7 1 -
Hydrocarbons 19 3 - -
Yitrzocen Oxicdes 4 -
Particulate 4 1.4 Q.25 -
TPE33Ll + CO 0-290
Carbon “onoxide 151 93 111 143
Hydrocarbens 9 3 4 5
Nitrogen Oxides 7 7 8 11
Particulate 4 3.3 4 5.3
MILITARY AS JT3D
Carbon “aoncxide S6 47 47 47
Hydrocarbons A5 38 is 38
Hitrogen Oxides 17 14 14 14
Parziculaze 2.4 2.04 2.04 2.04

6-7
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6.2 -- Continued. =y

Basaé on these tables it is obvious that elimination
of aircraft eguipped with the JT3D engine will result in a
significant improvament in total emissions. 2Also, among jumbos
. the CF6 engine is superior to the({??ngon the lb/hr basis,{-ilfl
~alth5agh the difference is less dramatic con a lb/seat basis.
The jumbo engine emission factors also reflect a dramatic increase
in nitrocgen oxide emissions. Consequently, elimination of the
JT3D engine ccusnled with increases in jumbe jets (CF6, JTID) and
medium rance jets (JT8D) can be expected to raduce emissions of
carbon mcnoxide, hvérocarbons, and particulata; but it Wlll

increase nlt*acen oxide emissions. Inc*easec aircraft ooerat’ons,

however, mav o::sat the decreased em¢5510ns exsected ‘*on

projected aircraft (engine) mixes.

[t}

Tapla €-7 summarizes the totzl tons of aircraft emissions
-7xC for 1973, 1978, 1983, and 1993. These figures
ure 6-1. The trend is for total pollutants to

ingrease following the dramatlc increase in nitrogen coxide

IJ
|“

expected at ==

a
3

Ti

are plotted in

lﬂ

em;ss;ons.
Automcoile emissions steadily decline (Table 6-8) as a
result of emizsion controls on autcmobiles. 1980 emission controls
were assumed for 1983 because Congress recently voted to postpone

implementation of some emission controls under the guise of energy

conservation., Similarly, we used 1990 controls for the 1993 time

frame.

6-3
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Table 6-7. SEA-TAC Predicted Aircraft Emissions
(Without Emission Controls)
TONS PER YEAR
POLLUTANT /YEAR 1973 1978 1983 1993
Carbon Monoxice 1848 1676 1661 1650
Hydrocarbons 1038 837 676 374
Nitrogen Oxides 1004 1326 17490 2682
Particulate 73 61 54 40
Total - 3963 31800 4131 4746
2000
e = ALL POLLUTANTS
= P e—— — — -
<
y
<
s w0
=
=y
E J
g Bxies
S 2000 |
g M o CARBCN MONGXIDE
- handa - S —
1000 :--"'""::
- - HYDROCARBONS
)
o PARTICULATE
19IT'.| 1‘913 19|83 158: 1993
Figure 6-1. SEA-TAC Alrcraft Emission Trends, 1973-1993
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Table 6-§. Computation of SEA-TAC Automcbile Emissions
Associated with Passengers and Employees

Pollutant Emission Factors, 15 MPH, grams/mile
1873 1978 1983 1333
Carbon Monoxics 77.5 38.3 28.75 15.0
Hydrocarbons 9.1 4.57 3.34 1.90
Nitrogen Oxices 5.1 3.61 2.95 1.71
Particulate ‘ 0.58 0.58 0.58 0.58
Pollutant Emission Pactors, 45 MPH, grams/mile
1973 1978 1983 1993
Carbon Monoxice 31.9 16.0 11.85 £.18
Hydrocarbons 5.5 2.68 1.92 1.13
Nitrogen Oxidszs 7.2 5.05 4.12 2.39
Particulats 0.58 0.58 0.58 0.58

| Traffic on Airport Freeway

Vehicles/Dav* 20,0Q0 21,000 24,700 32,000
Passengers/Day 13,120 18,904 26,301 41,370
Employees/Dayv** 7,000 9,000 13,000 20,000
Cccupants /Vehicle 1.008 1.33 1.58 1.92
Pollutant Emissions From Airport Traffic (lbs/day)

_ 1973 1978 1983 1983
Carbon licnoxids 3668 1931 1683 1130
Hvdrocarbons 589 301 255 193
Mitrogen Oxices 609 509 490 367
Particulate 58 61 71 82

*Xing County Zerartment of Community and Enviromental Develorment,

Land Use Manzazerent Division, September 1973.

ercent of airline traffic.

1 )

**Projectad &

n

6-10
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6.2 -— Ceontinued.

Fuel venting is prohitited for most aircraft after
January 1, 1974 and, therefore, will not be considered a source
of air pollution for future predictions.

Hyérccardon losses due to refueling of aircrafs were
assumed to -incrszase in proportion to the increase of zirline
traffic.

Because of the uncertainity in the type of Zusl that
will be used £or heating and air conditioning, the posszibilities
of fuel cuthacks cdue to energy shortaces, and the uncertainity

=]

in emission faczors, 1973 estimates were used for all vears.

Emissicns from service vehicles were decreasad in
accordance with the Environmental Protection Agency emission
factors for automebiles (Table 6-9).

Totzl emissions associated with the SEA-TAC 2irport

z Table 6-10. Except for nitrogen oxides, emissions
are expectad to ste2adily decline due to the emission controls on
automobiles ané %he intrecduction of c¢leaner engines ints the
aircraft flsst.

Presently, it is not certain whether the alrcraft
engine manufacturers will be able to meet the Environmental

Protection Agency proposed emission standards for engines
manufactured after 197%9. If the standards are met, there would

be little impact in 1983, but by 1993 sizeable reducticns in
predicted emissions would rasult.

6-11
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Table 6-9. Ground Service Vehicle Emissions

Emission Factor (Grams/Gallon)
Pollutant/Year 1973 1973 1983 1953
Carbon Monoxide 569 284 211 110
Hydrocarbens 74 37 27 15
Nitrogen Oxides 29 21 17 10
Particulats 2 2 2 2
Estimated Fuel Usad i 4333,000 365,000 428,000 528,000

Emissions (Tons/Year)

Pollutant/Year 1973 1378 1983 1993
Carbon Monoxide 207 115 100 64
Hydrocarbons 27 15 13 9
Nitrogen Oxides 11 8 8

Particulats 1 1 1
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Table &6-10. Predicted SEA-TAC Emissions,* 1973-1993
(Tons/Year)

Pollutant Source 1973 1578 1983 1993

Aircraft 1848 1676 1661 1650

Access Traffic 670 352 307 207

ole) Service Vehicles 207 115 100 64

Heating/Air Facilities 4 4 4 4

Totzl 2729 2147 2072 1925

Aircralit 1038 837 676 374

Access Traffic 107 55 47 35

HC Service Vehicles 27 15 13 9

Heating/Air Facilities - -— -—- —-——

Fuel Handling 66 73 88 106

Total 1238 9890 822 524

Aircraft 1004 1326 1740 2682

Access Traffic 136 93 89 67

NO Service Vehicles 11 8 ) 6

X BEeating/Air Facilities 23 23 23 23

Totzal ll64 1450 1B60 2778

Aircratt 73 6l 54 40

Access Traffic 11 11 13 17

P Service Vehicles 1 1 1 1l

Heating/Air Facilities _5 _5 5 5

Total 30 78 73 |63

*Without emissicn controls proposed by EPA.

6-13
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6.2 -—- Continued.

Because of the above uncertainties, ESL's future air
quality predictions are made without alleowing for the effect of
emission controls. The predictions are discussed in the next
section.

6.3 Projected Carbon Monoxide lLevels at SEA-TAC.

Figurss 6-2 and 6-3 depict the present and rsrojected
carbon menoxide levels near SEA-TAC for average and worst case
conditicns. As expectad, the levels decrease slightly in 1978
and remain low through 1993, Even if the background €O increases
significantly, the average levels should stav below 5 mg/m3 and
worst case lewvels should stay below 13 mg/mB. These figures are
well below the presant Federal Standards of 10 mg/m3 for 8 hours
and 40 mg/m3 for 1 hour,

6.4 Projectesd HEvdrocarbon Levels at SEA-TAC.

Hydrocarpon levels presently exceed Federal Standards
near SEA-TAC (Figures 6-4 and 6-5). The situation is expected
to improve stszadily, and by 1993 the levels of the impacted area
will have decrsased significantly. However, as mentioned
previously, there are no known adwverse health effects associated
with the observed and predicted hydrocarbon levels. Rather,
hydrocarbons ars involved in the conversion of nitric oxide to
nitregen, diocxide, indirect formation of oxidant, and formation

of secondary m=ollutants such as peroxyacetal nitrate (PAN).

6-14
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0.4 -- Continued.

If all aircraft added to the projected operations are
carbon levels would be reduced by 5 percent in 1983 and by 35
percent in 1993. Even with these controls the standards (160
ucr/m3 6-9 a.m.) would be violated near SEA-TAC beyondé 1993.
0f course, this is due in part to the high background levels.

6.5 Project=ad Nitrogen Oxide Levels Near SEA-TAC.

Nitrogen oxides will become an increasingly significant
problem near SEA-TAC (Figure €-6), Without controls NO_ levels
are predicted to average between 95 and 228 uq/m3 near Ehe
airport in 1993. At the present time, the Federal Standard is
defined for nitrogen dioxide (NO,), and it becomes important to
know what percentage of the NOx is present as NO, ané what
percentage is NO

2

A recent study reported in the literature measured
NQ and NOx and found NO levels between 13 and 75 percent. Auto-
mobile traffic is cenerally assummed to emit 75-90 percent NO.
0Of ccurse the NC is converted to NO, via the photochemical process,
probably within several hours. As a result, the total NOx emissions
are significant in considering area wide NO2 levels, but near
SEA-TAC actual N02 levels may be 25-50 percent of the NOx levels.
Thus, even by 1993 the actual NO2 levels are not expectesd to exceed
Federal Stancdards, except possibly on the runways where people are
not exposed. If the NO, emission controls are implemented the

N02 levels would be below the Federal Standard even if 50 percent-

of the NO 1is NGC,.
X 2

' §-19
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6.6 Predicted Particulate Levels Near SEA-TAC.

Particulate levels are expected to decrease between
1573 and 1993; this will be due primarily to the introduction of
cleaner engines intc ané the aircraft operating fleet (Figures 6~7
and 6-8). Based cn the available data, the primary Fedaral
Standards (75 ug/m3 annual geometric mean and 260 ug/ma, 24~hour
average) are not presently exceeded and certainly will not be
exceeded in 1983. Secondary Federal Standards (60 ug/m3 annual

geometric mean andé 150 ug/m3 24-hour average) will not be
exceeded.

Again, lead emissions are not significant ané there
are no Federal Standards for particulate lead.

6.7 . Predicted Oxidant Levels Near SEA-TAC.

Formation of photochemical oxidant was discussed in
Section 1.4 of this report. In Section 5.5 we noted that even
though hydrocarben levels were very high, Ne_ levels were
fairly low, and hence oxidant was not expected to be a significant
problem. This cenclusion may not carry over in the future because
NOx levels are przdicted to increase significantlyz

Based on Figure 1-3, if the NO_ levels begin to
exceed 0.05 ppm as predicted and hydrocarbon levels are hich
(1 pem and above) oxldant levels may exceed 0.10 ppm. This
conclusion is tsnuous because the levels are local levels rather
than basinwide cor mesoscale levels, The ccmplexity of the
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6.7 -- Ceontinued.

photochemical oxidant formation processes coupled with leong
reaction times may preclude coxidant formation on a localized

" basis. Oxidant levels should be checked in the future to determine

how the oxidant trend develops. By 1978 NO_ levels will be high

enough to suppert high oxidant levels if Figure 1-3 can be applied

on a local level.

6-24
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7. MITIGATION MEASURES TO IMPROVE AIR QUALITY AT SEA-TAC.

In the previous sections of this report, we have
considered the existing and future air quality near SEA-TAC

International 2Airport. The only serious air quality problem is

associated with the high hydrocarbon levels which ars the major

source of complaints regarding odors and are potentizl precursors

to oxidant formationf

Many airports currently have underway land acquisition
programs that are dirsected primarily toward reducing =he noise
impact of the airport operations. Frequently, these programs
involve or prcposs buying up residential land and the-n
redeveloping it for commercial or industrial use which is

deemed compatible with existing or projected noise levels.l

Around airports, land uses which are compatible with

respect to ncise may or may not be compatible with rsspect to

air quality.‘VFederéimambient air gquality standards acply
wherever pecple are exposaed for the periods of time expressed

in the standard. Industrial or commercial workers are covered

by the standards as well as residential dwellers., 1Ia additien,
many industrial and commercial developments produce air

pollution levels that are not associated with residential develop-
ments. Conseguently, within the set ¢of land uses that are
compatible with anticipated noise levels, there is a subset of
uses which will tené to facilitate the attainment ané maintenance
of air gquality standards. '

7-1
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7. -= Continued.

Land-use planning is only one method of controlling
the air quality near SEA-TAC. Other methods, including aircraft
source and mcbile source controls, are presently évailable or
are potentially available in the future. This section will
briefly consider these three methods.

7.1 Aircraft Source Controls.

Airplanes are and will continue to be the major source
of air pollution near SEA-TAC. Accordingly, it is natural to

explore ways of reducing emissions by aircraft before other
methods. ‘

We have already discussed the proposed EPA emission

-standards for aircraft engines. At that time we did not consider

the possible imract of the controls, should they be implemented,
because of the uncertainty that the engine manufactursars could
meet the standards and the minimal impact prior to 1983. However,
as a possible method ¢f controlling air pollution, efZfzctiveness
of these controls cannot be matched. Depending on the engine, the
proposed standards would reduce carbon monoxide emissicns

60 percent, hydérocarbon emissions 70-80 percent, and nitrogen
oxide emissions 20-50 percent.

The ESS0O Research and Engineering Co. has repor<ted
that nitrogen cxide emissions from aircraft can be raduced
30 percant by fuel modification.2 Soluble organcmetallic
compounds are added to the fuel and serve as heterogeneous

reduction or decemposition catalysts.

7-2
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7.1 -= Continued.

Modifications to aircraft ground operating procedures
(idle and taxi modes of operation) are potentially available
to réduce carpbon monoxide and hyérocarbon emissions. Depending
on the model time split (See Table 3-2) as much as 90 percent of
the hyvdrocarbon and carbon monoxide emissions are dus to
idling and taxiing. Changes would involve towing aircraft
away from the terminal area and/or the use of fewer engines.

Ground cperational changes have not besa en proposed by

the EPA at this time because the Secretary of Transooruatlon

A ke B . e BT TI W

has raised quesblons concernlng the effect of grouné operations.

—hr -

on airport capacity, aircraft noise, and the potential exhaust

hazard to egquipment, persons, and facilities. Nevertheless,

modified ground operations should be given serious consideration.
As illustrated in Figure 7-1, a modified taxi-idle for a
Boeing 707 (JT3D engine) could reduce hydrocarbon emissions from

100 pounds per endgine per hour to 40 pounds per engine per hour.

T If the aircraft operated on two engines instead of four during

the taxi-idle modes, emissions would be reduced from 400 pounds
per hour to 80 pounds per hour, an 80 percent reduction.
Similarly, carbcn monoxide emissions could be reduceéd nearly

70 percent.

Ground operation modifications have an added attractlon«H ﬁ,/

in that fuel ccnsumption is reduced. EPA caleculations for the 707 .
s

JT3D engine show a net savings of 728 pounds of fuel per hour ~—

s

per aircraft.3 Thus, in an "Energy Crisis™ this method not only

conserves fuel, but results in significant monetary savings to
the airline industry. At the same time air quality is significantly
improvad.

7-3
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7.1 ' -=- Continued.

Hydrocarbon losses associated with fuel handling should
be minimized. Vapor recovery systems may become available in the -+

future; thev a;e_@ggggggg_;g_ggggxgy vapor losses during refueling

of aircraft. Likewise, all fuel spills should be immediately
cleaned up to prevent vaporization into the ambient zir.

Finally, it should be noted that hydreocarbon and carbon
monoxide emissicns are heaviest during the taxi-idle modes and
lightest during takeoff, climbout, ang approach. HNitragen
oxide particulate emissions, on the other hand, tené to be heavy
during takeofi, climbout, and landing; but light durizg taxi-
idle. Hence, reductions in emissions can be achieves by
minimizing the time aircraft spend idling at the gate,
taxiing, and queued waiting for takeoff. Failure to carefully
control orerations in the future could significantly increzase
emissions by increasing the average time spent in the taxi-
idle mode.

To summarize, there are a large number of mitigation
measures available to reduce aircraft emissions at SEA-TAC.

Engine emissicn limitations proposed by the EPA offer the best

reduction in the long-term. In the interim, fuel additives,

modifed grouné operations, and fuel vapor recovery svstems_are

potential metheds for reducing hydrocarbon emissions at SEA-TAC.
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7.2 Mobile Source Controls.

The second greatest source of air pollution at SEA-TAC
is from mobile sources, including ground transportation vehicles
and ground service vehicles utilized by the airlines.

Even though the emissions of mobile sources are
probably less than 10-20 percent of the total SEA-TAC related
emissions, localized problems may develop. In the garage and

_along the access roads, passengers and employees may be exposed

.to high levels of air pollution from automobile engines.

Likewise, ground service employees may be exposed to high levels
from aircraft exhaust and service vehicle exhaust.

Mitigaticn measures to reduce air polluticn from
automobiles should focus on reducing vehicular traffic and

eliminating congesticn. Possible measures include the follewing:

® Prohibit taxicab operation at the passenger

arrival gates. Taxicabs would gueue up in a
special area of the garage.

° Prohibit private automobiles from picking up or
drepping off passengers without using the garage.
Parking on the levels used by these vehicles
would have an appropriate fee structurs to
minimize idling and keep space available For

example, first hour $0.50, second hour §1.00,
third hour $2.00.

7-8
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7.2 -- Continued.

. Implement automated parking systems theat

display space availability at each level and on
a sectional basis.

® Allow mass transportation vehicles tc load and
unload at the terminal.

[} Develop bus service from one or more appropriately
located stations in Seattle. Provide support
service at the airport to facilitate bag checking
ané check-in of passemgers arriving by bus.
Presently, these passemgers pay more tc take the
bus and suffer significant time delays. Information

on mass transportation should be readily available
at the airport.

7.3 Lané-Use Alternatives.

Most of the emphasis on land acgquisition a% SEA-TAC
is designed to eliminate conflicting land-uses in the airport
environs resulting from aircraft operational requirements and
noise impact. However, to the extent that federal/state air
quality stancdards are presently exceaded or may be exceeded in

the future, land-use controls are prescribed by the Clear Air
Amendment of 1970. Regqulations that control construction of
direct sources (gasoline stations, etc.) and indirect sources
(airports, amusement parks, etc.) are specified in the preséht

EPA promulgaticons. The nature of indirect source con=-ols will

7-7
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7.3 -- Centinued.

have to await further court interpretation and possible
Congressional action. However, given the relationship between

air guality and public health, local governments can reasonably

enact zoning ordinances and regulate land uses so as to
minimize air guality impact. While it is not the pursose

of this dccument to develop exhaustive land-use alternatives, a
few guiaelines are readily apparent.

Uses which permit direct sources of air pollutants
common to the airport should be avoided.

Particular emphasis
should be placed on eliminating sources of hydrocarkbons,

nitrogen oxides, and particulates. Examples are: ,i»ﬁ"T;; s
-~ e =" PR e
) T G a _.' L VT
° Gasoline stations {}-¢‘”=;}Ju ";;.Fﬂf*
] _Solvent manufacture
. Manufacturing operations that consume large

amounts of heating fuels, or process raw materials

Chemical process industry.

Uses which attract large numbers of people and

automobiles into the area should be avoided. Examples are: ol

: ~ - _j;.
Amusement parks R
e .
. e
Sports complexes & <,

. Junior cclleges £l 7
) LT e

AT
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T.4 . Conclusions.

The present and ﬁrojected air quality near SEA-TAC
is not expected to pose any threat to human health as a result
of airport cperaticns. As the population expands and the
communities around SEA-TAC grow, the combined effects of the
airport and communities may produce air pollution problems.
Careful planning coupled with the implementation of available
mitigation measures should prevent future air guality problems
from developing. .
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